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This report presents the results of a fracture analysis 
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fitting. This contract was performed under Purchase Order 
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crack growth curves are presented and methodology for 

deriving initial and re~urring inspections is discussed. 

Appreciation, for their contributions to this report, 

is extended to: 

D. T. 

Dr. c. 
B. L. 

H. R. 

M. D. 

K. A. 

Burns 

s. Chu 

Harrison 

Horsburgh 

Reid 

Thomas 

ii 

Use and/or disclosure is governed by the state
ment on the title pop of this document. 



• 

• 

• 

Section 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

TABLE OF CONTENTS 

Title 

FOREWORD 

TABLE OF CONTENTS 

LIST OF FIGURES 

GLOSSARY 

REFERENCES 

INTRODUCTION 
1.1 Analysis Approach 

SPECTRA DEVELOPMENT 

FINITE ELEMENT MODEL 

-LG88ER0016 
January 1988 
R-April 1988 

ii 

iii 

iv 

vi 

vii 

DAMAGE TOLERANCE ASSESSMENT CRITERIA 

4.1 Critical Crack Size 

1.1 

1.2 

2.1 

3.1 

4.1 

4 0 1 

4.2 

4.2 

5.1 

6.1 

4.2 Initial Inspection 

4.3 Recurring Inspection Interval 

CRACK GROWTH ANALYSIS 

SUMMARY 

iii 

Use and/or disclosure is governed by the state
ment on the title page of this document. 



• 
-.QlDcklleetl 

-
Figure 

1.1 

1.2 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

2.13 

2.14 

2.15 

3.1 

• 3.2 

...... 
LG88ER0016 
January 1988 

LIST OF FIGURES 

Title 

Plan Views of Main Spar and Attach 
Structure 

Isotropic View of Main Spar and 
Attach Structure 

Exceedance Data and Stress Definitions 
as Supplied by Piper Aircraft Company 

PA 28-181 Manuever/Gust Combined 
Exceedance Curve 

PA 32-300 Manuever/Gust Combined 
Exceedance Curve 

PA 28-181 Max/Min Stresses Developed 
from Manuever/Gust Loading 

PA 32-300 Max/Min Stresses Developed 
from Manuever/Gust Loading 

PA 28-181 Exceedance curve for 5 Min. 
Taxi Segment 

PA 32-300 Exceedance Curve for 5 Min. 
Taxi Segment 

PA 28-181 Max/Min Stresses Developed 
from 5 Min. Taxi Segment 

PA 32-300 Max/Min Stresses Developed 
from 5 Min. Taxi Segment 

PA 23-181 Exceedance Curve for 
Landing Segment 

PA 32-300 Exceedance Curve for 
Landing Segment 

PA 28-181 Max/Min Stresses Developed 
from Landing Segment 

PA 32-300 Max/Min Stresses Developed 
from Landing Segment 

PA 28-181 Spectra Defining 2 Hour 
"Pipeline Survey Mission" 

PA 32-300 Spectra Defining 2 Hour 
"Pipeline Survey Mission" 

Finite Element Model of Main Spar and 
Attach Structure with Critical Hole 
Detail 

Main Spar Section 

Page 

1.2 

1.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

2.13 

2.14 

2.15 

2.16 

2.17 

2.18 

3.3 

3.4 

Use and/or disclosure is governed bY the state
ment on the title P11Qe of this documtint. 

iv 





• 
FINITE ELEMENT MODEL 

da/dn 

BETA FACTOR 

• 
acR 

Kc 

Ag 

• 

-LG88ER0016 
January 1988 

GLOSSARY OF TERMS 

Mathematically idealized structure 
using predefined elastic members to 

represent actual structure. 

Crack growth rate given as inches 

per cycle of growth at a computed 

AK. 

Stress intensity factor range which 

is a function of stress range, 

crack length, a Beta factors and 

has the dimensions of KSI~. 

Correction factor to account for 

various geometry or loading 

conditions. 

Maximum cruise speed. 

Critical value of the crack length. 

At this value, the stress intensity, 

K, reaches the critical value Kc. 

Critical stress intensity. Rapid 
unstable crack growth will occur 

when K reaches this value. 

Incremental acceleration. 
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A Piper PA 28-181 crashed in Texas in March of 1987 

following the loss of one wing while performing a pipeline 

survey mission. Data received from Piper Aircraft indicated 

that failure of the wing occurred at the wing root and origi

nated approximately 1/16 inch outside of a lower surface main 

spar attachment bolt hole, initiating by fretting and propa

gating by fatigue (Ref. 1). The general configuration of the 

main spar and fuselage attachment structure is illustrated in 

Figures 1.1 and 1.2. The pipeline survey mission typically 

is of a two-hour duration and is flown at an altitude of 

100 to 200 feet Ltt. an airspeed of • 9Vc. The aircraft had 

accumulated 7488 flight hours, all of which were pipeline 

survey missions. Piper requested that a fracture mechanics 

analysis of the wing main spar attach fitting for the 

PA 28-181 and PA 32-300 series aircraft be conducted to 

establish an inspection program. 

Piper Aircraft supplied all drawings for the wing main 

spar attach fitting for the PA 28-181 and PA 32-300 aircraft 

including installation and assembly drawings. Material 

property tests of the spar were conducted by Alcoa, and a 

copy of those results were provided. Operational spectra 

defining the pipeline survey mission, metallurgical results 

from the in-service failure, stress per g ratios for the 

wing main spar, and design limit stresses for both models 

of aircraft were also furnished by Piper. 
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The fracture mechanics analysis approach starts with the 
assumption that there exists at time zero on the structure a small 
flaw which propagates during service to a critical crack size. The 
time to grow from an initial small size flaw to critical size is 
analytically derived knowing the structural geometry and loading 
spectrum. For this analysis the flaw initiation was by fretting and 
the flaw was not present at time zero but was initiated at some point 
after time zero. The calculation of time to initiation by fretting is 
beyond the scope of fracture mechanics type analysis. After 
initiation, the flaw propagated by fatigue and fracture mechanics can 
predict the crack growth behavior. The analysis procedure used was to 
start with a small flaw and calculate the time to critical crack 
size. The end conditions, measured crack size and time to reach this 
size, are known quantities and can be used with the calculated crack 
growth characteristics to define an analytical equivalent initial flaw 
size (EIFS). The EIFS accounts for the initiation by fretting and 
propagation by fatigue and correlates the analysis to a measured 
occurrence. The EIFS can then be used to calculate crack growth t~es 
for any other loading spectrum for the same structural geometry. An 
EIFS was calculated for the PA 28-181 incident and applied to the PA 

32-300 aircraft. 

Oatl1 Appo·ovad by 
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Figure 1.2 Isotropic View of Main Spar and Attach Structure 
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2.0 SPECTRA DEVELOPMENT 

Operational spectra defining the pipeline survey mission 

was provided by Piper Aircraft (Ref. 2) and included stress per g 

( O/g) values, design limit stresses, and A g values with 

their corresponding number of occurrences, Figure 2.1, for 

both the PA 28-181 and PA 32-300 aircraft. The exceedance 

curves which were used to define the spectra were also supplied. 

A typical pipeline survey mission was assumed to consist of 

a five minute taxi segment, two hours of combined gust and 

maneuver, a landing segment followed by a final five minute 

taxi. 

The exceedance data supplied by Piper was converted to 

a format which would be compatible with LASC-Georgia spectra 

generation procedures. The A g values for the flight and 

ground conditions were factored by their corresponding o/g 

ratios yielding A a while the number of occurrences per hour 

for maneuver and gust were multiplied by a factor of 2 to 

convert the data to an equivalent two hour mission. Similarly, 

the number of taxi occurrences per hour were multiplied by 

.0833 to convert to number of occurrences per five minute 

segment. The number of occurrences per hour of landing were 

assumed to represent number of occurrences per landing. 

Exceedance curves were then generated for each of the flight 

and gr'JUnd conditions. The curves for maneuver and gust were 

combined into a single exceedance curve for each of the model 

series aircraft and subsequently layered, Figures 2.2 and 

2.3, in accordance with current LASC-Georgia methodology. 

Truncation of the spectra is first made at 500 psi. 

Incremental stresses less than this magnitude are considered 

insignificant to the crack growth analysis. This truncation 

is the first slice and is followed by three others at the 

incremental stress corresponding to 1.5, 0.5, and .001 

cumulative occurrences. The .001 occurrence level is the 

high stress truncation level, meani.ng that all incremental 

Prepared Approved 
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2.0 SPECTRA DEVELOPMENT (Cont'd) 

stress magnitudes which statistically occur less than one 

time every 1000 times the segment is flown are ignored. The 

portion of the curves between 500 psi and 1.5 occurrences 

is then sliced four times to create five equal intervals on 

the variable stress scale. The minimum and maximum stress 

values for the combined gust/maneuver condition are asymetric 

in distribution as compared to the taxi and landing segments 

which are symmetric. This requires slicing the maximum 

occurrence spectra in a manner as described but with the 

minimum stress values determined by the occurrences levels 

defined on the maximum stress distribution. 

The nine slices now define eight unique incremental 

stress intervals. The intervals are sufficiently small such 

that they may be represented by a single incremental stress 

value taken as the average of the end point values of the 

increment. 

The incremental stress are combined with the lg stress 

defined by Piper for the PA 28-181 and PA 32-300 aircraft 

to form total stress cycles. At this point, the stress cycles 

for each mission segment are represented by eight distinctly 

defined values of minimum stress, maximum stress and number 

of occurrences, Figures 2.4 and 2.5. These sets of values 

are referred to as spectrum layers. The magnitude of the 

stress layers within the segment are arranged in the order 

of low-to-high. This has been shown to be conservative in 

comparison to random or high-to-low order. 

The same spectra slicing procedure was performed on the 

exceedance curves for the taxi segment, Figures 2.6 and 2.7, 

and the incremental stresses were combined, Figures 2.8 and 

2.9, with the lg ground stress to obtain total stress cycles. 

The exceedance curves for landing, Figures 2.10 ·3.r&d 2.11, 

were truncated on the low A a range at a lg equivalent stress 

Pntpared 
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instead of 500 psi because of the improbability of a landing 

occurring at less than lg. The remainder of the exceedance 

curve to .001 cumulative occurrences was sliced into eight 

equal layers. The incremental stresses were then combined 

with the lg ground stress generating the. total stress cycles, 

Figures 2.12 and 2.13. 

The spectra for the two hour pipeline mission was com

pleted by assembling the total stress cycles from the five 

minute taxi, combined two hour gust and maneuver, landing 

and a final five minute taxi into a single spectra for the 

PA 28-181, Figure 2.14, and the PA 32-300, Figure 2.15. 

Prepared Checked by 
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Manuever Gust Taxi Landing 

Numb7r of 
occ. hr. 

~G NumbeJ of 
occ. hr. ±ao Numbr of ±ao Nwnb7r of -

34.30 .11 
10.30 .36 
9.14 .52 

5.72 .58 

2.06 .69 

.80 .88 

.37 .97 

.126 1.02 

.05 1.13 

.017 1.24 

.006 1.41 

.0033 1.55 

.0013 1.66 

Aircraft 
Model 
I. D. 

PA - 28 - 181 
PA - 32 - 300 

Figure 2.1 

+ occ. hr. occ. fi. G's 

.44 228.60 .35 320 .05 1.000 1.00 

.65 137.20 .51 190 .10 .350 1.25 

.85 57.15 .68 80 .15 .170 1.42 
1.054 22.90 .84 30 .20 .026 1.58 
1.26 9.4 1.00 8.5 .25 .003 1.80 
1.46 1.26 1.17 2.1 .30 .0007 2.06 

1.67 .46 1.33 .50 .35 .0002 2.3 

1.87 •. 16 1.49 .10 .40 

2.07 .09 1.65 .018 .45 
2.28 .046 1.82 .010 .465 
2.48 .014 1.99 
2.65 .015 2.11 

2.86 .007 2.28 
.0034 2.44 
.0023 2.60 

Ground 1 G Mean Des~ Limit 
Stress Stresr;/ G Stress ress 
(psi) (ps g) (psi.} (psi) 

2409.8 7816 7689 34,284 

2552.0 8444 10,500 39,209 

Exceedance Data and Stress Definitions as Supplied 
by Piper Aircraft Company 

Checkt.4 t:· 
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Aircraft Model I. D. : PA - ~~$ - 1P! 1 G Stress = 7689 psi 

Condition Manuever and Gust Combined · 

Spectra 
Layer 

1 

2 

3 

• 
5 

6 

7 

8 

*a a **aa + 1 a stress NWDber of Occurences 
(psi) (psi) per 2 hr. Flight 

Max Min Max Min 

23850 -22500 31539 -1.811 .0025 

21550 -19100 29239 -11.11 .0085 

19250 -16500 26939 -8811 .0260 

16950 -13600 24639 -5911 .1020 

14650 -11700 22339 -·011 .3600 

l262S -10350 2031. -2661 1.00 

8937.5 -5800 16626.5 +1889 93.50 

3312.5 -1500 11001.5 v6189 655 

*Values found dfrectly froa occurence curves 

**Values derived by addin« 1 G Stress to Aa 

Figure 2. 4 PA 28-181 Max/Min Stresses Developed 
from Manuever/Gust Loading 

Approved 
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Aircraft Model 1. D. : PA- 32 - 300 

Condition Manuever and Gust Combined 

Spectra *~a **.6 a + 1 G Stress 
Layer (psi) (psi) 

Max Min Max Min 

1 25780 -22400 36280 -11900 

2 23340 -19500 33840 -9000 

3 20900 -17500 31400 -7000 

4 18460 -14900 28960 -4400 

5 1&020 -12800 26520 -2300 

6 13850 -11250 24350 -750 

7 9800 -8300 20300 4200 

8 3600 -1700 14100 8800 

* Values found directly from occurence curves 

* * Values derived by addin&" 1 G Stress to ~ o 
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1 G Stress = 10500 psi 

Number of Occurences 
per 2 hr. Flight 

.0025 

.0095 

.025 

.102 

.360 

1.00 

96.5 

662 

Figure 2.5 PA 32-300 Max/Min Stresses Developed 
from Manuever/Gust Loading 
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Aircraft Model I. D. : PA - 28 - 181 1 G Stress = 2409.8 ~ 

Condition Taxi 

Spectra *+~ (] **~a+ 1 a Stress Nwaber of Ocourenc. 
Layer (psi) (psi) per 5 Dlfn. Taxi 

Max Mfn 

1 1063.10 3472.9 1346.7 .003 

2 969.30 3379.1 1440.5 .011 

3 875.50 3285.3 1534.3 .037 

4 781.70 3191.5 1628.1 .118 

5 687.90 309'1.'1 1121.9 .330 

6 593.00 3002.8 1816.8 1.000 

'7· 533.'15 2943.55 1876.05 .250 

8 511.25 2921.05 1898.55 .450 

*Values found from occurence curves 

**Values derived by adding given 1 G Stress to t,.o 

Figure 2.8 PA 28-181 Max/Mir. Stresses Developed 
from 5 Min. Taxi Segment 

1 jl't (a Checked by 
Data 

2.11 
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Aircraft Model i. D. 

Condition Taxi 

Spectra *±~a 
Layer (psi) 

1 1120.5 

2 1021.5 

3 922.5 

4 823.5 

5 724.5 

6 622.5 

7 552.5 

8 51'1.5 

PA - 32 - 300 

**~a + 1 G Stress 
(psi) 

Max Min 

36'12.5 1431.5 

3573.5 1530.5 

3474.5 1629.5 

3375.5 1728.5 

3276.5 1827.5 

3174.5 1929.5 

3104.5 1999.5 

3069.5 2034.5 

• LG88ER0016 
January 1988 

1 G Stress = 2552 psi 

Number of Occurences 
per 5 min. Taxi 

.003 

.011 

.037 

.128 

.320 

1.00 

.50 

.70 

*Values found directly from occurence curves 

**Values derived by adding 1 G Stress to 4 a 

Figure 2.9 PA 32-300 Max/Min Stresses Developed 
from 5 Min. Taxi Segment 
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PA 28-181 Exceedance Curve for Landing Segment 
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Aircraft Model I. D. : 

Condition : Landing 

Spectra 
Layer 

1 

2 

3 

• 4 

5 

6 

7 

8 

Figure 2.12 

• 

PA - 28 -181 

0 (psi) 

Max Min 

4650 2409.8 

4350 2409.8 

4050 2409.8 

3750 2409.8 

3450 2409.8 

3150 2409.8 

2850 2409.8 

2550 2409.8 

1 G 

e 
LG88ER0016 
January 1988 

Stress = 2409.8 psi 

N1unber of Occurencea 
per 1 Landing per FUght 

.0009 

.0028 

.0105 

.0850 

.1400 

.2100 

.2900 

.2800 

PA 28-181 Max/Min Stresses Developed 
from Landing Segment 

Approved by 
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Aircraft Model I. D. . PA - 32 - 300 1 G . 

e 
LG88ER0016 
January 1988 

Stress = 2552 psi 

Condition Landing 

Spectra 
Layer 

Max 

1 4890.6 

2 4571.9 

3 4253.1 

4 3934.4 

5 3615.6 

6 3296.9 

7 2978.1 

8 2659.4 

Figure 2.13 

0 (psi) Number of Occurences 
per 1 Landing per FHght 

Mfn 

2552 .001 

2552 .0028 

2552 .0142 

2552 .076 

2552 .135 

2552 .220 

2552 .270 

2552 .380 

PA 32-300 Max/Min Stresses Developed from 
Landing Segment 

2.16 
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SEGMENT 
I.D. 

21 
21 
21 
21 
21 
21 
21 
21 
13 
13 
13 
13 
13 
13 
13 

• 13 
24 
24 
24 
24 
24 
24 
24 
24 
21 
21 
21 
21 
21 
21 
21 
21 

Figure 2.14 

• 
Prepared 

CYCLES 

.4500 

.2500 
1.0000 

.3300 

.1180 

.0370 

.0110 

.0030 
655.0000 
93.5000 
1.0000 

.3600 

.1020 

.0260 

.0085 

.0025 

.2800 

.2900 

.2100 

.1400 

.0650 

.0105 

.0026 

.0009 

.4500 
"2500 

1.0000 
.3300 
.1180 
.0370 
.0110 
.0030 

STRESS 
MIN. MAX. 

1898.55 2921.05 
1876.05 2943.55 
1816.80 3002.80 
1721.90 3097.70 
1628.10 3191.50 
1534.30 3285.30 
1440.50 3379.10 
1346.70 3472.90 
6189.00 11001.50 
1889.00 18626.50 

-2661.00 20314.00 
-4011.00 22339.00 
-5911.00 24639.00 
-8811.00 26939.00 

-11411.00 29239.00 
-14811.00 31539.00 

2409.80 2550.00 
2409.80 2850.00 
2409.80 3150.00 
2409.80 3450.00 
2409.80 3750.00 
2409.80 4050.00 
2409.80 4350.00 
2409.f.O 4650.00 
1898.SJ 2921.05 
1876.05 2943.55 
1816.80 3002.80 
1721.90 ;cJ97. 70 
1628.10 3191.50 
1534.30 3285.30 
1440.50 3379.10 
1346.70 3472.90 

LG88ER0016 
January 1988 

PA 28-181 Spectra defining 2 Hour 
"Pipeline Survey Mission" 

Checked Approved 
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SEGMENT 
I. D. 

21 
21 
21 
21 
21 
21 
21 
21 
13 
13 
13 
13 
13 
13 
13 
13 

• 24 
24 
24 
24 
24 
24 
24 
24 
21 
21 
21 
21 
21 
21 
21 
21 

Figure 2.15 

• 
Prepered 

CYCLES 

.7000 

.5000 
1.0000 

.3200 

.1280 

.0370 

.0110 

.0030 
662.0000 
96.5000 
1.0000 

.3600 

.1020 

.0250 

.0095 

.0025 

.3800 

.2700 

.2200 

.1350 

.0760 

.0142 

.0028 

.0010 

.7000 

.5000 
1.0000 

.3200 

.1280 

.0370 

.0110 

.0030 

STRESS 
MIN. MAX. 

2034.50 3069.50 
1999.50 3104.50 
1929.50 3174.50 
1827.50 3276.50 
1728.50 3375.50 
1629.30 3474.50 
1530.50 3573.50 
1431.50 3672.50 
8800.00 14100.00 
4200.00 20300.00 
-750.00 24350.00. 

-2300.00 26520.00 
-4400.00 28960.00 
-7000.00 31400.00 
-9000.00 33840.00 

-11900.00 36280.00 
2552.00 2659.40 
2552.00 2978.10 
2552.00 3296.90 
2552.00 3615.60 
2552.00 3934.40 
2552.00 4253.10 
2552.00 4571.90 
2552.00 4890.60 
2034.50 3069.50 
1999.50 3104.50 
1929.50 3174.50 
1827.50 3276.50 
1728.50 3375 ~0 
1629.50 3474.50 
1530.50 3573.50 
1431.50 3872.50 

e 
LG88ER001'6 
January 1988 

PA 32-300 Spectra Defining 2 Hour 
"Pipelin~ survey Mission" 
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3.0 FINITE ELEMENT MODEL 

e 
LG88ER0016 
J;3.nuary 1988 

Fi~ite element models were developed of the main spar 

fitting and spar box assembly attachment to determine both 

load transfer and stress concentration effects around the 

critical bolt hole. Fastener spring elements were used to 

attach the main spar to the channel section of the spar box 

assembly. An axial load model of the lower portion of the 

cap-channel connection, in lieu of a bending model of the 

full connection was developed, Figure 2.1. The axial load 

model was based on the following assumptions: 

(1) A beam with a moment "M1" applied can be shown with an 

equivalent force couple P1d, where P1d = Ml 

p2 pl 

t 
M2 c )n1 d 

~. 

( 2) 

Preo'.lred b 

- P2 pl 

The beam is also assumed to react as three parts. 

The upper and lower beam caps react the axial force P, 

while the web between the caps reacts the shear generated 

by differing moments. 

p2 ·I CAP I· pl 

1 
WEB 

~ ------
p2 ~ L CAP • pl 

Checked by Approved by . 
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3.0 FINITE ELEMENT MODEL 

LG88ER0016 
January 1988 

The spar cap, Figure 2.2, and channel sections, 

Figure 2.3, were subjected to a 10 KSI far field stress 

r~sulting in a load distribution along the fastener row as 

illustrated in Figure 2.4. The load distribution was used 

to calculate the fastener bearing to average stress value, 

Figure 2.5, as a load transfer effect which is input to the 

stress intensity solution. The values of a1 and a2 listed 

in Figure 2.5 signify local intensification of the stress as 

the first fastener is approached followed by a drop off in 

the stress, a2, as the first fastener takes up a portion of 

the load. A stress contour plot around the critical fastener 

hole, Figure 2.6, was used to determine stress concentration 

factors at the crack origin and along the crack front pro

gression • 

Ch:Jcked by Approved 
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Figure 3.1 
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PIPER SPAR CONNECTION 

e 
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Finite Element Model of Main Spar and Attach 
Structure With Critical Hole Detail 
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p a, Oz. 

1,441 10,820 6,963 

Figure 3.5 

1.25 

t OBRG Os~ 
AVG 

.275 13,970 1.57 

P-o 

p 

LG88ER0016 
January 1988 

FSTNR. 
HOLE 
DIA. 

.822 .375 

Load Transfer Effects 

··:· 



Figure 3.6 
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Stress Contour Plot Around Critical Faste~~r Holes 
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4.0 DAMAGE TOLERANCE ASSESSMENT CRITERIA 

4.1 CRITICAL CRACK SIZE 

LG88ER0016 
January 1988 
R-April 1988 

Critical Crack Size (aCR) is defined as that crack length 

at which unstable, rapid crack growth occurs when design limit 

load stress is. applied. The crack growth analysis is used to 

establish the initial and recurring inspection intervals as 

a means of maintaining safe-use operation of the aircraft. 

The Critical Crack Size is defined as the crack length 

beyond which it is recommended not to operate the aircraft 

without appropriate inspections, repairs, or modifications. 

The in~pection times are based on the calculated flight 

hour interval (fer a specific structural component) for an 

initial crack size (ai) to grow to an unstable length (aCR) 

when subjected to the analytical operational loads/environment 

spectra. This initial flaw shall be assumed to exist in the 

most unfavorable location and orientation with respect to 

the applied stresses and material properties. 

~~------eRA,CK GROWTH TIME---------~1 
aCR -----.... --~---.-._, 

a. 
~ 

FLIGHT HOURS 



I 4.2 INITIAL INSPECTION 

LG88ER0016 
January 1988 
R-April 1988 

The recommended Initial Inspection should occur at 

one-half the time to grow from an initial crack size to the 

critical crack size. 

a. 
~ 

INITIAL 
INSPECTION 

TIME 

= 1/2 Time 

FLIGHT HOURS 

4.3 RECURRING INSPECTION INTERVAL 

The Recurring Inspection shall occur at one-half the 

time for a crack to grow from the maximum undetectable flaw 

size (aNDI) to an unstable length at Design Limit Load (aCR). 

Prepared by 

a. 
~ 

FLIGHT HOURS 

RECURRING 
INTERVAL 

'T' = 2 

- r::\ 
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4.3 RECURRING INSPECTION INTERVAL (Cont'd) 

LG88ER0016 
January 1988 
·R-April 1988 

It should be noted that Safe-Use intervals of operation, 

equal to the Recurring Inspection interva~, can continue up 

to, and beyond, the calculated time to critical crack size 

for a specific structural part provided that no cracking is 

detected by the specific Non-Destructive Inspection technique 

at the time of Recurring Inspection • 

, . 
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5.0 CRACK GROWTH ANALYSIS 

LG88ER0016 
January 1988 
R-April 1988 

Stress intensity solutions were developed using the 

finite element model results obtained in Section 3.0 and 

standard LASe-Georgia geometric stress intensity methodology. 

Material property tests performed by Alcoa (Ref. 3) on a 

section of main spar provided by Piper showed the material 

to be within the required specifications. A compilation of 

data from in-house tests, industry and government sources 

was used to generate da/dn data, Figure 5.1. The operational 

spectra, da/dn data and yield stress were used to compute 

analytical crack growth. 

A double surface flaw was assumed for analysis based on 

the origin locations shown in Figure 5.2. An initial flaw 

size and shape of 0.02 inches was used to determine the crack 

growth characteristics for the defined loading spectrum. 

Each assumed initial flaw extended .040 inches along the 

surface with a depth of .020 inches. The first phase of 

crack growth extended from each initial flaw to a point at 

which both crack fronts intersected. The second phase of 

growth assumed a hole with a diameter based on the distance 

between the surface origins with the crack growth measured 

from the end of Phase One to a final aCR' Figure 5.3. The 

analytically determined aCR was found to be shorter than the 

fatigue damage area observed on the fracture surface. A 

smaller hole diameter was selected for the second phase of 

growth rather than the original diameter because the original 

crack front intersected th~ edge of the hole rather than 

along the diameter of the hole. 

Crack growth curves were generated for the PA 28-181, 

Figure 5.4, and the PA 32-300, Figure 5.5, with a time to critical 

crack size of 7888 hours for the PA 28-181 and 3804 hours for 

the PA 32-300 based on a double .040 inch surface flaw config

uration with a depth for each flaw of .020 inches. An 

Prepared 

"-" 1 
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5.0 CRACK GROWTH ANALYSIS (Cont'd) 

LG88ER0016 
January 1988 

equivalent initial f.law of .0207 inches (.0414 surface length) 

was established for the PA 28-181 by determining from the 

crack growth analysis a flaw size that would be required to 

generate 7488 hours (total aircraft time to failure) to aCR" 

The .0207 equivalent initial -flaw was applied to the PA 32-300 

resulting in a time to aCR of 3658 hours. 

A request was made by Piper (Ref. 5) for LASC-Georgia to 

provide a correlation to service experience on the PA 28-181 

accident to determine the reasonability of the crack growth 

analysis. A series of electron fractographs of the fracture 

surface were furnished (Ref. 2) which formed the basis for 

the correlation. An assumption was made that the flight 

profile was strictly defined as low level, high speed and 

of a two-hour duration. The fracture surface details were 

-also assumed to represent one flight with distinctive stria

tions representing individual landings at the conclusion of 

each flight. The fracture features were most pronounced in 

an area where the crack front broke through the thickness of 

the spar to where the crack grew ~o the edge of spar. The 

spacing between the striations gradually increased rather 

than having a random spacing. The gradually increasing 

spacing between the major striations suggests that striations 

were produced by a regularly applied occurrence such as land

ing rather than by a random occurrence such as gust. The 

spacing between the major striations, representing growth 

per flight, varied from .QOS91 in/flight to .01181 in/flight 

while the analytically determined growth per flight for the 

same crack length increment ranged from .00193 in/flight to 

.0356 in/flight. The overlap experienced in the growth per 

flight between the analytic and measured data, for the same 

crack length interval, indicates that the analytical crack 

growth provides a reasonable representation of the actual 

crack growth experience. 

Prepared Approved 
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Figure 5.2 
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.1065 

.275 

• ASSm1ED INITIAL FLAW 

PA 28-181 

PHASE :r .020 - .1065 7,677 Hrs. 

PHASE II .1065 - .275 211 Hrs. 

TOTAL 7,888 Hrs. 

EQUIVALENT INITIAL FLAW 

PA 28-181 

PHASE I .0207 - .1065 7,277 Hrs. 

PHASE II .1065 - .275 211 Hrs. 

TOTAL 7,488 Hrs. 

• Figure 5.3 Phased Crack Growth 

Prepared by Approved 
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PA 32-300 

3,704 Hrs. 

100 Hrs. 

3,804 Hrs. 

PA 32-300 

3,558 Hrs. 

100 Hrs. 

3,658 Hrs . 
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6.0 SUMMARY 

LG88ER0016 
January 1988 
R-April 1988 

A fracture analysis of the wing main spar fitting for 

Piper Aircraft model PA 28-181 and PA 32-300 was completed. 

A crack growth analysis was performed to determine the crack 

growth characteristics of the spar fitting for the defined 

loading spectrum and a crack growth curve plotted based on 

an initial flaw. An equivalent initial flaw_was defined 

based on the spar fitting crack growth characteristics and 

the 7,488 flight hours to failure for the PA 28-181 aircraft. 

The rationale for initial and recurring inspection times was 

discussed. The recurring inspection intervals will be 

dependent on the NDI inspection technique specified by 

Piper Aircraft • 
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Gl INTRODUCTION 

Report VB-1337 
Page G1-1 

A PA-28-181 lower wing spar cap, at the outboard bolt holes 
attaching to the wing main spar carry thru, failed due to fatigue 
initiated by fretting outboard of the bolt hole near Marlin, Texas, 
March 30, 1987. The aircraft had flown on pipeline patrol during its 
lifetime. This report contains the fatigue analysis used to establish 
a relationship of the fatigue lifetime for both a PA-28-181 and 
PA-32-300 flying pipeline patrol and normal missions • 

. ..... , 
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Report VB-1337 
Page G-2 

PAC FATIGUE ANALYSIS 

• TABLE OF CONTENTS 

SECTION DESCRIPTION PAGE 

Gl Introduction G1-1 

G2 Loads and Stress G2-1 

G3 Stress Concentration G3-1 

G4 Fatigue Spectrum G4-1 

G5 Fatigue Analysis GS-1 

G6 Summary G6-1 

G7 References G7-l 
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G2 LOADS AND STRESS 

• Report VB-1337 
Page G2-l 

The following are the PA-28-181 and PA-32-300 aircraft 
configurations. The normal flight duration is .65* hours and pipeline 
is 2.0* hours duration. 

*Per Ref 1 

...... , 
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PA-28-181 

3.8 Normal 4.4 

Normal 

Typical empty Wt = 1593 lbs 
2 Occupants = 340 
Baggage = 88 
50% Fuel = 150 
Flight GW = 2163 lbs. FS95.9 

T.O. 
55% Fuel, GW = 2178 FS95.9 
Ldg 
45% Fuel, GW = 2148 FS95.9 

Utilit~ (Pipeline} 

Typical empty Wt = 1593 lbs 
1 occupant = 170 
Baggage = 60 
70% Fuel = 210 
Flight GW = 2033 lbs. FS96.7 

T.O. 
85% Fuel, GW = 2078 FS96.7 
Ldg 
55% Fuel, GW = 1988 FS96.7 

Utility 

Report VB-1337 
Page G2-2 
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PA-32-300 

3.8 Normal 

Normal 

Typical empty Wt ::;: 1958 lbs 
3 occupants = 510 
Baggage = 120 
50% Fuel = 252 
Flight GW = 2840 lbs. FS79.5 

T.O. 
55% Fuel, GW = 2865 FS79.6 
Ldg 
45% Fuel, GW = 2815 FS79.4 

Utilit~ (Pipeline} 

Typical empty Wt = 1958 lbs 
1 occupant = 170 
Baggage = 60 
70% Fuel = 353 
Flight GW = 2541 1bs. 

T.O • 
85% Fuel, GW = 2617 FS77.6 
Ldg 
55% Fuel, GW = 2465 FS76.6 

Report VB-1337 
Page G2-3 





STRUC1 GR!f e PlPlR AIPC~Ar1 CORF 
VE~O BEACH ENGINf.ERlNG 

e PAGI'~ t• n G2-5 
Rf<:P1 IIJO VB-1337 

MODEL NO PA28-\eL 

** V•N DlA(.;FcA"' ••• 
UTILl'TY CA1'E"GORY 

GROSS Wl'lGHT: 2033. LBS 
'r \ Pc;L "'lEi v.S&~~ 

COr·H:I1101'1 VELOCITY ~ANE:lJVER GUST 
LOAD I' ACTOR LOAD fACTOR 

(I"'PH) <G'S) (G 1 S) 

STJoLL 58.5 1.00 

A 122.b 4.40 

c 132.3 4.40 3.53 

D 20h.O 4.40 . 2.97 

f 206.0 -1.00 -0.97 

F" t32.3 -1.76 -1.53 

(; 92.8 -1.76 

NEG STALL 70.0 -1.00 

fLAPS DOWIIN ENVELOPE 

F•D S1ALL 50.2 1.0 

VF 115.0 2.00 2.10 

v fi 115.0 2.00 -0.10 

NOTE ll FAR REFERENCES ON PAGE 
2) AEROOYNAMIC COtFflCIENTS PRESENTEO ON FAGf 
3) AIRCRAFT GEOMFTPY PR~SENTED ON PAGE 
4) VALUES PRESEN'f~V ARE El'I.HER F/AA Ml!IJIMU~S OR 

PIPER AIRCk/AFT"POLICY 
5) INCLUDES THRU A~END~EN1 6 
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STRuC f GRF e 
DATE 3•5EP•87 

P[PE~ AIRCRAFT COHF 
VE~O BEACH F.NGINEE~ING 

e PAGf: 
~fP1 

'"1C!rFL 

~.c G2-6 
f\:n VB-1337 
N 0 P A 2 ~- \e I 

ca~lo 

A 

c 
0 
E 
(o 

G 
lG•A 
lG•C 
1G•D 
FD 
213A 
2/3C 
2/10 

GROSS ~EIGHT= 2033. lPS C.G.=0.0400 ~AC 

VEL 

(~PH) 

123. 
132. 
206. 
206. 
132. 
93. 

123. 
132. 
206., 
115. 
123. 
132. 
206. 

(OLS) 
o.o~o 

0.072 
0.017 

-o.oos 
-0.026 
-0.066 

0.014 
0.012 
0.003 
O.Ob4 
0.050 
0.041 
0.014 

(JNCLUDFS THRU AMfNO~F~T 6) 
PtPGt.JN6 u~&~ 

BALANCE tAIL LOADS 
FAR 23.421 

wiNG 
c~ 

PkOPERTIE~ LOAC FACTORS 

(DLS) 
1.456 
1.259 
0.542 

-0.092 
-0.474 
-0.987 

0.360 
0.313 
0.143 
O.B78 
o.Y90 
o.A56 
0.369 

CL CMw 
(DLS) (DLS) 

1.523 -0.065 
1.296 -0.065 
0.542 -0.065 

-0.091 -0.065 
-0.477 -0.065 
-1.029 -0.065 
o •. 360 -o. 065 
0.312 ·0.065 
0.143 •0.065 
0.881 -0.2flb 
1.003 -0.065 
0.862 •0.065 
0.36c:l -0.065 

NX 
(G 1 5) 

-1.376 
-1.093 
-0.108 
0.027 

-0.208 
-0.523 
-0.004 
0.009 
o.o73 

-0.240 
-0.483 
-0.371 
-0.019 

~ANEUVER TAIL LOADS 
FAR 23.423 (A) 

floZ NZ•w 
CG'Sl (G'S) 
4.400 4.6~0 
4.400 4.712 
4.400 4.'H9 

-1.000 -0.831 
-1 .. 7&0 ... 1.775 
•1.,760 •1.R1B 

t.ooo 1.158 
1.000 1.170 
1.000 1.297 
2.0q9 2.482 
2.933 3.18.1 
2.933 3.,202 
2.933 3.347 

~AX UP eLEVATOR: •741. LBS 
~AX DOWN ELEVATOR: 775. L~S 

CHECI'FC fotA~I!.UVER TAll LOADS 
FAR 23.423 (B) 

CUNO[TION VELGC l ·n BTL r.E"L'IA Z•LOAC 
TAIL LOAD FACTOP PTH ACC 

(MPH) (LBSl (L85) (G'S) (P.PSS) 
A• NOSE UP 122.6 -.320.4 •511.3 t.ooo 4.68 
C•NOSE UP 132.3 •345.5 •473.9 1.000 4.34 
[)-NOS F.: UP 206.0 •604.1 -304.3 t.ooo 2.79 

A•NOSF.: oo_.N 122.6 •570.2 511 .. 3 4.400 •4.68 
C-NOSE DOWN 132.3 -634.4 473.9 4.400 .. 4.34 
D•NOSE DOWN 206.0 -1054.9 304.3 4.400 -2.79 

GUs.:r~ .. T) I L LOADS 
FAR 23.425 

CONDITION VELOCITY BALANCE DELlA TJIL TO'IAL 

THF? ATL 
(r.•~n (P~SJ 

•0.230 -570. 
-n.2t3 -n34. 
-o. t37-t oc;~. 
-0.137 •341. 
-0.713 30. 
-n.3n4 119. 
-0.730 •370. 
-0.213 -~4&. 
-().137 •fif')4. 
•0.245 •1RO. 
-0.230 -508. 
-0.213 -541. 
-0.137 •fl41. 

CHI<r.•r<'AI\i 

tAIL LOAD 
fL~S) 

•R31.7 
""li19.,4 
•90~.5 

-s~.q 

•160.5 
-750.b 

GUS1' 
TAlL LOAD LOAC TAIL LGAD 

(~PH) (LBS) (LBS) (LBS) 
c 132.3 •345.51 467.1 121.€1 
D 206.0 •b04.12 363.6 -240.5 

FLP•OWN 115. Q •679.76 203.0 -416.8 

c 132.3 •345.51 467,.t -812.6 
D 206.0 -b04.12 363.6 -967.7 

I'LP•DwN 115.0 •679.7& 203.0 •882.8 

(\ 



I 

t 

S'l'RIJCT GRP 

DATE 8 •OC'I-B 7 

PlPEP AlRC~AFt COHF 
VFNO ErJCH ENGtNf[RJ~G 

P A r, F "II 1 G2- 7 
~-< ~· P T :\. (! VB-1337 

~on~{ . .-~c PA~.t-'91 

FATIGUE LOADS (PlPELlNF USEAGf) - ?033 L~~ A1 .04~4( 

GROSS ,<~EIGHT: 2033.0 L8S v=t32.n ~p~ ":Z= t.ooo •IJX: o.no9 

AIHLOAD rJI-.Al1 .SrttAR A ~~·c f.i(J~ ~ jlj'f 

STA. 'IZ loiXX v.x "'ZZ rowntJt!. 
<INS) (LAS) (IN-(;~) (LPS) (li\,•L~) ( II''- Lfi) 
211.57 o.o o. o.o o. o. 
7.07.90 2.1 4. 0.4 1 • -119. 
190.90 33.4 306. 7.1 22. -0.,63. 
174.00 ~3.4 t?.93. 3.'S 6Q. -Q34. 
157.00 147.0 3252. o;.n 1 4 t • -12~b. 
14t:l.6tl 11:1.3.0 4fl31:i. 5.7 1H6. -1.44h. 
140.09 222.3 6362. 6.5 2Hi. -1.,.,(1?. 
13L60 2o4.2 ij428. 7. 3 29n. -1751. 
123.15 3 I)~ e 7 10~4H. 8.3 3n2. -1892. 
106.19 401"\.~ 16914. 1(\.3 520. -2148. 
96.00 4b~.R 21379. 11.6 632. -227A. 
B8.7!l 516.5 24955. 12.6 719. -2354. 
64.~9 6R2.1 39433. 1~.11 t0o3. -2494. 
57.00 7~6.4 44~1b. 17.0 1187. -2513. 
49.25 7<H. 8 ~073tl. 1~.2 1324. -2~35. 
36. '1'2 tc>::Jd.2 61bl33. 20.7 1577. -2432. 
21.88 1005.7 75262. 23.8 1R96. -1'-112 .. 
to.oo 1107.2 871313. 26.2 2193. -142"· 
o.oo 11j;l9.,3 <JQ295. 27 .. 9 2464. -114'1. 





e e 
STHUC'f ,;R p PIP~R AIPCRAFT CORP PAC: E: Nfl G2-9 

VE:RC BF.:AC._. ENGINEERJ:NG t<EFT ~0 Report VB-OAT F. 4-S~P-B7 ~Of'lFL NO PA2B-l·~ • ** V•N OIAr;RArl. ** 
NORMAL. CATE.:GORY 

GROSS WFIGHT: 7163. LBS 
f'ololt.MIIll&. \)$~·· 

CUN 0 I 'fllJN VELOCITY MANEUVER GUST 
LOAD FACTOR LO•D fACTOR 

(fiiPH) <G'S> (G'S> 

STALL 60.3 t.oo 

A 117.!'; 3.80 

c 132.3 3.&0 3.41 

D 206.0 3.80 2.88 

E 206.0 o.oo •0;~88 

F 132.3 -1.52 -1.41 

• G 89.0 -1.52 

Nt.G STALL 72.2 -1.00 

FLAPS DOWN ENVELOPE 

f-0 STALL 51.8 1.0 

Vf' 115.0 2.00 2.05 

VF 115.0 2.00 -0.05 

NOTE 1) FAR REFERENCES 0~ PAGE 
2) AEROOYNA~lC COEFrlCIENTS PRESENTED ON PAG~ 
3) AIRCRAFT GEO~El~Y PR~SE~TFD ON PAGE 
4) 'IALUES PRESENTfC ARE EITHER FAA MINIMUMS OP. 

PIPER AIRCRAFT POLICY 
5) INCLUOFS THRU AMEND~ENT 6 

• 



• 

• 

• 

STRUCT GRP PIPFR AIRCRAFT CORP 
VERO BF~CH ENGINEEPING 

pAr, E.: 111 r G2 -10 

DATE 4•SEP•87 
RFP't II!C' VB-1337 

#!lOOFt f''fi PA7.H-t8J 

CCND VEL 

GROSS ~EIGHT: 2lb3. L8S C.G.:O.tOOO "'AC 

CtoiFN 

(INCLUDES T~RU ~MENO~E~f 6) 

wiNG 
CN 

N ~R.MH- USiiNr .. 
BALANCE TAIL LOADS 

foAFI 23.421 

PROPI'f<TH~S lOAD 
CL n~w NX 

F,\CTGRS 
NZ liiZ•W 

(MPH) (OLS) COLSl (OL~) (CLS) (G'S) (G'S) (G'Sl 
A 11 B. 0.089 
c 132. O.Ool 
D 206. 0.017 
E 206. •0.007 
f 132. -0.023 
G 89. •0.064 
lG•A 118. 0.016 
1G•C 132. 0.012 
lG•D 206. 0.003 
FC t 15. 0.065 
2/3A 119. 0.049 
2/3C 132. 0.035 
2/30 206a 0.013 

1.427 1.492 -0.065 -1.176 3.800 
1. 1 3 9 1.164 -o.oo~ -0.802 3.)i0() 
0.490 0.490 -O.Ob5 -0.081 3.1300 

-0 .. 082 •O.ORl ·0.065 o.o3o -0.878 
-0.424 -0.42f. -0.065 -0.162 -1.520 
-0.~65 -1.003 •O.Oo5 •0.43.~ -1.520 
0.405 0.405 ·0.065 -o.nts 1.000 
0.325 0.325 ·O.Oo5 0.006 1.000 
0.148 0.148 •0.065 0.070 1.000 
0.891 0.896 •0.266 ·0.244 2.049 
0.972 0.984 .. 0.065 •0.404 2.'533 
0.775 0.778 -0.065 -0.256 2.533 
0.335 0.335 •0.065 0.007 2.533 

MANEllVE. R TAIL LGACS 
FA~ 23.423 (A) 

~AX UP ELEVATOR: •681. LBS 
MAX OOt.N ELEVATOR= 712. tBS 

CHEC~EV ~A~~UV~k lAIL LGACS 
FAP 23.423 on 

CONOlTIUN VELOCITY BTL DELtA Z•LOAt 

3_qf13 
4.008 
4.191 

-0.69f' 
-1.492 
-1.536 

1.125 
1.142 
t.2o2 
2.369 
2.Fqe 
2e725 
2.85b 

T~lt LOAD FACTGR PTH ACC 

A•NOSE UP 
C·~WSf UF 
O•f'tOSE UP 

A-NOSE DOWN 
C-NOS£ DOwN 
0•1\JOSE COwN 

CONDITION 

OIPH) 
117.5 
132.3 
206.0 

117.5 
132.3 
206.0 

CLBS) (LBS) (G 1 S) 
-210.2 ·384.8 t.ooo 
•307.3 •341.9 loOOO 
•566.6 •219.6 t.QOC 

•353.4 
-450.9 
•823.~ 

GUST 
FA~ 

384.R 
341.9 
21'1 .. 6 

TAIL LOAI1S 
23.425 

3.800 
3.800 
3.ROO 

VELOCI'IY £<~LANCE ()EllA TAIL 

(RPSS) 
3.35 
2.97 
1.91 

-3.15 
-2.97 
-1.91 

lCTAL 

'fl-fR PTL 
(C.'S) (r.P.S) 

•0.77.h -~~3. 
.().2()0 -451. 
·0.114 -P24. 
-0.119 -391. 
-0 .. 2(10 -hl. 
·(l.298 34. 
•0.226 •'l70. 
-'>.200 -307. 
-0.,129 -~t-.7. 

-0.231 -694 .. 
•0.226 •357. 
-0.200 •41~. 
-0.1?9 •F.Y7. 

CHKO-M~N 

T~If LO.C.O 
(LI=ISl 

"'*'':i~.o 
•64q.2 
-7~6.2 

31.4 
mtOY.C_t 
-,;,o4.2 

GllST 
TAIL LOA[' LOAC T.AIL t.CPT; 

(MPH) (LPS) <LBSl (l.RS) 

c 132,3 -307.33 47~.4 167.0 
0 206.0 •566.63 3fl9.3 •197.3 

fi'LP-D,..N 115.0 •641.00 206.,2 •434.R 

c 132.3 •307.33 474.4 ...781.7 
D '206.0 •566.t.3 369.,3 •935.9 

!'LP·DWN 115 .o -641.00 206.2 -847 .. 2 

/\{' 



S1HllC1 GRF 

DATE i:l-CC't.- o 7 

~lPEP Al~(~AF1 COPP 
VERD RFA(h f~GTNEERI~G 

e 
F A G fO ~~; C G2 -11 
RF.:PT ~~c VB-1337 

MQDI!(. N(l DA2.B-16l 

l'. A T 1 G iJ F L C A f) S ( !\! r • 1-) M A L U S F.: /l. G " ) - 2 1 6 .3 J. A S A 'f • 1 0 ~ A C 

f.l A. 
(INS) 
211.57 
')07.90 
I 9•1 • ':4 () 

174.0U 
1 51. (J ,) 

148.bU 
140.09 
t31.bll 
123.15 
10o.I9 

<Jh.OO 
~H.75 

b4.5G 
57.00 
19.25 
36./.2 
21.l:O:i 
1 0 ~ \) 0 

0.01) 

vz 
rLo=;S) 

o.o 
2.7 

$~. 4 
f-1<.1 

l.,l.t.~ 

19'2.5 
2 n. 1 
277.4 
~ 7 3. I" 
425.5 
4'j1 • .i 
539.7 
I 1 1 • 2 
7 ~I • _,. 
t:124.h 

Q24.3 
11J4~.t:> 

11'::>•1.3 
1)35.1 

V:132.0 MPH ~· z = 1 • I) () (l IIIX: O.OOfl 

A l R UJ A l.i ll ~ 1 T S H t f. P A f\! [ I~ 0 "-~NT 

IIX ~zz ~.)( ~ 

(lf·•-LF) 
u. 
4. 

(LPS) 
o.o 
0.4 
2.0 
3.3 
4.6 
5.2 
5.9 
t-.7 
7.5 
Q.3 

(lf\.1-LA) 
TOPOI.ifo. 

( I N-l,P) 

374. 
1367. 
3433. 
4~Q2. 

~ 7 (I b. 

kfl75. 
1141~. 
1777P. 
72441. 
2o17.._. 
41?.fl~. 
4o~no. 

~:d(1f'<.1. 

64463. 
7!<5R7. 
9lh30. 

103557. 

10.4 
1 1 .• 3 
l4.2 
15.1 
ln.~ 

18.b 
21.4 
2~.6 
25.2 

o. 
t • 

2 t .. 
b&. 

13.3. 
174. 
222. 
275. 
335. 
411. 
'577. 
b56. 
963. 

1074. 
1196. 
1423. 
1 7 10. 
1.978. 
22,2. 

n. 
-11 8. 
-'l47. 
-<Jor. 

-t2lH. 
-13fl1. 
-149). 
-Jf-,2 .... 
-t75f'. 
-19 tl. 
•20; ~ f 

-211 >·. 
-21 ~ .... 
-21;..•,. 
-21;.c. 
-/.''·~~ 
- t •. ; •t • 

.. :J ' • 

._ r ,.. 7 • 



S'liWCT Gkl-l 

CATE B-CCT•ts? 

FATlGl.J£ 

Gt<OSS wt;If.hf= 

PIPFR AlRCR~~1 CJRF 
VERC 8£AC~ ENGI~Ef~I~G 

LCADS ( N G tH-1 A L fiS~AGf) - 1.1 h .3 

2163.0 l8S V=132.0 "Pt-1 "· 'l= 

( H.S A 'I 

3.H00 

p"' r. E I, I 

IH.P'l' ~ n 
G2-12 
VB-1337 

"(' p \"28-l6\ 

.10""A( 

~X=•0.8U2 

AlRLCAO LT""lT Sl-It. PI< ANf '-;tJ Ill! f 1'4 r 

STA. vz ,_,XX vx !loiZZ r iltJIIF 

(INS) (L8S) < H•-L8) (LF.S) I l('J•U3) ( r· -Lr'\1 

211.57 o.o o. o.o o. u. 

207.90 1 1 • 1 20. -0.7 -1 • -54. 

190.90 lo7.4 1~38. -tq.to~ -1"16. 4h ~. 

174.00 40l.2 t-343. -55.f. • R 1 3. ,c;u~. 

1 5 1 0 0 I) f.d9.2 1~52b. -100.9 -2143. : 1 4 4. 

141:1.60 o2>J.-H 21~f-4. -12'5,& -300'). • 0 4 7. 

140.,()4 9';0.2 29f.08. -152.4 -4?.7~. ~0'51. 

131.6(' 1157.0 38722. •UIO.O -5t-90. t-.1 3 7. 

123.15 132~.-4 49229. -20!'i.4 -7.330. 730n. 

106.19 loC!II.H 74Q04. •26H.3 -11.373. Y43'i'. 

4b.OO 1 ':UI::!. ~ 93380. -3u5.7 -14:197. 11 f';3U. 

B8.7r:, 2095.1 t0706ft. •.332.B -lht->12. l2~7Q. 

&4.59 2o68.k 165513. -426.4 -2~784. l721A. 

57.00 28.,2.4 H:~o.SoA. -455.8 • ;iH·<f 3? • 3~f'1t.. 

49.25 3037.Y 20Q29l. -484.5 -327'7'). : 00??. 

36.22 3357.0 250953. •532.6 •39qoJ. ?3014. 

21.8~ 3740."1 301!143. •5\JO.O •474'50. :n~o~'). 

10.00 -t0b9.R .348237. -t-.40.1 -5475'7. 12447. 

o.on 4.334.7 390260. -681.7 -o136h. HC470. 



STRUCT GRP 

~OATF" 5•UC'f•87 

PIPER ~~~CRAfT CORP 
V~RG PE~C~ fNGIN~~PJ~G 

P t G E fl, r, G2 -13 
t<fFT 1\il· VB-1337 

"lOr F: L ~-;tl PA 3 2- 3oO 

** V•N C ii!C:,RA~ ** 
Nf; k ~.A L CATFGURY 

G~rss WF.,lC:H']: 2541. LtiS 
PIP&'LJN6 u.r&~ ... 

CO;~OlTIC'III Vf-f.OCl'J'Y fr.IHd!UVt:R GUST 
LC~O FACTOH LOAG F AC'H!R 

(~fH) ((~'S) lG':;:) 

S 1' A L f, 65.~ t.oo 

A 12~.4 3.80 

c 151.AI 3. HO ~.49 

1.) 235.0 3.80 2.93 

E: 235.0 o.oo •0. q -~ 

f 1~1.2 -1.52 -1.49 

G 95.2 -1.52 

f•j 1:: c; SlALL 77.2 •1. 00 

FlAPS OC~t-> ~NVE.LOPr£ 

F'•D SlALL 55.4 1.0 

vf 125.0 2.00 2.03 

IJ'f. 125.0 2.00 -0.03 

N 0 T E 1 ) I'' A k R F F E R E' II: C ~ S Q..~ P AGE 
2) AEHODYNAMIC COEfflClfNTS PR~SE~T~C 0N PAG~ 
3 ) A 1 f< C I< A fi 1' G E 0 l'-1 E. T R Y ~ IH S E 1\1 '1'F. 0 0"' PAGE 
4} VALUES PH~S~NTE~ A~F tTThEP FAA ~INIMU~S C~ 

PIPE~ Al~C~AF1 PCLICY 
5) I~CLUDFS THRU A~ENV~€~T 6 



,.·. 

STkUCT ;;RP 

.DATI': ~-OCT•fl7 
PIPER AlkC~AfT CG~P 

VERO BE~CH F~GJ~~ERING 

PAC:~ ;,:,; G2-14 
P~ PT r.Jr VB-1337 

110 0f'!l''L ~-!!' P.l\3?·300 

GROSS w t: l (, !-i T :: 2 5 4 1 • L 8 S (' • G • :: (i • 0 (I 3 0 "'AC 

CCND VI':L Ct-lt'N 

( •1<4 F H) (DLS) 
A 12~. 0.038 
c 151. 0.015 
I) 235. -0.006 
t. 235. -o.o2.1 
F 151. -0.031 
G Y'::l. -0.{)51 

1G•A 128. -0.007 
1G•C 151. ... 0.,010 

lG•D 235. -0.01~ 
t-~c 125. O.i.JJ5 

2/3A 1 2 B. ().012 
213C 1 51 • {).002 

:. 213il 235. •O.f'l\0 

(INCLUnrs THkU A~fND~E~T ~) 

PtPwJ-aN,. u'""*'" 
BAt-~~Cf TAll LUAnS 

fAR 1.3.4'21 

""IlliG Pt<OPERTIES lOAlJ ~ •1CTCtf..S 

('"# CL ("~\'. I\. X f\7 f\1 {. -

<DLS) (DLS) (CLS) (G'S) { (: ' ·.:. \ ( .. ' : l 

1.425 1.499 -0.065 -).255 3 ..... ) (I a.t7><-
l.U43 l.U5q •O.Qb5 -0.616 3.,oo 4.18~ 

0.450 0.450 -0.065 -0.121 3.,..uo 4.36b 
-0.074 -0.074 •0.065 O.OHt -C.<-37 -0.721 
-0.377 -0.37Q ·{).065 -0.131 - t • '"'/. t) -1.515 
-0.~94 ·1.0?4 •0.065 -0.3~1 -1."J20 -1.5112 

t). 4 0 5 0.4ll5 -o. <;65 ·0.021 1 • 'I (I (l 1 • 1 /4 

0.300 0.300 .. 0.065 o.oo7 1 0 I~ i) () t.:tn4 
I) • 1 40 0 .. 140 -0.065 0.073 1. iJ 1)0 1.358 
0.893 0.891 -0.266 -0.('65 2. t) 2 ~ 2.451 
O.Y70 O.Q8l -0.065 -0.39:? 2.5.0 2. Hfl9 

0.709 0.71.1 ·0.065 -0.22Q 2.';33 2.Q45 

0.310 0.310 -{1.065 0.010 2.~:d3 3. 0 (1 7 

"-ANE.ll\ifP. 'I AIL LOADS 
FbR 23.423 (i\) 

~AX liP ~:LFVA'TOR:: -f;'i3. U:·S 

~AX DOwN I!:LF.:Vi~TOR= 6~3. r .- s 

CHECI<EO ~ANE."UVH< TAIL LOA I.'~ 
FA~ ).3.423 lf.D 

..... ,. ... I 

(("I ~ ' ( I.'- :; ' 

-n.?u3 -"' r;. 
-0.74'1 -4~h. 
-0.1t-() ... 143~. 
-0.1f:t) -"3~. 
-0.249 -1 3. 
•O.)Q5 15~ .. 
-0.293 -443. 
-('.249 •51 A. 
... 0.160 _qll • 
·().301-107~. 

-fl.2Q3 -101 .. 
-f.744 -79]. 
• Q 0 t f, IJ • 1 '2 () 4 • 

CUNCl'flUN VFLGCITY BTL DFLTA Z•LL~ [' c I-ll< n- ,,, fl N 

1/>If. L,OAD f.AC.'fCf. ~'f!-1 ACC TAIL f.,(J ~II 

(rwiPH) O·BS) lLBS) (G'S) (R~5.5l (L?~-l 

l\•NtJSE !JP 12~.4 -442.,9 •4b2.4 1. 01)() 1. r r -~7S. a 

C-NOSE UP 151.2 •511.5 •409.1:! 1 • 0~) 0 / • , I. 
.. 

i • ~ -
D•NOSE UP 235.0 •910.6 -263 .. 7 1.000 1 • 6 7 -1174.3 

A•fiiO~E DOwN 128.4 -~32.4 4132.4 3.800 -3.1Jf: •34Y.Y 

C-NOS~ OOt~trN 151.2 -9~5.5 .. .-909. 8 3.kOO -2.h0 -<;7~.R 

n-NOSF: COwN 235 .. 0 •1437.7 263.7 3.800 -1.67 •1\id..\ 

~tJST TAIL LOA OS 
r• A P 23.425 

CCN[J! T! Qfl; VELOCI'f'r BALA~CE P~LTA '!Alt. TC 'I A I GI•ST 

TAIL l.OAO LOAC 'TAll· I C A(; 

(r.IPHl (lf<S) (LBS) (LRS) 

c 1 51. 2 •517.55 396.5 -121.;) 

• 0 235.0 -910.~:-3 308.2 -607.5 
FLP•(Pi!\1 125.0 •f:i90.27 Hd.9 -7?b.4 

c 15lo 2 -517.55 396.':' -q14.1 

ll 235.0 -Q10.h3 308.2 ... 1218.~' 

flP•Owi'J 125.0 -~90.27 1b3.<3 -to54.7 



-

S't'f-/UCT GKr' PIPFP AIRCkPF1 CCRP 
VE~C ~F.~C~ F.NGINEf.Rl~G 

p .II G F' -"I G2 -15 
PE:PT ,, VB-1337 

""0 C U~ 1L P A '?)Z.-34tQ 

FATJGUF. LOADS (PlPel:lH.: USF~G€) • 2~41 LFS A'J' .003 !l!C 

(;~r)ss 'liEIGHf: 2~41.0 Lf-IS \1=151.2 ¥.PH "'Z= l.f!OQ NX: n. '•') 7 

AIPLOA£; Llfwll'l SHEA~ At..D ~0~~~-- ,-,. '! 

STA. liZ t.IXX \IX ~zz TOR(jlJF' 
( 1 NS) (LbS) CIN•(.H) (L~Sl (Jl'IJ•l8) (!Ill-[,~) 

194.53 o.o o. o.o o. o. 
1R1.3~ ?4.9 tb4. t.7 1 1 • -1h4. 
l 7 2. () 5 o4.8 5R2. 3.5 3". -17H4. 
160.00 127.5 1 7 4 1 • S.b 89. •31tH. 
147.70 2 Qf). 4 37'57. 7.7 ] 7 t. •44QO. 
137.00 270.1 b~74. 9.3 262. -5691. 
125.45 350.6 985(4. 1 I • 1 . HW. -6993 • 
116.0\} 420.2 1 3501. 1'2.4 491. •8063. 
106.1~ 4~':>.7 179Qj~ 13.8 620. •9178. 
9n.oo '577.6 :l34f->~. 15.3 76B. -10.339. 
96.03 6t1U•q 29636. 16.7 G28. -1147Q. 
75.00 75~.'1 37456. 18.2 1120. •12745. 
69.24 B08.6 41964. 19.0 1227. -13408. 
49.:?5 991.4 5Q95~., 27.0 1636. •15712. 
36.22 111').1 7JF79. 24.6 1940. -t7oqc:;. 
21.88 1 2td. 9 Q0722. 28.1 2318. -]8'2'J~. 

o.oo 14<;3.4 120~65. 37.7 2993. -202~1. 

-3.41:1 1529.7 12614(). 33.2 3098. -20h77. 

. : ~ ... , 



• -SlRUCT GRF FlPER AlRCRAf1 CO~P t-:llC:f •· G2-16 
V J;_ tW H F' A C H E. N G H: F.' E P 1 ~ G t<'H"''f ,., VB-1337 

OA'l'l!: 8-0CT•87 io'r:f~FT d Pil. :OS2.-300 

f A l I G U E [ 0 A [j S ( P 1 P f l1 1 ~~ E IJ ~ I! A G F ) • ? 5 4 1 r t S A T • 0 n 3 I I C 

GROSS wEIGHT: 2541.0 LBS V=151.2 ~PI-I 

STA. 
CI~S) 

1.94.53 
1 B 1. 35 
1 72.0'::1 
160.00 
147.70 
137.00 
12~.45 

116.00 
106.19 

Q6.00 
~6.03 

1~.00 

69.24 
49.25 
36.22 
21.~R 
o.oo 

-3.4~ 

vz 
(LH$) 

o.o 
103.8 
2o7.o 
"d 8. 5 
803.1 

1066.7 
1369.4 
1624.3 
ti:S9fo.4 
21Ho.,l 
2476.3 
21:!04.5 
2Y7~.7 
j~kb.2 

J9Y(J • 7 

4465.2 
520~.5 

5320.Q 

~xx 

(JN•LP) 
o. 

b84. 
7411. 
7147. 

15?.75. 
252~Y. 

39Hi4. 
53514. 
7 t'7 B 3. 
9tSr-3. 

114B2S. 
143949. 
160605. 
226221. 
275584. 
33b112. 
44200':1. 
460371. 

... "'.,. 

vx 
(L8S) 

o.o 
-6.6 

·tq.s 
-4-~. 7 
-74.b 

-105.5 
·142.0 
-1.73.9 
-208.f-
•24b.2 
-284.3 
-328.3 
-352.0 
•431.~ 

•4At.l 
-~.36. 7 
-627.H 
•h42.H 

N)(:•O. oli< 

"'ZZ 
c 1 '"- r ... > 

(J. 

-4CI.. 
-lt-';. 

-5 4t •• 

-127i. 
·?.236. 
-3bb6. 
-515~. 

-70~5. 

•Y3')'2. 
•llQYb. 
-15374. 
-17333. 
-75lh7. 
·H115. 
-38413. 
-51151. 
-533h4. 

1 ,-~..., ( H 1 r 
( t I - i,; ) 

-kf:,S. 

- ) II 1 <i • 

-3'l7L. 
-"d4l. 
-11n14. 
-H177. 
-Q4h:J.. 

-tOHO'). 
-1220!-4. 
-135~Q. 

-l':i12S. 
-t';QJO. 
-187?8. 
-tQAP5. 
•l'HH1. 
-1°h7?. 
-2011~. 



• 

• 

STfWC'f GRP PIPEP AIRCRAFt CURF 
VERO Rf~CH E~GI~f~RI~G 

PIIGE r..;r. G2-17 

DATE 2•UCT•87 RFP'T' "'0 VB-1337 
MOOn, NO PA 3 2-300 

CONCITION 

STAlL 

A 

c 

0 

E 

f 

G 

N£G STALL 

F'-0 Sf ALL 

1/f 

Vf 

** V-N DJAGPAM ** 
NORfoiP.L C,I\TEGCRY 

GROSS r<FlGH'f= ?840. LPS 
NOI2Ml'o'.. vJ•Awtt 

~fi.:LCCITY ~AfllfUVfP 

T.,OAD FACTOR 
(MPH) (G'S> 

69.7 1.00 

135.R 3.fl() 

151.2 ~.80 

135.0 J.~o 

235.0 o.uo 

151.2 -1 • 52 

lOO,.b -1.52 

81.6 -1.00 

rLAPS onwr.: ENVELOPE 

ss.c 1.0 

125.0 2.00 

125.0 2.00 

GUS 'I 
Ll1 Af) 1'/ICTOP 

(G'S) 

2.17 

-0.77 

-1.7R 

1.94 

0.06 

NOTE 1) FAR REFERENCfS Oh PJGE 
2) AEROOYNA~IC CO~ffiClfNTS PRFSFNTEn ON PAGf 
3 ) A I R C R A F' T G E C ~ r--: 'I P.·~ P R ESE 1'1 'T E r (H; P A G £ 
4) VALUES PP~SE~TfO-ARf EITH~R FAA MINJMU~S UR 

PlPfR Al~CRAFT PGLICY 
!::)) Hl(LBI')ES THRll f.~Er.fDf>'EI'I'I 6 



S'f~UCT G~P 

DATE 2•0CT•87 

FlPER AlRCkAFT CORP 
V~RO BFACH FNG!~[ERING 

tol'II-;F .\ir· G2-18 
k~ {:'f ·\lf1 VB-1337 

M011~-L •llC PAl2-3~0 

• GROSS Nf1G~T= 2840. LAS C.G.=0.04QO MAC 
(INCLUDES THRU ~~E~rMENT b) 

Nt>'ll.M-M- v.r•A&•• 
RAl·A~fE TAIL LOAOS 

t'AI< :?.3.421 

CONO II~:L C~l-N wiNG PRCJPt::kT J ES LOAD FAC'fGRS 

CN CL c Mw NX t~~Z f\i z- 1\ TI-n~ ~Tf.., 

(MPH) (OLS) CDLS) CDLS) (L'LS) ( G Is) C G 'S) ( G Is) (t,'S) (LP.S) 

A 136. n.o3~ 1.408 1.4~1 -0.065 -1.254 3.HOO 4.(178 -n.'24H -7QfJ. 

c t 51 • 0.021 l • 14 7 1 • l 7 2 -0.065 -o.t~tA 3.800 4.1?0 -0..2?~ -C.)! fl. 

0 235. -u.on4 0.4q4 o.4qs -0.065 -0.161 3.1'iOO 4.2RG -n.t-13-13P7. 

E 23~. -0.021 -0.065 -0.06!'1 ·O.Ot:-5 0.082 -0.711 •0.56A -0.14~ -'17f->. 

F 151. -o.o32 -0.420 -0.422 -0.065 •0.14G -1.520 ·1.511 -0.22J -27. 

G 1 01. -0.051 -0.985 -1.014 -O.Ob5 -0.381 -1.520 -1 .. 567 -o.~~., 1 3 4. 

1G•A 136. -(1.007 0.400 0.400 -o.o~s -0.020 t.ooo 1 • l 59 ·0.24R •453. 
lG•C t ~ 1. .. o.009 o.3'2B 0.3?8 -0.065 -0.001 1 • 000 1.1 Hi -0.22~ -505. 

1G•V 235. -0.014 0.152 0.152 •(1 .. 065 0.065 1.000 1. 31 7 -0.143 -~Qq. 

FD 12'>. 0.017 0.,9b4 o.9t-4 -0.266 -0.102 2.000 2.367 -0.2b9-1042. 

2/3A 136. 0.011 0.958 0.9fl9 -0.065 -0.385 ?.533 2.77h ·0.74R -1')89. 

2/:iC 1 51 • o.oo5 0.779 Oe7~3 -0.065 -o.'2e8 2.,533 7.799 -0.?.2.~ -756. 

2/30 23~. -0.009 0.339 0.3]9 •O.,Ob'; -0.011 2.533 ?.946 -0.143-1177. 

• ~Af.'HlVF R TAIL LOADS 
FA I< ?3.473 (A) 

MAX UP ELI'VATOP= •7.~0. LFIS 

MftX cn~N EJ.io:.VATOR= 763. L~S 

CHECKED MA!'•fUVI'R 'TAil LOACS 
fA f.: :?.3.423 ( 8) 

CONOl'TI0•\1 VE"LOClTY BTL CE-LT A Z•LO~D Ct-li'[: .. MAf-. 

TAil LOJ\D FACTO~ PTf-i P.C( T A Jr., Lf1AD 

(MPH) (LB~) (LBS) (G'S) (RPSS) (LF<S) 

A•IIJOSI£' UP 135.B -452.7 -510.0 1.000 2.qc -G62.7 

C•NOSt lJP 151.2 -505.1 -458.0 1.000 2.60 -9f,3.1 

D•NOSE UP 2.35.0 -898 .. 9 -294.7 t.ooo l.b7 -11UJ.f, 

A..,~WSE DOWN 135.13 -789.5 510.,0 3.800 .. 2.90 -?"IY.5 

C•NOSF. DOWN 151.2 -909.9 45~.0 3.1100 .. 2.h0 -451.4 

D-NOSE OUwN 235.0 .:.t3R7.4 294.7 3.800 -1.67 •10Ci2.7 

. - .., 
GUST TAlL Lue.os 

FAR 23.425 
CCJI\DITIO~ V€LOCI'f'i B,.LAI'IICf' DELlA iJIIL Tr'IAL I. \1ST 

TAif LOAfl LCAC TAIL I. CAr 
(~PH) (LfiS) (LAS) (li:l~) 

c 151 .. 2 0 505.07 40o.2 •QA 0 9 

D 235.0 -f1Qf(.89 H 5.7 -~~3.·1. 

FLP-DWN 125.0 -877.9.;:, 167.11 -710.1 

• c 1 51.. 2 -~0':-.07 406.2 -411.3 

fJ 235.(1 -&9~.89 ~15.7 -1214.5 
fl.P•Owlll 125.0 -'ld77.99 1o7.9 -1045.9 



• 

• 

I 

SfHtlCT G~P 

DATE 8•0(1'•87 

Gf.'OSS wE!GI1f:::: 

PIP~~ Al~C~Ar1. CORP 
VERC BfAC~ ~hGJ~Ff~I~G 

2840.0 u~s V=151.2 MPH NZ= l.f!(l(J 

p .... G f ~ { . G2 -1 9 
Rr PT "·[· VB-1337 

~(JC Ft tJlJ PA 'SZ-':5Cl'O 

NX:•0.001 

AIRLOAD lJH IT S ... fo.AP ANIJ 1\-1 (J iV .. '\) ., 

~TA. vz ~XX y)( i'lZZ lOROlW 
(l~Sl (LbS) (!N•I.f::') {LPS) I 1~'-Lt:\) (lN•I.f:\) 
t(J4.53 o.o o. o.o n. n. 
181.35 27.4 1~4. 1 • b 1 1 • -7t-.7. 
1'12.t)., 72.4 f-50. 3.3 33. -1742. 
160.01) 142.1 1042. '5.2 ~,. -313t:;. 
147.70 2l~.o 41~b. 6.4 l'l4. -4516. 
1 n. oo 3flo.u f.9P6. 8.3 241. ·-';77"· 
125.4r; 3R~.9 10064. 9.t- 344. -7lJ37. 
111:>.(10 465.4 15001. 10.6 440~ -A115. 
106.1Q ~4B.4 19074. ll.f> <;, ,j ~ • -9?~R. 

96.00 bji(.l 2nOtQ. 12.n f--7/. -11)/j;''"'· 

86.03 729.3 32R3b. 13.b k03 .. •1155H. 
75.00 !134.1 4-1458. 14.b 958. -12933. 
b~.24 890.4 46424. 15.1 1043. •13501. 

49.25 1089.2 6f)211. 17.2 1365. •15R24. 
3b.2'2. 1223.6 R1279. 19.'2 1602. •17t9A. 

21.8~ 13H2.8 999€-b. 22.0 1A9R. -tAi4?. 
o.oo \633.5 132963. 25.~ 241~. •2025~. 

-3.4~ tn72.b 1.38733. 25.4 25u8. -'2nnsc.. 



t 
• STRUCT GRP PIPfP AIRCRAFT CUHF 

v E R () f:' E A C r; E. tHa 1-l F. E R 1 !\1 f. 

OAT£ 6-0C'J'-ij 7 

• ~A 1; f 
HIOPT 

W-rJUFC 

~. r: G2-20 
"'t.i VB-1337 
Nl"l f..'A:SZ-.3'00 

fA l { c; U E L 0 A 0.5 ( N 0 ~ M .A I IJ SF ~ (. ~ ) • 2 8 4 n [, f-o S A 'J • n <t ~A i 

G~OSS WElGHl= 2840.0 LPS V=l51.2 NIPH t..Z: .~.1:<00 

STA. 
tiNS) 
194.53 
1B1.35 
172.05 
160.00 
147.70 
137.00 
125.4!:) 
116.()0 
106.111 

IJf,.OO 
136.03 
75.()0 
o9.24 
49.25 
36.?.2 
2l.!:d-1 
o.oo 

-3.49 

vz 
(LBS) 

o.o 
115 .. 1 
296.4 
573.8 
8~11.0 

11~0.8 

1512.1 
1792.5 
lO~J .8 
2410.4 
2719.4 
3090.1 
32!:11.4 
31J48.6 
4392.6 
4913.0 
5724.1 
'Jii50.4 

MXX 
(l,..•LF) 

o. 
75~. 

2f-.72. 
7915. 

1':>~0~. 

27973. 
43~25. 

5913~. 

78192. 
101131. 
126753. 
15~k47. 

177197. 
249461. 
303~04. 

370~24. 
4~b8q4. 

507091. 

vx 
(LflS) 

o.o 
-10.2 
-29.'2 
-t'l3.7 

-l06.Q 
-149.7 
•199.9 
-243.~ 

-~90.t-. 

-341.0 
•39\.3 
-448.5 
-478.9 
•51H. 3 
-646.0 
·720./ 
-841.6 
-861.Q 

!ooOZZ 
< It-.•lf.l 

o. 
- f:,}. 

-2 51 • 
-~10. 

.. 1~~9. 
-3232. 
-5:t>5l. 
-734h. 
.gqF.6. 

-131R4. 
-l6~34. 

•21466. 
-2<jd7. 
- ~ •I l ~.:) • 
-~2730. 

--5252f:. 
... hGe12. 
•725R4. 

'I OROIII
( I Ill- f, ~ ) 

(l • 

-~h<-1. 

-?. fJ" 4 • 
-3,:.,34. 
-~2<43. 

-f-.7')4. 
-~3'-,1). 

-4Fthh. 

-11042. 
-1241"(). 
-tlRQ~. 

-1 r:.,4}1J. 

- I ' ·; f-. • 

-1':1>-r.. 

-)(1/~rt. 

-1'-lt-..,2. -, q.., f.(') • 

-?II iH 3. 





,• 

e 4IReport VB-133 
Page G2-22 

w.s. 20.301 ( of 1st Bolt Lwr. Cap) 

• 1 •' 2 3 4 5 6 7 
Elem b t A=b.t z AZ Az2 

1 1.200 .389 (Avg) .4668 9.076 4.2367 38.452 
2 1.200 .275 ~3300 9.133 3.0139 27.526 
3 1.250 .102 .1275 8.645 1~1022 9.529 
4 1.200 .091 .1080 8.950 .9666 8.651 
5 1.485 .091 .1351 8.1385 1.0998 8.9507 
6 1.485 .091 .1351 8.1385 1.0998 8.9507 
7 1.199 .091 .1079 .320 .0345 .011 
8 1.485 .091 .1351 1.1075 .1496 .1657 
9 1.485 .091 .1351 1.1075 .1496 .1657 

10 1.199 .091 .1079 .320 .0345 .011 
11 2.800 .275 .6875 .138 .0949 .013 
12 .975 .102 .0995 .488 .0486 .024 
Upr Aft 
Bolt 
Hole 
Upr Fwd 
Bolt 
Hole 
Lwr Aft 
Bolt .377 .365 -.1376 .183 -.025 -.005 
Hole 
Lwr Fwd 
Bolt .377 .365 -.1376 .183 -.025 -.oc5 

• 2.3003 11.9807 102.4398 
Hole 

z = 11.9807/2.3003 
:::: 5.208 in 

roxx = 102.4398-5~200 2 (2.3008) 
= 40.041 in 

c = 5.208 in 
2 u., 

c = .1301 in 

Ll=""~ I 

-.,.,....,..-tO~~ .. \-~~) 

H (S.:.\·.~CA~) 

• 



• 

• 

• 

e- = Me , M = Net Bending Moment 
r 

Flight Stresses (PSI) 

PA-28-181 

~ Report VB-1337 
Page G2- 23 

PA-32-300 

Usag~e ________ ~l~g~q-~--- dr-~(.9 ________________ ~l~g~QFL-_______ if7~~9~---------

Normal 
Pipeline 

8320 8469 9253 8819 
7689 7816 9106 8710 





• 

----------------------------.......-. 

PA-28-181 

Normal 

Pipeline 

PA-32-300 

Normal 

Pipeline 

PA-28-181 

Normal 

Pipeline 

PA-32-300 

Normal 

Pipeline 

e 
Report VB-1337 
Page G2-25 

Airload - Bending Moment 

Taxi (30 kts) 

25,777 

26,266 

24,591 

24,949 

Main 

Taxi 
T.O. 

898 

867 

969 

857 

Landing 

.-.~ 

Ldg 

886 

830 

949 

794 

Landing Impact (2/39) 

54,198 

50,742 

68,435 

60,891 

Gear Load (lg) 

Landing Impact 

358 

331 

469 

411 

_(\ 



• 

• 

• 

• 
Usage 

Normal T.O. 

Normal Ldg 

Pipeline T.O. 

Pipeline Ldg 

is gear 

U.s age 

Normal 

Pipeline 

Taxi Stresses (PSI) 

PA-28-181 

lgv and cr/g 

4982 

5033 

4623 

4774 

Landing Impact 

Landing Impact Stresses 

PA-28-181 

lg <r (17g 

6624 2429 

5969 2010 

Report VB-1337 
Page G2-26 

PA-32-300 

lg sr and <J/g 

(PSI) 

3225 

3318 

2308 

2574 

Lw = airload (2/39) 
Ww = Wing Wt 
WF ::: Wing Fuel 

PA-32-300 

lgu G"/g 

7108 1829 

5722 1076 



• G3 

KT FACTOR 

pg. 92 Fig 76 From 

b = .88 + .375 = 
a = .375 
b/a = 1.26 = 3.86 

.375 

KT = 3.02 AT A 

pg 86 Fig 71 

• r = .375/2 = .1875 
c = .40 + .375/2 :::: 

r/c = .1875 = .319 
.5875 

KT = 2.32 AT B 

• 

STRESS CONCENTRATION 

Report VB-1337 
Page G3-l 

"Stress Concentration Design Factors" by R.E. 

1.26 

e = 1.9125 
.5875 

ejc = 1.9125 = 3.26 
.5875 



,~~~~~-1331 

~;~'i!t!:~~;J~Cj .$'t~_.e,$s 'il"~ii'lnilii'ni~·;.·0~~:: ... u,.~~~i:::ft~1!~;~~f·!~~~1~ 
...,,.,JL,....... and··a kT=4.'fcir:·t:.~e·)~.,.per bound. 

. ... 
· .• 



• 

• 

• 

- Report VB-1337 
Page G4-l 

G4 FATIGUl~ HPEC'l'RUM 

The taxi and landing impact spectra were obtained from reference 
1. The gust and maneuver spectra for normal was also obtained from 
reference 1. The gust and maneuver spectra for pipeline patrol were 
obtained using the outer bounding (lightest loads) data prints from 
figures 6 and 7 of reference 2. The reference 2 data is a draft 
report containing old and recently reduced NASA VG/VGH data. 

The acceleration fraction (An/AnLLF) shown on the gust and 
maneuver exceedance curves is the ratio of incremental load factor at 
operating weight to the incremental load factor at maximum gross 
weight. 

The ground-air-ground (GAG) cycle is defined as the cycle from 
the minimum (largest negative o.i: smallest positive) stress. to .the 
maximum stress experienced on the average of once per flight. This 
definition of GAG cycle is from reference 1 • 

. ..... ,. 

r 
..-. \ \ 
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•• 

• 

.port VB-1337 
•ge G4-2 

Appendix 

GUST 
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I :ell llil .; •• fi ,, lilt l tl t:~ r :f. : I IL 

II llt:llllll!l: 111111111 •IIIIi I ' II 1111 f, II!' II lfl 11111 llll II Ill I rm 

10o 1111~~~~~~.~ illllll 111111111 i 111 • ' .. 1 ~~ 11111.1~1 111 . 11 Tn 
' ' .. . .... 

II t•.o ''I •' I t•:l ,,,, ,,,, ~ I ' · : t I . 
IT 

,. '' 'I·''' lo .• o 
to•· •'• •' o• I tl I I• Ill I I ''I •''' 

1., •11 1 ,,,f 'I l•i1 ''•' I II 

ACCELERA'TKlN FRACTDN (j "/ 
anUf 

- .;;1.3-

I II Itt 
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Appendix 

. 

• 
... 

I ' • • . o. o , ~ f I . , , 

If I tf• fttl 'I'd 

Repon •. VB-1337 
ge G4-3 

MANEUVERS · 
r- :-- ... r-. I .1 •:=.~ · ;::::=:) 

· · .. ·.. --1:.. -i--~ --!-· :::-:--- "~~r-:--
• 0 ' I 0 t ; ' • 

0 
• t t ; ' I t , f f 1 ' 0 I I I ~J.i ' ; : t , f ' • • o C I o o o f o 1 o I I o I S 

-·· - .. _:+-.__,-~ :- . : . . .. . . .......... . 
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The maximum taxi load factor once per 10000 landings is 1 + 6 
g's. The highest taxi stresses, regardless of aircraft type or- • 
environment, are for the PA-28-181 normal environment after landing. 

lg ~ = 5033 psi ~/g = 5033 psi 
The once per 10000 landing stresses are: 

(1.6g) CJ max = 8053, (lg) <) m = 5033 
(.4g) <T"min = 2013, cJa = 3020 

Using the S-N curves previously provided the stress levels are 
below the endurance limit. Therefore neither the PA-28-181 or 
PA-32-300 accumulate fatigue damage due to taxi. 

The PA-28-181 level landing design limit load factors and sink 
speed are as shown: 

Vz = 8.62 fps ; Nz'"~~' = 3.64 ; Nz,.,.~,., = 1.0 
(Reference VB-703 Pg IX7, VB-396 Pg IX-13) 

The design limit sink speed is in excess of the Vz=7.0 fps sink 
speed representing the once per 10,000 landing for a single engine 
executive aircraft. using the highest PA-28-181 landing impact stress 
configuration lg cr = 6624 psi and rr /g = 2429, the following are 
the maximum, mean, minimum and alternating stress for a design limit 
condition: 

Olmax = 13037, o-M= 9830, ~min= 6624, Oia = 3207 

Using the S-N data, the design limit stress level is below the 
endurance limit. Therefore the PA-28-181 does not accumulate fatigue 
damage done to landing impact. 

The PA-32-300 level landing design limit load factors and sink 
speed are as shown: 

Vz = 9. 22 fps ; Nz m,...,r = 3. 22 ; Nz ,.,'E:~ = • 96 
(Reference VB-33 Pg IX-13) 

The design limit sink speed is in excess of the Vz = 7.0 fps sink 
speed representing the once per 10,000 landings for a single engine 
executive aircraft. Using the highest PA-32-300 landing impact stress 
configuration, lg (/" = 7108 psi and (T" /g = 1829 psi, the following 
are the maximum, mean, minimum and alternating stress for a design 
limit condition: 

<f" max=lll68, (]" m=9102, <rmin=7035, (J a=2067 
Using the S-N data, the design limit stress level is below the 
endurance limit. Therefore the PA-32-300 does not accumulate fatigue 
damage due to landing impact.!'-.. 

The following is the fatigue maneuver and gust damage per hour 
detail calculations for the PA-28-181 and PA-32-300 at KT=3.0 and 4.0 
and for the pipeline and normal missions. The mean stress used for 
gust was the lg flight stress. The mean stress used for maneuver on 
the normal mission was the 1.2g flight stress and l.lg for the 
pipeline mission . 
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.1., ':-)E .... ·ij.~~· :. • 7£·-0:2 1- 2"-+li)IZ\ 2. ~;<::+00 1- 8.2+11.10 

5, 0E-·05 5. 7E-·03 l. 4E.+00 f:. SE+00 l. 9E·Hi'10 

..• 
2.9E-v:t5 3- :!:£-0~ L 5E+00 2. 7E-+00 2.1E:-+00 

L l£-05 1- :?:;£-02:: .1.7E+00 2. 9~+00 £:. ;<:E ·Hillt\ 

/ I .... _. 

.. ~;",'' -~~:.:~-.,-- -·~';~'-~-~~~t·:?i~~~~~~l~-~· ··- ~ 

NO"fS 

(::;t<! 8?>"'"..; N Y~/N 

f.<. ~£-+0:'!; ;:: .. 2~-+02: 

B. 'SE-+0Z: 3.9£-+01; 

e. .. ~~.::.s-~0z 'D .. 4-~:~-+ \!l3 

H. 5E.'·H2\3 £: .• 4£·•·02: 

B. 5£+0?:; 7. E-E+\112; .c:. 5E:+0f, B.2E-07 

£<. =::,;,+03 9.2£+03 4.0£::-+05 2. 0E-0f .. 

B. Sf . .o~c·0?~ 1. \11£+04 1. BE+~'S 2.0E-0f. 

B.5E+03 1 • .1£+0'• 1.2£+05 l.0E-0f:, 

B. 5E:-•·"'2' :1. 2:E+(Ii4 7.tll£+04 7.3F.-\117 

B .. ~SE+i'.?.~ 1- 4£+04 5. 0E+I114 ;<:;. '•£-07 

B. 5£-:+0:?:; l. 5E+tll4 3.7E-+tll4 .1. SE-07 
I .... ; . .. .,},' . 

B. 'SE-+03 1. f.£+04 :;:,_ 0£-+02- 1. lE-0£, 

B. 'SE;-+0:?:: .1. BE:-+04 2.4£:-+04 5.4£-<i.'!B 

DAMAGE= a. ::::E:-0£. 
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:··r~~~~~:~~~- r~~---~-~;· ,:~~-~-~--
. ·-- i~-- .. ;.!"'~-:::·"" -~; ... 

;-K!l)£L lf!l PIPC;..IN£ GUST FAT1C.U£ DA!"'AGI':: GIWSS WT. :f:ll.\33 VC=l27V. NOiS 

5"'=7€·1?-9 STR£GF-.IG=7B.1t· ANU .. F.c-,-+f-.73 \.(,;-·.~- 0 
?'!N/Al'ILU.,. AN/Ahi.i-L.\7 C.l"•:m.tNI<I FRO.l!'l~ lJC ..... 9_,F.IN J:•B <-.l I';IG<-+.1 .tll:i <-!, ·-) SM 5&'~ N n/N 

! ·- 01::-01 
1/<. 0.€:+00 l. ZE:-0.1 

l. t.E-01 
0. 0E·-r00 L 9£-01 

.e .. C:E:-01 

""· iil£-•·00 2. St:--01 
?. • 8.£-·01 

ii\.QIE+Il'0 :?::. JE-~01 
3. 4£-01 

0. 0£+00 :.;:;. 7E-01 
4. 01::--01 

It;. i£'£+00 4 • .:O:E-01 
4. i.E-01 

0.0£+00 4. 9£-01 
5 • .i?E-01 

0.0£+00 s. 5£-01 
5. BE-01 

iii. (l\£-Hf.\0 e .• !E-01 
£ .• 4£-·01 

0.0E:+00 f. •• 7£-01 
7. 0E-01 

0.0£+00 7 ... 2E-0l 
7. S.E-01 

0.1?€+00 7. BE-01 
f<~ lE-01 

0. 0£+00 e.. 4£-0.1 
e.. 7£-01 

0.0£+00 9. 0l<:-01 
9. 3£-!Ztl 

0.0£+00 9. E.£.--0.1 
9. 9E:-01 

4.0E-+00 

E:.0E+00 

e.. 0£···01 

2:. 0E·-01 

l. 0£-01 

1. t?-E-02 

7. 05::-03 

3.0£-03 

.t. e.£ri,tl3 

B •. l!"'E:-·04 

4. 0£-·04 

E:.SE-04 

L SE:-04 

9.0E-05 

t: .• 0E-IZIS 

.. 4-.~---:0?. 

;;:. 0£+00 2. .;E: + 0.E: Z.S£-01 ;E:. SE-01 ;.<:.SE-01 7,7£-+02- l::.S.C:-+0.3 

J. f:E+<Z10 l. 4£+0.E: s. l£-·0.1 5. 1E-0l S.iE-01 7.7E+03 4.0E+01• 

5. 0-.t-0.\ !!:;, 7£ .. ·01 E .• B£--0.\ £ .• 8-!::-01 (< •• E!-E-01 7.7£+03 5 • .3E+0.3 

:2. (?1£-01 E:~ ~E+0.1 e.. 4£-01 B. 4F.-0l B. 4£-01 7. 7£+03 f.,, £,£+03 

e. • .:::E-02 9. 4£-+00 1. 0£+00 1. 0£-+01<.\ 1. 0£-+00 7. 7E-+02: 7, e£+03 2. 5£+0£. 3. 7£-rM,' 

1. 1 E-0E: t. 31:.+00 1. E:!:::"'·00 .1 • .C~E-+11'-\£1 i. 2E-+00 7. 7£:+03 9. 1E+03 4. ~:E: .. ·0S E:. 9E-IZ\E. 

4. 0E-03 4. E.£-·01 1. 3E+a<0 1. 3£-+00 1. 3£+00 .7. 7£-4-03 1, 0£-+04 :2. ZE+05 2. 0£-0€. 

1. 4-E-03 l. E..£-0! 1. SE:-+00 .1. 5£-+·00 1.5£-+00 7.7E+03 1, 2£-4-·04 9. SE+CM· .t. 6-E-0E. 

B. 0£-04 9. 1 E-02 1. 7£+1!.\0 .1. 7E+iil0 1. 7£+00 7, 7E:+·03 !, 3lr.-+04 £,. E..E:-+04 1. 4£-0€, 

4. 0£-04 4. £.£-02 s, BE. ... ·00 1. B.E:-+00 l. e.£+00 7. "1£+·03 1, 4E-+04 4.S.E+04 9.SE-07 

l. E:E-04 1. 4E:-02 .~· 0£..;·00. 2. ~;~·00., 2._~+00 7. 7£-+03 1. $+04.: ,_, 3.. 9£-+04 3.5£-07 

1. 3£-04 1. SE-02 2. l E-+00 2, l.E-+·00 E:. l£+00 7. 7E+03 .t. 7£+04 :.;: .• 0t-t-0t. 5.0E:-07 

£.0£-05 6-.9£-03 2.3£+00 2.3£+00 2.3£+00 7.7£-+03 1. BE.-+04 £ ... 4-i:-+~.:,. 2.9£-07 

Z. 0£-05 2-. 4E:-03 t::. 4£+00 2. 4E+00 2--~f:+~ _7 ~ 7E:+<a,3 1.9£-+~ 1. !:'r."-<-04 1.9£-07 

2. 0£-05 f:. 3E-03 ;;:. ££-+00 f:. ££+00 . 2. ££+00 7.71::-+03 2.0£-+e4 1.5£+04 1. fi.£-07 
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!'10D.E:L 113.1 NCtP.MAL Mf~N. FATIGUE: DAMAGE: 
SM-1. 2-*8~20 £;T P..E:SSI G. oo84€-4 

AN.tANLLF AN.tANLLF CFRO.INM FRG.INM -VC-11.9*FJN 
l. 0E-121~ f::. 2E-01!~ 

0. 0E+00 . l. :?::£-01 1. 3£-1212 1. 5£+00 
1. t:-E-01 9.0£-03 

-f.: .• 0£-02 l. !:iE-01 5.5£-02 £-. 3E-·01 

f:. ?.E-·01 :!•. 5E-03 
-l.J?£-0.1 .C:. SE-01 E:. 0£-02'• .c:. :3£-01 

E:. e£-01 l. SE-03 
-l. 7£-01 :!• • .1 E-01 8. =:-E-04 9.7£-02 

3. 4E-01 t..SF.-03 
-.C:.J::E-0.1 3.71::-01 3.5£-04 4 •. 0£-1212 

4. 0E-0l ::<; •. 0£-04 
-2.£.£-01 4. 3£-01 l.E£-04 1. a.E-;:.02 

4. E.£-01 1. 41'::-04 
-3 • .1E-0l 4.9£-01 7.0£-05 8.0£-02 

5.2£-01 7.0£-05 
-2;. 5£-01 5. SE--0.1 4. 0£-05 4.E.E-02 

S. BE-Cl<l 3. 0£-05 
-2•. 9£-01 £; •• l E:-01 1. 5£-05 1. 7£-03 

£ •• 4E-01 1. SE-0S 
-4.3£-01 E. .• 7E-0l B.0E-0£. 9.0£-04 

7.li'IE-01 7. 0E~Il.\t• 
-4. ·:7!=:--(i.'l 7. :!•E-01 .,· ;<;. IZIE:-0€- :!•. 0£-ll.\4 

7. SE-01 4. ll.\E:-0£. 

) 
.,A.. 

GROSS WT•E:1E.:<. VC-1.C:7KN OTS 

'<T ··~·· 
ANLL.F=2.8~-.C:.5 

DG<-l DB< .... l DB<+1 -l BM 

0.0£+00 :?.. E.£-01 1. 8E-0! l. 0E>+04 

1. SE-01 5. 3£-01 ~·· "•E-0J 1. 0£+04 

~·- 0£-01 7. 0£-01 5. 0£-01 1. 0E+04 

4. 3£-01 8.7£-01 e .• se:-01 1. 0£-+04 

s. 5£-01 1. 0£ ... 00 a.. 0£-01 1. 0£-+04 

£ •• £,E-01 1. 2£ ... 00 S"l. 3E-01 1. 0E-+04 

7. 8£-01 1.4£-+00 1 • .1E+00 1.0£+04 

8. BE-0i 1. 5£-+00 1 • .F.:£+00 1. 0£+04 

9. B£-01 1. 7£ .... 00 1. 2£+00 1.0E+04 

1.1£+00 1. 9F.:-+00 1. 5£+00 1.0£+04 

1. 2E+0\ll 2. V.'l£+00 L E..£+00 !. 0£ .... 04 
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. ''·' , . 

SA N 

1. 5£+02. 

f:. 9£+(ll3 

4.££ .. ·0:<; 

5.5£-+03 

e .• 7E+03 l. 5E+07 

7.9E-+02 1. 0£+0E· 

9.1E+02 4.5£+05 

L<ZI£+04 .1.5£+05 

1,1£+04 8.4E+It\4 

!. 3£+04 5.7£+04 

!. 4E+04 4.f:!E+04 
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MODEL lB.i NGP.MAL GI.J.Si FAT 7 GLIE !tAM~G£ GROSS WT. •f:i£,2; 
SM=B2.L':0 : 5:TP.ESS.IB .. e.~•£4 KT•3 ... 0 ~irLF~-., ... ~_.37 
AN.IANI.LF AN.IANLLF C:FRIUNI"l FRG/NM VC-tt. 9-ttF.IN DB(-) DG~-+l 

•. l. 01::-01 l. 0E-+00 
0. ~E:-+00 'l~2E-0l e.. 3£-01 9.5£+01 ;<;. 1£-0.1 :1;. lE-\lll 

L £.£-01 l. 7£-01 
a:. ll\E:-+00 l. 9£-··,1\1 1. 2.£-01 1. '•E-t·01 4. 5£-01 ~ •• 5£-·0.1 

2. f:E-01 4. SE-02 
121. 0£+00 e. se:-01 3.5£-~ 4. 0E+00 5. 9£-0.1 5. 9£-01 

2. e.E-01 l. 0£-llf: 
0. 0£+00 2. lE-0.1 £ .• SE-03 7. 4£·-01 7.3£-01 7. 3£-0.1 

;:;. 4£-0.1 ?.. SE-11:?. 
Q\. ii.I£+0<Z< ;!;. 7£-01 f.:. 4£-03 c:. 7£-01 B.BE-0.1 B. BE-0.1 

4. 0£-01 ;. . lE-02. 
0. 01::+1210 4. 3£-01 ( .• 7£-04 7.7£~ 1. 0£+00 1. 0£-+00 

4. E.E-0! 4. 3£-04 
0. 0£+00 4. 9£-01 2. 4£-04 C:.7E-0e 1. f.:E-+00 1 • .C:E+00 

5. ~E-01 1. 9£-04 
0. <ll£+00 5. 5£-0.1 1. lE-04 1. C:E-0E: l. 3£.+00. 1. 3£:+00 

5. SE-01 e. SE-05 
0.0£+00 e •• 1E:-01 4.5£-05 5.1£-03 1 • .lt£+00 l. 4£+00 

£.. 4£-01 4.0£-05 
~.ltt£+00 E·. 7£-01 2. 0E-0S 2.2.£-0:;> .1.£.£+00 l.·E.o£+00 

7. 0£-01 2.0£-~5 
0. 0£+00 7 • .:<•E-01 '' 9. 0£-·0£, 1. 0E-02: 1. 7£+00 1. 7t::+00 

7. SE-01 1.1£-05 
0. 0.1::+00 7. 6£-01 5.9£-0£, £ .• 7£-04 .1. BE-+00 1. B£+00 

8. 1£-01 s. 1£-0£. 
0.0£+00 B. 4£-01 E:. S£-QIE. E:.9E-04- E:. 0£+00 E:. 0£+00 

. -.~ .. e.:.: 7£-01 E:~-££-0£. .•...... ;: ,, ' .. .... ·. 
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~ 

-

lJC=1f.:7KNOT8 

DG<-+.-l S."! SA 

;:;. l E-01 B. :!<£+02; ;:. £,£+0::£; 

4. 5£>· 0.1 (\. :::;£-t·03 2 ... e.£..-02 

5.9£-01 B • .:<:£+03 S.0£+03 

7.3£-01 B. 2;£+03 f,.E£+03 

&. BE-01 B. :;;£+03 7.4£+03 

.1. 0£+00 B. ;!;£+03 B. E·l.':+0:?:; 

l.l?E-+00 B.;-i;E-+03 9.BE+03 

1. 3£+00 B. 3£+1213 1. 1 E+k"• 

1. 4£+00 B. :;";£-t·0J; 1 • .C:E+04 

1. t•E+00 8.3£+03 1. 3£+04 

1. 7E+00 8.;!;£+03 1. 5£-+04 

l. 8£+00 B. 2'•£+02; .1. E.£,..04 

1. 9£ ... 00 B. :;,£,..0:?.; i- f.,£+04 
. ' 'l 

N n.IN 

.1. 0£->07 2.7£-0£<. 

7. 7E:-+0=; 9.9E-0B 

2.5£+05 1.1£-07 

l • .:<;£-+05 9.2~-0B 

B.0£+04 e •• 4£-08 

5. 7£+0'• 4.0E-08 

4.2£-+<214 f.:.4E-08 

3.5£+04 .t. 9E-0B 

E:.B£+04 1. 0£-08 
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KOD£1. 161 PIPELlM£ ...... FA1'IGU~ DAMAGE GROSS W1'•2033 VC•127.K MOTS e Sll•74i.a9 •1.1 S'J'.AL"Ul.IG •:7814i. JC'J'-4.0 AMLLS'•a.4,.-2.7G 
J..K.IAMU.F CF'RQ.IMK J'RQ./MK VC4.9,.F.fM DG<-l DG<-+l DG<-+,.-) Sll SA .. n.IR 

1.0£-01 6.6£-01 
-4.0~-02 1.a£-01 a.oa-o1 a.4£-+01 1.1£-01 4 .. 4£-01 :2.&\li:-01 &.6£-+oa 2.:2£-+oa 

1.6£-01 .2.SE-01 
-1 .. ::1£-01 1 .. 9£-01 9 .. 0£-02 1.0£-+01 a .. G£-01 G.SE-0.1 6.02-01 8.62-+oa a.9E-+oa 

2.2£.:..01 1.6.2-01 
-1.92-01 2 .. 61:-01 & .. 0£-02 9.-l..£+00 6 .. 2£-01 &.6.£-0.1 G.9E-01 8.u.oa £ .. 4£-+oa 4.0£-+~ 2.U-OG 

2 .. 81:-01 a.oa-o2 
-2.1~-01 a.12-o1 6.oa-o2 6.7.£•0(1 s.u-c.1 1 .. 1£-+00 &.2.£-01 a.u.oa G.-4£-+0a G .. oE-+0£ 9.6£-0G 

2 .. 4£-01 a.oa-o2 
-2.6£-01 a.7E-o1 J..U-02 2.1.£-+00 C..9£-01 1 .. 9£-+00 9.-?E-01 a.u .. aa 7.u.oa 1.1E•OS 1 .. 9£-0S 

4 .. 0£-01 1 .. 2£-02 
-a.22-oJ. 4.3£-01 ?.oa-oa a .. o~-01 8.u-o1 1 .. 6£-+00 1 .. 2£-+00 a.u .. oa 9 .. 2£+09 S .. OE-+04 1 .. 6£-06 

4.6-01 s.oa-oa 
-a.SE.-o1 4.9.£-01 a"'~a-oa a.:1E-o1 9.7£-01 1 .. 7£-+00 1.-aE-+00 8.u.oa l. .-0£+04 a .. aE-+04 1.12-os 

5 .. 2£-01 1.8£-oa 
,. . ; 

-3.7~-01 6.u-os 1.1£-03 1.3£-0l. 1.0£-+00 l..9£+00 1.-4£-+00 8.6£-+0:i\ 1.-1£-+04 2 • .1£-+04 & .. 0£-0G 
6.8£-01 ?.0£-04 

-4.1£-01 G..-12-01 •-s~-04 5.1~-02 1 .. 1£+00 2.Ul+OO 1-6£-+00 8.SE-+03 1.a£-+04 1 .. 0~-+04 6.1£-06 
C..4E-01 2.6.£-04 

-4.6£-01 C..-72-01 1.6£-04 1.7~-02 1.22-+00 2~.9£-+00 l..-8£-+00 a.u-+oa 1.-42-+04 ? .OE-+03 2 .. 4£-0G 
7 .. 0£-01 1 .. 02-04 

-6 .. 1~-01 7 .. 3£-01 s.oa-os 6 .. 7'£-03 1.42-+00 2.62-+00 1-92-+00 8.6£-+oa 1.6£-+04 G.4£-+oa a.s~t-o7 

?.S£-01 s.oa-o6 
-6.6£-01 7 .. 8£-01 2-911-06 a.a.a-oa 1.£.£-+00 2.7£-+00 2.1£+00 a.sa.oa 1.6£-+04 S.2E-+03 &.4£-07 

8.1£-01 2.-1£-06 
-G .. OE-01 8 .. 4£-01 1.-1£-0S 1.u-oa 1.7~-+00 2.9£-+00 2-aE.-+00 e..u-+oa 1.8£+04 4.0£+03 a.J.£-o7 

8.7£-0.1 1.-0E-06 

DAKAC.E• 7.3£-oS 
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MOCU. 1&.1 PlP2LlM£ ~UST ~ATlCUE DANA~£ CAOSS ~.•2033 VC.•12'1JC NO'I'S 
Sll•':'"9 S1'R£SS.IC•7&U~ AJU...L.F-" .. 2.71 KT•4~0 

AJI.IANJ..J..S' AM.I-"IL.LS' CF'AQ./I!IiJ FRO.IIUI VC4189-ctF.III OC.<-l DC<-+) l'IC< ... -l SIC SA Jl n.IJI 
.1~02-0l 4.0£-tOO 

tt.O£-tOO 1.U-CU. 2.oa ... oo :2.8£-+02 a.u-o1 3.5£-01 3.6£-01 7~'1£•oa 2.U-+03 
1 .. 4io£-.Cll 2.oa ... oo 

0.~ .. 00 J..K-01 1 • .2£+00 1.4£-t02 6.1£-01 6.1£-01 6.1£-01 "1.'1£-toa 4.0£-+oa 
2 .. 2£-01 a.o£-ot 

\l.0£-+00 2 .. U-01 6.0£-01 lio.7£-+01 (..8£-01 ti..d-01 &.M-01 '1.7£-+oa s.a£-toa 6.0£+06. 1.11Z-06 
2 .. &£-01 a.oa-.cu 

0.0£-+00 3 .. 1£-0l 2~0£-01 2.a£-+01 $.4£-0i 8..4£-01 8..4£-01 7.7£+03 '--«-+o3 4.0£+0£\ &..7£-06 
a .. 4£-o1 s.o!l-ot . ;' 

0.02+00 3 .. 7£-01 &.2£-02 9.4£-+00 1.0£+00 1.0£+00 1.0£+00 7.7£+oa 7.aa+oa 1.0£+06 9.4£-0S 
4.0£-02. 1.8£-~ 

0.02+00 4 .. U-01 1.1£-0.2 1.3£-tOO 1 • .2£-tOO 1..2£•00 1.2£-+00 '1.7£ .. 03 9 .. 1£+03 6.0£+04 2.6£-0S 
4 .. U-01 ?.aa-oa 

Oo(b£+(10 4 .. 9£-01 4 .. oa-oa 4.U-01 :.L.a£ .. 00 1.3£-+00 1 .. a£-t00 '1.7£-+oa 1 .. 0£+04 a.2£-+04 1.4£·~0S 

6 .. 2£-01 a.oa-oa 
0.02-+00 6.6£-01 1 .. 4£-oa 1.££-01 1 .. 5£-tOO 1.6£ ... 00 1.62 .. 00 7.7£-+oa 1.2£-+04 1.6£-+04 1.1£-0S 

6 .. 8£.-01 1 • .a-oa 
0~0£-tOO 4(..1£-01 a .. a&:-04 9.1£-02 1.7£-+00 1.'1£-+00 ! .. 7£•00 7.7£-+aa 1.a£-+04 1.0£ .. 04 9.u:-~ 

"-4£-01 &.0£-04 
0.0£-+00 ~.'1£-01 4 .. 0~-04 "'·"-02 1.aa .. oo 1.d-+00 1.ali!-+00 '1.'1£-+oa 1.4£-t04 e..oa ... oa 6.7£··0& 

7 .. 0£-<U 4.0£-~ 

0.0£-+00 ? .. a£-01 7..2£-04 1.4£-0.2 2 .. 0£400 2.0£-+0(\ 2.0£-+00 '1.'1£-+03 1 .. U+04 &.4£+03 .2 • .11:-a& 
? .. U-01 2.U-04 
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MO!oEL 3e NORMAL MAN. FAT l SUE t\AI'IAS£' 
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3. 7£-01 
... 0£-ill 
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4.9£-01 
s. 2£-01 
s.SE:-01 
s.~-es 
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7. S£-01 
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• •. Report VB-1337 
Page GS-24 

AIR 

• <I max Once per flight 

PA-28-181 _, 
Vc=l27 kts 

Pipeline Normal 

Flt Duration 2.0 hrs .65 hrs 

Gust Man Gust Man 

+anLLF 2.71 3.4 2 .• 37 2.8 

an/anLLF .so .48 .28 .15 

Nz fWIA ,r 2.36 2.63 1.66 1.42 

(Jmax 18319 20429 13910 11877 

PA-32-300 .. '\ vc=144kts 

Pipeline Normal 
~ 

Flt Duration 2.0 hrs .65 hrs 

Gust Man Gust Man 

• +anLLF 2.20 2.8 2.21 2.8 

an/anLLF .51 .49 .28 .15 

Nz #ttAf. 2.12 2.37 1.62 1.42 

(}max 18861 21039 14721 12957 

• 



• 
Pipeline 

U min 3222 

Pipeline 

(J mln 1737 

• 

GROUND 

almin Once per flight 

Taxi once per flight Nz=l!.325 

Nz()tr,., = .675 

PA-28-181 

Report VB-1337 
Page G5-25 

Normal 

3397 

PA-32-300 

Normal 

2240 



• 
G-A-G 

PA-28-181 

Mission Omax <Tmin <Jm Ua N 

Pipeline 20429 3222 11826 8603 4.9X106 

Normal 13910 3397 8654 5257 ~ 

PA-32-300 

Mission o-max crmin <rut <Ja N 

Pipeline 21039 1731 11388 9651 1.9Xl05 

Normal 14721 2240 8481 6241 oQ 

: .. _·,.,. 

KT=3.0 
Damage/ 

Hr 

l.02Xl07 

0 

KT=3.0 
Damage/ 

Br 

2.63Xl06 

0 

Report VB-1337 
Page GS-26 

KT=4.0 
N Damage/ 

Hr 

4.2Xlo 4 1.19Xl05 

~~L 3Xl06 2.44Xl07 

KT=4.0 
N Damage/ 

Hr 

2.8Xl04 1.79Xl05 

8.6Xl05 1.79X106 



• PA-28-181 

Mission 

Pipeline 

Normal 

Mission 

Pipeline 

Normal 

PA-32-300 

Mission 

Pipeline 

Norma: 

Mission 

~ Report VB-1337 
Page G6-l 

Fatigue Damage Su~mary 

KT=3.0 
Damage per Hour 

Gust Maneuver Taxi Ldg Impact G-A-G 

1. 4Xlo-s 8.3Xl0-6 0 0 1.o2x1o-7 

4.9xlo-7 l.lXl0-7 0 0 0 

Normal to Pipeline Life Ratio = 37.3 

Gust 

2.4xlo-4 

7.1Xl0-6 

KT=4.0 
Damage per Hour 

Maneuver Taxi Ldg 

7.3xlo-5 0 0 

9.9Xl0-7 0 0 

Impact 

Normal to Pipeline Life Ratio 

KT=3.0 
Damage per Hour 

Gust Maneuver Taxi Ldg Impact 

1.4xlo-5 7.9xlo-6 0 0 

8.9xlo-7 l.BXl0-7 0 0 

G-A-G 

1.19Xlo-5 

2.44xlo-7 

= 39.0 

G-A-G 

2.63Xlo-6 

0 

Normal to Pipeline Ratio = 22.9 

Gust 

KT=4.0 
Dama9e per Hour 

Maneuver Taxi Ldg Impact G-A-G 

Unfactored 
Life (hrs} 

44,639 

1,666,667 

Unfactored 
Life (hrs) 

3,078 

119,990 

Unfactored 
Life (hrs) 

40,766 

934,579 

Unfactored 
Life (hrs) 

Pipeline 1.3Xlo-4 8.1Xlo-S 0 

0 

0 

0 

1.79Xl0-S 

1.79Xlo-6 

19.9 

4,369 

Normal 7.7Xl0-6 2.0Xl0-6 87,032 

Normal to Pipeline Ratio = 
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PIPER - INITIAL AND REPETITIVE INSPECTION INTERVALS 
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• • Report VB-1337 
Page Hl-1 

PIPER -- INITIAL AND REPETITIVE INSPECTIONS INTERVALS 

The initial inspection time for the PA-28-181 on Pipeline Patrol 
is 3700 hours. The initial inspection time was determined by using 
one half the time required to achieve a critical crack size, acr• Acr 
represent design limit load capability. The accident aircraft crack 
size when compared to the Acr determined for fracture analysis and the 
fracture ilnalysis crack propag,ation curve shows negliyible difference 
in time between the two cra-ck lengths. Therefore the accident time 
7488 cas divided by 2 for initial inspections. ThJ.,g is conservative 
considering a 4100 hou.r PA-28-161 flying pipeline was found not 
cracked upon inspection and also the sister ship of the accident 
aircraft, a PA-28-181, flying the same mission, Pipeline Patrol, was 
found not cracked upon inspection at 7878 hours. 

The PA-32-300 initial inspection time is 1800 hours. This is 
based upon using the PA-28-181 and PA-32-300 pipeline patrol crack 
propagation curves. Fir$t starting at the acr on the PA-28-181 curve 
and backing down the curve 7488 hours, equivalent dual cracks of 
.0201•• in depth, .0414" in length were determined .. 

Starting at the same crack size on the PA-32-300 curve the 
equivalent time to acr was 3658 hours. The 3658 was divided by two 
for initial inspection. 

The initial inspection for the normal usage PA-28-181 is 62,900 
hours and for the PA-32-300 it is 30,600 hours. This is the pipeline 
initial inspection multiplied by 17. 'l'he high time normal usage 
aircraft inspected was a PA-28R-200 and found not to be cracked at 
19,147 hours. The fatigue analyses performed on the PA-28-181 and 
PA-32-300 for KT=3 and KT=4 showed the ratio of normal life to 
pipeline life varied from 19.9 to 39.0. The con-servative value of 17 
was used. 

The repeated inspection interval for the pipel~ne patrol 
PA-28-181 is 1600 hours and for the PA-32-301> is 800 hours. The 
repeated iMpection interval was determined by using one half the time 
from a maximum undetectable crack, aNDI to the critical crack size, 
acr· The area to be inspected is approximately 3./8" wide on an arc of 
120° of the two outboard main spar bolt holes. Based on this 
relatively small inspection area a dual aNor of .OS" in depth and .1o•w 
in length was selected. Using the PA-28-181 and PA-32-30'0 crack 
propagation curves the time from aNDI to acr were 3169 hours and 1648 
hours respectively. These hO;Urs were then divided by two for repeated 
inspection intervals. 

The repeated inspection intervals for the normal usage PA-28-181 
and PA-32-300 are 6000 hours and 3000 hours respectiv:ely. These were 
determined by using a conservative value of 3.33 multiplied by the 
respective pipeline repeated inspection ir.tervals. 




