The major difference between RAPID Commuter and Transport Versions

(1) Limit Stress for Residual Strength Calculation

Commuters

The limit stress in the circumferential direction, for the longitudinal crack, is calculated using the equation
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where p is the pressure differential, R and t are the radius and thickness of the fuselage shell at the location where the damage tolerance analysis is performed.  The stress due to the additional pressure 0.6 psi in the equation is to account for the external aerodynamic suction pressure (0.5 psi) plus a 0.1 psi regulator tolerance per FAR 23.574.
The limit stress in the longitudinal direction, for the circumferential crack, is determined using the equation
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where p is the pressure differential, n1 is the maneuvering limit load factor, is the payload reduction factor assuming a value of 0.7, R and t are the radius and thickness of the fuselage shell, and 1G is the one-G stress, under normal operating condition, at the location where the damage tolerance analysis is performed.  The additional pressure 0.6 psi is added per FAR 23.574.

For positive maneuver, the limit load factor n1 is calculated as
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where W is the design maximum take-off weight of the airplane in pounds.
Transport aircraft

The residual strength of the repaired skin is the load carrying capacity of that skin, should cracks exist after repair.  The knowledge of residual strength of a repaired skin is required in order to determine the critical crack length at the limit stress.  The limit stress in the circumferential direction, for the longitudinal crack, is calculated using the equation
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where p is the pressure differential, R and t are the radius and thickness of the fuselage shell at the location where the damage tolerance analysis is performed.  The pressure 1.0 psi added to the pressure differential is to account for the aerodynamic pressure terms per FAR 25.571.

The limit stress in the longitudinal direction, for the circumferential crack, is determined using the equation


[image: image5.wmf]g

s

+

+

=

s

/

5

.

2

t

2

R

)

1

.

1

p

(

G

1

al

Longitudin

,

Limit


where p is the pressure differential, is the payload reduction factor, R and t are the radius and thickness of the fuselage shell, and 1G is the one-G stress at the location where the damage tolerance analysis is performed.  The pressure 1.1 psi in the above equation is added to account for a 10% increase of the 1.0 psi in the aerodynamic pressure terms as in the circumferential limit stress. 

(2) Load spectrum

Commuters: 

user inputs flight profile, with built-in gust and maneuver exceedance curve for commuters, load spectrum is generated (limited to 4000 to 19000 llbs)

Transport

Built-in generic narrow-body and wide-body load spectrum

However, user can input any equivalent stresses as desired for both versions
(3) Stress Calculation

Commuters

F2.  Input Parameters Required for Load and Stress Spectra development

To generate the load spectrum, the user is required to provide RAPIDC with the following data:

1.
Airplane design maximum take-off weight (lbs)

2. Nominal maximum working pressure (psi)

3. Flight distance (statue or nautical miles)

4. Maximum design cruise altitude (feet)

5. Cruise speed (KEAS or KTAS)

6. Cruise altitude (feet)

7. Wing surface area (feet2)

8. Airplane design life (flights)

The following additional pieces of information are also required to derive the stress spectrum from the load spectrum.

1. Fuselage radius at the location of interest

2. Zone number indicating the location of interest (see Figure F1)

3. Zone Length (S)

4. Distance between zone starting point and the location of interest (L)

5. Distance between cabin floor and the location of interest (Z)
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Figure F1.  Airplane Zones
F6.  Derivation of Stress Spectrum

The stress spectrum at the location where the damage tolerance analysis is performed, in either the longitudinal or circumferential direction, can be derived from the load spectrum using the following equation:

=p + (1 ± g)1g
Where is the min. or max. stress of a stress cycle in the stress spectrum

pis the stress due to cabin pressure at the location

1gis the 1-g stress due to airplane inertia and aerodynamic loads at the location

g is the change of normal acceleration in the unit of g’s in the load spectrum
To estimate the longitudinal 1-g stress, 1g at the location where the damage tolerance analysis is performed, the following assumptions are made.

(1) The longitudinal stress in flight at the crown location can be described as shown in Figure F11.  The stress in Zone I can be linearly interpolated within the zone.


[image: image6.wmf] 

pr/2t

 

pr/2t+

 

s

 

1g,max

 

Zone II

 

Zone I

 


Figure F11.   Longitudinal Stress in Flight at the Crown Location

(2) The longitudinal stress on the ground at the crown location can be described as shown in Figure F12.  The stress in Zone II can be linearly interpolated within the zone.
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Figure F12.  Longitudinal Stress on the Ground at the Crown Location

(3) The longitudinal stress between the crown and belly locations can be linearly interpolated as shown in Figure F13.
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Figure F13.  Longitudinal Stress at a Distance Z from Cabin Floor

With these assumptions, the longitudinal stress at a location can be estimated once the maximum design 1-G stress, 1g, max is determined.  The determination of the 1g, max is described as follows.

F6.1  Determination of Maximum Design 1-G Stress

It is assumed that the skin stress due to pressure and the maximum design 1-g stress, 1g,max  at the limit load is equal to the design limit stress of the fuselage skin.  This assumption can be expressed in an equation as
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where p is the pressure differential, n1 is the maneuvering limit load factor, Ftu is the ultimate tensile strength of the skin material, C is the material allowable reduction factor for assembled structure, and R and t are fuselage radius and skin thickness at the location, respectively.  The additional pressure 0.6 psi added to the pressure differential is to account for the external aerodynamic suction pressure (0.5 psi) plus regulator tolerance (0.1 psi) per FAR 23.574.  In the above equation, n1 is the positive maneuver limit load factor which can be calculated using the equation described in Section F4.1.1.  

An empirical value of 0.88 is used for the material allowable reduction factor, i.e., C=0.88.

Using the above equation, the maximum design 1-g stress, 1g,max  at the limit load can be determined as
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For ground operation conditions, the maximum 1-g stress is assumed to be 1/3 of 1g,max  as shown in Figure F12.

F6.2  One-G Stress at Location of Interest

Once the maximum design 1-g stress, 1g,max  at the limit load is determined, the 1-g stress, 1g at a location of interest can be determined as follows.

(A) In-flight conditions 

(i)  Longitudinal stress in Zone I:
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(ii) Longitudinal stress in Zone II: 
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(iii)  Circumferential stress in Zones I and II:
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(B)  Ground conditions 

(i)  Longitudinal stress in Zone I:
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(ii)  Longitudinal stress in Zone II:
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(iii)  Circumferential stress in Zones I and II:
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where 

Z = the distance between the location and the cabin floor line, positive for locations above the floor line; negative for locations below the floor line 

R = the radius of the fuselage

L = the distance between the location and the reference point in the zone (see Figure F1)

S = the length of zone (see Figure F1)

= assumed average payload factor equal to 0.70

Transport Aircraft

C2.  Input Parameter Required

The parameters listed below are required to be input by the RAPID users in order to convert the load sequences into stress sequences for the repair locations. The required parameters are:

a. Airplane type(either wide-body or narrow-body jet

b. Material type

c. Radius of the fuselage

d. Zone number for the repair location as shown in figure C2

e. Length of the zone

f. Distance between the repaired location and the reference point, figure C2

g. Distance between the repair location and the cabin floor

h. Direction of the damage, either longitudinal or transverse
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Figure C2.  ID Number of Repair Zones
C6.  Formation of Stress Spectrum

The stress spectrum at the repair location, in either the longitudinal or circumferential direction, can be converted from the generic load spectrum discussed in section C5 using the equation shown below: 

=p + (1+/-g)1g 
(C1)

Where:  is the stress at the repair location

pis the stress due to cabin pressure at the repair location 

p=pr/t for longitudinal cracks and 

p =pr/2t for transverse cracks 
1gis the 1-g stress due to airplane inertia and aerodynamic loads at the repair location

g is the incremental load factors defined in the load spectrum

The estimation of 1g is discussed in the following sections.

C6.1  Maximum Design 1-G Stress

The 1-g stress (1g) at the repair location is to be estimated based on the maximum design 1-g stress (1gm) in the longitudinal direction which is assumed to be a function of design limit stress (DLS) and cabin pressure (p).  For in-flight conditions, 1gm can be expressed in the equation below:


DLS=( p+1.1) r/2t + DLF*1gm
(C2)

where: 


p is the pressure differential 


r is the fuselage radius 


t is the skin thickness

DLF is the Design Limit Load Factor and DLF=2.50 set forth in FAR Section 25.337(b). 

The pressure 1.1 psi in the above equation is added to account for a 1.0 psi in the aerodynamic pressure terms per FAR 25.571 and a 0.1 psi regulator tolerance per FAR 23.574.

Based on the material allowable (Ftu) and the safety factor (SF) the maximum design limit stress (DLS) can be expressed as follows: 


DLS=Ckd *(Ftu/SF)
 (C3)

Where 

Ckd is an additional knock down factor applied to the material allowable for assembled structure which is equal to 0.88 based on experimental data

SF =1.50 for the ultimate design load conditions

From equation (1) and (2)


The 1gm can be expressed as follows:
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(C4)

For ground operation conditions, the maximum 1-g stress is assumed to be 1/3 of 1gm , see section 3 of reference 9.

C6.2  One-G Stress for Repair Location

The maximum 1-g stress (1gm) is assumed to occur at the crown area above the wing.  By further assuming that the 1-g stress at both ends of the fuselage are equal to 0 and the stress varies linearly between the maximum stress areas and the tip of the fuselage as shown in figure C14(a) and (b) and, the stress varies linearly between the crown area and the cabin floor as shown in figure C14(c), stress areas and the tip of the fuselage the 1-g stress at any repair location can be express as follow: 

For flight conditions 

for transverse crack in Zone I: 





(C5)

for transverse crack in Zones II and III: 





(C6)

for transverse crack in Zone IV: 





(C7)

for longitudinal crack in all zones:
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(C8)

For ground conditions 

for transverse crack in Zones II and IV





(C9)

for transverse crack in Zones II and III





(C10)

for transverse crack in Zone I and longitudinal crack in all zones





(C11)

where 

Z is the distance between the repair location and the cabin floor line, a positive value indicates the repair is above the floor line; a negative value indicates the repair is below the floor line 

r is the radius of the fuselage

L is the distance between the repair location and the reference point as shown in figure C2

S is the length of Zone as shown in figure C2

C2 is the average payload factor, 0.70
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(a)  Stress Distribution of Flight Condition s
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(b)  Stress Distribution of Ground Condition
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(c)  

Figure C14.  Stress Distribution Diagram

(4) Add/edit material database and flight profile

LOGIN RAPIDC AS SUPERVISOR (Password: password), you will be able to change flight profile and add/edit material database. 

(5) Others

RAPIDC/FEM is used throughout the commuter version for fastener load calculation.  Transport version still relies mostly on built-in (limited) database solution for fastener load calculation.   It is a big change for fastener load transfer calculation from database solution to FEM-based solution.  The proximity effect, stiffeners effect, stress redistribution effect due to crack advances are still under development for commuter version.

There is no funding at this moment to maintain rapid for transport.  However, there is funding to support the enhancement of rapid for commuters.  As a result, commuter version has much less bugs.  We are also working on developing a load module that can generate load spectrum with user specified exceedance curves and flight profiles for both commuter and transport version.

To get more details, please refer to the respective Analysis Methods Documents.

http://aar400.tc.faa.gov/rapid
Z (negative below floor line)
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