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RAPID Disclaimer

The development of the RAPID software program was funded by the Federal Aviation
Administration (FAA) and the USAF and is provided to the user as is. Neither the FAA nor the
U.S. Government warrants the merchantability of the software nor its fithess for a particular use.
Use of RAPID or its output does not replace or change any part of the repair or alteration
approval process. Users of RAPID must obtain approval of any repair or alteration designed or
analyzed with RAPID with the same procedures as with any other analysis tool. A repair design
from RAPID should never supersede that supplied by the original equipment manufacturer
(OEM). RAPID should be considered an alternative design tool whenever a repair procedure is
not provided or is not available from the OEM. In no instance will the U.S. Government be liable

for any damages sustained by the user, or any third party, caused by or attributed to the use of the
RAPID software.
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1. Introduction

This document provides installation and usage instructionsi¢oRépair Asessment Procedure
and Integrated Dagn (RAPID) program. It should be readby any user who is not alredy
familiar with running be current versiorof RAPID. In the conpanion document, Repair
Assessment Procedure amhadtegrated Degn RARD Version 2.1, Anbysis Methodolgy
Document, technical details of theabysis methodolgy used in thgorogram areorovided.

RAPID is a tool for he desgn and aalysis of aircraft stuctural repairs. This version assists the
user in deigning mechanicyy fastaned fuselage skin pairs with up to three doublers. R
performs both static and dageatolerance agses of the repair. The static lysas determines

if the doublers and fasteners are statycabegate, while thedamage tolerance alyais yields
inspection intervals and residual sigin
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2. Requirements

The following are he minimum hardware and software regoments for installing and runimg
the RAPID software:

* 386 PC (a 486 or better isghly recommeded).

* Math coprocessor if the CPU is a 386 or 486¢The copocesso reduces run
times for damge tolerance argsis from hours to minutes.)

* Windows 3.1 running in enhanced mode. Alijo RAPID is a Windows 3.1
program, it has beetested within and runs under Windows 95 and Windows NT
v4.0.

» Hard disk with 25 megaligs free disk space. h& load spectra, ifenerated,
require an additional 5 to 25 mdayges each.

* 4 megdytes random access memdRAM) (8 megoytesor more is preferred).
Windows 95 and NT require additional memor

* 3.5inch 1.44MB flopy disk drive.
*  VGA (Super VGA, 80y 600 dpi resolution or higher is recomnded).
* Mouse or trak-ball recommended.
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3. RAPID Program Notes and Limitations

This section listgraphical ser interface notes and program limitations for the current version of
RAPID. Updated versions of this information will be available inARA from the Readme
Infor mation menu item in thélelp pull-down menu.

3.1 RAPID Graphical Use r Interface Notes

3.1.1 Help Keys and Buttons

The Flkey will bring up HELP in aay module. e help will be module specific. However,
once in HEP, other areas of HEP can be accessed. Each module haslaPHititton that acts
like the F1 ley.

3.1.2 Checking Cutout Pro perties

Checking the cutout information thugh the menu or cutout button after the cutout is drawn
does not work. As a evk around, e cutout information By be accessed by Iseting the
cutout with the mouse and then cliofgiwith the right mouse button on the cutout. This problem
is scheduled to be corrected in a later version dPIRA

3.1.3 Cutout Displ ay Problem

If the cutout is initidy drawn after the dispy has been scrolled horizongalbr verticaly, the
cutout will be displged in the wrag location, althagh the gemetry is stored orrecty.
Resetting the zoom to 100% will displéhe cutout correbt. This prolbem is scheduled to be
corrected in a later versiaf RAPID.

3.1.4 Conflict with PC-Xware
RAPID will not run when PC-Xware is installed in Windows.

3.2 Analysis General Notes and Program Limitations

The RAPID version 2.1 prgram performs static stigth anddamage tolerancenaysis d a
repaired fuselage skin which involvesl@mage treatment of the skin cutout and replacement of
the removed skin with pair doublers. Te rgpair doublers are mechanicalfastened to the
skin. The followig addresses the dgais capabity of the current version of the gi@am.

3.2.1 General

a. Repairs are resttied to fuselage skin repaiostween forward and aft pressure
bulkheads, but aay from door cutouts, window cutouts, and window belt structure.
This is also not applicable to pressure hakkds or lfat pressure panels.

b. The fuselage is assumed to be circwdh a constant radius. The repairs are limited
to areas on the airplane where the hoop stnassadpressurization cde
apprximated using a&ylindrical pressure vessel dgsis.



c. Damage due to accidental or cracking causes is only in one skin layer except the lap
joint repairs which both upper and lower skins may be

d. Skin cutout and repair doublers are rectangular or circular in shape. For rectangular
repairs, the orientation is such that two of the four sides are in the hoop stress
direction and the other two are in the longitudinal stress direction.

e. Nine repair configurations are included as depicted in the following figure:

| N N 0 ) (I S S [ (O == ¢ 1k
e i‘_—'; B £| L
Wj——— - Skin == — sz L st Skin2
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External External Butt Joint Butt Joint
Skin1 Ex“% Emflim SﬂHlnﬂ
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| | |
= ||I w ]l Llm ‘I: O
Skin2 s Elx_';ﬁ Fx&[ SEk%'_’—_=_—
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Butt Joint Lap Joint Lap Joint Lap Joint External

f. For Type 1 repairs, only one outstanding fastener row (beyond the external doubler)
is allowed in the internal doubler.
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g. For Type 2 repairs, only one outstanding fastener row (beyond the external doubler
number 1) is allowed in the external doubler next to the skin.

''''''''' — Outermost
rrrrrrrrrrrrr 1
5 0o oo External :.- Fastener Row
g g g g g Doubler 154
00 o coole YV Skin Cutout
oo0o0 Skin Cutout o o o
O o0O 9 99 7777777777777 N
O 0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOo External
000\00000000;000 D b| 2
000‘00000000;0007 7777777777777 oubler
"""""" Outermost

Fastener Row

Outermost Skin Cutout\ Outermost
Fastener Row External Doubler 2 Fastener Row

h. The program is capable of assessing common repairs such as a repair near another
repair, repairs near stiffeners, and repairs at joints.

i. The following restrictions are applied to the RAPID 2.1
» For a repair near another repair:
Only Type 1, 2, and 3 repairs are considered.
* For repairs at/near stiffeners:
Only Type 1, 2, and 3 repairs and repairs over splice joints are considered.
* For arepair at/near stiffeners near another repair:
Only Type 1, 2, and 3 repairs are considered.
J. Repairs are limited to the following sizes
» Skin cutout size (Add 3 ~ 5 fastener rows to determine the repair size)

- Type 1,2,3 repairs: 3(QqLong.) x 20 (Circumferential)
- Circular repairs: 5(Radius)

- Butt joint repairs:  20(Long.) x 10 (Circumferential)
- Lap joint repairs:  20(Long.) x 3 (Circumferential)

» Skin cutout size in proximate repairs



k.

- Subject repair: 30(Long.) x 20 (Circumferential)
- Proximate repair: 25(Long.) x 25 (Circumferential)

The static strength and damage tolerance analyses are limited to material and fastener
databases available in RAPID.

3.2.2 Static Strength Analysis

a.

Static strength analysis is performed using the fastener joint allowable, the repair
doubler allowable, and the shear allowable of skin and doubler. The margins of safety
are calculated and flagged to testify adequacy of the repair. The stiffness ratios
between the repair doublers and skin layers are checked and flagged to indicate
whether the repair is too stiff or not stiff enough. Fastener bending and inter-rivet
buckling guidelines are provided in the Advisory System.

The load carrying capacity lost due to skin cutout is calculated using the design
ultimate tensile strength and cutout size of the skin.

The database of fastener joint allowables is built using the data in the MIL-HDBK-
5F. [1]

3.2.3 Damage Tolerance Analysis

a.

In a repaired skin, the load transfer at the corner fastener tends to be higher than that
at the center fastener. Load transfers along the critical fastener row are obtained
using the two-dimensional analysis of the repaired skin with the fastener shear
stiffness calculated using the Swift's equation [2]. It is noted that the fastener loads
are calculated for the un-cracked repaired skin configuration; and the load transfer in
each fastener remains constant in the damage tolerance analysis.

Damage tolerance analysis is performed for both longitudinal and circumferential
through cracks emanating from the critical fastener holes in the fastener row along all
four sides of rectangular repairs, as shown in the following figure.

Side 2 Critical Fasteners

Side 1
Critical
Fasteners

Skin Cutout

0O000O0OO0O0O0
0000 0OO0O0O0
O 000 0O0O0O0

Side 4 Critical Fasteners

Side 3
Critical
Fasteners

O0O0O0O0O0O0O0O
O0O0O0O0O0O0O0O
0O0O0O0O0OO0O0OO0OO0O
OO0OO0OO0OOOOOO




c. The crack geometry is assumed to be through crack. Following are cases of initial
crack assumptions made in the analysis

(1) Type 1, 2, and 3 repairs:

» A through crack emanating from the center fastener hole
* Two asymmetric through cracks emanating from the center fastener hole

» A through crack emanating from the corner fastener hole
(2) Circular repairs:

» Athrough crack emanating from the outermost fastener hole in the applied
stress direction

(3) Lap joint repairs:
For the upper skin:

* When stress is parallel to the splice direction, a through crack emanating
from the critical fastener hole next to the free edge of the skin in the
outermost fastener row

* When stress is normal to the splice direction, crack configurations
assumed above for Type 1, 2, and 3 apply.

For the lower skin:

* When stress is parallel to the splice direction, a through crack emanating
from the critical fastener hole next to the edge of the overlapped splice in
the outermost fastener row

* When stress is normal to the splice direction, crack configurations
assumed above for Type 1, 2, and 3 apply.

(4) Butt joint repairs:

* When stress is parallel to the splice direction, a through crack emanating
from the critical fastener hole next to the free edge of the skin in the
outermost fastener row

* When stress is normal to the splice direction, crack configurations
assumed above for Type 1, 2, and 3 apply.

d. The default initial crack sizes are primary crack 0% secondary crack 0.00Br
all cases in the program. The user, however, can directly input other initial crack
sizes for the analysis.

e. Crack sequences are assumed as follows:



(1) For Type 1, 2, and 3 repairs:

For a through crack emanating from the center fastener hole, the crack
grows towards the adjacent hole. When the crack tip grows into the
adjacent hole, two through cracks of size equal to 0.8fassumed to
exist instantaneously, one at each outer side of the holes.

For two asymmetric through cracks emanating from the center fastener
hole, the cracks grow towards the adjacent holes. When a crack tip
grows into the hole, a through crack of size equal to 0.30&ssumed

to exist instantaneously at the opposite side of the hole.

For a through crack emanating from the corner fastener hole, the initial
crack grows towards the adjacent hole. When the crack tip grows into
the adjacent hole, two through cracks of size equal to 0&@5

assumed to exist instantaneously, one at each outer side of the holes. In
such a case, one crack tip continues to grow towards the adjacent hole;
while the other crack tip grows in the skin without entering any holes.

(2) For circular repairs:

The crack grows in the skin without entering any holes

(3) For lap joint repairs:

For upper skin:

When stress is parallel to the splice direction, the crack grows towards
the free edge. When the crack tip reaches the edge, a through crack of
size equal to 0.005s assumed to exist instantaneously at the opposite
side of the hole. The crack continues to grow towards the adjacent
hole.

When stress is normal to the splice direction, crack growth scenarios
assumed above for Type 1, 2, and 3 apply.

For lower skin:

When stress is parallel to the splice direction, the crack grows towards
the adjacent hole. When the crack tip enters the hole, two through
cracks of size equal to 0.00&re assumed to exist instantaneously,

one at each outer side of the holes.

When stress is normal to the splice direction, crack growth scenarios
assumed above for Type 1, 2, and 3 apply.
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f.

(4) For butt joint repairs:

* When stress is parallel to the splice direction, the crack grows towards
the free edge. When the crack tip reaches the edge, a through crack of
size equal to 0.005s assumed to exist instantaneously at the opposite
side of the hole. The crack continues to grow towards the adjacent
hole.

* When stress is normal to the splice direction, crack growth scenarios
assumed above for Type 1, 2, and 3 apply.

Two types of stress-intensity factor solutions are implemented in RAPID:
(1) Basic solutions:

» A through crack emanating from a hole in a wide plate

» Two asymmetric through cracks emanating from a hole in a wide plate

» A through crack approaching a hole in a wide plate

* An edge crack in a semi-wide plate

» A through crack growing towards a stiffener in a wide plate

» A through crack at stiffener growing towards adjacent stiffeners in a
wide plate

» A through crack between two stiffeners growing towards adjacent
stiffeners in a wide plate

(2) Derived solutions:

* A through crack passing through two or more holes
* An edge crack passing through one or more holes

Solutions for both uniform far field stress and pin loads are considered. The
interference-fit and neat-fit-pin effects are ignored.

Residual strength of the skin is assessed based on the fracture toughness approach.

Crack growth analysis can be performed using either the simplified method, or the
cycle-by-cycle method with or without the retardation effect in the analysis. When
the retardation effect is considered, it is accounted for by using the generalized
Willenborg retardation model.

Crack growth prediction using the simplified method, is based on Walker’s crack
growth equation [3]. Coefficients in the Walker’s equation are reduced for the
following 13 materials:

» 2024-T3 Clad Sheet, -T42 Bare Sheet, L-T RT LA DW
» 2024-T3 Clad Sheet, -T42 Bare Sheet, T-L RT LA DW
» 2024-T3 51 Plate, -T3511 Extrusion, L-T RT LA DW
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e 7050-T7452 Forging, L-T T-L LART

e 7050-T74511, -T76511 Extrusion, L-T RT LA DW
e 7050-T74511, Extrusion, L-T RT STW

e 7050-T7651, -T7451 Plate, L-T T-L RT LA DW

* 7050-T76511, Extrusion, L-T RT STW

e 7475-T7351, Plate, L-T LA RT

e 7475-T7651, Plate, L-T LA RT DW

» 7475-T761, Clad Sheet, L-T RT LA DW

» 7075-T6, Clad Sheet, L-T RT LA

» 2014-T6 Sheet, T = 0.05, L-T RT LA 10Hz

In the cycle-by-cycle method, table lookup of the da/dN rate data is used in the
analysis.

Generic load spectra for narrow- and wide-body aircraft are generated at the fuselage
c.g. location. RAPID converts the load spectrum into the stress spectrum near the
repair location for the crack growth analysis. The user can also provide RAPID with
the stress spectrum for analysis.

. Limit stress in the circumferential direction is

¢ _LIpR_ 1IR
t t

lim

Where p is the operating pressure differential in psi, R is the fuselage radius, and t is
the thickness of the fuselage skin. The second term represents an upper bound on
aerodynamic pressure.

The limit stress in the longitudinal direction is

where F,is the ultimate tensile strength of the material apdsChe strength
reduction factor obtained from manufacturer’s testing data. In RARI2kEs a
value of 0.88 for 2024-T3 alloy materials.

The inspection threshold is established using the following formula:

N — NCritical
Threshold — 2

where Niical IS the number of flights associated with the critical condition.
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m. The inspection interval is determined using the following formula:

N Critical — N Detectable

2

Ninterval =

where Niical IS the number of flights associated with the critical condition, and

NpetectanidS the number of flights associated with the detectable crack length for an
NDI method.

n. The detectable crack length is defined as follows:

* No Hole-to-Hole crack:

¢
|

SINC
O ©=0 o

* Hole-to-Hole crack:

,@ '/7 Hole-to-Hole Crack
O =L OOEE— O

Details of the analysis methods are provided in the companion Analysis Methods
Document.
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4. Document Conventions

This manual uses the followingexcial fonts:
ALL CAPS  Thistype repreents file céegories onames and disk directories
Bold Thistype repreents application commands, menu items, edit fields, e
Italic Thistype repreents stringg) that are found in a file

Monospace  This type repreents tet that usertypes ortext as it appears on the
screen.
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5. RAPID Support Ser vices

5.1 Telephone Support

For techmcal assistance, problem repodj or general gestions regardg RAPID, please
contact:

John Bakuckas

AAR-431

FAA William J. Hughes Technical Center
Atlantic City Intemational Airport, NJ 08405
Phone: (609) 485-4784

FAX: (609) 4&-4569

e-mail: John_Bakuckas_att27@admin.tc.fagov

or

Michael Shiao

AAR-431

FAA William J. Hughes Technical Center
Atlantic City Intemational Airport, NJ 08405
Phone: (609) 485-4137

FAX: (609) 4&-4569

e-mail: Michael_Shiao_at_ct27@admin.tc.{me.

Any problems or difficulties ecountered while runng RAPID should be reported If you
discover ay problems with RAID, fill out the RAPID Problem Decription Form supplied in

the subsequent section documegtthe events that led up to the problem inARA and he
manifestations of the problem. This form should be submitted as soon as the problem is
discovered. e same irdrmation nay be supplied usg e-mail if the ger so desires.
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5.2 RAPID Problem Desc ription Form

Name Phone:
Compay: FAX:
Address e-mail:

City, State &Zip Code:

Problem Description:

FAA Use Ony

Date Received Date Validaed: Date of Response:
Problem Source (Circleri@)

Application
Documentation
Hardware
System Software
Other:

Module Affected Date FkedIncorprated:

Final Disposition:
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6. Installation

The following instuctions are ér Windows 3.1, Windows 95 and Windows NT 4.0.

6.1 Run Setup

Exit all other Windows programs, insert Disk 1, and then rursétep program. Setup can be
run by doube-clicking the iconor by entering the followingommand at a DOS prompt or in a
“Run...” dialog.

a:\setup

If a previous version of RAD is alrealy installed, then ser created mdels and data files
should first be backed up, and then the previous version &i[RAhould be uninstalledr
removed. Older versions of RMD which do not include an uninstall utyican be removely
simpy deleting he RAPID directay and its contents. Pleaset@dhat r@air confguration data
files generatedy older versions of RRID may not be compatible with the current version.

After a few moments, the followgndialog will appear. Select thidext button to continue.

Welcome

YWelcome to the BAPID Setup program.  This program will install BAPID an
pour cormpliter.

It iz strongly recommended that you exit all wWindows programs before
runting this Setup proagran.

Click Cancel to guit Setup and then cloze any programs pouw have running.
Click Mest o continue with the Setup pragran.

WARMIMG: Thiz program iz protected by copenght law and international
breaties.

IInauthaorized reproduction or diztribution of thiz program, or any portion of i,
may result in zevere civil and criminal penalties, and will be prosecuted to
the marimum extent poszsible under law.

ciece | #ews ]| cancel |
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6.2 Choose Destination Location

Choose Destination Location

Setup will ingtall BAFID in the following directony.
T o inztall to this directary, click Mest.
Ta inztall ta a different directony, click Browse and select anather directan.

Y'ou can chooze not ko install BAPID, by clicking Cancel to ext Setup.

[D eztination Directary

| <Back | #ewy | | cance |

To install RARD in the defaultC:\RAPID\ directay, select theNext button. To install
elsewhere, select tlBrowse button and enter an altete directoy location.

When installig from disk, a dialg will appear which will prompt the insertion of the next disk.
Simgy remove the arrent disk, insert the requested disind press & Enter key on the

keyboard.

The extraction process will install the followifiles:

PROGRAM FLES:

RAPIDMDI.EXE
STATIC.PIF
DADTA.PIF
GENRLN.PIF
GENRLW.PIF
EQVSTRS.PIF
GENRSPEC.PIF
USRSSPEC.PIF
SSPECCHK.PIF
CHKDADN.PIF
REPAIRD.EXE

The RAPID MDI Windows e&ecutable psgram
The STATC Programnformation File

The DADTA Programlnformation File

The GENRLN PragramInformation File

The GENRLW PragramInformation File

The EQVSTRS PigramInformation File

The GENRSPEC PgoamInformation File
The USRSSPEC Pgeam Information File
The SSPECCHK Pgvam Information File
The CHKDADN Progranminformation File
The RAPID-callable version ofte Damage Tolerance Alyais
Pragram
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REPAIRS.EXE The RAPID-callable version of the Static Analysis Program
CTL3DV2.DLL  The Microsoft 3-D Controls Dynamic Link Library
BIVBX30.DLL Allows 16 bit programs compiled in Win95 to run under Win3.1
BWCC.DLL The Borland Windows Custom Controls Dynamic Link Library
GENRLN.EXE The Generic Narrow Body Load Spectrum Generation Program
GENRLW.EXE The Generic Wide Body Load Spectrum Generation Program
USRSSPEC.EXE The User Input Stress Spectrum Generation Program
GENRSPEC.EXE The Generic Stress Spectrum Generation Program
EQVSTRS.EXE The Equivalent Stress Generation Program

SSPECCHK.EXE The Stress Spectrum Format Check Program

CHKDADN.EXE The da/dN Format Check Program

USRSSPEC.DAT User Stress Spectrum Generation Input File Example
CHKDADN.INP  da/dN Input Format Check Program

README.WRI Documents last minute changes and corrections
ANALYSIS.WRI Boilerplate text included in RAPID Repair Reports
TEMPLATE.1 Stress Report Template

DISCLAIM.DOC RAPID Disclaimer

ADVISORY SYSTEMS FILES:

RAPID.HLP The RAPID Help system file
ADVISE.DAT The RAPID Advisory system data

DATABASE FILES:

MATERIAL.DAT Material database

MATTHICK.DAT Material database thickness parameters
MATPROP.DAT Material properties database
MAT-FT.DAT Fracture Toughness Database
FTYPE.DAT Fastener database (1 of 2)

RIVET.DAT Fastener database (2 of 2)
TEMPER.DAT Material Temper Database
SURFACE.DAT Material Surface Database

FORM.DAT Material Form Database

REPAIRD.FST  Fastener Factors database
REPAIRD.JNT  Splice Joint database

REPAIRD.LCF Life Correction Factor database
REPAIRD.STB  Stiffener database

REPAIRD.STF  Stiffener Ratio Factors database
REPAIRD.MAT da/dN database

REPAIRD.SIF Stress-Intensity Factors database
REPAIRD.PRX  Proximity database

RPRTYPE.DAT Repair Configuration database
REPAIRD.CIR Damage Tolerance Circular Repair Ratio Factors
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EXAMPLE FILES:

TYPE1.RPD Type 1 rgair example problem

TYPE2.RPD Type 2 rgair example problem

TYPE3.RPD Type 3 rgair example problem

TYPE41.RPD Type 4 longitudinal butt joint repairx@ample problem
TYPE42.RPD Type 4 circumferential butt joint repaik@mple problem
TYPES5.RPD Type 5 rgair example problem

TYPEG6.RPD Type 6 rgair example problem

TYPE7.RPD Type 7 rgair example problem

TYPES8.RPD Type 8 rgair example problem

TYPE9.RPD Type 9 rgair example problem

PSEUDO.SSF Sample User Defined Pseudo-Flights Stress Spectrum
CYCLE.SSF Sample User Define@ycle-by-Cycle Stress Spectrum

If you are refacing version 1.x of RRID, then you will no longer need thdosxnt.386
device driver (unless it is requirég programs other than RAD). Edit the system.ini file
in the windows directoy. On some systems, this file nght be located in the
windows\system  directay. Search for the stig dosxnt.386 If the string is found and it
includes reference to the RFD directay (indicating that it was installed sdie for RAPID),
then delete that line from SYSTEMLI:

device=c:\rapid\dosxnt.386

6.3 Complete the Installa tion

The following dialog will appear which asks you would like to view the README file. You
may sdect No to skip, since the README file can be viewed within theARA program If
Yesis selected, then the README file will be diapéd.

Question

@ Do yow want ta view the READKE file naw?

The following dialog will appear to vefly that the installation of RRAD is complete. Click the
OK button to exit the installation procedure. Remove the&aneing disk from the flopy drive
and store the disks in a safe location.

22



Information Ed

@ Setup iz complete. You may rn BAPID wer 2.1 by double-clicking on the installed BAFID wer 2.1 program icon.

The RAPID program may len be runby doule-clicking on the installedRAPID ver 2.1
program icon. In Windows 95 and Windows NT 4.0, RFD may also be rurby selecting it
from within thePrograms section of the Windows$tart button.

6.4 Change to Super VG A mode (recommended)

Although it is possible to use FD with any Windows-compatible disgy, it is recommeded
that a minimum window resolution of 8®@9 600 dots per inch (Super VGA) beed so that the
windows will fit the displa without the use of scrolljm Most computers will support the Super
VGA driver which is shipped with Windows 3.1. To adgea to Super VGA mode, open
WINDOWS SETUP (in the MAN program group and selec€Change Systen Settingsfrom the
Options menu, and then seleSuper VGA (800x600, 16 colorsin theDisplay field andpress
the OK button. (Note which deo modeyou were usig in cae you need to switch backtéx).

If prompted to use the currépinstalled driver, selécCurrent. Otherwiseyou will need to use
your original Windows 3.1 installation disks when prompted. HMFnaivhen prompted, restart
Windows to switch to the new displdriver. If, after chaging the video modeyou are unable
to restart Windowsyou will need to returnatyour oiiginal video mde. The video mode cdre
resetby running the Windows Setup pgram from DOS, chaing to the WNDOWS directoy,
and runniig SETUP.

For Windows 95 and Windows NT 4.0, please refer to the hardware @ardting system
documentation included with the computdrypicaly, the video mod can ke changedthrough
the Settings tab on theDisplay Properties, accessible from both th€ontrol Panel, or by
clicking the right mouse button on the Windows desktop and theatisg Properties.
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7. Running RAPID

RAPID is runby double-clickng on the installé RAPID ver 2.1program icon In Windows 95
and Windows NT 4.0, RRID may also be rurby sdecting it from within thePrograms section

of the WindowsStart button. When opened, RAP fills the screen with the RAD Multi-
Documentinterface (MDI). Commdy used tools and options areadable both from the icon
button bar and from the pull-downenus. Other options argalable oty from the pull-down
menus. As with most Windows applications, the pull-down menus can be accesség both
mouse selection arfay holding down the “At” key then pressinghe key-character of the menu
item. (The ley-character is underlined.) Fosauwith a mouse, hower, selection is simplified

by the icon button bar. Each button represents a selection available in a pull-down menu. As the
mouse pointer is placed ovemyaof the buttons, a description of the button is digpthin the
strip along the bottom of the FAD MDI window.

The following figure shows anxample of the RRID MDI with several of the input windows
opened.

RAPID Version 2.1 [_ O] x|

File Edit “iew General Design Toole Analpsic Window Help
b} =i = imd 2
D|men5|0ns 130000 % 110000 centroid = ( 10.00, 5.00)

n[:.\HAHD\TYPEEHPD - RAPID Repap==
skin / Cutout Data:

E | C:ARAPIDATYPEB.RPD : Drawing W"induwI
Faxiemers:

Typas: -
Nurkber of Skin Chjects = 2 SPNAEIUQTI Dia= 0.1375 H Top Longeron -- 2
Hominal Piteh: - e
Longitndinal = 1" S S P
Layer = SKIN 1 Clirmumfarantial = 1" [ o
Heoaminal Edga:
Longitdinal = 0.5"

i
The selected material j| Cirmmfrntal=0s" T T oo w e

5

Material = 2024-T3 CLAI
Thickness = 0.063 inch
FERU = 125 k=i

Modulus = lDSDD k=i

:] C: \FIAPID\TYPE1 HPD Crack Lenglh ws # of Flights Plot  [E[=] [E3

Crack Lengthvs # of Flights Plot -- Side 2 - Top of Cutentt. -
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Selections can be rda in awy order, except br those which requirerior input. For &ample,
the Analysis menu items are not available for selection (andyeaged-out) until all of the data
necessy for the malel has been input.
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Before RAPID can be used to edit oout a repair model, an existing model must be opened or a
new model must be created. This is done by selectinbléiaeor Open menu items from the

File menu or by selecting the corresponding icon buttons. These buttons are the two buttons
furthest to the left on the button bar.

For a typical text-based input, the icon buttons would be selected from left to right, beginning
with the Aircraft/General Information dialog and culminating with thReport dialog. If an

icon button or a menu item is grayed-out, then either the prerequisite information has not yet
been entered or that option is not pertinent to the current model.

In describing the use and function of the dialog windows, it is necessary to first define several of
the features common to all dialog windows, as shown below in the fict@dhlTools dialog
window. As depicted, aRdit Field is used to enter alphabetic or numeric dataCofbo Box

is also used to enter alpha-numeric data with the added option of selecting predefined entries
from an attached list, which may be scanned using its scroll Radiobuttons are used to

select among a group of mutually exclusive input optio@heckBoxesare used to toggle
independently selectable options. FinaPyshbuttons (here represented by tiSave button,

and sometimes referred to simplytagtons) are used to invoke an action.

= GUI Tools

Combo Box

> Radiobutton 1

“# Radiobutton 2
~ Radiobutton 3

| Checkbox 1
| Checkbox 2
v| Checkbox 3

26



7.1 Opening Wind ow

RAPID Version 2.1 [_ (O] x|

File Edit “iew General Design Tool: Analpziz wWindow Help
1wo% |7 |2

.,

The opemg window dispays the RA’ID Multidocumentinterface. All other windows in the
RAPID system are selected from and deged in this window. The gy strip alowg the bottom
describes the function of each button as it is pointdéy the mouse.

The icon buttons near the topthe window activate most of the capabilities withinRB. In
evay case, their functions arepreducedby selections within the pull-down menus ltexd on
the line above the button bar.h& icon buttons perform therations listed below. The bold
face entries areadumented within this section.

= Starts dNew repair.

EJd | Opensan «isting repar file.

=
=] Savesthe current repair to a file.
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Iﬁ Prints the current window.

=]

Invokes theAircraft/General Information dialog window.

¢ Invokes theRepair Type dialog window.

L
¥« : . , .
Invokes theDamage Location Information dialog window.

-

Switches mouse t&epair Boundary drawing mode. This tool is used to draw the
rectangular repair boundary, as defined by the two frames and two longerons which enclose the
area of the repair. The repair boundary is drawn by clicking the left mouse button on one corner
of the desired location of the repair boundary and then, while continuing to depress the left
mouse button, dragging the mouse to the opposite corner of the repair boundary, at which point
the left mouse button is released.

The frame tool is used to draw frames that are overlapped by the repair.

The longeron tool is used to draw longerons that are overlapped by the repair.

. Invokes theSkin Properties dialog window.

ﬁ Switches mouse t&kin Cutout drawing mode. The cutout tool is used to draw the
rectangular cutout. The cutout is drawn by clicking the left mouse button on one corner of the
desired cutout, and then, while continuing to depress the left mouse button, dragging the mouse
to the opposite corner of the cutout, at which point the left mouse button is released.

E Invokes theFastener Arrangementdialog window, which then automatically generates
the fastener rows and columns.

T Switches mouse pointer Text input mode. The text tool is used to annotate the drawing.
After selecting this tool, text may be entered directly on the drawing at the location indicated by
the next click of the left mouse button.

t:%' Switches mouse t&elect Objectmode. The selection tool is used to select graphical
objects, such as doublers and fasteners, which are already on the screen. Once selected, objects
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can be moved and resized, unless their position has been frozen due tastbece of
dependent objects. Foxample, cutouts cannot be moved after the festeare defined, since
that would require that the fasteners be negated.

@ Switches mouse t8eletive Zoom mode.

&
Switches mouse t®elete Object mode. The eraser tool is used to delete gecaph
objects, such as the cutout afaimage etent, which are alrely on the screen.

Starts théReport module.
7

= _lInvokes the on-linddelp system.

7.2 File Menu Listing

RAPID Yerzion 2.1
Edit “iew General Design Toolz Analzis Window  Help
M Chrl+M -
New o o3 e T @Y 2] ] [oox 2] 2
Close Chl+F4 Al in.; centroid = { 13.00, 9.007
Save ... Chl+5
Save Az ..
Frirt ... Chl+F
Frint Fresiew
Frinter Setup ...
Exit Alt+F4

The File menu contains thigypical Windows file utilities New, Open, Close Save Save As
Print, Print Preview, Printer Setup, andExit. New creates a new modeDpen reads a saved
repair model. Close closes the wrent repair mdel file. Saveupdates ta file containng the
current repair model in a RAD rpd file. Save Ascreates a new repair file with a name
suppliedby the user Print sends the curreitdisplyed andysis plot or view of te model to
the printer. Print Preview displays ascreen reprgentation of the printed doment Printer
Setupinvokes a standard Windows dialag tlefining printer options. Finhl, Exit closes the
currenty opened models (after prompiy the user to savehanges) and quits RRID. Most of
these utilities can also be activated from the follg#oon buttons.

-
.-D.-\.

Starts a new repair.
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E3 | Opens anasting RAPID rpd repair file

=] Saves the current repair to a RB rpd file.

Prints the current window.

7.3 Edit Menu Listing

Eile: Miew General Design Toolz  Analesiz Window  Help

EIXT|T[[w & =] &)
)

in.; centroid = { 10,00, 70.00

.‘Ehl’_ v Select Object

Dim  Copy [EEr|+HE
Easte [EEr{+

elete Wbjest
Delete All
Kultiple Delete r

The Edit menu contain§elect Object Copy, Paste Delete Object Delete All, andMultiple
Deletemenu selectionsSelect Objectswitches the mouse selection mode so that objectsyn
be selected with the left mouse buttd@opy andPaste are not functional in the current release
but are included for completeness and will be used in future versions RIDRA cqy and
paste drawig objects and te, both within RAPD and to other applications such as dravi
programs and word processors.Delete Object deldes the arrenly selected drawig object.
Delete All clears the drawg window.

Eile: Hiew General Design Tools Analyziz Window  Help

[y, v Select Object | %|£|E|§@E 100% | ?

Dim  Copy Cul+C in; centroid = ( 10,00, 10,00
Eazte [l

elete Wbjest
Delete All
Multiple Delete Skin, Fastenerz, Doublers and Cutaut

Multiple Delete currently contains one option, to delete &hsteners and Doublers If an
attempt is made to delete an object upon which othgectsh are deendent, then an
informational mesgge will be dispayed to the ger.
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7.4 View Menu Listing

RAPID Yerzion 2.1
File Edit
D IEE'I v Show Faztener Legend
- w Show Profiles

Shaw Dimenzion:

v Show Beference Point

V-0l General Design Toolz Analvzi: Window  Help

HZEX I & =] & K

ntraid = { 12.00, 9.00)

Dimensic

oo ...

Selective £oom

The View menu contains selectiongrfmodifying how te image of the nutel is displged. The
Show Fastener Legendselection, if becked, disgys information on the screen about fasteners
used in the model. Th8how Profiles selection togles the dis@y of cross sectional profiles.
The Show Dimensionsand Show Rderence Pointselections simildy toggle disply of the
model dimensions and coordinagstem reference point. Ttom selection invokes a diag
which prompts the user to enter a desiregmieation factor (sometimes calledéom Scale”).
Presets arprovided in the diadg and on the tool bar f&0%, 100%, 200%, 400% and600%
magnification.

i Zoom
M agnification
- 600 %

o 400 %

Cancel

Help

Fli

The Selectve Zoom menu option provides a means to graplycahdicate the desired
magnificationby depressing théeft mouse button while draggj the mouse diagally across

the rectagular region to be mgnified. Selective Zoom can also be activated gisire icon

button located on the button bar:
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7.5 General Menu Listing

File  Edit Wiew wﬁesign Toolz  Analpziz Window Help
Dl r'E‘lE"l- AircraftAaeneral Information ...

N =T =] .

Bepair Tupe ...

W [Dramage Location Information ...

The General menu cotains Aircraft /General Information, Repair Type, and Damage
Location Infor mation selections. Each is si@ibed in the followng subsections.

7.5.1 Aircraft/General Infor mation Screen =
i General/Aircraft Information
Aircraft Information Analyst Information
DOperator I"IH'DIII:I Wide Airlines Hame IJ ohn Doe
*Model Humber |Morton 30 Company Flight Repairs, Inc
Senes Humber 400 Employee ID  [1234
Flight Hours IW EPC'ESIW Title ITec:hni-::ian

Aircraft IDfReqgistration Number Repair Identification

Fuselage No. [FN-0123 Repair ID [RR-01 Rev. |33
=Genal No. IHB?EE Comment IHAPID Repair Examplel
Airplane Begiztration
IﬁH_AB134 ‘ | (1], I | Cancel I | Help I
Operator Designation
iI]D-EIBﬂ 23 * - Required Entry

This dialog is used to store the general information about the aircraft and tst.amdote the
OK, Cancel andHelp buttons. The&©K button updates thaurent model with ay information
entered in the window and then st the window. Th€ancel button «its the dialog window
without saving ay new entries. Finh}, theHelp button retrieve$elp appropiate to this dialog
window.

Required data are indicatdég an asterisk befe thedescription of the dny, as shown abe.

This includes the aircralodel Number and theSerial Number. The Model Number and
Serial Number are used strity for bookkeepng purpaes.
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7.5.2 Repair Type ¢

i Repair Type
Repair Configuration Type :

» Common Repair Skin1
‘» DOyer/Mear Butt Joint: Extt

 Dwer/Near Lap Joint

| fliase mosiedy lo ancthe sopas ¢
| Consider Stiffener Effects ?

Butt Joints :

“* Single - Longitudinal

» Single - Circumferential Skin 2

 Sandwiched Spl1

“ (1].4 I| Cancel I | Help I

This window is used to select among the supported repair types. For the repair type selected, a
generic schematic of the cross section is depicted within the window. Currently, nine repair

types are available, as depicted in the following figure:

Ext1
Ext1, EE:"; Ext1 Skin 1 Ext1
W’: Skin Skin 2 __ Spl 1 ?T Skin2
1) One Internal, 2) Two Doublers, 3) One Doubler, 4) Single, 4) Single,
One External Internal or Internal or Forward-Aft Circumferential
External External Butt Joint Butt Joint
Skin1 Ex”ﬂ(lm Em% SﬂEI"M
Ext1 Ext1
| | “
Spid fo-o--|- SN L ...
tjiziHl H|| B Mi oy Mﬂ .
Siin2 2 b2k uﬁi e
Spi3 Skin 2
5) Sandwiched 6) Single, Flushed 7) Single, T-Shaped 8) Double 9) Circular
Butt Joint Lap Joint Lap Joint Lap Joint External

Additional Radiobuttons or Checkboxesare provided to specify repairs over existirap and
Butt Splices and repairs irClose proximity to another repair. To include the effects of a
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nearby repair, check th@lose proximity to another repair box and then fill in théroximity
Data dialog available in thBamage Tolerancesection of thénalysis pull-down menu.

The OK button updates the current model with any information entered in the window and then
closes the window. Th€ancel button exits the window without saving any new entries.
Finally, theHelp button retrieves help appropriate to this window.

7.5.3 Damage Location A

i Damage Location Information E3
Aircraft Zone I 1 jJ

Length of Zone [in_] 365
e

Distance L' on Zone map [in.] 120

Distance 'D° on Zone map [in_] |35

Fuzelage Radius Mear Repair [in.]|120

Zones

This window is used to define the location of the damage on the aircraft in relation to several
pre-defined regions, which may be viewed by selectingZtirees button. The entry fields are
defined in the figure below which is displayed on the screen by clicking afotres button.

Zonel 2 3 4
|
Repair
Location | ‘
Ly Ly Ly
M -‘—|| Q—Dl
3 P - " 2y
FWh Presmye Frott Rear  AFT Fusslage AFT Pressue
Bulkhead Spar Spat FWD Bulkhead Bulkhead
Crown Repair Location

D
Floor Line
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This input is used to determine the apprdprstress spectrum for the repair. p&ies should be
restricted to fudage skin rpairs between the forward press bulkhead and front wingar and
between the aft fusege brward bulkhead and aft pressure bulkheédohes 1 and 4. RAD
should not be used whenalyzing repairs inZones 2 and 3w to structural compiety of the
aircraft in those regions. For repairs in these areas, the OEM should be consulted.

The OK button updates the current model with amfpiimation entered in the window and then
closes the window. Th€ancel button &its the window without savingng new entries.
Finaly, theHelp button retrieves help appropeato this window.

7.6 Design Menu Listing

File  Edit iew General %DDH Analyziz  Window  Help
Dlé@ll’s‘%l lf'l . Repair Boundaries ... xlllg E@l ﬁl | 100% j ?

Skin Properties ...

Cimensions 21.90i0n. x 0.0o%

Owerlapping Frames ..
Owerlapping Longerons ...
Cutout Properties ...
Faztener Properties ...

Ealygon...
Ealuline,...

Test ...
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7.6.1 Repair Boundary Information

i Repair Boundary Information

Damage Type I Accidental jJ

Owverall Dizstances [ inches ]:

B
—

Longitudinal direction

Circumferential direction

Stffeners -

<+ Top Longeron [ ztringer ]
~+ Bottom Longeron [ stringer ]
=+ Left Frame Station
~+ Right Frame Station

Stiffener Properties:

Stiffener 1D [ location | |E

Mumber of Fasteners [overall distance] (20

Average Pitch on stiffener ﬁ
Crosz-Sectional Area [zq.in_] II].5
Material | 2024-T3 CLAD SHEET =l

The Repair Boundary Information tool is used to draw the rectangular repair boundary, as
defined by the two frames and two longerons which enclose the area of the repair. The repair
boundary is drawn by clicking the left mouse button on one corner of the desired location of the
repair boundary and then, while continuing to depress the left mouse button, dragging the mouse
to the opposite corner of the repair boundary, at which point the left mouse button is released.

The Repair Boundary Information dialog window automatically appears after the repair
boundary is drawn. Theop Longeron ID, Bottom Longeron ID, Left Frame F. S.andRight

Frame F. S.radio buttons refer to the longerons and frames which bound the area defined by the
repair. In other words, those four frames and longerons must not cross over the cutout or the
doublers to be defined. Thengitudinal direction andCircumferential direction edit fields

specify the distances between the right most and left most frames and the top and bottom
longerons, respectively. [{Consider Stiffener Effects is selected in th&epair Type dialog

window, then the cross-sectional and material properties of the frames and longerons should be
entered.

The stiffener properties are entered for each stiffener by clicking on the radio button for the
stiffener and then entering the properties inSh&ener Properties section.
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The OK button updates the current model with any information entered in the window and then
closes the window. Th€ancel button exits the window without saving any new entries.
Finally, theHelp button retrieves help appropriate to this window. Data entered in this dialog
window is displayed in the drawing window and is used to define coordinates of the cutout and
doublers but is not otherwise used in the analysis in this version of RAPID.

7.6.2 Overlapping Frames

i Overlapping Frames

Mumber of Overlapping Frames

Frame properties:

Fromme Momde

o [T

papmmen 153 I

faatance om Lol Bowslae

Dinas-banhonat fes g

FMogniur of §astensy on Siglens

.

Sorgiags Pinh on Siftene

J

?éa%'f:s%aﬂ 2024-T3 CLAD SHEET

| Cancel I | Help I

This window is used to define the number and position of the overlapping frames in the model.
The number of frames that the repair overlaps between the damage extent bounds (between the
right most and left most frames) is input in thember of Overlapping Frames edit field.

RAPID will automatically determine the average spacing. If stiffener effects are included in the
RAPID analysis, the cross-sectional and material properties of the stiffeners should be entered.
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7.6.3 Overlapping Longerons

i Overlapping Longerons [stringers] [ x|
Humber of Overlapping Longerons II]
Longeron [stringer] properties:
§ampersos Sviesvngen | mnandaey I j
Eawnngersys {vlsiogend i I

faatancs e Bollom Boumndary

Dinas-Bechoned fea fvem ]

Fagnben of Fastensy on Sigtens

Suwaiags Fdoh on Sidtens

L

B atasial |2I]24-T3 CLAD SHEET

I EE‘ I | Cancel I | Help I

This window is used to define the number and position of the overlapping longerons in the
model. The number of longerons that the repair overlaps between the damage extent bounds
(between the top and bottom longerons) is input inNbenber of Overlapping edit field.

RAPID will automatically determine the average spacing. If stiffener effects are included in the
RAPID analysis, the cross-sectional and material properties of the stiffeners should be entered.

7.6.4 Cutout Geometry BI

i Cutout Geometry

Layer ISKIN 1

Diztances [inches]

Start points from Damage Extent ref. point [A]

Laowmpisdmad Basolion 7.5

Caomniereniad Dueciion b

Cutout Geometry [Rectangular] :

Lomgptuddnad Drechon |5
nnambaranizgd Daschinn IB

EE.‘ I| Cancel I| Help I
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The Cutout Geometry tool is used to draw the rectangular cutout in relation to the top and
bottom longerons and the right most and left most frames defined iRepair Boundary

dialog window. The cutout is drawn by clicking the left mouse button on one corner of the
desired cutout and then, while continuing to depress the left mouse button, dragging the mouse to
the opposite corner of the cutout, at which point the left mouse button is released.

The Cutout Geometry dialog window is automatically invoked after the cutout is drawn with
the cutout tool and can be manually displayed by clicking with the right mouse button on the
cutout.

In the current version, only a single layer of skin may be cut out, except for the type 8 double lap
joint repair which has two overlapping cutouts in the skin lap joint. The frames are assumed to
be perpendicular to the longerons, and the angles between adjacent sides of the cutout are
constrained to be right angles. The number of sides has been limited to four and the sides must
be parallel and perpendicular to the frames and longerons.

Skin 1 Int 1

ey ||‘

Type 8 Double Lap Joint Repair

The Start point refers to the lower left corner of the cutout in the coordinate system defined as
starting at the lower left corner of the repair boundary (or “damage extent”). Cuitoait
Geometryis simply the size of the cutout.

The OK button updates the current model with any information entered in the window and then
closes the window. Th€ancel button exits the window without saving any new entries.
Finally, theHelp button retrieves help appropriate to this window.

For the type 8 repair, repair over a double lap joint, the first drawn cutout is in the upper skin.
RAPID will automatically move the cutout to align with the edge of the upper skin. The user
must then draw the cutout in the lower skin. RAPID adjusts the width of the lower skin cutout to
match the upper skin cutout.
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7.6.5 Skin Properties !

i 5kin Properties

Repair Type :
|4 - Butt Joint Repair, Single. Longitudin Longitudinal Butt Joint

Properties :

203030303030 O30d

Object  [SKIN 1 = _i Fi i
(=]
-
[=]
=]
=]

Material [ 2024-T3 CLAD SHEET ]| ] Hessseseesess
&

Thickness [in.] R
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Geomethy :
'D* Diztance [in.] 10 o
'51'Distance [in.) [ I
. : 002 000000000
T hvianns 0 ® EBottom Stringer

Humber of Fasteners F*

Ave_ Fastener Pitch [in.] |1

|Eam::el I | Help I

Mumber of Rows ‘R*

This dialog window is used to define the mateHebperties of the skins and joint (if any), and

is manually invoked by clicking with the right mouse button on a skin or joint or by selecting the
tool bar icon. If the currerRepair Type contains more than one skin or also contains a joint,
then the properties for each of those layers must be defined before the window may be closed
with the OK button. For repairs over splice and butt joints, @@metry must be entered as
indicated in the displayed drawing. This dialog window will display only those fields which are
appropriate for the current repair type.

The OK button updates the current model with any information entered in the window and then
closes the window. Th€ancel button exits the window without saving any new entries.
Finally, theHelp button retrieves help appropriate to this window.
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7.6.6 Fastener Global Properties E

i Faztener Global Properties

Mominal Diameter [all fazteners] - II].1B?5

Pitch and Edge Distances [in_]

**= HAPID Absolute Guidelines for Min # Max *=*
Ranges : Minimum Mominal Maximum
[zDiam] [inch] [ x Diam ]
Longitudinal Pitch Iu_3?5 |1 |1_5
Eirc:u-mferential Pitch ||]_3?5 |1 |-|_5 ITIPI
Longitudinal Edge Iu'281 25 Iu_5 Iu_?ﬁ
Circumferential Edge Iu_zg-l 25 Iu_5 Iu_?ﬁ

Doubler Information :

Layer Object [Doubler) IEKT DEL1 J
Properties :

Matenal | 2024-T2 CLAD SHEET jJThic:kness -ﬁulﬂj

Fastener Rows per Side :
Right OF Cutout 13

Left OFf Cutout 3
Top of Cutout 3 Bottom of Cutout |3

Fastener Types :

This dialog window is used to enter the fastener information for the repair. The sides are
numbered starting at the left side and continuing clockwise, the rows on each side are numbered
starting at the edge of the cutout and moving outward, and the fasteners are numbered in each
row on each side in a clockwise fashion as shown in the figure below.

m M o™ —
QO QO - -
T T T ) [
R £ 5
o o o 8y — 03
2 2 2 c .2 c 2
&g 8 i L
Row 3, Side 2 ‘9:| / Fastener 956 o o 0 0 o o o o o o+ Fastener 1,
X 0 0000000000 Sldel 0 000O0O0OO OO0 O Slde3
Row 2, Side2ocoocoo0o0coo0o0o0o0 ©0000O0O0OO0OO O
. 0 0 O o o
. o Row 1, Side 27, , ¢ oo T jj Z ¢
) ()] o o o o o o o
o =] o o oo .
5 5 o . L~ Row1, Side 4 rolliiiin
o o o o Row 2, Side 4 Fastener e o o 0 0 0 0 o o o or- Fastener 9,
& N °°~Row3,Sided Side1 | I side 3
4 -
o o 5 ©
3 32 T 23
n »n " ] [Zs]
R ) o
2 2 =2
o O [e]
. . D: D: D: . -
Side Convention Row Convention Fastener Convention
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Under thePitch and Edge Distance (in)section of the dialog window, the user specifies the
pitch and edge distances of the fasteners, which otherwise default to the settings selected in the
program setup. These values are bound by the min/max values stored in the Advisory System as
determined by the fastener diameter of the type 1 fastener (defined belowastbeer Types

dialog). In models with stiffener effects and/or joints with existing fasteners, the pitch is fixed to
that of the existing fasteners.

The doubler properties are entered in Bmubler Information section of this dialog window.

For each doubler layer selected using lthger Object combination box, the user selects the
material and thickness using thaterial andThicknesscombination boxes, respectively. For

each side of the repair listed in thastener Rows per Sidesection, the user enters the number

of fastener rows in the associated edit field. Based on the pitch, edge distances of the fasteners,
and the number of fastener rows per repair side, RAPID will automatically determine the
appropriate doubler geometry. For repair configurations that must be symmetric, some of the
Fastener Rows per Sideentries will be grayed out. ThRight and/orBottom side will be

grayed out and will display the same number of fastener rows per side as entered &t the
and/orTop side.

For repair type 1, the internal doubler should be larger than the external doubler. The internal
doubler should be sized such that the single outermost fastener row passes through the skin and
the internal doubler as shown in the figure below.

-] — Outermost

0O0O0O0O0O0OODO0O0O0O0O0O0OOO ,'.! Fastener Row
0O0O0O0O0O0OODO0O00000O A

o o o A o o o PRl S Skin Cutout

oo0o0
ooo, ' ooo|le |Dounle
0000000000000 O0 2 Internal
0000000000000 O0 T Doubler

Outermost
Fastener Row

b

atermost \ Skin Cutout\ Outermost
Fastener Row Internal Doubler Fastener Row

For repair type 2, the external doubler 2 should be larger than the external doubler 1. The
doublers should be sized such that the single outermost fastener row passes through the skin and
the external doubler 2 as shown below.
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— Outermost
Fastener Row

=il
External FEFA

000000 O0OO0OO0OO0OO
0OO0OO0O0O0O0000O0O0O0
(el oo

00000 OO oo Doubler 1 .

o coole| y Skin Cutout
o Skin Cutout o o o

° ocoo

00000 00O0O0O0O0O0
000000000000
000000000000

External
Doubler 2

OO0OO0OO0OOOOO

o
o
o
o
o
o
o
o

Outermost
Fastener Row

F

: External

T / Doubler 1

Outermost Skin Cutout\ Outermost
Fastener Row External Doubler 2 Fastener Row

The user specifies the different types and styles of fasteners in the arrangement using the
Fastener Propertiesdialog, which is invoked by selecting tiefine button in theFastener

Types section of the dialog window. Fastener types are defined by first entering the number of
fastener types desired in thim. Fastener Typesedit field and then associating a type number
with style and size in th€ype #, Style andDiameter combination boxes.

i Fastener Properties

Fastener TypezfStyles

Mo. of Fastener Types |1
Type Ho. 1 j
Style |NAS1097-E =l

Diameter [in.] I 0.1875 j

| Cancel I | Help I

7.6.6.1 Selecting and Changing Fastener Types

To change fastener types, they must first be defined ifrdiseener Propertiesdialog which

may be invoked from thEastener Global Propertiesdialog. Any number of fasteners may be
simultaneously changed to a predefined type. Multiple fasteners are selected by holding the shift
key while clicking on desired fasteners. To select a rectangular region of fasteners, while
holding the shift key, click and hold the left mouse button and drag the mouse to draw a
rectangle around a group of fasteners. Releasing the mouse button then toggles the selection
state of each of the enclosed fasteners. Subsequently clicking the right mouse button will invoke
theFastener Typeddialog through which the new fastener type may be selected.
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Fastener Types

Faztener Type 2 j

Style IHL 326 pin m
Diameter [in.] II].1 875

7.6.7 Text T

The tet tool, available both as an icon button and inBesign pull-down menu, switches the
mouse pointer tdext input mode. The ié tool is used to annotate the dragi After selecting
this tool, ext may be entered direbt on the drawng at the location indicatdaly thenext click of
the left mouse button.

7.7 Tools Menu Listing

File Edit “iew General Design Analvziz Window  Help

e r“EllEl'll | | |": Grid zcale ..

'D‘la 2 S| 0], v Giid [on/off]
Snhap to and
Drawing auto size
Cutout auto size

2| F| [100% <]

Dimensions 21.900n.x 6.00in.

Program Setup

D atabaze

7.7.1 Grid Scale

Grid Scale =]

Enter the dizstance [ 0.5 in. increments ] per
GRID :

|3

The grid scale cahe adjusted to accommodate the size of the repair. This isbgastectng
the Grid Scale menu item from th&ools pull-down menu, and then enteriag appropriate
number of incheper disphyed grid. As a corenience, this dialog is automatigainvoked the
first time the repair bowdary is defined.
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7.7.2 Grid (on/off)

TheGrid (on/off) option in theTools pull-down menu is used to turn the display of grid lines on
and off in the drawing window.

7.7.3 Snap to Grid

The Snap to Grid option in theTools menu, if selected, causes drawing objects to “snap” to the
nearest fifth of a grid when drawn, moved, or resized.

7.7.4 Drawing Auto Size

The Drawing auto sizeoption in theTools menu, if selected, causes drawing to automatically
resize to fit the available display area.

7.7.5 Cutout Auto Size

The Cutout auto size option in theTools menu resizes the cutout to fit within the fasteners,
subject to the edge distance constraint.

7.7.6 Program Setup

File Edit iew General Design (el Analyzi: Window  Help

Slsfea] &l ofof mee  [MTIT|E ] | @] [ o) 2
Eﬂap ta grid 0.00)
Cutout auto size

M File Lozations ...

Generate Load Spectra ...

]
Database Defalts '

Dimensions 21.90in. = 6.00 in.
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7.7.6.1 File Locations (RAPID Setup)

RAPID Setup =]
Application Drives / Directones :
Program Files C:\RAPID
Data Files C:ARAPID
Temp Files C:A\RAPID
Loads/Stress Files |C:ARAPID

Fastener Arrangements

Diameter II].1 875

Longitudinal Pitch

Longitudinal Edge Distance I .
Circumferential Edge I .

| 1] || Cancel I Help I

This window is used to set default quantities used in RAPID. It is not expected that the typical
user will need to modify these values on a regular basis; thus, this dialog can only be invoked
from theTools pull-down menu and not from the button bar. The data entered in this dialog is
stored in the RAPID.INI file which is read when RAPID is started. ©®Kebutton is used to
update the RAPID.INI file when changes are made to the window. If the window is closed by
selectingCancel,then updates to the entry fields will be ignored and will not be saved.

1
Circumferential Pitch 1

0.5

0.5

The data in the Fastener Arrangements section of this window is used iRashener
Arrangement Window to determine the number and placement of the repair fasteners.

7.7.6.2 Generate Load Spectra

RAPID Loads Setup M=l

Generate Load Spectrum

_ | Generic Narrow Body:
_ | Generic Wide Body Cancel

dild

h32 MB available on hard dizk Help
Minimum of 75 MB required
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The RAPID Loads Setupis used to select which load spectra (generic narrow-body aircraft or
generic wide-body aircraft) will be generated. These spectra can occupy considerable disk
space, and so only those which are required should be generated.

7.7.6.3 Defaults

RAPID Version 2.1 H=] E3

File Edit “iew General Design Analvziz  Window  Help
e r“EllEl'l-l | | |’§ Grid zcale .
Dla - = lf' = ¢ _"wﬁrid[un.-"cuff]
Dimensions 27.40in.x 19.40in Snap to gid
Dirawing auto zize
Cutout auta zize

File Locations ...

Generate Load Spectra ...

Diatab
=aanase [Heneral ...

Load/Stresz Spectum Inputs ..
Beport Options. ..
OTA Options ...

There are four selections within tBefaults menu in thd’rogram Setupitem in theTools pull-
down menu. The General selection is not currently active. The three other selections are
described in the following subsections.
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7.7.6.3.1 Load/Stress Spectrum Inputs

i Load / Stress Spectrum Information [_[O)=] i Load / Stress Spectrum Information [_ (O] %]
Simplified Crack Growth [uzes Equivalent Stresz) Simplified Crack Growth [uses Equivalent Stresz]
+ User Defined Equivalent Stress [ksi):
RAPID Calculated Stress Spectrum

Uzer Defined Equivalent Stress [ksi]
+ RAPID Calculated Stress Spect

Cancel Cancel

User Specified Stress Spectrum
Stress: Longitudinal [18.63  Circumferential [10.01

User Specified Stress 5pectrum
Load Spectrum Used : | Generic Wide Body ﬂJ

Hioss Bpeciium Gismss Bpmoiim

RAPD Defined RAPID Detined
iises Defmed thinme - shoady generaied: ilvey Detined nms - aboady generated)
iises Defmed fasol - gonoiate binag! ilver Delined {ased - gonoiale binag}
iiass Befined Fie Input Formal © ifsen Diefimed Fe lapad Poumat
Pooande-Fhghts frepastable High? sequence} Fag s aiaive Hight o
Cpole-be Upnle Bhovees Hn repestable Book} Dyche by Dovle Bhravves n vepeatable ook
Hisess Bpectum Options o Hisess Bpeotrum Hpdons
Pantom Hamblow Dounting g P ES
Fovtorm Hange Tinoaiion Pasform Hange Tamoation

[ [

i Load / Stress Spectrum Information [_[O)=]
Simplified Crack Growth [uzes Equivalent Stresz)
User Defined Equivalent Stress [ksi]
RAPID Calculated Stress Spectrum

+ User Specified Stress Spectrum

| Default._.

Stress 5Spectrum :

RAPID Defined
Uszer Defined [binary - already generated]
+ Uszer Defined [ascii - generate binary]

Cancel

FEEE

Uszer Defined File Input Format :

*+ Pzeudo-Flights [repeatable flight zeq
Cycle-by-Cycle Strezses [in repeatable block)

Stress Spectrum Options -

Perform Rainflow Counting
Perform Range Truncation

—

This dialog window, the three forms of which are displayed above, is used to select the stress
spectrum applied during the damage tolerance analysis. EGbivalent Stress defines the
constant stress amplitude at the repair location. See section 3 and the Analysis Methods
Document for further details on the equivalent stress. If the equivalent stress is supplied, then
the other input fields are not used. Otherwise 3tress Spectrumis selected from one of the
RAPID Calculated spectra or from &ser Specifiedfile. The user input stress spectrum must

be in one of the two following ASCII text file formats. Examples of these files are included with
the RAPID distribution a®SEUDO.SSFand CYCLES.SSF for pseudo-flights and cycle-by-

cycle, respectively.

1. Pseudo-Flights (in repeatable flight sequence)

mtype

mflt

ifltseq, ifltseq, ifltseqs ... ifltseqmat

mcyg

Sminy, Smax Smin, Smax SMiNneyc1 SMaXneyc1
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mcyc

Sminy, Smax Smin, Smax SMiNneyc1 SMadneyc2
mCyCmtype
Sminy, Smax Smin, Smax SMiNneyc1 SMaXncycmtype

where  mtype is the number of different flight types specified (maximum=20)
mfit is the number of flights in the spectrum (maximum=6000)
ifltseq contains the sequence of the flight types
mcyc is the number of cycle pairs for the flight type (maximum=1000)
Shin IS the minimum stress
Shax IS the maximum stress

2. Cycle-by-Cycle Stresses (in repeatable block)
mflt
mcyg
Sminy, Smax Smin, Smax SMiNneyc1 SMadnceyc1
mcyc
Sminy, Smax Smin, Smax SMiNneyc1 SMadncyc2

MCYGCntype
Sminy, Smax Smin, Smax SMiNneye1 SMaXncycmtype
where  mfltis the number of flights in the spectrum (maximum=6000)
mcyc is the number of cycle pairs for the flight type (maximum=1000)
Shin IS the minimum stress
Shax IS the maximum stress

For the user defined spectruRainflow Counting andRange Truncation Levelmust also be
specified, as documented in the Analysis Methods Document.

The input is parsed by RAPID according to the following flow chart.
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Equivalent
Stress Value
Provided by
User?

YES

NO

Generic

Enter Stress
Spectrum File with
Required Format

Equivalent
Stress?

Stress NO

Spectrum ;
Used?

Calculate NO

Set Crack

Growth Method =1

v

Set Equivalent
Stress Value = 0.0;
Set Crack
Growth Method = 2

l

Write to DADTA User
Input File
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7.7.6.3.2 Report Options

= BRAPID Report Options

Files :

+| Static Analysis Input

¥ Static Analysiz Results Cancel
| Damage Tolerance Input

v| Damage Tolerance Results

Plots :

| Residual Strength vs Crack Length
v/| Crack Length ¥z Humber of Flights
¥ Inspection Interval ¥z Crack Length

¥ Analyziz Hotes

The Report Options dialog is used to select which portions of the report will be printed. A
checked box indicates that the associated item will be included in the printed RAPID repair
report.

7.7.6.3.3 Damage Tolerance Options

]

i Damage Tolerance Options

Crack Growth Method :

+ Simplified Method [Uzes Equivalent Stress]
Cycle-by-Cycle Method [Uses Stresz 5pectrum] Cancel

Center Hole Options - zee Help for further dizcuszzion

*+ 1 - Single through crack emanating from a center hole
2 - Two different cracks emanating from a center hole

See drawing window for center hole

Initial Crack Tip[z] [inch]:

Primary Crack |0.05 Benandury Drack

Operating Pressure Differential [pzi] 8.6

Print 'beta” and corresponding crack lengths in
analyzis output

This screen is used to set the options for damage tolerance analysiSirBplified andCycle-
by-Cycle methods are available.
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The user may select between t@enter Hole Optionsfor the crack growth along with a corner
hole scenario, which is always analysed, as defined below:

a. Scenario Type 1 (Center Hole) —

O O O O O
O O 0.00570—0"0.005" O

b. Scenario Type 2 (Center Hole) —
O O O.OOSTOES" O O

c. Scenario Type 3 (Corner Hole) - Always Performed

O O O O &0
O O O 0.00570—06.005"

For the current version, the program is restricted to assuming a non-visual inspection method.
The crack growth method and retardation flags are set as documented in the Analysis Methods
Document.

The Operating Pressure Differential is used to define the limit load condition. See section 3
and the Analysis Methods Document for further details on the limit load condition.

A check box is provided to select output of beta values and corresponding crack lengths in the
analysis output.

7.7.7 Database

File Edit iew General Deszign (e Analyziz:  Window  Help

Ol =i alof; meess  UXIZIT|[S & 2] B o o] 2
Grid [on/ol

Shap ta gnd 0.00)

Cutout auto size

Dirmensions 21.90in. x 6.00 in.

Program Setup »

b aternialz ...
Fasteners ...

The Database menu section of thdools menu containdMaterials and Fasteners menu
selections, which are described in the following subsections.
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7.7.7.1 Materials Database

M aternial D atabase

General Information

= Material |E!m7 ﬂ|

= Temper |[r5 ﬂ|
= Surface |Ba[e ﬂ|
*Form  [Gheet |

* Heference

Mil hdbk 5G. table 3.2.1.0 [b1). 1

Mechanmical Properhies
* Youngs Modulus [k=si][10500

0.33

Fracture/Crack Growth Properties

= Kl [ksi*zgrt(in]]  |63.3

Poisson's Ratio

Walker C 9.665E-10
Walker g 057937
Walker p 3.78906

* - Required Entry

RAPID DEFINED RECORD
Strength Properties

* Thicknesz [min] [in] 0.0zo0
* Thickness [max] [in}|0.0390
* Ftu [k=i]

= Fty [ksi) 58
Fcy [ksi] ng
* Fsu [ksi) |357

Fbru e/D=15 (ksi) [97
= Fbru e/D=2.0 (ksi) [123

Fbiy e/D=15ksi) [81
Fbiy e/D=2.0 (ksi) [93
Ke (ksissartin) [

[

[Plane Stress Fracture Toughness]

daddi Data Fde

|

(1].8

Cancel

[ Bl E

must be opened from tlizatabasemenu item in th@ ools menu.

A da/dN Data Fileentry is included for adding the required da/dN data for user defined records.

It is grayed-out when displaying RAPID defined records.

The terms are defined as follows:

Kic = Plane strain fracture toughness
C,q,p = Coefficients of the Walker crack growth rate equation
p
=R K]
dN
where
Kmax = the stress-intensity factor associated with the maximum stress in the stress
spectrum.
Fu = Allowable tensile stress
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Fy = Allowable tensile yield stress at permanent strain = 0.002
Fcy = Allowable compressive yield stress at permanent strain = 0.002

Fsu = Allowable ultimate stress in pure shear (this value represents the average shearing
stress over the cross section)

Foru = Allowable ultimate bearing stress

e/D = Ratio of edge distance to hole diameter

Fory = Allowable bearing yield stress

K: = Ciritical plane stress fracture toughness, a measure of fracture toughness at point of
crack growth instability

If K¢ is not present, then it will be automatically calculated using the
NASA/FLAGRO 2.0 equation:

K ~(A Y )
e =1+Be MW

Ic
where
to = 2.5 ( Ke/Fyy )

The text in the upper right of the dialog indicates whether the current material is a RAPID-
defined record or a user-defined record. Only user-defined records can be deleted with the
Deletebutton. TheNew button clears the entries to allow user-defined data to be entered, which
can then be saved by selecting 8avebutton or discarded by selecting tBancel button. The

Edit button is used to return the dialog back to the default query and edit statSeaftéias

been selected. TH@K button saves the current entry (if user defined) and closes the window.

When adding a new entry, if tAdickness (min)field is overwritten and then that field is exited

by pressing the tab key or selecting another field with the mouse, then the following dialog
window will appear. This allows the user to choose between adding properties at a new
minimum thickness or changing the value of the minimum thickness for the current record.

Material Database

Are you adding a new Strenath Properties
Fecord? Select <MO: if vou are changing
the Mirimum T hickness of the curent

record.
Hao I Ear‘u:ell

When theDelete button is selected, the following dialog appears to allow the user to choose
between deleting the entire record or simply the material strength properties for the displayed
material thickness.
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<+ Delete entire Material Record

Cancel

b Delete Material Strength Properties record
for thiz Matenial Thickness [min]

7.7.7.2 Fastener Database

B Fastener Databasze Mi=] E3
Type Information BAPID DEFINED RECORD
Type lm Diameter/Shear Strength:
Sheet Material |2I]24-T3 ﬂ Fastener Diameter [in] Wj
Type [material stiﬂ‘ness]l 2 - Steel J Mom. Shank Diameter (in) (0.190
Description IAIIuy Steel Shear Strength [lbs] IW

Fastener Material Fsu (ksi) I?5 Sheet M aterial/Allowables:

Style I" - Threaded J Material Thickneszs [inli0.037 j
Head Geometr - -

¥ |2- Flush =1 | scint Atlowable (Ibs) for
Hole Condition: |1 - Count k «|| |above fastener diameter 493
Remarks: I oumtersun J at thiz matenal thickness
IFIush 100" screw —
Reference: Ok | Save I| Cancel I| Help I

[Mil hdbk 5. tab 8.1.5.2 (a1) Edit_| | Mew || Detete |

This window is used to review and add to the database of fasteners available for analysis. There
is no icon button on the button bar of the main RAPID MDI window for this dialog window; it
must be opened from the pull-dowatabasemenu item in th& ools menu.

The text in the upper right of the dialog indicates whether the current fastener is a RAPID-
defined record or a user-defined record. Only user-defined records can be deleted with the
Deletebutton. TheNew button clears the entries to allow user-defined data to be entered, which
can then be saved by selecting 8avebutton or discarded by selecting tBancel button. The

Edit button is used to return the dialog back to the default query and edit statSeaftéias

been selected. TH@K button saves the current entry (if user defined) and closes the window.

When adding a new entry, if tHeastener Diameterfield is overwritten and then that field is
exited by pressing the tab key or selecting another field with the mouse, then the following
dialog window appears. This allows the user to choose between adding properties at a new
fastener diameter or changing the value of the fastener diameter for the current record.
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Fastener Database

Are you adding a new Diameter/Shear Strength
Fecord? Select <MO: if vou are changing
the Fastener Diameter of the current recard.

Mo I Eancell

Similarly, when adding a new entry, if tMaterial Thickness field is overwritten and then that

field is exited by pressing the tab key or selecting another field with the mouse, then the
following dialog window appears. This allows the user to choose between adding properties at a
new material thickness or changing the value of the material thickness for the current record.

Fastener Databaze

Are vou adding a new Sheet M aterial/dlowables
Recard? Select <M if yau are chanaging
the Material Thickness of the curent

record.
Mo I Eancell

When theDelete button is selected, the following dialog allows the user to choose between
deleting the entire record, the portion of the data associated with the displayed diameter, or the
portion of the data associated with the displayed material thickness.

s < |

“# Delete entire Type Record: 0K

Delete displayed Diameter and aszociated shank
’ diameter, shear strength. and joint allowables

> Delete dizplayed Maternial Thicknesz and
aszociated joint allowables

did
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7.7.8 Moving and Resizing Graphical Objects

7.7.8.1 Moving an Object

+
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Objects may be moved as follows. First, select the pointer tool frofotbis palette and then

click within the object to select the object. Once selected, the object will display small black
squares, called “handles” at its four corners. The mouse can then be moved to an edge (not a
corner) of the object, at which point the cursor will change from an arrow to a cross with four
arrows, as shown above. When the crossed arrow cursor is displayed, depress the left mouse
button and, while continuing to depress the left mouse button, move the mouse to reposition the
object. When the desired location is reached, release the left mouse button.

An object may not be moved if its position has been frozen due to the existence of dependent
objects. For example, cutouts cannot be moved after fasteners are defined, since that would
require that the fasteners be regenerated.
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7.7.8.2 Resizing a n Object
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Objects nay be resized as follows. First, select the pointer tool fronT tduds palette and then
click within the object to select the object. Once gebbcthe object will disply small black
squares, called “hahek” at its fou corners. The moescan then be maed to a corner (not an
edge) of he object, at with point the cursor will tange from an arrow to a double-lueal
arrow, as shown above. When the dedfeaded arrow cursor is diaytd, depress thdeft
mouse button and, while continuing topdess the left mouse button, move the mouse to resize
the object. When the desired size is aohik releasehe left mouse button.

An object nay not be resized if its position has been frozen due toxisteace ofdependent
objects. For xample, cutouts can not be resized after fasteners argedge8ince that would
require that the fasteners be negated.

7.8 Analysis Menu Listing

File Edit iew General Design Tools YWindow  Help

ﬁ_' 5@'@};' ﬂl é| o |%| [ tstichnabsis v

Damage Tolerance *

Dirmensions 2190100 x 600 in.; centr et

The Analysis menu contains selections for previagi running, and displging the results of the
static and dange tolerance arigses. The menu items are damnted in the followig sub-
sections.
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7.8.1 Static Analysis

File Edit “iew General Design Toolz m Window  Help
||*E'||I’s‘|1, 'fl ‘él ¢ |§7\/| Static Analysiz k Createiew Static Input File 100% j ?
. Damage Tolerance®™ »  Run Static Analysis
D|men5||:|ns 21.900n. x B.00In.; centr Report . T abular Static Besults

The Static AnalysisMenu Listing contains options directly related to running the static analysis.

The input can be displayed by selecting @reate/View Static Input File submenu options
within the Static Analysismenu item. Thé&tatic Analysisinput file format is shown here (note
that the RAPID GUI makes it unnecessary for the user to directly interact with this input file):

REPAIR CONFIGURATION TYPE (1 External Doubler)
3
SKIN/DAMAGE : Number of Layers
1

SKIN : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.063 62 10500
SIDE1 :LENGTH, FSU
8 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.175 0.191
2 24 1.496 0.1875
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE2 :LENGTH, FSU
18 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER

1 96 1.175 0.191
MAX# OF ROWS
4
NUMBER OF FASTENERS PER ROW
24
24
24
24
SIDE3 :LENGTH, FSU
8 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.175 0.191
2 24 1.496 0.1875

MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
18 38

59



MAX# OF FASTENER TYPES

1

FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.175 0.191

MAX# OF ROWS

4

NUMBER OF FASTENERS PER ROW

REPAIR : Number of Layers
1
EXT DBL1 : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.071 62 10500
SIDE1 :LENGTH, FSU
16 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.025 0.191
2 24 1.686 0.1875
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE 2 :LENGTH, FSU
24 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.025 0.191
MAX# OF ROWS
4
NUMBER OF FASTENERS PER ROW

SIDE3 :LENGTH, FSU
16 38
MAX# OF FASTENER TYPES
2

FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.025 0.191

2 24 1.686 0.1875

MAX# OF ROWS

3

NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
24 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.025 0.191
MAX# OF ROWS
4

NUMBER OF FASTENERS PER ROW

PITCH : Circumferential, Longitudinal
1.0000 1.0000
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BENDING : Q Ratio
2.0

Definitions of Input Parameters:

* FSU - Allowable ultimate stress in pure shear

FTU - Allowable ultimate tension stress

MAX # OF FASTENER TYPES - Maximum number of different types of fastener for
that side (maximum = 10)

FASTENER TYPE - Material type of that particular type of fastener
1 = Aluminum
2 = Titanium
3 = Steel

MAX # OF ROWS - Maximum number fastener rows on that side (maximum=4)

Q RATIO - Use 2.0 in the present version of RAPID

The analysis is performed by selecting ten Static Analysis submenu item. The analysis
runs in a DOS window. The progress is automatically monitored by RAPID, while displaying
the following screen.

2 Static Analysis

STATIC AMALYSIS STARTED ...
THIS WINDOW WILL CLOSE AUTOMATICALLY WHEM THE AMALYSIS IS COMPLETE.
THE ANALYSIS HAS BEEN COMPLETED.
THIS WINDOW MAY HOW BE CLOSED.

Stop — Program terminated.

The static analysis will complete within seconds on all but the very slowest machines and then
display a summary of the results.
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C:ARBAPIDATYPE41.RPD : Static Analysiz Results

The repair doubler(z] iz{are]ztatically adequate.

The fastener jointz are statically adequate.

The zhear strength of the repair iz statically adequate.
The repair stiffnezz iz acceptable.

The faztener bending iz acceptable.

For gtatic analyzis detailz zee T abular Besults in Analyziz Menu

The output can be displayed by selectingfthbular Results submenu item as shown below.

EC) C:\RAPIDATYPE41.RPD : Static Analysis Results =

Static Analgsis Results

STATIC ANALYSIS BEESULTS OF THE REPAIR
(&) MARGINS OF SAFETY:
#%% REPAIR DOUELERS #**+%
0,30
MARGIN OF 3AFETY I3 POSITIVE.

THE BEPATIR DOUEBLERS ARE STATICALLY ADEQUATE.

*%% FARTENER JOINTS **+%

LOAD LOST LOAD RESTORED MARGIN OF SAFETY

{LES) {LES) { NONDIMENSTIONAL)
SIDE 1 24000 42210 0.76
SIDE 2 15000 33165 1.21
SIDE 3 24000 42210 0.76
SIDE 4 15000 33165 1.21

3IDE 1: MARGIN OF 34FETY I3 POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
3IDE Z: MARGIN OF 3AFETY IS POSITIVE.

THE FASTENER JOINTS ARE 3FTATICALLY ADEQUATE.

a |

3IDE 3: MARGIN OF 34FETY I3 PO3IITIVE. _‘;‘
»

From the static analysis, the margins of safety (MS) based on the repair doubler allowable and
the fastener joint allowables are calculated to determine the adequacy of the repair as follows.
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MS < O: Repair is statically inadequate
MS = 0: Repair is marginally adequate
MS > 0: Repair is statically adequate

For repairs that are statically inadequate and marginally adequate, the repair should be
redesigned.

7.8.2 Damage Tolerance

File Edit “iew General Design qulsm Window  Help

[eeEa| @] <o |%| [ Static Anabsis III"T’II_"Q}. @l 2l &l
Damage Talerance k} DT Options ...

Beport ... Load#Stress Spectium [nputs ..

Brogimity. Mata..

Dimensions 21.90in.x B.00 in.; cent

Createview DTA [nput File
Fun Damage Tolerance Analysis
Tabular DTA Results

Besidual Strength Plot
Mumber OF Flightz Plot
Inzpection |nterval Plat

The Damage ToleranceMenu Listing contains options directly related to running the damage
tolerance analysis. The damage tolerance analysis predicts the residual strength and crack
length, and recommends an inspection interval. The analysis is performed for all four sides of
the repair, at center, and at corner fasteners. The locations of these critical fasteners are
highlighted in red in the RAPID drawing window.

The input can be displayed and edited by selectin@tkate/View DTA Input File submenu
options within theDamage Tolerancemenu item. This selection will automatically invoke the
Damage Tolerance OptionsandLoad/Stress Spectrumdialogs if they are not yet completed
for the current model. ThBamage Toleranceinput file format is shown here (note that the
RAPID GUI makes it unnecessary for the user to directly interact with this input file):

REPAIR CONFIGURATION TYPE (1 External Doubler)
3
SKIN: Mat. Type
2024-T3 CLAD SHEET

Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqgrt(in)),Yield S( ksi),FTU
2 0.063 10500 9.01566e-10 3.68842 1524 45 62
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
18 8

EXT DBL1: Mat. Type
2024-T3 CLAD SHEET
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sgrt(in)),Yield S( ksi)
2 0.071 10500 9.01566e-10 3.68842 152.4 45
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PITCH : X Direct., Y Direct.
1.0000 1.0000
FSTNR : Max # In Col
4
Material, Hole Diameter *(1-AL, 2-TI, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
24 12 24 0 0
STIFF : Max #, POS, CSA, Yng.Mod., HPit
0 0.000 0.000 0.000 0.0000
0 0.000 0.000 0.000 0.0000
0 0.000 0.000 0.000 0.0000
0 0.000 0.000 0.000 0.0000
0 0.000 0.000 0.000 0.0000
0 0.000 0.000 0.000 0.0000
Dblr Id

PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, P x.Y, EDPX, EDPY
0 0.000 0.000 1 24.000 16.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
16.0381 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA,TipB,ICL
2 1 0 1 0 0.0500.000 0
REPAIR CONFIGURATION TYPE (1 External Doubler)
3
SKIN: Mat. Type
2024-T3 CLAD SHEET

Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqgrt(in)),Yield S( ksi),FTU
1 0.063 10500 6.76125e-10 3.7198 152.4 45 62
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
8 18

EXT DBL1: Mat. Type
2024-T3 CLAD SHEET
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S( ksi)
1 0.071 10500 6.76125e-10 3.7198 152.4 45
PITCH : X Direct., Y Direct.
1.0000 1.0000
FSTNR : Max # In Col

3
Material, Hole Diameter *(1-AL, 2-Tl, 3-Steel)
3 0.19000
3 0.19000
3 0.19000
Max # In Row, Crit #, Crit #, Overlap, L2R
16 9 16 0 0

STIFF : Max #, POS, CSA, Yng.Mod., HPit
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
Dblr Id
1
PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, P rx.Y, EDPX, EDPY
0 0.000 0.000 1 16.000 24.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
9.2389 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL
2 1 0 1 0 0.0500.000 1

[eNeoNoNoNoNe]

Definitions of Input Parameters:

* REPAIR CONFIGURATION TYPE - Type of Repair Configuration
1 = One Internal Doubler, 1 External Doubler
2 = Two External Doublers
3 = One External Doubler
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« SCENARIO TYPE - Type of Crack Scenario
1 = A single through crack emanating from a center hole on a sheet, two equal length
through cracks emanating from holes after first crack grew into the adjacent hole

2 = Two different length through cracks emanating from a center hole on a sheet

3 = A single through crack emanating from a corner hole on a sheet, two same length
through cracks emanating from holes after first crack grew into the adjacent hole

 VSL.METH - Visual Inspection Flag; applicable only to Scenario Type 3
0 = Inspection Method is not visual
1 = Inspection Method is visual

» METHOD - Type of Crack Growth Method
1 = Simplified Method
2 = Cycle-by-Cycle Method (Uses Stress Spectrum)

» RETARD.FLAG - Retardation Flag; applicable only to the Cycle-by-Cycle Method
0 = No Retardation (Default)
1 = Retardation

The analyses are performed on all four sides of the repair at the center and corner fasteners
automatically.

The analysis is performed by selecting ®en Damage Tolerance Analysissubmenu item.
The analysis runs in a DOS window. The progress is automatically monitored by RAPID, while
displaying the following screen.

DAMAGE TOLERANCE AMALYSIS STARTED ...
FULL AMALYSIS MAY REQUIRE SEUVERAL MIHUTES.
THIS WINDOW WILL CLOSE AUTOMATICALLY WHEM THE AMALYSIS IS COMPLETE.

s LONGITUDIMAL CRACKC(S) s

#xx  CENTER FASTEMER =

CRACK LENGTH CRACK GROWTH LIFE
CINCHES> CFLIGHTS>
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Depending on the computer and on the particular repair model, the damage tolerance analysis
will complete within minutes or hours. On a typical Pentium-class computer, the analysis
usually consumes less than 5 minutes. The progress of the crack growth can be observed by
bringing the DOS window (shown above) to the foreground. When the analysis is complete, the
following dialog is displayed.

CARAPIDATYPE41 .RPD : Analysis E

@ Dramage Tolerance Analyzis complete

The output can be displayed by selectingfthbular Results submenu item as shown below.

E ~dta_out.1 - WordPad _ O] <]

File Edit ¥iew |nzet Fomat Help

D= SR Al (@] ] 2

IEUUlielNewMestem] j |1EI j Bl]lﬂl.@llg%l%l =
N S R R S R R R R
DAMAGE TOLERAMNCE AWALYTIIS REZULTS OF THE REFAIR ﬂ

THE FOLLOWING Z 3ETS OF OUTFUT ARE FOR THE LONGITUDINAL CRACEKS:

TEEET CENTER FASTENER TEEEN

(L) CRACEK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACKE GROWTH RESZIDUAL
CRACE LENGTH LIFE STRENGTH
{ INCHES) (FLIGHTS) (KSTI)
0.05000 a 44 .,00000
0.12590 5132 44 .,00000
0.z01s0 10169 44 .,00000
0.z27770 14708 44 ,00000 j
Far Help, press F1 i

For the center fastener and for the corner fastener, the damage tolerance output consists of two
parts. In the first part, the crack length, crack growth life, and residual strength are provided as
shown below.

66



DAMAGE TOLERANCE ANALYSIS RESULTS OF THE REPAIR

wx CENTER FASTENER ¥

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
0.05000 0 198.83429
0.12590 15615 195.59140
0.20180 30148 189.75919
0.27770 42744 181.50046
0.35360 53320 172.89491
0.42950 62139 164.65282
0.50540 69487 156.68164
0.58130 75551 148.17274

In the second part, the inspection threshold (first inspection) is provided followed by a table with
the detectable crack length and corresponding inspection interval as shown below.

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 50226 FLIGHTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL

(INCHES) (FLIGHTS)

0.05000 50226

0.10000 45082

0.15000 40111

0.20000 35324

0.25000 31152

0.30000 27300

0.35000 23817

0.40000 20870

0.45000 18164

0.50000 15744

0.55000 13701

0.60000 11862

0.65000 10289

0.70000 9120

0.75000 8192

For the damage tolerance analysis, two initial flaw patterns are available:

» Case 1: A single through crack emanating from the critical fastener hole. The primary
crack has a length of & 0.05.

» Case 2: Two asymmetric through cracks emanating from the critical fastener hole. The

primary crack has a length of & 0.03, and the secondary crack has a length of
as = 0.005.
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ap—OOS

O 0O OO O warm

Case
O O O—d><> O Subsequent Growth
a=0. 005 Crack Grows a 0.005
Into Hole
a = 0.005\ % 0.0%
O Q Q— Q Q Initial Flaw
Case 2
Q Q —Q—E>Q O Subsequent Growth
Crack Grows \ a =0.005
Into Hole

The analysis defaults to Case 1. To use Case 2, the user must sdReevibwe button in the

DTA section of the dialog window. The DTA input file will be displayed in the embedded text
window. In the last line of this file, the user must manually change the default entry of the crack
growth configuration type from 1 to 2. The user must selectStnee button and then the
Analysis button to conduct a damage tolerance analysis using Case 2.

Damage tolerance results can also be viewed graphicaliReaslual Strength vs. Crack
Length, Crack Length vs. Number of Flights andinspection Interval vs. Detectable Crack
Length. These plots are available from within hamage Tolerancesubmenu in thénalysis
pull-down menu on the main RAPID MDI window as discussed in the following subsections.

7.8.2.1 Damage Tolerance Options
TheDamage Tolerance Optionglialog is described in section 7.7.6.3.3.
7.8.2.2 Load/Stress Spectrum Information

ThelLoad/Stress Spectrum Informationdialog is described in section 7.7.6.3.1.
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7.8.2.3 Proximity Data

i Proximity Data

Identify Location of Beference Corner Fasteners :

Proximity Repair Geometry:

Subject Repair Proximity Repanr
Corner 2 1 Corner 2
Fastener Faztener
L J L J
- 1 -
3 4 3

~ Filename : -

“* Proximity Repair Dimensionz [in]

Circumferential Direction 1]
Longidutinal Direction [in] 1]
Circumferential Edge Distance |05
Longitudinal Edge Dist [in] 05

Cancel

+ix

Diztance from selected corner Fasteners:

ai

values are + or - in relation to the
"“Subject Repair"

Diztance in the "x" direction

between designated fasteners II]

Diztance in the “y" direction

between designated Fasteners II]

TheProximity Data is used to define the size and location of a nearby repair so that its influence
may be considered in the analysis. The location of the nearby (proximity) repair is indicated by
selecting a reference corner fastener in each repair, along with the longitudinal (x) and
circumferential (y) distances between those reference points. The geometry of the nearby repair
can be entered directly under fRmximity Repair Dimensions selection or may be determined
automatically via reference to an existing repair méadehame TheSelectbutton opens a file

dialog to select a file from disk.

7.8.2.4 Residual Strength vs. Crack Length Plot

Fil=  Edit “iew General Design IDDISMHindDW Help

Dimensions 21.900n. x 6.00in.; centr

Static Analyziz

Damage Tolerance

v lme i s @l ozl el
OTA Optiong ...

Load/Stress Spectunm lnputs ...
Browimity [ata,. ..

CreateMiew DTA Input File
Run Damage Tolerance Analysis
Tabular DTA Results

nigth Plat
Murber OF Flights Plat
Inzpection Interval Plot
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Ij C:ARAPIDAEXAMPLE1.RPD : Residual Strength ¥s Crack Length Plot

Eesidual Strength ws Crack Length Plot -- Side 2 -- Top of Cutout =
| Lioad Lirm
4 o 1t
. "Fi, -'-'-'-'-'-ZZ'_:'_: """""""""""" * 4500 (s
w4l T ;
0 L ot -
=
%ﬂ i g
=]
L)
= 20
=
=
O
10 g
a
0.0 25 5.0 75 10.0 12.5 15.0
Residual Stremsth plots - Crack Length {inches)
Cirommferential Crack
(&) Center Fastener
B} Right Cormer Fastener _ILI
| AV

This window displays the residual strength versus crack length plot from the damage tolerance
analysis for all four sides of the repair. (For a symmetrical repair, only sides 2 and 3 are
available). The yield strength of the skiny, ks indicated by the solid horizontal line and the

limit load condition is indicated in the legend key. This window can be invoked only from the
Damage Tolerancesection of theAnalysis pull-down menu in the main RAPID MDI. The

plots can be generated for longitudinal cracks in the center and corner fasteners above and below
the cutout and for circumferential cracks in the center and corner fasteners to the left and right of
the cutout. If there are four points, then the plot will not be generated and a message box will be
displayed.

Any portion of this window may be enlarged or “zoomed” by depressing the left mouse button at
one corner of the desired area and then, while continuing to depress the left mouse button,
dragging the mouse to the opposite corner of the desired area, release the mouse button. The
view will automatically enlarge the selected area to fill the plot window. To return to a non-
zoomed view, simply depress the right mouse button within the plot window.

To print the plot, select the print button on the icon bar, or sele€rthe menu item within the
File menu. The Plot window must be the active window to be printed.
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7.8.2.5 Crack Length vs. # of Flights Plot

File Edit “ew General Design luulsMﬂinduw Help
: v lae s @l 2l &l

] DTA Options ...

Load/Strezs Spectum [nputs ...

Frowimity Data ..

CreateMiew DTA Input File
Run Damage Tolerance Analysis
Tabular DTA Results

Rezndual Strength Plot
Murnber OF Fliz at Side ) - et af Eutaut
Ihzpection [nterval Plat Side 2 - Top of Cutout
Side 3 - Right of Cutout
Side 4 - Bottom ok Cutaut

ﬂ C:ARAPIDAEXAMPLE1.RFPD : Crack Length vz # of Flights Plot
Crack Length ws # of Flights Plot -- Side 2 -- Top of Cutout =
150§ i
— 1257 L
b
!
= 10,0 v
|
g T
A
= 50 7
i
(]
25 7
0.0 &
1] a0 1an 150 200 250 300
Crack Growth Life (Flichts) - Crack Growth Life (1000 Flights)
Croumferential Crack
(&) Center Fastener
(b)) Right Cormer Fastener
(] Left Cormer Fastener _ILI
1 | AN

This window displays the crack length versus number of flights plot from the damage tolerance
analysis for all four sides of the repair. (For a symmetrical repair, only sides 2 and 3 are
available.) The predicted crack growth life at each of the critical fasteners is indicated in the
legend key. This window can be invoked only from Demage Tolerancesection of the
Analysis pull-down menu in the main RAPID MDI. The plots can be generated for longitudinal
cracks in the center and corner fasteners above and below the cutout and for circumferential
cracks in the center and corner fasteners to the left and right of the cutout. If there are four
points, then the plot will not be generated and a message box will be displayed.

The crack grows edge to tip and then tip to tip as defined in the figure below.
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4>‘ ’47 Edge-To-Tip Crack Length
mares O O OO O

SubsequentGrowthO O 'O'E>O_ O

Crack Grows
Into Hole

Tip-To-Tip Crack

Any portion of this window may be enlarged or zoomed by depressing the left mouse button at
one corner of the desired area and then, while continuing to depress the left mouse button,
dragging the mouse to the opposite corner of the desired area, release the mouse button. The
view will automatically enlarge the selected area to fill the plot window. To return to a non-
zoomed view, simply depress the right mouse button within the plot window.

To print the plot, select the print button on the icon bar or sele@rthe menu item within the
File menu. The Plot window must be the active window to be printed.

7.8.2.6 Inspection Interval vs. Detectable Crack Length Plot

File Edit “ew General Design luulsMﬂinduw Help
' v lme = @l ozl ml

DTA Options ...

Load/Strezs Spectum [nputs ...

Frosimity Data ..

CreateMiew DTA Input File
Run Damage Tolerance Analysis
Tabular DTA Results

Reszidual Strength Plot
Mumber OF Flightz Plat
zpection [nterval Plat Side 1 - Left of Eutaut

Side 2 - Top of Cutout
Side 3 - Right of Cutout
Side 4 - Bottom ok Cutaut
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Ij C:ARAPIDAEXAMPLE1_RFPD : Inspection Interval ¥s Detectable Crack Length Flot

Inspection Interval ws Detectable Crack Length Plot -- Side 2 -- Top of Cutout =
80 e

T jan
B0 A
50 v
40
in g
20

1+
a

Inspection Interval (1000 Flights)

0.0 2.5 5.0 15 10.0 12.5
First Inspection at (Flizhts) - Cretectahle Crack Length {inches)

Croumferential Crack
(&) Center Fastener - 71468

| _'l_/i

This window displays the inspection interval versus detectable crack length plot from the
damage tolerance analysis for all four sides of the repair. (For a symmetrical repair, only sides 2
and 3 are available.) The first inspection as determined by the damage tolerance analysis at each
of the critical fasteners is indicated in the legend key. This window can be invoked only from
the Damage Tolerancesection of theAnalysis pull-down menu in the main RAPID MDI. The

plots can be generated for longitudinal cracks in the center and corner fasteners above and below
the cutout and for circumferential cracks in the center and corner fasteners to the left and right of
the cutout. If there are four points, then the plot will not be generated and a message box will be
displayed.

Any portion of this window may be enlarged or zoomed by depressing the left mouse button at
one corner of the desired area and then, while continuing to depress the left mouse button,
dragging the mouse to the opposite corner of the desired area, releasing the mouse button. The
view will automatically enlarge the selected area to fill the plot window. To return to a non-
zoomed view, simply depress the right mouse button within the plot window.

To print the plot, select the print button on the icon bar or sele@rthe menu item within the
File menu. The Plot window must be the active window to be printed.
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7.8.3 RAPID Repair Report

EC] C:\RAPIDAEXAMPLE2 RPD : RAPID Repair Report [ _ (O] x|
hhe development of the RAPID software program was funded under contract by the Federal Aviation =
Administration (FAA] and the USAF and is provided to the user as is. HNeither the FAA nor the U.3.
Government warrants the merchantability of the software nor its fitness for a particular use.

Use of RAPID or its output does not replace or change any part of the repair or alteration

approval process. Users of RAPID must obtain approval of any repair or alteration designed or
analyzed with RAPID with the same procedures as with any other snalysis tool. A repair design

from FAPID should never supercede that supplied by the original equipment manufacturer [OEM).

RAPID should ke considered an alternative design tool whenewver a repair procedure is not provided

or is not available from the OEM. In no instance will the U.3. Govermnment be lishle for any

damages sustained kv the user, or any third party, caused by or attributed to the use of the

RAPID software.

General / Aircraft Information:

Operator = World Wide Airlines

Model = Norton 30

Series Nuwber = 400

Flight Hours = 20000

Flight Cycles = 4000

Employee Name = John Doe

Company = Flight Repairs, Inc

Employee ID = 1234

Title = Technician -

naslams TH. = BN-=1
Im| 2y

The RAPID Repair Report may be displayed (and subsequently printed) by selecting the report
button on the icon bar or by selecting Report menu item within thénalysis menu. While
the report is displayed, it may be printed by selecting Print from the File menu.

RAPID Yersion 2.1 M=l E
AN Edit “iew General Design Tool: Analvzis Window Help

M Chrl+M -

New o g 1] E | B T [C @) 2| ) [roex ] 2

Close Chil+F4 Al in.; centroid = { 13.00, 9.00)

Save .. Chil+5

Save Az ...

Frirtt ... Ctrl+F

Frint Preview

Frinter Setup ...

Exit Al+Fd

This will invoke the Report Print Options dialog through which the user may choose the
components of the report to print.
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RAPID Report Options [ _ |

8]

Files :

| Static Analysis Input
| Static Analysis Besults
| Damage Tolerance Input

Cancel

v Damage Tolerance Results

Plotz :

+| Besidual Strength vz Crack Length
| Crack Length vz Number of Flights
+| Inspection Interval ¥= Crack Length

| Analyziz Notes

For the currentversion, the RRID Repar Report is read-dg. The report contains the
following information in segence: the RRID.TMP file (data input echo), the input file fdret
static anbysis, the results from the static &msas, the input file for daage tolerane andysis,
the tabular results of the dageatolerance angsis, the prgram limitations (section 3), and
optionaly, a drawng of the repair comfuration and the three dgais plots for each side dfie
repair. It can besaved to ay named file and later reoped from within the Report module.

The RAPID Repair Report isdrmatted using Microsoft'sersion of Rich Tet Format (RTF),
which is compatible with most modern word processors.

7.9 Wind ow Menu Listing

File Edit iew General Design Toolz  Analbziz elp

nijePlfal S| =63 llll o

Dimensions 21.90in. x 6.00 in; centroid =

Arrange |cons

Cloze All

Refrezh F&

v 1 CHARAPIDATYPEAT.RPD : Drawing ‘Window

The Window menu contains the standard window function€a$cade Tile, Arrange Icons,
and Close All options. Refreshis also provided to force a redraw of the entirePRAwindow.
Cascadearranges ay open diabg windows within the RRID MDI diagonaly down the screen
from left to ight. Tile arranges diabg windows so that #y are @eny distributed across the
screen. Arrange lcons aligns minimized icons at the lower-left of the R MDI screen.
Close All closes all currehy open windows within RRID. In addition, if ay RAPID models
are open, tby will be listed within this menu for selectiday the user.
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7.10 Help Menu Listing 2

RAPID Verzion 2.1
File Edit Wiew General Deszign Toolz Analpziz Window

Dfeflms] &) =] 6 3¢ HIElZ|E > e O[] j1oo% o]

Uzing help

I[=] 3

:

Dimensions 27.400n. x 19.400n.; centroid = ( 13.00, 3.0

Beadme Infarmation ...
Analysis Motes
Dizclaimer ..

Abot

The Help menu containdndex, Using help Readme Information, Disclaimer, and About

selections. Index displays the top-level help index, with links to the entire RER help and
advisol systems. Using help displays general information on how to use helgstems within
Windows programs. Readme Information displays the RAID README.WRIfile which
contains general notes andrrections concerng the RAPID GUI and aalyses. Disclaimer

redispbys the disclaimer statgent which appears eatime RAPID is stated About presents
the RAPID copyright notice.

7.10.1 Readme Information

File Edit “iew Inset Fomat Help

D|(E| SR Al o @lo] B
[Buial (westem] =l iz jﬁz|g@||§§|§|a_z||
SRR R R R R R R S R K

General Notes and Program Limitations i’
for RAFPID Version 2.1

This file lists graphical user intetface notes and program limitations for the current version of RAPID.

RAPID Graphical User Interface Notes

Help Keys and Buttons
The F1 ke will bring up HELP in any module. The help will be module specific. However, once in HELP,
other areas of HELP can be accessed. Fach module has a HELF button that acts like the F1 key.

b
4| | 3

For Help, press F1 o

This window provides the most updated information or selemtes regardg the graphical ser
interface and program limitations for the latest current version d®?IBA It is recommended
that the user reads this information before g&@APID. The cotents match those isection 3
of this manual.
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8. Example Problems

Two repair examples are shown to illustrate the usage #iRA The first is a common skin
repair with one dodler and no stiffeneor joint effects. The send example is of a sigle
doubler rgair over a longitudinal butt joint.

8.1 Single External Doubler Example

The following is an gample of a rectagular cutout with a sgle ecternal doubler repair. The
cutout is 8 inches ph by 18 inches wide and is located 5 inches from the adjacent bottom
longeron and 4 inches from thejacent left frame. The doubler size and fasée locations are
automaticdy determinedby the default pitch and ed distance settgs tagether with the
selected number of fastener rows péesi The dyout andmaterials are shown in the follomg
figure.

Frame Doubler Skin T
% Longeron %"’Jﬁﬂ
O00000000OO0OOOOOOLOOLOOObOOOO V I
[oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo o]
[eNoNoNoNoNoNoNoNoNoNoNoNONoNoNONoNoNoONONONONONO)
[eNeNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNOoNONONONONO)
(X X (XX} i
eee (X X T
eo0eo XX
. 000 " " "
ces Skin Cutout b 18.0 8.0" 16.0
00 000
o0o 'YX *
[ X N ] [ N X J . —
[oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONONONONO)
0000000000000 00000000000
[eNeNeNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoN©]
0000000000000 00000000000 ! ] Y
< ] Jis
26.0" Skin:
| : - 2024-T3 Clad Sheet
Thickness = 0.063"
e . . . ] 1 Doubler:
18.0" ’ 2024-T3 Clad Sheet
}‘ ., " Thickness = 0.071"
- 24.0 - Rivets:
O NAS1097-E6
® HL326-6
Pitch = 1.0"

Edge distance = 0.5"
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8.1.1 Create the New RAPID Model

The first step is to start the RAPID program from the Windows Program Manager. Once
launched, RAPID will display its main MDI window, as shown below. All of the dialog
windows shown in this example appear as sub-windows within the RAPID MDI window.

RAPID ¥Yerzion 2.1 Mi=] E3
File Edit “iew General Deszsign Tool: Analsi:  Window  Help

o o e = = R e = i = e o 0 [ 2 100% ] |2

R,

To begin a new repair, selddew from theFile menu.

RAPID Yersion 2.1
Edit Wiew General Deszign Tools Analysiz Window Help
ew a3 || e | [ ] 2] ) [roox =] (2
Elme Crl+F4 Alin; centraid = { 13.00, 3.007
Save ... Clrl+5
Save Az ..
Frint ... Ctrl+P
Frint Presvig
Printer Setup ...
E uit Alt+F4
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The Setup dialog can be selected from tfieols --> Program Setup--> File Locations pull-

down menu and is shown below. There is no need to uSethp dialog unless the user wishes

to change the default RAPID configuration. The fastener pitch and edge distances will be used
by the Fastener Arrangement dialog window to automatically determine the number and
arrangement of the fasteners and the sizes of the doublers in the repair. The defaults can be
changed here or on a model to model basis withirFdstener Arrangementdialog window

which will be used later. If any of the values are changed, the@Khbutton must be selected

for the values to be written to the RAPID.INI file, which stores the RAPID defaults. In this
example, we will retain the defaults and simply close the window by clicking o@dheel

button.

RAPID Setup M=l
Application Drives / Directornies :
Program Files C:A\RAPID
D ata Files C:ARAPID
Temp Files C:ARAPID
Loads/Strezs Files |C:ARAFPID

Fastener Arrangements
Diameter 0.1875
Longitudinal Pitch 1

:

Circumferential Pitch

Longitudinal Edge Distance (0.5

il

Circumferential Edge 05

| 118 Il Cancel || Help

The first dialog window in which data will be input is tiercraft/General Information
Window, shown below with example input data already entered. This dialog window can be
selected either from the MDI button bar, or from @eneral pull-down menu. Once the data is
entered, theOK button must be selected to store the data in the current model and close the
dialog window.

79



i General/Aircraft Information

Aircraft Information Analyst Information
DOperator I"IH'DIII:I Wide Airlines Hame IJ ohn Doe

*Model Humber |Morton 30 Company Flight Repairs, Inc
Senes Humber 400 Employee ID  [1234

Flight Hours IW EPC'ESIW Title ITec:hni-::ian

Aircraft IDfReqgistration Number Repair Identification

Fuselage No. [FN-0123 Repair ID [RR-01 Rev. |33
=Genal No. IHB?EE Comment IHAPID Repair Examplel
Airplane Begiztration
IﬁH_AB134 ‘ | (1], I | Cancel I | Help I
Operator Designation
iI]D-EIBﬂ 23 * - Required Entry

8.1.2 Define Repair Type and Location

Next, the repair type is selected from fRepair Type dialog window, as show below. This
dialog window can be selected either from the icon button bar or fro@eheral pull-down
menu. OneRectangular External doubler is selected from the available options, and the
selection is saved and the dialog window is closed by pressi@jtHautton.

i Bepair Type
Repair Configuration Type :

“+ Common Repair
» Ower/Mear Butt Joint
 Dwer/Near Lap Joint

| Cloze proximity to another repair ? -

__| Consider Stiffener Effects ?

Common Repairs

“ Rectangular Ext1
. in o e
» Circular SKin

Location of Layers :
| External _ | Intemal

Doubler Layers [max. 2] |1

| Cancel I | Help I

The Damage Locationdialog window is invoked to enter the location of the damage on the
structure and is shown below. This dialog window can be selected either from the icon button
bar or from theeneral pull-down menu.
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i Damage Location Information

Aircraft £one I 1 jJ I 1] & I

Length of Zone [in_] 120

Cancel

Diztance L' on Fone map [in_] 87

Diztance ‘D' on Zone map [in_] I-lll]

Fuselage Radiuz Mear Bepair [in.] {120

ZONes

The distances entered on this dialog window refer to regions of the aircraft as depicted in the
zone diagram which can be displayed by selectingZtirees button and which is shown in the
following figure. As with all of the other dialogs withK buttons, remember to save the data
and close the dialog window by pressing @te button after completing the entries.

Zonel

FWD Pressxe Fromnt Rear  AFT Fusslage AFT Pressure
Bulkhead Spar Spat FWD Bulkhead Bulkhead

Crown Repair Location
—
D
\\/ Floot Line

8.1.3 Draw the Repair

After entering the damage location information, G&d Scale dialog window will be
automatically displayed to set the drawing scale to accommodate the size of the planned repair.
The grid scale can be reset at any other time by selectinGrttiescale menu item from the

Tools pull-down menu.
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File Edt “iew General Dezign EGREE Analvziz Window  Help

|‘_h|| ﬂl’s‘lll’s‘l';l 'fll ‘él |’§ Grid scale ...
— 1= | = 9], v Grid [an/aff]
Snap to anid
Drawing auto size

2zl | [0 <] 7

Dimensions 21.900in.x 6.00in.

Cutout auto size

Program Setup

Databaze

For the depicted 640 by 480 screen resolution, a grid scale of 4 inches per grid will result in a
workspace of adequate size to draw the largest included object, the damage extent, which is 26
inches wide by 18 inches high.

Grid Scale ]|

Enter the distance [ 0.5 in. increments ] per
GRID :

|4

8.1.3.1 Define the Repair Boundary

The repair boundary tool is used to draw the region defined by the two frames and two longerons
which are just outside of the region of the repair, as defined by the doubler.

After selecting the repair boundary tool from the tool bar, the repair boundary is drawn by
clicking the left mouse button on one corner of the repair boundary and then, while continuing to
depress the left mouse button, dragging the mouse to the opposite corner of the repair boundary
and then releasing the left mouse button. The changing size of the repair boundary is displayed
in the upper left of the display as the area is drawn.
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l] Untitled_1 : Drawing Window
Top Longeron -- T4
"':'-::'-'-'-'-'::-'-'_':_':-'-'_'-'::-'-'_':_':-'-'_'-'-'_'::_':_':::1717%'ﬁ-i.
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5 oo
5 HE:
P v iy
P |
b o iy
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(A)I E Bottom Longeron -- L3
< | AV

When the left mouse button is released, Bepair Boundary Information window is
automatically displayed to input the frame and longeron labels, and to fine-tudavenail

Distancesin the Longitudinal and Circumferential Directions. A Stiffener ID should be
entered for each stiffener.
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i Repair Boundary Information

Damage Type I Accidental jJ

Owverall Dizstances [ inches ]:
Longitudinal direction |2E—
C—

Circumferential direction

Stffeners -

# Top Longeron [ stringer ]

~+ Bottom Longeron [ stringer ]
=+ Left Frame Station
~+ Right Frame Station

Stiffener Properties:

Stiffener ID [ location ] |L4

Hrmnhes of Favieners fovereldl diabanos

Avevags Pich on aliffensy I_
Linas-Benhoned Aea fvum ] I
i atariad I vI

8.1.3.2 Define Skin Properties .

SelectingSkin Properties from theDesignmenu or selecting th8kin Properties icon on the
button bar invokes th8kin Properties dialog window.

i Skin Properties E

Repair Type :
|3 - One External

Properties :

Object |5KIH1
Material [ 2024-13 CLAD SHEET ]|

Thickness [in.] - 7|

|Ean-::el I | Help I

After entering the properties for the skin, pressig§ updates the Drawing dialog window to
represent the local skin area as a red rectangle.
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l] Untitled_1 : Drawing Window
‘ Top Longeron -- L4
SRR -
i HE
N ]
L =
gl i B
&l 8
ol o
ol i
E I
o ]
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b o R
ol 1SR SN SN SO AU o N
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CAY Bottom L ongeron -- L5 :
| | v A

8.1.3.3 Draw the Cutout

Next, the cutout is defined by selecting the cutout tool on the tool bar.

>

The cutout is drawn by clicking the left mouse button on one corner of the cutout, and then,
while continuing to depress the left mouse button, dragging the mouse to the opposite corner of
the cutout and then releasing the mouse button. The size and location of the centroid with
respect to the left most frame and bottom longeron are displayed in the upper left of the display.

85



l] Untitled_1 : Drawing Window
o Top Longeron -- L4 .
- :'-::'-'-'-':::-'-'-'-'-'-'-'-':-'-':-'-'-'-'-'-'-'-'-':-'-':-'-'-'-'-'-'-'-'-'::1717"ﬁ-i.
i HE
N ]
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E R W
o ]
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b o R
ol 1SR SN SN SO AU o N
(A:; I Bottom L ongeron -- L5 D
| | v A

When the left mouse button is released, @utout Geometry dialog window is automatically
displayed to allow manual correction of the dimensions.

! Cutout Geometry

Layer ISKIN 1

Distances [inches]
Start points from Damage Extent ref. point [A]

Longitudinal Direction 14

Circumferenhal Direction L

Cutout Geometry [Rectangular] :

Longitudinal Direction |1 ]
IE

Circumferential Direction

Cancel I | Help I
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8.1.3.4 Create the Fasteners

The fastener arrangement is then defined by selectingabner Propertiestool from the
button bar or from th®esignmenu.

E

This invokes thd~astener Global Propertiesdialog window. This dialog window is used to
change the default pitch and edge distances, and to enter the number of fastener rows per side of
each doubler. Because this information is used by RAPID to automatically size the doublers, the
material and thickness of each doubler should also be entered. For the current example, only one
external doubler is included.

i Fastener Global Properties [ ¢

Mominal Diameter [all fasteners] - II].1B?5

Pitch and Edge Distances [in_]

=** RAFPID Absolute Guidelines for Min / Max ===
Ranges : [h::r[l;?::nm] T?:::T [H:BI:;:Im]
Longitudinal Pitch |u_3?5 |1 |1.5
Circumferential Pitch II]_3?5 |1 |1-5 Help I
Longitudinal Edge Iu_gm 25 ||]_5 II]_?E
Circumferential Edge Iu_gm 75 ||]_5 Il]_?ﬁ

Doubler Information :

Layer Object [Doubler] IEXT DEL1 jJ
Properties :

Maternial | 2024-T2 CLAD SHEET jJThickness m

Fastener Rows per Side -

Left OFf Cutout 3 Right OF Cutout 3

Top of Cutout 4 Bottom of Cutout 4

Fastener Types :

Each of the two fastener types in the model should now be entered by presdhagpttrer
Types Definebutton to display thé&astener Propertiesinput screen. Enter 2 for théo. of
Fastener Typesand then enter thetyle andDiameter for eachType No.
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i Fastener Properties

Fasztener TypesfStyles

Mo. of Fastener Types

Type Ho.

Style | NAS1097-E

Diameter [in_] 01875

[

| [1].4 I| Cancel || Help I

i Fastener Properties

Fasztener TypesfStyles

Mo. of Fastener Types

Type Ho.

Style IHL 326 pin

Diameter [in.] 01875

[

| [1].4 I| Cancel || Help I

When theOK button is selected in thiéastener Global Propertiesscreen, the fasteners and
doubler are automatically generated and displayed in the workspace.

EC] Untitled_1 : Drawing Window
FY
Fazteners: D-NASIDQT-E, Dia=0.1875 =
# .11 326 pir, Dia=0.1575 -
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To change the desired fasteners to type 2, first select the selection tool frboolhealette.

53

Then, while holding the shift key, click and hold the left mouse button and drag the mouse to
draw a rectangle around the fasteners which should be type 2.
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Click the right mouse button to change the fastener type of the selected fasteners using the
Fastener Typesdialog window.

Fastener Types

Faztener Type 2 j

Style IHL 326 pin m
Diameter [in.] II].1 875

Select type 2 from thEastener Typecombo box, then clicloK.

l] Untitled 1 : Drawing Window
Y
Fazteners: D-NASIDQT-E, Dia=0.1875 =
#_H1 326 pin, Dia=0.1875 o
o Top Longeron -- L4 .
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8.1.4 Run the Analyses

The analyses can then be run and the results viewed by usitwgatlysis pull-down menu.

File Edit “iew General Dezign TDD|SMWIHE|DW Help

|r'|3|||3|1 ,f'l Static Analyziz k Create/iew Static [nput File 1002 j ‘?
¥ Bun Static Analyziz

Damage Tl:ulerance

D|men5||:|n5 21.890in. » B.00in.; centr Bl T abular Static Results
|
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8.1.4.1 Static Analysis

Listed below is the input to the Static module as displayed b@nbate/View Static Input File
menu item in thé&tatic Analysissection of théAnalysis pull-down menu:

REPAIR CONFIGURATION TYPE (1 External Doubler)
3
SKIN/DAMAGE : Number of Layers
1
SKIN : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.063 62 10500
SIDE1 :LENGTH, FSU
8 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.175 0.191
2 24 1.496 0.1875
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE 2 :LENGTH, FSU
18 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.175 0.191
MAX# OF ROWS
4
NUMBER OF FASTENERS PER ROW

SIDE3 :LENGTH, FSU
8 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.175 0.191
2 24 1.496 0.1875
MAX# OF ROWS
3

NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
18 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.175 0.191
MAX# OF ROWS
4
NUMBER OF FASTENERS PER ROW
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REPAIR : Number of Layers
1
EXT DBL1 : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.071 62 10500
SIDE1 :LENGTH, FSU
16 38
MAX# OF FASTENER TYPES
2
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.025 0.191
2 24 1.686 0.1875
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE2 :LENGTH, FSU
24 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.025 0.191
MAX# OF ROWS
4
NUMBER OF FASTENERS PER ROW

SIDE3 :LENGTH, FSU
16 38
MAX# OF FASTENER TYPES

2

FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 24 1.025 0.191

2 24 1.686 0.1875

MAX# OF ROWS

3

NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
24 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 96 1.025 0.191
MAX# OF ROWS

4
NUMBER OF FASTENERS PER ROW

PITCH : Circumferential, Longitudinal
1.0000 1.0000
BENDING : Q Ratio
2.0

The static analysis is then executed by selectindrtire Static Analysismenu item located in
the Static Analysis section of theAnalysis pull-down menu. When the analysis completes,
RAPID displays thé&tatic Analysis ResultsSummary.
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Untitled_1 : Static Analysis Results

The repair doubler(z] iz{are]ztatically adequate.

The fastener jointz are statically adequate.

The zhear strength of the repair iz statically adequate.
The repair stiffnezz iz acceptable.

The faztener bending iz acceptable.

For gtatic analyzis detailz zee T abular Besults in Analyziz Menu

The following shows the textual output produced by the static analysis and displayed by
selecting therabular Static Results menu item in théStatic Analysis section of theAnalysis
pull-down. Note that the margins of safety for the doublers and the fasteners are all positive,
indicating that the chosen design is statically adequate.

STATIC ANALYSIS RESULTS OF THE REPAIR

(A) MARGINS OF SAFETY:
*** REPAIR DOUBLERS ***
0.13
MARGIN OF SAFETY IS POSITIVE.

THE REPAIR DOUBLER IS STATICALLY ADEQUATE.

*** FASTENER JOINTS ***

LOAD LOST LOAD RESTORED MARGIN OF SAFETY

(LBS) (LBS) (NONDIMENSIONAL)
SIDE1 31248 64104 1.05
SIDE2 70308 98400 0.40
SIDE3 31248 64104 1.05
SIDE4 70308 98400 0.40

SIDE 1: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 2: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 3: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 4: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
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(B) SHEAR STRENGTHS:

DOUBLER(S) SKIN MARGIN OF SAFETY
(LBS) (LBS) (NONDIMENSIONAL)

SIDE1 2698 2394 0.13

SIDE2 2698 2394 0.13

SIDE3 2698 2394 0.13

SIDE4 2698 2394 0.13

SIDE 1: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 2: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 3: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 4: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.

(C) STIFFNESS:
DOUBLER(S) SKIN STIFFNESS RATIO
(LBS/IN) (LBS/IN) (NONDIMENSIONAL)
SIDE1 745500 661500 1.13
SIDE 2 745500 661500 1.13
SIDE 3 745500 661500 1.13
SIDE 4 745500 661500 1.13

SIDE 1: STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 2: STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 3: STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 4: STIFFNESS RATIO IS BETWEEN 1 AND 1.5

REPAIR STIFFNESS IS ACCEPTABLE.

(D) FASTENER BENDING:

Q RATIO
(NONDIMENSIONAL)

SIDE 1 0.00
SIDE 2 0.70
SIDE 3 0.00
SIDE 4 0.70
SIDE 1: Q RATIO IS EQUAL TO 0.0

STEEL OR TITANIUM - FASTENER BENDING IS ACCEPTABLE.
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SIDE 2: Q RATIO IS EQUAL TO OR LESS THAN 2.0

ALUMINUM - FASTENER BENDING IS ACCEPTABLE.
SIDE 3: Q RATIO ISEQUAL TO 0.0

STEEL OR TITANIUM - FASTENER BENDING IS ACCEPTABLE.
SIDE 4. Q RATIO IS EQUAL TO OR LESS THAN 2.0

ALUMINUM - FASTENER BENDING IS ACCEPTABLE.

If the repair doubler or the fastener joints for any of the sides had been inadequate (MS < 0) or
only marginally adequate (MS = 0), it would be necessary to return toFdis&ener
Arrangement dialog window to modify the fasteners and/or doublers.

8.1.4.2 Damage Tolerance Analysis

If the repair is statically adequate, the damage tolerance analysis (DTA) can be run.

File Edit Miew General Design Tools m Window  Help

|eeEs| &) <o |%| I Stalic Analysis > ==l = @il 2zl &
Damage Talerance kh DTA Options ..

Repaort ... Load/Strezs Spectrum [nputs ...

Eragimmity [ata..

Dirmensions 21.90in. x .00 in.; centr

Createiew DTA Input File
Fun Damage Tolerance Analysiz
Tabular DTA Resultz

Beszidual Strength Flat
Mumber OF Flights Flat
Inzpection [nteral Plot

Selecting theCreate/View DTA Input File menu item automatically invokes thi2amage
Tolerance Optionsdialog window. For this example, select Bienplified Method for Crack
Growth, the Single through crack emanating from a center holeption, and arOperating
Pressure Differential of 8.6 psi.
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i Damage Tolerance Options

Crack Growth Method :

+ Simplified Method [Uses Equivalent Stress]
Cycle-by-Cycle Method [Uses Stresz Spectrum] Cancel

Center Hole Options - see Help For further discusssion

+ 1 - Single through crack emanating from a center hole

2 - Two different cracks emanating from a center hole

S5ee drawing window for center hole

Initial Crack Tip[z] [inch]:

Primary Crack |0.05 Sanandary Drack

Operating Pressure Differential [p=i] 8.6

Print 'beta’ and comresponding crack lengthsz in
analyziz output

After closing the dialog window by selecting t& button, select theéoad/Stress Spectrum
Information window from thelLoad Stress Spectrum Inputsmenu item on thddamage
Tolerance submenu of thé\nalysis Menu. For this example, select tleneric Wide-Body
Load Spectrum RAPID will automatically convert the stress spectrum at the repair location to
an equivalent, constant amplitude stress cycle for use in the simplified analysis.

i Load f Stress Spectrum Information

Simphhed Crack Growth [uzesz Equivalent Stresz]
Uszer Defined Equivalent Stress [ksi]

+ RAPID Calculated Stress 5pectrum

Uszer Specified Strezs Spectrum Cancel

Load Spectrum Used : | Generic Wide Body j

Gizmas Bpaeriam

HAPH: Dotined
iivey Dedined Hunas - ahoaly peneyaiedd)
iivey Dedined faacs - geneiabe hinasd

|
=]
%]

Fiaans Diefammed oo lopgmed Fommat o
Fagadn-Fhohis repeatable Hioht soousnoe}
Dyote-by-Dacks Bhevees i repeababln Bookl
Sirmas Bpecings Hobons

Paform Hamblow Dounting
Fasform Hangs Toameaiion

—

Clicking the OK button starts the stress spectrum generation program after displaying the
following warning.
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Load f Stress Spectrum Information

Thiz process will run from 1 minute o over an
hour depending on the zpeed of pour computer.

Stresz Spectums for circumferential and
longitudinal strezs will be created.

Thiz process must complete prior ta running
the Damage Tolerance Analyziz.

Do you want to continue 7

If the selected load spectrum has not previously been generated then the following message will
be displayed.

Load / Strezs Spectrum Information

C:ARAPIDAVGEMBLM.OUT dossn't exist.
Thiz file muzt be created by the
ToolzlProgram SetuplGenerate Load Spectra module.

In this occurs, then press tK button, cancel theoad/Stress Spectrum Informationdialog
window, select th&senerate Load Spectramenu item from thé’rogram Setup submenu of
the Tools menu, and generate the desired spectrum. Then, returnltoatiéstress Spectrum
Information dialog window and continue.

Listed below is the input to the DTA module that may be displayed after the stress spectra are
generated:

2
REPAIR CONFIGURATION TYPE (1 External Doubler) - Side 2 - for Longitudinal Crack direction
3
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(ksi),FTU
2 0.063 10500 9.01566e-10 3.68842 1524 45 62
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
18 8
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqgrt(in)),Yield S(ksi)
2 0.071 10500 09.01566e-10 3.68842 152.4 45
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max# In Col
4
Material, Hole Diameter *(1-AL, 2-TI, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
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1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
24 12 24 0 O
STIFF : Max #, POS, CSA, Yng.Mod., HPit
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
Dbir Id
1

PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 24.000 16.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
17.0000 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA,TipB,ICL,KBFLG
2 1 0 1 0 0.0500.000 0 O
REPAIR CONFIGURATION TYPE (1 External Doubler) - Side 3 - for Circumferential Crack direction
3
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(ksi),FTU
1 0.063 10500 6.76125e-10 3.7198 152.4 45 62
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
8 18
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sgrt(in)), Yleld S(ksi)
1 0.071 10500 6.76125e-10 3.7198 152.4
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max # In Col
3
Material, Hole Diameter *(1-AL, 2-Tl, 3-Steel)
3 0.19000
3 0.19000
3 0.19000
Max # In Row, Crit #, Crit #, Overlap, L2R
16 9 16 0
STIFF : Max #, POS, CSA, Yng.Mod., HPit
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
0 0.0000.000 0.000 0.0000
Dbir Id

PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 16.000 24.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
8.0000 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL,KBFLG
2 1 0 1 0 0.0500.000 1 O

The damage tolerance analysis is then executed by selectinguthddamage Tolerance
Analysis menu item located in tHieamage Tolerancesection of théAnalysis pull-down menu.

The following shows a condensed version of the textual output produced by the DTA module
and displayed by selecting tA@abular DTA Results menu item in theDamage Tolerance
section of théAnalysis pull-down menu:
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DAMAGE TOLERANCE ANALYSIS RESULTS OF THE REPAIR

THE FOLLOWING 2 SETS OF OUTPUT ARE FOR THE LONGITUDINAL CRACKS OF SIDE 2:

wxeck CENTER FASTENER  *+*x*

FASTENER LOAD = 17.17707 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
0.05000 0 45.00000
0.12590 7862 45.00000
0.20180 15182 45.00000
0.27770 21532 45.00000
0.35360 26872 45.00000
0.42950 31331 45.00000
0.50540 35050 45.00000
0.58130 38126 45.00000
0.65720 40552 45.00000
0.73310 42257 45.00000
0.80900 43170 45.00000

TIP-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
1.19100 43170 45.00000
1.40747 44320 45.00000
1.42798 44402 45.00000
1.45198 44492 45.00000
1.47841 44591 45.00000

. (etc...)
17.80900 50801 20.52188
18.19100 50801 20.52188
18.21032 50801 20.11429

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 25400 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 25400
0.10000 22811
0.15000 20307
0.20000 17896
0.25000 15793
: (etc...)
11.86189 104 '
11.91189 102
11.96189 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

*xk%k - RIGHT CORNER FASTENER  *****

FASTENER LOAD = 22.12082 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)
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(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
0.05000 0 45.00000
0.12590 3104 45.00000
0.20180 5995 45.00000
0.27770 8503 45.00000
0.35360 10612 45.00000
0.42950 12373 45.00000
0.50540 13843 45.00000
0.58130 15059 45.00000
0.65720 16018 45.00000
0.73310 16691 45.00000
0.80900 17052 45.00000

TIP-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
1.19100 17052 45.00000
1.49024 17675 45.00000
1.51853 17721 45.00000
1.55172 17771 45.00000
1.58583 17825 45.00000

. (etc...)
18.96424 21070 20.83612
19.13749 21072 20.42561
19.27160 21073 20.11429

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 10536 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 10536
0.10000 9514
0.15000 8525
0.20000 7573
0.25000 6743
: (etc...)
1252449 104 '
1257449 102
12.62449 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

THE FOLLOWING 2 SETS OF OUTPUT ARE FOR THE CIRCUMFERENTIAL CRACKS OF SIDE 3:

wxeck CENTER FASTENER - ¥+

FASTENER LOAD = 20.84483 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSl)
0.05000 0 45.00000
0.12600 149606 45.00000
0.20200 296284 45.00000
0.20414 300000 45.00000
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*xkk BOTTOM CORNER FASTENER  **+**

FASTENER LOAD = 23.06234 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSl)
0.05000 0 45.00000
0.12600 59745 45.00000
0.20200 115796 45.00000
0.27800 164608 45.00000
0.35400 205717 45.00000
0.43000 240066 45.00000
0.50600 268730 45.00000
0.58200 292424 45.00000
0.61282 300000 45.00000

These results can be displayed graphicallyRasidual Strength vs. Crack Length Crack

Length vs. Number of Flights andInspection Interval vs. Detectable Crack Lengthplots.

Each of these plots, which are shown below, is generated for longitudinal cracks in the center
and corner fasteners above the cutout and for circumferential cracks in the center and corner
fasteners to the right of the cutout. The plots can be selected froathage Tolerance

section of theAnalysis pull-down menu in the main RAPID MDI.

l] C:ARAPIDAEXAMPLE ] _RPD : Residual Strength vs Crack Length Plot
Eesidual Strength ws Crack Length Plot -- Side 2 -- Top of Cutout =
500 4
45
w40 Ft)’_
2
%30
g
f
Load Lt
: 20 20.1143 (ksi)
=
n
o 100 4
0
0.0 2.5 5.0 7.5 10.0 _ 12.5 15.0 17.5 20.0
Residual Strength (ksi) : Cral:k Lﬁﬂgth (]IlChES)

Longitudinal Crack

[a) Center Fastensr

(] Fight Cormer Fastener -

4 | A5
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Selecting the plot for side three will display the following informational message to indicate that
the plot is not available because the critical crack length was not reached within the program
limit of 300,000 flights.

Residual Strength vz Crack Length Plot

I ot enough data points to draw a plat.
Murber of flights required to reach the critical
crack length for this side exceeds 300,000,
See tabular resultz in output data file,

lj C:ARAPIDAEXAMPLET.RPD : Crack Length vz # of Flights Plot |_ O] x|
Crack Length vs # of Flights Plot -- Side 2 -- Top of Cutout =

0.0 ¥
3]
175 4 !

Crack Length (inches)

T5 07
50 7
25 9
0.0
0 10 20 k]l 40 50 Gl
Crack Growth Life (Flights) - Cracle Growth Life {1000 Flights)
Longitadinal Crack
[a) Center Fastener
(b Faight Comer Fastener
4 (o
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l] C:ARAPIDAEXAMPLE ] RPD : Crack Length vz # of Flightz Plat

4 |

Crack Length (inches)

Crack Length ws # of Fights Plot -- Side 3 -- Raght of Cutout

07 T

0.4

0.5

0.4

0.3

0.2

0.1

0.0
0 50

Crack Groearth Life (Flights)
Cireumferential Crack

[a) Center Fastensr

(&) Bottem Commer Fastensr

100 150 200
Crack Growth Life (1000 Flights)

250

300

_>I_,a.

lj C:ARAPIDAEXAMPLET.RPD : Inspection Interval vz Detectable Crack Length Plot =1 E3
Inspection Interwal vz Detectable Crack Length Plot -- Side 2 -- Top of Cutout =
U i
5
ﬁ 25 day
L)
= 20 A
T o5 ]
b=}
5 0]
a 10 A
o
=
T 5
£, |
=
0 ; ; ;
0.0 2.5 5.0 ) 100 12.5 15.0
Fisst Inspection at (Flizhts) - Detectable Crack Length (inches)
Longitadinal Crack
(&) Center Fastener - 25400
(b Faght Comer Fastener - 10534
4 | 4
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Selecting the plot for side three will display the following informational message to indicate that
the plot is not available because the critical crack length was not reached within the program
limit of 300,000 flights.

Inzpection Interval ¥s Detectable Crack Length Plot

Mot enough data points to draw a plat.
Murnber of flights required to reach the critical
crack length for this side excesds 300,000,
See tabular results in output data file,

8.1.5 View and Print the Report

To view the report, sele&eport from theAnalysis menu.

File Edit “iew General Deszign Tools Window  Help

Dl 5@'@;' ﬁl é” %l [ SteticAfabsis  »

Damage Tolerance *

Dimensions 21.800in.x B.00in.; centr Repott..

While the report is displayed, it may be printed by seled@mgt from theFile menu.

RAPID Yersion 2.1 M=l E
AN Edit “iew General Design Tool: Analvzis Window Help

P e Chrl+M -

S = o ) | ] 5

[ Chrl+F4 Alin.; centroid = ( 13.00, 9.00)

Save .. Chrl+5

Save bz

Frint ... Chrl+F

Frint Preview

Frinter Setup ...

Exit Alt+F4

This will invoke theReport Print Options dialog window, through which the user may choose
which components of the report to print.
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8]

RAPID Report Options [_ |

Files :

| Static Analysis Input
| Static Analysis Besults
| Damage Tolerance Input

Cancel

v Damage Tolerance Results

Plotz :

+| Besidual Strength vz Crack Length
| Crack Length vz Number of Flights
+| Inspection Interval ¥= Crack Length

| Analyziz Notes

8.1.6 Save the Repair Model

This completes the example problem. To save the model, select eitBavim Save Asmenu

item from theFile pull down menu. Once saved, the model can be opened and modified in a
subsequent RAPID session by selecting the file open button on the button baDpeth@enu

item in theFile pull-down menu.
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8.2 Longitudinal Butt Joi nt Example

The following is an kample of a rectagular cutout with a sigle external double repair over a
longitudinal butt joint. The cutout is 8 inchegghiby 5 inches wide and is centered between
frames and Iogerons spaced on 20eh centers. The doubler size and fastelocations are
automaticdy determinedby the default pitch and gd distance settgs, taether with the
selected number of fastener rows peesi The dyout andmaterials are shown in the follomg
figure.
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Skin:
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\_/ ‘Thickness = 0.050"
) Splice:
| T Tikness 0040
< " > IckKness = 0.
20.0 ' Doubler:

2024-T3 Clad Sheet
Thickness = 0.063"
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Fasteners:
L_ " _,l o NAS1097-E6
5.0 Pitch = 1.0"
< 11.0" — > Edge distance = 0.5"

8.2.1 Create the New R APID Model

The first step is to start the RO program from the Windows Program Manager.nc®
launched, RRID will display its main MO window, as showrbelow. All of the diabg
windows shown in thisxample appear as subwindows within theARA MDI window. To
begin a new repaiselectNew from theFile menu.
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RAPID ¥Yerzion 2.1 Mi=] E3
File Edit “iew General Deszsign Tool: Analsi:  Window  Help

o o e = = R e = i = e o 0 [ 2 100% ] |2

R,

The Setup dialog window can be selected from theols --> Program Setup --> File
Locations pull-down menu and is shown below. There is no need to us8etup dialog

window unless there is a need to change the default RAPID configuration. The fastener pitch
and edge distances will be used by Hastener Arrangementdialog window to automatically
determine the number and arrangement of the fasteners in the repair. The defaults can be
changed here or, on a model to model basis, withifrétstener Arrangementdialog window

which will be used later. If any of the values are changed, the@Khbutton must be selected

for the values to be written to the RAPID.INI file, which stores the RAPID defaults. In this
example, we will retain the defaults and simply close the dialog window by clicking on the
Cancelbutton.
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RAPID Setup M=l

Application Drives / Directornies :

Program Files C:A\RAPID
D ata Files C:ARAPID
Temp Files C:ARAPID
Loads/Strezs Files |C:ARAFPID

Fastener Arrangements

Diameter Il].1 875h

Longitudinal Pitch

Circumferential Pitch

Longitudinal Edge Distance (0.5
Circumferential Edge 05

il

| 118 Il Cancel || Help I

The first dialog window in which data will be input is tiercraft/General Information

window, shown below with example input data already entered. This window can be selected
either from the MDI button bar or from tli&@eneral pull-down menu. Once the data is entered,

the OK button must be selected to store the data in the current model and close the dialog
window.

i General/Aircraft Information
Aircraft Information Analyst Information

DOperator I"IH'DIII:I Wide Airlines Hame IJ ohn Doe

*Model Humber |Morton 30 Company Flight Repairs, Inc

Senes Humber 400 Employee ID  [1234

Flight Hours IW EPC'ESIW Title ITec:hni-::ian

Aircraft IDfReqgistration Number Repair Identification

Fuselage No. |FN-1 Repair ID |HID3I] Rev. |u4
*Serial No. |HB?EE Comment |FIAPID Repair Example #2
Airplane Begiztration

IAH -00 ‘ | Cancel I | Help I

Operator Designation —
il]D-D[H * - Required Entry

8.2.2 Define Repair Type and Location

Next, the repair type is selected from fRepair Type dialog window, as shown below. This
dialog window can be selected either from the icon button bar or fro@eheral pull-down
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menu. Thedver/Near Butt Joint Repair Configuration Type is selected, along witgtiffener
Effects, in aSingle - Longitudinal configuration. The selection is saved and the dialog window
is closed by pressing tl@K button.

i Repair Type | x|

Repair Conhiguration Type :

~ Common Repair Skin1

“* Ower/Mear Butt Joint:
» Over/Mear Lap Joint

Ext1

| hsee prowimdls o anothe sopes P
| Conszider Stiffener Effects ?

Butt Joints -

“* Single - Longitudinal

~ Single - Circumferential SKin 2
> Sandwiched Spl1

| 1].8 I| Cancel I | Help I

The Damage Locationdialog window is invoked to enter the location of the damage on the
structure and is shown below. This window can be selected either from the icon button bar or
from theGeneral pull-down menu.

i Damage Location Information
Aircraft Zone - nK

z A TS
Length of Zone [in_] 365

Diztance L' on Fone map [in_] 120

Diztance ‘D' on Zone map [in_] |35

Fuselage Radiuz Mear Bepair [in.] {120

The distances entered on this dialog window refer to regions of the aircraft as depicted in the
zone diagram which can be displayed by selectingZtirees button and which is shown in the
following figure. As with all of the other dialogs withK buttons, remember to save the data
and close the dialog by pressing @K button after completing the entries.

109



Zonel

FWD Pressxe Fromnt Rear  AFT Fusslage AFT Pressure
Bulkhead Spar Spar FWD Bulkhead Butkhead

Crown Repair Location
—
D
\\/ Floot Line

After entering the damage location information, tGeid Scale dialog window will be
automatically displayed to set the drawing scale to accommodate the size of the planned repair.
The grid scale can be reset at any other time by selectin@rttiescale menu item from the

Tools pull-down menu.

8.2.3 Draw the Repair

Analvziz  Window Help

X I|T|[ & =] | [roox =] 2
00y

File Edit “iew General Dezsign Kl
D P B lf'l = £ Grdzcale ..

' |'=‘ | E‘l | 9 |‘«grid[unmff]
Snap to grid
Drawing auto size
Cutout auto zize

Dimensions 21.900in.x 6.00in.

Program Setup r

Databaze »

For the depicted 640 x 480 screen resolution, a grid scale of 4 inches per grid will result in a
workspace of adequate size to draw the largest included object, the repair boundary which is 20
inches wide by 20 inches high.
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arid Scale

Enter the distance [ 0.5 in. increments ] per
GRID :

|4

Cancel

8.2.3.1 Define the Repair Boundary

The repair boundary tool is used to draw the region defined by the two frames and two longerons
which are just outside of the region of the repair, as defined by the doubler.

After selecting the repair boundary tool from the tool bar, the repair boundary is drawn by
clicking the left mouse button on one corner of the repair boundary and then, while continuing to
depress the left mouse button, dragging the mouse to the opposite corner of the repair boundary
and then releasing the left mouse button. The changing size of the repair boundary is displayed
in the upper left of the display as the area is drawn.

nhitled_2 : Drawing Window
EC Untitled_2 : Drawing Wind
FY
Top Longeron -- L3 fo —
e e s LA
e
5 1
| I
g
g A
I @
o AR
U E
: i
2 K
Ul
L=
ﬁ Vb
= I
Iy
(A) Bottom Longeron -- L4 v
| | v A

When the left mouse button is released, Repair Boundary Information dialog window is
automatically displayed to input the frame and longeron labels anduinder of Fasteners
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and theCross-Sectional Areaand to fine-tune th®verall Distancesin the Longitudinal and
Circumferential directions. Remember to enter data for each of the four stiffeners by clicking
on each of the foustiffener buttons in turn.

i Repair Boundary Information

Damage Type IAccidentaI jJ
Overall Distances [ inchesz ]:

Longitudinal direction |2l]
Circumferential direction |2|]

Stiffeners -

<+ Top Longeron [ stringer ]
+ Bottom Longeron [ stringer ]
+ Left Frame Station
~* Right Frame Station

Stiffener Properties:

Stiffener 1D [ location | |E

Mumber of Fasteners [overall distance] (20

Average Pitch on stiffener F
Crozs-Sectional Area [2q.in_] II].5
Material |2I]24-T3 CLAD SHEET J

8.2.3.2 Define Skin Properties !

SelectingSkin Properties from theDesignmenu or selecting th8kin Properties icon on the
button bar invokes th8kin Properties dialog window. Because the repair is over a butt joint,
the existing geometry of the joint must also be entered.

For the two skin layers and the splice layer listed inQ@bgct combo-box in théProperties

section, select thMaterial andThickness In theGeometry section, enter the dimensions of
the splice and the existing fastener geometry.
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' Skin Properties

Repair Type :
|4 - Butt Joint Repair, Single, Longitudin

Properties :

Object

[ETSTR——

248606885808 380382058

Lo

ngitudinal

Material [ 2024-T3 CLAD SHEET =]

Thickness [in.]

Geomeky :

'D* Distance [in.] 10
'‘51'Distance [in.] b
HE Pnvienne G 0

Mumber of Fasteners 'F* 21
Ave. Fastener Pitch [in.] |1

Mumber of Rows ‘R*

) e

o Qo9 a
Stringer

|3— ‘l oK I |Eam::el| | Help I

i 5kin Properties

Repair Type :
|4 - Butt Joint Repair, Single. Longitudin

Properties :

Object

[EEE—

2300330000300

Longitudinal

Material [ 2024-T3 CLAD SHEET 7]

Thickness [in.] Wﬂ

Geomethy :

'D* Diztance [in.] 10
'51'Distance [in.] b
T hvianns 0

Humber of Fasteners F* 21
Ave_ Fastener Pitch [in.] |1

Mumber of Rows ‘R*

E
E
b

51

=R =N
Bottonm

[ == = = -
Stringer

|3— “ 1] I |Eancel| | Help I
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' Skin Properties E

Repair Type :
|4 - Butt Joint Repair, Single, Longitudin

Longitudinal Butt Joint
Properties :

sosesoosoosoccanaaa
Object  [cyaW =l _J. F i
Mol [ D SHEET o] | [§$SYITEISTEESS
Thicknessz [in_] ﬁ_u.“] j 2l s s oceocoooooo aa
[= 0= =T = T = I = R = T = T = R = = = T = ]

E t_ 51 L D O = T R O R R Y Y Y Y v o |

cometty - 2220 a0ccacan,

'D* Distance [in.] 10 5

'51'Diztance [in.] 6 I

HE Pnvienne G 0 : ® ;;;tnm: ;tnr:n;;_ °
Mumber of Fastenerz F* 21 '

Ave. Fastener Pitch [in.] |1

Mumber of Rows 'R* |3 ‘ | oK I | Cancel I | Help I

PressingOK updates the Drawing window to represent the local skin areas as rectangles
extending just beyond the repair boundary frames and longerons. The existing butt joint and
fasteners are also displayed.

EC] Untitled_2 : Drawing Window
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8.2.3.3 Draw the Cutout

Next, the cutout is defined by selecting the cutout tool on the tool bar.

>

The cutout is drawn by clicking the left mouse button on one corner of the cutout and then, while
continuing to depress the left mouse button, dragging the mouse to the opposite corner of the
cutout and then releasing the mouse button. The size and location of the centroid with respect to
the left most frame and bottom longeron are displayed in the upper left of the display.

Ij Untitled_2 : Drawing Window
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When the left mouse button is released, Guwtout Geometry window is automatically
displayed to allow manual correction of the dimensions.
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i Cutout Geometry

Layer ISKIN 1

Diztances [inches]

Start points from Damage Extent ref. point [A]

Longitudinal Direction 7.5

Circumferential Direction b

Cutout Geometry [Rectangular] :

Longitudinal Direction

|5
Circumferential Direction IB

| EE.‘ I| Cancel I| Help I

8.2.3.4 Create the Fasteners

The fastener arrangement is then defined by selectingabner Propertiestool from the
button bar or from th®esignmenu.

E

This invokes thd-astener Global Propertiesdialog window. This dialog window is used to
change the default pitch and edge distances and to enter the number of fastener rows per side of
each doubler. Because this information is used by RAPID to automatically size the doublers, the
material and thickness of each doubler should also be entered. For the current example, only one
external doubler is included.
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i Fastener Global Properties [ ¢

Mominal Diameter [all fasteners] - II].1B?5

Pitch and Edge Distances [in_]

== RAPID Abzolute Guidelines for Min £ Max ===
Ranges : Minimum Mominal Maximum
[xDiam] [inch] [ x Diam ]

Longitudinal Pitch Iu_3?5 |-| |1_5
Ci f tial Fitch

|n::u-m eren ial Pitc ||]_3?5 |1 |1_5 ITIDI
Longitudinal Edge Iu_zg-l 25 ID_E Iu_?ﬁ
Circumferential Edge Iu_231 5 Iu_5 Iu_?ﬁ

Doubler Information :

Layer Object [Doubler] IEXT DEL1 jJ
Properties :

Material| 2024-T3 CLAD SHEET x| Thickness [0.063 |
Fastener Rows per Side -

Left OFf Cutout 3 Right OF Cutout IB
Top of Cutout 3 Bottom of Cutout |3

Fastener Types :

The one fastener type in the model should now be entered by pressiRgsteaer Types
Define button to display th&astener Propertiesinput screen. Enter 1 for tido. of Fastener
Typesand then enter thgtyle andDiameter for thatType No.

i Fastener Properties

Fasztener TypesfStyles

Mo. of Fastener Types |1

Type No. 1 j
Style | NAS1097-E =]
Diameter [in.] 0.1875 j

| Cancel I | Help I

When theOK button is selected in théastener Global Propertiesscreen, the fasteners and
doubler are automatically generated and displayed in the workspace.
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Ij Untitled_2 : Drawing Window
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8.2.4 Run the Analyses
The analyses can then be run and the results viewed by usitgatlysis pull-down menu.
File Edit Wiew General Design Tools m Window Help
Dlg@ll&‘%l 'fll ‘él ¢ %l E Ereate.-"'v".iew Statiu.: Input File 100% j ‘?
- - . — Fun Static &nalyziz
Dirmensions 21.90in.x B.00 in.; centr T abular Static Results
|

8.2.4.1 Static Analysis

Listed below is the input to the Static module as displayed b@nbate/View Static Input File

menu item in thé&tatic Analysissection of thénalysis pull-down menu:

REPAIR CONFIGURATION TYPE (Single Butt Joint)
4
SKIN/DAMAGE : Number of Layers
1

SKIN : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.05 60 10500
SIDE1 :LENGTH, FSU
8 37
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 42 1.139 0.191
MAX# OF ROWS
3
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NUMBER OF FASTENERS PER ROW

SIDE2 :LENGTH, FSU
5 37
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 33 1.139 0.191
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE3 :LENGTH, FSU
8 37
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 42 1.139 0.191
MAX# OF ROWS

3
NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
5 37
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 33 1.139 0.191
MAX# OF ROWS

3
NUMBER OF FASTENERS PER ROW

REPAIR : Number of Layers
1
EXT DBL1 : Mat.Type
2024-T3 CLAD SHEET
# of Sides, Thickness, FTU (ksi), Modulus (ksi)
4 0.063 62 10500
SIDE1 :LENGTH, FSU
14 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 42 1.005 0.191
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE2 :LENGTH, FSU
11 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 33 1.005 0.191
MAX# OF ROWS
3
NUMBER OF FASTENERS PER ROW

SIDE3 :LENGTH, FSU
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14 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 42 1.005 0.191
MAX# OF ROWS

3
NUMBER OF FASTENERS PER ROW

SIDE4 :LENGTH, FSU
11 38
MAX# OF FASTENER TYPES
1
FASTENER TYPE, AMOUNT, JOINT ALLOWABLE, DIAMETER
1 33 1.005 0.191
MAX# OF ROWS

3
NUMBER OF FASTENERS PER ROW

PITCH : Circumferential, Longitudinal
1.0000 1.0000
BENDING : Q Ratio
2.0

The static analysis is then executed by selectindrtire Static Analysismenu item located in
the Static Analysis section of theAnalysis pull-down menu. When the analysis is complete,
RAPID displays thé&tatic Analysis ResultsSummary.

C:ABAPIDAEX2.BPD : Static Analysiz Results

The repair doubler(z] iz{are]ztatically adequate.

The fastener jointz are statically adequate.

The zhear strength of the repair iz statically adequate.
The repair stiffnezz iz acceptable.

The faztener bending iz acceptable.

For gtatic analyzis detailz zee T abular Besults in Analyziz Menu

The following shows the textual output produced by the static analysis and displayed by
selecting therabular Static Results menu item in thétatic Analysis section of theAnalysis
pull-down. Note that the margins of safety for the doublers and the fasteners are all positive,
indicating that the chosen design is statically adequate.

STATIC ANALYSIS RESULTS OF THE REPAIR

(A) MARGINS OF SAFETY:
*** REPAIR DOUBLERS ***
0.30

MARGIN OF SAFETY IS POSITIVE.
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THE REPAIR DOUBLERS ARE STATICALLY ADEQUATE.

*** FASTENER JOINTS ***

LOAD LOST LOAD RESTORED MARGIN OF SAFETY

(LBS) (LBS) (NONDIMENSIONAL)
SIDE1 24000 42210 0.76
SIDE2 15000 33165 1.21
SIDE3 24000 42210 0.76
SIDE4 15000 33165 1.21

SIDE 1: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 2: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 3: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.
SIDE 4: MARGIN OF SAFETY IS POSITIVE.

THE FASTENER JOINTS ARE STATICALLY ADEQUATE.

(B) SHEAR STRENGTHS:

DOUBLER(S) SKIN MARGIN OF SAFETY
(LBS) (LBS) (NONDIMENSIONAL)

SIDE1 2394 1850 0.29

SIDE2 2394 1850 0.29

SIDE3 2394 1850 0.29

SIDE4 2394 1850 0.29

SIDE 1: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 2: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 3: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.
SIDE 4: MARGIN OF SAFETY IS POSITIVE.

THE SHEAR STRENGTH OF THE REPAIR IS STATICALLY ADEQUATE.

(C) STIFFNESS:

DOUBLER(S) SKIN STIFFNESS RATIO
(LBS/IN) (LBS/IN) (NONDIMENSIONAL)
SIDE1 661500 525000 1.26
SIDE2 661500 525000 1.26
SIDE3 661500 525000 1.26
SIDE4 661500 525000 1.26
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SIDE 1. STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 2: STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 3: STIFFNESS RATIO IS BETWEEN 1 AND 1.5
REPAIR STIFFNESS IS ACCEPTABLE.

SIDE 4: STIFFNESS RATIO IS BETWEEN 1 AND 1.5

REPAIR STIFFNESS IS ACCEPTABLE.

(D) FASTENER BENDING:

Q RATIO
(NONDIMENSIONAL)

SIDE 1 0.59

SIDE 2 0.59

SIDE 3 0.59

SIDE 4 0.59

SIDE 1. Q RATIO IS EQUAL TO OR LESS THAN 2.0
ALUMINUM - FASTENER BENDING IS ACCEPTABLE.

SIDE 2: Q RATIO IS EQUAL TO OR LESS THAN 2.0
ALUMINUM - FASTENER BENDING IS ACCEPTABLE.

SIDE 3: Q RATIO IS EQUAL TO OR LESS THAN 2.0
ALUMINUM - FASTENER BENDING IS ACCEPTABLE.

SIDE 4. Q RATIO IS EQUAL TO OR LESS THAN 2.0

ALUMINUM - FASTENER BENDING IS ACCEPTABLE.

If the repair doubler or the fastener joints for any of the sides had been inadequate (MS < 0) or
only marginally adequate (MS = 0), it would be necessary to return toFaiséener
Arrangement dialog window to modify the fasteners and/or doublers.

8.2.4.2 Damage Tolerance Analysis

Now that it has been determined that the repair is statically adequate, the damage tolerance
analysis (DTA) can be run.
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File  Edit Yiew General Design IDDISMﬂindDW Help

|eeEs| &) <o |%| [ Static Analysis il = @l 2l &l
Damage Talerance DTaA Options ...

Load/Strezs Spectrum [nputs ...

Erawimity [ata ..

Dirmensions 21.90in. x .00 in.; centr

Createiew DTA Input File
Fun Damage Tolerance Analysiz
Tabular DTA Results

Beszidual Strength Flat
Mumber OF Flights Flot
Inzpection [nteral Plot

Select theDTA Options dialog window. For this example, select tBenplified Method for
Crack Growth, the Single through crack center holeOption, and arOperating Pressure
Differential of 8.6 psi.

i Damage Tolerance Options

Crack Growth Method :

< Simplified Method [Uzez E quivalent Stresz]
+ Cycle-by-Cycle Method [Uzes Stress Spectrum] Cancel

Center Hole Options - see Help For further discusssion

< 1 - Single through crack emanating from a center hole
=+ 2 - Two different cracks emanating from a center hole

o

S5ee drawing window for center hole

Initial Crack Tip[z] [inch]:

Primary Crack II].I]E Sanandary Drack II].I]
Operating Pressure Differential [p=i] IB_E

r Print 'beta’ and comresponding crack lengthsz in
analyziz output

Close the window by selecting tl@@K button, then select th€reate/View DTA Input File
menu item which will automatically invoke thHeoad/Stress Spectrum Information dialog
window. For this example, select tBeneric Narrow-Body Load Spectrum
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i Load f Stressz Spectrum Information

Simplified Crack Growth [uses Equivalent Stress]
Uszer Defined Equivalent Strezz [ksi]

+ RAPID Calculated Stress Spectrum

Uszer Specified Stress Spectrum Cancel

Load Spectium Uzed : | Generic Narrow Body jJ

Gireas Syl
A Dofmmed
tvey Debined Hunery - aheads geneated]
tivey Debined foves - gonecale Baars]

! |
=]
]

Baens Diefamd Pie inpul Pormet
Fagadn-P ol hepoatable il cogusnosd
el -by-Dyole Shesaey B epaaiabls ookl
Gireas Bpeoiags Getons

Fasform Famniiew Dot
Fasfonn Hangs | nmoahng

—

Clicking the OK button starts the stress spectrum generation program after displaying the
following warning.

Load / Stresz Spectrum Information [ <]

Thiz process will run fram 1 minute to over an
hour depending on the speed of your computer.

Strezz Spectrums for circumferential and
longitudinal stresz will be created.

Thiz process must complete prior ta running
the Damage Tolerance Analyzis.

Do pou want bo continue ?

If the selected load spectrum has not previously been generated, then the following message will
be displayed.
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Load / Strezs Spectrum Information

Thiz file muzt be created by the
ToolzlProgram SetuplGenerate Load Spectra module.

& C:ARARPIDAGEMBLH.OUT doesn't exist.

In this occurs, then press th button, cancel theoad/Stress Spectrum Informationdialog
window, select th&enerate Load Spectramenu item from thérogram Setup submenu of
the Tools menu, and generate the desired spectrum. Then, return todtdéstress Spectrum
Information dialog and continue.

Listed below is the input to the DTA module which is displayed after the stress spectra are
generated:

4
REPAIR CONFIGURATION TYPE (Single Butt Joint) - Side 1 - for Circumferential Crack direction
4
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sgrt(in)),Yield S(k3|) FTU
1 005 10500 6.76125e-10 3.7198 153 44
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
8 5
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(ksi)
1 0.063 10500 6.76125e-10 3.7198 1524 45
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max# In Col
3
Material, Hole Diameter *(1-AL, 2-Tl, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
14 8 0 0 O
STIFF : Max #, POS, CSA, Yng.Mod., HPit
3.000 0.500 10500.000 1.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
3.000 0.500 10500.000 1.0000 23.000 0.500 10500.000 1.0000
Dblr Id
1
PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 14.000 11.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
10.0120 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL,KBFLG
1 4 0 1 0 0.0500.000 1 O
REPAIR CONFIGURATION TYPE (1 External Doubler) - Side 2 - for Longitudinal Crack direction
3
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(kS|*sqrt(|n)) Yleld S(kS|) FTU
2 0.05 10500 9.01566e-10 3.68842 153
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.

NOOOOR
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5 8
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(ksi)
2 0.063 10500 9.01566e-10 3.68842 152.4 45
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max # In Col
3
Material, Hole Diameter *(1-AL, 2-TI, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
11 6 11 0 0
STIFF : Max #, POS, CSA, Yng.Mod., HPit
4.500 0.500 10500.000 1.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
4.500 0.500 10500.000 1.0000 24.500 0.500 10500.000 1.0000
Dblr Id
1
PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 11.000 14.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
18.6360 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL,KBFLG
3 1 0 1 0 0.0500.000 0 O
REPAIR CONFIGURATION TYPE (Single Butt Joint) - Side 3 - for Circumferential Crack direction
4
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sgrt(in)),Yield S(k3|) FTU
1 0.05 10500 6.76125e-10 3.7198 153 44
EDSX, EDSY
05 05
CUTOUT : X Direct., Y Direct.
8 5
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sgrt(in)),Yield S(ksi)
1 0.063 10500 6.76125e-10 3.7198 1524 45
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max # In Col
3
Material, Hole Diameter *(1-AL, 2-Tl, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
14 8 0 0 O
STIFF : Max #, POS, CSA, Yng.Mod., HPit
3.000 0.500 10500.000 1.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
3.000 0.500 10500.000 1.0000 23.000 0.500 10500.000 1.0000
Dblr Id
1
PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 14.000 11.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
10.0120 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL,KBFLG
1 4 0 1 0 0.0500.000 1 O
REPAIR CONFIGURATION TYPE (1 External Doubler) - Side 4 - for Longitudinal Crack direction
3
SKIN: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(kS|) FTU
2 0.05 10500 9.01566e-10 3.68842 153 44
EDSX, EDSY

NOOOOR

NOOOOR
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05 05
CUTOUT : X Direct., Y Direct.
5 8
EXT DBL1: Mat. Type
2024-T3 Clad Sheet
Mat.Type, Thickness, Modulus(ksi), C, P, Kc(ksi*sqrt(in)),Yield S(ksi)
2 0.063 10500 9.01566e-10 3.68842 152.4 45
PITCH : X Direct., Y Direct.
1 1
FSTNR : Max # In Col
3
Material, Hole Diameter *(1-AL, 2-TI, 3-Steel)
1 0.19100
1 0.19100
1 0.19100
Max # In Row, Crit #, Crit #, Overlap, L2R
11 6 11 0
STIFF : Max #, POS, CSA, Yng.Mod., HPit
4.500 0.500 10500.000 1.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
0.000 0.000 0.000 0.0000
4.500 0.500 10500.000 1.0000 24.500 0.500 10500.000 1.0000
Dblir Id
1
PROXMTY : Flag,Delta X,Delta Y,IQS, Sub.X, Sub.Y,IQP, Prx.X, Prx.Y, EDPX, EDPY
0 0.000 0.000 1 11.000 14.000 1 0.000 0.000 0.500 0.500
FUSELAGE: Eqv.Stress, Press. Diff, Radius
18.6360 8.6 120.000
CRK GRW : RunType,Crk.Scnr,Vsl.Meth,Method,Rtd.Flag, TipA, TipB,ICL,KBFLG
3 1 0 1 0 0.0500.000 0 O

NOOOOR

The damage tolerance analysis is then executed by selectinguthddamage Tolerance
Analysis menu item located in tHieamage Tolerancesection of théAnalysis pull-down menu.

The following shows the textual output produced by the DTA module and displayed by selecting
the Tabular DTA Results menu item in thddamage Tolerancesection of theAnalysis pull-

down menu:

DAMAGE TOLERANCE ANALYSIS RESULTS OF THE REPAIR

THE FOLLOWING 1 SET OF OUTPUT IS FOR THE CIRCUMFERENTIAL CRACK OF SIDE 1:

weeek BUTT JOINT FASTENER  ****

FASTENER LOAD = 16.73764 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH

(INCHES) (FLIGHTS) (KSI)
0.05000 0 44.00000
0.08545 19513 44.00000
0.12090 38236 44.00000
0.15635 56193 44.00000
0.19180 73489 44.00000
0.22725 89240 44.00000
0.26270 102306 44.00000
0.29815 112438 44.00000
0.33360 119651 44.00000
0.36905 123712 44.00000
0.40450 124900 39.65282
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TIP-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
0.59550 124900 39.65282
0.60050 124900 44.00000
0.61122 126188 44.00000
0.62194 126712 44.00000
0.63266 127148 44.00000
0.64338 127516 44.00000
0.65410 127859 44.00000
0.92210 136003 44.00000
1.08290 140030 44.00000
1.24370 142932 44.00000
1.40450 144575 44.00000
1.59550 144575 44.00000
1.60050 144575 44.00000
1.60521 144585 44.00000
1.60922 144593 35.20000

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 72296 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 72296
0.10000 58697
0.15000 45808
0.20000 33730
0.25000 23484
: (etc...)
1.24550 821
1.29550 566
1.34550 310

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

THE FOLLOWING 3 SETS OF OUTPUT ARE FOR THE LONGITUDINAL CRACKS OF SIDE 2:

wkk . CENTER FASTENER  *****

FASTENER LOAD = 16.73764 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH

(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000

0.27770 16728 44.00000
0.35360 21565 44.00000
0.42950 25852 44.00000
0.50540 29636 44.00000
0.58130 32935 44.00000
0.65720 35675 44.00000
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0.73310 37699 44.00000

0.80900 38838 44.00000
TIP-TO-TIP CRACK GROWTH RESIDUAL
CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
1.19100 38838 44.00000
1.28294 39572 44.00000
1.29226 39616 44.00000
1.30184 39663 44.00000
1.31307 39714 44.00000
: (etc...)
21.49009 4é421 31.44543
22.57077 48443 27.55699
23.22652 48451 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 24225 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 24225
0.10000 22389
0.15000 20552
0.20000 18715
0.25000 16879
. (etc...)
16.95961 102
17.00961 101
17.05961 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

wk - RIGHT CORNER FASTENER  *****
FASTENER LOAD = 19.28462 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000
0.20180 4522 44.00000
0.27770 6584 44.00000
0.35360 8409 44.00000
0.42950 10010 44.00000
0.50540 11411 44.00000
0.58130 12625 44.00000
0.65720 13628 44.00000
0.73310 14367 44.00000
0.80900 14782 44.00000
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TIP-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES) (FLIGHTS) (KSI)
1.19100 14782 44.00000
1.94715 16792 44.00000
2.02383 16950 44.00000
2.10828 17117 44.00000
2.20130 17290 44.00000
: (etc...)

23.41755 23332 25.71043

23.47536 23333 25.51849

23.53229 23334 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 11667 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 11667
0.10000 10922
0.15000 10177
0.20000 9432
0.25000 8751
: (etc...)
18.79217 . 104
18.84217 102
18.89217 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

wek LEFT CORNER FASTENER  **+*

FASTENER LOAD = 19.28462 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000
0.20180 4522 44.00000
0.27770 6584 44.00000
0.35360 8409 44.00000
0.42950 10010 44.00000
0.50540 11411 44.00000
0.58130 12625 44.00000
0.65720 13628 44.00000
0.73310 14367 44.00000
0.80900 14782 44.00000

TIP-TO-TIP  CRACK GROWTH  RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
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1.19100 14782 44.00000

1.93844 16803 44.00000
1.97582 16885 44.00000
2.01506 16969 44.00000
2.05626 17056 44.00000
. (etc...)
22.45173 23406 28.91621
23.26524 23422 26.06554
23.49343 23426 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 11713 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 11713
0.10000 10968
0.15000 10223
0.20000 9478
0.25000 8797
: (etc...)
18.73218 104
18.78218 103
18.83217 101

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

THE FOLLOWING 1 SET OF OUTPUT IS FOR THE CIRCUMFERENTIAL CRACK OF SIDE 3:

week BUTT JOINT FASTENER ¥+

FASTENER LOAD = 16.73764 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)

0.05000 0 44.00000

0.08545 19513 44.00000

0.12090 38236 44.00000

0.15635 56193 44.00000

0.19180 73489 44.00000

0.22725 89240 44.00000

0.26270 102306 44.00000

0.29815 112438 44.00000

0.33360 119651 44.00000

0.36905 123712 44.00000

0.40450 124900 39.65282
TIP-TO-TIP  CRACK GROWTH  RESIDUAL
CRACK LENGTH LIFE STRENGTH

(INCHES)  (FLIGHTS) (KSI)
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0.59550 124900 39.65282

0.60050 124900 44.00000
0.61122 126188 44.00000
0.62194 126712 44.00000
0.63266 127148 44.00000
0.64338 127516 44.00000
0.65410 127859 44.00000
0.92210 136003 44.00000
1.08290 140030 44.00000
1.24370 142932 44.00000
1.40450 144575 44.00000
1.59550 144575 44.00000
1.60050 144575 44.00000
1.60521 144585 44.00000
1.60922 144593 35.20000

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 72296 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 72296
0.10000 58697
0.15000 45808
0.20000 33730
0.25000 23484
: (etc...)
1.24550 821
1.29550 566
1.34550 310

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

THE FOLLOWING 3 SETS OF OUTPUT ARE FOR THE LONGITUDINAL CRACKS OF SIDE 4:

wkk . CENTER FASTENER  *****

FASTENER LOAD = 16.73764 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH

(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000

0.27770 16728 44.00000
0.35360 21565 44.00000
0.42950 25852 44.00000
0.50540 29636 44.00000
0.58130 32935 44.00000
0.65720 35675 44.00000
0.73310 37699 44.00000
0.80900 38838 44.00000

TIP-TO-TIP CRACK GROWTH RESIDUAL
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CRACK LENGTH LIFE STRENGTH

(INCHES) (FLIGHTS) (KSI)
1.19100 38838 44.00000
1.28294 39572 44.00000
1.29226 39616 44.00000
1.30184 39663 44.00000
1.31307 39714 44.00000

: (etc...)

21.49009 4é421 31.44543

22.57077 48443 27.55699

23.22652 48451 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 24225 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 24225
0.10000 22389
0.15000 20552
0.20000 18715
0.25000 16879
. (etc...)
16.95961 102
17.00961 101
17.05961 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

rxkk LEFT CORNER FASTENER  *****
FASTENER LOAD = 19.28462 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000
0.20180 4522 44.00000
0.27770 6584 44.00000
0.35360 8409 44.00000
0.42950 10010 44.00000
0.50540 11411 44.00000
0.58130 12625 44.00000
0.65720 13628 44.00000
0.73310 14367 44.00000
0.80900 14782 44.00000

TIP-TO-TIP  CRACK GROWTH  RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)

133



1.19100 14782 44.00000

1.94715 16792 44.00000
2.02383 16950 44.00000
2.10828 17117 44.00000
2.20130 17290 44.00000
. (etc...)
23.41755 23332 25.71043
23.47536 23333 25.51849
23.53229 23334 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 11667 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 11667
0.10000 10922
0.15000 10177
0.20000 9432
0.25000 8751
: (etc...)
18.79217 . 104
18.84217 102
18.89217 100

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE
HELP FILE.

wek RIGHT CORNER FASTENER ¥+

FASTENER LOAD = 19.28462 POUNDS (BASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(A) CRACK GROWTH LIFE AND RESIDUAL STRENGTH:

EDGE-TO-TIP CRACK GROWTH RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
0.05000 0 44.00000
0.20180 4522 44.00000
0.27770 6584 44.00000
0.35360 8409 44.00000
0.42950 10010 44.00000
0.50540 11411 44.00000
0.58130 12625 44.00000
0.65720 13628 44.00000
0.73310 14367 44.00000
0.80900 14782 44.00000

TIP-TO-TIP  CRACK GROWTH  RESIDUAL

CRACK LENGTH LIFE STRENGTH
(INCHES)  (FLIGHTS) (KSI)
1.19100 14782 44.00000
1.93844 16803 44.00000
1.97582 16885 44.00000
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2.01506 16969 44.00000

2.05626 17056 44.00000
. (etc...)

22.45173 23406 28.91621

23.26524 23422 26.06554

23.49343 23426 25.34400

(B) NDI INSPECTION INTERVAL:

AFTER REPAIR INSTALLATION, FIRST INSPECTION IS AT 11713 FLTS.

DETECTABLE INSPECTION
CRACK LENGTH INTERVAL
(INCHES) (FLIGHTS)
0.05000 11713
0.10000 10968
0.15000 10223
0.20000 9478
0.25000 8797
: (etc...)
18.73218 104
18.78218 103
18.83217 101

NOTE: FOR DEFINITION AND SKETCH OF THE DETECTABLE
CRACK LENGTHS, PLEASE SEE THE ANALYSIS MODULE

HELP FILE.

These results can be displayed graphicallyRasidual Strength vs. Crack Length Crack

Length vs. Number of Flights andinspection Interval vs. Detectable Crack Lengthplots for

each side of the repair. Each of these plots, which are shown below, is generated for longitudinal
cracks in the center and corner fasteners above the cutout and for circumferential cracks in the
center and corner fasteners to the right of the cutout. The plots can be selected Bamadbe
Tolerance section of théAnalysis pull-down menu in the main RAPID MDI.
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l] C:ARAPIDAEXAMPLE 2 RPD : Residual Strength vs Crack Length Plot
Residual Strength ws Crack Length Plot -- Side 1 -- Left of Cutout —
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l] C:ARAPIDAEXAMPLE 2 RPD : Residual Strength vs Crack Length Plot
Residual Strength ws Crack Length Plat -- Side 3 -- Right of Cutout —
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Residual Strength ws Crack Length Plot -- Side 4 -- Bottom of Cutout —
500 4
44
w40
<2
'ﬁ:u a0 4
i Load Limit
L'}':{] 25.344 (ksi)
= 20
=]
=
b
moo10 -
0 ; ; ; ; ;
0.0 5.0 10.0 150 200 250
Resitnal Strength (ksi) - Crack Length (inches)
Longitadinal Crack
() Center Fastensr
(b) Left Corner Fastener -
i | v A

137



l] C:ARAPIDAEXAMPLE2 RPD : Crack Length vz # of Flightz Plat
Crack Length vs # of Flights Plot -- Side 1 -- Left of Cutout
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l] C:ARAPIDAEXAMPLE 2 RPD : Inspection Interval vs Detectable Crack Length Plot
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l] C:ARAPIDAEXAMPLE 2 RPD : Inspection Interval vs Detectable Crack Length Plot
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8.2.5 View and Print the Report

To view the report, sele&eport from theAnalysis menu.

File Edit “iew General Deszign Tools Window  Help

—  Static Analyziz r
3G | Suicanay

o eBles] =] < ¢
Damage Tolerance *

Dimensions 21.490in.x B.00in.; centr izt .
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While the report is displayed, it may be printed by seled@mgt from theFile menu.

RAPID Version 2.1 Mi=] E3
=W Edit “iew General Deszign Toolz Analbziz Window Help

P e Chrl+M -

o LA EEiE e T [ @] 2] & oo -] 2

Close Chil+F4 Al in.; centroid = { 13.00, 9.00)

Save .. Chil+5

Save bz

Frirtt ... Ctrl+F

Frint Preview

Frinter Setup ...

E it Alt+F4

This will invoke theReport Options dialog window, in which the user may choose which
components of the report to print.

RAPID Report Options M=l B

Files :

+| iStatic Analysis Input
| Static Analyzsis Besults
| Damage Tolerance Input

Cancel

| Damage Tolerance Results

Plots :
| Residual Strength vz Crack Length

+*| Crack Length ¥= Humber of Flights
| Inspection Interval ¥z Crack Length

| Analysis Notes

8.2.6 Save the Repair Model

This completes the example problem. To save the model, select eitBavim Save Asmenu

item from theFile pull down menu. Once saved, the model can be opened and modified in a
subsequent RAPID session by selecting the file open button on the button baDpeth@enu

item in theFile pull-down menu.
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Appendix A. Run Analysis From the DOS Prompt

The RAPID analysis programs are compiled FORTRAN programs:

Static Analysis - REPAIRS.EXE
Damage Tolerance - REPAIRD.EXE

Both programs read “initialization files” — these files contain the input, output, error, and
database filenames that are read by the analysis programs ( the following 2 filenames are hard-
coded into the program ) :

Static Analysis - REPAIRS.@#%
Damage Tolerance - REPAIRD.@#$

There is a 3 step process for running the analysis programs in the DOS mode:
1. Obtain the input data from the “saved” repair configuration file.
2. Modify the analysis initialization file.
3. Run the desired analysis program (the initialization file will be read by the analysis
program)

Obtain the Data

The Static Analysis input is stored in the [~STA_INP] section of the saved repair configuration.

1. Open the saved file using any ASCII text word processor
2. Search for [~STA_INP]
3. Block this section and copy it to the clipboard
4. Paste from the clipboard to your input file
Example of the start of the section:
[~STA_INP]
REPAIR CONFIGURATION TYPE (1 External Doubler)

3
SKIN/DAMAGE : Number of Layers

The Damége Tolerance Analysis input is stored in the [~DTA_INP] section of the saved repair
configuration.

Use the above procedure to cut and paste to your document.
Example of the start of the section:
[~DTA_INP]
4
REPAIR CONFIGURATION TYPE (1 External Doubler)

3
SKIN: Mat. Type



NOTE -- The input decks for both the static and damage tolerance files must NOT contain any
blank lines.

The binary stress spectrum files used by damage tolerance analysis can be found by searching for
the [-RPD_SPO] and [~RPD_SP1] sections of the saved repair configuration. The entries in
these sections give the files names of the stored data.

Example of the sections:
[~RPD_SPO]
TYPE31._SO

'[~RPD_SP1]
TYPE31. S1

These file names are required for the initialization file described below.

Modify the Initialization File

STATIC Analysis

The static analysis program, REPAIRS.EXE, reads the initialization file, REPAIRS. @#$
File specification foREPAIRS. @#$

repairs.inp /l input deck created by RAPID GUI
repairs.out // output deck created by REPAIRD.EXE
repairs.err /I error file created by REPAIRD.EXE

These files can be named anything you wish, the program names them:

repairs.inp ~sta_inp.<#>
repairs.out ~sta_out.<#>
repairs.err ~sta_err.<#>

The extension, <#>, is an integer the program assigns when it opens a file or
starts a new file.

DAMAGE TOLERANCE Analysis

The damage tolerance analysis program, REPAIRD.EXE, reads the initialization file,
REPAIRD.@#$

File specification foREPAIRD.@#$

repaird.inp I/l input deck created by RAPID GUI

repaird.out // output deck created by REPAIRD.EXE

repaird.err // output deck created by REPAIRD.EXE

repaird.sif I/ *beta factors for baseline repairs

repaird.mat /l *material database factors

repaird.fst I/ *skin stress factors for baseline repairs

1 /I flag to indicate the next 2 files are the spectrum files to be used
repaird.sp0 /I binary spectrum file(circumferential stress)created by
RAPID GUI

repaird.spl /I binary spectrum file(longitudinal stress) created by
RAPID GUI
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1 /I flag to indicate the next file is the proximity file to be used

repaird.prx /l *fastener load transfer factors due to proximity effect
1 /I flag to indicate the next file is the splice joint file to be used
repaird.jnt I/ *skin stress factors for splice joint repairs

1 /I flag to indicate the next 3 files are the stiffener files to be used
repaird.stf I/ *skin stress factors due to stiffener effect

repaird.stb /I *stiffener beta factors

repaird.lcf /I *life correction factor database for splice joints

1 /I flag to indicate the next file is the circular file to be used

repaird.cir [ *circular repair ratio factors

Note: 0=Do not read filename on next line; 1=read filename on next line.
* Do not change these file names

User may execute analysis with either proximity effect, stiffener effect, or splice joint.
These effects cannot be combined yet. So ongof the flags may be set to 1.

The following files can be named anything you wish, the program names them:
repaird.inp ~dta_inp.<#>

repaird.out ~dta_out.<#>

repaird.err ~dta_err.<#>

repaird.sp0 ~rpd_sp0.<#> // binary spectrum file - circumferential
stress

repaird.spl ~rpd_spl.<#> // binary spectrum file - longitudinal stress

The extension, <#>, is an integer the program assigns when it opens a file or
starts a new file.
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Appendix B. Save Output Data to be Used by Other Programs

The static analysis output is stored in the [~STA_OUT] section of the saved repair configuration.

1. Open the saved file using any ASCII text word processor
2. Search for [~<STA_OUT]

3. Block this section, and copy it to the clipboard

4. Paste from the clipboard to your document

Example of the start of the section:

[~STA_OUT]

STATIC ANALYSIS RESULTS OF THE REPAIR

(A) MARGINS OF SAFETY:

The damage tolerance analysis output is stored in the [~-DTA_OUT] section of the saved repair
configuration.

Use the above procedure to cut and paste to you document.
Example of the start of the section:

[~-DTA_OUT]

DAMAGE TOLERANCE ANALYSIS RESULTS OF THE REPAIR

THE FOLLOWING 2 SETS OF OUTPUT ARE FOR THE CIRCUMFERENTIAL CRACKS:
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Appendix C. Description of RAPID.INI File

The RAPID.INI file is used to provide initialization and default data for the application.

It is structured like a generic Windows’ INI file. The text within the brackets [..] is called the
“section” and the text under each “section” are called “entries.” RAPID accesses and updates
this file through the Tools | Setup menu. RAPID is shipped without this INI file. With the initial
run of RAPID, an INI file is constructed with hard-coded data and file location entries on the
current drive/directory.

The section/entry name@sust not be changed!!!

[Version]
Number=2.0

[File_Locations]
Prog_Dir=D:\RAPID2C
Data_Dir=D:\RAPID2C
Temp_Dir=D:\RAPID2C
Loads_Dir=D:\RAPID2C\LOADS

[RepairType]

Type=TYPE30

ProximityFlag=0  // O-false 1-true
StiffenerFlag=0  // O-false 1-true
LapReversedFlag=0 // O-false 1-true

[Report_Options] // parts to be printed on the report

Static_Input=0 /I O-false 1-true
Static_Results=1 // O-false 1-true
DTA_ Input=1 /I O-false 1-true
DTA_Results=0 /I O-false 1-true
Residual_Plot=0  // O-false 1-true
Flights_Plot=0 I/l O-false 1-true
Inspection_Plot=0 // O-false 1-true
Analysis_Notes=0 // O-false 1-true

[Fastener_Data]
Long_Pitch=1.0
Circum_Pitch=1.0
Long_Edge=0.5
Circum_Edge=0.5
Style=NAS1097-E
Diameter=0.1875
Rows=3

[DTA_Options]

Run_Type=2

Crack_Growth=1

Hole_Options=1

Visual_Method=0 // O-false 1-true
Retardation=0 /Il O-false 1-true
PrimaryTip=0.05

SecondaryTip=0.0
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OperatingPressure=

[Stress_Data]
EquivStress=1 /I 1-RAPID calculated with RAPID data
/I 2- User entered value
/I 3- RAPID calculated with User data
EquivStressValue= // Equivalent Stress value
SpectrumUsed=3 /I 1-RAPID defined 2-User defined (binary)
/I 3-User defined (ascii)
SpectrumName=Generic Narrow Body

InputFormat=1 I/l 1-Pseudo-Flights (repeatable flight sequence)

/I 2-Cycle-by-Cycle Stresses (repeatable block)
RainFlow=0 // O-false 1-true
Truncation=0 /I O-false 1-true

TruncRange=2.0
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Appendix D. Description of Stiffener Effects Regions

Damage Tolerance Input File

STIFF : MAX #, POS, CSA, YNG.MOD, HPIT
0 0.0 0.0 0.0 0.0
1 1.5 0.5 10500 0.909
0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0
1 265 05 10500 0.909
0 0.0 0.0 0.0 0.0
Region0 ®Region 1 ® Region 2 Region 3 1 Region 48 Region 5

=
a1

26.5

4
Fastener olojooocoooooo0o0o00000000000O0O|cle
#1 ololoowoooooo000900000000 a0 O|ofo Fastener
ololoocooocooooo0o0o0000000000O0|ofo #27
ololooooooo0000®00000000G0O|ofo
ofojoo~ — — — — — — — — o ololo
ololoo" ' joooo
ololo o, . , o ololo
ololo o | o ololo
olojo o ' 1 0 ololo
ololo o |2 9lojlo
olofo o ' o olo|o
olojoo, \ joololo
olooo® - - . _ _ _ _ o olo|o
ololoopooooo0o000poo0000000QOO|ofo
ololooco0000000000000000000O|ofo
ololoowooocooocoo0o00000000a@ocolofo
ololooocoooooo00000000000000O0|ofo
1 1 1
n m— 1 1 1 — n
d ] [ 2] M h
1 1 1

Regions -Each repair has 6 regions numbered from left to right:

Region 0: Outside left (repair boundary) of the repair to the left most side of the repair
(absolute distance)

Region I Left most side of the repair to the left most side of the cutout

Region I Left most side of the cutout to the center line of the repair

Region lll:  Center line of the repair to the right most side of the cutout

Region IV:  Right most side of the cutout to the right most side of the repair
Region V: Outside right (repair boundary) of the repair to the right most side of the repair
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Stiffener Input Line fields:
MAX # Number of stiffeners in region; maximum of 8 stiffeners per region

POS Absolute position of the stiffeners in relation to the whole repair (from the left edge of the
repair); for:

REGIONS 1-4, 0.& POS< Max.DoublerSize;
REGION 0, POS is the absolute distance of the stiffener away from the left edge of the
repair;
REGION 5, POS is the absolute distance of the stiffener away from the right edge of the
repair.
CSA Cross-sectional area of the stiffener
YNG.MOD  Young’'s modulus of the stiffener
HPIT Pitch of the fasteners in the stiffener
DBLR ID - If more than 1 repair doubler, indicate which repair doubler is being used in
referencing the stiffener’s positions, 1=first doubler and 2= second doubler. If there is only 1
repair doubler, then DBLR ID=1.

Note: Each stiffener in a region has a position, cross-sectional area, Young’s modulus, and
fastener pitch in the stiffener parameters associated with it.

Although there might not be any stiffeners in the repair or region, @oe0.0) in the number
of stiffeners, position, cross-sectional area, Young’s modulus and pitch parameters.
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