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Overview

The Flight Dynamics Workbook automates air file parameter calculations.  All of the parameters calculated by the workbook can be written out to a file with a single mouse click.  This specially formatted text file contains all of the AIR file codes calculated by the spreadsheet. 

The codes in the Workbook's output file are then applied to an AIR file by AirUpdate, a simple to use AIR file editor custom designed to work expressly with the Flight Dynamics Workbook.

The Flight Test Panel contains a custom designed multi-function digital display capable of displaying upwards of 30 flight performance parameters, including airspeed, altitude, vertical speed, turn rate, roll rate, fuel level, horsepower, thrust, and manifold pressure.  The Flight Test Panel can also record flight data in tab-delimited text file.  This test panel is essential for measuring and evaluating flight model performance.  The test panel can be used in Combat Flight Simulator 2, Flight Simulator 2002, and Flight Simulator 2004. 

Using And Distributing the Flight Dynamics Workbook

Flight Dynamics Workbook is released as Freeware. Copyright (C) 2001- 2005, Jerry Beckwith.  As freeware you are permitted to use the Flight Dynamics Workbook subject to the following conditions:

· You are granted permission to use the Flight Dynamics Workbook to create flight models for public distribution as freeware, but please credit the author and acknowledge use of the Flight Dynamics Workbook for the files you create with it. 

· The Flight Dynamics Workbook may not be hosted on any other web site or re-distributed by any other means without written permission from the author. 

· You may not charge third parties for creating flight models with the Flight Dynamics Workbook without prior written agreement from the author. 

· You may not use the Flight Dynamics Workbook to develop commercial products without prior written agreement from the author. 

· You may not reverse engineer or modify the Flight Dynamics Workbook without prior written agreement from the author. 

Disclaimer

The Flight Dynamics Workbook is supplied on an as-is basis.  The author offers no warranty of its fitness for any purpose whatsoever, and accepts no liability whatsoever for any loss or damage incurred by its use.  This is not a supported product.  The author accepts no commitment or liability to address any problems that may be encountered in using this workbook.

Introduction

The Flight Dynamics Workbook has been designed to create flight models with accurate speeds, climb, roll, and turn rates.  The Flight Dynamics Workbook automatically calculates air file parameters using the physical dimensions and performance characteristics of the original aircraft.  The Workbook uses NACA wind tunnel data to calculate lift and drag parameters for the airfoils.  The engineering data and formulas used to calculate propeller efficiency, climb rates, roll rates, and stability parameters were drawn from the NACA database as well.

The Flight Dynamics Workbook can create accurate flight models for single and multi-engine aircraft using either piston engines or turbojet engines.  It has been used to create flight models for Trainers, Fighters, Bombers and Seaplanes - everything from WW1 Bi-planes to WW2 jets.  

The underlying principle of the Flight Dynamics Workbook is to calculate AIR file parameters based on the physical characteristics of the real aircraft and rely on the equations of motion built into the flight simulator to model the performance of the virtual aircraft.  The current generation Microsoft flight simulators are very capable of producing hi-fidelity results if given the opportunity.  The following paragraphs describe the degree of accuracy can you expect from the Flight Dynamics Workbook.  

Speed at Altitude

The maximum speed at sea-level and maximum speed at high altitude will be within 1% of the performance figures entered in the worksheets.  The maximum airspeed will occur at the correct altitude, and the airspeed at any other altitude will be less than the maximum speed.  

Climb Rate

The climb rate will be within 1% of the performance figures entered in the worksheets. Climb rate measurements depend on initial altitude and airspeed, test weight, time measurement interval, and pilot skill; results can vary significantly from test to test. 

Roll Rates

The maximum roll rate will be within a few percentage points of the specified roll rate and the speed where the optimum roll rate occurs will likewise be within a few percentage points of the target speed.  The same can be said for the measured roll rate at other airspeeds as well.  Roll rate performance depends not only on altitude, but also on the aircraft's angle of attack; so pilot skill has a significant impact on test measurements.  Roll rate is very difficult to measure accurately; test results will vary significantly from test to test. 

Turn rates 

The Flight Dynamics Workbook calculates turn performance in terms of g-force vs airspeed - which tells you how fast you can go without stalling, turn rate in degrees per second vs airspeed and minimum turn radius vs airspeed.  

Lift coefficients, weight, and wing surface area are used to predict potential and predicted actual turn performance.  The performance of properly tuned flight models will match the Workbook's predictions.  

Actual turn performance data for WWII vintage aircraft is very difficult to obtain.  To date, turn performance data for only one aircraft has been located, the P-51D.  This data was within about 5% of the performance calculated by the Workbook.

Data Input

The Flight Dynamics Workbook has seven data entry worksheets:

· Data Sheet

· Specifications - The top section of the data sheet contains the aircraft specifications. The spreadsheet uses these values to calculate many of the parameters used in the AIR file. The more accurate the numbers are, the more accurate the flight performance will be.

· Questions - The bottom section contains questions that help configure the aircraft based on our knowledge of the aircraft. The answers are used to modify the flight characteristics to more closely match the performance of the aircraft.
· Weight Sheet

· This sheet allows you to equip your aircraft with different items including guns, ammo, and other miscellaneous equipment. The Empty Weight is the aircraft's weight as rolled off the manufacturer’s assembly line without guns. The military added guns after they accepted the aircraft. Some of the empty weights you come across may include the weight of the guns and other military accessories, so research your data thoroughly.  

· The Weight Sheet also contains a database of the gun types used to equip WWII aircraft.  You'll need to know what type of guns were used on your aircraft, how many were used, and how many rounds were loaded for each gun.

· Airfoil Sheets

· The Root and Tip sheets allow you to specify the airfoil profile at the wing root and wing tip.  

· Data for many of commonly used NACA profiles can be entered checklist style.

· Alternatively, lift coefficient data can be entered directly using three airfoil parameters:

Angle of Attack @ cl=0

Maximum cl (cl_max)

Angle of Attack @ cl_max

· Prop Sheet

· This sheet tunes the aircraft propeller's thrust for a number of operating conditions. It uses the aircraft performance specifications you input on the Data sheet to determine the efficiency of the prop. It accounts for cowling inefficiencies, prop blade width (i.e. narrow blade vs. paddle blade), and any other influence that affects the efficiency of the prop.

· Jet Sheet

· This sheet tunes the aircraft tubojet thrust for a number of operating conditions. It uses the aircraft performance specifications you input on the Data sheet to determine the efficiency of the engine. 

· Fields Sheet

· There are a number of cells on this sheet that allow you to override the data calculated by the spreadsheet:

· CFG Sheet

· This is the Aircraft.cfg data page.  Landing gear contact points and fuselage scrape points are entered on this page.

Editing AIR files with AirUpdate

Editing an AIR file couldn't be easier; the Flight Dynamics Workbook updates an AIR file with just a few button clicks:

· After entering all your data, go to the Data sheet

· Click on the “Update Aircraft.cfg” button. This updates the aircraft.cfg file with the correct empty weight and moment of inertia (MOI) values.

· Click on one of the “Write Updates.txt” buttons. This creates the file “Updates.txt”.   

· Start the AirUpdate utility program. 

· Select the AIR file.

· Select “updates.txt” and click the "Update" button. 

· AirUpdate merges all of the parameters calculated by the spreadsheet into the selected AIR file

Note: “Write Updates.txt” buttons can also be found on most of the data entry sheets throughout the workbook.  Any of them will create the same "Updates.txt" file.

 Creating Flight Models

Before you do anything, start with a clean sheet:

1. Copy the workbook into the aircraft folder. 

2. Click the "Reset Spreadsheet" button on the Data sheet
Aircraft Identification

Enter the Type, Name, Manufacturer, and Service of the aircraft in the appropriate cells on the Data sheet. 

And don’t forget to enter your name as the Air File Author!
Notes

Enter any specific info about the aircraft that you want to make note of. You can include hyper links to data found on the web or list books you used as references. Also, note any missing info. Another reader might have the data you're missing and be able to supply it to you for a future update.

Performance Data

Max Speed 
The maximum True Airspeed (TAS) at altitude. This can be with or without WEP.  

Max Speed Altitude 
Altitude where the maximum speed occurs. This is about where the engine's critical altitude occurs, but it can be several thousand feet higher.

Max Speed at Sea-level 
If you cannot find the maximum sea-level speed, enter the estimated Sea Level speed shown in the adjacent cell.  


Note: For propeller driven aircraft, the maximum sea-level speed entered must be lower than the maximum speed at altitude.

Zero Trim at  
Enter the speed for zero trim setting.  This can be set to the cruising speed.

Range 
Enter the max range using internal tanks only. (For information only - this data is not used to calculate any AIR file parameters)

Rate of Climb 
Enter the initial rate of climb. 

Vy - Best climb speed
Enter the best climb speed. 


Note: This can be confused with the Cruise Climb speed. What is needed is the speed the aircraft will climb the fastest, also called Vy. If you know the best rate of climb speed (in IAS) enter it. Otherwise, enter a zero and Vy will be calculated for you.

Service Ceiling 
Enter the Service Ceiling for the aircraft. Service Ceiling is where the max rate of climb of the aircraft is 100 fpm. If the aircraft does not have oxygen, the ceiling may be listed possibly as 17,000 to 23,000. This is the pilot's ceiling, not the aircraft's. (For information only - this data is not used to calculate any AIR file parameters)

Vne - Max Dive Speed 
Enter the maximum indicated airspeed for the aircraft. This is Vne.

Nose Tuck
This is an indication of whether the nose of the aircraft pitches up, down, or stays neutral near terminal velocity.

Physical Data

Data Entry Shortcut:  The workbook can extract some physical dimensions from existing aircraft.cfg files by using the ‘Get Airplane Geometry’ button near cell Q333 on the Cfg Sheet.  Any data extracted from an existing aircraft.cfg file should be reviewed and compared to the ‘book’ values.

Type ID
Choose the Type ID from the list of aircraft types found in the table on the Data sheet.

Empty Weight
Enter the weight of the aircraft as delivered from the factory (without guns).

Fuselage Length (ft)
can be copied right from a book

Fuselage Length (in)
can be copied right from a book

Wing Span (ft)
can be copied right from a book

Wing Span (in)
can be copied right from a book

Wing Area
can be copied right from a book.  Make sure you use Gross Wing Area, which includes the fuselage.

Angle of Incidence
If you do not know the Angle of Incidence, use 1.0 and make a note in the Notes area.

Wing Twist
If you do not know the Wing Twist, use 0.0 and make a note in the Notes area. 

Munk Factor
Monoplanes use a 1 here. For Biplanes and Tri-planes use: 1.1=BiPlane,   1.2=TriPlane
Root Chord
Enter the length of the root chord. You just want the wing part. Do not include any wing fairing where the wing meets the fuselage.

Tip Chord
Enter the length of the wing tip chord. For rounded wing tips, measure the chord where the straight wing ends and the round tip starts.

TaperRatio u Factor
If the wing of the aircraft has an elliptical plan form use 1.0. Otherwise, use the projected u factor.

Wing Slats?
This is a flag for aircraft that had wing slats like the Bf-109.

Wing Sweep
Enter the average sweep angle along the 50% chord line.  This is not the leading edge angle. Most WWII aircraft had straight tapered wings, and the sweep angle was zero.

Tail Surface Area
can be copied right from a book
Tail Span
can be copied right from a book
Tail Distance
can be copied right from a book
Flaps Configuration
Flap Type 
Select a number from the types shown and enter it as the Flap Type. 

Fill Flap Drive System 
Select a number from the types shown.
Vfe Max flap extention 
Leave blank if unknown.
Vfe - Flap damage speed 
Leave blank if unknown.
Flap blowout speed 
Leave blank if unknown.
Flap extention time 
Typically 5 to 30 seconds.  Should match sound file playing time.
Flap Positions 
Enter the number of flap detent positions.  The number should be between 2 and 9.  Note: The Spitfire had 2 flaps positions: Up and Full. 
Vsi Stall Speed - clean 
Enter the book value.
Vso Stall Speed - flaps 
Enter the book value.
Combat Flaps? 
Enter ‘Y’ if the flaps could be lowered during combat to decrease the aircraft’s turning radius.
Vsi Stall Speed - clean
Enter the clean stall speed with no fuel or ammo. This is the actual speed of the aircraft, not IAS. 


Caution: The projected clean stall speed shown in Cell J74 based on the data currently entered and will only be valid after the entire workbook is filled out.


If you use IAS from a Pilot Operating Handbook, do not forget to correct for ASI instrument error. All Pilots Operating Hand Books have this correction table. Airspeed Indicators, due to their design, are very inaccurate at low speeds. 

Vso Stall Speed - flaps 
Enter the Full Flaps Stall speed with no fuel or ammo. Again, this is the actual speed of the aircraft, not IAS. The notes for clean stall speed also apply here, and flaps can make the ASO even more inaccurate. 


Caution: Cell I48 lists what the spreadsheet projects for this value based on the current data inputs and will only be valid after the entire workbook is filled out.

Spoilers

Spoiler Type
Select a number from the types shown 

Spoiler Time
Enter the spoiler extension time in seconds.
Engines - General

Number of engines
Enter the number of engines for the aircraft
Engine Type 
Use one of the following numbers for engine type:  0=Piston, 1=Turbojet

Piston Engine

Note:  If your aircraft has a turbojet engine, you do not have to enter piston engine data

Piston Engine Type
Use one of the following numbers for piston engine type: 0=Air Cooled, 1=Water Cooled
MIL HP 
Enter the Military (MIL) HP rating. This is used for the max speed calculations.

MAX RPM 
Enter the MAX RPM. This is used for the max speed calculations.

WEP HP 
Enter the War Emergency Power (WEP) HP rating.  If the engine has no WEP capability, enter the MIL power rating here.

Engine Displacement
Enter the engine displacement in cubic inches. If you only know the displacement in Liters, enter that at Cell J61, and copy the displacement in cubic inches shown in cell K61 to cell D61.

Compression Ratio
Enter the cylinder compression ratio 

Number of Cylinders 
Enter the Number of Cylinders

Negative G Effect 
Enter a number here for what happens to the engine when it's subjected to negative g forces. This is determined by the fuel system installed in the aircraft. Select one of the following: 0=Fuel Injected, 1=Gravity Carb, 2=Aerobatic Carb
Max Manifold Pressure
Enter the Manifold pressure in inches for MIL power. 


If your data lists German ATA or British Boost, you can use the built-in converter. To "Select Units", enter a 1 for the German Metric ATA and a 2 for the British Boost. Using the German ATA, enter the ATA for Mill power and copy the calculated value to the "Max Manifold Pressure" cell.

War Emergency Power
Enter the type of WEP used by the aircraft. Use one of the following values: 0=None, 1=Water, 2=Methanol, 3=Supercharger
WEP Pressure Boost 
Copy the estimated Manifold pressure increase from the "Recommended WEP Pressure Boost" cell to the "WEP Pressure Boost" cell.

Prop

Note:  If your aircraft has a turbojet engine, you do not have to enter prop data

Diameter 
Enter the Diameter of the propeller.

Reduction Gear Ratio 
Enter the reduction gear ratio from the engine to the propeller.

Number of Prop Blades
Enter the number of propeller blades.

Go to the Prop Sheet. Follow these steps:

a. Cell G59 – This is the HP at the max speed altitude. Leave cell G59 blank until you finish calibrating the engine.

b. If the Climb Rate is for WEP power, enter "WEP" in cell D70.

c. If the Max Speed at Sea Level is for WEP power, enter "WEP" in cell G70.

d. If the Max Speed at Altitude is for WEP power, enter "WEP" in cell J70.  

e. Click the "Reset Weighting" button on the Prop sheet.

Jet Engine

Note:  If your aircraft has a piston engine, you do not have to enter turbojet engine data

Thrust - Static SL
Enter the rated static sea-level thrust. 

Rated N2 RPM
Enter the rated N2 RPM. 

Fuel

Fuel Weight 
Enter the Fuel weight. There have been reports that some of the German Jets used AvGas

Wing Fuel Tank Left
Enter the fuel capacity and location for this tank
Wing Fuel Tank Right 
Enter the fuel capacity and location for this tank
Aux Tank Left 
Enter the fuel capacity and location for this tank
Aux Tank Right 
Enter the fuel capacity and location for this tank
Left Ballast Tank 
Note: fuel in this tank cannot be used in CFS2.
Right Ballast Tank 
Note: fuel in this tank cannot be used in CFS2.
Center Tank Forward 
Enter the fuel capacity and location for this tank
Center Tank Middle 
Enter the fuel capacity and location for this tank
Center Tank Rear 
Enter the fuel capacity and location for this tank
Left Drop Tank 
Enter the amount of the largest Drop tank the aircraft can carry
Right Drop Tank 
Enter the amount of the largest Drop tank the aircraft can carry
AirUpdate will add a new AIR file section for every tank on the spreadsheet with a non-zero fuel capacity if that tank does not already exist in the AIR file.

Any fuel tanks that have zero fuel capacity will be removed from the AIR file.

Control Deflection Limits

Elevator Deflection Up
Average 28deg (from America’s Hundred Thousand)

Elevator Deflection down
Average 17deg

Aileron Deflection Up
Average 20deg

Aileron Deflection Down
Average 14deg

Rudder Deflection Angle
Average 30deg

Elevator Trim Angle
Average 18deg

Flap Angle
Average 49deg

Spoiler Angle
Average 60deg (From NACA sources)

Structural Limits (g-force where structural failures occur)

Structural g – This is the g-force where the airframe will fail (i.e. break apart).  Generally this is 1.5 times the listed max g. 

Early WW2 aircraft generally had a max g of 5 and a corresponding structural g of 7.5g. 

Late era WW2 Fighters had a max g of 7 with a structural g of 10.5g. 

Four Engine Bombers had a max g of 2g or less and a structural g of 3g.

Clean - Positive
Enter a number for max-g using the above guidelines.

Clean - Negative
Generally, this is 2/3’s the max-g
Flaps - Positive
Can be the same as Clean Positive
Flaps - Negative 
Can be the same as Clean Negative

Landing Gear

Fixed?
Enter 0=Retractable, 1=Fixed

Roll Rate vs Airspeed

Enter Roll Rate vs Speed data in the table.  

The roll rate vs speed data you enter is displayed in the adjacent graph. 

For WWII fighters, the helix angle at the max roll rate was typically between 0.06 and 0.09

General Flying Characteristics

Stall Characteristics - Clean
Enter how pilots described the aircraft’s stall entry characteristics
Longitudinal Stability



Pitch - Sets static margin and affects the ability to trim the aircraft.


Elevator control range – Extends elevator authority into stall region.


Mach Nose Tuck - Sets pitch tendency near airfoil’s critical mach number.

T/O Flaps Down
Enter how pilots described the aircraft’s takeoff trim
T/O Gear Down
Enter how pilots described the aircraft’s takeoff trim
Spin mode
Enter how pilots described the aircraft’s spin characteristics

Notes on setting General Flying Characteristics:

Flaps Down Trim: Most Aircraft will pitch up when the flaps are extended.

Gear Down Trim: Most aircraft will pitch down when the gear is extended.

 Additional Weights

Go to the Weight sheet. Note the Empty Weight is carried forward from the Data Sheet. 

1. In cells B6 to E17 enter the weights and locations for crew, passengers and baggage. 

2. For military aircraft enter the weight and quantities in cells B23 to C30 for the equipment listed. 

3. For military aircraft armed with machine guns or cannons:

a. Enter the gun types at Cells B36 to B39. There is a table of each gun type in a table at A47. 

b. Enter 'Y' or 'N' in Cells C36 to C39. 

c. Then enter the number of each gun type in Cells H36 to H39. 

d. Last, enter the total number of rounds loaded for each gun type at Cells N36 to N39.

Airfoil Data

Go to the Root Sheet. 

There are three methods available for generating airfoil data:

1. NACA Airfoil Profile Type

2. User Defined Airfoil Data

3. Performance Derived Airfoil Data

NACA Airfoil Data Entry:

a. Determine the equivalent NACA airfoil type and place an "X" in the corresponding cell in the range B3:B47.   Enter the percentage thickness in cell D3.   

b. The name of the airfoil you have selected will appear in cell F2.

i. Example: NACA 23016 - Place an "X" in cell B30 and enter 16 in cell D3.

ii. Example: Tempest H/1414/37.5 - Nearest NACA equivalent is NACA 1414, place an "X" in cell B6 and enter 14 in cell D3.

User Defined Airfoil Data
Use this method to enter data obtained from an alternate source, such as a NACA report, a reference text, or a virtual wind tunnel program. 

a. Determine the following airfoil parameters from your data:  

Airfoil name
Example "Boeing 112"

Angle of Attack @ cl=0
Example: -2.0

Maximum cl (cl_max)
Example: 1.69

Angle of Attack @ cl_max
Example: 18.0

b. Enter these parameters in the corresponding cells D62:D66

c. Enter an "X" in cell D67

Performance Derived Airfoil Data
This method calculates airfoil parameters using the physical parameters and clean stall speed (Vsi) entered on the Data Sheet.  For best results, this method requires accurate data for the clean stall speed at the aircraft’s basic weight.  This will typically be the lowest clean stall speed listed.

To generate performance derived airfoil data, simply enter the characters “SF” in cell D62.

If you are using Performance Derived Airfoil Data, no data entry is required on the Tip Sheet.

Go to the Tip Sheet. 

For NACA Airfoil Profiles or User Defined Airfoils, follow the same procedures described above for the Root Sheet.  

If you are using Performance Derived Airfoil Data, no data entry is required on the Tip Sheet.

Aircraft Confiiguration File (aircraft.cft)

Go to the Cfg Sheet. 

The recommended locations of the reference_datum_position and empty_weight_CG_position are zero.

Data for the landing gear and at least one scrape point must be supplied in the contact_points section on rows 170 to 190 before an update file can be output from the workbook.  At a minimum, a scrape point should be defined for the nose and tail of the aircraft.  

The workbook can extract contact point data from an existing aircraft.cfg file by using ‘Load Contact Points’ button near cell Q150 on the Cfg Sheet.  The Reference Point Correction cell (O150) can be used to correct the longitudinal coordinates loaded if the existing aircraft.cfg contact points are offset for a non-zero reference_datum_position.

The workbook can also extract some physical dimensions from existing aircraft.cfg files by using ‘Get Airplane Geometry’ button near cell Q333 on the Cfg Sheet.  







