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=================================================================================

SYSTEM REQUIREMENTS - PC VERSION
V2.2

=================================================================================

· Hardware: any computer (Intel or AMD based Desktop PC, Notebook, Netbook, etc.) which suits the OPTIMAL requirements of Microsoft Windows XP SP3 (x86). Optical disk drive.  

· File size: < 3 MByte (extracted) 

· Memory: minimum 512 MB RAM

· Resolution: 1024x768 or higher

· Recommended operating system: 32 bit (x86) Microsoft Windows XP Service Pack 3

· Additional software-requirements are significant for executing the Software:

· .NET Framework 3.5 or newer version

· MS SQL Server (Compact Edition / Express Edition, etc.)

· MS Excel (optional)*

If these additional softwares have already installed on your system, you don't need to reinstall/update them, just start the Software.

If these additional softwares have not been installed on your system yet - and you would like to execute the Software and use it properly - you must install them. 

*Without MS Excel the Software will work almost properly, but the table-export functions will not be available.

=================================================================================

SYSTEM REQUIREMENTS - PDA VERSION
V1.0

=================================================================================

· Hardware: Microsoft Windows Mobile 6.x - compatible devices (PDA, PocketPC, Smartphone, etc.)

· File size: < 300 kbyte

· Processor: minimum ~400 MHz

· Memory: minimum 256 MB ROM, 64 MB RAM

· Resolution: (QVGA) 320x240 or higher

· Additional software-requirement is significant for executing the Software:

· .NET Compact Framework 2.0 or newer*

*Several WinMo 6.x versions may contain this framework, in this case you don't need to (re)install it. (Installing .NET Compact Framework to your mobile device: connect your mobile device with your computer and use MS ActiveSync to setup.)
Neither the PC version nor the PDA version of the Software need to setup. Before start the Software, please check the basic System Reguirements.

=================================================================================

SETUP, START THE SOFTWARE - PC VERSION
V2.2

=================================================================================

· navigate to the folder "3DOF_PC" on your original 3DOF Ballistic CD

· copy the self-extracting executable "3DOF.exe" to your harddrive (for example

· into an empty folder named: 3DOF)

· start to extract this copied file

· Run "3DOF_PC.exe" 

=================================================================================

SETUP, START THE SOFTWARE - PDA VERSION
V1.0

=================================================================================

· navigate to the folder "3DOF_PDA" on your original 3DOF Ballistic CD

· copy the executable "3DOF_PDA.exe" to your flash-memory / memory-card

· (by any chance you can also use your mobile device built-in RAM capacity)

· Run "3DOF_PDA.exe"

Note: the PDA version of Software (3DOF_PDA.exe) is executable on computer, as well. In this case .NET (Compact) Framework is also required.  

=================================================================================

SOFTWARE SAFETY

=================================================================================

If your operating system is protected by any kind of Security software (such as Anti-virus, Internet Security, Personal Firewall, Spyware Detector, etc.), please do NOT block the of 3DOF's Software executable files.

The Author guarantee that the Software does NOT contain any injurious or dangerous contents - like malware, trojan virus, spyware, backdoor, rootkit, download-toolbar, keylogger, etc. -, furthermore no private data and no personal information is used, saved, collected or transmitted by the Software.

=================================================================================

SUPPORT, WARRANTY

=================================================================================

The actual versions of the Software have NOT been TESTED on Windows 98, NT, 2000, ME, XP SP1/SP2, Windows Vista, Windows 7, together with Windows XP SP3 x64!

Technical support or help will not be provided by the Author if the Software's recommended system requirements are not suitable.

If original 3DOF Ballistic Compact Disk is defective, damaged, unreadable or any unexpected error ("bug") is detected in the Software, please contact with the Author using the following email-address:

3dofballistics@gmail.com
=================================================================================

EXCLUSION OF RESPONSIBILITY, LICENCE AGREEMENT

=================================================================================

The Author shall assume NO responsibility for any disadvantage, system-failure, damage, data-loss or unwanted change in your operating system by using the 3DOF Software or downloading/installing any required additional software by Microsoft.

Starting the Software (PC version) or opening the HELP file from the 3DOF Ballistic CD you can read the Licence Agreement. Please read it carefully before using the Software.

Executing the Software (both versions) means that you have accepted the terms of the License Agreement.

There may be many differences between the English and the Hungarian versions of the Software's documents. In every case the Hungarian verisons are authoritative.

=================================================================================

INTRODUCTION

=================================================================================

The 3DOF Ballistic Program is based on ICAO standard, which counts in metric units and prepared for special usage only (police and military sniping, benchrest shooting , long range hunting). The ballistic program is able to calculate the exact trajectory, wind drift, spin drift, coriolis drift, lead and the sight adjustments (elevation and windage) according to the shooting conditions. The program is a 3 Degree of Freedom (3DoF) numerical point mass simulation which solves the equations of motion using a 4th order Runge-Kutta integration. The solution is as accurate as the inputs.
As several similar products are available in the market, the question is – why is this program different than the anothers?

· This program - compared with anothers - is able to calculate the trajectory with several standard bullets: G1, G2, G5, G6, G7, G8. As the program uses the ballistic coefficient of the bullet, hence the importance of the ballistic coefficient based on different standard bullets is quite high. In the case of modern long range bullets the usage of G1 ballistic coefficient is the worst possible choice. Instead of the generally accepted and by ammo and bullet manufacturers used G1 ballistic coefficient it is rather recommended the usage of G7 BC (in case of Boat tail bullets) or G8 BC (in case of Flat Base bullets) in the case of long range bullets because it is able to calculate a more accurate trajectory. It is because of the shape of the bullet. If we take a look at the 3 pictures below it is clear that the modern bullets don’t look like the G1 standard bullet, rather look like the G7 or G8 standard. To have the most accurate shot we need to use that kind of standard bullet based ballistic coefficient which has similar shape that our bullet.
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· Beside the 3 basic degree of freedom (X; Y; Z) the program is able to calculate with 2 additional degrees of freedom as well: spin drift and coriolis drift. 
· In case we calculate with Coriolis-effect too, the program will automatically use for calculation the gravity which is typical at the given latitude in contrast with other ballistic programs which use constant gravity. As the result of this the trajectory will be more accurate than calculated by another programs. 
· It is also possible to define the exact muzzle velocity from the distance of chronograph. 
· Knowing the length, weight, caliber of the bullet, the muzzle velocity, the barrel twist and the atmospheric conditions it is possible to define the exact stability factor for the given bullet (based on Donald G. Miller’s Twist Rule). 
· The program can calculate with head- and tailwind and also with vertical wind. 
· It is possible to use multiple wind zones as well (2 – 5 zones). 
· We can choose between several scopes / sight styles: TMOA, SMOA, MIL. During the selection the basic parameters will be set according to the chosen type but we can also type any other values. Any branded scope we use it is worthwile to check the one unit adjustment on the knobs and also whether the knob lifts straight vertically. If we experience any difference from the factory-data we can type these values one-by-one into the textboxes of Elevation Knob and Windage Knob, so that the program will calculate with these figures (which is not possible with many other programs). The result of the trajectory calculation we be a setting calibrated to our own scope. 
· There is also a possibility to use other levation angle (Elavation Angle II.). In case for example our rifle was zeroed in winter and we would like to use it next time in summer only we don’t need to zero the rifle again, we can simply use this correction. 
· We can also save our settings, so if we have several guns with different calibres we can simply load the needed data by a number of clicks. 
· The program calculetes the speed of sound from air temperature and humidity too! As the result of this the trajectory will be more accurate than calculated by another programs (the most ballistic programs use only temperature by SoS calculation). 
· During the trajectory calculations the colour of calculated output datas will turn to red automatically if the bullet flies in subsonic range to warn the shooter that, the bullet will thumble and the ballistic throw can grow considerably after that. 
· The program also includes a bullet database with around 2300 bullets / cartridges. For more than 300 long range bullets we can find radar measured G1 and/or G7 and/or G8 ballistic coefficients.
=================================================================================

USER GUIDE

=================================================================================
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Data can be filled up in 7 different panels:

· Bullet

· Atmosphere

· Wind zones

· Sights

· Output options

· Coriolis-effect

· Target.

I. Bullet
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The Drag Model is a combobox which includes the standard bullets. Here we can choose which we would like to use. A Drag Model provides the forces on a standard bullet for which the drag model was derived. A bullet's ballistic coefficient then relates the drag on any bullet to that of the standard bullet.
· G1 - Standard model, Flat Based with 2 caliber (blunt) nose ogive.
· G2 - Special model for a long, conical point banded artillery projectile with a 6 deg boat tail.  Not generally applicable to small arms.

· G5 - For Moderate (low base) Boat Tails - 7 deg 30' Tail Taper with 6.19 caliber tangent nose ogive.

· G6 - For flat based "Spire Point" type bullets - 6.09 caliber secant nose ogive.

· G7 - For "VLD" type Boat Tails - long 7 deg 30' Tail Taper with 10 caliber tangent nose ogive. 

· G8 - Flat base artillery projectile with similar nose design to G7. Also applicable to small arms projectiles.
The Caliber and Bullet Weight are given by the manufacturer mainly in English unit, in metric or in both only sometimes. Because of this it is practical to use inches and grains.

The BC (ballistic coefficient) for the bullet being used. It is almost always obtained from the manufacturer, but can also be measured. The ballistic coefficient is represents the ratio of the drag of the standard (e.g. G1 standard bullet) bullet to that of the bullet you are shooting. A ballistic coefficient of 0.100 means that your bullet has 10 times the drag of the standard bullet. Every time we need choose that kind of Drag model which is adequate for the ballistic coefficient, otherwise the result will be an incorrect trajectory. If BC7 or G7 BC, etc. is not indicated it is sure that the manufacturer has disclosed G1 BC and we need to choose the G1 Drag model. It follows logically from this that in case of G7 BC we need to choose G7 Drag model, etc.

The form factor is calculated from the caliber, weight and ballistic coefficient. This figure is related with the shape of the bullet. In case the figure is less than 1.000 then the bullet’s drag is also less than the chosen standard bullet’s drag.

The Muzzle Velocity of the bullet as either (1) measured at some distance from the muzzle or (2) as estimated from reloading data. The 3DOF Ballistic Program can correct for the Distance to Chronograph. (The velocity lost traveling to the chronograph.)
The Twist Direction of the barrel. Right is a clockwise twist when looking through the barrel from the chamber to the muzzle. Left is counter-clockwise.
The Barrel Twist is the twist length of the barrel.
The Bullet Length is the length of the bullet.
The Stability Factor is an approximated value of the bullet stability at the muzzle. This value should be greater than 1.4. Values less than 1.0 are dynamically unstable and will tumble.

     SG < 1.0   unstable (under)
                  1.0 < SG < 1.4   marginal stability

                  1.4 < SG < 2.0   comfortable stability

 
     SG > 2.0   unstable (over)
II. Atmosphere and Wind Zones

[image: image4.png] ATMOSPHERE

Temperature |15 o
Pressure [1013,25 | mbar
Humidity |0 %
Altitude meters

[ Use Std. Pressure at Alttude
Air density  1,2251  kg/m®

SpeedofSound 3403  m/s

Wind Speed |10 kmjh[ v
Wind angle (90 deg,
Vertical W, Sp. [0 kmjh[ v

[] use Multiple Wind Zones






[image: image5.png]WIND ZONES

Number of Zones |3
Urits m/s |

Wargn | wind | wind | vertical
zone |of Zone | spesd | ange | w. 5p

meters | mfs | dea. | mjs
30 | 5 30 1
612 | 2 a5 | 05
000 | 4 | 140 | o





On the atmosphere panel logically we need to set the shooting conditions according to the given or chosen unit.

Temperatere is the measured or estimated air temperature.
Pressure is the barometric pressure. The program is able to calculate the ICAO based standard pressure at altidute too. In that case please fill up the textbox of Altitude, and check the checkbox of Use Std. Pressure at Altitude.

Humidity is the relative humidity (percent).

Wind Speed is the speed of wind (km/h; m/s).

Wind Angle is the angle of the wind direction. 0° means headwind, 180° means tailwind, 90° is full crosswind (which is blowing from the shooter's right) and 270° is full crosswind too (which is blowing from the shooter's left).

Vertical Wind Speed is the speed of vertical wind (km/h; m/s).

If we check the checkbox: Use Multiple Wind Zones, than the Wind Speed, Wind Angle, Vertical Wind Speed options on the Athmosphere panel become blank and the Wind Zones panel will be activated.
The Number of Zones includes a dropdown menu in which we can choose 2-5 zones. According to the number of the chosen zones the same number of rows will be activated (on the illustration we chose 3 zones so as the result of this 3 rows are activated). The Units dropdown menu (km/h, m/s) is related both with Wind Speed and Vertical Wind Speed. After this we can fill up the upper Margin of Zone, the zone’s Wind Speed, Wind Angle and Vertical Wind Speed. According to the chosen number of zones in the last one (in this case in the 3rd zone) the upper margin of the zone equals the Maximum Range on the Output options panel and because of this that cell is blank. We can overwrite it if we change the Maximum Range.

III. Sights
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On the Sights panel the Output Units option includes a combobox menu where we can choose between TMOA, SMOA or MIL options. By choosing any of them in the textboxes of  Elevation Knob and Windage Knob the basic values will be added automatically. We can also change these values of course.

The Sight Height means the height of the sight (or scope) above or below from the centerline of the barrel. This is required because the bullet starts at a drop of -[Sight Height].

The Sight Offset means the offset of the sight (or scope) to the left or right of the centerline of the barrel. Positive offsets are to the shooter's right. Negative are left.

The Look Angle is the angle between the line of sight and level ground. This value is used when shooting uphill or downhill. Value is a positive angle when shooting uphill and a negative angle when shooting downhill.
Cant Angle means the angle of the tilt of the firearm to the right or left from vertical. Positive angles are to the right.
Zero Range means the range at which you wish the bullet to cross the line of sight.
The Elevation Angle I. is the vertical angle the barrel makes with the line of sight.

In the The Elevation Angle II. textbox we can add another elevation angle. This setting is important in that case, when we have zeroed our rifle for a longer distance, for example in the winter. If we want to use our gun next time in summer, only then there are two options: the first is that we again zero our rifle according to summer conditions, or we use a correction by checking  the Use Elevation Angle II. checkbox.
IV. Output options, Coriolis-effect, Target
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On the Output Options panel we can set the Maximum Range (between 0 and 2500 meters) and the Range Increment.

The Coriolis-effect comes from the rotation of the Earth. It has a vertical and a horizontal component. The horizontal componant depends on the latitude while the vertical on the latitude and the shot’s azimuth. The degree of latitude’s sign is positive on the northern hemisphere and negative on the southern. The Azimuth is the angle of the shot compared to the magnetic northern direction. As the vertical and horizontal component of Coriolis make only a little change on the trajectory on 1000 metres (10-12 cm) this effect is many times not taken into consideration on shorter range.

On the Target panel the Target speed and the Target direction can be given. The unit of speed is km/h or m/s. The Target direction means the movement towards the value written in the cell. So for example 90° means that the target is moving towards 3 o’clock. In case we do not check the Calculate Lead checkbox the program will not calculate this kind of correction.

V. Tooltips
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The program contains many tooltips. Simply hold the mouse pointer over the text, and if the text has tooltip, it will appear. For example the text of Barrel Twist has a tooltip, that You can see ont he picture above.

VI. Output values

[image: image11.png]s0
100
150
200
250
300
350
400
450
500
s50
600
650

60,0
8187
7786
7397
701,8
665,1
6295
595,0
561,7
52,7
499,1
470,0
442,6
417,2

3714
3366
3044
2748
2474
2222
1950
1778
1584
1409
1251
1109

o84

74

02,2
42,1
1508
249,3
19,0
401

0,00
0,05
0,00
0,91
2,14
3,56
514
6,88
5,78

10,85

13,11

15,58

18,27

21,21

0,0000
0,055
01222
0,1881
0,2575
0,3307
0,407
0,489
0,5761
0,6678
0,7650
0,8683
0,8778
1,0043





VII. Bullet database
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The bullet database is available by clicking on the combobox under the menustrip. If the bullet has a measured G1 or G7 or G8 BC, than the text of „(Radar)” is visible.

VIII. Menustrip

1) File

· Open: we can open our settings.

· Save As: we can save our settings.

· Exit

2) Export: we can export our calculated outputs to Microsoft Office Excel.
· All Outputs
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· Range Card
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3) Calculate
· Ballistic Coefficients (Time)
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· Ballistic Coefficients (Velocity)
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· Bullet Drag and Twist (see below „X.   Bullet Drag and Twist”)

· Drag Model Array Conversion
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· Knockout Indices
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· Recoil
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· Sight Ramp Calculator
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· Stability
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· Units Converter
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4) Help
IX. The accuracy of calculations (comparisons with other ballistic programs output’s datas)
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X. Bullet Drag and Twist
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Calculates the bullet CD, and CD components, BC required twist and stability for input twist. This algorithm is based on the McDrag work done by Robert McCoy.
1) Data input
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The Drag Model is a combobox which includes the standard bullets. Here we can choose which we would like to use. A Drag Model provides the forces on a standard bullet for which the drag model was derived. A bullet's ballistic coefficient then relates the drag on any bullet to that of the standard bullet. The drag model to use to calculate the ballistic coefficients. Most commercial bullets use the G1, but for some long range bullets, the G7 or G8 is typically a better choice. Some military bullets fit the G5 and G6 functions better than the G1.
Caliber is diameter of the bullet's bearing surface (that part that contacts the rifling of the barrel), measured in inches.
Bullet Weight is the weight of the bullet, measured in grains.

Bullet Length is the total length of the bullet from the base to the meplat.

Nose Length is the length of the nose from the front of the bearing surface to the tip.

Ogive Radius is the radius of the nose ogive. For conical bullets, this value is not used since the ogive radius is essentially infinite.

The Ogive Type could be Secant or Tangent. A secant nose is one in which the center of the circle describing the ogive is located behind (away from the nose) the point of intersection of the ogive and the body of the bullet. A tangent ogive is tangent to body at the point of intersection of the ogive and body of the bullet.

Boattail Length is the length of the boattail from the rear of the bearing surface to the base of the bullet. It is zero for flat base bullets.

Base Diameter is the diameter of the base of the bullet. For boattails, this is smaller than the caliber.

Boattail Angle is the angle of the boattail.

Meplat Diameter is the diameter of the flat portion of the tip of the nose of the bullet. For some bullets, the meplat diameter is zero (or very close).

Rotating Band Diameter is the diameter of the rotating band, if any. Most small arms bullets do not have rotating bands (although the rear of the bearing surface may be 1/10000's larger than the caliber, Bullet Drag Calculations do consider this a rotating band) and therefore the rotating band diameter is equal to the caliber.

Specific Gravity is the density of the bullet, relative to the density of water (1.0). 10.7 is a commonly used value for jacketed bullets. The program can calculate it, in that case please check the checkbox of Calculate Specific Gravity.

Barrel Twist is the twist rate (inches per turn) of the barrel. This value is used to calculate stability. It should not be confused with the required twist calculated by Bullet Drag.

Boundary Layer is a combobox, which includes the next codes:

· L/T – Laminar nose / Turbulent afterbody

· L/L – Laminar nose / Laminar afterbody

· T/T– Turbulent nose / Turbulent afterbody

2) Output values
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Mach: bullet velocity in Mach.

Velocity: bullet velocity in m/s

CD Nose: nose drag coefficient.

CD Skin: component of the drag coefficient due to the skin drag.
CD Band: drag coefficient due to the rotating band, if any.
CD Boattail: Boattail drag coefficient.
CD Base: base drag coefficient.
Total (sum) CD: the bullet's drag coefficient. It is the sum of the components of the drag coefficient above.
BC is the ballistic coefficient calculated using the drag model you selected.
The Form Factor is a ratio of the actual CD of the bullet to that of the CD of the "standard" bullet for the selected drag model.
Stability Factor is the stability of the bullet at the given muzzle velocity. It should be greater than 1.5 to ensure stability. These stability factors are calculated with the twist you entered since the required twist would always give 1.5! The background will be green when the bullet is stable and red when it is not.
Twist for SG = 1.5 is the required twist to achieve a stability of 1.5.
3) Menustrip

· File

· Open: we can open our settings.

· Save As: we can save our settings.

· Export: we can export our calculated outputs to Microsoft Office Excel.
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