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Presenter Notes
Presentation Notes
Following definition of mission requirements such as range and velocity and selection of a baseline configuration the aerodynamics module is exercised. Aerodynamic data input to the aerodynamics module includes the missile diameter d, missile length l, nose length lN, surfaces aspect ratio A, surfaces chord c, surfaces thickness t, and the missile center-of-gravity xcg. Then calculates the zero-lift drag coefficient CD0, normal force coefficient CN, aerodynamic center location xac, pitching moment control effectiveness Cm, lift-to-drag ratio L/D, and the required tail stabilizer surface area ST. The output of the aerodynamics module, along with the default data of the baseline missile, is an input into the propulsion module.
Propulsion This is when the practitioner considers the range & time-to-target requirements which takes into account parameters such as fuel type, chamber pressure, expansion ratio, and burn time required to satisfy these mission requirements. For a ramjet engine, the input data also includes the inlet capture area A0, heating value of the fuel Hf, equivalence ratio , combustor exit temperature T4, and the type of inlet. The propulsion module output for a rocket motor includes incremental velocity V, thrust T, and specific impulse ISP. 
Weight module is next. Input data includes the initial estimate of missile launch weight WL, propellant weight Wp, density , and the maximum allowable stress max of the structure materials. The weight module provides an estimate of aerodynamic heating, surface and inner wall temperatures, required airframe and motor case thickness, localized buckling stress, bending moment, motor case stress, total weight, center-of-gravity, moment-of-inertia, and the density/weight of subsystems. 
The flight trajectory spreadsheet has closed form, analytical equations for one- and two-degrees-of-freedom trajectories. The closed form, analytical equations provide better design insight into the driving parameters and usually eliminate instabilities, which can be a problem for a more sophisticated time marching numerical integration of the equations of motion. ***The input includes the initial altitude, initial velocity, and the type of flight profile (e.g., boost, sustain cruise, coast).  The output includes flight range, altitude, and velocity versus time. 
Finally, the designer compares the output of the flight trajectory spreadsheet against the mission flight performance requirements. If the missile design does not meet the performance requirements, the process is repeated until the requirements are satisfied.  The modularity of the spreadsheet and the default baseline missile data reduce the time required for data input in the next iteration. 
Once flight performance requirements are met, the measures of merit (e.g., lethality, miss distance, survivability, cost) and launch platform constraints are evaluated. For example, the warhead lethality parameters include the blast pressure and kinetic energy penetration.  Miss distance parameters include the missile time constant and the miss distances from heading error and a maneuvering target.  Costs are provided for EMD cost, production cost of the 1000th missile, and the unit production cost of other missile quantities.  Again, the design is iterated until the measures of merit and constraints are satisfied. (Eugene Fleeman’s Missile Design-Development-System Engineering-Presentation – PowerPoint)



Tactical Missile Design Spreedsheet

Design Inputs 2021 TACTICAL MISSILE DESIGN SPREADSHEET v1.0
Developed by: Randy Allen, Gene Fleeman, Andrew Frits, Seth Spears, and Jack Zentner
Primary Range / Flyout Calculations
The following input sections are used to calculate a 'final range’
Missile Characteristics ROCKET RAMJET TURBQJET 3UIDED BOMB
Description Variable Name Value Default Value Default Value Default Value Default Value Units Additonal Information
Launch Mach Number M 8.00E-01 0.8 0.8 0 0.8 DO NOT USE M=0.0
Launch Altitude h 0 20000 40000 0 20000 ft
Missile Weight at Launch Wiaunen 500 500 2230 1525 2059 Ibm
Weight of Cruise/Sustain Propellant Werice 482 482 476 108.5 0 Ibm
Weight of Boost Propellant Wagost 848 848 449 143 0 lbm - User s
Weight of Booster Ejectables Wojeaaties 0 0 425 217 0 Ibm - CLJO"A:;
Missile Average Center of Gravity Xea 76.2 76.2 82.5 76.4 B62.7 inches Zero defaults to length/2
Flight termination Mach Number M 1.5 1.5 2 05 0.5 DO NOT USE M=0.0
Acceleration of Gravity g 322 322 322 322 322 fifsec? ]
Air Specific heat ratio 7 14 14 14 1.4 1.4
Air Density P 1.17E-03 slugs/fit"3 Turn rate 7459 |- Maste
Speed of Sound a 1026.5 fisec Time 41.81 égii;ﬁ:
Air Temperature T ambient 4385 Rankine Range 1451 | Note t
Atmospheric Pressure P ambient 6.11 psi Obj Fune: 0.096738114 |mustb
Air Density at Sea Level [ 2.38E-03 slugs/fih3 _StNrSI:?uﬁ
Speed of Sound at Sea Level - — 1.12E+03 fifsec Turn rate constraint 4000 |_ often
-13.64822491 |page. .

Reauired Volume of Missile 6268 105662 In"3 spreads

» Master Input | Master Qutput | DoE 1O | Summary | Aero | Propulsion | Trajectory | Struc... ) ] 3
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Presenter Notes
Presentation Notes
Illustrate the simplicity of the user interface 


Tactical Missile Design Spreedsheet
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Aerodynamics
INPUTS QUTPUTS
Description [ variable | Value [ Units | Description [ Variable [ value [ units |
|Missi|e Body Input Body Geometry Parameters
;Nuse Length aero_len_nose 11.60 l:ﬂCheS Nose Fineness Ratio aero_fn 0.859259 Note that the Tail is iteratively sized. It is sized
|Missile Length aero_length 182.70 inches Body Fineness Ratio aero_fbody 13.5 to provide zero static margin at the "Tail Sizing
|Missile Major Dia (2a) aero_2a 13.50 inches Reference Area aero_ref_area 143.139 inches?® |Mach number”, with the given geometry and
fM\SSi\E Minor Dia (2b) aero_2b 1350 Inches Nose Hemispherical Dia. aero_hemi_dia 0 inches leading edge position.
iNuse Bluntness aero_nose_blunt 0% Hemi Nose Ref Area aero_hemi_ref 0.000 inches® [If the Baseline wing/tail parameters are
|Missile Genter of Gravity aero_cg 76.4 inches Semimajor Axis aero_a 6.75 inches |preferred, place the number 1 in the
|Nozzle Exit Area aero_exit_area 37.22 inches® Semiminor Axis aero_b 6.75 inches comesponding'row 13 cell, 2.9, for-tie-Turbojet,
|Air Density aero_density 1.17E-03 slugs/‘ff3 Missile Diameter aero_ref_dia 13.5 inches Rocket Ramjet Turbojet GB
fSpeed of Sound aero_vsound 1026.5 fi/sec Wing Geometry Paramaters 1
|gamma aero_gamma 1.40 Wing Incident Angle (rad) aero_wing_inc_rad 0.00 rad
|Missile Wing Input 8 Wing Semi-span (b/2) aero_wing_span 11.25 inches 16.1 11.25
|Number of Wings (0,1,2) aero_num_wings 2 8 Wing Root Chord aero_wing_root 29.30 inches 19.4 29.3
éW\ng Incident Angle aero_wing_angle 0 deg 8 Wing Tip Chord aero_wing_tip 15.00 inches 34 15
;W\ng Planform Area aero_wing_area 49824 inches® 8 Wing Sweep aero_wing_sweep 0.79 rad 0.7854 0.7854
| Thickness-to-Chord, max aero_t_over c 6.0% Wing Mean Aero Chord aero_mean_chord 2292 inches 13.3 22.92
|Wing LE Thickness Angle aero_le_thick_angle 45 deg Wing Outboard (Y) Cp (from root) aero_wing_y_cp 502 inches 6.20 502
| Wing Aspect Ratio aero_aspect_ratio 1.02 Station of Wing MAC LE aero_wing_mac_le 79.48 inches 60.8 781
|Station of Wing leading edge  aero_wing_le 73.1 inches Tail Geometry Parameters
|Wing taper ratio aero_wing_taper 0512 8 Tail Semi-Span (b/2) aero_tail_span 11.25 nches 12 115 1125 12.50
:Missile Tail Input 8 Tail Root Chord aero_tail_root 11.60 inches 18.5 16.5 11.60 19.73
| Number of Tail Wings (0,1,2) aero_tail_wings 2 8 Tail Tip Chord aero_tail_tip 6.00 inches 1] tEhH 6.00 9.53
V'TaH Aspect Ratio aero_tail_aspect 2.56 8 Tail Sweep aero_tail_sweep 0.59 rad 0.9948 0.6458 0.5934 0.7854
| Tail Taper Ratio aero_tail_taper 052 Tail Mean Aerodynamic Chord aero_tail_mac 9.11 inches 12.3 14.2 911 15.22
| Station of Tail LE aero_tail_le 134 inches Tail Aerodynamic Center
| Tail Thickness-to-Chord, max  aero_tail_t_over_c 0.09 (from tail MAC leading edge) aero_tail_ac_le 2.28 inches 6.2 4.9 2.28 3.81
|Tail LE Thickness Angle aero_tail_le_angle 45 deg (from nose) aero_tail_ac_nose 140.70 inches 1316 150.3 14070 133
|AQA for Tall Sizing aero_tsize_aoa 0 deg 8 Tail Area aero_tail_area 198.00 inches® 221.76 322.56 198 365.76
| Description [ Variable | Value [ Units | Tail Qutboard (Y) Cp (from root)  aero_tail_y_cp 5.03 inches 4.00 5.4 5.03 4.96
_Flinht Condition Innut | . - JE 1 . . I 1 1 I
3 Master Input Master Output | DoEIO | Summary | Aero | Propulsion | Trajectory | Structure | Warhead Radar Dynamics Atmospher: . 1
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Presenter Notes
Presentation Notes
Before, a user defines the geometry and leading-edge position of each component, then the spreadsheet iteratively sizes the wing and tail fins to provide zero static margin corresponding to the specified Mach number. This entails the original design specification is being altered to produce a more neutrally stable configuration. While this function may be beneficial and provide insight to the initial design and stability of the projectile, keeping the original tail dimensions may be desired.


Tactical Missile Design Spreedsheet

1 | Propulsion

3 |Boost Input Values

] 5
2 |** The Propulsion Interim Input Values are linked directly to the Flyout Sheet, not through Master Output, as other sheets are done

Cruise Input Values

4 |Description [variable [value for calc_pefault value] Units| [Description [variable [value for calc. Pefault Value] Units]
5 :Engine Type Engine_type_b 1 1 no units | |Engine Type Engine_type_c g 1 no units
6 |Fuel Type Fuel_type_ b 5 4 no units | |Fuel Type Fuel_type_c G 4 no units
i !Cnamt}er Pressure  Pc_b 1950 1769 psi| |Combuster Fuel-to-Air Rz Fuel_air_c 0.06 0.06 no units
8 |Expansion Ratio e b 82 6 no units | |Max Combustor Temp T4 _max_c 1800 4500 Rankine
9 |Boost Burn Time tb 2.49000 3.26 sec| |Atmospheric Temperature TO_c 438.5 447.4 Rankine
10 | Atmos. Specfic Heat Raticy_c_atm 1.40 1.4 no units
11 |Boost Interim Input Values Chamber Pressure Pc_c 0 301 psi
12 |Description [variable [Value for calc [Default Value] Units| [Sustain Burn Time t_sustain 0 10.86 sec
13 _!All @ launch Alt_t 4] 20000 feet| |Expansion Ratio £ C n'a 6.2 no units
14 |Wt booster propellant W_prop_boost_ 143 848 ibm

15 |Reference Area Sref_b 143.14 50.27 inches™2 | |Cruise Interim Input Values

16 | Description [variable [value for calc Pefault Value] Units
17 |Boost Interim Calculation Values Mach @ Boost End M_cruise_t 0.80 1.99 no units
18 |Description [variable [Value for calc JDefault Valug] Units| |Speed of sound @ Cruisea_t 1027 1037 ft/sec
19 [Specfic Heat Ratio  y_b 1.186 1.236 no units | |Wt. Cruise propellant  W_prop_cruise 108.5 48.2 tbm
20 |Atmos. Prssure Pa_b 611 6.75 psi

21 |Thrust Coeff. Ci b 1.699 1.638 no units | |Cruise Interim Calculation Values

22 |Chara Exit Velocity c_star_b 4930 5258 fi'sec | |Description [variable [value for calc Pefault Value] Units]
23 |mass flow mdot_b 57.430 26 lbm/sec| |Fuel Heating Value HT 15,535,588 15,535,588 fi-IbiAbm
24 |Exit Pressure Ratio Pe Pc b 0.016811765 0.024 no units | |Specfic Heat Ratio PG 1.29 1.29 no units
25 |Exit Pressure Pe_b 32.7829 4579 psi| |Specific Heat Cp_c 0.30 0.3 TUABM/R
26 Booster Throat Area A_throat_b 4.517 2.419 inches™2| |Atmos. Prssure Pa ¢ 6.11 6.75 psi
2F IBOOSteI" Exit Area A_exit b 37.22 14.52 inches™2| [Combustor Temperature T4_c 4472 4000 Rankine
28 | Thrust Coeff. Cf c n'a 1.530 no units
20 |Boost Output Values Chara. Exit Velocity c_star_c n'a 5300 ft'sec
30 |Description [variable: [Value for calc [Default Valug] Units| |mass flow mdot_c r #DIV/O! 4.4  Ibmisec
31 :Ell:luster thrust Thrust b 14980 7000 1br| |Exit Pressure Ratio Pe Pc ¢ o 0.024 no units
32 |Booster Isp Isp_b 261 268 sec| |Exit Pressure Pe ¢ 0.00 4579 psi
33 | Cruise Throat Area A_throat_c 0.000 2.419 inches"2
347 Cruise Exit Area A_exit_c 0.00 14.52 inches"2
35 |

36 | Cruise Output Values

37 | Description [variable [value for calc Pefault Value] Units]
38 | Cruise Isp Isp_c 3570 250 sec
39 | If the exit area is too large (larger than the reference area), it may Cruise Thrust Thrust_c MN/A 1018 1bf

3 Master Input Master Output DoE | O Summary | Aero Propulsion | Trajectory Structure Warhead Radar Dynamics Atmosy
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Presenter Notes
Presentation Notes
This tool was developed in Excel because it allows visibility behind each interim calculation. 

Shared familiarity of software between engineers and management so both parties can effectively utilize this tool.


Updates and New Baselines
*Projectiles not to scale
= L T = = 'I
e Ié
‘\h__‘ |

» Harpoon Missile, an all- » MK-84 Joint Direct Attack
weather, over the horizon, Munition, a 2,000 Ib., all-weather
anti-ship missile precision guided “smart bomb”
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=
Updates and New Baselines

» Previously: Tail surface was iteratively sized to provide zero-static
margin
» Now: User has the option to utilize a specific tail configuration

» Previously: Detailed analysis of different flight paths were not fully
incorporated

» Now: Ballistic, loft, coast & glide trajectories

» Previously: A discrete atmospheric lookup table was required
» Now: A linear interpolation of atmospheric conditions exists

; JAIAA
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Presenter Notes
Presentation Notes
Tail is iteratively sized to provide zero static margin at the "Tail Sizing Mach number", with the given geometry and leading-edge position.



=
Use Case Example

M982 Excalibur

» Attaching deployable wings (GBU-39) to an SDB (M982
Excalibur)

» Determine apogee of flight then maximum lift-to-drag ratio,
using optimization, to then calculate glide range

» Result: an estimated range of 60.5 km (37.6 mi)
; JAIAA
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Presenter Notes
Presentation Notes
launch conditions: zero angle-of-attack, zero altitude (ground launcher), launch angle of 60 degrees and launcher exit velocity of Mach 3.

60.5 km = 198,600 ft.


Verification and Validation

» Dissected every physics-based
equation driving the TMD
spreadsheet

» Developed an independent model
from proprietary software

» Consulted with missile design
expert, Eugene Fleeman
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