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Timelines for intercepting ICBMs launched from Iran against east coast
cities of the United States

fire interceptor immediately
after obtaining firing solution

rocket detect : fire interceptor last chance
launch roqket 30 s.later to intercep( .(burnout)
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Maximum time available to achieve intercept
solid-propellant ICBM

fire immediately I, - - ) <
fire after 30 s _ 90 s
liquid-propellant ICBM
fire immediately 170 s
fire after 30 s 140 s
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Timelines for intercepting ICBMs launched from North Korea to Alaska
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LLNL Space-
Existing Space- Surface- Based
Technology Based Based Baseline
KV ATKV  |Baseline KV KV
KV Segment or Subassy (kg) (kg) (kg) (kg) Notes
KV sized for closing velocities of 10-14 km/sec. Total time of KV
Divert and Attitude Control System (DACS) operation 120 sec. Assumes 4 divert thrusters in cruciform
Pressure regulator Included 2.00 0.50 0.50 configuration, sized to deliver 15 g in last 10 sec. LLNL example
Divert Thrusters 17.15 3.00 10.09 9.77 uses fixed thruster mass regardless of divert requirements; baseline
ACS Trusters 1.50 included 1.01 0.98 KV corrects for this by adjusting divert thruster mass for 15 g
Valve drivers included included included included |using Wilkening scaling factors. ACS impulse assumed to be 5% of
Manifold included included included included |divert impulse.
Subtotal, DACS 18.65 5.00 11.60 11.24
Seeker (less IMU) 4.90 7.00 7.00 7.00 Includes LIDAR and passive IR and visible sensors. Used Clementine
Sensor suite masses
Contingency for shielding for focal plane
array 1.00 1.00 |See Natural and Induced Environment section
IMU (Inertial measurement unit) 1.50 1.00 1.00 1.00
Avionics 11.50 8.00 8.00 8.00 Avionics include: guidance/control computer,tactical
communications transponder, KV electronic safe arm, FTS antenna
(non-tactical), FTS battery, command destruct receiver, signal
conditioner/submux, X-band antennas, X-band transmit module,
power divider/hybrid coupler, J-box, control module, logic module,
tactical signal and power distribution
Separation system 0.50 0.50 Separation system and ordnance initiation lines not include on space:
Ordnance inititiate lines 0.25 0.25 based KV systems
KV primary battery 1.90 1.80 1.80 1.80 Estimate based on other programs
Kevlar epoxy composite structure used for hign axial and lateral
KV basic structure & installation hardware 5.00 3.50 3.50 accelerations;propellant tanks used as load carrying structure
Subtotal, KV dry weight less tankage 44.20 22.80 34.65 33.54
Propellant
Useful Fuel and Oxidizer 60.10 27.10 47.00 45.50 |Useful propellant needed to produce a total DV of 2000 m/sec
ACS & press fraction of useful fuel 5.0% n/a 5.0% 5.0%
ACS & pressurization fuel 5% 3.01 2.35 2.28 Added ACS fuel @5% of divert
Unusable Propellant fraction n/a 3.0% 3.0%
Unusable Propellant 1.80 1.41 1.37 Propellant trapped in system assumed to be 3% of total
Subtotal, Propellant 63.11 27.10 49.35 47.78 Tol_al propellant includes useful propellf_:\nt and AC_S propellant, of
which the amount shown as unusable is trapped in the system.
Tankage 12.62 3.12 9.68 9.37 To calculate tankage mass, LLNL uses 0.115*propellant mass, which
is based on a pumped DACS and lower pressure tanks. We assume
conventional high pressure tanks with mass 0.2*propellant mass
Total, KV wet 119.93 53.02 93.68 90.69 Total KV wet mass includes the dry mass, propellant mass , and
tankage mass
DV check
Isp of propellent (sec) 300 300 300 300
Isp (effective) after ACS & press. 285 285 285 285 To account for ACS/pressure fuel used but not effective for thrust
DV from the rocket equation (check) 1999 1999 2002 2002
DV desired (input) 2000 2000 2000 2000
Endgame acceleration calculation
KV Mass with 15% fuel remaining 66.29 29.98 51.73 50.08
Thrust forl5g's @ 15% fuel load(Newtons) 9744 4407 7604 7362 Used to estimate thruster size
G's at full fuel load 8.29 8.48 8.28 8.28







LLNL Space-
Existing Space- Surface- Based
Technology Based Based Baseline
KV ATKV  |Baseline KV KV
KV Segment or Subassy (kg) (kg) (kg) (kg) Notes
KV sized for closing velocities of 10-14 km/sec. Total time of KV
Divert and Attitude Control System (DACS) operation 120 sec. Assumes 4 divert thrusters in cruciform
Pressure regulator Included 2.00 0.50 0.50 configuration, sized to deliver 15 g in last 10 sec. LLNL example
Divert Thrusters 17.15 3.00 13.17 12.75 |uses fixed thruster mass regardless of divert requirements; baseline
ACS Trusters 1.50 included 1.32 1.28 KV corrects for this by adjusting divert thruster mass for 15 g
Valve drivers included included included included |using Wilkening scaling factors. ACS impulse assumed to be 5% of
Manifold included included included included |divert impulse.
Subtotal, DACS 18.65 5.00 14.99 14.53
Seeker (less IMU) 4.90 7.00 7.00 7.00 Includes LIDAR and passive IR and visible sensors. Used Clementine
Sensor suite masses
Contingency for shielding for focal plane
array 1.00 1.00 |See Natural and Induced Environment section
IMU (Inertial measurement unit) 1.50 1.00 1.00 1.00
Avionics 11.50 8.00 8.00 8.00 Avionics include: guidance/control computer,tactical
communications transponder, KV electronic safe arm, FTS antenna
(non-tactical), FTS battery, command destruct receiver, signal
conditioner/submux, X-band antennas, X-band transmit module,
power divider/hybrid coupler, J-box, control module, logic module,
tactical signal and power distribution
Separation system 0.50 0.50 Separation system and ordnance initiation lines not include on space:
Ordnance inititiate lines 0.25 0.25 based KV systems
KV primary battery 1.90 1.80 1.80 1.80 Estimate based on other programs
Kevlar epoxy composite structure used for hign axial and lateral
KV basic structure & installation hardware 5.00 3.50 3.50 accelerations;propellant tanks used as load carrying structure
Subtotal, KV dry weight less tankage 44.20 22.80 38.04 36.83
Propellant
Useful Fuel and Oxidizer 95.00 39.60 81.20 78.60 |Useful propellant needed to produce a total DV of 2500 m/sec
ACS & press fraction of useful fuel 5.0% n/a 5.0% 5.0%
ACS & pressurization fuel 5% 4.75 4.06 3.93 Added ACS fuel @5% of divert
Unusable Propellant fraction n/a 3.0% 3.0%
Unusable Propellant 2.85 - 2.44 2.36  |Propellant trapped in system assumed to be 3% of total
Subtotal, Total Propellant 99.75 39.60 85.26 82.53 Tol_al propellant includes useful propellgm and A_CS propellant, of
which the amount shown as unusable is trapped in the system.
To calculate tankage mass, LLNL uses 0.115*propellant mass, which
Tankage 19.95 4.55 16.73 16.19 |is based on a pumped DACS and lower pressure tanks. We assume
conventional high pressure tanks with mass 0.2*propellant mass at
completion
Total, KV wet 163.90 66.95 140.03 135.55 Total KV wet mass includes the dry mass, propellant mass , and
tankage mass
DV check
Isp of propellent (sec) 300 300 300 300
Isp (effective) after ACS & press. 285 285 285 285 To account for ACS/pressure fuel used but not effective for thrust
DV from the rocket equation (check) 2499 2500 2500 2500
DV desired (input) 2500 2500 2500 2500
Endgame acceleration calculation
KV Mass with 15% fuel remaining 79.11 33.29 67.56 65.40
Thrust forl5g's @ 15% fuel load(Newtons) 11630 4894 9931 9614 Used to estimate thruster size
G's at full fuel load 7.24 7.46 7.24 7.24
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