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Northrop Grumman’s Four Operating Sectors

Military and Civil Space Systems

Science and National Security

Human Space and Advanced

Next Generation Interceptor

Space Systems

I Launch Vehicles I

Propulsion Systems

Commercial Satellites

Satellites

Systems
Space Components
Missile Defense
Space Exploration
Space ISR Systems
GBSD
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Defense Systems

Integrated Air & Missile Defense

Defensive Cyber and Information
Operations

Platform Modernization and Fleet
Operations Support

Advanced Weapons
Precision Munitions

Software Systems Modernization
and Sustainment

Training and Simulation

Propulsion Systems

Mission Systems

Airborne Sensors and Networks

Artificial Intelligence/Machine
Learning

Cyber and Intelligence
Mission Solutions

Navigation, Targeting and
Survivability

Maritime/Land Systems and Sensors
Engineering & Sciences
Emerging Concepts Development
Multi-domain C2
Agile/DevSecOps Systems

Aeronautics Systems

Autonomous Systems
Aerospace Structures

Advanced Technologies and
Concepts

Aircraft Design, Integration and
Manufacturing

Long-range Strike

Multi-Domain Integration and
Operations

Intelligence, Surveillance
and Reconnaissance

Battle Management
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Kasey Henderson  Trina Patterson Amy Davis Amy Peters
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Management Resources Assurance

Charles Buckley ~ Jon Snyder  Kevin Richardson

Information Contracts Business
Systems Development
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Mark Haynie Mike Dorsch Tim Kettner Mark Ogren
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Mike Pinkston
Vice President

Kevin Wilder
Advanced
Programs

Lou Amorosi
Targets

Vikki Robles
Executive Administrative
Assistant
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Dennis Dabney Kurt Eberly Brian Autry
GMD

Space Launch Sentinel

— Pegasus
— Minotaur

— Antares

— Upper Stages

Effective: September 2022
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Launch Vehicle Business Unit (LVBU) Locations

Dulles, VA
+ 100 Employees
* Antares Program Office
* Pegasus Program Office

Mojave, CA

* 6 Employees

Vandenberg, CA

85 Employees ¢ L-1011 Operations
84,000 ft?

GMD Integration
Pegasus Integration
Minotaur Integration

Wallops, VA

+ ~45 Employees

+ Antares Final Integration and
Launch

Chandler, AZ
2500+ Employees
Over 650,000 ft? : 3
Flight Systems Headquarters —
Program Management Huntsville, AL
Engineering * ~40 Employees
Hardware Manufacturing, Test, * 37,500 ft?

and Integration * IRBM/ICBM Target Integration

PR02003_001_r9
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Over 65 Booster Configurations Flown with More
Under Contract
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Minotaur Overview Highlights

* 97% Success Rate
— Minotaur | and Il;: 20/21 Successful Launches
— Minotaur IV and V: 8 Successful Launches

» Range Safety Approved

— Qualified Range Safety Components Allow
Minotaur to Launch from any US Launch Site

— New Autonomous FTS Developed and Qualified

* Flight Proven
— Minotaur Maximizes Use of Heritage and
Common Hardware Across All Minotaur Vehicles
to Minimize Risk
* Flexible Solutions and Mission Tailoring
— Multi-Payload Adapters and Dual Orbits
— Mission Specific Guidance Schemes
— Complex and Challenging Mission Scenarios

— Mission-Unique Structures, Stages, Sep
Systems, and Avionics

MINOTAUR IS A RELIABLE, FLEXIBLE, AND PROVEN LAUNCH SOLUTION
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Minotaur Family of Launch Vehicles

“Optional
10 in.

2 | Fairing
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Optional
61 in. Fairing

_________

_________

Minotaur |

S1 M55A1 (GFE)
S2 SR 19 (GFE)
S3 Orion 50XL
S4 Orion 38
S5 HAPS (Optional)
S6 (N/A)
Application  Spacelift
Performance:

584 kg to LEO

LEO =200 km, 285°
Ballisic = VAFB to RTS (6,600 km, 20° Reentry Angle)

JEN

I

4

Minotaur | Lite

M55A1 (GFE)
SR 19 (GFE)
Orion 50XL
(N/A)

(N/A)

(N/A)
Suborbital/Target

680 kg Ballistic

I

7S

Minotaur IV Lite
SR-118 S1 (GFE)
SR-119 S2 (GFE)
SR-120 S3 (GFE)
Super HAPS
(N/A)
(N/A)
Suborbital/Target

3000 kg Ballistic

DR [

~

Minotaur IV
SR-118 S1 (GFE)
SR-119 S2 (GFE)
SR-120 S3 (GFE)

Orion 38 (STAR 48BV Optional)

HAPS (Optional)
(N/A)
Spacelift

1591 kg to LEO

(1837 kg wiStar 48BV)

Minotaur V

SR-118 S1 (GFE)
SR-119 S2 (GFE)
SR-120 S3 (GFE)
STAR 48BV
STAR 37
(N/A)
MTO/GTO/Lunar

650 kg to MTO
532 kg to GTO
342 kg to TLI

Ay

Minotaur VI
SR-118 S1 (GFE)
SR-118 S2 (GFE)
SR-119 S3 (GFE)
SR-120 S4 (GFE)

STAR 48BV

STAR 37 (Optional)*

LEO/MTO/GTO/Lunar

3144 kg to LEO

1025 kg to MTO*
866 kg to GTO*
560 kg to TLI*

TM17589B_321a
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Minotaur Fleet Provides a Wide Range of Space """
Minotaur Fleet Performance for a SSO Mission from KLC
2500 .
; Vehicle Configuration
| —— Minotaur | with 50" Fairing 00
2 1 . : — Minotaur IV with 82" Fainng
2000 A i = i Posssessesasse s om o | = Minolaur [V+ with 92 Fairing
[ | [ Minotaur VI with 92° Fainng 4000
L T | S PR r 1 g
g 3000 2
y =
-3 -4
© S
§ 1000 1 B
= | 2000 2
o |
a : =
500 | 1000
0 L 1 i I | A A L 0
200 400 600 800 1000 1200 1400 1600 1800 2000 (km)
| 1 | l 1 | 1 | | 1
200 300 400 500 600 700 800 900 1000 (nmi)
Circular Orbit Altitude (km and nmi)
Throw Capability to 200 km Circular Orbit at 28.5°
Launch Vehicle Inclination From CCAFS
Minotaur | with 50" Fairing 584 kg (1288 Ibm)
Minotaur IV with 92° Fainng 1591 kg (3509 Ibm)
Minotaur IV+ with 92" Fairing 1837 kg (4051 Ibm)
Minotaur VI with 92 Fairing 3144 kg (6932 Ibm)
TM17589_205
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Minotaur | Recent and Current Manifest

* L-111 Mission
« Minotaur | configuration
launched successfully from
Wallops Flight Facility Pad OB on
15 June 2021

* Launched for NRO via USSF
OSP-3 contract

» Suborbital Test Mission
« Minotaur | configuration

 Currently planning to launch from
Vandenberg SFB in 2023

* Minotaur | is available under USSF
OSP-4

PR21011
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Minotaur | Launch Vehicle Overview

Avionics Assembly
VEHICLE PARAMETERS - Fiight Com
Gross Liftoff Mass: 80,000 Ibm « INS i
Vehicie Length: 686 "t * MACH Avionics
Vehicle Diameter: 61 in * Telemetry System
Minctaur | Mass to LEO: 1,288 Ibm - Balteres

« Attitude Control System

;e“\v\ "
P Optional Payload Fairing

* 1.55 m (617) Diameler Fainng
*» Ttanlum Honeyocomb Constructon

2 |
Stage 4 Assembly - Orion 38
* Electromechanical TVC
= Commercial Motor

~Stage 3 Assembly - Orion 50XL
= Electromechanical TVC
« Cornmercial Motor
* GPS Tracking System

- 2/3 Interstage Cre e

* Umbikcal Imerface
* GFE Motor Inteface

- Stage 2 Assembly - SR19
» Unmodified GFE
« TVC LITVC

1/2 Imterstage
* Unmodified GFE
« Skirt Pedals for Increased Performance

{sugo 1 Assembly - M55A1
* Unmodified GFE
= TVC Hydraulic PRYX2, O0%

PR21011
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Minotaur IV Recent and Current Manifest

* L-129 Mission

—Minotaur IV configuration
launched successfully from
Wallops Flight Facility on 15 July
2020

—Launched for NRO via USSF
OSP-3 contract

« L-174 Mission
—Minotaur IV configuration

—Currently planning to launch from
Vandenberg SFB in Summer
2023

—NRO launch via USSF OSP-3
contract

 Minotaur |V is available under USSF
OSP-4

PR21011
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Minotaur IV Launch Vehicle Overview

Avionics Assembly o
* Flight Computer
*INS

+ MACH Avionics 9\0‘ Payload Fairing

* Telemetry System A * 2.3 Meter (92") Diameter
- Batteries \o\?" Composite Construction
* Attitude Control System 2

* PK Booster Control Module
* FTS Systems

» GPS Tracking Systems

—

t-l’ayload Adapter Cone

* 0.99 m (38.817) Interface
* Optional 1.19 m or 1.57 m Interface
Fairing Adapter Ring
* Frangible Separation Ring
Motor Adapter Cone

Q * Interface to Orion 38 or STAR 48BV
Stage 4 Motor
« Minotaur IV (Baseline) Orion 38/EM TVC
A

* Minotaur IV+ (Optional) STAR 48BV/EM TVC

GCA Skirt
* Allows Access to Avionics Assembly
* Antennas/Umbilical Interface

—Frangible Ring
» Separates Stage 3
- 3/4 Interstage

Stage 3 Assembly - SR120
* GFE/Hydraulic TVC/ENEC

Stage 2 Assembly - SR119
» GFE/Hydraulic TVC/ENEC

Stage 1 Assembly - SR118
* GFE/Hydraulic TVC

PR13002_0085

Expanded View of MinotaurlV Launch Vehicle (Baseline)
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L-129 Mission Utilized the MARS Payload CRUMMAN
Processing Facility (MPPF) and Pad 0B
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L-174 Mission will Launch from Vandenberg

SLC-08
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* NG is working under USSF to
refurbish and operate SLC-08

— Receiving support from VA Space

Page 14
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Minotaur IV has Launched from 4
Different Launch Sites
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KODIAK LAUNCH COMPLEX
Kodiak Island, AK

» Commercial Launch Facility (CLF)
+ Alaska Aerospace Corporation

WESTERN RANGE
Vandenberg AFB, CA

» Government Launch Sites
+ California Spaceport SSI CLF

= -
ISONRT o WY
S— f— b

S )

MEZEERIZN ) 5
Ec Yoy g

B

MID-ATLANTIC REGIONAL
SPACEPORT (MARS)

Wallops Island, VA

» Commercial Launch Sites at
NASA's Wallops Flight
Facilities

CAPE CANAVERAL AIR FORCE
STATION (CCAFS), FL

» Government Launch Sites
+ Space Florida CLF

TM17589 201

Figure 3.2-1. Flexible Processing and Portable GSE Allows Operations from Multiple Ranges or

Austere Site Options




Minotaur Launch Sites and Inclination
Ranges

» These are rough estimates
— For example, 65 deg is likely achievable from WFF

TM17588_285

Fiaure 3.2-2. Launch Site Inclinations
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Minotaur Features Flexible Vehicle Design to
Meet a Wide Range of Missions
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Separation System

NGIS
38" Separation
System

Planetary Systems
Motonzed Lightband
(MLB)

RUAG 937S Low
Shock System

A STAR 48

~N

Common Avionics Assembly
Across the Minotaur IV Family

38° Payload Cone
(Baseline)

Payload Cones

38° Two Piece
Payload Cone

62° Payload Cone

Dual Payload Adapter
Fitting (DPAF)

Payload Adapter Fittings

Multi-Payload Adapter
Fitting (MPAF)

oﬂ

Minotaur V Payload
Attach Fitting (PAF)

Custom Payload
Adapter

TM17589_269a
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Multi-Payload Adapter System (MPAS)
For Minotaur IV

* NG has recently developed and qualified a Multi-Payload Adapter System
(MPAS) that allows the Minotaur IV LV to support numerous payload
configurations and classes with a focus on:

—EELV Secondary Payload Adapter (ESPA) Class SV
—Larger than ESPA Class SV

—CubeSat Deployers

—Other

 The flexibility and robustness of the design allows the system to support any
class of space vehicle

PR21011
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MPAS is Designed to be Configurable to Support
a Wide Variety of Multi-Payload Manifests

Upper Lattice Cylinder

MPAS Separation
System (MSS)

Lower MPAP
MPAS Adapter Ring
TME255_005
Upper Mutple Payload ————»
Adapter Plate (MPAP)
Upper Lattice Cyfinder ——» Notional ESPA Class SV
. (QTY 6)
MPAS Separation ———>|
System (MSS) G
Notional 6U Class CubeSat

Deployers (quanity 5 visbie)

Lower Lattice Cyfinder
Lower Multiple Payload
Adapter Plate (MPAP)

TM2E255_002
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Contact points:

https://www.northropgrumman.com/space/minotaur-rocket/

Kurt Eberly kurt.eberly@ngc.com 703-234-3932
Warren Frick warren.frick@ngc.com 703-234-3935
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