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The Atlas V OA-4 mission represents a seminal moment in the evolution of commercial resupply services to the
International Space Station (ISS). Launched on December 6, 2015, this mission was not merely a routine

logistics flight; it was the first time the United Launch Alliance (ULA) Atlas V rocket was utilized to deliver the

Orbital ATK Cygnus spacecraft to orbit. This partnership highlighted the versatility of the Atlas V launch system
and addressed a critical need for high-mass cargo delivery following the temporary grounding of the Antares launch
vehicle. Understanding the technical intricacies of the OA-4 mission requires a deep dive into the 401
configurationof the Atlas V, the structural design of the Enhanced Cygnus spacecraft, and the complex orbital
mechanics required for ISS rendezvous.

The Evolved Expendable Launch Vehicle (EELV) Framework

The Atlas V is a cornerstone of the Evolved Expendable Launch Vehicle (EELV) program, now known as the
National Security Space Launch (NSSL). Developed by Lockheed Martin and subsequently operated by ULA, the
Atlas V was designed for high reliability and modularity. The OA-4 mission utilized the Atlas V 401 variant, which is
the workhorse of the fleet. The '401' designation refers to a 4-meter payload fairing, zero solid rocket boosters, and
a single-engine Centaur upper stage. This specific configuration is optimized for efficiency and precision, providing
the necessary Delta-V for Low Earth Orbit (LEO) insertions without the excessive thrust of larger configurations.

Core Propulsion: The RD-180 Engine

At the heart of the Atlas V first stage is the RD-180 engine, a dual-nozzle, liquid-oxygen/kerosene (RP-1) engine.
The RD-180 utilizes an oxidizer-rich staged combustion cycle, which allows for significantly higher chamber
pressures and efficiency compared to open-cycle engines. The technical specifications of the RD-180 are critical to
the OA-4 mission's success:

e Thrust (Sea Level): 3.83 MN (860,000 Ibf)

¢ Specific Impulse (Isp) Sea Level: 311 seconds
¢ Specific Impulse (Isp) Vacuum: 338 seconds

* Throttle Range: 47% to 100%

The ability to throttle the engine is essential for managing Maximum Dynamic Pressure (Max-Q)and ensuring
that the structural loads on the Cygnus payload remain within acceptable limits during the ascent phase.

The Cygnus OA-4 Spacecraft: An Enhanced Architecture

The OA-4 mission marked the debut of the Enhanced Cygnus spacecraft. This upgraded version featured a longer
Pressurized Cargo Module (PCM)and significantly increased the mass-to-orbit capability. Manufactured by
Thales Alenia Space, the PCM was designed to carry over 3,500 kg of cargo, including science experiments, crew
supplies, and hardware.

Technical Specifications of the Enhanced Cygnus



Feature Standard Cygnus Enhanced Cygnus (OA-4)

Total Length 5.1 Meters 6.3 Meters

Payload Mass 2,000 kg 3,500 kg

PCM Volume 18.9 m3 27.0m3

Solar Arrays Fixed Wings Ultraflex Circular Arrays
Launch Vehicle Antares Atlas V 401

The Ultraflex solar arrays utilized on the OA-4 mission were lighter and more compact during launch but offered a
larger surface area once deployed, generating approximately 3.5 kW of power. This power was vital for maintaining
the internal climate of the PCM and powering the various hosted payloadsand research experiments during the
transit to the ISS.

Orbital Mechanics and Mission Profile

The mission profile for OA-4 was dictated by the instantaneous launch window required to intercept the ISS. The
Atlas V 401 provided the necessary impulse to place the Cygnus into an initial parking orbit of approximately 230
km altitude with an inclination of 51.6 degrees.

Flight Phase Breakdown

1. Liftoff: The RD-180 ignites at T-2.7 seconds. Liftoff occurs at T+0.

2. Boost Phase: The first stage burns for approximately 253 seconds.

3. Centaur Injection: After first-stage separation, the Centaur Upper Stage, powered by the RL10C-1 engine,
ignites to perform the orbital insertion.

4. Spacecraft Separation: Cygnus is released into its transfer orbit approximately 21 minutes after liftoff.

5. Phasing Maneuvers: Over several days, Cygnus performs a series of Delta-V burns to raise its perigee and
apogee, synchronizing its position with the ISS.

Mathematical Modeling of Delta-V Requirements

The total change in velocity (Delta-V) required for the mission can be calculated using the Tsiolkovsky Rocket
Equation:
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Where v_e is the effective exhaust velocity (Isp * g €). For the Centaur stage, with an Isp of 450.5 seconds, the
engine provides high efficiency for the final push into LEO. The OA-4 mission was particularly notable because it
carried the heaviest payload ever launched on an Atlas Vat that time, weighing in at approximately 7,492 kg
(inclusive of the spacecraft and cargo).

Technical Analysis of Payload Fairing Dynamics

The 4-meter Large Extra Extended Payload Fairing (LXP-4) was utilized to encapsulate the Cygnus. The fairing
serves two purposes: protecting the spacecraft from aerodynamic heating and pressure during ascent, and
maintaining a cleanroom environment on the launch pad. For the OA-4 mission, engineers had to perform rigorous
Coupled Loads Analysis (CLA)to ensure that the vibrational frequencies of the Atlas V did not resonate with the



structural frequencies of the Cygnus PCM. This analysis prevents structural fatigue or failure during the high-
vibration environment of the first two minutes of flight.

Ground Operations and Logistics

The OA-4 mission was launched from Space Launch Complex 41 (SLC-41) at Cape Canaveral Air Force Station.
Unlike many other rockets, the Atlas V is integrated vertically in the Vertical Integration Facility (VIF). This
process involves stacking the first stage, then the Centaur, and finally the encapsulated payload using a heavy-lift
crane. The entire stack is then moved to the launch pad on a mobile launch platform.

The Role of the Launch Services Program (LSP)

NASA's Launch Services Program played a pivotal role in certifying the Atlas V for the OA-4 mission. Since the
mission involved a commercial resupply contract, NASA had to ensure that the ULA vehicle met the stringent
Category 3certification standards, which are reserved for the highest-value payloads and those critical to human
spaceflight support. This involved a comprehensive review of Atlas V flight history, manufacturing processes, and
quality control systems.

Case Study: Challenges and Troubleshooting in the OA-4 Campaign

The OA-4 mission faced significant operational challenges, most notably the weather. The launch was delayed
multiple times due to high-altitude winds and ground-level gusts. Technical writers and engineers often categorize
these delays as "environmental scrubs."

Analysis of Scrub Triggers

¢ Wind Shear: High-altitude winds can create excessive lateral loads on the rocket, threatening structural
integrity.

* Anemometer Limits: At the pad, gusts exceeding 33 knots can prevent the safe retraction of the umbilical
arms.

« Liquid Oxygen (LOX) Loading: Repeatedly loading and offloading cryogenic propellants can cause thermal
fatigue in valves.

During the OA-4 countdown, the ULA team had to manage the cryogenic boil-offof LOX and LH2, ensuring that
the propellant levels remained within the strict 98-102% mass range for optimal engine performance. The
successful management of these variables demonstrated the maturity of the Atlas V ground support equipment
(GSE).

Comparison of Launch Vehicle Performance

To understand why the Atlas V was chosen for the OA-4 mission, it is helpful to compare its performance metrics
against other contemporary vehicles used for ISS resupply.



Metric Atlas V 401 Antares 230 Falcon 9v1.1

LEO Capacity 9,800 kg 7,000 kg 13,150 kg
First Stage Engine RD-180 (1) RD-181 (2) Merlin 1D (9)
Fuel Type RP-1/LOX RP-1/LOX RP-1/LOX
Upper Stage Fuel LH2 / LOX Solid (Castor 30XL) RP-1/LOX
Success Rate (2015) ~99% ~85% ~95%

The Atlas V 401 offered a superior success rate and the precision of a high-Isp liquid upper stage (Centaur), which
allowed for a more flexible rendezvous profile than the solid-fuel upper stage used by the Antares rocket at the time.

Engineering Solutions for ISS Proximity Operations

Once Cygnus was deployed by the Atlas V, it began its independent operations. The technical success of the
mission relied on the Proximity Operations (Prox-Ops) sensors. These include LIDAR and Optical Navigation
systems that allow the spacecraft to calculate its relative position to the ISS within centimeters.

The Berthing Process

Unlike the Russian Progress or the SpaceX Dragon 2 (which can dock autonomously), the Cygnus OA-4 used the
berthing method. This involves the spacecraft flying to a "Keep-Out Sphere" and then maintaining a stationary
position relative to the station. The ISS crew then uses the Canadarm2 (Space Station Remote Manipulator
System) to grapple the spacecraft and manually attach it to the Common Berthing Mechanism (CBM)on the
Unity module.

Critical Systems for Berthing:

« CBM Interface: A 50-inch diameter hatch that allows for the transfer of large cargo racks.

* Redundant Control Systems: Cygnus features a dual-redundant avionics suite to ensure that a single point of
failure cannot lead to a collision with the ISS.

¢ Abort Logic: In the event of a sensor mismatch, the spacecraft is programmed to perform an automatic "Abort
Burn" to safely move away from the station's trajectory.

Summary and Broader Implications

The Atlas V OA-4 mission successfully delivered 3,513 kg of cargo to the ISS, proving that the ULA Atlas V was a
viable and highly capable platform for commercial resupply. This mission's success paved the way for subsequent
Atlas V launches for the Cygnus program (OA-6 and OA-7), solidifying a multi-platform launch strategy for NASA
and its commercial partners. The integration of the RD-180's power and the Centaur's precision ensured that the
heaviest Cygnus to date was delivered with pinpoint accuracy.

From a strategic perspective, OA-4 demonstrated the resilience of the American space supply chain. When one
launch system faced technical hurdles, the modularity of the Atlas V and the flexibility of the Cygnus spacecraft
allowed for a rapid shift in mission architecture. This adaptability remains a core tenet of modern aerospace
engineering and mission planning. The legacy of OA-4 continues to inform the development of future cargo and
crew vehicles, emphasizing the importance of redundant launch capabilities and the continued refinement of orbital



logistics frameworks.

Baca Juga (Artikel Terkait)

* The Comprehensive Guide to Amateur Aerospace Engineering and DIY Space Exploration

URL: http://alghafgolden.com/guide-to-amateur-aerospace-engineering-diy-space-exploration.pdf
* Engineering Excellence: A Comprehensive Technical Deep Dive into the Boeing 737 Next Generation
(NG) Series

URL: http://alghafgolden.com/boeing-737-next-generation-technical-analysis-guide.pdf
e Comprehensive Technical Guide to Boeing 747-400 Systems: Component Locators, Maintenance
Protocols, and Operational Architecture

URL: http://alghafgolden.com/boeing-747-400-systems-component-locator-guide.pdf

e The Boeing 747-400 Technical Compendium: Operations, Systems Engineering, and Maintenance
Protocols
URL.: http://alghafgolden.com/boeing-747-400-technical-guide-operations-systems-maintenance.pdf

Tags: #Atlas V #United Launch Alliance #Cygnus OA 4 #ISS Resupply #Orbital ATK


http://alghafgolden.com/guide-to-amateur-aerospace-engineering-diy-space-exploration.pdf
http://alghafgolden.com/boeing-737-next-generation-technical-analysis-guide.pdf
http://alghafgolden.com/boeing-737-next-generation-technical-analysis-guide.pdf
http://alghafgolden.com/boeing-747-400-systems-component-locator-guide.pdf
http://alghafgolden.com/boeing-747-400-systems-component-locator-guide.pdf
http://alghafgolden.com/boeing-747-400-technical-guide-operations-systems-maintenance.pdf
http://alghafgolden.com/boeing-747-400-technical-guide-operations-systems-maintenance.pdf

Page 1 of 5



Page 2 of 5



Page 3 of 5



Page 4 of 5



Page 5 of 5



