CORONA Satellite Model

     This is an interactive model that explains the different aspects of the CORONA Satellite. 

When you click on the link for KH-4B 1967-1972 at the bottom of the homepage, the following text appears: 
KH 4B 1967-1972
     The KH-4B was the most advanced version in the family of CORONA satellites. Its five  to six-foot resolution was superior to the 20 to 40-foot resolution of the early CORONA systems. The KH-4 Mural used two cameras to produce stereoscopic imagery that allowed analysts to determine elevation and other dimensions on the ground.  Two later versions of the Mural, including the KH-4B, had two film-return buckets. The KH-4B used two convergent rotating panoramic (black and white) cameras to record dual images of specific areas on the Earth, and a Dual Improved Stellar Index Camera for target location identification and assistance in mapping.  The U.S. Army Map Service used the KH-5 ARGON to acquire geodetic data for pinpointing targets.  The KH-6 LANYARD was an attempt to develop a high-resolution photo-reconnaissance satellite.

When you click on each one of the letters spelling CORONA at the top of the homepage, a new page appears with additional information about the satellite. The following text explains what is behind each of the letters.
C- CORONA
     CORONA was the codename for a highly classified American project, which made the first successful photo-reconnaissance satellite.  Between 1958 and 1960, a special Central Intelligence Agency/Air Force team secretly built CORONA under the cover of Discoverer, an Air Force biomedical project.  The Discoverer-13 mission, conducted on August 10, 1960, was the first fully successful CORONA test.  Discoverer-14 returned the first film from space eight days later.  Launched into polar orbit on U.S. Air Force Thor boosters, CORONA satellites took pictures of “denied territories” from an approximate altitude of 100-nautical miles and returned the exposed film to Earth in film-return buckets ejected from the spacecraft. Air Force planes recovered the buckets in mid-air over the Pacific Ocean and airlifted the film first to a Kodak facility in Rochester, New York for development, then to other agencies for analysis. 

    To build CORONA’s components, the CIA and Air Force forged a unique partnership with private industry. The Lockheed Missile and Space Division, the project’s prime contractor, built the CORONA spacecraft and Agena propulsion system. Eastman Kodak created a new Mylar-based film capable of withstanding the vacuum and cold of space. General Dynamics produced the film-return buckets, and Fairchild and Itek produced CORONA’s cameras. 

     The CORONA program operated 145 missions from 1958 to 1972 that returned over 2.1 million feet of film. This imagery gave American leaders unprecedented insight into critical national threats, particularly from the Soviet Union and China.  As Jeffrey Harris, director of the National Reconnaissance Office (NRO) from 1994 to 1996 said, “The nation was very much in the dark and the information CORONA gathered shed light on dark corners in denied areas. As history shows, it was worth the risk in money, time, and human effort.” The first, longest, and most successful American space recovery program, CORONA explored and conquered the technological unknowns of space reconnaissance, lifted the curtain of secrecy that screened developments within the Soviet Union and Communist China, and opened the way for sophisticated follow-on satellite reconnaissance systems.

     In 1995, the U.S. Government declassified CORONA and two related systems, LANYARD and ARGON; approximately 850,000 formerly classified images from these programs are available for public viewing at the National Archives and Records Administration and on the U.S. Geological Survey website. 

This page also contains an August 15, 1960 picture of President Eisenhower examining an American Flag carried on Discoverer-13, CORONA’s first successful test flight.
This page also has a link entitled President John F. Kennedy and CORONA which takes the user to a picture of President Kennedy viewing a Discoverer-13 film-return bucket. 
O - CORONA Firsts

     This page has a listing of all of CORONA’s firsts. There is also a picture of the CORONA film bucket that is on display at the National Reconnaissance Office. The capsule carried the film, which returned to Earth from space.

     This page also has a link to the August 20, 1960 New York Times newspaper announcing the Discoverer-14 recovery along with the espionage conviction of American U-2 pilot Frances Gary Powers. These headlines depict the transition from aerial to space-based reconnaissance.  Powers’ trial following his May 1, 1960 shoot down, embarrassed the United States and exposed the vulnerability of the U-2.  The Discoverer-14 recovery was the first mid-air retrieval of an object from space which, unbeknownst to the public, contained 3,000-feet of film and the first CORONA imagery of the Earth.  Although the U-2 had better resolution than CORONA, space-based reconnaissance provided American decision-makers with a breadth and scope of accurate, reliable, and unique intelligence unattainable by other means.  The first successful CORONA flight covered 1,650,000-square miles of Soviet territory and imaged areas of the USSR the U-2 never reached.  The CORONA program photographed more Soviet territory than all U-2 missions combined. 

Firsts:     
First successful photo-reconnaissance satellite in the world.
(Roll-over link shows a picture of Discoverer-1 ready to launch from Vandenberg Air Force Base, February 28, 1959)

First targeted intelligence photo from space.

(Roll-over link shows a picture of CORONA photo of Mys Shmidta Air Base USSR (map inserted in picture), taken by Discoverer-14 on August 18, 1960.)

First space reconnaissance program to fly 100 missions.

(Roll-over link shows a picture of the launch of the last CORONA, Mission 1117, on May 25, 1972.)  

First “three-axis”stablilized satellite. 
(Roll-over link shows a picture of The Agena, CORONA’s precise propulsion system, and “three-axis” stabilization allowed the satellite to make complicated maneuvers in space with the stability to take pictures from 100-nautical miles or more from Earth.)

First stereoscopic imagery from space.

(Roll-over link shows a picture of the dual panoramic cameras that allowed imagery analysts to produce stereoscopic images of the Earth’s surface. The dual improved Stellar-Index camera recorded data to assist in target location and mapping.)
First film-return satellite.

(Roll-over link shows a picture of the CORONA’s film return system. The CORONA-4HB’s dual 70-millimeter film paths went from the film supply cassettes into scanners mounted over each of the rotating  panoramic cameras.  Once exposed, the film continued onto dual film-return buckets in CORONA’s nose.
First space program to use multiple film-return buckets.

(Roll-over link shows a picture of advanced versions of CORONA. These versions contained two film-return buckets. CORONA ejected each bucket once its take-up cassette was full and after the film was cut and spliced.)

First mid-air recovery of an object returning from space.

(Roll-over link shows a picture of a mid-air recovery of a CORONA film-return bucket by a C-130. The Air Force used C-119 aircraft on earlier missions, including the first CORONA film-return bucket recovery on August 11, 1960.)

First mapping of Earth from space.

(Roll-over link shows a picture of a map depicting Discoverer-14’s mission path, covering 1,650,000-square miles of Soviet territory. CORONA ‘s cameras assisted in mapping the Earth’s surface.)     
R - CORONA Launch

     A two-stage Thor-Agena rocket launched CORONA into space.  The first stage was the Thor booster, which lifted off from Vandenberg Air Force Base and placed CORONA into orbit.  The Agena took control once the Thor expended its fuel at roughly 40-nautical miles above the Earth.  The second stage consisted of the Agena with the CORONA camera at the front. 
On this page there is also a picture of  a CORONA being launched atop a Thor booster from Vandenberg Air Force Base, circa, 1967. 
O - CORONA De-orbit

     This page depicts a graphic of the stages of a CORONA capsule de-orbit and recovery of its film payload. The most important part of the CORONA mission was the film it captured, so the payload had to return to Earth safely and securely.  This required a specialized film-return bucket that was maneuverable, vacuum-sealed, temperature-controlled, light weight, strong, and recoverable.

There is also a link to an animated video depicting the de-orbit and recovery.  
A link to the Recovery System Payload shows a picture of the various stages of the film- bucket return system: Thrust Cone, Thermal Cover, Parachute, Capsule Cover, Capsule, and Forebody. The text says:
The most important part of the CORONA mission was the film it captured, so the payload had to return to Earth safely and securely. This required a specialized film-return bucket that was maneuverable, vacuum-sealed, temperature-controlled, light weight, strong, and recoverable  
N - Film Capsule Recovery

     Discoverer-14, launched on August 18, 1960, achieved orbit, released its film-return bucket, and achieved a successful reentry.

      The recovery of the Discoverer-14 film-return bucket by the U.S. Air Force was the first mid-air recovery of an object from space.  Planes missed the Discoverer-13 bucket, which had to be recovered from the ocean.  Discoverer-14 returned the world's first satellite imagery.

       This page also offers links to a newsreel and a video showing the Discoverer-14 film-return bucket recovery. 
A - CORONA Photographic Quality

     CORONA imagery resolution improved from 20 to 30-feet in the early KH-1 to KH-3 models, to 5 to 6-feet in the KH-4B version.  The best CORONA imagery had such fine photographic quality that imagery analysts could enlarge it 40 times.  If one were to enlarge a 2.25-inch wide by 30-inch long CORONA negative 40 times it would produce a print that was 7-feet wide by 100-feet long.  Print enlargements like this were not practical for reconnaissance photography and not used by analysts.  Rather, imagery analysts were interested in a small area of a negative and would examine a high-quality positive transparent contact sheet of film through binocular microscopes to view areas of interest up close. 

On this page there is a picture of photo interpreters examining a CORONA film.  Stereoscopic imagery allowed interpreters to measure elevation and other dimensions on the ground.

The page also has a CORONA KH-4B image of military industrial complex at Severodvinsk, USSR.
There is also a link to an excerpt from a 1972 CIA film about CORONA.
Information on Parts of the CORONA model.

     On the main page of the CORONA model you can roll over various sections of the CORONA satellite to reveal information about that section. These sections are:

Recovery System

 Major Satellite Recovery Vehicle Assemblies:

Thrust Cone

Thermal Cover

Parachute

Capsule Cover

Capsule

Forebody

     After separating from the satellite, retro rockets stabilized and decelerated the film-return bucket.  Parachutes slowed the capsule after it entered the atmosphere.  Finally, special recovery aircraft snatched the capsule in mid-air over the Pacific Ocean.

Capsule Cover

  Clicking on the words Capsule Cover, the following information appears:
The Thrust Cone propelled the film-return bucket away from the CORONA satellite.  Various thrusters initiated a stabilizing “spin-up” maneuver that caused the bucket to rotate up to 65-revolutions a minute. Retro rockets fired to start the descent and de-spin the watertight and vacuum-sealed bucket, so that it remained stable as it entered the Earth's atmosphere. 

     The Forebody acted as a heat shield to protect the film-return bucket and ensure the contents did not exceed 150-degrees Fahrenheit.  As the atmosphere grew denser, the bucket was subjected to gravitational forces as high as 10-Gs.  The Forebody separated from the bucket before the parachutes deployed. 

     Battery-powered radio signal emitters and antennas signaled the recovery planes as the capsule descended towards Earth.  The capsule could float up to 48-hours if it landed in the ocean.

The page also shows an illustration of how these parts are put together.

Thermal Cover

Clicking on the words Thermal Cover, the following information appears:  

     An orbiting vehicle must endure extreme temperature changes from minus 250 to plus 250-degrees Fahrenheit, as it passes in and out of the Earth's shadow.  A combination of heat shields, absorbent and reflective paint, special materials like magnesium, and other design features maintained a temperature between 40 to 90-degrees Fahrenheit inside the spacecraft.

     Once the film-return bucket separated from the CORONA satellite, the spent satellite would reenter the Earth's atmosphere and fall into a predetermined area of the ocean, all the while burning and destroying the on-board classified systems before a deep-sea burial. 

This page also shows a picture of the CORONA recovery system highlighting the Thermal Cover and the Film Return Bucket. 
Film-Return Bucket 1 (Text also applies to Bucket 2)

Clicking on the words Film-Return Bucket 1,  the following information appears:  

     Thermostats, sensors, heaters, and back-up systems maintained conditions inside the CORONA film-return bucket. 

     After separating from the satellite, retro rockets stabilized and decelerated the film-return bucket. Parachutes slowed the capsule after it entered the atmosphere. Finally, a special recovery aircraft snatched the capsule in mid-air over the Pacific Ocean.   

This page contains images of the film-return bucket and a graphic of how the bucket was retrieved in mid-air.
Parachute
Clicking on the word Parachute, the following information appears:  

     The Decelerator Chute deployed at 60,000-feet after the film-return bucket entered the Earth's atmosphere.  The Main Chute deployed at 50,000-feet.  Air Force planes recovered the bucket between 15,000 and 12,000-feet.

This page also contains an image of two men installing a recovery parachute into a CORONA film-return bucket.
There is also a image of a bucket before it is assembled for flight.

Camera System

Major Camera System Assemblies:
Recovery Vehicle 1

Recovery Vehicle 2
Main Intermediate Roller Assembly 

Film Operations

Delta Structure

Camera Functions

Dual Improved Stellar-Index Camera (DISIC)

Constant Rotating Stereo Panoramic Cameras

Film Supply Cassette
Film Operations

Clicking on the words Film Operations, the following information appears:  

     During a typical KH-4B mission, approximately 31,500-feet of 70-millimeter film fed through the system.  Dual film paths traveled separately via an elaborate series of drives, gates, and rollers from the supply cassette to the constantly rotating cameras, and, once exposed, in to the CORONA dual film-return buckets. 

     Each of the two cameras used a different film path. The exposed film was wound around separate take-up reels in the recovery system with half the mission’s film supply going to one of the two film-return buckets. A cut and splice mechanism, called TUNA, severed the film exiting the cameras.

     Under normal operations, CORONA continued taking pictures after the first film-return bucket separated from the spacecraft.  CORONA ejected the second film-return bucket when it exhausted the film supply.  CORONA completed its mission once it ejected both film-return buckets. 

This page also shows an image looking from above of the film operations section of CORONA with the film-return bucket on its side, the dual film-return buckets, the dual panoramic cameras, and the film supply cassette.  There is also an image of the photography section of the CORONA assembled highlighting the fairing pyro-activated doors, through which CORONA cameras photographed and how the film traveled to the camera. 

Constant Rotating Stereo Panoramic Cameras

Clicking on the words Constant Rotating Stereo Panoramic Cameras,
the following information appears:  

     The KH-4B camera, developed by the Itek Corporation, had two panoramic cameras, each with a F/3.5 lens and a 24-inch focal length. These cameras used an aperture control and selectable exposure slits to scan imagery onto the film. The system weighed approximately 437-pounds without film
This page has an image of a CORONA camera on a test stand with the Delta Structure, Camera, and Rotating Drum highlighted. 

There is also a link on this page for Resolution with the following text:

     Overall  CORONA resolution improved from 25 to 5 feet during the CORONA program. A single image or “frame size” covered approximately 10 by 120-miles of geographical area on the Earth’s surface. Optical encoders used xenon flashtubes to place registration data on the edge of each frame of CORONA film.  
This page has CORONA images of Moscow, USSR, with a close-up insert of the Kremlin, May 28, 1970 and The Great Wall of China snaking over hilly terrain, September 27, 1965.
Camera Functions
Clicking on the words Camera Functions, the following information appears:  

     The CORONA KH-4B satellite contained two ‘Pitch-pan’ dual panoramic cameras – one facing forward the other facing aft – configured at 30-degree angles. When used simultaneously they collected stereoscopic imagery that allowed analysts to determine elevation and other dimensions of the ground. 

      Imagery from the Dual Improved Stellar-Index cameras (referred to as the DISIC subsystem) recorded the attitude (i.e. pitch, roll, and yaw) of the main panoramic cameras and collected precise geographical and mapping information. 

     The Horizon camera pointed at the Earth and indexed the images produced by the main cameras. A digital recording clock generator time-stamped each frame of film with a silicon light pulsar. 
This page also contains a graphic of how the CORONA cameras worked.
Film Supply

Clicking on the words Film Supply, the following information appears:  

     The film cassette consisted of dual magnesium spools, tension assemblies, roller carriages, and sensors arms.

     In some early CORONA versions, the 3-millimeter thick, acetate-base, 70-millimeter film, rapidly lost moisture and pliability during exposure to space. This film often crumbled and sometimes jammed the camera. Eventually, stronger Mylar-based film coated with high-resolution emulsion replaced the acetate.

     In total, the CORONA program collected approximately 2.1 million-feet of film and took roughly 850,000 images from space. 
There are two images shown on this page, one of the film gate and roller assembly and another of  the CORONA KH-4B camera, mounted on a special stand, undergoing tests. 

Propulsion System
Major Propulsion System Assemblies:
Fore Section:

Telemetry Orbital Antenna

Propellant Tank

Rocket Fairing

Aft Section:

Lifeboat Section

Helium Pressure Spheres

Guidance and Attitude Control System

Cold Gas Valve Thrusters

Exhaust Nozzle

Clicking on the words Rocket Fairing, the following information appears:  

    The fairing connected CORONA's two propulsion systems: the lower-stage Thor Booster and an upper-stage Agena.  The Thor boosted the Agena and CORONA payload, with its reconnaissance camera and recovery system, into orbit.  The Thor weighed 176,313-pounds, almost 145,000-pounds of which were propellants and gasses.  Once expended, the Thor separated and fell into the ocean. 

     The Agena maneuvered CORONA and conducted all mission critical operations to keep the satellite in orbit. In missions prior to 1965, the Agena traveled with its nose facing away from the direction of travel so the entire system could tip towards Earth and eject the film-return bucket.  In later missions, the Agena faced forward, while on orbit, and maneuvered to release each of its film-return buckets.
This page also has a graphic of a blueprint of how the propulsion is put together.
On this page there is also a  link to a Lower Stage page which has an image of a Thor booster being loaded onto a pad for launch at Vandenberg Air Force Base circa the 1960’s.
Life Boat

Clicking on the words Life Boat, the following information appears:  

     CORONA Mission 1128, launched on May 29, 1962, carried the first emergency "Lifeboat" subsystem to serve as a backup for the main Agena propulsion system.  In the event of an Agena failure, the Lifeboat could assume limited attitude function, command-and-control activities, and recovery operations.  

This page has a graphic of the propulsion area highlighting the location of the Life Boat system.

Helium Pressure Spheres and Guidance and Altitude Control System
Clicking on the words Helium Pressure Spheres and Guidance and Altitude Control System, the following information appears:  

     The nearly 20-foot long Agena was CORONA’s main propulsion system on orbit.  The Agena’s aft section contained the attitude controllers, actuators, and solar panels. Agena underwent technological upgrades and improvements with each mission. The Agena provided three-axis stabilization that allowed the satellite to make precise multi-directional maneuvers in space while it remained stable enough to collect accurate imagery.  Gradually, CORONA’s mission life expanded from less than a day to 21 days in orbit.  The Agena’s Bell rocket engine carried over 13,500-pounds of propellant and could provide 16,000-pounds of thrust.  The vehicle could also self-destruct in the event of a catastrophic malfunction. 

 This page has two images, one of Agena-A in flight flight preparations, October 26, 1960 and the other image is Agena-D on the factory floor, circa 1965.  
