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[A-10C WARTHOG
INTRODUCTION

Thank you for your purchase of DCS: A-10C Warthog! A-10C Warthog is the second module in the
Digital Combat Simulator (DCS) seriesand follows the critically acclaimed DCS: Black Shark In doing
S0, this latest module shifts gears from attack helicopter operations to perhaps the most famous
Close Air Support aircraft: The Fairchild RepublicA-10C Warthog. Warthog builds upon the CAS
environment created for Black Shark, pushing it to the next level with new features and game play.

The decision to model the A-10C was driven by several factors:

1  The Fighter Collection / Eagle Dynamics has been developing a high-fidelity Desk Top
Simulation (DTS) of the A-10C for the U.S. Air National Guard for the past several years,
giving us a tremendous access to A10C information. We were fortunate enough to work
out an agreement with our client to release an entertainment version of this simulation.

1 When we create a module for DCS, it is very important for us to create it at the highest
level of fidelity. We callt hi e ADCS St andar do. Given our DTS exp:¢
10C, we had the data and the means to meet this standard, unlike other aircraft that the
data is simply not available for.

1  Continuing the work already established in DCS: Black Shark, we wanted to improve the
Close Air Support (CAS environment, but we wanted to introduce a fixed -wing aircraft into
DCS. The A10C was the perfect choice.

1 The A-10C is just a cool aircraft! The combination of the 30 mm cannon, low -level tank-
busting, the recent digitization of the aircraft in the A -10 "Charlie" and the addition of
targeting pod and GPS weapons, and glass cockpit, make the A10C an incredibly
entertaining aircraft to fly and fight in.

1  There are few modern aircraft that have the visual and n ame recognition of the A-10
Warthog.

1 A high-fidelity A-10 simulation has been a long time in coming. Although A-10 simulations
were in work by both EA/Janeds Combat Simulations a
failed to see the light of day. We hope that Warthog fills this desire for simmers to fly the
Hog.

When writing this manual we wanted make it even better than the DCS: Black Shark flight manual . A
big part of achieving that is to add a wealth of instructional content in addition to detailed re ference
information. As such, the first chapters of this manual are focused on the jet's technical aspects and
its historical background; the second half is instructional in nature and will walk you through the
many functions of the aircraft step-by-step.

This manual should be used in conjunction with the tutorials included with this simulation and the
online videos available on the DCS website to learn this aircraft .

Please note that all listed key commands are in regards to a standard U.S. keyboard.

In the process of adding the A-10C to the DCS stable, an equally important aspect of this program
has been the many improvements we have made to the DCS combat environment. These include:
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Improved terrain and sky modeling for a more realistic look
Expandedterrain into eastern Georgia

Interactive Joint Terminal Air Controller (JTAC)

Smarter Al that more dynamically responds to threats

Hearing radio communications for additional friendly air and ground units
Interactive training

Improved visual effects

New sound engine

Mission Editor improvements

= =4 =4 a4 -4 -4 -—a -8 -8 -

Self-shadowing cockpit

We hope you enjoy the fruits of our labor of love . It is our hope that DCS: A-10C Warthog will help
you appreciate this unique aircraft and understand why it is considered by many to be the best CAS
aircraft over todayés battlefields.

Sincerely,
The DCS: A-10C Warthog Team
12 November 2011
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A10 HISTORY

|dentifying the Need

The need for the A-10 germinated from the experience of U.S. forces in the Vietnam War. While fast
jets like the F-100, F-4 and F-5 could provide Close Air Support (CAS) to troops in emergency
situations, their lack of loiter time, high speeds, and weapon delivery inaccuracy proved problematic
and an expensive soltion. On the other hand, slower aircraft like the U -10 and OV-10 lacked the
firepower punch needed. This criticism resulted in charges that the U.S. Air Force did not take close
air support seriously and a few high-level service members sought a specializd attack aircraft to
remedy this.

The A-1 Skyraider was used to fill this CAS and Combat Search and Rescue (CSAR) role, and its
ruggedness, large weapon loads and loiter capability proved to be a success in Southeast Asia.
However, it was not deemed survivable enough in a European battlefield scenario.

Figure 1. A-1D Skyraider

During the Vietnam War, the primary threat to CAS mission aircraft was small arms, surface-to-air
missiles, and low-level anti-aircraft gunfire. This resulted in a desire for a much more survivable
aircraft operating in the CAS environment. The primary environment was still considered Europe at
the time, and such an aircraft would need to be survivable operating over Warsaw Pact forces with
an extensive array of air defense weaponry.
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In addition to the then current fast and slow Air Force attack aircraft, CAS supporting UH1 and AH-1
gunships did not have the capability to effectively engage enemy armor forces in a feared
mechanized Soviet thrust through Western Europe.

Given these items, the Air Force was looking for the following in a replacement for the A -1:
1 Rugged and survivable
1  Long-loiter capability
1 Ability to carry large weapon loads including anti-armor
1 Excellent slow speed agility
1 Relatively short takeoff and landing rolls

Given the projected dense Warsaw Pact Integrated Air Defense System (IADS) threat, it was also
determined that the flight profile of this aircraft would need to be very near and over the battlefield

in order to maximize the use of terrain masking. This led to the requirement focusing on low - to mid-
altitude operations at the exclusion of high-altitude flight profiles.

The-A Competition

In June 1966 the Attack Experimental (A-X) program was launched and the requirement issued in
September of the same year. The Request For Proposal (RFP) was issued by the Air Force to 21
defense contractors on March 6, 1967. By 1969, the characteristics of a target weight of 35,000 Ibs,
$1 million per aircraft, and using twin high -bypass fanjets was determined. The performance
requirements were set as follows:

1 Turbofans generating between 31.1 and 44.5 kN
Combat mission radius of 250 nm
Two hour mission loiter time at max mission radius with 9 ,500 Ibs payload

4,000 ft takeoff distance

Easy to maintain at Forward Operating Bases (FOB)

1
1
il
1  Highly maneuverable below 1,000 ft
il
1 Low cost

1

Ability to use integrated 30 mm cannon to destroy main battle tanks
1 Use of off-the-shelf hardware whenever possible to reduce costs

Moving away from the earlier fixed -price contract, it was decided to pursue a Fly-Before-Buy policy
when choosing the A-X. As such, compettive RFP contracts were issued to 12 companies on May 7,
1970 with the intent to purchase 600 aircraft at a price of $1.4 million each (fly away cost). Of the 12
companies, Northrop and Fairchild Republic were selected as the winners of the prototype
competition on December 18, 1970. Each company would build two prototypes. The Northrop entry
would be designated the YA-9 and the Fairchild Republic would be designated the YA10.
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Figure 2.YA-10A

Figure 3. YA-9A
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At the hands of test pi |l 010mbde itsanaiden fightd&romoEdwaes AFB n, t
on May 10, 1972. The YA-10A was initially fitted with an M61A1 20 mm cannon that would later be
replaced in production aircraft with the GAU-8/A 30 mm cannon.

The competition between the two prototypes lasted between October 10, 1972 and December 9,
1972. At the conclusion of the faceoff, the YA-10 came out on top despite both aircraft exceeding
requirement specifications. This was due to:

1  Most of the test pilots generally preferred the flying qualities of the YA -10 over the YA-9
1  Lessrollinertia

1  Ease of access to the underwing hardpoints

1  Shorter estimated transition from prototype to production model

1  Use of the existing TF34 engine that had already been in use with the U.S. Navy S-3
Viking

1  Better system redundancy / survivability

The YA10 was announced the winner on January 18, 1973. It is interesting to note that the losing
YA-9A bears a striking resemblance to the Russiandeveloped Su-25 CAS aicraft that has seen
service world-wide in large numbers. This is a testament to the excellent design of both contenders.

he

If you are interested in the Su -25, we suggest flying our simulation ofthe Su-2 5T i n ALock On:

Pl atinumo, availal&xl e at your | ocal reta

Production

After the pre-production $159.2 million contract was signed on March 1, 1973, 10 pre -production YA-
10s went into construction by Fairchild Republic. In parallel, General Electric was funded to provide
slightly modified TF34 engines. The modified engine is hardier and became designated the TF34GE
100A. While there has been discussion updating the engines of the A-10, the TF-34-100A has proved
a reliable and durable engine for the past 40 years.

Responding to a congressional recommendation the Air Force was asked to evaluate the new YA-10
against the existing A-7D Corsair Il. Between April 16 and May 10, 1973, the two aircraft squared off
at McConnell AFB by experienced Air Force pilots to evaluate which aircraft was better suited to the
initial A-X requirements. At the end of the second evaluation fly -off, the YA-10 was again deemed to
be the better aircraft for the mission due to:

1 More survivable

T More lethal with the to -be-fitted 30 mm cannon
1  Less expensive to operate
1

Significantly longer loiter times. Two hours versus only 11 minutes of the A -7D!

A-10 HISTORY
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Figure 4. A-10A in the earlier camo

The first pre-production YA-10 entered testing in February of 1975 and included several changes
from the two prototype aircraft that took part in the fly -off competitions (YA-9 and A-7D). During this
time, the number of pre -production aircraft was reduced by four due to budget constraints. These
changes included:

1

= =4 =4 -4 A -—a -8 -

Added leading edge slats for improved airflow to engines at higher angles of attack
Added trailing edge fairings

Wing span slightly increased

Maximum flap deflection was reduced

Vertical stabilizers were reshaped

Aerial refueling receptacle was added to the nose

Added an integrated boarding ladder

Gun boresight was reduced 2-degrees for better over -the-nose aiming

A pylon on the right side of the forward fuselage was added to carry the Pave Penny pod
laser spot tracker
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The six pre-production aircraft created were each tasked to specific areas of the aircraft flight test
program:

1  Aircraft No. 1, 73-1664. Performance and handling

Aircraft No. 2, 73-1665. Weapon certification
Aircraft No. 3, 73-1666. Sub-systems and weapon delivery

T
1
1  Aircraft No. 4, 73-1667. Operational test and evaluation

1  Aircraft No. 5, 73-1668. Independent Initial Operational and Evaluation (IOT&E) and stores
certification

1  Aircraft No. 6, 73-1669. Climate test certification

Note : Aircraft No. 6 was lost due to gun gas ingestion that flamed out both engines. This was later
rectified in production aircraft.

The first production A-10A flew on October 10, 1975, and along with the next three production

aircraft, took part in the flight testing effort. Due to the reduction in test aircraft from 10 to 6, the

first operational A-10A was delivered five months behind schedule to the 355™ Tactical Fighter Wing

(TFW) in March 1976. By todayo6s s'tcamiutedfidas, not much of
operational tests and brought the A-10A to Europe for the first time for air shows and NATO

exercises. 355" A-10As went on to put the new aircraft through its paces during Operation Jack Frost

arctic exercise, Red Flag, and the Joint Attack Weapon System (JAWS) trials.

Figure 5. A-10A at JAWS Trials
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At the delivery of the 100 ™ A-10A, the Pentagon christened the aircraft the Thunderbolt Il. However,

in the tradition ofthe F-8 4 ni ckname AGr-®4khdhmbgper h dp®S5amhtld gdhae F
the A-10A community nicknamedthe AA-10 A t he fAiWarthogo or just f@AHogo f
tradition coupled with the not -so-graceful lines of the A-10A was quite apt.

In an effort to create a night -attack all-weather version of the A-10, Department of Defense (DoD)
and Fairchild Republic converted pre-production aircraft No. 1 to create the YA-10B Night/Adverse
Weather (N/AW) prototype. It included a second seat for a weapons system officer responsible for
ECM, navigation and target acquisition. The vertical stabilizers were also extended. A Forward
Looking Infrared (FLIR) pod was to be mounted on the right side of the fuselage and a ground
mapping radar on the left side. In the event the Air Force lost interest, it was also proposed as a
combat-trainer for the A-10. The variant was ultimately canceled and the only two -seat A-10 built
now sits at Edwards Air Force Base.

In total, 715 A -10s were produced, the last delivered in 1984.

Figure 6. A-10A in Operation Colors
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A10 Evolution

The A-10 has received many upgrades over the years.

Initial aircraft were upgraded with the Heading Atti tude Reference Systems (HARS) that provided
basic inertial navigation and the Pave Penny laser sensor (marked target seeker) pod that allowed
the pilot to detect laser energy for PID (Positive Identification) of an illuminated target. The Pave
Penny is a passive seeker and cannot seltdesignate a target for a Laser Guided Bomb (LGB). Pave
Penny control is done through the Target Identification Set, Laser (TISL) panel in the cockpit.
Although Pave Penny functions have largely been replaced in modern A10s by the targeting pod, the
system and capability remain.

The first major upgrade to the A -10A fleet was the Low-Altitude Safety and Targeting Enhancement
(LASTE). LASTE provided computerized weaporaiming equipment, a Low Altitude Autopilot (LAAP),
and ground-collision avoidance system (GCAS). LASTE updated aircraft evolved over several forms
including LASTE v4.0 and LASTE v6.0 with and without embedded GP3NS (EGI) navigation.

The Suite 2 A-10A upgrade standardized the A-10A fleet to full EGI capability, re placed the Control
Display Unit (CDU), replaced the defensive countermeasure systems(CMS), and provided the ability
to employ the Litening AT targeting pod from either station 3 or 9 (later moved to stations 2 and 10
in Suite 3). Imagery from the targeti ng pod could be displayed on the Television Monitor (TVM) that
could also display Maverick video or as a CDU repeater. Suite 2 also made the Integrated Flight &
Fire Control Computer (IFFCC) standard and dramatically improved weapon delivery accuracy.

A-10 HISTORY



Figure 7. A-10A Cockpit

The current Suite 3 A-10 has been designated the A-10C. This upgrade started in 2005 and will
eventually be standard for the entire A-10 fleet of 356 aircraft. The Precision Engagement (PE)
modification is the largest single upgrade effort ever undertaken for A -10. When complete, it will
provide true precision engagement (PE) capability by combining multiple upgrade requirements into a
one time and money-saving program rather than executing them as standalone projects. This
program was accelerated by 9 months as a result of experiences in Operation Iragi Freedom.

A multi-billion dollar wing replacement program supplements the technology upgrades including
support for IAM-guided weapons (JDAM and WCMD), SADL dtalink, Digital Stores Management
System, and an updated, glass cockpit. Overall, an April 2/07 GAO report places the potential total
cost of upgrades, refurbishment, and service life extension plans for the A/OA-10 force at up to $4.4
billion.
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Figure 8. A-10C Cockpit

The Air Force Material Command's Ogden Air Logistics Center at Hill AFB, Utah completed work on its
100th A-10 precision engagement upgrade in January 2008. The A-10C upgrades are to be
completed in 2011. The A-10 is scheduled to stay in service with the USAF until 2028 and will

continue to evolve with new upgrades.
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A10 Missions

In the 30+ years of operational service, the A -10 mission has continued to evolve to meet ever-
changing mission requirement and battlefield complexities. Meeting the initial A-X requirements, the
A-10 was initially focused on Close Air Support (CAS) of friendly troops in contact with Warsaw Pact
forces in the event of the Cold War going hot. However, with actual A -10 combat operations in the
Persian Gulf, the Balkans, and Afghanistan, the initial low-altitude CAS mission changed dramatically.

Given the much greater air defense threat at low -altitude compared to medium altitude, A -10
operations generally moved to medium altitude (12,000 to 20,000 ft) to minimize the threat from
Anti-Aircraft Artillery (AAA) and Man Portable Surface to Air Missiles (MANPAD). This was made
possible due either to a lack of credible medium to high altitude air defense threats and/or sufficient
friendly support assets to neutralize the threat. As such, most of the A-10s combat use has been
above 12,000 ft with excursions to lower altitude to employ weapons (strafing and CCIP rocket/bomb
delivery). T o d dQCdnsparticular use a combination of the Litening AT targeting pod with
precision-guided bombs and missiles to attack from medium altitudes and stand-off ranges to avoid
low-altitude threats.

Working from these altitudes in such a manner, the A-10C has four general types of missionsit can
conduct:

Close Air Support (CAS)

As the initial mission ofthe A-1 0, this is what it was designed to d
friendly ground forces in contact with the enemy. Although this was originally envisioned as NATO

forces holding off a Warsaw Pact advance, today CAS is a common mission for A10C crews

supporting allied forces in Irag and Afghanistan. Often A-10C crews will be tasked to eliminate hostile
forces within Adanger <cl oseod r an gloC dthe bétteriineegrateddy uni |
targeting pod and the SADL datalink system provide an improved level of coordination and weapon

employment accuracy to avoid tragic blue-on-blue, friendly fire incidents.

Paramount of effective CAS support is the Joint Terminal Attack Controller (JTAC) on the gound with

friendly troops. It is the JTAC's mission to coordinate with the A-10C pilot to effectively and

accurately deliver weapons exactly on the directed target to best support the friendly ground forces

in contact with the enemy. With the integration o f the datalink, a JTAC can now send digital tasking

onto the moving map display and a text message. However, this does not preclude the traditional

verbal directions over a radio to talk the pilotds

Battlefield Air Interdict ion (BAI)

The goal of BAI is to use airpower to attack enemy forces behind the front line that are not in contact
with friendly forces. This can include rear echelon reinforcements, artillery/rocket system, logistics,
and lines of communication. Depending on how far the target is behind the front line, there are
generally two levels of BAI: Deep Interdiction against targets far behind the front line that generally
consisted of logistical, command and control, line of communication, and Petroleum, Oil, Lubricants
(POL) targets; and Battlefield Interdiction targets second -echelon forces behind the front line that are
currently not in contact with friendly ground forces.

For many years the A-10 was relegated to Battlefield Interdiction while other aircraft su ch as the F-
15E, F16, F-117, and F-111 took the Deep Interdiction missions. However, this has gradually
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changed and now BAI mission assignments are based on weather, target type, expected threats, and
terrain. As such, more and more A-10s are assigned both types of BAI missions.

Because targets are well behind the front line, contact with a JTAC is rare except when tasked by a
Special Forces team behind enemy lines.

For combat operations like Desert Storm and Allied Force, this was the most common type of

mission. INODS,A10 cr ews were often assigned AKill Boxeso to huri
OAF, there was a similar target area assignment, but also target handoff from an Airborne Forward

Air Controller (AFAC).

Airborne Forward Air Controller ( AFAC)

Much like a JTAC tasks a CASassigned aircraft to a specific target, the AFAC performs the same role
but from the cockpit of an aircraft. Unlike a JTAC that is most often assigning CAS strikes, the AFAC
often performs the dual function of assigning both CAS and BAI attacks. Clear examples of this can
be seen in the AFAC role the A10 often played in coordinating BAI strikes in the Balkans, whereas
the A-10 AFACtrole in Iraqg and Afghanistan was often tasking CAS strikes supporing friendly troops
in contact.

When an A-10 is performing the AFAC role, it is termed an OA-10. There is no real difference
between an A-10 and an OA-10 other than the mission and the OA-10 will generally have an AFAC
payload consisting of Willy Pete marker rockets and several weapons. An A10 that is dual tasked for
CAS/BAIl and AFAC is sometimes referred to as al’A/OA10or a AKil |l er Scout o

With the addition of the Litening AT targeting pod, the A -10 is a much more capable AFAC that can
operate day or night. Previously, nighttime AFAC could be problematic and relied solely on the use of
night vision goggles (NVG). For day time AFAC, the older OA10 models had to use binoculars.

Along with the targeting pod, the SADL datalink allows the OA-10 to digitally transmit target locations
to other aircraft on the network as well as sending clarifying text messages. Of course, the verbal
italk ono is also available over the radio.

Combat Search and Rescue (CSAR)

When an airman goes down behind enemy lines, an A-10 flight is a crucial part of the package that
will go in to retrieve him or her. In the CSAR role, the A -10 will often be the on -site coordinating
party responsible for the extraction operation. Additiona lly, the A-10 will have responsibility for
attacking enemy forces threatening the rescue helicopters and enemy ground forces closing in on the
position of the downed pilot.

During operations of Serbia and Kosovo, both CSAR operations were run from the codpit of an A-10.
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Operational Use

The first operational unit to receive the A-10 was the 355th Tactical Training Wing, based at Davis-
Monthan Air Force Base inArizona in March of 1976. The first unit to achieve full combat -readiness
was the 354th Tactical Fighter Wing at Myrtle Beach AFB, South Carolina in 1978. Deployments of A
10s followed at bases both at home and abroad. A-10s are deployed with active duty, Reserve, and
Air National Guard (ANG) squadrons.Current operators of the A-10 as of mid-2009 include:

Figure 9. 25th Fighter Squadron 'Assam Draggins' , 51st Fighter Wing (PACAF) , Osan AB,
Republic of Korea , Tailcode OS
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Figure 10. 47th Fighter Squadron (Training) , 917th Wing (ACC) , Barks dale AFB,
Louisiana , Tailcode BD
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Figure 11. 74th Fighter Squadron 'Flying Tigers' , 23rd Fighter Group, 23rd Wing (ACC) ,
Moody AFB, Georgia , Tailcode FT

e . A - s

Figure 12. 75th Fighter Squadron 'Tiger Sharks' , 23rd Fighter Group, 23rd Wing (ACC) ,
Moody AFB, Georgia , Tailcode FT

Figure 13. 81st Fighter Squadron 'Panthers' , 52nd Fighter Wing (USAFE) , Spangdahlem
AB, Germany , Tailcode SP
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Figure 14.103rd Fighter Squadron , 111th Fighter Wing (Pennsylvania ANG) , Willow
Grove ARS, Pennsylvania , Tailcode PA

Figure 15. 104th Fighter Squadron , 175th Wing (Maryland ANG) , Martin State AP Air
Guard Station, B  altimore, Maryland , Tailcode MD

Figure 16. 107th Fighter Squadron , 127th Wing (Michigan ANG) , Selfr idge ANGB,
Michigan , Tailcode Ml
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Figure 17.172nd Fighter Squadron , 110th Fighter Wing (Michigan ANG)

Battle Creek ANGB, Michigan, Tailco  de BC. Note that in 2008 these aircraft were moved
to Selfridge ANGB, Mt. Clemens, Michigan as part of the 127th Wing to replace the F -16's
that were previously stationed there.

Figure 18. 184th Fighter Squadron , 188th Fighter Wi  ng Flying Razorbacks (Arkansas
ANG), Fort Smith Regional Airport, Fo rt Smith, Arkansas , Tailcode FS
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Figure 19. 190th Fighter Squadron , 124th Wing (Idaho ANG) , Boise ANGB, Idaho ,
Tailcode ID

Figure 20. 303rd Fighter Squadron , 442nd Fighter Wing (AFRC) , Whit eman AFB, Missouri ,
Tailcode KC

Figure 21 . 354th Fighter Squadron 'Bulldogs' , 355th Fighter Wing (ACC) , Davis Monthan
AFB, Arizona , Tailcode DM

Figure 22. 357th Fighter Squadron 'Dragons' (Training) , 355th Fighter Wing (ACC) , Davis

Monthan AFB, Arizona , Tailcode DM
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Figure 23. 358th Fighter Squadron 'Lobos' (Training) , 355th Fighter Wing (ACC) , Davis
Monthan AFB, Arizona , Tailcode DM

Figure 24. 66th Weapons Squadron , Nellis AFB, Nevada , Tailcode WA

Figure 25. 422nd Test & Evaluation Squadron , Nellis AFB, Nevada, Tailcode OT
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Operation Desert Storm

In 1991 the 23™, 354™ and 917" Tactical Fighter Wings (TFW) deployed to King Fahd International
Airport and Al Jouf airfields in Saudi Arabia to support Operation Desert Storm (ODS). Consisting of
144 A-10s, the A-10 deployment contributed 16.5% of total coalition sorties during ODS.

The primary focus of A-10 operations was the seven Iraqi Republican Guard divisions along the Irag-
Kuwait border. The goal of this effort was to dramatically reduce the combat effectiveness of these
divisions before the coalition ground assault.

Figure 26. A-10A in Operation Desert Storm

Some of the more remarkable statistics the A-10 achieved are:

1

1
1
1
1
1
1

987 Iraqi tanks destroyed

501 armored personnel carriers destroyed
249 command and control vehicles destroyed
1,106 trucks destroyed

926 artillery pieces destroyed

96 radars destroyed

72 bunkers destroyed
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50 AAA sites destroyed

28 command posts destroyed

11 MRL destroyed

10 parked aircraft destroyed

9 SAM sites destroyed

2 helicopters destroyed with the GAU-8/A gun
19,545.6 hours / 8,755 sorties

7,445 weapons delivered

= =4 =4 -4 -4 -4 -8 -8 -

98.87% mission reliability rate

Most mission days consisted of three missions over an 8-hour period. However, mission days were
expanded to a 10-hour flying day when A-10s wher e tasked for fAScud Huntingo dt
desert.

Figure 27.A-10's kills
I'n addition to BAI an elOsfalka naihtained CSARstrip alertmi ssi ons, A
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Both wings had one squadron assigned to night sorties and this often comprised the use of night
vision goggles and using the seeker from an Infrared Imaging (IIR) AGM -65D Maverick to hunt for
targets at night.

The strong contribution of the A-10 in ODS contributed in a large way to the Air Force reversing its
decision to phase out the A-10 and replace them with a CAS version of the short-legged, "drop-two-
bombs, and run" F-16.

Operation Allied Force

The A-10 saw its next combat in 1999 when the 81 *' FS deployed to Aviano AB in Italy in support of
Operation Joint Forge. With a deployment of 15 aircraft by 23 March, combat operation over Kosovo
commenced with the goal of removing all Serbian forces from Kosovo. This marked the start of
Operation Allied Force.

N
291 YR

Figure 28. A-10 Thu nderbolt Il at Gioia del Colle, Italy, for a NATO Operation Allied Force
miss ion on April 12, 1999

On March 27, A-10s from the 81% FS led the CSAR effort toretrieve a downed F-117 pilot.
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In early April of 1999, A -10s conduct their first successful attacks. A-10s were tasked with a
combination of both CAS and AFAC duties. Whereas FL6 units provided nighttime AFAC, A-10 units
provided daytime AFAC support to coalition aircraft operating over Kosovo. Also in April, the 81% FS
did a remarkable and rapid re-deployment from Aviano AB to Gioia del Colle ABin southern Italy and
elements of the 74™ FS from Pope AFBwere co-deployed with the 81 FS This relocation placed A-
10 units much nearer to Kosovo and increased their mission effectiveness.

Near the end of the operation, the 103 ™, 172", and 190" FS deployed to the region.

During the course of the operation, A-10 units accounted for the destruction of more Serbian
deployed weapons than any other aircraft. Additionally, the A-10 in its CSAR role was a lage part of
why no downed allied pilot was ever captured. Although two A -10s received battle damage, not a
single one was lost to enemy fire.

As with ODS, OAF showed thatthe A1 0 coul d be an effective platform

Current Operations in Irag and Afghanistan

Following the events of 9/11, US forces conducted combat operation in Iraq (Operation Iraqi
Freedom) and in Afghanistan (Operation Anaconda).

In support of Operation Iragi Freedom, 60 National Guard and Reserve A10s from various squadrons
were deployed to the region in support of the initial ground offensive. Despite losing one aircraft to
hostile fire late in the operation, A -10s provided valuable CAS to rapidly advancing forces and
contributed to the rate of advance. In addition to traditional CAS operations, A-10 units also
conducted BAI along the line of advance. A-10 units concluded the operation with a 85% mission
capable rate and fired 311,597 rounds of 30 mm gun ammunition. In late 2007, the Maryland ANG
104" FS took the A-10C into combat for the first time.

Figure 29. A-10 Thunderbolt [l maintenance members inspect aircraft after it was hit by
an Iragi missile
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A-10 operations in Afghanistan first began from Bagram airfield. They then later moved operations to
Kandahar airfield. More so than ODS and OAF, A10 operations in Afghanistan have focused heavily
on CAS and AFAC missions.
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GENERAL DESIGN

The A-10A/C is a fixed-wing, single-pilot aircraft with two high bypass turbofan engines that is
optimized for the Close Air Support (CAS) combat mission. Originally designed to counter a mass
Soviet armor thrust across Europe, the A-10 was designed from the ground up to b e the most
survivable and potent CAS aircraft over a very deadly battlefield.

Figure 30.A-10A

In this chapter, we will discuss the various design components of the A-10 and how they contribute
to its combat mission.
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Fuselagd &Vings

The A-10 uses stressed, machined skin panels to cover the fuselage and wings. A system of ribs,

spars and bulk heads in turn strengthen the internal assembly to provide a rigid and robust structure.
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Figure 31. General A -10 Design Features
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Fuselage

The most forward section of the fuselage houses the GAU-8/A 30 mm gun barrels and firing
mechanism that extend back behind the cockpit. Alongside of the gun barrels is the nose gear that is
installed right of centerline. This allows the gun to be mounted centrally along the fuselage for
increased accuracy. The nose gear retracts fully into the fuselage. The cockpit sits high over the gun
and nose gear bay and consists of a retractable Plexiglas canopy, a zerezero ejection seat, and the
various cockpit controls and instrumentation. The high, forward position of the cockpit provides
excellent visibility over the nose. Additionally, the forward fuselage houses multiple avionics bays, the
aerial fueling receptacle, and other equipment.

The center section of the fuselage contains the forward and aft fuselage fuel tanks. Along the lower
surface of the center fuselage are the hard points for store stations 5, 6 and 7. Loading on stations 5
and 7 is exclusive to loading on station 6. Generally, station 6 is only loaded with the TK600 external
fuel tank.

The aft portion of the fuselage has the two primary functions of mounting the two engine nacelles
and the attachment point to the elevator and rudder control surface assemblies. Mounted on either
side of the aft fuselage spine are the two nacelles for the TF-34-GE100 engines. Between the
nacelles and inside the fuselage are Auxiliary Power Unit (APU), the left and right hydraulic system
reservoirs, and the Environmental Control Unit (ECU).

Wings

The wings of the A-10 are of the low -mounted straight design and provide low wing loading. This
provides excellent maneuverability and a low stall speed. However, it does limit the A-10 to
pedestrian speeds compared to other fighter aircraft. This does provide th e A-10 the ability to better
loiter over the battlefield in both regards to endurance and more easily stay over a CAS assigned
target area. The wings have Hoerner wingtips that reduce induced drag and wingtip vortices. They
also improve aileron effectiveness at low speeds.
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Figure 32. A-10 maintenance

At the base of the left and right wing are the left and right wing fuel tanks. Additionally, TK600 fuel
tanks can also be mounted on wing stations 4 and 8. Fuel is first depleted from any external tanks
and then the wing tanks. As with the fuselage tanks, the tanks are self -sealing and filled with a
flexible foam to prevent a fuel tank explosion. Note that the external tanks do not have such
precautions and are never flown with in combat.

On the inside leading edge of the wings are the slats that automatically deploy according to Angle of
Attack (AoA). They only have two positions and are deployed down to improve air flow to the engines
at high AoA. This is governed by the Emergency Stall Prevention System (ESPS).

On the side trailing edge of the wings are the flaps. The flaps are generally manually controlled from
the flap lever on the throttle quadrant and can be set to UP (0 -degrees), MVR (7-degrees), and DN
(20-degrees). Flaps will not extend, but will auto-retract, if the airspeed exceeds 185 to 219 KIAS
depending on altitude. Flap position is indicated in the cockpit on the flap position indicator. The flaps

themselves are divided into t woeaadldwersimutanebusiynner Awi ngso.
Flaps are set to MVR for takeoff.

Underneath each wing and extending forward left and right of the slats are the wheel wells. The two
main gears are partially covered by the wells and the gear retract forward into them. The for ward
end of the left wheel well housing contains the single point refueling receptacle. The corresponding
right wheel well end is colored black and houses the IFF receiver.

On the outer left and right trailing edges are the ailerons that can also split to act as speed brakes.
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Beneath the wing are the remaining eight hard points that a wide variety of stores can be mounted
on. These include single pylons, Triple Ejector Racks (TER), Maverick and AIM9 launchers, etc.
Stations 3, 4, 5, 7, 8 and 9 are 1760 s mart stations and allow the A-10C to talk to stores such as
IAMs, targeting pods, and Maverick.

Control Surfaces

The three controlling forces on the aircraft are pitch, roll and yaw, and these in turn are provided by
the elevator, aileron and rudder contro| surfaces on the aircraft. These control surfaces have the
following functionality and characteristics that are often unique to the A -10.

Figure 33. Control Surfaces

Elevators

Pitch control is provided by two elevators attached to the trailing end of the horizontal stabilizer. The
two elevators are attached using a shearable crossover shaft that can be sheared if one of the
elevators becomes jammed. This will allow the other to still operate but with less pitch authority.
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Figure 34. Elevator

Each elevator is in turn powered by a separate hydraulic actuator. Inputs to the actuators are made
via independent cable paths that connect directly to the disconnect units. A series of push rods then
provide input from the control stick to the disconnect unit. If the elevators are still connected with

the shearable crossover shaft, a single elevator actuator / control path can power both elevators if
one of the actuators or control paths fail.

Elevator trim is provided by trim tabs on the outboard trailing edge of the elevators and can be set
both from the control stick and from the Emergency Flight Control System panel using independent
electrical circuits. These circuits lead to a trim motor that sets the trim tabs and provides artificial
feel.

Pitch Stability Augmentation System (SAS) satisfies IFFCC pitch commands during PAC operation and
provides pitch rate damping, pitch trim compensation during speedbr ake deployment, and normal
pitch trim. If an elevator jams in place, the Elevator Emergency Disconnect switch can be used to

free it.

Ailerons

Roll control is provided by the two ailerons at the trailing outside end of each wing. Each aileron is
powered by either hydraulic system. Roll inputs from the control stick are sent to a disconnect unit
through push rods. From the disconnect units, inputs are sent to the hydraulic aileron actuators
using cables and linkage paths.

Because of the tandem hydraulic control mechanism, the loss of one system will not impact aileron
control.

If however the linkage is lost to one of the actuators, roll control will only be supplied by the
operating aileron. As such, roll control authority will be reduced by half and great er stick forces will
be required.
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Figure 35. Wing Tip and Aileron

If an aileron jams in place, the Aileron Emergency Disconnect switch can be used to free it.

Aileron trim is provided by trim tabs on each aileron trailing edge that are powered by trim motors. In
addition to manual roll trimming of the aircraft, the aileron trim tabs also provide artificial stick feel.
Even if the aileron of the trim tab is disengaged, the trim will still function.

Note that roll trim is not available when in Manual Reversion Flight Control System (MRFCS) mode.
Instead, stick movements drive the roll trim tabs.

In addition to the primary function of imparting roll control to the aircraft, each aileron can also split
vertically to form a speed brake.

Rudders

Yaw control is provided by the two rudders running vertically down the trailing edge o f the vertical
stabilizers. Each rudder is powered by separate hydraulic actuators that are in turn connected to the
rudder pedals via a cable and linkage path. Unlike the elevators and ailerons, there is no disconnect
option.

If hydraulic power is lost t 0 a rudder, control of both rudders is still possible, but an increase in pedal
input will be required. If however power is lost to both, direct control using the cables is
automatically provided.
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Flight Control Systems (FCS)

The primary elements of the A-10C Flight Control Systems (FCS) of the A10 include the Stability

Augmentation System (SAS), the Manual Reversion Flight Control System (MRFCS), and the

Enhanced Attitude Control System (EAC). In combination and according to the situation, the FCS

determines how the pilotds control inputs are transferred t

Stability Augmentation System (SAS)

The SAS improves the handling qualities of the A-10 and allows better and finer control. This results
in better target tracking and reduces the amount o f trimming needed.

SAS consists of control inputs in two channels: the pitch axis and the yaw axis. Note that SAS does
not affect roll. As you might imagine, the pitch channel acts on elevator control input and the yaw
channel acts on rudder input.

Pitch SAS

The SAS pitch channels allows the Integrated Flight and Fire Control Computer (IFFCC) to provide
pitch control functions up to +5/ -2 elevator trailing edge. The most noticeable effect of this is pipper
tracking on a target through the HUD in the pitch axis.
Yaw SAS
The SAS yaw channels have three main functions:

1 N 7-degrees of yaw rate dampening

1 N 7-degrees of rudder authority for turn coordination

1 N 10-degrees of rudder authority for yaw trim

The SAS continuously compares the output of the two channels, and if there is an excessive
difference, the system will automatically deactivate both channels of the axis.

SAS can also be disconneatd with the SAS disconnect button.

For SAS operation, hydraulic power must be provided.

Manual Reversion FlightControl System (MRFCS)

The MRFCS is used for emergency situations when both hydraulics systems have failed or a complete
failure is impending. Flight control is radically reduced and primarily relies on use of trim tabs to fly
the aircraft. While sufficient for light maneuvering , it is not feasible to land with.

MRFCS Pitch

Control is shifted from hydraulic to mechanical (push rods and cables). Trim is still provided in pitch.
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MRFCS Roll

Control is shifted from hydraulic to stick control moving aileron trim tabs.

MRFCS Yaw

Control is shifted from hydraulic to mechanical (push rods and cables)

Enhanced Attitude Control System (EAC)

The EAC system was one part of the LASTE update to the A10A that provides an autopilot capability.
EAC uses sensor data from the Embedded GPS INS (Epnavigation system, the Central Air Data
Computer (CADC) and the SAS, and then provides input into elevator and yaw as part of the SAS.

The EAC system provides two major FCS functions:

Precision Attitude Control (PAC) . In PAC 1, pressing the trigger in Gun master mode will trim the
aircraft through SAS to keep the gun pipper on the target point.

Low Altitude Autopilot (LAAP) . This includes the autopilot modes of Altitude/Bank Hold,
Altitude/Heading Hold, and Path Hold modes.

Combined, the FCS of the A10C provides a good, stable weapons platform to accurately employ
weapons from. However, unlike an F-16 for example, its FCS is not a fly-by-wire system and the pilot
is much more in charge of what the aircraft is doing rather than being a voting member. A s such,
the A-10 is very much a seat-of-your-pants aircraft to fly and can be extremely responsive in the right
hands.

Engines and APU

Engines

All versions of the A-10 have been powered by twin TF-34-GE100A engines that are mounted high
on the rear fuselage between the wings and the rear stabilizers. The unusual placement of the
engines provides several distinct advantages:

1 The high mounting reduces the likelihood of the engines ingesting Foreign Object Debris
(FOD) when operating from rough, forwar d bases in war-time.

1  Engines can remain running when aircraft is being rearmed and refueled. This leads to
faster mission turn-around.

1  Ease of servicing the engines.
1  Reduced IR signature from below due to the shielding of the horizontal stabilizer.

Each ergine is housed in a nacelle with maintenance doors that provide easy access. At maximum
thrust, each engine produces 8,900 pounds of standard thrust at sea level on a standard day.
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Although there has long been talk about upgrading the A-10 engines, this has yet to actually happen.

As such, the A-10 is not a speed demon, but it does have reliable, fuel economic and durable engines
in its current form.

From engine IDLE to MAX takes approximately 10 seconds at sealevel. Thrust (amount of fuel
supplied to the engines) is governed by the two throttle levers in the cockpit.
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Figure 36. TF-34-GE-100A

The T34 is a high-bypass turbo fan that generates 85% of its thrust with bypass air. Todo s o, it
uses a single-stage bypass fan and a 14-stage axial flow compressor. Because the vast majority of
thrust is generated by the bypass fan, the best indication of thrust in the cockpit is from the fan
speed indicators. Bleed air can be siphoned from the fan to power additional systems.

Within the fan section are the inlet guide vanes that automatically adjust themselves to maximize
thrust through the entire engine operating range.

Behind the fan section and below the compressor is the accessory gearboxthat provides power to a
hydraulic pump, fuel pump, oil pump, and electrical generator. Each engine has its own accessory
gearbox and own set of associated pumps and generators. This provides redundancy.

Above the accessory gear box are the first stage compressor stages that flow and compress air into
the combustion stage behind it. In the combustion stage, the high pressure air and fuel (according
to throttle settings) are mixed and ignited. This ignited fuel mixture is then expelled through the high
pressure turbine stage. From the high pressure turbine stage, the thrust is exhausted out through
the back-end low pressure turbine and then out the back of the engine.

GENERAL DESIGN




Auxiliary Power Unit (APU)

Located in the rear fuselage between the engine mounts is the APU. The APU is a small engine in
itself and draws fuel to run. When running, the APU supplies compressed air to turn the compressor
fans to start the engines. The APU also drives an electrical generator and a hydraulic pump. Once
both engines are started and their generators enabled, the APU and APU generator can be shut
down. You would only need to use the APU again in case of an engine re-start.

Avionics Systems

Over the last 30 years, the A-10 has seen numerous improvements and most of these have had to do
with the avionics systems. Although the A-10 avionics systems began rather simple, they have
evolved over the years with some of the more notable changes:

|l

f
f
f

Multiple LASTE versions

Addition of GPS navigation and integration with INS (EGI)
Suite 2 A-10A

Suite 3 A-10C (subject of this simulation)
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Figure 37. A-10C Cockpit

Regarding the A-10C, the avionics are a combination of old and new. Most of the engine, fuel,
hydraulics, electrical, flight control, emergency and lighting systems have remained the same since
the first A-10A went operational. However, the current A-10C has a great many differences in regards
to the integrated weapon and navigation system, sensor usage (targeting pod), communications,
datalink, and systems monitoring.

The most visibly obvious result of the upgrades has been to the cockpit of the A -10C. The Precision
Engagement (PE) Modification Program made several important changes to the cockpit to support the
avionics upgrades:

1 New control stick based on the F-16 stick. Although it is a full -deflection stick (unlike the F-
16), it has a much greater level of functionality compared to the older stick based on the F -
4 APhantomo stick.

1 The right throttle of the throttle quadrant has been removed and replaced by the same
right throttle used in the F-15E. As with the new control stick, the new right throttle
provides an additional level of control and functionality.

1  Below the HUD is the new Up Front Control Panel (UFC) and this is a combination of
buttons and rocker switches that allow the pilot to more easily input data and control sub -
systems at eye-level.
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1 Dominating the new front dash of the A -10C are two 5x5 inch Multi-Function Color Displays
(MFCD). Both MFCD can display a wide variety of data includng the Tactical Awareness
Display (TAD) with moving map, Targeting Pod (TGP) video, Maverick (MAV) seeker video,
Digital Stores Management System (DSMS), Aircraft Status (STAT), and repeat data from
the EGI navigation systems Thick pe $18 antl woughhley Aa d
it into the 21 ' century.

1 A new Armament HUD Control Panel (AHCP), replacing the old Armament Control Panel
(ACP) of the A-10A. Most of the functions of the ACP have been moved to the DSMS page
on an MFCD and the AHCP now controls basic power and operating mode of the major
aircraft weapon, sensor and navigation systems.

Pilot Survival and System Redundancy

The A-10 is an exceptionally survivable aircraft with excellent pilot protection. Its strong airframe can
survive direct hits from armor -piercing and high-explosive projectiles up to 23 mm. The aircraft has
triple redundancy in its flight systems, with mechanical systems to back up double-redundant
hydraulic systems. This permits pilots to still fly when hydraulic power or part of a wing is lost using
the Manual Reversion Flight Control System (MRFCS). In manual reversion mode, the A10 is
sufficiently controllable under favorable conditions to return to friendly airspace.

The aircraft is designed to fly with one engine, one tail, one elevator and half a wing torn off. The
self-sealing fuel tanks are protected by fire -retardant foam. Additionally, the main landing gear is
designed so that the wheels are retracted so as to make gear-up landings easier to control and less
damaging to the aircraft's underside. They also are all hinged toward the rear of the aircraft, so if
landing gear hydraulic power is lost, the pilot can simply drop the gear and a combination of gravity
and wind resistance will open and lock the gear in place.

The cockpit and parts of the flight -control system are protected by 900 pounds (408 kg) of titanium

armor, referred to as a titanium "bathtub”. The tub has been tested to withstand strikes from 23 mm

cannon fire and some strikes from 57 mm rounds. It is made up of titanium plates with thicknesses

from I inch to 1i inches determined by a study of |
protection comes at a cost, though; the armor itself weighs almost 6% oftheentr e ai rcr aft és e
weight. To protect the pilot from the fragmentation likely to be created from impact of a shell, any

interior surface of the tub that is directly exposed to the pilot is covered by a multi -layer Kevlar spall

shield. The canopy consists d a bullet-proof diffusion-bonded stretched-acrylic to withstand small

arms fire and is resistant to spalling. The front windscreen offers shielding resistant to 20 mm cannon

fire.

Radio Equipment

The A-10C radio communications suite includes two AN/ARG186(V) VHF radios and one AN/ARG164
UHF radio. These radios can be used for both open and secure voice, data and ADF communications.
Additionally, the back left console houses the intercom control head that allows the pilot to adjust

radio and other audio device volumes.
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Figure 38. Left Console Showing VHF and UHF Radios

For secure communications, the A-10 includes the KY-58 Secure Voice Control Panel and allows the
pilot to set multiple encryption code presets to either VHF or UHF communications.

The IFF/SIF panel allows the pilot to set Mode 1, Mode 2, Mode 3/A, Mode C, and Mode 4 IFF
response. Note the A-10 does not have the ability to interrogate other aircraft using IFF.

Countermeasures Systems

When the A-10A Suite 2 was introduced, it included an updated Countermeasure System. This
system consists of the Countermeasure Signal Processor (CMSP) on theight console and the
Countermeasures Set Control (CMSC) below the HUD. Combined, these two panels allow the pilot to
select and program chaff and flare release programs and set how electronic countermeasures should
be used (manual to fully automatic).
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Figure 39. Countermeasure Signal Processor (CMSP) Panel

On the left front dash is the ALR-69 Radar Warning Receiver (RWR) and this display alerts the pilot of
detected radar signals and the detection of launched missiles via the Missile Warning System (MWS).

The A-10 has four sets of chaff and flare dispensers Two sets are on the wingtips and these are
generally loaded with chaff cartridges. The other two sets are housed in the rear of the main landing
gear wheel bays, and these are generally loaded with flares.
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A10C BORES

A/A 49E | GBN

In 1974, YA-10 prototype aircraft No. 1 was retrofitted with the production model GAU -8/A seven-
barreled AAvengero 30 mm cannon and initial -6B2ests
tanks. These tests proved highly successful. The decision to make the 30 mm GAU-8/A cannon the

main anti-tank weapon of the A-10A was influenced by Vietnam-era A-1 pilots and by Hans-Ulrich

Rudel and his book, "Stuka Pilot". In World War I, Rudel flew the Ju 87G Stuka for the Luftwaffe and

destroyed many Soviet tanks using its two underwing Bordkanone BK 3.7 37 mm caliber anti-tank

auto cannon. His book was required reading for members on the A-X project team. The Ju 87G was

an outmoded airframe with improvised anti -tank weapons attached, yet still inflicted signific ant

casualties on Soviet tank forces. Particularly for the possible battleground of Western Europe being

invaded by hordes of Warsaw Pact tanks, the GAU8/A was an ideal and necessary choice.

GAU-8/A, 30-mm Avenger Armament System

GENERAL B ELECTRIC

Figure 40. GAU-8/A
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Using seven barrels in a rotating Gatling-type system, a very high rate of fire can be achieved without
excessive barrel heating. This is because as one barrel fires the other six are briefly cooling down.
Each of the seven barrels acts as an individual 30 mm cannon with its own breech and bolt, these are
all joined around a single rotor along a common axis using a hydraulic motor.

Test results showed that the 10,000 Ib recoil was sufficient to move the nose of the aircraft. To
remedy this, the nose gear was moved to the right and the cannon placed along the center line of
the aircraft.

In earlier models of the A-10A, the gun could be fired in either low or high rate of fire. The current
version of the A-10C only has a single, high setting.

The GAU8/A is actually part of the larger A/A 49E -6 gun system that also includes the ammunition
drum. The system weighs 4,200 Ibs. and weighs as much as a car.

Figure 41.GAU-8/A 30 mm Round
The cannon has three possible ammunition loads and can be configured from the IFFCC Test Menu

1 Combat Mix (CM) . One PGU13 High Explosive Incendiary (HEI) for every five rounds of
PGU14 Armor Piercing Incendiary (API) rounds. The API round uses Depleted Uranium
(DV) and has a muzzle velocity of 3,240 ft/sec. This is the ammunition of choice for
armored vehicles and can destroy a tank out to 21,600 ft. During Operation Desert Storm,
940,254 rounds of CM were fired.

1  High E xplosive Incendiary (HEI) . This load exclusively uses the PQUJ-13 (HEI) round.

1  Target Practice (TP) . Inert warhead round version used for training.

A-10C STORES



A10C Station Racks

On each of the 11 weapon stations, one of two types of bomb racks can be mounted and will in some
casesdepend on the station:

Single Ejector Rack (SER)

This rack mounts a single weapon and is the only rack type or launcher that can be loaded with
particularly heavy bombs like the Mk-84 (GBU-31 / GBU-10). The Single Ejector Bomb Rack can be
mounted on any of the 11 stations and any of the unguided bombs can be loaded on it depending on
the station. For example: Only light bombs can be mounted on far-outboard SERs

Figure 42. Weapon Station with  Single Ejector Rack

Triple Ejector Rack (TER)

The TER allows you to mount three weapons of a single type on a weapon station. T he release
sequence for weapons on a TER, when facing the TER, is middle\ rightA left. A TER can only be
mounted on stations 3, 4, 5, 7, 8, and 9. Note that BDU -33 can only be mounted on a TER mounted
on stations 5 and 7.
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