Gas Turbine Forecast

Rolls-Royce Viper – Archived 7/2006
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Outlook

· End of production for the venerable Viper engine 

· With no new production forecast, the focus will be MRO and parts support for engines remaining in inventory
Orientation

Description.  Single-shaft, axial-flow, augmented and non-augmented aviation turbojet engine whose maximum power output (augmented) is 5,000 lbst (22.24 kN).

Sponsor.  The Viper engine was developed under sponsorship of the governments of Australia and the U.K., through the nations’ Ministries of Defence.

Licensees.  Former and current licensees of the Rolls‑Royce Viper include the following:

· Atlas Aircraft Corp of South Africa (Pty) Ltd, Kempton Park, Transvaal, South Africa

· Hawker de Havilland Victoria Ltd, Port Melbourne, VIC, Australia (formerly Commonwealth Aircraft Corp)
· Orao Air Force Depot, Belgrade, Bosnia and Herzegovina (then Yugoslavia)
· 
Industrie Aeronautiche e Meccaniche Rinaldo Piaggio SpA (Piaggio), Genoa-Sestri, Italy
· Intreprinderea Turbomecanica Bucuresti (Turbomecanica), Bucharest, Romania
Power Class.  3,360 to 4,000 lbst (14.94 to 17.79 kN) without reheat; 5,000 lbst (22.24 kN) with reheat.

Status.  The Viper engine is not currently forecast for production.
Total Produced.  As of January 1, 2005, Rolls-Royce and its coproducers/licensees had built an estimated 5,727 Viper engines.

Application. Light fighter/attack/trainer aircraft; drones/RPVs.  The current and proposed applications of the Viper have been identified as follows:

	
	
	
	
	


	Model
	
	
	Units per
	

	
	Variant 
	Thrust Rating 
	Application 
	Airframe

	
	Viper 545
	3,340 lbst (14.85 kN)
	PZL-Mielec M-93V (proposed)
	2

	
	Viper 632-42M
	4,000 lbst (17.7 kN)
	Avioane IAR-99
	1

	
	Viper 680
	3,970 lbst (17.6 kN)
	Hindustan Aeronautics Ltd  HJT-36 (proposed)
	1

	
	Viper 680-43
	4,360 lbst (19.4 kN)
	Aermacchi MB339CD/FD
	1

	
	
	
	
	


Production of the following applications for the Viper has been completed unless otherwise noted:


	Model
	
	
	Units per
	

	
	Variant 
	Thrust Rating 
	Application 
	Airframe 

	
	Viper 11/21 
	2,500 lbst (11.12 kN)
	GTA/ATA Jindivik Mk 4A Drone 
	1

	
	
	
	Soko G-2A Galeb 
	1

	
	
	
	Hunting/BAC/BAe Jet Provost Mk 4, Mk 5
	1

	
	
	
	Hindustan Aeronautics HJT-16 Kiran Mk 1/1A
	1

	
	Viper 11/21 (continued)
	2,500 lbst (11.12 kN) (continued)
	Commonwealth Aircraft/Hawker de Havilland Victoria MB326 
	1

	
	
	
	Rinaldo Piaggio MB326 
	1

	
	
	
	Atlas Aircraft Corp MB326 
	1

	
	
	
	
	

	
	Viper 500 Series
	3,120-3,360 lbst 
	Soko J-1 Jastreb Series 
	1

	
	
	(13.87-14.95 kN)
	ATA Jindivik Mk 5 Drone 
	1

	
	
	
	Piaggio PD.808 
	2

	
	
	
	BAC/BAe Strikemaster 
	1

	
	
	
	Aermacchi MB326G/GB
	1

	
	
	
	Hawker Siddeley/BAe HS-125
	2

	
	
	
	Atlas Aircraft Corp Impala Mk 2
	1

	
	
	
	PZL-Mielec I-22 Iryda 
	2

	
	Viper 632
	4,000 lbst (17.7 kN)
	Venga Aircraft TG-10
	1

	
	
	
	Aermacchi MB339A
	1

	
	Viper 632-41R
	4,000 lbst (17.7 kN)
	Soko J-22 Orao 1 Series 
	2

	
	
	
	Avioane IAR-93A 
	2

	
	Viper 632-43
	4,000 lbst (17.7 kN)
	Aermacchi MB339A 
	1

	
	Viper 632-43/46
	4,450 lbst (19.7 kN)
	Soko G-4 Super Galeb 
	1

	
	Viper 632-46
	4,450 lbst (19.7 kN)
	Soko G-4M Super Galeb 
	1

	
	Viper 633-41
	5,000 lbst (22.2 kN)
	Soko J-22 Orao 2 Series 
	2

	
	
	
	Avioane IAR-93B 
	2

	
	
	
	Avioane IAR-109 Swift 
	2

	
	Viper 680
	4,360 lbst (19.4 kN)
	Aermacchi MB339B 
	1

	
	
	4,360 lbst (19.4 kN)
	Hindustan Aeronautics Ltd.  HJT-36 (proposed)
	1

	
	Viper 680-43
	4,360 lbst (19.4 kN)
	Aermacchi MB339CD/FD
	1

	
	RB582-01
	4,000 lbst (17.7 kN)
	Aermacchi/Lockheed T-Bird II JPATS
	

	
	
	
	   (proposed, terminated)
	1

	
	
	
	
	


Price Range.  Estimated at $550,000 to $650,000 for Viper 600 series (in 2005 U.S. dollars).

Competition.  The Viper faced no real competition until the AlliedSignal TFE731 was proposed to compete with Viper to power the HAL HJT-36.  The Viper is much less fuel efficient than the TFE731, but is in roughly the same 3,200- to 4,500-lbst (14.2- to 20.0-kN) class.  The Snecma/Turbomeca Larzac 04 is a somewhat closer competitor, at 3,500 lbst (15.6 kN).

Contractors

Turbomecanica SA, 244, Blvd Iuliu Maniu, Sector, Bucharest, 77826 Romania, Tel: + 40 1 220 4003, Fax: + 40 1 220 8635, Prime 

Champion Aviation Products Division, Building B, Suite 200, 330 Pelham Road, Greenville, SC 29615 United States,  Tel: + 1 (803) 370‑9655, Fax: + 1 (803) 232‑7050 (Igniter Plug) 

Avio S.p.A., AvioGroup, http://www.aviogroup.it, Via I Maggio, 99, Rivalta di Torino, 10040 Torino, Italy, Tel: + 39 011 00 82111,  Fax: + 39 011 00 82000 (Gearbox) 

Weston Aerospace, http://www.westonaero.com, 124 Victoria Rd, Farnborough, GU14 7PW Hampshire, United Kingdom,  Tel: + 44 1252 544433, Fax: + 44 1252 371216 (Thermocouple & Resistance Thermometer) 

Toshiba Corp, 72, Horikawa-Cho, Saiwai-Ku, Kawasaki, Kanagawa, Japan, Tel: + 81 334573050, Fax: + 81 334560359 

IMI Marston Ltd, Wobaston Road, Fordhouses, Wolverhampton, WV10 6QJ United Kingdom, Tel: + 44 0902 783361,  Fax: + 44 0902 782731 (Air & Air Bearing Cooler) 

Hamilton Sundstrand, http://www.hamiltonsundstrand.com, One Hamilton Rd, Windsor Locks, CT 06096-1010 United States,  Tel: + 1 (860) 654‑6000, Fax: + 1 (860) 654‑2621, Email: hs.general@hsd.utc.com (Hydraulic Fuel Control System) 

Vickers Precision Machining, Pyms Lane, Crewe, CW1 3FD Cheshire, United Kingdom, Tel: + 44 1270 258666,  Fax: + 44 1270 258736 (Flame Tube) 

Technical Data

Design Features.  The Rolls-Royce Viper 600 series has the following design features:

Intake.  Direct annular pitot type.  No inlet guide vanes.  Hot compressor air anti-icing.

Compressor.  Eight-stage axial-flow (seven for Viper 11 Mk 200 series), with steel drum-type rotor comprising stacked discs.  Magnesium alloy casing.  Stage 0 blades have mid-span supports.  Pressure ratio is 5.8:1 with an air-mass flow of 58.4 lb/sec (26.49 kg/sec).  All stator blades are steel.  Stages 1, 2, and 8 rotor blades are steel while Stage 3-6 rotor blades are of aluminum alloy.  The Stage 0 and Stage 1 rotor blades are attached to discs by fir tree roots, while all others are riveted.

Combustor.  Short annular type with 24 vaporizing burners and six starting atomizers.  Electric ignition, with a 24V starter/generator.

Turbine.  Two-stage axial-flow with tip-shrouded blades.  Fir tree rooted to discs attached by Hirth couplings.

Fuel System.  Hydromechanical type consisting of fuel pump, barometric fuel control and air/fuel ratio control unit.

Accessories.  Accessories are mounted under the intake housing, driven by a shaft from the compressor shaft bevel gear.

Augmentor.  Series 600 afterburner is two-gutter type with closed-loop nozzle control and hot streak ignition.

Bearings.  Three rolling element bearings: a single ball thrust bearing at the front of the compressor shaft, and two single-row roller bearings (one just aft of Stage 8 compressor, and the second at the rear end of the combustion chamber inner casing).

Dimensions.  The approximate dimensions of the Rolls-Royce Viper are as follows:

	
	Series 11 
	Series 600 

	Length:
	1,626 mm (64.01 in)
	1,806 mm (71.10 in)

	Diameter, maximum:
	622 mm (24.48 in)
	622 mm (24.48 in)

	Weight, dry:
	284 kg (626.1 lb)
	358 kg (790 lb)

	
	
	


Variants/Upgrades

Series 100 and 200.  The Series 100 and 200 employ a seven-stage compressor and single-stage turbine.  The Viper 11 Mk 201 powers the Aerospace Technologies of Australia Pty Ltd (ATA, formerly GAF) Jindivik Mk 4A drone.  This engine series is no longer in production.

Series 500.  The Series 500 is a family of engines that uses a higher through-flow eight-stage compressor and single-stage turbine.  This engine series is no longer in production.

Series 600.  The 600 series, the most powerful of the Viper line, has been gradually uprated to over 4,500 lbst (20.01 kN, dry) and uses the eight-stage compressor from the Series 500, but adds a stage to the turbine section.  Improvements to the combustion system have led to gradually increased TBOs for the civil and military variants.  The Viper 633 features a two‑gutter-type afterburner, with hot streak ignition and closed-loop nozzle control.  The 633 is maximum-rated at 5,000 lbst (22.2 kN).

The Viper 680, in production for the Aermacchi MB339, is the latest model in the Viper line.  It offers up to 15 percent more thrust than the Viper 632.  Changes to this engine model included a larger front end for greater air intake, an increased turbine speed, and different blade angles.

RB582-01.  In 1990, Rolls began installation trials of a new version of the Viper, designated RB582-01 and rated at 4,000 lbst (17.792 kN).  The new engine variant was on the Aermacchi-Lockheed-Hughes-RR MB339A entered in the USAF/USN Joint Primary Aircraft Training Systems (JPATS) competition.  The derated engine will have lower life-cycle costs because of its lower operating temperature.  Increased reliability and lower maintenance costs were paramount in derating the engine.  In other changes, the gearbox was relocated for easy access, some materials were changed to meet U.S. needs, and minor modifications were made to allow the engine to be more easily removed and re‑installed.

Program Review

Background.  Development of the Rolls-Royce Viper turbojet began in 1948 when the engine was selected to power the Australian Jindivik target drone, a joint undertaking of the British and Australian governments.  A Viper engine was used in the Jindivik in 1952, and engine production began the following year.

The Viper was the U.K.’s first post-war attempt at the design and production of a relatively inexpensive, simple turbojet.  However, soon after the first flight of the Jindivik, Bristol Engines began modifying the basic Viper for the Hunting (BAe) Jet Provost jet trainer.  The Viper 8 for the Jet Provost was type certificated in 1958.

The Viper has grown from the initial rating of 1,640 lbst (7.29 kN) to well over 4,000 lbst (17.79 kN) unaugmented and to over 5,000 lbst (22.24 kN) with augmentation.  It has been developed and produced in several basic configurations. Fiat was responsible for considerable engineering and for hot section manufacture.

Rolls-Royce Viper Early Applications.  Among the applications of the Rolls-Royce Viper engine (early models) are the following:

Viper 11/21 Applications.  The 2,500 lbst (11.12 kN) variant, also known as the Mk 200, powers the ATA (formerly GAF) Jindivik drone (the current version, the Mk 4A, uses the Viper 11 Mk 201), the Hunting/ BAC/BAe Jet Provost Mk 4 and Mk 5 trainers, early Aermacchi MB326s, early Yugoslav Soko Galeb G-2A aircraft, and the Hindustan Aeronautics HJT-16 Kiran Mk I/IA trainer.  Viper 11s were also built in Australia (by Commonwealth Aircraft Corp, since renamed Hawker de Havilland Victoria Ltd), in Italy (by Fiat and Rinaldo Piaggio), and in the Republic of South Africa (by Atlas Aircraft Corp), all for the MB326.

Rolls-Royce Viper 500 Applications.  The 500 series, deliveries of which began in 1964 for the Hawker‑Siddeley HS-125 business jet, provides an overall pressure ratio of about 5.56:1 with thrust ratings from 3,050 to 3,410 lbst (13.56 to 15.16 kN).  In addition to the Hawker-Siddeley/BAe HS-125, it powers Rinaldo Piaggio PD.808 business jets, BAC/BAe Strikemasters, Aermacchi MB326G/GBs, Soko Jastrebs, and Atlas Aircraft Corp Impala Mk 2s.  The series is no longer in production.

ATA has worked on an improved Jindivik Mk 4A drone, designated the Mk 5; it is believed to be capable of speeds of Mach 0.95 and altitudes between 50,000 and 60,000 feet (15,329 and 18,287 m), have an endurance of two hours, and be capable of maneuvering at up to 6g.  Such an improved drone variant should require a powerplant of at least 3,000 lbst.  Prototype Mk 5s appeared in late 1989, but virtually no information about the effort has been provided since that time.  It should be noted that the Viper engines are not expected to be new-build powerplants; they are engines delivered from inventory.

PZL-Mielec M-93V.  The PZL-Mielec is developing an advanced version of the I-22 Iryda, which is a tandem‑seat, twin-engine, advanced-training and light attack aircraft.  The Iryda was developed by the Polish government through the Instytut Lotnictwa (IL).  In production for the Polish Air Force, the I-22 is powered by twin IL/WSK-Rzeszow SO-3W22 turbojet engines, developing 2,425 lbst (10.78 kN).

PZL-Mielec is promoting the advanced variant of the I‑22, designated M-93V, for the export market.  The new model would feature an upgraded cockpit, potentially supplied by French avionics producer Sagem.  While the initial engine for the new model has been the IL/WSK-Rzeszow K-15 single-shaft turbojet developing 3,305 lbst (14.7 kN), PZL has received Polish government support to develop a version powered by Western engines.  Among the engines being considered are the Viper Mk 545 at 3,340 lbst (14.8 kN), the Snecma Turbomeca Larzac 04C20 at 3,190 lbst (14.2 kN), and the Pratt & Whitney JT15D‑5C at 3,190 lbst (14.2 kN).

Mielec began testing the Viper-powered M-93V in mid‑1994, and flew the aircraft at the 1994 Farnborough Air Show.  The aircraft is being evaluated for service in the Polish Air Force.

Rolls-Royce Viper 600 Applications.  The newest and most powerful series, the Viper 600 group, incorporates augmentation, bringing thrust levels to around 5,000 lbst.  The Viper 680 adds 14.4 percent to the thrust rating of the 632 by increasing compressor rotor diameter and through-flow through aerodynamic changes to the compressor blading, and by a slight (2 percent) increase in core maximum rpm.  Externally, the 680 is identical to the Model 632.

Among the Viper 600’s applications are the following:

Aermacchi MB339.  The Aermacchi MB339 is a twin‑seat, single-engine jet trainer that can be configured as a single-seat attack trainer.  The aircraft is intended to offer basic/advanced flying, armament training and close-air support, as well as attack capability.  With external stores, the aircraft weighs 14,000 pounds (6,350 kg).  Aircraft are in the inventories of Argentina, Ghana, Italy, Malaysia, New Zealand, Nigeria, Peru, and the United Arab Emirates (Dubai).  Rolls joined an Aermacchi/Lockheed team in offering the MB339 T‑Bird II for the USAF/USN JPATS competition, but lost to the less expensive (and less capable) Pilatus/Beech PC-9 Mk II in 1995.

The MB339CD, which entered development in 1995 to serve as the Lead-In Fighter trainer for Italian Air Force Tornado and Eurofighter pilots, features a ring laser gyro INS with embedded GPS, an advanced cockpit with three-color multifunction displays, a mission processor operating as the main bus controller, and hand‑on-throttle-and-stick (HOTAS) controls.  Powered by the Viper 680, the aircraft is also being offered for export as the MB339FD, with a digitally instrumented cockpit.  This version was expected to be procured by Venezuela. 

HAL HJT-36.  The HJT-36 design of India’s Hindustan Aeronautics Ltd (HAL) has been selected as a replacement for the Indian Air Force’s Viper 632-powered HJT-16 Kiran jet trainers.  Design work is under way, with first flight planned for late 2002; service entry was planned for 2004. 

Design goals of the tandem-seat aircraft include a max gross weight of 7,700 pounds, a 33-foot wingspan and a length of about 36 feet.  Four underwing hardpoints will accommodate a total of 450 pounds of stores/ordnance.  HAL was evaluating four engines for the aircraft in the summer of 1999 (when the production go-ahead was given by the Indian government): the 3,170 lbst (14.1 kN) Turbomeca/Snecma Larzac 04,  the Rolls‑Royce 3,970 lbst (17.6 kN) Viper 632 and 4,369 lbst Viper 680, and Honeywell’s 3,500 lbst (15.5 kN) TFE731 powerplants.

Soko/Avioane J-22 Orao/IAR-93.  The Orao/IAR-93 series of aircraft are twin-engine, single- and twin-seat close-air-support aircraft built by Soko in Bosnia-Herzegovina and by Avioane SA.  They have a maximum take-off weight of approximately 24,427 pounds (11,080 kg); the aircraft cost $7.8 million and $8.6 million (1995 U.S. dollars).  The Bosnian models are designated J-22, with the names Orao 1 and Orao 2; the Romanian counterparts are designated IAR‑93A and IAR-93B.  The J-22 Orao 1/IAR-93A aircraft are powered by the Viper 632-41R rated at 4,000 lbst, while the J-22 Orao 2/IAR-93B aircraft are powered by the higher rated Viper 633-41, at 5,000 lbst.  As of 1995, a total of 36 Romanian-built IAR-93As and 111 IAR‑93Bs had been produced, and 126 Yugoslav‑built Orao aircraft had been manufactured.

Production by Soko ended in 1992.  Production of the IAR-93 for the Romanian Air Force was completed in 1995.

Soko G-4 Super Galeb.  The Soko G-4 Super Galeb is a single-engine, two-seat, trainer/light strike aircraft whose maximum take-off weight is 13,889 pounds (6,300 kg).  The G-4 was developed to replace Soko’s earlier G‑2A model, of which approximately 300 were produced through the end of 1985.  G-4 deliveries (using the Viper 632-43) began in 1983; through May 1992, an estimated 123 G-4s had been built.

In late 1989, an unconfirmed report from Europe indicated that Soko was planning to launch an upgrade of the G-4.  The upgraded version, designated G-4M, was to be both a combat trainer and an operational aircraft with excellent anti-helicopter capabilities.  The G-4M’s improvements over the G-4 included the addition of two under-wing attachment points for a 30 percent increase in payload, capability to carry air-to-air and air-to-ground missiles, a new head-up display and weapons-aiming computer slaved to a gyro platform, a redesigned cockpit, and a de-icing system for the engines’ intakes.  The new aircraft model, which was to be powered by the Mk 632-46, was expected to make its initial flight in mid-1992, but this did not happen because of the Yugoslav civil war.  The G-4M effort has since been terminated.

Avioane IAR-99/IAR-109.  Avioane SA (formerly IAv Craiova) designed and flew an advanced light jet trainer/ground attack aircraft designated the IAR-99 Soim (Hawk).  The aircraft is powered by a single Viper Mk 632-41 engine, rated at 4,000 lbst.  It has a wingspan of 32.316 feet (9.85 m), a maximum take-off weight of 12,346 pounds (5,600 kg) and a maximum speed of Mach 0.76.  The aircraft’s first flight took place in 1985.  Through 1995, an estimated 50 IAR-99s had been built, completing an initial production batch order for Romania.

In 1992, the IAR-109 variant was announced.  It is a further developed variant featuring an enhanced close‑air-support capability.  The new variant has a design maximum gross weight of 10,582 pounds (4,000 kg).  The aircraft was envisioned to fulfill several roles, including training and close air support.  The IAR-109 is being improved with help from Israel Aircraft Industries for the international market, and potentially for an Israeli purchase.

In 2000, the Romanian government ordered another batch of 24 IAR-99 aircraft, to be produced from 2001 to 2004.

Funding

Funding efforts for the Viper specifically pertaining to Rolls-Royce or its licensees have not been identified.

Recent Contracts

No major military or commercial contracts specifically pertaining to the Viper engine have been awarded or received in the recent past.

Timetable

	
	Month 
	Year 
	Major Development 

	
	
	1948
	Design initiation

	
	
	1951
	First bench run

	
	
	1952
	Viper aircraft engine design initiation

	
	
	1953
	First Viper 3/5 run

	
	
	1954
	First Viper/Jindivik delivered

	
	
	1956
	Viper 10 first run

	
	
	1958
	Viper 8 for Jet Provost type certificated

	
	
	1964
	Commercial Viper 500 deliveries begin

	
	Jul
	1969
	Viper 600 series design initiated

	
	
	1975
	4,000th Viper delivered

	
	
	1981
	Viper 643 design initiated

	
	
	1982
	Viper 680 design initiated

	
	
	1983
	Viper 680 deliveries for MB339 begin

	
	Dec
	1985
	First flight of MB339C with Viper 680

	
	
	
	First flight of IAR-99 Soim

	
	Feb
	1986
	5,000th Viper produced

	
	May
	1986
	Viper 680 certificated

	
	Jun
	1986
	First 680-43 shipped by R-R to Italy

	
	Late
	1989
	Soko Galeb G-4M program revealed

	
	Late
	1990
	RB582-01 program revealed

	
	
	1995
	Viper 680-powered MB339CD ordered by Italian Air Force

	
	
	1999
	Production of Viper series concludes

	
	
	2004
	Last license-produced Vipers expected to be produced

	
	Through
	2014
	Spares and MRO support for existing engines forecast

	
	
	
	


Worldwide Distribution

Because of the wide geographic dispersion of the Viper engine built by Rolls-Royce and its numerous licensees, a worldwide inventory total cannot be calculated with a high degree of confidence.  However, of the approximately 5,727 engines estimated to have been built as of the end of 2004, at least 1,500 are in inventory worldwide.

Forecast Rationale

As no production is forecast for the Viper engine, the focus now shifts to spares and overhaul support for the engines still in service. Due to the number of Viper-powered aircraft in inventory, we anticipate Rolls-Royce and its licensees will continue to support the engine throughout the forecast period.
Ten-Year Outlook

	ESTIMATED CALENDAR YEAR PRODUCTION

	

	
	
	
	High Confidence
	Good Confidence
	Speculative
	

	
	
	
	Level
	Level
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	 Total 

	Engine
	(Application)
	thru 04
	 05
	 06
	 07
	 08
	 09
	 10
	 11
	 12
	 13
	 14
	 05-14

	ROLLS-ROYCE PLC

	VIPER (ALL, INCL. KITS) (a)
	VARIOUS
	3200
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - ROLLS-ROYCE PLC
	3200
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	ATLAS A/C CORP OF S.AFRICA LTD (Licensee)

	VIPER MK 632
	MB.326
	334
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - ATLAS A/C CORP OF S.AFRICA LTD (Licensee)
	334
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	HAWKER DE HAVILLAND VICTORIA (Licensee)

	VIPER 11
	MB.326
	113
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - HAWKER DE HAVILLAND VICTORIA (Licensee)
	113
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	ORAO AIR FORCE DEPOT (Licensee)

	VIPER 11 MK 22-6
	G-2A
	445
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 632-41R
	IJ/INJ-22 ORAO
	46
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 632-43/46 (b)
	G-4
	189
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 633-41
	J-22 ORAO
	183
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 633-41
	NJ-22 ORAO
	89
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - ORAO AIR FORCE DEPOT (Licensee)
	952
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	RINALDO PIAGGIO SPA (Licensee)

	VIPER 11/540/632
	MB.326
	475
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 632-43
	MB.339A
	189
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - RINALDO PIAGGIO SPA (Licensee)
	664
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	TURBOMECANICA (Licensee)

	VIPER MK 632-41M
	IAR-99
	98
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 632-41R
	IAR-93A
	94
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	VIPER MK 633-41
	IAR-93B
	272
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	Subtotal - TURBOMECANICA (Licensee)
	464
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	Total Production
	5727
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0
	 0

	

	(a)  Historic production includes all variants and marks of the Viper engine built by Rolls-Royce for numerous applications.  Civil production is estimated to be 885 engines. 

	(b)  Early G-4s were powered by the Viper 632-43. 
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