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beginning	of	the	1950s,	the	Turbom	(Ca	Palas	built	French,	with	330	pounds	of	push,	inspired	the	creation	of	half	a	dozen	experimental	mini-streets	of	euros.	The	Palas	grew	in	the	Marborã	©	series	(from	660	to	1,058	push	pounds),	which	fed	a	series	of	small	military	jets,	such	as	the	four-seater	Morane-Saulnier	760	Paris	and	the	T-37	trainer	T-37.
(The	latter	used	the	J-69,	a	version	of	the	Marborã	made	by	The	US	company	Teledyne	Cae.)	In	the	70s,	the	French	micro-micho	company	lowered	the	bar	with	the	TRS	18	of	220	pounds,	which	flew	the	Italian	the	Italian	Caproni	A21J	Sailplane	and	in	the	American	designer	Jim	BD-5J	AIRSHOW	Jet.	Only	24	inches	of	length,	the	TRS	18	is	still	the	most
small	jet	engine	of	always	to	feed	a	crew	plane.	However,	those	first	mini	engines	had	a	problem.	Like	all	turbojets,	they	sucked	prodigious	fuel	quantities	.	Worse	still,	small	aircraft	Ili	are	penalized	by	the	exponential	mathematics	folded	of	the	downsizing:	reduce	the	metrine	of	an	airplane	and	the	internal	volume	for	the	eighth	octastrino	of	the	fuel.
The	BD-5J	had	a	resistance	of	about	an	hour	and	a	range	of	about	300	miles.	To	be	commercially	practicable,	a	small	jet	engine	had	to	be	efficient	in	terms	of	fuel	consumption.	Cié	meant	that	it	was	supposed	to	be	a	turbofan.	While	Pratt	&	Whitney	and	Rolls-Royce	began	to	push	forward	with	Turbofan	technology	in	large	engines	in	the	1960s,	he	was
left	to	a	young	graduate	in	Purdue	and	former	Chrysler	engineer	named	Sam	Williams	to	create	a	small	fuel	turbofanWilliams	left	Chrysler	in	1954	to	start	his	company.	His	first	reaction	engine,	prosaically	called	Jet	No.	1,	made	his	first	race	in	1957	with	a	scarce	60	kilos.	He	weighed	only	23	pounds;	An	old	advertising	photo	of	Williams	showed	a
smiling	smile	of	June	who	held	him	in	one	hand.	An	improved	version,	WR2,	ran	in	1962.	Hewing	up	close	to	Frank	Whittle's	1930	turbojet	configuration,	WR2	had	Single	centrifugal	compressor	and	a	single-stage	turbine.	Jane's	consultation	book	is	the	world's	plane	described	the	engine	as	"a	little	design,	almost	to	the	point	of	appearing	rough",	in
1964,	a	more	powerful	version	of	WR2	became	the	first	Williams	Jet	to	Fly,	feeding	the	reconnaissance	drone	Canadair	CL-89.	The	WR24	follow-on	series,	despite	the	horrific	consumption	of	fuel,	was	Williams'	first	major	commercial	success,	finally	feeding	more	than	6,000	short-range	Northrop	target	drones.	In	1967,	Williams	completed	his
revolutionary	engine.	The	WR19,	a	turbofan	based	on	the	WR2	core,	produced	430	pounds	of	thrust,	weighed	only	67	pounds	and	was	almost	twice	as	efficient	in	terms	of	fuel	consumption	of	the	WR2.	It	used	to	feed	two	short-lived	gadgets	of	the	1970s:	the	bell-flight	belt,	a	jet	backpack	in	Lightyear	style;	and	the	WASP	II	flight	platform,	a	sort	of
human	carrier	of	the	Segway	plane.	The	WR19	also	attracted	the	attention	of	military	planners	studying	the	concept	of	long-range	cruise	missile.	Williams'	timing	was	perfect;	The	WR19	was	the	only	small	engine	with	the	fuel	efficiency	required	by	the	cruise	missile	mission.	A	close	version	of	the	WR19,	the	600-pound	F107,	eventually	became	the
main	engine	for	the	Air	Force	air	and	airborne	cruise	missile,	producing	over	6,500	engines	in	30	years.	For	creating	the	F107,	Williams	received	the	highest	honor	of	aviation,	The	Collier	Trophy,	in	1979.	Williams	had	begun	to	arm	with	a	small	civilian	turbofan	based	on	his	cruise	missile	technology	in	1971.	But	it	would	be	a	huge	step	To	take	a
specialized	Tomahawk	propeller,	which	had	to	start	only	once	and	run	for	three	or	four	hours	and	adapt	technology	to	produce	a	commercially	driven	engineThe	small	size	itself	creates	many	design	problems.	The	turbine	blades	can	be	made	small,	but	the	air	molecules	cannot;	Consequently,	the	skin	friction	and	the	effects	of	the	limit	layer	are	are
greater.	(In	Argot	engineering,	a	small	engine	is	intrinsically	less	efficient	because	it	works	to	a	low	number	of	Reynolds,	an	aerodynamic	coefficient	concerning	the	size	of	the	components	to	the	inertial	and	viscilia	effects	of	the	air.)	The	top	authorizations	of	the	compressor	and	the	Turbina	scale	are	proportionally	greater,	with	consequent	greater
loss	of	peak.	To	maintain	the	top	speed	of	the	turbine	and	the	more	efficient	compressor	blade,	the	small	engines	must	turn	more	quickly.	The	turbine	blades	are	also	more	difficult	to	cool.	The	oil	passages	become	more	tight,	making	lubrication	difficult.	The	manufacture	tolerances	shrink	at	the	watch	scale.	In	1978	Williams	signed	a	contract	to
develop	the	WR44,	an	engine	with	850	pounds	of	push	for	the	Foxjet	600,	an	Enerily	plane	similar	to	the	Eclipse	but	intended	for	the	mockup	state.	A	subsequent	flirtation	with	the	American	malfato	Jet	Industries	Hustler	also	went	anywhere,	and	it	was	not	until	1988	that	a	Williams	engine	has	finally	taken	wing	with	a	human	board.	A	pair	of	1,800-
Pound-Thrust	FJ44S	Triumph	powered	by	Burt	Retan,	a	test-tested	prototype	for	a	light	beech	light	business	jet.	It	was	Cessna	that	jumped	on	the	concept	of	Light-Jet,	however,	and	in	1992	the	Cessna	CITITITIONJET,	with	a	pair	of	Faa-Certified	FJ-44-1AS,	evaluated	at	1,900	pounds	of	push	and	weighs	450	pounds,	became	the	First	production
aircraft	with	Williams	engines.	At	a	deal	$	3.2	million,	it	became	quickly	the	best	sales	bizjet	in	history.	Once	again,	Williams	had	started	an	entire	new	class	of	planes,	and	once	again	he	had	his	niche	to	himself.	But	the	exclusive	Foxjet	category	is	still	in	danger.	At	the	beginning	of	the	nineties,	Williams	began	to	develop	a	fanjet	in	the	700-Pound-
Thrust	class.	The	new	engine	would	be	a	clean	break	philosophy	of	gradual	evolution	and	refinement	that	had	led	the	35-year	progression	from	Jet	No.	1	to	FJ44.	The	development	of	this	new	technology	would	be	expensive,	but	once	again	Williams'	timing	was	impeccable.	TheAeronautical	propulsion	initiative	(GAP),	a	domestic	program	of	NASA
administrator	Dan	Goldin,	promised	to	revitalize	the	lightplane	industry	dying	with	innovative	engine	technology.	In	1996	Williams	collaborated	with	NASA	for	a	four-year	effort	of	$100	million	to	"reduce	the	cost	of	small	turbine	engines	of	a	ten	factor	and	revolutionize	the	concept	of	personal	air	transport",	as	NASA	press	release	it.	When	NASA
engineers	first	saw	Williams'	new	radical	design	of	Gap,	the	FJX-2,	were	skeptical.	"We	weren't	sure	if	they	could	really	do	it,"	says	Leo	Burkardt,	The	Gap	Program	Manager.	"Their	expected	performance,	weight	and	cost	were	much	better	than	the	other	proposals	that	even	if	they	arrived	only	halfway,	it	would	still	be	better	than	anyone	else.	John
Adamczyk,	NASA's	senior	technologist	in	the	project,	still	remembers	his	shock	after	seeing	the	FJX-2	parts	for	the	first	time.	"I	just	shook	my	head	with	astonishment	as	it	was	small.	Looks	like	someone	was	assembling	a	Swiss	watch.	A	five-phase	FJX-2	compressor	that	Williams	showed	at	the	1997	Oshkosh	in	Wisconsin	Airshow	was	more	like	the
end	of	a	cuisinart	business	than	the	seeds	of	an	aviation	revolution.	With	each	stage	in	an	intricate	way	from	a	single	piece	of	titanium,	it	weighed	a	pound,	three	ounces.	"You	could	keep	it	in	the	palm	of	your	hand,"	recalls	Adamczyk,	still	stunned.	But	doubts	have	disappeared	about	a	year	in	the	program,	after	the	first	test	of	the	main	compressor.
"All	numbers	were	our	analysis,"	Adamczyk	recalls.	â€	œLo	geliro	at	that	point	".	The	complete	engine	worked	for	the	first	time	in	August	1999	and	soon	hit	its	expected	push	numbers.	Four	engines	eventually	accumulated	a	totalalmost	900	departures	and	more	than	500	hours	of	execution	in	the	test	cell.	Testing	before	Congress	in	2000,	Sam
Williams	declared	FJX-2's	success	a	success.	"	".A	30-year-old	veteran	who	has	worked	on	numerous	reaction	engine	projects	calls	the	FJX-2	"one	of	the	highest	points	of	my	career".	Meanwhile,	Williams	had	promoted	the	concept	of	a	very	light	jet	(VLJ)	which	in	the	end	could	use	its	new	engine.	In	1996,	he	took	Burt	Rutan	to	build	a	demonstrator
plane,	the	four-seater	V-Jet	II.	The	Williams	contract	with	NASA	asked	V-Jet	II	to	fly	with	a	pair	of	FJX-2	as	a	Pestone	Capstone	at	the	Gap	Project.	But	initially	he	flew	with	Fjx-1,	versions	of	the	Missile	Missile	Missile	Missile	F107	Miss	Assessed	to	550	pounds	of	push.	With	Goldin	present,	V-Jet	II	created	a	feeling	in	Oshkosh	in	1997	with	the	noisy
FJX-1	Undersimpalized.	Among	the	thousands	of	healthy	airplanes	fans	between	the	public	there	was	a	rich	pilot	and	businessman	named	Vern	Raburn.	Executive	and	shareholder	of	Microsoft,	Raburn	had	just	left	a	job	to	supervise	the	technological	investments	of	the	co-founder	of	the	billionaire	Microsoft	Paul	Allen,	for	which	she	launched	around
the	country	to	the	controls	of	a	propulsion	of	Williams.	Raburn	had	the	restless	soul	as	an	entrepreneur	and	had	long	nourished	the	same	vision	as	Williams:	a	small	economic	reaction	airplane.	Galvanized	by	V-Jet	II	and	reports	of	the	extraordinary	small	FJX-2,	Raburn	signed	an	agreement	with	Williams	in	May	1998	to	jointly	develop	a	five	or	six-
seater	VLJ.	It	would	be	powered	by	a	FAJ-2	FAA	certified	version,	to	be	called	EJ22.	Together,	Sam	Williams	and	Vern	Raburn	would	have	revolutionized	the	aviation.	With	$	60	million	in	investors'	money,	a	board	of	directors	allocated	with	maximum	technology	corporate	weights	and	an	exclusive	agreement	with	Williams	for	EJ22,	Raburn	launched
Eclipse	Aviation	in	March	2000.	Williams,	citing	the	Eclipse	agreement	,	persuaded	NASA	A	Skipsa	in	Skipsa	FJX-2	flights	to	V-Jet	II.	Cié	allowed	Williams	to	get	the	payment	of	the	final	gap	before	and	immediately	contact	the	task	of	transforming	its	test	cells	test	De	force	in	a	practical	FAA	certified	engine.	Exactly	how	such	a	small	engine	obtained
so	extraordinary	performance?	Officially,	nobody	is	saying.	Williams	Company,	detained	privately	and	with	a	long	history	of	military	projects,	is	secret	on	technical	details.	Even	the	people	of	NASA	and	Eclipse	who	have	worked	on	the	project,	bound	by	confidentiality	agreements	imposed	by	Williams,	are	also	a	mother.	"I	think	I	can	tell	you	that	the
main	reason	for	the	light	weight	of	the	engine	is	architecture,"	says	the	general	aviation	champion	of	the	NASA,	Bruce	Holmes,	referring	to	the	configuration	of	a	reaction	engine	"S	fan,	compressors,	combustor	and	turbines.	ã	¢	â‚¬	å	"but	I	go	to	prison	if	I	told	you	what	that	architecture	was.	â	€	Holmes	can	rest	easily.	I	managed	to	reduce	the
architectural	secret	of	FJX-2	anyway:	instead	of	the	usual	two	compressors,	He	had	three,	each	who	turned	independently	to	his	optimal	rotation	speed	on	one	of	the	three	concentric	trees	and	guided	by	their	turbine.	The	designers	call	this	unusual	configuration	a	three-o-Spool	engine,	(see	is	ã	¢	âvelop	"	Spools,	ã	¢	â‚¬	above).	The	tribute	is	on	the
original	Eclipse	dashboard	500.	Most	of	the	jets	have	two	readings:	N1	for	the	low	pressure	LP	compressor/fan	(LP)	and	N2	for	the	compressor	to	high	pressure	(HP)	downstream.	Eclipse	had	an	indication	Tore	N3,	which	indicates	the	presence	of	a	third	intermediate	pressure	compressor	(IP).	And	Lays,	a	retired	Williams	engineer	not	bound	by	any
secrecy	agreement,	confirms	that	the	FJX-2	was	a	three-trees	design.	A	three	-point	engine	can	be	very	efficient.	"It	gives	you	a	lot	of	flexibility	in	the	combination	of	compressors	and	turbines,"	says	Burkardt	("I'm	not	saying	that	the	FXJ-2	was	or	was	not	a	three	points,"	he	adds	",	he	adds"	",	he	adds"	diligently).	However,	a	three	trees	engine	is
mechanically	itnup	itnup	ert	a	irotom	eud	oloS	.llirreM	yrreG	EAC	enydeleT	id	onaretev	led	elorap	ellen	,"gnaY-gniY	ol	alligis	e	sgninehcaeB"	noc	♪	BR	ecyoR-slloR	eht:	esu	laicrebbec	rof	deifitrec	neeb	reve	of	hours,	supply	bleed	air	for	pressurization	and	de-icing,	run	a	generator,	be	easy	to	service	and	repair,	and	survive	the	real-world	ingestion	of
gravel,	ice,	and	birds.	(Birds	do	not	scale	down	either;	an	EJ22	swallowing	an	FAA-mandated	four-pound	bird	is	the	equivalent	of	a	Boeing	777	engine	ingesting	a	small	cow.)	While	Williams	wrestled	with	these	challenges,	Eclipse	began	building	the	first	test	airframes.	By	the	summer	of	2002,	the	airframe	of	N500EA	was	ready	to	go.	Williams,
although	behind	schedule,	was	reporting	good	progress	with	the	engine	development.	So	it	was	with	keen	anticipation	that	some	50	Eclipse	employees	gathered	in	the	2	a.m.	darkness	to	welcome	a	Falcon	jet	freighter	as	it	pulled	up	to	the	Eclipse	hangar.	The	first	EJ22	was	off-loaded,	uncrated,	and	gently	set	down	on	the	hangar	floor.	¢ÃÂÂIt	was
pretty	and	new	and	shiny,	and	everybody	just	sat	there	stroking	it,¢ÃÂÂ	recalls	Raburn.	¢ÃÂÂIt	was	fantastic.¢ÃÂÂ	The	euphoria	died,	however,	when	the	engine	refused	to	start.	It	took	an	impromptu	mixture	adjustment,	over	the	objections	of	Williams	engineers,	to	get	it	going.	And	that	was	just	the	beginning.	The	starters	overheated	and	failed.
Seals	leaked.	Shrouds	cracked.	Fan	blades	broke.	The	fuel	controller	had	problems.	Serious	snags	bedeviled	the	integration	of	the	engines	to	the	airframe.	¢ÃÂÂWithin	a	few	days	we	realized	that	the	engine	was	massively	immature,¢ÃÂÂ	recalls	Raburn.	To	make	matters	even	worse,	the	EJ22	had	not	been	designed	to	be	repairable	or	serviceable	in
the	field.	¢ÃÂÂWe	had	to	ship	engines	back	to	Williams	15	or	20	times	in	the	first	90	days,¢ÃÂÂ	says	Raburn.	¢ÃÂÂThe	air	freight	company	ended	up	just	basing	their	plane	here.	The	pilots	told	us,	¢ÃÂÂWe¢ÃÂÂre	not	flying	back	home,	because	we	know	you¢ÃÂÂre	going	to	need	us	again	in	a	few	days.¢ÃÂÂ	¢ÃÂÂ	After	about	six	weeks,	Eclipse
managed	to	get	two	engines	running	at	the	same	time.	(Still,	one	wouldn¢ÃÂÂt	start	for	the	official	Eclipse	discovered	that,	under	high	power	conditions,	the	EJ22	were	hot	and	could	not	reach	their	expected	push	without	exceeding	the	temperature	limits	of	the	interstate	turbine.	On	that	first	anemic	take-off,	it	was	the	combination	of	those
temperature	and	altitude	limits	of	density	that	reduced	the	engine	thrust	to	just	half	of	the	nominal	770	pounds.	Disilluso	with	Williams,	Eclipse	led	to	an	external	consultant,	who	concluded	that	the	engine	was,	at	best,	still	two	or	three	years	away	from	certification.	Eclipse	had	neither	time	nor	money	for	such	an	extended	effort.	“The	main	problem
was	that	EJ22	was	radically	more	complex	than	anything	Williams	had	ever	done	before,”	Raburn	said.	“It	was	so	small	and	so	complex	that	we	came	to	believe	that	it	could	never	be	strong	enough	to	operate	the	way	our	customers	were	going	to	operate.	It	must	be	a	bullet-proof	engine	that	works	and	runs	and	runs.	EJ22	would	never	have.	It	was	like
a	Ferrari	V-12	in	a	New	York	bus.”	After	being	abandoned	by	Eclipse,	the	EJ22	quickly	disappeared	from	public	view.	Williams	removed	all	mention	of	it	from	the	company's	website,	and	stopped	efforts	to	have	certificate.	“There	is	no	plane	out	there	for	it,”	explains	Sam	Williams	in	an	odd	reverse	of	the	bold	philosophy	“If	you	build	that	will	come”
that	prompted	the	company	to	dominate	the	missile	from	cruise	and	light	jet	business	market.	However,	the	company	continues	to	work	on	EJ22	technology.	“We	had	that	configuration	up	to	£1,000,”	says	Williams,	presumably	referring	to	a	somewhat	motor	like	the	company	is	pursuing	for	the	Department	of	Defense	VAATE	(Versatile	Affordable
Advanced	Turbinesort	of	a	military	version	of	the	GAP	program.	With	DOD	money,	efforts	to	certify	EJ22	could	still	be	relaunched	if	theThe	plane	has	arrived.	Why	did	EJ22	fail?	Perhaps	Williams	has	passed	by	abandoning	the	fundamental	philosophies	of	the	design	of	simplicity	and	the	incremental	change	that	had	served	the	company	so	well	over
the	years.	In	fact,	Williams	returned	to	those	fundamental	values	last	year	with	his	small	FAA	certified	engine	in	the	history	of	the	company:	the	FJ33.	It	is	nothing	fantasy,	only	a	simple,	robust	two-trees	of	1,000	to	1,000	to	1,500	pounds	of	push	that	is	essentially	a	climbing-down	version	of	the	FJ44.	About	half	a	dozen	of	new	VLJs	have	already	been
designed.	Despite	its	latest	failure	as	a	commercial	motor,	EJ22	was	a	conceptual	turning	point.	It	inspired	the	VLJ	category,	which	NASA	provides	for	a	fleet	of	13,500	by	2025,	in	the	same	way	that	the	previous	Williams	engines	inspired	the	cruise	missiles	and	the	categories	of	light	bizjet.	Without	the	EJ22,	there	would	be	no	500	eclipse,	no	realistic
hope	of	Jet	travel	within	reach	of	thousands	of	new	customers.	Also	Raburn,	despite	the	huge	Angst	that	the	EJ22	has	caused	him,	admits:	â	€	œWe	was	certainly	a	noble	experiment.	Recommended	videos	
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