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At the suggestion of his manager, Richard Ogden, Garvey formed his own band. He began
recording demos with former bandmate Andy McMaster in January By May they had been
signed to Virgin Records , and recorded material for another John Peel session on 12
September of that year. Two other sizeable hits followed. In , the band released " Airport " â€”
which proved to be the band's biggest seller â€” and which peaked at number 4. The song was
also a minor hit in the United States. The follow-up, "Forget About You", was released two
months later. Slaughter also left the group soon afterwards. Tchaikovsky would subsequently
release three solo albums, the first of which took him into the American Top 40 with the power
pop song "Girl of My Dreams". Following the departure of Tchaikovsky and Slaughter, bassist
Martin Ace and drummer Terry Williams were recruited to fill in the Motors' studio line-up.
Following the release of The Motors' third album, 's Tenement Steps , which contained the
minor chart hit "Love and Loneliness", Garvey and McMaster finally announced that they had
dissolved the group. Tchaikovsky was â€” if briefly â€” the most visible former member of the
group thanks to his solo career. Following the release of his final solo album â€” 's Funland ,
produced by Garvey â€” he operated a recording studio during the s and occasionally played
blues gigs in the early s. Garvey released one solo album â€” 's Blue Skies â€” following the
final split with McMaster, and did session work with Paul McCartney and others through the s.
The band's three albums were reissued on 27 March in the UK with a variety of live tracks,
b-sides , and remixes. These were on the Captain Oi! Following a group relationship with Donell
Turner, all members of the band decided to call it a day. In addition to the original artwork and
liner notes, each CD contained extensive historical information, song lyrics and musical
commentary albeit in Japanese. These CDs were only available in Japan and are now out of
production. An expanded version of Stranger Man Changed Man [8] has appeared on CD, with
21 tracks and includes rare b-sides and live cuts. Buyers of this expanded version of Strange
Man Changed Man CD should be aware that the audio for this particular reissue is sourced from
vinyl LPs and 45s, and not the original master tapes. Garvey's one solo album, Blue Skies , has
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piezoelectric motor or piezo motor is a type of electric motor based on the change in shape of a
piezoelectric material when an electric field is applied. Piezoelectric motors use the converse
piezoelectric effect of piezoelectric sensors, in which deformation or vibration of the
piezoelectric material produces an electric charge. An electrical circuit makes acoustic or
ultrasonic vibrations in the piezoelectric material, which produce linear or rotary motion. In one
mechanism, the elongation in a single plane makes a series of stretches and position holds,
analogous to the way a caterpillar moves. One drive technique uses piezoelectric ceramics to
push a stator. These piezoelectric motors use three groups of crystalsâ€”two locking , and one
motive that permanently connects to either the motor's casing or stator not both. The motive
group, sandwiched between the other two, provides the motion. These piezoelectric motors are
fundamentally stepping motors , with each step comprising either two or three actions, based
on the locking type. These motors are also known as inchworm motors. Another mechanism
uses surface acoustic waves SAW to generate linear or rotational motion. A second drive type,
the squiggle motor, uses piezoelectric elements bonded orthogonally to a nut. Their ultrasonic
vibrations rotate a central lead screw. This is a direct drive mechanism. The non-powered
behaviour of the first type of piezoelectric motor is one of two options: normally locked or
normally free. When no power is applied to a normally locked motor, the spindle or carriage for
rotary or linear types, respectively does not move under external force. A normally free motor's
spindle or carriage does move freely under external force. However, if both locking groups are
powered at rest, a normally free motor resists external force without providing any motive force.

A combination of mechanical latches and crystals can do the same thing, but would restrict the
maximum stepping rate of the motor. The non-power behaviour of the second type of motor is
locked, as the drive screw is locked by the threads on the nut. Thus it holds its position with the
power off. Regardless of locking type, stepping type piezoelectric motorsâ€”linear and
rotaryâ€”use the same mechanism to create movement:. The direct drive piezoelectric motor
creates movement through continuous ultrasonic vibration. This creates orbital motion that
drives the screw. The growth and forming of piezoelectric crystals is a well-developed industry ,
yielding very uniform and consistent distortion for a given applied potential difference. This,
combined with the minute scale of the distortions, gives the piezoelectric motor the ability to
make very fine steps. Manufacturers claim precision to the nanometer scale. High response rate
and fast distortion of the crystals also let the steps happen at very high frequenciesâ€”upwards
of 5 MHz. A unique capability of piezoelectric motors is their ability to operate in strong
magnetic fields. This extends their usefulness to applications that cannot use traditional
electromagnetic motorsâ€”such as inside nuclear magnetic resonance antennas. Very simple
single-action stepping motors can be made with piezoelectric crystals. For example, with a hard
and rigid rotor-spindle coated with a thin layer of a softer material like a polyurethane rubber , a
series of angled piezoelectric transducers can be arranged. When the control circuit triggers
one group of transducers, they push the rotor one step. This design cannot make steps as small
or precise as more complex designs, but can reach higher speeds and is cheaper to
manufacture. The first U. The Maropis patent describes a "vibratory apparatus wherein
longitudinal vibrations in a resonant coupling element are converted to torsional vibrations in a
toroid type resonant terminal element. Other important patents in the early development of this
technology include:. From Wikipedia, the free encyclopedia. This article needs additional
citations for verification. Please help improve this article by adding citations to reliable sources.
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Motor Company is the luxury vehicle division of American automobile manufacturer Ford.
Marketed among the top luxury vehicle brands in the United States for nearly its entire
existence, Lincoln has competed closely against its General Motors counterpart Cadillac. The
division has the distinction of establishing the personal luxury car segment with the Lincoln
Continental ; more recently, the Lincoln Navigator was the first full-size luxury SUV. Lincoln
Motor Company was founded in by Henry M. Leland , naming it after Abraham Lincoln. In
February , the company was acquired by Ford, [5] [6] its parent company to this day. At the end
of , Lincoln reverted to its original name, Lincoln Motor Company. Originally founded as a
freestanding division above Lincoln, Continental was integrated within Lincoln in For , the
Continental-branded Mark series was marketed through Lincoln, adopting the Lincoln name for
The Lincoln four-point star emblem is derived from a badge introduced on the Continental Mark
II ; the current version was introduced in The current product range of Lincoln consists of
luxury sedans, crossovers, and sport-utility vehicles. Throughout its entire existence, Lincoln
has also produced vehicles for limousine and livery use; several examples have served as
official state limousines for Presidents of the United States. In , Lincoln sold , vehicles globally.
Among the founders of Cadillac , Leland had sold the company to General Motors in ; staying
on as an executive, he left in over a dispute with GM President William Durant regarding war
production. Lincoln Motor Company acted as final assembly point for the engines, with the
company securing parts from other manufacturers; cylinders were produced by Ford, with other
parts were sourced from Buick , Cadillac , Marmon , and Packard. In total, Lincoln Motor
Company would assemble 6, Liberty V12 engines with the end of World War I concluding
production; by the end of the war, Lincoln would employ 6, workers. On January 26, , Lincoln
Motor Company was reorganized as an automobile manufacturer, retooling its Detroit factory to
produce automobiles. Lincoln Motor Company had struggled with the transition from military to
automobile production, with some customers having to wait nearly a year for their vehicles to
be completed from the time of purchase. In , a group of investors led by Leland [14] : 52â€”57
forced Henry Ford from his second company, the Henry Ford Company ; the company was

reorganized as Cadillac deriving its name from the founder of Detroit. Following its organization
in , General Motors began a rapid expansion of its automotive brands; by , GM would
outnumber Ford five to one. Within the first few months, relations between Ford Motor Company
and Lincoln management began to break down; on June 10, , the Lelands were forced to resign.
As Edsel Ford began to take a larger role in the management of Lincoln, multiple changes were
made to both the Model L and its production. The Lincoln factory was redesigned and expanded
to nearly 1,, square feet , with the components of the engine upgraded for increased reliability
and performance. At its introduction, the Lincoln Model L gained a reputation for conservative
to the point of outdated design. After struggling to deliver cars before , Lincoln was operating at
a profit by the end of In , a Lincoln Model L became the first state limousine used by a U.
President on an official basis, supplied for Calvin Coolidge. By , Lincoln had succeeded in only
a decade in what its chief competitors had taken 30 years to accomplish. During the production
of the Model L, Lincoln did not adopt the common American automotive industry practice of
yearly model changes. While the company had made minor revisions and upgrades to the
model line to the chassis and powertrain, the body was largely left alone over its year
production. Lincoln found that customer interest was accommodated by the purchase of
multiple Lincolns or other luxury vehicles in different body styles; as many Lincolns were
custom-bodied from the factory or coachbuilt, yearly styling changes would not properly
accommodate its customer base. An all-new design on a longer, lower chassis , [9] the Model K
introduced upgrades to the carburetor, brakes, and suspension. For , Lincoln introduced its first
"multi-cylinder" engine, introducing a V12 engine for the Model K. The next year, the V8 was
retired, making Lincoln the first manufacturer in the world to produce vehicles exclusively with
V12 engines. For , Lincoln was positioned upward in price. Largely overshadowed by the
Lincoln-Zephyr, the final Model K was assembled during To this day, the company has not
developed a direct successor to the model line. During the s, Lincoln expanded to two model
lines for the first time. Coinciding with the shift in market position for the Model K, Edsel Ford
introduced the Lincoln-Zephyr as a sub-marque within Lincoln for The Lincoln-Zephyr was the
first Ford Motor Company vehicle to utilize unibody construction; while designed with a
prow-style front-fascia, the model line was sleeker than the Chrysler Airflow. In contrast to its
competitors, the Lincoln-Zephyr was powered by a V12 engine a design separate from the
Model K. The model line was a success in the marketplace, selling over 15, units in its first year,
amounting to a nine-fold increase over the previous model year.. In the late s, Edsel Ford began
to consider American cars too boxy. Gregorie to design a unique body design, using a Lincoln
Zephyr Convertible Coupe chassis. Upon his use of the one-off vehicle in Florida in , Edsel Ford
attracted a high amount of interest from potential buyers, often referring to its "European" or
"Continental" exterior design. From the latter term, the one-off vehicle became known as the
Lincoln Continental. For production, vehicles were produced, with the first vehicle received by
Mickey Rooney. Following the Great Depression, a number of American luxury car
manufacturers were either forced into closure or reorganization; by , alongside Lincoln, the
American luxury-car segment largely consisted of Cadillac who ended production of the LaSalle
and V16 in , the Chrysler Imperial reduced to 8-passenger sedans and limousines , and Packard.
As part of the change, several changes were made to the Lincoln model line. Following the
positive feedback of the Lincoln Continental one-off convertible built for Edsel Ford, the Lincoln
Continental was introduced as a Lincoln-Zephyr production model for For , Lincoln revised its
branding; the hyphen was removed from Lincoln-Zephyr, making it a Lincoln. Following the
development of proper tooling, the Lincoln Continental began production on the assembly line,
replacing hand-built construction. Following the conclusion of the war in , the structure of
Lincoln within Ford changed again, as the Lincoln-Mercury Division was created, pairing
Mercury and Lincoln together; from to the closure of Mercury, the two divisions were paired
together within Ford. For , Lincoln returned to production, ending the use of the Zephyr name.
Code-named the H-series , non-Continental Lincolns were identified by their body style. Using
slightly updated exteriors from , the Lincolns continued the use of the Zephyr chassis. After 5,
were produced as both a Lincoln-Zephyr and Lincoln , Lincoln ended production of the
Continental. For , all three Ford Motor Company divisions debuted their first postwar designs.
Sharing its body structure with the Mercury Eight , the redesigned Lincoln model line
code-named the EL-series marked the first use of a V8 in a Lincoln since An all-new V12
intended for Lincoln was stillborn in development, leading the division to adapt a Ford flathead
V8 from the Ford F-8 conventional truck. As with the previous Lincoln Continental, the Lincoln
dispensed with running boards completely, moving on to abandon pontoon styling entirely, with
a straight fender line and low hood line from headlamp to taillamp. In a carryover from
Zephyr-based Lincolns, the Lincolns retained rear-hinged passenger doors. As a flagship model
of Lincoln, the Lincoln Cosmopolitan was styled with its own rear roofline. As Lincoln entered

the s, Ford Motor Company sought to increase the differentiation between the Mercury and
Lincoln model lines. For , to add interest to the brand, Lincoln returned to model names for the
first time since , with the Lincoln Cosmopolitan becoming the standard Lincoln model, with the
Lincoln Capri becoming the flagship model line. In a return to small pontoon rear fenders,
Lincolns shared a body with the Mercury Monterey. For the first time since the discontinuation
of the Model K, Lincolns were produced with front-hinged rear doors. For , the shared
Lincoln-Mercury body underwent a redesign for the final time, with Lincoln adopting elements
from the Mercury XM and Lincoln Futura concept cars. By the end of , Continental was
integrated into Lincoln, and Edsel was withdrawn. For the model year, Ford opened Wixom
Assembly in Wixom, Michigan , as a facility to specialize in Lincoln production. From to , the
facility produced Lincoln vehicles nearly exclusively, along with the Ford GT and several
generations of the Ford Thunderbird. At its launch, Continental introduced the Continental Mark
II as its model line, intended as a successor to the â€” Lincoln Continental personal luxury car.
Offered as a two-door hardtop coupe, the Mark II broke from a number of American styling
precedents of the time. While fitted with whitewall tires, the exterior was fitted with minimal
chrome trim on the body sides; tailfins were left off of the body completely. In place of the
bumper-mounted spare tire of the original Lincoln Continental, the trunk lid of the Mark II
showcased the design element, with a large imitation spare tire bulge which fit over the actual
spare tire inside the trunk. The Mark II was largely hand-built, with extensive quality testing
done to each engine and transmission before leaving the factory. In place of establishing a
separate sales and service network for Continental, the Mark II was marketed through Lincoln
the Mark II used a Lincoln engine and transmission. On July 18, , the Continental Division was
integrated into Lincoln which continued to manage the Continental brand as a separate marque.
Adding a feature of the Mercury Turnpike Cruiser , Continental adopted a retractable rear
window across every body style including convertibles with a reverse-slant rear roofline. In , the
Continental marque was formally brought to an end within Lincoln; for , the Mark V was brought
to production as the Lincoln Continental Mark V , ending the model cycle alongside the
standard Lincoln model line. In addition to Mercury sharing its bodies with the premium Edsels
prior to the latter's demise , Lincoln and Continental adopted a common body structure, shifting
to unibody construction. With a inch wheelbase, the new platform would be among the largest
vehicles ever built by Ford Motor Company; they are the longest Lincolns ever built without 5
mph bumpers , a regulatory mandate which went into effect in September For , Continental
developed Town Car and Limousine variants of the standard four-door sedan. In place of
extending the wheelbase, the reverse-slant roofline was replaced by a formal notchback
configuration, allowing the rear seat to be moved rearward several inches. Among the rarest
Lincoln vehicles ever produced, the Town Car and Limousines were only offered painted in
black. Following the recession economy of the late s a factor that would play into the demise of
Edsel , Ford Motor Company was forced to recoup the development costs of a vehicle platform
that Lincoln shared with neither Ford nor Mercury with the lone exception of the engine and
transmission. For , Lincoln consolidated its model lineup to a single model line, with the Lincoln
Continental replacing the Lincoln Capri and Lincoln Premiere; as the Continental marque was
withdrawn, the Mark V saw no successor. While only nominally lighter than the Lincoln, the
Lincoln Continental adapted a far smaller exterior footprint, shedding 15 inches in length and 8
inches of wheelbase. In an effort to streamline production, only four-door body styles were
produced, with the Continental becoming the sole mass-produced four-door convertible sold in
North America; to maximize rear-seat egress, Lincoln returned to the use of rear suicide doors.
In another requirement to ensure its survival, the model cycle of Lincoln was extended from
three years to nine years. After the model year, Lincoln ended production of the Continental
4-door convertible. At 5, pounds, [20] the Lincoln Continental Convertible is the heaviest
non-limousine car ever produced by Ford Motor Company; as of , it is the final factory-produced
four-door convertible sold in North America. During the s, Ford sought to develop a new
flagship vehicle as a successor for the Continental Mark II. While the Lincoln Continental served
as a close competitor to the Cadillac de Ville series and Chrysler Imperial, while Cadillac shifted
the Cadillac Eldorado to the personal luxury segment in , a segment that Ford exited in after the
withdrawal of the Continental Mark II. To control development and production costs, the Mark III
was offered only as a two-door hardtop derived from the chassis underpinnings of the four-door
Ford Thunderbird. While sharing many styling elements from Lincoln, the Continental Mark III
debuted many elements of its own, including hidden headlights and a redesigned trunk lid with
a simulated spare-tire indentation the actual spare tire laid flat in the front part of the trunk. It
mixed European and American luxury features with the most prominent being an upright
chrome grille that imitated the Rolls-Royce design as well as a centrally-mounted Cartier
electric clock on the dashboard. While the Continental Mark III would bring Lincoln into the

decade on a high note, for the American luxury car segment, the s would prove tumultuous.
Along with the introduction of federal safety regulations for American-market automobiles
which brought features such as 5-mph bumpers and the end of hardtop body styles , the fuel
crisis would play a significant role in the engineering of American automobiles, forcing Lincoln
to develop a compact-size sedan and redesign smaller full-size sedans for the s. As Chrysler
withdrew its Imperial brand after , Cadillac became the sole domestic competitor of Lincoln. For
the model year, Lincoln made good on its plan to commit to a nine-year design cycle, giving the
Continental its first complete redesign for the first time since During the s, while sales of the
Continental had remained relatively steady throughout its production, the engineering of luxury
cars had begun to change among its competitors; to increase design commonality and lower
production costs , Cadillac and Imperial shifted away from brand-specific platforms with the
latter adapting to shared bodyshells with Chrysler. For the redesign of the Lincoln model line,
the Continental grew in size. In another effort to maintain design consistency, the Continental
was produced through with only gradual updates. Along with the mandated addition of 5-mph
bumpers, in , the roofline was redesigned to visually differentiate the Continental from the
Mercury Marquis. The s saw the introduction of several naming traditions within Lincoln. For ,
the Town Car nameplate was revived on a permanent basis as a submodel of the Lincoln
Continental. Developed as a response to the popularity of the Cadillac Seville , Lincoln
introduced the Lincoln Versailles for the model year. Outsold by the Seville by a significant
margin, the Versailles was discontinued in early With a smaller design and engineering budget
than General Motors, Lincoln stylists were unable to give the Versailles the distinct body that
was given to the Cadillac Seville. Adopting many features from the â€” Mercury Grand Monarch
Ghia, the Lincoln Versailles was given a Continental -style "radiator" grille, quad rectangular
headlights the first Lincoln since with exposed headlights , and a Continental Mark -style trunk
lid with simulated spare tire bulge. The Versailles introduced two notable features to
American-market cars: halogen headlights and clearcoat paint. The Versailles was later
criticized for being one of the worst examples of badge engineering. While sharing a common
roofline with the Thunderbird, from the window line down, the Mark IV wore distinct exterior
sheet metal, with the return of a radiator-style grille, hidden headlights, and a redesigned
spare-tire trunk lid. To distinguish itself from the Lincoln Continental, the Continental Mark IV
wore full-height rear-wheel openings, precluding the use of fender skirts. For , the Continental
Mark IV debuted a new tradition, called the Designer Editions, which later spread to other
models in the Lincoln model range. Introduced as four special-edition models, each edition was
an option package with color, trim, and interior choices specified by notable fashion designers
Bill Blass , Cartier , Givenchy , and Pucci. The concept was successful and would continue on
other Lincolns until the end of the model year. At over 19 feet long, Mark V is one of the largest
"coupes" ever sold in North America. In what would become a design theme for Lincolns into
the s, the Mark V used sharp-edged exterior styling with a center radiator grille. While
introduced following the beginning of downsizing among American vehicles, the Continental
Mark V would go on to become the most successful of all the Mark series vehicles, with over ,
sold across three model years. As Lincoln entered the s, the American auto industry remained
in the " Malaise era ", struggling to balance fuel efficiency, emissions controls, and downsizing ;
the industry also found itself competing against European and Japanese manufacturers
entering segments once dominated by Ford, General Motors, and Chrysler. As a high point,
after a ten-year model cycle, the Lincoln Continental underwent a complete redesign
downsizing for the first time , becoming the lightest Lincoln since World War II. In contrast, the
Lincoln Versailles was withdrawn early in the model year. As a result, by the end of , Lincoln
was marketing three versions of one vehicle. As a response, Lincoln split its two product lines,
with the Continental becoming the Lincoln Town Car. After a short hiatus, for , the Lincoln
Continental shifted size into the mid-size segment using the Ford Fox platform. While Lincoln
would again compete against the Cadillac Seville and to a lesser extent, Mercedes-Benz , the
division completely erased any visual evidence of badge engineering. Initially planned for
withdrawal in the mids until stabilization of fuel prices mitigated fuel-economy concerns, the
Lincoln Town Car progressed through the decade largely unchanged. As its design began to
age, the model line began to increase in sales, as transitions of Cadillac to front-wheel drive and
further downsizing of its full-size model lines were poorly received by both buyers and
automotive industry critics. While the Town Car retained its traditional layout and large size, fuel
prices dropped to a contemporary new low at the time, and operating efficiency became less of
a concern to buyers than a decade prior. Lincoln introduced a series of advertisements in late
titled "The Valet" which depicted parking attendants having trouble distinguishing Cadillacs
from lesser Buicks Electras and Oldsmobiles Ninety-Eights , with the question "Is that a
Cadillac? What a Luxury Car Should Be. For , the Lincoln Continental underwent a second

redesign. Splitting from the Mark VII, the Continental became the first front-wheel drive Lincoln
and was based on an extended-wheelbase version of the Ford Taurus. The 3. The new
Continental was positioned against domestic rivals as well as marketed against European and
Japanese-produced luxury sedans. Following the debut of a driver-side airbag in the Ford
Tempo , the Lincoln Continental became the first domestic brand sedan sold in the United
States equipped with standard dual airbags. Originally slated to downsize the Mark series into
the mid-size segment adopting the chassis of the Ford Thunderbird , Ford instead chose an
intermediate step for the Mark VI, adopting the full-size Panther platform, with the model line
sharing much of its body with the Lincoln Continental. Alongside the traditional two-door coupe
sharing its inch wheelbase used by Ford and Mercury , a first-time four-door sedan joined the
Mark series using the inch wheelbase of Lincoln. Coinciding with its smaller footprint, the Mark
VI saw the standardization of fuel-injected V8 engines a first for the American auto industry and
the first overdrive 4-speed automatic transmission; along with computer control for the engine
itself, the instrument panel replaced analog instruments with digital displays introducing a trip
computer. Serving as the flagship of the Mark VI model line, the Signature Series trim was
introduced for ; serving as the successor for the Mark V Collector's Series, the Signature Series
included nearly every feature as standard equipment. In , the Signature Series trim was adopted
by the Lincoln Town Car in various forms, through its entire production and by the Lincoln
Continental for that year only. For , the series underwent a revision, moving the Cartier and
Givenchy Editions to the Town Car and Continental, respectively ; the Pucci Edition became
offered only as a sedan. In an extensive shift away from its Malaise-era predecessors, the Mark
VII placed a far greater emphasis on handling and performance capability though not to the
extent of a European grand-touring car , introducing four-wheel disc brakes with anti-lock
capability , four-wheel air suspension, and shared its 4. In contrast to its Mark V predecessor of
five years before, the Mark VII had shed 27 inches of length and over 1, pounds of curb weight.
Coinciding with its mechanical commonality to the Lincoln Continental, the Mark VII was offered
solely as a two-door coupe. For , the Mark VII adopted the Lincoln brand name in an effort to
end the branding confusion over the Mark series. By , Lincoln had exited the struggles of the s
and s on a positive note, but would enter the decade in a new battle. While the division had
effectively matched rival Cadillac in vehicle sales, Lincoln offered only three model lines in
place of the seven of Cadillac and the four of Mercedes-Benz. For , the Town Car underwent a
full redesign after following the traditional nine-year Lincoln model cycle. As the model line
represented over half of all Lincoln sales, [25] a redesign of the Town Car proved risky, but was
also mandated by passive-restraint requirements and fuel-economy improvements. Shedding
its sharp-edged exterior lines to allow for a far sleeker exterior, the Town Car adopted many
rounded styling elements from the Mark VII; traditional elements also returned, including a
formal rear roofline, radiator-style grille, chrome trim, and C-pillar quarter windows. To meet
federal requirements, Lincoln marked the debut of several safety features within Ford Motor
Company and within the American luxury segment. Following the introduction of the Mark VIII
see below , the Continental underwent a redesign for , introducing a new version of the Ford
Taurus chassis. The Lincoln model line underwent a significant transition for the model year.
Alongside a mid-cycle revision of the Continental, the Town Car underwent a complete redesign
of its body. The Lincoln Navigator see below made its debut as the first Lincoln SUV, as the
division fielded four model lines for the first time. Bolstered by the launch of the Navigator,
marked the first year Lincoln outranked Cadillac in vehicle sales by over 4, vehicles. The body
was streamlined further to modernize its exterior relegating the spare-tire decklid to vestigial
status. In massive contrast from its s predecessors, the Mark VIII was given a cockpit-style
interior, with all controls oriented towards the driver. Though positively received by both critics
and buyers, sales of mid-size luxury coupes were in overall decline during the s. Sharing no
common bodywork with the Expedition forward of the windshield, the Navigator shared several
design elements from the Town Car, including its use of body-color bumpers, chrome
license-plate surround the only chrome on the rear liftgate , and conservative use of chrome
primarily on the grille, door handles, and window trim ; in modified form, the grille was later
used on the later Lincoln LS and Lincoln Aviator. In an extended debut model year, the
Navigator became the second-most popular Lincoln vehicle behind the Town Car, selling 71,
examples. As the division entered the 21st century, Lincoln began a period of major transition.
In addition to ending production of the long-running Mark series, the Lincoln Navigator SUV had
entered production, nearly unchallenged by European and Japanese manufacturers. As buyers
of mid-size coupes in the luxury segments had shifted towards sports sedans, Lincoln
developed an entry for the segment in the place of the Mark VIII. Though the two vehicles
shared a common chassis and related powertrain, no body panels were common between the
two vehicles. The shortest Lincoln ever produced at the time, the LS was developed to compete

with European and Japanese-produced counterparts, in line with the Cadillac Catera. For ,
Lincoln introduced the Lincoln Blackwood , the first pickup truck produced by the brand and
the first Lincoln manufactured outside of Michigan since along with the Versailles. Derived from
the Ford F SuperCrew , the Blackwood was fitted with the front bodywork of the Lincoln
Navigator and a model-specific pickup bed with imitation wood exterior trim. In line with its
name, all examples were painted black. The Lincoln Blackwood met with poor reception, due to
its limited cargo capability its pickup bed was effectively a carpeted trunk and lack of four-wheel
drive, leading Lincoln to discontinue the model after a single year of production. Sharing the
body of the Ford Explorer with the Mercury Mountaineer , the Aviator adopted many styling
elements from the Navigator, with a nearly identical interior design. While priced higher than its
Mercury Mountaineer counterpart to avoid model overlap, the Aviator struggled to sell, as it
competed closely against the Navigator sold in the same showroom. After 52 years of
production, the Continental was discontinued for While still fitted with Lincoln Navigator
bodywork and interior trim, the Mark LT was fitted with a standard pickup bed; all-wheel drive
was available as an option. In what would be the smallest Lincoln sedan ever, the Zephyr was
derived from the Ford Fusion mid-size sedan. In an effort to distinguish itself from its Ford and
Mercury counterparts, the Lincoln Zephyr adapted styling elements from Lincoln vehicles of the
past, including a wide rectangular grille s and s Continentals , wraparound headlamps late s
Continentals , and a twin-pod dashboard early s Continental. In , as another part of The Way
Forward, Lincoln began a rebranding of its model line. As Ford considered the Lincoln Mark
series to have high nameplate recognition, Lincoln began to introduce similar "MK" branding
across the model lineup. Alongside the Lincoln Town Car, the Lincoln Navigator was not
included with the MK rebranding; for , it was redesigned alongside the Ford Expedition, marking
the debut of the extended-length Navigator L. For the last time, a Designer Series Lincoln was
produced, as Lincoln discontinued the trim on the Town Car after Derived from the MKR
concept, the MKS marked the production debut of the "split-wing" grille, a design element
similar to the s Lincoln Zephyr. As Lincoln entered the 21st century, the brand underwent a
major transition within the structure of Ford Motor Company. The same year, the management
of Lincoln-Mercury was shifted to the American headquarters of PAG, largely in an effort to
engineer and market more competitive vehicles for the brand. The integration of Lincoln into
PAG would lead to several product changes within the division. Following the debut of the LS
sports sedan, the Lincoln Continental was withdrawn in To avoid the model overlap that
plagued the division two decades before, Lincoln chose to focus production on the Lincoln
Town Car, one of the highest-profit vehicles of Ford Motor Company. In , Ford developed The
Way Forward restructuring plan in an effort to return to profitability. Among the seven vehicle
assembly facilities slated for closure, Wixom Assembly home to all Lincoln assembly since ,
with the exception of the Versailles, Navigator, Blackwood, and Mark LT was placed third, with
an announced June closure. After a shortened model year, the Lincoln LS ended production.
Initially slated for discontinuation after , production of the Lincoln Town Car was shifted to St. In
, all three vehicles ended production, coinciding with the closure of that facility. For the Lincoln
division, the beginning of the s introduced a number of structural changes. While Lincoln and
Mercury were spared by The Way Forward, in , Ford announced the closure of Mercury at the
end of the year, with the final Mercury vehicle produced on January 4, After 30 years of
production as a distinct model line and 41 years as a Lincoln nameplate , the Lincoln Town Car
ended its production run in , coinciding with the closure of St. Thomas Assembly in Ontario.
Along with chassis modifications for heavy-duty use, the MKT Town Car features modified rear
seating, with the third-row seat removed to create additional luggage space and second-row
seat legroom. To reflect the end of the Lincoln-Mercury division pairing from to , in December ,
the formal name of Lincoln was changed to The Lincoln Motor Company its name prior to As
part of the rebranding, for , the Lincoln model line underwent several design revisions, headed
by the release of the second-generation MKZ. Use of these trim names would eventually be
expanded to other Lincoln models. Since , Lincoln has enlisted Matthew McConaughey as a
brand spokesman; McConaughey has appeared in commercials for several Lincoln products in
the past six years. The Lincoln Navigator underwent an extensive revision, largely to preview
buyers of its redesign. Along with extensive exterior and interior updates, the Navigator
adopted the 3. Following the positive reception to a concept car of the same name, Lincoln
revived the Lincoln Continental nameplate for the model year after a year hiatus. The revived
model line introduced a new design language for Lincoln; shifting away from the split-wing
grille, the Continental introduced a recessed rectangular grille. The revived Continental marked
the debut of the Lincoln "Black Label" program for all Lincoln vehicles. As a flagship trim line,
Black Label vehicles feature specially coordinated exterior and interior design themes similar to
the Designer Editions of the Mark series , along with highly personalized customer service. For ,

after an eleven-year production run of its predecessor, Lincoln released the fourth generation of
the Navigator. Integrating the recessed rectangular grille of the Continental into its exterior, the
Navigator is distinguished from the Ford Expedition largely from its taillamps and its
blacked-out roof pillars sharing the "floating roof" design of the Ford Flex and Ford Explorer.
For , the retirement of the "MK" naming scheme was expanded, as the MKX underwent a
mid-cycle update, becoming the Lincoln Nautilus. For , the Lincoln model line underwent further
expansion, with the return of the Aviator mid-size SUV again a counterpart of the Ford Explorer ;
the revived Aviator offers the first hybrid-electric system in a Lincoln SUV. The long-wheelbase
coach-door Continental is now offered as a regular production model only in Black Label trim.
Lincoln vehicles are available in South Korea; most of the product line is sold but the Lincoln
Navigator has not been introduced to the country. Lincoln was marketed in Japan prior to ,
when Ford ended its operations in Japan. The Lincoln marque never existed in Australia and
New Zealand. Instead, the region was serviced entirely by locally designed and manufactured
cars, including luxury segment models, by Ford Australia. In the s and s, Hongqi produced a
license-built version of the Lincoln Town Car, based on knock-down kits imported from the
United States. Along with a standard-wheelbase sedan, three lengths of limousines were
produced, along with the Hongqi CA prototype. Ford of Europe does not market the Lincoln
brand. To compete against luxury-brand automobiles, the Italian coachbuilder Vignale acquired
by Ford in is marketed by Ford of Europe as a sub-brand as the highest trim of the Fiesta,
Focus, Mondeo, Kuga, Edge, and S-Max. Lincoln achieved its two best U. Since , Lincoln has
used a framed four-pointed star as its brand logo. Introduced on the Continental Mark II in , the
four-point star has undergone various modifications in appearance, but has remained nearly
unchanged since In , Lincoln adopted a greyhound as a hood ornament, used into the s. On the
front fascia, Lincoln adopted a coat of arms with a red cross. Following the war, Lincolns
adopted a rocket-style hood ornament until the adoption of the four-point star from the Mark II.
Although a luxury division, Lincoln has not been absent from motorsports. The Lincoln Mark
VIII was tested at Charlotte Motor Speedway in as a potential replacement for the discontinued
Ford Thunderbird , but the car was rejected by NASCAR due to a lack of wind tunnel testing and
not getting the serial numbers of the parts to ensure they were stock components, as well as
Ford not wanting to give Lincoln a racing image; Ford ultimately replaced the Thunderbird with
the Ford Taurus. During the 20th century, Lincoln produced several official state limousines for
Presidents of the United States , from Franklin D. Roosevelt to George H. Along with producing
the first purpose-built presidential limousine, Lincoln produced two of the first armored vehicles
for presidential use. As a result of its convertible top to allow the president to appear in crowds
without exiting the vehicle , the Lincoln adapted the name " Sunshine Special ". In , as a
response to the beginning of World War II, the Sunshine Special adapted armor plating and
bullet-proof glass; the retractable roof remained in use. Following the result of the security
upgrades, the Sunshine Special expanded to 9, pounds. After traveling across the United States
for the Roosevelt and Truman administrations, the Sunshine Special was retired in For ,
President Eisenhower ordered a removable Plexiglas roof fitted to the foot-long Cosmopolitan
convertible, with the vehicle adapting the "Bubble Top" nickname. Kennedy and Lyndon B.
Johnson once , with the "Bubble Top" retired in Code-named SSX , the Lincoln was an open car,
designed with a set of interchangeable tops, including a black formal-profile top, plexiglass roof
sections, and a stainless-steel targa top for the driver's compartment. In presidential parades
and motorcades, the limousine was often used as an open car to avoid stress on the cooling
system. In the open configuration, John F. Kennedy was assassinated in November
Distinguished by a shift from navy blue to black paint and the permanent fitment of a roof, SSX
underwent extensive security modifications, adding armor plating and bulletproof glass. Retired
from front-line service in , the limousine remained in service until , used by Presidents Johnson,
Richard M. Nixon, Gerald R. Ford, and Jimmy Carter. While again adopting the armor plating and
bulletproof glass and other security features of SSX, to allow the President to stand upright and
greet constituents from the motorcade, a sunroof was added to the vehicle above the rear
passenger compartment. Developed for the second term of the Nixon administration, in , the
Gerald Ford administration replaced the Continental with an armored Lincoln Continental
limousine. As a result of armor plating and security upgrades, the Continental was stretched to
22 feet in length, weighing nearly 13, pounds. In , the limousine rushed Gerald Ford away during
the assassination attempt against him from Sarah Jane Moore. While not directly hit by a bullet
from Hinckley, Reagan was wounded by a bullet that had struck the armor plating on the side of
the car, ricocheting off of the vehicle. In line with its Cadillac Fleetwood Brougham predecessor,
the roofline of the Town Car was raised several inches to accommodate for the thickness of
bulletproof glass while preserving outward visibility. To better handle the weight of armor
plating and security upgrades, the powertrain was upgraded to that of an F pickup truck,
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Hyundai Motor Company was founded in Currently, the company owns Hyundai operates the
world's largest integrated automobile manufacturing facility in Ulsan , South Korea which has
an annual production capacity of 1. Hyundai vehicles are sold in countries through 5,
dealerships and showrooms. Hyundai Motor Company was later established in , and the
company's first model, the Cortina , was released in cooperation with Ford Motor Company in
He in turn hired five other top British car engineers. Exports began in the following year to
Ecuador and soon thereafter to the Benelux countries. Hyundai entered the British market in ,
selling cars in their first year there. In , Hyundai began exporting the Pony to Canada, but not to
the United States, as the Pony would not pass emissions standards there. Canadian sales
greatly exceeded expectations, and it was at one point the top-selling car on the Canadian
market. In , the one millionth Hyundai car was built. In , Hyundai began to sell cars in the United
States, and the Excel was nominated as "Best Product 10" by Fortune magazine , largely
because of its affordability. The company began to produce models with its own technology in ,
beginning with the midsize Sonata. In the spring of , aggregate production of Hyundai
automobiles reached the four million mark. In , Hyundai began to overhaul its image in an
attempt to establish itself as a world-class brand. Power and Associates in North America. In ,
the South Korean government initiated an investigation of Chung Mong Koo 's practices as
head of Hyundai, suspecting him of corruption. In , Hyundai started an initiative to focus on
improving vehicle dynamics in its vehicles and hired Albert Biermann, former Vice President of
Engineering at BMW M to direct chassis development for Hyundai vehicles; stating "The
company intends to become a technical leader in ride and handling, producing vehicles that

lead their respective segments for driver engagement. Hyundai has six research and
development centers, located in South Korea three offices , Germany, Japan and India.
Additionally, a center in California develops designs for the United States. The facility also
housed Hyundai America Technical Center, Inc, a subsidiary responsible for all engineering
activities in the U. In , after a shake-up in the South Korean auto industry caused by
overambitious expansion and the Asian financial crisis , Hyundai acquired the majority of rival
Kia Motors. In , the company established a strategic alliance with DaimlerChrysler and severed
its partnership with the Hyundai Group. In , the Daimler-Hyundai Truck Corporation was formed.
In , however, DaimlerChrysler divested its interest in the company by selling its Worldwide sales
in reached 2,, units, an 11 percent increase over the previous year. In , Hyundai sold 4. The
vehicle was said to be completely designed by Apple and would be built in Hyundai or Kia
plants, and could potentially go into production in As of 16 May [34]. In , the company
announced the Sensuous Sportiness next-generation design direction. The design philosophy
was unveiled at the Geneva Motor Show demonstrated by the Le Fil Rouge concept car, and has
been rolled out into their recent models, ranging from sedans to SUVs. That year, Hyundai set a
record of selling the most automobiles in its first year of business in the United States
compared to any other car brand; total sales in were , Initially well received, the Excel's faults
soon became apparent; cost-cutting measures caused reliability to suffer. With an increasingly
poor reputation for quality, Hyundai sales plummeted, and many dealerships either earned their
profits on repairs or abandoned the product. At one point, Hyundai became the butt of many
jokes i. Hyundai stands for "Hope you understand nothing's driveable and inexpensive". In
response, Hyundai began investing heavily in the quality, design, manufacturing, and long-term
research of its vehicles. The company added free maintenance for the first 2 years or 24, miles
for all its new cars sold, starting with the model year. Hyundai incorporated a new
manufacturing facility, Hyundai Motor Manufacturing Alabama , in April Production started in
May It employed more than 3, workers in By , sales had dramatically increased, and the
reputation of Hyundai cars improved. Power and Associates , for having problems per vehicles.
This made Hyundai second in the industry, only behind Toyota , for initial vehicle quality. The
company continued this tradition by placing third overall in J. The second generation Hyundai
Pony was available for sale in Canada starting with the model year. Sales projections for called
for 5, Ponys, but actual sales were closer to 25,, making the Pony one of Canada's best selling
cars that year. A lesser known model, also sold in Canada, was the Hyundai Stellar. Both
models were available until , when they were replaced by the Excel. In , Hyundai Auto Canada
Inc. With boost in sales in , Hyundai Auto Canada Inc. Hyundai is the No. Sales over ,
cars-per-year mark in In October , Hyundai launched a new small bi-fuel car, the HB20 ,
designed specifically for the Brazilian mass-market. Production here started with the HR model
in , and continued with the Tucson in , the HD78 truck in , and the ix35 in Hyundai cars,
including those made by Hyundai's affiliate, Kia Motors, sold well in China until , when sales fell
by half, marking the start of a slump that continued into , when the company announced plans
to cut jobs in the region. Hyundai and its sister company, Kia, were reported has losing market
share from because of their over-reliance on sedans, poor brand images and local Chinese
automakers compete with price competitive SUVs. Hyundai formed a joint venture with Beijing
Automotive Group since to produce cars in China. During the entry of Hyundai in , fellow South
Korean Daewoo had entered the Indian automobile market just three years before, while Ford ,
Opel and Honda had entered less than a year back. Hyundai's first car in the country, the
Hyundai Santro was launched on 23 September and was a considered a success. It became the
second best-selling car in the country from Hyundai Motor India Limited is currently the second
largest auto exporter from India. Hyundai has two manufacturing plants in India located at
Sriperumbudur in the Indian state of Tamil Nadu. Both plants have a combined annual capacity
of , units. Hyundai expanded its engineering activities in India with Vehicle Engineering team in
Indian engineers are heavily involved in making of Indian-oriented Hyundai vehicles including
the i10, i20, along with other global cars. Despite having growing sales worldwide, Hyundai
struggled in Japan, having sold only 15, passenger cars from to According to the newspaper
The Chosun Ilbo , the reason for Hyundai's failure in the car market was due to the company's
inability to recognize the value of small cars due to parking spaces. For instance, actor Bae
Yong-joon was hired to endorse the mid-sized Sonata in Japan to appeal to the mature
housewives who watch Winter Sonata. The marketing campaign backfired, as large sedans are
driven primarily by middle-aged men, while housewives prefer compact cars. Hyundai entered
the country in the early s, selling the Hyundai Grace van and the Hyundai Excel for the Filipino
market. Hyundai Asia Resources, Inc. HARI , is currently the official distributor of Hyundai
passenger cars and commercial vehicles in the Philippines, they were appointed by Hyundai
Motor Company of South Korea in August as the official distributor of Hyundai vehicles in the

Philippines. It has earned its spot as the third top player in the Philippine automotive industry.
There are currently 42 dealerships around the country. In November , Hyundai announced that it
is building the first wholly owned Southeast Asian car plant located in Indonesia. The i10 and
i20 are now produced here. In Russia, the production of the Hyundai Accent , Sonata , Elantra
and Santa Fe models has been taking place at the TagAZ plant, [97] located in Taganrog , since ,
[98] in the form of complete knock-down kits assembly. In June , Hyundai started the
construction of a new manufacturing plant in Saint Petersburg with a planned yearly capacity of
, cars, [] that will eventually be increased to , units. In Botswana , the assembly of Hyundai
Accent, Sonata, and Elantra models was undertaken by the Motor Company of Botswana at their
Gaborone plant, since February , in the form of complete knock-down kits. Almost all of the
finished vehicles were exported across Botswana's border to South Africa , where the vast
majority of dealerships are situated. Hyundai cars are also manufactured in Egypt , the local
manufacturer is the Ghabbour Group , which is located in Cairo. They have a big model range
and offers sports models of some car models which are only offered on the Egypt market.
Formerly, the company had assembled vehicles such as the Verna. Hyundai sales increases
sharply ranking No. Hyundai produces sedans, hatchbacks, crossover SUVs, vans, pickups,
heavy trucks and buses in numerous plants worldwide. Its top selling sedan, according to the
company's sales data in was the Elantra Avante in South Korea , which recorded , units. This
model was produced in several plants, including in South Korea, United States, China, among
others. This model ceased to be produced in South Korea in due to the lack of demand. Other
sedan models are the mid-size Sonata , executive Grandeur , and several China-exclusive
models which consist of Reina , Celesta , Lafesta , and Mistra. Hatchback models developed by
Hyundai has been divided into models developed to cater the for the Indian market and the
European market. Both the i10 and i20 are models built in India and Europe, with several
changes between the Indian and European version to ensure the model could fit according to
each markets. Other hatchback models include the entry-level Santro first introduced in for the
Indian market, i30 C-segment car for developed markets, the HB20 for the Brazilian market, and
the hatchback version of Accent for markets outside India and Europe. The first-generation
Tucson shared its Elantra-based platform with the Kia Sportage. In most countries apart from
South Korea and the United States, the Tucson was retired for the Hyundai ix35 from However,
the Tucson name was restored for the third generation, where it was to be used across all
markets. It was unveiled at the Geneva Motor Show on By mids, Hyundai moved into developing
smaller crossover SUV models, starting from the Creta ix25 in China from , and the Kona in The
Kona is also consisted of a hybrid electric and a pure battery electric variant. By , both model
became the third and fourth-best selling vehicle of the brand, while the Creta has been the
best-selling SUV in Russia since , [] [] [] and India in The car featured full-time electric drive
technology. The FGV-2 was the second vehicle to be produced. The first pure electric car
developed by Hyundai was the Sonata Electric Vehicle in The car started as a Sonata sedan
based model. The company was using batteries from Ovonic Battery Company Inc. Hyundai
began producing hybrid electric vehicles in The company is using Hybrid Blue Drive, which
includes lithium polymer batteries, as opposed to lithium-ion. The Elantra PLI is a mild hybrid
and the first hybrid to adopt advanced lithium polymer batteries. In , Hyundai showcased the
Hyundai BlueOn. The prototype, an electric version of i10 , was first unveiled at the Frankfurt
Motor Show in The BlueOn is equipped with a LG The i-flow Concept uses a 1. Hyundai says a
production car based on the i-flow's design will be in production by In , Hyundai revealed the
Ioniq five-door liftback to rival the Toyota Prius. The nameplate Ioniq is a portmanteau of ion
and unique. In August , the company announced the launch of Ioniq as its own new electric
brand and confirmed three new electric cars that will be sold under the sub-brand. It will be
followed by the Ioniq 6 sedan in late , and then by the Ioniq 7, a large SUV, in early New models
will be named numerically, with even numbers for sedans, and odd numbers for SUVs. Apart
from Hyundai, Ioniq, and Kia brands, it will also be used for future Genesis electric cars. By
bundling the components, Hyundai said, it raised the maximum speed of the motor by up to 70
percent compared to existing motors, despite its small size. It is the first product to be marketed
under the Ioniq sub-brand, while still sporting the Hyundai logo on the exterior. In , Hyundai, in
a joint venture with Swiss company H2 Energy, started mass manufacturing hydrogen powered
ton cargo trucks. Hyundai Motor started production of the H van also called Solati in Turkey
from The goal of the project is to end the recurring dust storms in Beijing, block desertification
and protect the local ecosystem. Local weeds will be planted in the region that have the ability
to endure sterile alkaline soil. This is the first environmental project of the company's social
contribution programme. Hyundai also made electric car concept i10 recently. Hyundai Motor
plans to aid Chevron Corporation in the construction of up to six hydrogen fueling stations that
will be located in California, including locations at the University of California-Davis and the

Hyundai America Technical Center in Chino. Hyundai is going to provide a collection of 32
Tucson fuel cell vehicles, which are powered by UTC Fuel Cell power plants. Hyundai entered
motorsport by competing in the F2 class of the World Rally Championship in and Eriksson later
drove the car to fifth place in New Zealand and fourth in Australia. In , Hyundai debuted a new
evolution of the Accent WRC, which was intended to improve reliability, but the performance of
the car was still not good enough to challenge the four big teams Ford , Mitsubishi , Peugeot
and Subaru. However, at the season-ending Rally GB , the team achieved their best result with
McRae finishing fourth and Eriksson sixth. In September , after a season hampered by budget
constraints, Hyundai announced withdrawal from the WRC and planned to return in , which did
not happen. In , following the announcement that Korea was scheduled to earn a Formula One
Grand Prix, Hyundai planned to enter the sport. Hyundai announced they would be revealing
their future rally plans at the Chicago Auto Show, on February 9. The launch of the i20 marks
Hyundai's return to the World Rally Championship after a ten-year absence. The car will be
operated by Hyundai's performance division, Hyundai Motorsport from a base in Frankfurt ,
Germany. In , Hyundai Motors established a committee to oversee its Corporate Social
Responsibility programme. In , it started the "Go Green" village adoption project in Tamil Nadu.
Its aim was to promote environmentally friendly products, increase the forest cover in Tamil
Nadu, and improve living and hygiene conditions in the region's villages. A number of schools
have been adopted for improvement with the HMIF donating around benches to government
schools and drilling 10 bore wells. Currently, Hyundai and Kia have started a reimbursement
programme for the owners of the â€” affected vehicles. Several consumers complained that the
engine delivered with the Hyundai Veloster in Brazil was inferior to the one advertised. In April ,
Hyundai Motors UK released a commercial depicting a man attempting to commit suicide via
carbon monoxide poisoning in an ix35, only to fail to do so because of the vehicle's non-toxic
emissions. The advert, produced by Hyundai's in-house agency Innocean Worldwide, received
widespread criticism for promoting suicide. From Wikipedia, the free encyclopedia. South
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exclusive to Canada. An electric motor is an electrical machine that converts electrical energy
into mechanical energy. Most electric motors operate through the interaction between the
motor's magnetic field and electric current in a wire winding to generate force in the form of
torque applied on the motor's shaft. Electric motors can be powered by direct current DC
sources, such as from batteries, or rectifiers , or by alternating current AC sources, such as a
power grid, inverters or electrical generators. An electric generator is mechanically identical to
an electric motor, but operates with a reversed flow of power, converting mechanical energy
into electrical energy. Electric motors may be classified by considerations such as power

source type, internal construction, application and type of motion output. In addition to AC
versus DC types, motors may be brushed or brushless , may be of various phase see
single-phase , two-phase , or three-phase , and may be either air-cooled or liquid-cooled.
General-purpose motors with standard dimensions and characteristics provide convenient
mechanical power for industrial use. The largest electric motors are used for ship propulsion,
pipeline compression and pumped-storage applications with ratings reaching megawatts.
Electric motors are found in industrial fans, blowers and pumps, machine tools, household
appliances, power tools and disk drives. Small motors may be found in electric watches. In
certain applications, such as in regenerative braking with traction motors , electric motors can
be used in reverse as generators to recover energy that might otherwise be lost as heat and
friction. Electric motors produce linear or rotary force torque intended to propel some external
mechanism, such as a fan or an elevator. An electric motor is generally designed for continuous
rotation, or for linear movement over a significant distance compared to its size. Magnetic
solenoids produce significant mechanical force, but over an operating distance comparable to
their size. Transducers such as loudspeakers and microphones convert between electrical
current and mechanical force to reproduce signals such as speech. When compared with
common internal combustion engines ICEs , electric motors are lightweight, physically smaller,
provide more power output, are mechanically simpler and cheaper to build, while providing
instant and consistent torque at any speed, with more responsiveness, higher overall efficiency,
and lower heat generation. However, electric motors are not as convenient or common as ICEs
in mobile applications i. The first electric motors were simple electrostatic devices described in
experiments by Scottish monk Andrew Gordon and American experimenter Benjamin Franklin
in the s. This law was discovered independently by Charles-Augustin de Coulomb in , who
published it so that it is now known with his name. A free-hanging wire was dipped into a pool
of mercury, on which a permanent magnet PM was placed. When a current was passed through
the wire, the wire rotated around the magnet, showing that the current gave rise to a close
circular magnetic field around the wire. Barlow's wheel was an early refinement to this Faraday
demonstration, although these and similar homopolar motors remained unsuited to practical
application until late in the century. After Jedlik solved the technical problems of continuous
rotation with the invention of the commutator , he called his early devices "electromagnetic
self-rotors". Although they were used only for teaching, in Jedlik demonstrated the first device
to contain the three main components of practical DC motors: the stator , rotor and
commutator. The device employed no permanent magnets, as the magnetic fields of both the
stationary and revolving components were produced solely by the currents flowing through
their windings. The first commutator DC electric motor capable of turning machinery was
invented by British scientist William Sturgeon in The motors ran at up to revolutions per minute,
and powered machine tools and a printing press. Several inventors followed Sturgeon in the
development of DC motors, but all encountered the same battery cost issues. As no electricity
distribution system was available at the time, no practical commercial market emerged for these
motors. It developed remarkable mechanical output power. His motor set a world record, which
Jacobi improved four years later in September In , Jedlik built a device using similar principles
to those used in his electromagnetic self-rotors that was capable of useful work. A major
turning point came in , when Antonio Pacinotti first described the ring armature although
initially conceived in a DC generator, i. A benefit to DC machines came from the discovery of the
reversibility of the electric machine, which was announced by Siemens in and observed by
Pacinotti in In , Frank Julian Sprague invented the first practical DC motor, a non-sparking
device that maintained relatively constant speed under variable loads. Other Sprague electric
inventions about this time greatly improved grid electric distribution prior work done while
employed by Thomas Edison , allowed power from electric motors to be returned to the electric
grid, provided for electric distribution to trolleys via overhead wires and the trolley pole, and
provided control systems for electric operations. This allowed Sprague to use electric motors to
invent the first electric trolley system in â€”88 in Richmond, Virginia , the electric elevator and
control system in , and the electric subway with independently powered centrally-controlled
cars. The latter were first installed in in Chicago by the South Side Elevated Railroad , where it
became popularly known as the " L ". Sprague's motor and related inventions led to an
explosion of interest and use in electric motors for industry. The development of electric motors
of acceptable efficiency was delayed for several decades by failure to recognize the extreme
importance of an air gap between the rotor and stator. Efficient designs have a comparatively
small air gap. Louis motor, long used in classrooms to illustrate motor principles, is extremely
inefficient for the same reason, as well as appearing nothing like a modern motor. Electric
motors revolutionized industry. Industrial processes were no longer limited by power
transmission using line shafts, belts, compressed air or hydraulic pressure. Instead, every

machine could be equipped with its own power source, providing easy control at the point of
use, and improving power transmission efficiency. Electric motors applied in agriculture
eliminated human and animal muscle power from such tasks as handling grain or pumping
water. Household uses like in washing machines, dishwashers, fans, air conditioners and
refrigerators replacing ice boxes of electric motors reduced heavy labor in the home and made
higher standards of convenience, comfort and safety possible. Today, electric motors consume
more than half of the electric energy produced in the US. The first alternating-current
commutatorless induction motor was invented by Galileo Ferraris in Ferraris was able to
improve his first design by producing more advanced setups in Possible industrial development
was envisioned by Nikola Tesla , who invented independently his induction motor in and
obtained a patent in May In the same year, Tesla presented his paper A New System for
Alternating Current Motors and Transformers to the AIEE that described three patented
two-phase four-stator-pole motor types: one with a four-pole rotor forming a non-self-starting
reluctance motor , another with a wound rotor forming a self-starting induction motor , and the
third a true synchronous motor with separately excited DC supply to rotor winding. One of the
patents Tesla filed in , however, also described a shorted-winding-rotor induction motor. Scott
to help Tesla; however, Tesla left for other pursuits in Lamme later developed a rotating bar
winding rotor. Steadfast in his promotion of three-phase development, Mikhail
Dolivo-Dobrovolsky invented the three-phase induction motor in , of both types cage-rotor and
wound rotor with a starting rheostat, and the three-limb transformer in After an agreement
between AEG and Maschinenfabrik Oerlikon, Doliwo-Dobrowolski and Charles Eugene Lancelot
Brown developed larger models, namely a hp squirrel cage and a hp wound rotor with a starting
rheostat. These were the first three-phase asynchronous motors suitable for practical operation.
At the Frankfurt International Electrotechnical Exhibition, the first long distance three-phase
system was successfully presented. The General Electric Company began developing
three-phase induction motors in In an electric motor, the moving part is the rotor, which turns
the shaft to deliver the mechanical power. The rotor usually has conductors laid into it that
carry currents, which interact with the magnetic field of the stator to generate the forces that
turn the shaft. Alternatively, some rotors carry permanent magnets, and the stator holds the
conductors. The rotor is supported by bearings , which allow the rotor to turn on its axis. The
bearings are in turn supported by the motor housing. The motor shaft extends through the
bearings to the outside of the motor, where the load is applied. Because the forces of the load
are exerted beyond the outermost bearing, the load is said to be overhung. The stator is the
stationary part of the motor's electromagnetic circuit and usually consists of either windings or
permanent magnets. The stator core is made up of many thin metal sheets, called laminations.
Laminations are used to reduce energy losses that would result if a solid core were used.
Resin-packed motors, used in washing machines and air conditioners, use the damping
properties of resin plastic to reduce noise and vibration. These motors completely encapsulate
the stator in plastic. The distance between the rotor and stator is called the air gap. The air gap
has important effects, and is generally as small as possible, as a large gap has a strong
negative effect on performance. It is the main source of the low power factor at which motors
operate. The magnetizing current increases with the air gap. For this reason, the air gap should
be minimal. Very small gaps may pose mechanical problems in addition to noise and losses.
Windings are wires that are laid in coils , usually wrapped around a laminated soft iron magnetic
core so as to form magnetic poles when energized with current. Electric machines come in two
basic magnet field pole configurations: salient- and nonsalient-pole configurations. In the
salient-pole machine the pole's magnetic field is produced by a winding wound around the pole
below the pole face. In the nonsalient-pole , or distributed field, or round-rotor, machine, the
winding is distributed in pole face slots. Some motors have conductors that consist of thicker
metal, such as bars or sheets of metal, usually copper , alternatively aluminum. These are
usually powered by electromagnetic induction. A commutator is a mechanism used to switch
the input of most DC machines and certain AC machines. It consists of slip-ring segments
insulated from each other and from the shaft. The motor's armature current is supplied through
stationary brushes in contact with the revolving commutator, which causes required current
reversal, and applies power to the machine in an optimal manner as the rotor rotates from pole
to pole. In light of improved technologies in the electronic-controller, sensorless-control,
induction-motor, and permanent-magnet-motor fields, externally-commutated induction and
permanent-magnet motors are displacing electromechanically-commutated motors. A DC motor
is usually supplied through a slip ring commutator as described above. AC motors'
commutation can be achieved using either a slip ring commutator or external commutation, can
be fixed-speed or variable-speed control type, and can be synchronous or asynchronous type.
Universal motors can run on either AC or DC. DC motors can be operated at variable speeds by

adjusting the DC voltage applied to the terminals or by using pulse-width modulation PWM. AC
motors operated at a fixed speed are generally powered directly from the grid or through motor
soft starters. AC motors operated at variable speeds are powered with various power inverter ,
variable-frequency drive or electronic commutator technologies. The term electronic
commutator is usually associated with self-commutated brushless DC motor and switched
reluctance motor applications. Electric motors operate on three different physical principles:
magnetism , electrostatics and piezoelectricity. In magnetic motors, magnetic fields are formed
in both the rotor and the stator. The product between these two fields gives rise to a force, and
thus a torque on the motor shaft. One, or both, of these fields must be made to change with the
rotation of the motor. This is done by switching the poles on and off at the right time, or varying
the strength of the pole. The main types are DC motors and AC motors, [64] the former
increasingly being displaced by the latter. AC electric motors are either asynchronous or
synchronous. Once started, a synchronous motor requires synchronism with the moving
magnetic field's synchronous speed for all normal torque conditions. In synchronous machines,
the magnetic field must be provided by means other than induction such as from separately
excited windings or permanent magnets. A fractional-horsepower motor motor either has a
rating below about 1 horsepower 0. Many household and industrial motors are in the
fractional-horsepower class. By definition, all self-commutated DC motors run on DC electric
power. Most DC motors are small permanent magnet PM types. They contain a brushed internal
mechanical commutation to reverse motor windings' current in synchronism with rotation. A
commutated DC motor has a set of rotating windings wound on an armature mounted on a
rotating shaft. The shaft also carries the commutator, a long-lasting rotary electrical switch that
periodically reverses the flow of current in the rotor windings as the shaft rotates. Thus, every
brushed DC motor has AC flowing through its rotating windings. Current flows through one or
more pairs of brushes that bear on the commutator; the brushes connect an external source of
electric power to the rotating armature. The rotating armature consists of one or more coils of
wire wound around a laminated, magnetically "soft" ferromagnetic core. Current from the
brushes flows through the commutator and one winding of the armature, making it a temporary
magnet an electromagnet. The magnetic field produced by the armature interacts with a
stationary magnetic field produced by either PMs or another winding a field coil , as part of the
motor frame. The force between the two magnetic fields tends to rotate the motor shaft. The
commutator switches power to the coils as the rotor turns, keeping the magnetic poles of the
rotor from ever fully aligning with the magnetic poles of the stator field, so that the rotor never
stops as a compass needle does , but rather keeps rotating as long as power is applied. Many of
the limitations of the classic commutator DC motor are due to the need for brushes to press
against the commutator. This creates friction. Sparks are created by the brushes making and
breaking circuits through the rotor coils as the brushes cross the insulating gaps between
commutator sections. Depending on the commutator design, this may include the brushes
shorting together adjacent sectionsâ€”and hence coil endsâ€”momentarily while crossing the
gaps. Furthermore, the inductance of the rotor coils causes the voltage across each to rise
when its circuit is opened, increasing the sparking of the brushes. This sparking limits the
maximum speed of the machine, as too-rapid sparking will overheat, erode, or even melt the
commutator. The current density per unit area of the brushes, in combination with their
resistivity , limits the output of the motor. The making and breaking of electric contact also
generates electrical noise ; sparking generates RFI. Brushes eventually wear out and require
replacement, and the commutator itself is subject to wear and maintenance on larger motors or
replacement on small motors. The commutator assembly on a large motor is a costly element,
requiring precision assembly of many parts. On small motors, the commutator is usually
permanently integrated into the rotor, so replacing it usually requires replacing the whole rotor.
While most commutators are cylindrical, some are flat discs consisting of several segments
typically, at least three mounted on an insulator. Large brushes are desired for a larger brush
contact area to maximize motor output, but small brushes are desired for low mass to maximize
the speed at which the motor can run without the brushes excessively bouncing and sparking.
Small brushes are also desirable for lower cost. Stiffer brush springs can also be used to make
brushes of a given mass work at a higher speed, but at the cost of greater friction losses lower
efficiency and accelerated brush and commutator wear. DC machines are defined as follows:
[75]. A PM permanent magnet motor does not have a field winding on the stator frame, instead
relying on PMs to provide the magnetic field against which the rotor field interacts to produce
torque. Compensating windings in series with the armature may be used on large motors to
improve commutation under load. Because this field is fixed, it cannot be adjusted for speed
control. PM fields stators are convenient in miniature motors to eliminate the power
consumption of the field winding. Most larger DC motors are of the "dynamo" type, which have

stator windings. Historically, PMs could not be made to retain high flux if they were
disassembled; field windings were more practical to obtain the needed amount of flux. However,
large PMs are costly, as well as dangerous and difficult to assemble; this favors wound fields
for large machines. To minimize overall weight and size, miniature PM motors may use high
energy magnets made with neodymium or other strategic elements; most such are
neodymium-iron-boron alloy. With their higher flux density, electric machines with high-energy
PMs are at least competitive with all optimally designed singly-fed synchronous and induction
electric machines. Miniature motors resemble the structure in the illustration, except that they
have at least three rotor poles to ensure starting, regardless of rotor position and their outer
housing is a steel tube that magnetically links the exteriors of the curved field magnets. In this
motor, the mechanical "rotating switch" or commutator is replaced by an external electronic
switch synchronised to the rotor's position. Efficiency for a BLDC motor of up to The BLDC
motor's characteristic trapezoidal counter-electromotive force CEMF waveform is derived partly
from the stator windings being evenly distributed, and partly from the placement of the rotor's
permanent magnets. Also known as electronically commutated DC or inside out DC motors, the
stator windings of trapezoidal BLDC motors can be with single-phase, two-phase or three-phase
and use Hall effect sensors mounted on their windings for rotor position sensing and low cost
closed-loop control of the electronic commutator. They have several advantages over
conventional motors:. Modern BLDC motors range in power from a fraction of a watt to many
kilowatts. They also find significant use in high-performance electric model aircraft. The SRM
has no brushes or permanent magnets, and the rotor has no electric currents. Instead, torque
comes from a slight misalignment of poles on the rotor with poles on the stator. The rotor aligns
itself with the magnetic field of the stator, while the stator field windings are sequentially
energized to rotate the stator field. The magnetic flux created by the field windings follows the
path of least magnetic reluctance, meaning the flux will flow through poles of the rotor that are
closest to the energized poles of the stator, thereby magnetizing those poles of the rotor and
creating torque. As the rotor turns, different windings will be energized, keeping the rotor
turning. SRMs are used in some appliances [77] and vehicles. A commutated electrically excited
series or parallel wound motor is referred to as a universal motor because it can be designed to
operate on AC or DC power. A universal motor can operate well on AC because the current in
both the field and the armature coils and hence the resultant magnetic fields will alternate
reverse polarity in synchronism, and hence the resulting mechanical force will occur in a
constant direction of rotation. Operating at normal power line frequencies , universal motors are
often found in a range less than watts. Universal motors also formed the basis of the traditional
railway traction motor in electric railways. In this application, the use of AC to power a motor
originally designed to run on DC would lead to efficiency losses due to eddy current heating of
their magnetic components, particularly the motor field pole-pieces that, for DC, would have
used solid un-laminated iron and they are now rarely used. An advantage of the universal motor
is that AC supplies may be used on motors that have some characteristics more common in DC
motors, specifically high starting torque and very compact design if high running speeds are
used. The negative aspect is the maintenance and short life problems caused by the
commutator. Such motors are used in devices, such as food mixers and power tools, that are
used only intermittently, and often have high starting-torque demands. Multiple taps on the field
coil provide imprecise stepped speed control. Household blenders that advertise many speeds
frequently combine a field coil with several taps and a diode that can be inserted in series with
the motor causing the motor to run on half-wave rectified AC. Universal motors also lend
themselves to electronic speed control and, as such, are an ideal choice for devices like
domestic washing machines. The motor can be used to agitate the drum both forwards and in
reverse by switching the field winding with respect to the armature. Whereas SCIMs cannot turn
a shaft faster than allowed by the power line frequency, universal motors can run at much
higher speeds. This makes them useful for appliances such as blenders, vacuum cleaners, and
hair dryers where high speed and light weight are desirable. They are also commonly used in
portable power tools, such as drills, sanders, circular and jig saws, where the motor's
characteristics work well. Many vacuum cleaner and weed trimmer motors exceed 10, rpm ,
while many similar miniature grinders exceed 30, rpm. The design of AC induction and
synchronous motors is optimized for operation on single-phase or polyphase sinusoidal or
quasi-sinusoidal waveform power such as supplied for fixed-speed application from the AC
power grid or for variable-speed application from VFD controllers. An AC motor has two parts: a
stationary stator having coils supplied with AC to produce a rotating magnetic field, and a rotor
attached to the output shaft that is given a torque by the rotating field. An induction motor is an
asynchronous AC motor where power is transferred to the rotor by electromagnetic induction,
much like transformer action. An induction motor resembles a rotating transformer, because the

stator stationary part is essentially the primary side of the transformer and the rotor rotating
part is the secondary side. Polyphase induction motors are widely used in industry. SCIMs have
a heavy winding made up of solid bars, usually aluminum or copper, electrically connected by
rings at the ends of the rotor. When one considers only the bars and rings as a whole, they are
much like an animal's rotating exercise cage, hence the name. Currents induced into this
winding provide the rotor magnetic field. The shape of the rotor bars determines the
speed-torque characteristics. At low speeds, the current induced in the squirrel cage is nearly at
line frequency and tends to be in the outer parts of the rotor cage. As the motor accelerates, the
slip frequency becomes lower, and more current is in the interior of the winding. By shaping the
bars to change the resistance of the winding portions in the interior and outer parts of the cage,
effectively a variable resistance is inserted in the rotor circuit. However, the majority of such
motors have uniform bars. In a WRIM, the rotor winding is made of many turns of insulated wire
and is connected to slip rings on the motor shaft. An external resistor or other control devices
can be connected in the rotor circuit. Resistors allow control of the motor speed, although
significant power is dissipated in the external resistance. A converter can be fed from the rotor
circuit and return the slip-frequency power that would otherwise be wasted back into the power
system through an inverter or separate motor-generator. The WRIM is used primarily to start a
high inertia load or a load that requires a very high starting torque across the full speed range.
By correctly selecting the resistors used in the secondary resistance or slip ring starter, the
motor is able to produce maximum torque at a relatively low supply current from zero speed to
full speed. This type of motor also offers controllable speed. Motor speed can be changed
because the torque curve of the motor is effectively modified by the amount of resistance
connected to the rotor circuit. Increasing the value of resistance will move the speed of
maximum torque down. If the resistance connected to the rotor is increased beyond the point
where the maximum torque occurs at zero speed, the torque will be further reduced. When used
with a load that has a torque curve that increases with speed, the motor will operate at the
speed where the torque developed by the motor is equal to the load torque. Reducing the load
will cause the motor to speed up, and increasing the load will cause the motor to slow down
until the load and motor torque are equal. Operated in this manner, the slip losses are
dissipated in the secondary resistors and can be very significant. The speed regulation and net
efficiency is also very poor. A torque motor is a specialized form of electric motor that can
operate indefinitely while stalled, that is, with the rotor blocked from turning, without incurring
damage. In this mode of operation, the motor will apply a steady torque to the load hence the
name. A common application of a torque motor would be the supply- and take-up reel motors in
a tape drive. In this application, driven from a low voltage, the characteristics of these motors
allow a relatively constant light tension to be applied to the tape whether or not the capstan is
feeding tape past the tape heads. Driven from a higher voltage, and so delivering a higher
torque , the torque motors can also achieve fast-forward and rewind operation without requiring
any additional mechanics such as gears or clutches. In the computer gaming world, torque
motors are used in force feedback steering wheels. Another common application is the control
of the throttle of an internal combustion engine in conjunction with an electronic governor. In
this usage, the motor works against a return spring to move the throttle in accordance with the
output of the governor. The latter monitors engine speed by counting electrical pulses from the
ignition system or from a magnetic pickup and, depending on the speed, makes small
adjustments to the amount of current applied to the motor. If the engine starts to slow down
relative to the desired speed, the current will be increased, the motor will develop more torque,
pulling against the return spring and opening the throttle. Should the engine run too fast, the
governor will reduce the current being applied to the motor, causing the return spring to pull
back and close the throttle. A synchronous electric motor is an AC motor distinguished by a
rotor spinning with coils passing magnets at the same rate as the AC and resulting in a
magnetic field that drives it. Another way of saying this is that it has zero slip under usual
operating conditions. Contrast this with an induction motor, which must slip to produce torque.
One type of synchronous motor is like an induction motor except the rotor is excited by a DC
field. Slip rings and brushes are used to conduct current to the rotor. The rotor poles connect to
each other and move at the same speed hence the name synchronous motor. Another type, for
low load torque, has flats ground onto a conventional squirrel-cage rotor to create discrete
poles. Yet another, such as made by Hammond for its pre-World War II clocks, and in the older
Hammond organs, has no rotor windings and discrete poles. It is not self-starting. The clock
requires manual starting by a small knob on the back, while the older Hammond organs had an
auxiliary starting motor connected by a spring-loaded manually operated switch. Finally,
hysteresis synchronous motors typically are essentially two-phase motors with a phase-shifting
capacitor for one phase. They start like induction motors, but when slip rate decreases

sufficiently, the rotor a smooth cylinder becomes temporarily magnetized. Its distributed poles
make it act like a permanent magnet synchronous motor PMSM. The rotor material, like that of a
common nail, will stay magnetized, but can also be demagnetized with little difficulty. Once
running, the rotor poles stay in place; they do not drift. Low-power synchronous timing motors
such as those for traditional electric clocks may have multi-pole permanent magnet external
cup rotors, and use shading coils to provide starting torque. Telechron clock motors have
shaded poles for starting torque, and a two-spoke ring rotor that performs like a discrete
two-pole rotor. Doubly fed electric motors have two independent multiphase winding sets,
which contribute active i. Two independent multiphase winding sets i. Doubly-fed electric
motors are machines with an effective constant torque speed range that is twice synchronous
speed for a given frequency of excitation. This is twice the constant torque speed range as
singly-fed electric machines , which have only one active winding set. A doubly-fed motor
allows for a smaller electronic converter but the cost of the rotor winding and slip rings may
offset the saving in the power electronics components. Difficulties with controlling speed near
synchronous speed limit applications. Nothing in the principle of any of the motors described
above requires that the iron steel portions of the rotor actually rotate. If the soft magnetic
material of the rotor is made in the form of a cylinder, then except for the effect of hysteresis
torque is exerted only on the windings of the electromagnets. Taking advantage of this fact is
the coreless or ironless DC motor , a specialized form of a permanent magnet DC motor. The
rotor can take the form of a winding-filled cylinder, or a self-supporting structure comprising
only the magnet wire and the bonding material. The rotor can fit inside the stator magnets; a
magnetically soft stationary cylinder inside the rotor provides a return path for the stator
magnetic flux. A second arrangement has the rotor winding basket surrounding the stator
magnets. In that design, the rotor fits inside a magnetically soft cylinder that can serve as the
housing for the motor, and likewise provides a return path for the flux. Because the rotor is
much lighter in weight mass than a conventional rotor formed from copper windings on steel
laminations, the rotor can accelerate much more rapidly, often achieving a mechanical time
constant under one millisecond. This is especially true if the windings use aluminum rather than
the heavier copper. But because there is no metal mass in the rotor to act as a heat sink, even
small coreless motors must often be cooled by forced air. Overheating might be an issue for
coreless DC motor designs. Modern software, such as Motor-CAD , can help to increase the
thermal efficiency of motors while still in the design stage. The vibrating alert of cellular phones
is sometimes generated by tiny cylindrical permanent-magnet field types, but there are also
disc-shaped types that have a thin multipolar disc field magnet, and an intentionally unbalanced
molded-plastic rotor structure with two bonded coreless coils. Metal brushes and a flat
commutator switch power to the rotor coils. Related limited-travel actuators have no core and a
bonded coil placed between the poles of high-flux thin permanent magnets. These are the fast
head positioners for rigid-disk "hard disk" drives. Although the contemporary design differs
considerably from that of loudspeakers, it is still loosely and incorrectly referred to as a "voice
coil" structure, because some earlier rigid-disk-drive heads moved in straight lines, and had a
drive structure much like that of a loudspeaker. The printed armature or pancake motor has the
windings shaped as a disc running between arrays of high-flux magnets. The magnets are
arranged in a circle facing the rotor with space in between to form an axial air gap. The
technology has had many brand names since its inception, such as ServoDisc. The printed
armature originally formed on a printed circuit board in a printed armature motor is made from
punched copper sheets that are laminated together using advanced composites to form a thin
rigid disc. The printed armature has a unique construction in the brushed motor world in that it
does not have a separate ring commutator. The brushes run directly on the armature surface
making the whole design very compact. An alternative manufacturing method is to use wound
copper wire laid flat with a central conventional commutator, in a flower and petal shape. The
windings are typically stabilized with electrical epoxy potting systems. These are filled epoxies
that have moderate, mixed viscosity and a long gel time. The unique advantage of ironless DC
motors is the absence of cogging torque variations caused by changing attraction between the
iron and the magnets. Parasitic eddy currents cannot form in the rotor as it is totally ironless,
although iron rotors are laminated. These motors were originally invented to drive the capstan s
of magnetic tape drives, where minimal time to reach operating speed and minimal stopping
distance were critical. Pancake motors are widely used in high-performance servo-controlled
systems, robotic systems, industrial automation and medical devices. Due to the variety of
constructions now available, the technology is used in applications from high temperature
military to low cost pump and basic servos. Another approach Magnax is to use a single stator
sandwiched between two rotors. This yokeless axial flux motor offers a shorter flux path,
keeping the magnets further from the axis. The design allows zero winding overhang; percent of

the windings are active. This is enhanced with the use of rectangular-section copper wire. The
motors can be stacked to work in parallel. Instabilities are minimized by ensuring that the two
rotor discs put equal and opposing forces onto the stator disc. The rotors are connected
directly to one another via a shaft ring, cancelling out the magnetic forces. Magnax motors
range in size from. A servomotor is a motor, very often sold as a complete module, which is
used within a position-control or speed-control feedback control system. Servomotors are used
in applications such as machine tools, pen plotters, and other process systems. Motors
intended for use in a servomechanism must have well-documented characteristics for speed,
torque, and power. The speed vs. Dynamic response characteristics such as winding
inductance and rotor inertia are also important; these factors limit the overall performance of
the servomechanism loop. Large, powerful, but slow-responding servo loops may use
conventional AC or DC motors and drive systems with position or speed feedback on the motor.
As dynamic response requirements increase, more specialized motor designs such as coreless
motors are used. AC motors' superior power density and acceleration characteristics compared
to that of DC motors tends to favor permanent magnet synchronous, BLDC, induction, and SRM
drive applications. A servo system differs from some stepper motor applications in that the
position feedback is continuous while the motor is running. A stepper system inherently
operates open-loopâ€”relying on the motor not to "miss steps" for short term accuracyâ€”with
any feedback such as a "home" switch or position encoder being external to the motor system.
As long as power is on, a bidirectional counter in the printer's microprocessor keeps track of
print-head position. Stepper motors are a type of motor frequently used when precise rotations
are required. In a stepper motor an internal rotor containing permanent magnets or a
magnetically soft rotor with salient poles is controlled by a set of external magnets that are
switched electronically. A stepper motor may also be thought of as a cross between a DC
electric motor and a rotary solenoid. As each coil is energized in turn, the rotor aligns itself with
the magnetic field produced by the energized field winding. Unlike a synchronous motor, in its
application, the stepper motor may not rotate continuously; instead, it "steps"â€”starts and
then quickly stops againâ€”from one position to the next as field windings are energized and
de-energized in sequence. Depending on the sequence, the rotor may turn forwards or
backwards, and it may change direction, stop, speed up or slow down arbitrarily at any time.
Simple stepper motor drivers entirely energize or entirely de-energize the field windings, leading
the rotor to "cog" to a limited number of positions; more sophisticated drivers can
proportionally control the power to the field windings, allowing the rotors to position between
the cog points and thereby rotate extremely smoothly. This mode of operation is often called
microstepping. Computer controlled stepper motors are one of the most versatile forms of
positioning systems, particularly when part of a digital servo-controlled system. As drive
density increased, the precision and speed limitations of stepper motors made them obsolete
for hard drivesâ€”the precision limitation made them unusable, and the speed limitation made
them uncompetitiveâ€”thus newer hard disk drives use voice coil-based head actuator systems.
The term "voice coil" in this connection is historic; it refers to the structure in a typical cone
type loudspeaker. This structure was used for a while to position the heads. Modern drives have
a pivoted coil mount; the coil swings back and forth, something like a blade of a rotating fan.
Nevertheless, like a voice coil, modern actuator coil conductors the magnet wire move
perpendicular to the magnetic lines of force. Stepper motors were and still are often used in
computer printers, optical scanners, and digital photocopiers to move the optical scanning
element, the print head carriage of dot matrix and inkjet printers , and the platen or feed rollers.
Likewise, many computer plotters which since the early s have been replaced with large-format
inkjet and laser printers used rotary stepper motors for pen and platen movement; the typical
alternatives here were either linear stepper motors or servomotors with closed-loop analog
control systems. So-called quartz analog wristwatches contain the smallest commonplace
stepping motors; they have one coil, draw very little power, and have a permanent magnet rotor.
The same kind of motor drives battery-powered quartz clocks. Some of these watches, such as
chronographs, contain more than one stepping motor. Closely related in design to three-phase
AC synchronous motors, stepper motors and SRMs are classified as variable reluctance motor
type. A linear motor is essentially any electric motor that has been "unrolled" so that, instead of
producing a torque rotation , it produces a straight-line force along its length. Linear motors are
most commonly induction motors or stepper motors. Linear motors are commonly found in
many roller-coasters where the rapid motion of the motorless railcar is controlled by the rail.
They are also used in maglev trains , where the train "flies" over the ground. On a smaller scale,
the era HP A pen plotter used two linear stepper motors to move the pen along the X and Y
axes. The fundamental purpose of the vast majority of the world's electric motors is to
electromagnetically induce relative movement in an air gap between a stator and rotor to

produce useful torque or linear force. According to Lorentz force law the force of a winding
conductor can be given simply by:. The most general approaches to calculating the forces in
motors use tensors. Where rpm is shaft speed and T is torque , a motor's mechanical power
output P em is given by, [96]. For a linear motor, with force F expressed in newtons and velocity
v expressed in meters per second,. In an asynchronous or induction motor, the relationship
between motor speed and air gap power is, neglecting skin effect , given by the following:.
Since the armature windings of a direct-current or universal motor are moving through a
magnetic field, they have a voltage induced in them. This voltage tends to oppose the motor
supply voltage and so is called " back electromotive force emf ". The voltage is proportional to
the running speed of the motor. The back emf of the motor, plus the voltage drop across the
winding internal resistance and brushes, must equal the voltage at the brushes. This provides
the fundamental mechanism of speed regulation in a DC motor. If the mechanical load
increases, the motor slows down; a lower back emf results, and more current is drawn from the
supply. This increased current provides the additional torque to balance the new load. In AC
machines, it is sometimes useful to consider a back emf source within the machine; as an
example, this is of particular concern for close speed regulation of induction motors on VFDs.
Motor losses are mainly due to resistive losses in windings, core losses and mechanical losses
in bearings, and aerodynamic losses, particularly where cooling fans are present, also occur.
Losses also occur in commutation, mechanical commutators spark, and electronic
commutators and also dissipate heat. To calculate a motor's efficiency, the mechanical output
power is divided by the electrical input power:. It is possible to derive analytically the point of
maximum efficiency. Various regulatory authorities in many countries have introduced and
implemented legislation to encourage the manufacture and use of higher-efficiency electric
motors. So as an example a 10 HP motor is most efficient when driving a load that requires 7.
From this, he showed that the most efficient motors are likely to have relatively large magnetic
poles. However, the equation only directly relates to non PM motors. All the electromagnetic
motors, and that includes the types mentioned here derive the torque from the vector product of
the interacting fields. For calculating the torque it is necessary to know the fields in the air gap.
Once these have been established by mathematical analysis using FEA or other tools the torque
may be calculated as the integral of all the vectors of force multiplied by the radius of each
vector. The current flowing in the winding is producing the fields and for a motor using a
magnetic material the field is not linearly proportional to the current. This makes the calculation
difficult but a computer can do the many calculations needed. Once this is done a figure relating
the current to the torque can be used as a useful parameter for motor selection. The maximum
torque for a motor will depend on the maximum current although this will usually be only usable
until thermal considerations take precedence. When optimally designed within a given core
saturation constraint and for a given active current i. Some applications require bursts of torque
beyond the maximum operating torque, such as short bursts of torque to accelerate an electric
vehicle from standstill. Always limited by magnetic core saturation or safe operating
temperature rise and voltage, the capacity for torque bursts beyond the maximum operating
torque differs significantly between categories of electric motors or generators. Capacity for
bursts of torque should not be confused with field weakening capability. Field weakening allows
an electric machine to operate beyond the designed frequency of excitation. Field weakening is
done when the maximum speed cannot be reached by increasing the applied voltage. This
applies to only motors with current controlled fields and therefore cannot be achieved with
permanent magnet motors. Electric machines without a transformer circuit topology, such as
that of WRSMs or PMSMs, cannot realize bursts of torque higher than the maximum designed
torque without saturating the magnetic core and rendering any increase in current as useless.
Furthermore, the permanent magnet assembly of PMSMs can be irreparably damaged, if bursts
of torque exceeding the maximum operating torque rating are attempted. Electric machines with
a transformer circuit topology, such as induction machines, induction doubly-fed electric
machines, and induction or synchronous wound-rotor doubly-fed WRDF machines, exhibit very
high bursts of torque because the emf-induced active current on either side of the transformer
oppose each other and thus contribute nothing to the transformer coupled magnetic core flux
density, which would otherwise lead to core saturation. Electric machines that rely on induction
or asynchronous principles short-circuit one port of the transformer circuit and as a result, the
reactive impedance of the transformer circuit becomes dominant as slip increases, which limits
the magnitude of active i. Still, bursts of torque that are two to three times higher than the
maximum design torque are realizable. The brushless wound-rotor synchronous doubly-fed
BWRSDF machine is the only electric machine with a truly dual ported transformer circuit
topology i. If a precision means were available to instantaneously control torque angle and slip
for synchronous operation during motoring or generating while simultaneously providing

brushless power to the rotor winding set, the active current of the BWRSDF machine would be
independent of the reactive impedance of the transformer circuit and bursts of torque
significantly higher than the maximum operating torque and far beyond the practical capability
of any other type of electric machine would be realizable. Torque bursts greater than eight times
operating torque have been calculated. The continuous torque density of conventional electric
machines is determined by the size of the air-gap area and the back-iron depth, which are
determined by the power rating of the armature winding set, the speed of the machine, and the
achievable air-gap flux density before core saturation. Despite the high coercivity of neodymium
or samarium-cobalt permanent magnets, continuous torque density is virtually the same
amongst electric machines with optimally designed armature winding sets. Continuous torque
density relates to method of cooling and permissible period of operation before destruction by
overheating of windings or permanent magnet damage. Other sources state that various
e-machine topologies have differing torque density. One source shows the following: []. Torque
density is approximately four times greater for electric motors which are liquid cooled, as
compared to those which are air cooled. Another source notes that permanent-magnet
synchronous machines of up to 1 MW have considerably higher torque density than induction
machines. The continuous power density is determined by the product of the continuous torque
density and the constant torque speed range of the electric machine. The latter source, which
can be responsible for the "whining noise" of electric motors, is called electromagnetically
induced acoustic noise. An electrostatic motor is based on the attraction and repulsion of
electric charge. Usually, electrostatic motors are the dual of conventional coil-based motors.
They typically require a high-voltage power supply, although very small motors employ lower
voltages. Conventional electric motors instead employ magnetic attraction and repulsion, and
require high current at low voltages. In the s, the first electrostatic motors were developed by
Benjamin Franklin and Andrew Gordon. Today, the electrostatic motor finds frequent use in
micro-electro-mechanical systems MEMS where their drive voltages are below volts, and where
moving, charged plates are far easier to fabricate than coils and iron cores. Also, the molecular
machinery that runs living cells is often based on linear and rotary electrostatic motors. A
piezoelectric motor or piezo motor is a type of electric motor based upon the change in shape of
a piezoelectric material when an electric field is applied. Piezoelectric motors make use of the
converse piezoelectric effect whereby the material produces acoustic or ultrasonic vibrations to
produce linear or rotary motion. An electrically powered spacecraft propulsion system uses
electric motor technology to propel spacecraft in outer space, most systems being based on
electrically powering propellant to high speed, with some systems being based on
electrodynamic tethers principles of propulsion to the magnetosphere. From Wikipedia, the free
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exercisers Automotive accessories. Rectifier, linear transistor s or DC chopper controller.
Switched reluctance motor SRM. Maintenance brushes Shorter lifespan Usually acoustically
noisy Only small ratings are economical. Variable single-phase AC, half-wave or full-wave
phase-angle control with triac s ; closed-loop control optional. Fixed-speed, traditionally, SCIM
the world's workhorse especially in low-performance applications of all types Variable-speed,
traditionally, low-performance variable-torque pumps, fans, blowers and compressors.
Variable-speed, increasingly, other high-performance constant-torque and constant-power or
dynamic loads. Fixed-speed, low-performance applications of all types. Fixed or variable
single-phase AC, variable speed being derived, typically, by full-wave phase-angle control with
triac s ; closed-loop control optional. AC induction shaded-pole motor. Speed slightly below
synchronous Low starting torque Small ratings low efficiency. Wound-rotor synchronous motor
WRSM. Synchronous speed Inherently more efficient induction motor, low power factor.
Hysteresis motor. Single-phase AC, two-phase capacitor-start, capacitor run motor [90] [91].
Synchronous reluctance motor SyRM. Equivalent to SCIM except more robust, more efficient,
runs cooler, smaller footprint Competes with PM synchronous motor without demagnetization
issues. Pancake or axial rotor motors [80]. Drives can typically be brushed or brushless DC
type. Not a VFD. Stepper position is determined by pulse counting. Wikimedia Commons has
media related to Electric motors. An electric motor changes electrical energy into mechanical
movement. A dynamo or an electric generator does the reverse: it changes mechanical
movement into electric energy. Most electric motors work by using the force of magnetism.
Electrostatic motors have also been used. Machines using electric motors include: fans ,
washing machines , fridges , pump s, and vacuum cleaners. Let's start by looking at the overall
plan of a simple two-pole DC electric motor. If you have ever played with magnets you know
about the fundamental law of all magnets: Opposites attract and likes repel. So if you have two
bar magnets with their ends marked "north" and "south," then the north end of one magnet will
attract the south end of the other. On the other hand, the north end of one magnet will repel the
north end of the other and similarly, south will repel south. Inside an electric motor, these
attracting and repelling forces create rotational motion. To understand how electric motors
work, the key is to understand how electromagnets work. An electromagnet is the basis of an
electric motor. Electric motors are boardly classified in to two different categories i. DC direct
current and AC Alternating current. With in these categories there are numerous types, each
offering unique abilities that suit them well for best applications. In , Michael Faraday made the
first electric motor. It worked using the force of magnetism. He created a simple electromagnet
by taking a nail and a wire, wrapping about loops of wire around the nail and connected it to a
battery. With this he had a simple electromagnet with north and south pole. In the middle of the
nail he had made a hole and put a spindle into the hole so that the nail could rotate. He then
took a horseshoe-shaped magnet and placed the wire wrapped nail in the middle. He connected
the wire of the north pole to the negative pole of the battery and the wire of the south pole to the
positive pole. The basic law of magnetism told him what would happen: the north end of the
electromagnet would repel the north end of the horseshoe-shaped magnet and would attract the
south pole. The same happened on the other side of the nail, with the result that the nail turned.
Faraday was not happy with the result of the electromotor, because the motor turned only once.
He changed the polarity of the battery and the wire wrapped nail again turned just once. If he
changed the polarity every time, when the north pole of the wire wrapped nail is opposite to the
south pole of the horseshoe-shaped magnet, then he would have the result he was looking for.
The wire wrapped nail would turn and turn around the spindle as long as the battery is not
empty. From Simple English Wikipedia, the free encyclopedia. This short article about transport
can be made longer. You can help Wikipedia by adding to it. Categories : Motors Electricity.
Hidden categories: Commons category link is on Wikidata Transport stubs. Namespaces Page
Talk. Views Read Change Change source View history. Wikimedia Commons. Wikimedia
Commons has media related to Electric motors. General Motors Company [1] GM is an
American multinational corporation headquartered in Detroit that designs, manufactures,
markets, and distributes vehicles and vehicle parts, and sells financial services, with global
headquarters in Detroit's Renaissance Center. It was founded by William C. Durant on
September 16, , as a holding company, and the present entity was established in after its
restructuring. The company is the largest American automobile manufacturer and one of the
world's largest automobile manufacturers. As of , General Motors is ranked number 18 on the
Fortune rankings of the largest United States corporations by total revenue. General Motors
manufactures vehicles in several countries; [8] its four core automobile brands include
Chevrolet , Buick , GMC , and Cadillac. It also either owns or holds a significant stake in foreign
brands such as Wuling, Baojun, and Jiefang. General Motors employs , people and does
business in more than countries. The company also operates a mobility division called Maven ,

which operates car-sharing services in the United States, and is studying alternatives to
individual vehicle ownership. GM Defense is General Motors' military defense division, catering
to the needs of the military for advanced technology and propulsion systems for military
vehicles. General Motors led global annual vehicle sales for 77 consecutive years from through ,
longer than any other automaker, and is still among the world's largest automakers by vehicle
unit sales. General Motors acts in most countries outside the U. In , General Motors shed
several brands, closing Saturn , Pontiac , and Hummer , and emerged from a
government-backed Chapter 11 reorganization. In , the reorganized GM made an initial public
offering that was one of the world's top five largest IPOs to date, and returned to profitability
later that year. William C. Durant 's Durant-Dort Carriage Company , of Flint, Michigan , had
become the leading manufacturer of horse-drawn vehicles in the United States by Durant was
averse to automobiles, but fellow Flint businessman James H. Durant, with the board's
approval, tried acquiring Ford Motor Company in Durant re-entered the automotive industry the
following year by co-founding the Chevrolet Motor Company with Swiss race car driver Louis
Chevrolet who left the company bearing his name in Only two years later du Pont orchestrated
the removal of Durant once again and replaced him with Alfred P. Sloan established annual
styling changes, making previous years' models "dated". He also implemented the pricing
strategy that all car companies use today. The pricing strategy had Chevrolet , Pontiac ,
Oldsmobile , Buick , and Cadillac priced from least expensive to most, respectively. General
Motors filed for a government-backed Chapter 11 reorganization on June 8, Also in , General
Motors of Canada Limited was not part of the General Motors Chapter 11 bankruptcy, the
company shed several brands, closing Saturn , Pontiac , and Hummer , while selling Saab
Automobile to Dutch automaker Spyker , and emerged from a government-backed Chapter 11
reorganization. In , the reorganized GM made an initial public offering that was one of the
world's top five largest IPOs to-date, and returned to profitability later that year. Based on global
sales in , General Motors was ranked among the world's largest automakers in January Welburn
, was the first African American to lead a global automotive design organization, and was the
highest ranking African American in the US motor industry in He was replaced by Michael
Simcoe. Barra also joined the GM board. The company has reported annual profits since In ,
General Motors ranked second on the list with 8. The top two markets in were China , with 2,,
units, and the United States , with 2,, vehicles sold. The Chevrolet brand was the main
contributor to GM performance, with 4. Despite profit decline, it was less than financial analysts
predicted as a consequence of pricey pickup trucks sales. As of February [58]. The employees
are not all Canadian, as some salaried personnel are from the U. The GM restructuring has
resulted in a lower break-even point for annual sales and renewed profits because of the loss of
millions of jobs. In mid, GM's corporate chrome power emblem " Mark of Excellence " began
appearing on all recently introduced and all-new model vehicles produced and sold in North
America. However, in the "New GM" reversed this, saying that emphasis on its four core
divisions would downplay the GM logo. In May , GM recorded an Employees from those plants
would also be made redundant. In the third-largest individual country by sales was Brazil with
some , GM vehicles sold. Chevrolet still has a limited presence in Europe through imports of the
Corvette and Camaro , while Cadillac maintains a limited presence as well. The company
manufactures most of its China market vehicles locally. The Shanghai GM plant was officially
opened on December 15, , when the first Chinese-built Buick came off the assembly line. Much
of General Motors' recent growth has been in the People's Republic of China , where its sales
rose Buick is strong in China from early Introduction by the Canadian Buick sold to the last
Emperor of China, later being led by the Buick Regal subcompact. The last emperor of China
owned a Buick. GM pushed the marketing of the Chevrolet brand in China in the mids as well.
As part of this push, GM transferred Buick Sail to that brand as an attempt to appeal to Chinese
middle-class buyers looking for small and affordable cars. General Motors vehicle sales in
China rose It is estimated that such a market in China is about 5 million vehicles a year, larger
than the auto market in France and Britain combined. However, some are worried that 'local
brands like Baojun could eventually become threats to their parent brands if they compete more
against established models over time'. Shanghai-GM-Wuling sold 1. GM products are also
currently sold by the company Yanase Co. In August , GM announced plans to reactivate its
plant that previously produced rebadged Chevrolet Blazer as Opel as well as Brazilian Blazer,
and also build a new plant in Bekasi , West Java , Indonesia, which would produce 40,
passenger cars per year for the Southeast Asian market. In , GM exited the Indian market, which
it had entered for the second time in The first time was in when it became the first car maker to
manufacture cars in India. GM would, however, continue to manufacture cars from its Talegaon ,
Maharashtra plant for the export market. This plant has a capacity of 1,60, units annually. The
older Halol, Gujarat plant with a capacity for 50, units stopped production on April 28, The India

arm's domestic sales for April â€” March declined to 25, units from 32, the previous year and
market share contracted from 1. However, exports surged 89 percent during the same period to
70, units. About employees, 8 percent of GM's total Indian work-force, would be affected by the
pull-out. Weak product line-up and below par service quality were the reasons for the poor
showing by GM in India. According to the South Korean unit of General Motors, its domestic
sales for March dropped by 58 percent, which is more than half compared to the past year. In
February , General Motors had said to shut down one factory and then decide what lies ahead
for the remaining three plants in South Korea during rising losses there. GM has a long history
in Egypt which began in the s with the assembly of cars and light pickup trucks for the local
market. In the mid of the s, GM withdrew from the Egyptian market. Some years later, the
Ghabbour Brothers began to assemble Cadillac , Chevrolet and Buick models up to the s. In the
s Miller Brothers Nigeria was founded as an importer of commercial vehicles of the Bedford
brand into the country. In the plant and its distribution network were split into different
companies and renamed as Federated Motors Industries. Its facility located in Nairobi
assembled a wide range of Isuzu trucks and buses including the popular Isuzu N-Series
versatile light commercial vehicle, TF Series pick-ups and Isuzu bus chassis. Selling entire
GM's General Motors began operating in South Africa in through its wholly owned subsidiary,
General Motors South Africa and was a market which briefly had its own local brand, Ranger. By
it was targeting the production of 50, cars a year but was being hampered by national labor
unrest, strikes, and protests. In sales of fully imported Holden vehicles into New Zealand began.
New Zealand assembly of Holdens began in and by the end of the s Holdens replaced all
Chevrolets and Pontiacs both in , and most Vauxhalls. Opel, Bedford, and Isuzu, vehicles were
assembled or imported at different times during the s, s, and s. All local General Motors
assembly plants in New Zealand closed by Inheriting an Australian identity, GMH amassed
nationalist appeal, which was capitalised on in when the first fully manufactured Australian car,
the Holden was released to great fanfare amongst the Australian public. It was marketed as
"Australia's Own" Holden, and became an iconic feature of post-war Australian culture. On
December 10, , [] GM announced that Holden would cease manufacturing operations in
Australia by the end of In , GM exited the Australian, and New Zealand markets, and confirmed
that the Holden badge would cease to exist by The global design center and Lang Lang Victoria
test track are set to be closed, with the remaining staff catering for warranty-related claims for
up to 10 years. Despite its announcement, GM will continue to have some presence in Australia,
as they plan to export some Buick, Chevrolet, Cadillac, and GMC vehicles through a new entity
called General Motors Specialty Vehicles, as plans are still on track to bring American-built
brands to the region, which was announced before Holden's shutdown. GM has also done much
work in the development of electronics for GM auto racing. An unmodified Aurora V8 in the
Aerotech, captured 47 world records, including the record for speed endurance in the
Motorsports Hall of Fame of America. Recently, the Cadillac V-Series has entered motorsports
racing. Chevrolet leads individual makes with wins. In and , the drivers' championship was won
by the closely linked now defunct HSV Dealer Team. Its character was entirely empirical; it was
whatever key people in each company had been competent enough to organize and pursue.
Charles F. Its work was well known to GM central management through its relationship as a
supplier and consultancy to Cadillac and Buick. United Motors acquired Delco, and Kettering
began his association with Sloan. United Motors also acquired at this time the original Remy
corporation [] called the Remy Electric Company , a competitor of Delco. In General Motors
bought United Motors. Today's main successor corporation is Delphi Automotive , which
nowadays is an independent parent corporation. During the next few decades, it led to the
development of:. World War II was a turning point wherein military affairs, after mingling with
the technologies of applied science for some 80 years, first started to become fundamentally
reinvented by them. Civilian life, too, changed in this direction. Alfred Sloan , longtime CEO of
GM s to s , discussed in his memoir also considered a seminal management treatise the
relationships between government, academia, and private industry in the areas of basic science
and applied science, in light of this new era. On September 7, , at the Intelligent Transport
Systems World Congress in Detroit GM disclosed it would be introducing auto-pilot features
into certain models of its cars. The "super cruise" or vehicle-to-vehicle V2V technology is likely
to be first introduced to the Cadillac range, enabling drivers to switch in and out of
semi-automated mode. Rick Snyder signed a package of bills legalizing the operation of
autonomous vehicles. In March , General Motors bought Cruise Automation , a San Francisco
self-driving vehicle start-up, to develop self-driving cars that could be used in ride-sharing
fleets. Strobe's prototypes produce brief "chirps" of frequency-modulated FM laser light, where
the frequency within each chirp varies linearly. Measuring the phase and frequency of the
echoing chirp allows the system to directly measure both the distance and the velocity of

objects in the road ahead. Strobe, Cruise and GM will work together to develop the technology
for future self-driving cars. The automaker is already operating self-driving Chevy Bolts in San
Francisco as part of a beta test run by the company's subsidiary. From the s onward, General
Motors always maintained an internal dialog about what its economy-car and small-car policies
should be. Economy in some form always had good demand anywhere, but its definition in the
U. In this view, "economy" in the U. The policy discussion often focused on topics like the
higher demand for truly small cars in non-U. Although GM since the s has always offered
economy models in the U. GM's response has been that it has always responded to market
demands and that most Americans, despite anything they said to the contrary, did not actually
demand at purchasing-decision time small size or fuel efficiency in their vehicles to any great or
lasting extent. Although some U. Since the return of high fuel prices in the s and s, GM's
interest in truly small-car programs for the U. As part of General Motors Company's
development, the firm revived one of its idled U. This was the first time that GM produced a sub
compact car in the United States since the Chevrolet Chevette ended production in Production
started in late with the Chevrolet Sonic. General Motors has published principles regarding the
environment and maintains an extensive website to inform the public. In , General Motors
committed to engineering half of its manufacturing plants to be landfill-free. In order to achieve
its landfill-free status, production waste is recycled or reused in the manufacturing process. The
world's largest rooftop solar power installation was installed at General Motors Spanish
Zaragoza Manufacturing Plant in late The installation was created, owned and operated by
Veolia Environment and Clairvoyant Energy, who lease the rooftop area from General Motors.
GM has long worked on alternative-technology vehicles , and has led the industry with
ethanol-burning flexible-fuel vehicles that can run on either E85 ethanol or gasoline. The
company was the first to use turbochargers and was an early proponent of V6 engines in the s,
but quickly lost interest as muscle car popularity increased. They demonstrated [] gas turbine
vehicles powered by kerosene , an area of interest throughout the industry, but abandoned the
alternative engine configuration in view of the oil crisis. In the s and s, GM pushed the benefits
of diesel engines and cylinder deactivation technologies with disastrous results due to poor
durability in the Oldsmobile diesels and drivability issues in the Cadillac V variable-cylinder
engines. In , GM, in conjunction with AeroVironment , built the Sunraycer , which won the
inaugural World Solar Challenge and was a showcase of advanced technology. Much of the
technology from Sunraycer found its way into the Impact prototype electric vehicle also built by
Aerovironment and was the predecessor to the General Motors EV1. The company is committed
to investing heavily in electric cars. According to GM's executive vice president of global
development, Mark Reuss , GM's vehicle lineup will feature 20 electric car models by As of , GM
intends to end production and sales of fossil-fuel vehicles including hybrids and plug-in hybrids
by as part of its plan to become carbon - net zero by These mild hybrids did not use electrical
energy for propulsion, like GM's later designs. In , the Opel Astra diesel Hybrid concept vehicle
was introduced. GM has hinted at new hybrid technologies to be employed that will be
optimized for higher speeds in freeway driving. Within the framework of its vehicle
electrification strategy, [] GM introduced the Chevrolet Volt in as an Extended-Range Electric
Vehicle EREV , an electric vehicle with back-up generators powered by gasoline, or series
plug-in hybrid. The production Chevrolet Volt was available in late as a model with limited
availability. General Motors was the first company in the modern era to release an all-electric
automobile. It was the first car with zero-emissions marketed in the US in over three decades.
The Impact was eventually produced as the EV1 for the model year. It was available through
dealers located in only a few regions. Vehicles were leased, rather than sold, to individuals. In
GM decided to cease production of the vehicles. When the individual leases had expired, they
declined to renew the leases or allow the lessors to purchase them. All of the EV1s were
eventually returned to General Motors and, with the exception of a few which were donated to
museums, all were destroyed. The documentary film Who Killed the Electric Car? The EV1's
cancellation had disappointed supporters of electric vehicles. In , GM debuted the Chevrolet
Volt , a plug-in hybrid electric vehicle with back-up generators powered by gasoline
range-extended electric vehicle. In March , the company announced that it would begin
production of a new EV model in Lake Orion but declined to provide details about the vehicle at
that time. The company planned to release these vehicles by Q4 of as part of their initiatives to
build a controlled self-driving fleet. The Badger would be sold, marketed, and branded as a
Nikola Product. As part of its push into electric vehicles, GM revealed its new logo in January
which used negative space to create the idea of an electric plug in the "M" of the logo. On
January 29, , GM announced that it will end production and sales of fossil-fuel vehicles
including hybrids and plug-in hybrids by as part of its plan to become carbon - net zero by This
will allow General Motors to transition into becoming a leading electric vehicle manufacturer

and become a leading participant in President Joe Biden 's ambitious climate plans to fight
climate change. GM builds battery packs in southern Michigan. An existing GM facility at
Brownstown Township was chosen to be upgraded as battery pack plant. The GM Electrovan is
credited with being the first hydrogen fuel cell car ever produced. He said "I sure would be
disappointed if we weren't there" before On July 2, , GM and Honda announced a partnership to
develop fuel cell systems and hydrogen storage technologies for the time frame. GM and Honda
are leaders in fuel cell technology , ranking No. GM produces several flexible-fuel vehicles that
can operate on E85 ethanol fuel or gasoline, or any blend of both. Since GM started featuring a
bright yellow gas cap to remind drivers of the E85 capabilities. GM is the leader in E85 flex fuel
vehicles, with over 6 million FlexFuel vehicles on the road in the U. In , GM pledged to have
more than half of their annual vehicle production be E85 or biodiesel capable by GM Defense is
the GM division leveraging GM's advanced technology propulsion systems, including Hydrotec
Fuel Cell and Jouletec batteries for a variety of military applications including autonomous
electric platforms and flex-fuel cell pickups converted for military use. The program involved
five designers, each lending their artistic talents to customize five different vehicles. It is a c 3
foundation incorporated in As it emerged from bankruptcy and company reorganization in , GM
structured its brand portfolio brand architecture. Others, like Saab , were sold. Operations, such
as servicing and extended warranties will be honoured for the next ten years. GM also pulled
the Chevrolet brand from Thailand. On January 8, , GM officially introduced a new logo
alongside a tagline "EVerybody in", with the capitalized "EV" as a nod to their stated
commitment to electric vehicles. The â€” Flint sit-down strike against General Motors changed
the United Automobile Workers UAW from a collection of isolated locals on the fringes of the
industry into a major labor union and led to the unionization of the domestic United States
automobile industry. After the first convention of UAW in , the union decided that it could not
survive by piecemeal organizing campaigns at smaller plants, as it had in the past, but that it
could organize the automobile industry only by going after its biggest and most powerful
employer, General Motors Corporation , focusing on GM's production complex in Flint,
Michigan. Organizing in Flint was a difficult and dangerous plan. GM controlled city politics in
Flint and kept a close eye on outsiders. According to Wyndham Mortimer , the UAW officer put
in charge of the organizing campaign in Flint, he received a death threat by an anonymous
caller when he visited Flint in GM also maintained an extensive network of spies throughout its
plants. This forced UAW members to keep the names of new members in secret and meeting
workers at their homes. As the UAW studied its target, it discovered that GM had only two
factories that produced the dies from which car body components were stamped: one in Flint
that produced the parts for Buicks , Pontiacs , and Oldsmobiles , and another in Cleveland that
produced Chevrolet parts. While the UAW called for a sit-down strike in Flint, the police, armed
with guns and tear gas, attempted to enter the Fisher Body 2 plant on January 11, The strikers
inside the plant pelted them with hinges, bottles, and bolts. The president urged GM to
distinguish a union so the plants could re-open. The strike ended after 44 days. That
development forced GM to bargain with the union. John L. GM's representatives refused to be in
the same room as the UAW's, so Governor Frank Murphy acted as a courier and intermediary
between the two groups. Governor Murphy sent in the U. National Guard , not to evict the
strikers, but rather to protect them from the police and corporate strike-breakers. The two
parties finally reached agreement on February 11, , on a one-page agreement that recognized
the UAW as the exclusive bargaining representative for GM's employees who were members of
the union for the next six months. The tool and die strike of , also known as the "strategy
strike", was an ultimately successful attempt by the United Auto Workers Union UAW to be
recognized as the sole representative for General Motors workers. In addition to representation
rights, the UAW, working jointly with the Congress of Industrial Organizations CIO , sought to
resolve existing grievances of skilled workers. However, the strike ended with the
dissatisfaction of Walter Reuther and the UAW, and the workers received only a On September
24, , General Motors workers represented by the United Auto Workers union went on strike
against the company. Talks broke down after more than 20 straight days of bargaining failed to
produce a new contract. Major issues that proved to be stumbling blocks for an agreement
included wages, benefits, job security and investments in US facilities. Within hours, the ripple
effect was felt in Canada with closures of two car assembly plants in Oshawa, Ontario , and a
transmission facility in Windsor on September However, on September 26, a tentative
agreement was reached, and the strike's end was announced by UAW officials in a news
conference at 4 a. On the morning of September 15, , the United Auto Workers announced in a
press conference that General Motors employees would begin striking at PM after talks broke
down to renew their contract, which expired earlier that day at AM. It has been alleged that this
was part of a deliberate plot to purchase and dismantle streetcar systems in many cities in the

United States as an attempt to monopolize surface transportation. Unsafe at Any Speed by
Ralph Nader , published in , is a pioneering book accusing car manufacturers of being slow to
introduce safety features, and reluctant to spend money on improving safety. The subject for
which the book is probably most widely known, the rear-engined GM Chevrolet Corvair , is
covered in the first chapter. It relates to the first â€” models that had a swing-axle suspension
design which was prone to 'tuck under' in certain circumstances. In substitution for the
cost-cutting lack of a front stabilizer bar anti-roll bar , Corvairs required tire pressures that were
outside of the tire manufacturer's recommended tolerances. The Corvair relied on an unusually
high front to rear pressure differential 15 psi front, 26 psi rear, when cold; 18 psi and 30 psi hot ,
and if one inflated the tires equally, as was standard practice for all other cars at the time, the
result was dangerous over-steer. In early March , several media outlets, including The New
Republic and The New York Times , alleged that GM had tried to discredit Ralph Nader , hiring
private detectives to tap his phones and investigate his past, and hiring prostitutes to trap him
in compromising situations. Nader's lawsuit against GM was ultimately decided by the New
York Court of Appeals , whose opinion in the case expanded tort law to cover "overzealous
surveillance". NHTSA had conducted a series of comparative tests in studying the handling of
the Corvair and four contemporary cars â€” a Ford Falcon , Plymouth Valiant , Volkswagen
Beetle , and Renault Dauphine â€” along with a second-generation Corvair with its completely
redesigned, independent rear suspension. The page report reviewed NHTSA's
extreme-condition handling tests, national crash-involvement data for the cars in the test as
well as General Motors' internal documentation regarding the Corvair's handling. This review
panel concluded that 'the â€”63 Corvair compares favorably with contemporary vehicles used in
the tests [ Journalist David E. Davis , in a article in Automobile Magazine , noted that despite
Nader's claim that swing-axle rear suspension were dangerous, Porsche , Mercedes-Benz , and
Volkswagen all used similar swing-axle concepts during that era. General Motors paid
compensation for deaths linked to the faulty switches. Eventually the recall involved about 2.
From Wikipedia, the free encyclopedia. American automotive manufacturing company. Traded
as. Durant Charles Stewart Mott. Detroit , Michigan. Automobiles Automobile parts Commercial
vehicles. Operating income. Net income. Further information: History of General Motors. Further
information: General Motors Chapter 11 reorganization. Further information: General Motors
Europe. This section does not cite any sources. Please help improve this section by adding
citations to reliable sources. Unsourced material may be challenged and removed. January
Learn how and when to remove this template message. See also: General Motors Foundation.
Main article: Flint sit-down strike. Main article: Tool and die strike of Main article: General
Motors strike. Main article: General Motors streetcar conspiracy. Main article: General Motors
ignition switch recalls. United States portal Michigan portal Cars portal Companies portal. State
of Delaware. August 11, Archived from the original on January 6, Retrieved April 14, General
Motors. Archived from the original on August 25, Retrieved January 30, June Archived from the
original on August 24, Retrieved July 23, Archived from the original on October 9, Retrieved
August 12, Securities and Exchange Commission. February 5, Archived from the original on
April 25, Retrieved February 16, February 15, Archived from the original PDF on August 6,
Retrieved August 6, Archived from the original on June 3, Retrieved September 25, US: General
Motors. Archived from the original on February 16, Retrieved February 22, Archived from the
original on October 8, Retrieved November 18, Archived from the original on June 13, Retrieved
April 3, BBC News. October 12, Archived from the original on November 19, Retrieved
November 19, Archived from the original PDF on January 24, May 3, Archived from the original
on December 12, Retrieved December 11, Automotive News. Retrieved October 16, Detroit Free
Press. Archived from the original on January 1, Retrieved January 20, Archived from the original
on February 24, Retrieved February 24, Retrieved January 14, Archived from the original on May
2, Retrieved February 9, Archived from the original on February 23, Retrieved October 7,
Archived from the original on December 13, Retrieved December 10, Motor Trend. Archived from
the original on April 20, Retrieved April 21, Vow to Slim Includes Top Ranks". The New York
Times. Archived from the original on January 20, Retrieved September 9, Archived from the
original on October 18, Retrieved July 10, About News. Archived from the original on September
3, Retrieved July 20, USA Today. December 10, Archived from the original on December 25,
Retrieved January 18, Archived from the original on November 4, Archived from the original on
September 24, Retrieved July 1, October 9, Archived from the original on March 19, Retrieved
September 22, Popular Mechanics. July 16, Archived from the original on April 12, Retrieved
March 22, CBS News. March 23, Archived from the original on April 4, January 28, Archived from
the original on January 31, Retrieved January 28, Retrieved November 23, The Seattle Times.
January 24, Archived from the original on February 15, Retrieved February 4, Archived from the
original on April 17, Retrieved April 9, May 1, Our Weekly. Archived from the original on October

15, Retrieved June 9, April 7, Archived from the original on February 28, Retrieved March 2, The
Wall Street Journal subscription required. Retrieved July 3, GM Media Press release. December
12, Archived from the original on December 24, Retrieved December 21, Bloomberg
Businessweek. Archived from the original on March 26, Archived from the original on May 15,
The Wall Street Journal. July 31, Archived from the original on March 8, Retrieved March 7,
August Archived PDF from the original on July 6, Retrieved March 8, Green Car Congress.
Archived from the original on February 2, The Detroit Bureau. Bloomberg BusinessWeek.
Archived from the original on December 3, Retrieved November 28, August 17, Archived from
the original on June 19, Retrieved June 19, Archived from the original on April 24, Retrieved
April 24, Archived from the original on January 17, Retrieved January 19, Archived from the
original on January 16, Archived from the original on July 29, Retrieved July 29, Archived from
the original on September 4, Retrieved September 4, Archived from the original on February 22,
Retrieved February 25, January 5, Archived from the original on June 2, Retrieved July 19,
January 3, Archived from the original on March 14, Archived from the original on August 4,
Retrieved June 1, February 17, Archived from the original PDF on February 18, Archived from
the original on November 30, PR Newswire. Retrieved February 18, January 4, Retrieved April
25, Sales Increase 5 Percent in December". Archived from the original on January 8, Retrieved
January 6, Archived from the original PDF on August 7, Retrieved January 4, Archived PDF from
the original on March 4, Retrieved February 14, Archived from the original on January 27,
Detroit, Michigan: GM. Archived from the original on January 15, Archived from the original on
June 10, Retrieved July 9, August 27, Archived from the original on August 28, Retrieved
October 12, Archived from the original on September 9, Retrieved September 21, Archived from
the original on November 27, Retrieved November 27, Archived from the original on April 23,
December 5, December 13, February 14, Archived from the original on February 14, Archived
from the original on March 7, Archived from the original on February 17, Retrieved February 17,
August 30, Archived from the original on October 7, Retrieved January 2, Nightly News with
Brian Williams. NBC News. June 15, Sees China, and the Chinese, in a Chevrolet". Archived
from the original on October 27, Retrieved October 27, Archived from the original on April 6,
Retrieved September 18, Archived from the original on November 9, Retrieved November 1,
Archived from the original on July 11, Retrieved November 7, April 18, Archived from the
original on March 12, March 31, Automotove News. August 12, Archived from the original on
June 5, Retrieved October 31, Voice of America. October 14, Retrieved October 14, May 11,
Archived from the original on April 2, Retrieved May 11, Archived from the original on March 21,
ET Auto. Archived from the original on May 24, Retrieved May 5, The Times of India. Archived
from the original on May 29, Business Insider France in French. Archived from the original on
February 27, Retrieved February 26, Financial Times. February 22, Archived from the original on
April 3, Bangkok Post. June 4, Archived from the original on September 23, Retrieved June 6,
The EastAfrican. Retrieved December 24, The Star. South Africa News. Archived from the
original on July 14, Retrieved July 5, Archived from the original on May 18, Retrieved May 18,
Friesen Press. The Advocate. Tasmania, Australia. December 22, Retrieved August 15, â€” via
Trove. Australian Historical Studies. Taylor Francis Online. The Conversation. Archived from the
original on February 19, Retrieved August 15, Gm Authority. August 5, Archived from the
original on March 20, Archived from the original on March 5, December 11, R will not race at the
24 Hours of Le Mans". Motor Authority. September 25, Sports Car Club of America. April 22,
Retrieved December 29, The Nation. Archived from the original on May 10, ASM , Vol. Retrieved
January 9, Archived from the original on August 31, Retrieved August 30, Detroit News.
September 8, Archived from the original on September 11, Retrieved September 8, December 15,
Archived from the original on December 16, Retrieved December 16, Archived from the original
on March 13, Retrieved March 13, NDTV Gadgets March 12, Archived from the original on
October 11, Retrieved October 11, Archived from the original on October 4, Retrieved October 4,
Archived from the original on October 3, GM Authority. Retrieved December 27, Archived from
the original on December 2, Retrieved December 1, Archived from the original on August 7, July
8, Archived from the original on December 6, Retrieved December 4, Conklin Systems.
November 21, Archived from the original on September 27, Smithsonian Institution. Automotive
Industry. November 10, Archived from the original on October 31, Retrieved May 31, Green Car
Reports. Archived from the original on May 23, Retrieved May 23, Archived from the original on
April 26, Retrieved May 4, Archived from the original on May 5, Retrieved November 20,
Retrieved February 28, October 17, Archived from the original on May 26, Retrieved May 22,
Verein Deutscher Ingenieure. Archived from the original on December 22, Retrieved April 27,
Archived from the original on October 21, Retrieved June 8, Retrieved November 3, Archived
from the original on November 7, Archived from the original on August 10, Retrieved August 4,
November 26, Archived from the original on January 11, Retrieved January 10, These are the

only plug-in electric cars so far with over , global sales. Archived from the original on August
11, Retrieved August 13, September 6, Archived from the original on August 29, Retrieved June
24, Archived from the original on June 7, Archived from the original on June 22, Retrieved June
20, Archived from the original on November 2, Retrieved October 30, November 27, Archived
from the original on December 30, My Electric Car Forums. April 1, San Francisco Chronicle.
Archived from the original on September 5, Retrieved September 14, The Los Angeles Times.
Archived from the original on September 13, Retrieved September 13, Archived from the original
on October 2, Retrieved October 3, The Detroit News. Archived from the original on July 28,
Retrieved July 28, March 22, Archived from the original on March 23, Retrieved March 25, May
22, Archived from the original on May 22, Archived from the original on January 30, Archived
from the original on September 30, November 30, Retrieved February 8, September 28, Retrieved
January 8, January 14, Archived from the original on May 4, Archived from the original on June
14, Retrieved June 14, Hydrogen Technology: Mobile and Portable Applications. Retrieved
August 23, The Automotive News. Archived from the original on December 14, Retrieved March
27, Mercury News. Associated Press. GM Corporate Newsroom. July 2, Archived from the
original on October 24, Archived from the original on September 16, Retrieved September 15,
May 5, Archived from the original PDF on June 19, The Nature Conservancy. Archived from the
original on April 5, October 21, Archived from the original on November 18, Retrieved October
28, â€” via prnewswire. Safe Kids Worldwide. Archived from the original on May 16, Archived
PDF from the original on July 24, Business Week Archived from the original PDF on March 8,
Business Insider. November 22, Archived from the original on June 4, Archived from the original
on May 14, August 26, Archived from the original on September 28, Brand Matters. Archived
from the original on January 10, Retrieved July 18, Wards Auto. Archived from the original on
September 21, The New Daily. Retrieved October 17, February 16, Archived from the original on
February 18, January 8, Hour Detroit. Archived from the original on July 23, Wayne State
University Press, , p. Cornell University Press, , p. Archived from the original on March 27,
Retrieved August 3, September 24, Archived from the original on September 25, Retrieved
September 16, The Guardian. Archived from the original on December 31, Retrieved December
31, Car and Driver. Archived from the original on February 25, Retrieved March 20, December
Archived from the original on March 31, Retrieved July 4, Federal Highway Administration. May
7, General Motors Corp. The Impact of Publicity on Corporate Offenders. State University of New
York Press. National Technical Information Service. April Archived from the original on May 31,
Retrieved August 16, Archived from the original on March 9, Retrieved April 4, Detroit Star.
Archived from the original on May 17, Retrieved May 17, Archived from the original on May 21,
Archived from the original on July 8, May 31, Bunkley, Nick May 25, Archived from the original
on October 26, Sloan, Alfred P. Barabba, Vincent P. New York: Oxford University Press.
Retrieved October 29, Chandler, Alfred D. Cray, Ed New York: McGraw-Hill. Farber, David R.
Sloan Rules: Alfred P. Sloan and the Triumph of General Motors. Chicago: University of Chicago
Press. Gustin, Lawrence R. Billy Durant: Creator of General Motors. Ann Arbor: University of
Michigan Press. Halberstam, David The Reckoning. A Thomas Congdon book. New York:
Morrow. Keller, Maryann Kimes, Beverly Rae, ed. Iola, Wisconsin: Krause Publications. Leslie,
Stuart W. Boss Kettering. New York: Columbia University Press. Maxton, Graeme P. Cambridge,
England: Cambridge University Press. Maynard, Micheline Pelfrey, William Pound, Arthur. The
turning wheel; the story of General Motors through twenty-five years, online free Rae, John Bell
The Chicago history of American civilization. Robertson, Heather Driving force: The McLaughlin
family and the age of the car. Weisberger, Bernard A. The Dream Maker: William C. Durant,
Founder of General Motors. Boston: Little, Brown. Google Finance Yahoo! Finance SEC filings.
Platforms Transmissions Hybrids Vehicles. Category Commons. Automotive marques of
General Motors. Lotus â€” Saab â€” Opel â€” Vauxhall â€” Automotive industry in the United
States. Great Recession. Automotive industry crisis California budget crisis Housing bubble
Housing market correction Subprime mortgage crisis. Rothstein Allen Stanford. Government
policy and spending responses. List of banks acquired or bankrupted during the Great
Recession. Chrysler General Motors. Auction rate securities Collateralized debt obligations
Collateralized mortgage obligations Credit default swaps Mortgage-backed securities
Secondary mortgage market. Tea Party protests United States; c. European debt crisis Financial
crisis of â€” List of countries by public debt. Categories : General Motors Car manufacturers of
the United States Defense companies of the United States Motor vehicle manufacturers based in
Michigan Aircraft engine manufacturers of the United States Automotive transmission makers
Battery electric vehicle manufac
vw tiguan trailer hitch wiring
3000gt ebay
youtube mirage

turers Electric vehicle manufacturers of the United States Hybrid electric bus manufacturers
Former components of the Dow Jones Industrial Average Holding companies of the United
States Vehicle manufacturing companies established in establishments in Michigan American
companies established in Companies that filed for Chapter 11 bankruptcy in Companies listed
on the New York Stock Exchange Re-established companies Motor vehicle engine
manufacturers Multinational companies headquartered in the United States initial public
offerings Diesel engine manufacturers Marine engine manufacturers Locomotive engine
manufacturers Electrical generation engine manufacturers. Namespaces Article Talk. Views
Read Edit View history. Help Learn to edit Community portal Recent changes Upload file.
Download as PDF Printable version. Wikimedia Commons Wikinews. General Motors
Corporation. Detroit , Michigan , U. United States. United Kingdom. South Korea. Wikimedia
Commons has media related to General Motors.

