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The collapse of the New York Stock Exchange in 1929 was only the most visible sign of a massive
economic crisis.
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The crisis that spread quickly from Wall Street to Main Street.
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Every day produced more bankruptcies, more layoffs more people with less money in their pockets.
BRMAZELWEEE - BEAFFE - DIREZE NEE -

Fearful of losing what little they had left people rushed to the banks to withdraw their savings. But the
banks too were short of cash.
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One year after the crash, 800 of them had failed.
Nine million savings accounts were wiped out.

—HiB{% o a4 800 FTERITEIEA > 900 AR S HLMER -

With their savings gone and layoffs increasing people were forced to sell their cars, their furniture, their
wedding rings.
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Before long, half the country's home mortgages were in default. Families across America found themselves
facing eviction.
TSN 2 ElE —PIYIRIZ R R EY - A REXELBHRRE -

One year after the crash, four million American families were without any means of support.
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Worst they didn't know how to ask for help and their government didn't know how to provide it.
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YouTube F E& :
This man has a vision to create the best electric cars ever seen and consign gasoline to history.

EANA RS - S AL R AVESRE o MR URE RS

This is something truly revolutionary.
EE SR

He wants to build his unprecedented Tesla car in a futuristic new factory and trigger an electric transport
revolution.

AL SR BUNE AR S5 RS A AT R A BRI AL S - MRS — (W e g ey -

It's been a long time since something like that happened in the car business but it's here.

FREHSRERICZAN Ry ey > BSKERET -

It's a dream many have had but not realized.
S R A TEAIARREER -

(i

Aluminium body work.

PSS

19-inch alloy wheels.
19 ST & H o

Under $50,000 price tag.
EE{ER 5 E=TT -
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At first glance, this car is the latest in a long line of high incidence.
ERCEEE MR R R ELZ—

But that is where the similarities end.

BB EZ AL

The Model S is a totally different type of car.
S BUSRELESE &N E AV

Tesla believes it can lead a revolution and change the face of motoring forever.

RTINS (S RESRE Ry > KB B R IS

It's the first-ever mass-made premium sedan powered purely by electricity designed to have speed and
range and not a drop of gas.

B EERAREEEIEAESEE - EHAEE - R&J7 > AR -

Our goal is to create an electric car that is the best car in the world and show that that's what electric car
could be.

MWy H RS — AR - e R i » DU REE I S EE B SEFrRE (e -

Tesla’s goal is to kill off the combustion engine and prove the electric car has finally come of age.

RHTHIHY HARE PRSI - 56 IH BBl R AY B R 2 -

Driving gasoline cars is gonna feel like yesterday.

WU AR G ER % -

Driving this car is driving the future.

BB A EEE R -

This is Elon Musk, Tesla's co-founder and CEO.
fr72 Elon Musk > Friirfir A SR A 2 —FI1 T ELAERL -

Elon is an inventor and a maverick entrepreneur one of America's youngest billionaires.
Elon 2885 - LBy RN %R - e EEBFRNEEESY— -

...stretched the sedan and made it a little bit more modern but it's still a sedan, it still has this somewhat
traditional cue and so it's easy to love because of that association.

EESNR > BERALE—8 > BEE—WiEs > WHEEAEGgRC - NIERESRHHER -
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Although uniform in appearance the Model S is a unique car.
HEZRYME B — S B SR - S AR EAE B A

It was conceived as electric.
T LIEEFHELE -

Even the shape is designed to maximize the battery’s range.

SMRUSER R R B AR R

The body and the waist here is all slim so there's no excess fat or body mass on this car.

B G R Oy R ARy - WS ERAEH SRR

And that’s another one of those elements that just translates into great efficiency.
=t = A e (DI E SV NN =T

This car’s one of the most aerodynamic sedans on the market.

BEEER Ry 5 B B A iR ZE R TRV — -

In an electric car, conserving the battery power is so important.

BARE SRR EIRE EE -

The design has put huge efforts into reducing the drag.
seat EAE TIRZ LE R IR ZZRIETT -

Even the door handles are aerodynamic, receding flush into the body.

LM e TR R At - PUBERE DT -

But it's the interior that is most heavily influenced by the electric powertrain.

A B 2 EN BN IRR %

The powertrain is incredibly small.

BT RRER RRR MS o NEELLESS -

You get the same performance out of a motor that's the size of, you know, a watermelon, fits between the
rear wheels. And everything else above that is what I call the “opportunity space”.
THYMERE IS B —i% - BOTEAIIPE NN - B E &R 28 - T B ST - 2 T iE

ZEf] e

The design team started with the motor and flat battery pack and worked upwards.
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e TEB e s Ehik i P B AAE PR 4G - B B -

With the motor next to the wheels, there's no need for a drive shaft so there is no rise under the rear middle
seat.

SPIRE N Hiwor 18 > MFREE > SURPE PR LA THE -

There is no fuel tank or transmission.

HE AR S EE S -

The Model S has free space from the floor outputs.

S AUgfR ARk b ik L E R e T 2=

What you'll see is a vast amount of space.

REEFIRNEZERH -

In fact, it's actually so big that we decided that we could actually fit seven people and we do that by putting
two rear-facing child seats in the back here, and you can see where they fit here and their legs go right
down in there.

BEL BERERE > FUIRTAERE RS E AL - R R (EE = R E R - R E
Reff - il e EirE -

So this is what we call the “frunk” and it's really the trunk in the front of the car.
WO IR R TR DGO AR A -

And arguably you can put a whole bunch of stuff in here.

FEAR PRI EREY)

even when the back of your car’s totally loaded up with people and kids and stuff and who doesn’t need one
of these?

RI{E B CaomaR s ~ /INMZAIY 0, > SR TR EE e 2

Performance and range were the two big issues that needed to be improved and that’s why we put most of
our focus on the technology in powertrain.

PEREAITT B AR SRR R IH H > I FRAPIHE S T DR i 38 Fee 8 D R plehseff

Powertrain Manufacture, second floor.

B IR R EGE TS - A

This is where they build the heart of their Model S the motors and battery packs.
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SR S BUSREAZ OIS o SR R A -

0l

Tesla's solution to improving battery life appears startlingly simple.
RN Blie s BAL S ey AR L T R R

They use thousands of small lithium-ion cells similar to laptop batteries.

i FIA A R BB/ N g TSt SR TR RS A AL -

Thanks to these regular batteries, the company says the Model S has achieved a top range of 480
kilometers.

ZANEIFRIR B TSR IR EA - S BISE TR AR = F 480 A H -

Once you have 250 to 300 miles of range, you know then you’re in a different usage mode. You are in a
range that is equivalent to most gasoline cars.
— HEEfTHE 250 £ 300 SLH & - SO BN FRVE A - EAEERURETEER -

The car can be charged by 100 kilometers every hour from a regular power outlet.
FERCEE ] AT 1 B L TR /NI 100 A -

The high-performance battery pack is formed with over seven thousand small cells.
= AE EAAH T R i 7 THE/ N R AR AR -

They are organized into a flat layer with specific groupings of positive and negative.

EMHRIECPE - SRR A R E 74

The final layout is the key to the pack’s power and range and Tesla considers it absolutely top secret.
AR TR AR M RE AT T AR HRASE » RATHL N Sl R B R e R -

The motor unit is also developed in-house.

SEERETTINEAE N BT -

It's essentially an AC induction motor a concept invented by 19th century scientist and Tesla Motor’s
namesake, Nikola Tesla.

TAE ERAOEER N - (& 19 ORISR IS - SUE BRI AT E 2R e E AL -
FHTAL -

He harnessed an electromagnetic field to turn a basic motor.

& EE R A B — ([ R A S5 B
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Modern day Tesla has developed their motor with a highly conductive copper cylinder.

ROFHT AT Y - BASEEEAY SIS -

When the electromagnetic casing is fed with current, the copper cylinder inside starts to spin.
E WA ER AL - AR 1A e

It's nearly three times more efficient than a combustion engine.

TEEPAREVSCR S T =%

In fact, there are only three moving parts.

FE L EAA =(EEE: -

It connects directly to the rear wheels and doesn't need a transmission.

THEEEET R > I HAFEEHIEE

The entire drive unit is under a meter long, smaller than a golf bag.
BEFEE) BT/ k& o LEE B REREEE )

It propels the Model S, a family-size sedan into the class of performance cars.

T S RIS > —E IS - 2T EMERE A -

In fact, this powertrain creates a totally different driving experience.
FH L BN EEANS TEOAN E AR B AR -

EHRRE - 15 2L Bl BN e B A A ) PR ] 5 22
bl S 2 A (T R I 7 SURE IR T — i Et A% o
TITBEREA RN e 2 — A+ M OmEESE I T 5oZ2 o+ -

EEAREIL T RARZRIEA RN > EEBESRIE -
AL > 3872 o i S 8 AR PE R R B A 2R T
SRAELIE FIAE DT R ~ AT

HE > EUEKEEA TN
PR 75 [EAa%  MEAGRAEE R LR T
Kifi - IR EREEE - RTEREEE NGHEMHS%?

N Es > SLAIEATER > — ~ MERBREEa LT —2rH -
A BEVERENIH I LL RS [ B i » B2
AR ey 5 [ BEEE RS - VO(E st /S A aE & S A -
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YouTube H E% :
In order to make the operation more reliable more efficient and less noisy the recent trend has been to use

brushless DC motors.

Fo TRV EFERE - EA SRR DS - BRI W 6 2 TRl R T 3 -

They are also lighter compared to brushed motors with the same power output.

HE R A R S22 F i T R

The brushes and conventional DC motors wear out over the time and may cause sparking thus the brushed.
DC motor should never be used for operations that demand long life and reliability.

ARIFES S ZE R EE AR - aEEMESKIENER > fiblaERSELAESR
SRR E 1A -

Let's see how a brushless DC motor works.

SR TR BRI Y R

The rotor of a BLDC motor is a permanent magnet.

LA dEhgR ] 76 22 Y BT R P Kk A BGE

The stator has a coil arrangement as shown.

T THISREPEY R SR -

By applying DC power to the coil, the coil will energize and become an electromagnet.

EUREEREIEAR R - M ERIR A SR & Rl Ry S

The operation of a BLDC is based on the simple force interaction between the permanent magnet and the
electromagnet.

MRS EERY BN 2k B A A RGBS rks8 2 [ - BRSSO IER T -

In this condition, when the coil A is energized the opposite poles of the rotor and stator are attracted to each
other.
E—ZE G A T AW RN E Y R R EE AR AR 5 [

As the rotor nears coil A coil B is energized.
EETRATARE A > 4RIE B EEE

As the rotor nears coil B coil C is energized.

B TR B iy - HIGRE] C &iEE -
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After that, coil A is energized with the opposite polarity.
BE > G A DU AR R

This process is repeated and the rotor continues to rotate.

EE(EVRRER - Erag g -

A humorous analogy to help remember it is to think of the BLDC operation like the story of the donkey and
the carrot.

—EA A tEEREE BRI E NS RIS A E Ep bR T A BV -

Where the donkey tries hard to reach the carrot but the carrot keeps moving out of reach.

BT E eI ERIFERE - EAIFER AT RIS E -

Even though, this motor works it has one drawback you can notice that, at any instant only one coil is
energized. The two dead coils greatly reduce the power output of the motor.

et S EERNA R AFAE — (SR - BURAE (LT S E A —4HAR A E - S/ N AH A - A4 R
RARBAER T2 -

Here is the trick to overcome this problem.

EEFEEA AR LUER

When the rotor is in this position along with the first coil which pulls the rotor, you can energize the coil
behind it in such a way that it will push the rotor.

BT A IS (E A B — A AR BN - BT ] DURHMZ IRV AR A EE  dr s e 1 -

For this instant, a same polarity current is passed through the second coil the combined effect produces
more torque and power output from the motor.

FERE RIS [F— MRV ERUR RS AR - & AR SO T A A RIS T

The combined force also makes sure that a BLDC has a beautiful, constant torque nature.

EHERNEITITRRERERA R~ RREAVHTT -

With this configuration two coils need to be energized separately but by making a small modification to the
stator coil we can simplify this process.

FEEEGERE T - WsHERRE 7 BT 23 B - (A B T REFH/ DETE)  saE R LE (e B -

Just connect one free end of the coils together.

AR B H B A A i AR 2
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When the power is applied between coils A and B let's note the current flow through the coils.
EEIIMEERE AR B ZfEF - AR HEERELRENRE

It's just like the separately energized state.
EAMTREA[EE AT RS

That's how a BLDC works.
e il B 22 Y [ S E A I o

but you might have some intriguing doubts in your mind.
BIRATREAR RS -

How do | know which stator coils to energize?
BEAT SHE T 4 R B R S ARE 2

How do | know when to energize it so that | will get a continuous rotation from the rotor?

SR oy el i e - (T BT EE ?

Ina BLDC, we use an electronic controller for this purpose.
HE—(E & es i ae i A R

A sensor determines the position of the rotor and based on this information the controller decides which
coils to energize.

e HEE TR E - ERE IS T B ER > AR AR EEE -

Most often, a Hall effect sensor is used for this purpose.
— AR DAEE i RUE RLE 2 ok B -

The BLDC design we have discussed so far is known as the out-runner type.
R PP o P e S ) B 222 T A S N AU

In-runner BLDC design is also available in the market.

i B BRI EGT -

FLL > DristidmeE - EHE ISR RE YR IF B8

Mot HEdmeE > A@EHE RERr VE AT - B E ZEF AR B -
KRy - B —ERirHyEimE -

EERES PG IRAY MRy ~ I - DURCEE(ETAR -
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