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Abstract

The translator chose chapter 2 of the Basic Fundamentals to
Advanced Concepts of Automobile Engineering written by Prahbu TL as
the text for translation and subsequently composed a translation practice
report to delve into the challenges encountered during the translation
process and identify potential solutions. The second chapter of this book
mainly introduces the use of electric vehicle motors and new materials,
the current situation and future development trend of electric vehicle
batteries, exhaust emission standards, and the process of vehicle light
weighting. The vocabulary used in this book is accurate and professional,
the language is objective and neutral, the sentence structure is concise and
clear, and the text structure is clear and organized. According to Reiss’
text type theory, it can be confirmed that the original text is informative.
For this type of text translation, the translator follows the standards of
faithfulness, expressiveness, and elegance proposed by Yanfu and strives
to maintain faithful and complete communication of the original content,
ensuring consistency in semantics, sentence meaning, language style, and
other aspects between the original text and the translated text.

In the translation process, semi technical word processing, sentence
structure reorganization, and discourse cohesion visualization are the key
and difficult points. During the translation process, the translator
identified subtle differences in vocabulary through context and
determines its meaning based on the domain in which the vocabulary is
located; sentence restructuring mainly involves handling passive voice
and adjusting sentence focus to effectively convey the information of the
original text; by using repetition and substitution to highlight the logical

structure of the text, it ensures that the translation maintains the same

Vv
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coherence and clarity as the original text.

Through this translation practice, the translator has first gained a
deeper understanding of automotive engineering, and secondly
recognized the importance of making appropriate adjustments to the
translation according to Chinese and English expression habits.
Meanwhile, the translator hopes that this translation practice report can

provide reference for translating similar texts.

Key Words: Basic Fundamentals to Advanced Concepts of
Automobile Engineering; informative text; electric vehicle
batteries; semi technical terms; discourse cohesion

Vi
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Chapter 1 Introduction to the Translation Task

1.1 Task Description

The source text of this practice project is Chapter 2 of Basic Fundamentals to
Advanced Concepts of Automobile Engineering, which has not yet been
translated into Chinese. There are 7922 words in the source text (ST) and 13,213
words in the target text (TT), which meets the word count requirement in the ST for

the graduation thesis of a master of Translation.

1.2 Brief Introduction of the Source Text

In terms of content, the book consists of 11 chapters with a total of 1377 pages,
which is an introduction to automotive engineering. Chapter 2, chosen by the
translator, presents the use of electric vehicle engines and new materials, the current
situation and future development trend of electric vehicle batteries, exhaust emission
standards, and the process of vehicle light weighting.

Automobile engineering plays a key role in promoting social development and
economic progress. Therefore, the translator selected this article as the source text to
analyze the problems encountered in the translation process and to help people know

more about the automobile engineering.

1.3 Aims and Significance

This report primarily employs variational translation methods to delve into and
address the challenges encountered during translation practice, aiming to offer
valuable insights and guidance for future translation endeavors. The translator aspires
that through the thorough analysis and consideration of these issues, it can improve

the translator’s translation level and theoretical application ability, make a certain
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contribution in helping domestic scholars to understand the research status of relevant
fields abroad, and breathe new life into domestic research development in the relevant
fields.

What’s more, the scientific paper can also help people intensify the perception of
history and working principle of automotive electrical and electronic systems, and
trigger people’s new thinking on how to handle automobile issues they encounter.
Selecting this English paper, with a relatively recent publication date, for translation
can effectively introduce foreign automotive concepts to China, prompt individuals to
reconsider the future of automotive engineering, and encourage greater attention to

safe driving practices.
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Chapter 2 Pre-translation Preparations

The initial step in any translation process involves thoroughly analyzing the
source text (ST). Only by accurately grasping the domain, language style, and
characteristics of the ST can a translator effectively prepare for the selection of
appropriate translation theories, the compilation of relevant resources, and the
anticipation of potential difficulties in the subsequent translation stages. This analysis
enables the translator to formulate targeted translation plans, compile relevant parallel
texts, establish terminology databases, and select suitable translation tools. Through
this meticulous preparation, the translator aims to lay a solid foundation and provide
valuable references for future translation efforts, ensuring a high-quality and accurate
translation outcome.

2.1 Characteristic Analysis of the Source Text

The chosen passage is a piece of scientific and technological writing. Scientific
and technological texts mainly express facts, information, knowledge, opinions, etc.,
and their language is characterized by strong logic, and the focus of the text is on the
content rather than the form; the translation should convey the same concepts and
information as in the original text in simple and clear language.( 5K 3% 75, 2009:53).
The language used in the source text is informative, with the primary function of
conveying information and stating facts or occurrences. So according to Reiss, it
belongs to informative text. Each language has its own grammar and usage of
vocabulary, and we cannot imagine that a mechanical translation of the original work,
word by word and sentence by sentence, in its original structural order, can properly
convey the appearance of the original work, nor can we imagine that such a
translation would be purely national (K3 5, 1984:30). Compared with other English
genres, scientific and technical English is highly specialized, logically rigorous and
structurally compact, so the translator needs to reserve background knowledge of the

relevant specialties and pay full attention to the choice of professional vocabulary and



8 W YN R R TATS'S

the flexible use of different grammars before translation.(i# 32 %, 2020:397) . They
abound in professional terminology, with meanings that are relatively fixed and
specific. Scientific and technological English is primarily a written language,
demanding precision and conciseness to reflect the rapid advancements and
innovations in the field of science and technology (Christiane Nord, 2014:2).
Therefore, the translator should follow the standards of faithfulness,
expressiveness, and elegance proposed by Yanfu, and strives to maintain faithful and
complete communication of the original content, ensuring consistency in semantics,
sentence meaning, language style, and other aspects between the original text and the

translated text.

2.2 Translation Tools

In numerous translation tasks, practical translation tools serve as invaluable aides
in the translation process, offering crucial support in modern translation work. Given
the vast array of translation tools available, choosing suitable ones can significantly
impact the translation's accuracy. In this translation practice, various tools such as
Baidu Translation, ChatGPT, cnki Translation Assistant, etc. were employed. When
dealing with ambiguous terms, experts in special fields and Internet resources,
including Wikipedia and Baidu Baike, were consulted. Besides, the translator looked
up a variety of dictionaries such as the Longman Dictionary of Contemporary English,

the Oxford Advanced English-Chinese Dictionary, etc.

2.3 Parallel Texts Collecting and Glossary Building

Parallel texts refer to texts that cover comparable topics but are created in
different contexts. Despite their diverse backgrounds, these texts belong to the same
genre and fulfill the same objective. In translation theory, Nuebert defines parallel
texts as "bilingual texts containing the same information produced in a comparable

communicative context" (Nuebert, 1985). Li Changshuan concisely summarizes the
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broad and narrow interpretations of parallel texts, defining them as "any reference
material closely related to the content of the source text" (4= K 1%, 2012). Utilizing
parallel texts plays a crucial role in enhancing both the efficiency and the quality of
translation tasks to a significant extent. In this instance, the translator made use of
various resources such as the internet and library books to gather relevant parallel text
materials related to the translation task. Studying parallel texts provided invaluable
insights and exemplars for the translator, enhancing comprehension of terminology,
syntax, and style within the scientific and technical domain. This facilitated a
smoother, more accurate translation process that adhered to target language
conventions. Given the intricate nature of the topic, such as the transition and
advancement of the automotive industry, including the practical application of
automotive technologies and the integration of intelligent automation in automotive
engineering, the translator had to delve deeply into the parallel texts to acquire
pertinent professional knowledge. By familiarizing oneself with the relevant
terminology and specific expressions, the translator significantly improved translation
accuracy, ensuring that the expressions were natural and well-received by the target
audience.

To ensure consistency across the translation, a glossary containing frequently
used professional terminology was compiled and included in Appendix 1. This not
only ensured the uniform translation of particular terms but also reduced the
translator's workload. Through comprehensive reading of the text, the translator
identified prevalent professional vocabulary and phrases, determining their meanings
with the aid of online resources like DeepL, Google, and ChatGPT. For challenging
terminology, contextual analysis was conducted, comparing them with parallel texts
or seeking clarification from mentors and peers to pinpoint their precise meanings.
This approach ensured the accuracy and clarity of the translation, reflecting the latest
advancements and innovations in the rapidly evolving field of automotive engineering

and technology.
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Chapter 3 Case Study

Case analysis holds a pivotal role in a translation practice report, serving as its
most essential component. This chapter will present illustrative examples and a
thorough analysis of the translation process. Throughout the translation practice, the
translator encountered several typical, significant, and challenging issues, including
the need to adapt commonly used words to a more technical context, the necessity to
reshape the source text to conform to the linguistic norms of the target language, and
the importance of maintaining a coherent representation of the source text in the
translation. Combined theory with practice, the translator adopted ‘“adaptation”

“adjustment” and “repetition” to solve these problems properly.
3.1 Specialization of Common Nouns (Semi-Technical Words)

The specialization of common nouns is a prominent feature in English for
Science and Technology (EST) texts, posing a significant challenge in scientific
translation. Delving into the causes, types, and translation pitfalls of these specialized
nouns offers valuable insights into comprehending technical texts and enhancing
translation practice in EST. By understanding the nuances of this specialization,
translators can more accurately convey the intended meaning and technical details of

the source text.

3.1.1 Discerning Subtle Differences of Vocabulary in Context.

When confronted with specialized common words, translators must discern subtle
differences in vocabulary based on the context and make careful selections. For
instance, in scientific texts, when common nouns are used as specialized terms,
translating them in the same way as in everyday language can strip the text of its

technical nature, creating obstacles for readers' comprehension. For such vocabulary,
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translators cannot infer their specialized meanings solely from their original
definitions. Instead, they must consider the context of the sentence, identify changes
in the meanings, and confirm their technical implications through their own stores of

specialized vocabulary.
Example 1:

ST: This inverter converts DC into alternating current(AC) electricity and then it
is fed to 3 phase AC induction motor.( Prahbu TL, 2021).

TT1: %ISR B BN, AR5 Mk 2 =B BOT i BN, F L .

TT2: %SRS B R BN SS I, AR a ik 28 AT i RN F AL

Analysis : To translate example 1 properly, the translator should have the

background information in physics and electrical engineering. “phase” in

examplel has multiple meanings like “a group of words that have a particular

meaning when used together,” or “a short series of notes that form a unit within a

longer passage in a piece of music” or “stage” etc. Translator should distinguish

the most suitable meaning among these explanations. Hence, according to the

context, it should be translated as “fH> in Chinese instead of “F/} BX.”

Example 2:

ST: Fuel cell vehicles will have zero emissions unless they use an onboard

reformer to process methanol or another fuel into hydrogen.(Pahbu TL,

2021).

TT1: BRAEAEFH 4200 S 2 0 W s el AR A 9 S, 15 TR F R
T LI EA I

TT2: Gn SR FH 4 28k o 8 3o HH i Al AR A A O VR, R TR 42
S EHFT

Analysis: Similar to examplel, “reformer” also has several different meanings:
“a person who works to achieve political or social change”, “election law
revisionists”;according to the context and the type of text, it is obviously that the
example sentence did not mention about cloths, so the translator looked it up

through translation tools and finally chose “EE#£#%” as the better vision.
7
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Example 3

ST: Use of lightweight materials in valves, valve springs, and pistons, advanced
coatings on pistons and ring surfaces, improved lubricants( Prahbu TL,2021).

TTI: FEIR . 5 BN JE i R URT R, A JE AT ZE M R 138

RPR)Z, O D BUEE S
TT2: FELT, ARTHEEANE ZE R TR B R}, 23S ZE A ZE 30 3 i f 1
R, SO DU .

Analysis: “Valve” means “ a device for controlling the flow of a liquid or gas,

letting it move in one direction only” and in musical field it also means “a device

in some brass musical instruments for changing the note”, as for the “valve” in

example 3, its function is similar to the first explanation, but in automobile field,

it has a specific and accuracy meaning in Chinese: “<[]”

3.1.2 Deriving Extended Meanings through the Basic Meaning

A substantial portion of the modern scientific and technological English
vocabulary originates from previously existing common English words through the
use of metaphor. Metaphor plays a pivotal role in the creation of specialized
terminology in this field, allowing for the innovative and expressive communication
of complex scientific concepts. Many technical terms acquire their specialized
meanings through extensions of the basic meanings of common words, and these
extended meanings often retain some semantic connection to the original words. As a
result, translators should infer the specialized meanings of these terms from their
original meanings.

Example 4:

ST: To enable small sharp turns to be made smoothly without wheel lock-up

occurring even at large steering angles(Prahbu TL, 2021).
TT1: RIS A A EERCRIITEOL T, WA TR T N EaRE, A
B R BUE I DL -
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TT2: RMEAERE A REECRHIEOL T, Wae PRt T NSRS, mA S
BLZERIAE R L -

Analysis: The word “lock™ usually refers to a mechanical device used to prevent

doors, windows, drawers, boxes, etc. from being opened illegally. In automobile

engineering, it usually means the wheels locked and the brake fails. So the
translator chose “¥43E” in Chinese accordingly instead of “i{¥”.

Example 5:

ST: In collisions with roadside obstacles, lighter vehicles have less chance than a
heavier vehicle of deforming the obstacle or even running through it, both of
which would decrease deceleration forces on the occupants.(Prahbu
TL,2021:).

TT1: {£5 ARSI AR, B8 0 2540 LU E ) BR300 SE AN 5 (s

WA, HRREREATY), I PRE LA e JE A B RE 7 .

TT2: £ 5 A PG K AR, B R 4 0 b o ) 2 A AN ) fot ot

WA, HRREREATY), TP LA e 2 R JE 7 .

Analysis: “Occupants” in normal text means a person who lives or works in a

particular house, room, building, etc. In this sentence, we can easily associate that

people who “live” in cars must be the passengers. So the translator translated it as

“3f 71> in Chinese instead of “f&E £,

Example 6:

ST: Automakers use a various analytical methods (e.g., finite element codes) to

calculate the stresses in a structure under specified loading(Prahbu TL,
2021).

TT1: JR4-HE R & Ao v (A BRJeARIE) SRR 5 M7 e 3
i FHIE L

TT2: VA2 3 v 1o A5 AP A i 748 CAnE BRCARAD ) SR T 53 45 M 7 e 3%
i NN A
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Analysis: “Stresses” normally refers to “pressure or worry caused by problems in

somebody’s life or by having too much to do” or “physical pressure put on

something that can damage it or make it lose its shape.” But in example 5,

stresses mean “When an object is deformed due to an external cause (force,

humidity, change in temperature field, etc.), internal forces interacting between

the parts within the object, per unit area, are called stresses.” Therefore, the

translator should derive the extended meaning through the basic meaning and the

proper translation should be “i. 77> rather than “J& /7.

Example 7:

ST: In an electric vehicle, usually direct current (DC) electricity is fed from a
battery bank to AC/DC inverter(Prahbu TL, 2021).

TT: AEHZNTET, ERHIEH BB BRI A S .

Example 8:

ST: The advantage is that unlike AC induction motor which uses electricity to

generate the magnetic currents inside the motor(Prahbu TL, 2021).
TT: HALRAET, SCHURA rALAE FH F o 7E R AL P 30 7 A AL

Example 9:

ST: An alternating field induces eddy currents in liquid metal which interact with
the field to give a Lorentz body force which is generally rotational and
which must, therefore, drive fluid motion(Prahbu TL, 2021).

TT: ZCARM SAEMES &8 PR, Wi S AR, PR

71, AT IR, b SRS AR IE B

Analysis: From example 7-9, we can find out that each sentence involved the

word “current” which is a common noun. Common nouns have different
specialized meanings in different fields of science and technology, that is, the
so-called word has multiple meanings, both common and different specialized
meanings. In these examples, current has different meanings, so the translator

should decide the most accurate one according to the field it belongs to.

10



8 W YN R R TATS'S

Therefore, the translator, based on the specific field, translated them as “EL7i H.”

“WhA Imi” accordingly.
3.2 Transformation and Rearrangement of Sentence Structure

There are great differences in sentence structure between English and Chinese.
English pays attention to hypotaxis. Sentence structure can be extended and combined
with various means of connection to form long and complex sentences. However,
Chinese emphasizes parataxis, drives form by meaning, and has loose sentence
structure. The sentences are often short and pithy, but the meanings are clearly layered.
Therefore, when translating English long sentences into Chinese, it is often necessary
to adopt flexible means such as amplification, omission, inversion, etc. In addition, in
English for science and technology, passive sentences are widely used in order to
objectively record some phenomena and conclusions and avoid subjective expression.
Under the premise that there are great differences between the expression modes of
English and Chinese, translators must choose the language that conforms to the
expression habits of the target text to express the translation, so as to make the logical

level of the target text clear and the language smooth and natural.

3.2.1 Adaptation of Passive Meaning

Adaptation in translation often involves converting the passive voice in English
texts to the active voice in Chinese. This is particularly true in scientific and technical
articles, where English frequently employs the passive voice. Conversely, Chinese
prefers the active voice, reflecting the unique expressive characteristics of each
language. By adjusting the voice in translation, we ensure that the translated text reads
naturally and accurately captures the intended meaning of the original text.

Example 10:

ST: The key performance parameters for electric vehicle batteries are discussed

in succeeding paras.(Prahbu TL, 2021).

TT1: HBNRZAE bR RE S HCRAE N 3P i i

11



8 W YN R R TATS'S

TT2: P ICR IR B EhVR A IR B RE S 2

Analysis: There is only one passive meaning in this sentence, it is not difficult for

)

the translator to figure out the logical relationship of this sentence. “The key
performance parameters are discussed.” it is literally translated as “>%< ## 4 ft =
H# T .  This translation is not in line with the Chinese expression habits, so
the translator here translated this sentence into “i5/ 18 88 14 e S 40

Example 11:

ST: It_is connected electrically in series so that equi-distribution of current will

take place and thermally in parallel so that heat conduction is properly
maintained.(Prahbu TL, 2021).
TTI1: i) R A BGER,  DLSEBL AR AT 0 e KA IR X
BEATIRGERE, AL AR LA T AT .
TT2: MEHCR A § 07 AT HURERE, DLSEBL R I i R IFIR
77 T RGERE, DI ORIVE SIE T

Analysis: The sentence is a complex sentence containing two adverbial clauses of

result. In the main clause and subordinate clause, there is one passive respectively:
“It is connected electrically” and “heat conduction is properly maintained”. The
translator did not translate it into “#% 5 BEAE >R, DASZIH IR H 70 B0 or “#4
(¥4 S48 DA IE 5 77 24T but into “FH HR I07 SNk AT FLAUERE, DLSCI A
I B ¥ 1 2 B and DA Ok AL S 1EF 24T In this way, the translation

conforms to the Chinese expression habits, and the readability is thus increased.

3.2.2 Adjustment of Long sentences

English tends to favor longer sentences, while Chinese prefers shorter ones.

Therefore, when translating from English to Chinese, merely adhering to the original

long sentence structure can lead to awkward and unnatural translations, and we have

to break up the long sentences according to the sense group, narrate them separately,

and reorganize the short sentences in the translation. When the original English

12
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sentences are long and complex, we can break the constraints of English sentence
pattern and reorganize the sentences according to the chronological or logical order to
make the translation smooth.

Example 12:

ST: OTA’s evaluation of lifecycle costs leads to the conclusion that their
influence will offset sharply higher purchase prices only under limited
conditions. (Prahbu TL, 2021).

TT1: OTA X A= iy Jid 3 A O PA 45 H B 4518 2 28 o Ji) 391 A B s i A 7

A RIS N 4 BEARTE R B2 i (O T SE A A%
TT2: OTA X¥A=fw FARAS PP U Eh 182, RAEAEARIFEMET, &£
i Jo U B ) S 4 RE IR R B2 1 O S A s

Analysis: This sentence is a complex sentence. The main clause is “OTA’ s
evaluation of lifecycle costs leads to the conclusion” and the subordinate clause is
“that their influence will offset sharply higher purchase prices ...”, which is an
appositive clause that modifies the word “conclusion”. “only under limited

conditions” is a prepositional phrase acting as conditional adverbial. In TT1, the
sentence is translated according to the original word order, which is not in line with
the Chinese expression habit. It is customary to put the conditions ahead in Chinese,
so in TT2, the phrase guided by “under” was placed forward, and the translation can
be logical, hierarchical, and more fluent.

Example 13:

ST: Each of the advanced vehicles examined by OTA have emission
characteristics that are different from current vehicles as well as from the
baseline (business-as-usual) vehicles expected to enter the fleet, if there are
no new incentives for significant changes in vehicle technology.(Prahbu TL,

2021).

13



8 W YN R R TATS'S

TT1: OTA WFFCHISEEE MR HRBCRAE A R T 20 B 240, A T3
Rt AT ) R HVE D BR300 A 8 B URh 15 I R A2 it 22 R
IESp NG

TT2: USRBATH IS G MR e BRI B RAR AL, A OTA BEFTH)
Se Rt R HEBCR RN R T 2 AT R 4, AE T RO R AT
R D) 45,

Analysis: This sentence is a complex sentence, and the conditional clause led by
if indicates that the content of the main clause is established when a specific
condition is met. In TTI, it is not smooth to translate according to the original
order. In Chinese, it is customary to mention the condition first. Therefore, the
translator rearranged the order of the original English sentence, translating the
conditional clause led by "if" first and then describing the situation when the
condition is met. By doing so, the translation becomes clearer and more
organized, adhering to the idiomatic structure of Chinese language.

Example 14:

ST: The key emissions advantage of EVs is that they have virtually no vehicular
emissions regardless of vehicle condition or age -- they will never create the
problems of older or malfunctioning “super-emitters,” now a significant
concern of the current fleet.(Prahbu TL, 2021).

TT1: BTG T ZHT AL T IR RO B W A e L
ZERHAEB - EAAGE AR A N BB ARG R, X
A2 2 T AR ) — A A

TT2: HANIFERNEEATRRB AT, TREFIRD B R T, BT
A --EATAGEA 77 A 22 IR BB ) " s e
1173 IE 2 X e 2t 2R A ) 2 R

Analysis: One of the features of scientific and technical texts is the use of long

sentences, but compared with Chinese long sentences, English long sentences

seem to be more complex. This is because Chinese tends to break down long
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sentences into small sentences, which only express one layer of meaning within a
small sentence, while English long sentences sometimes contain multiple layers
of meaning. Hence, when translating long sentences in English scientific and
technical texts, it is imperative to adapt the sentence structure to ensure a smooth
and accurate translation through breaking and reorganization(divide “Hi 375 41
BB AAE T R F PR OB B T A 1 L 350A R into
“HANRER EEZABILAET, TREMRIBZER A, EfJLFEE
HE W) . ), so that the sentence can be translated into several independent
sentences of shorter length under the condition of keeping the original meaning

intact.

3.3 Means of Discourse Cohesion

Scientific and technical English discourse includes scientific and technical essays,
laboratory reports, operating procedures for introducing scientific and technical trends
and experiments, as well as discourse describing and explaining the phenomena of
nature, etc. The distinctive characteristic of scientific and technical English discourse
lies in its emphasis on coherence, clarity and fluency of the text, and expresses
scientific facts through strict logic and objective description. Consequently, when
translating scientific and technological texts, the primary emphasis should be on the
accurate conversion of information between the source and target languages.
Discourse cohesion can guarantee that the stylistic nuances of the original text are
faithfully reproduced in the translated version, while maintaining harmony in tone and
format. To achieve discourse cohesion, some devices should be adopted such as

repetition of key words and substitution.

15
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3.3.1 Repetition of Key Words

Example 15

ST: For small range and slow speed application of electric vehicle, even brushless
DC motor is also used. The electrical energy is converted into mechanical
energy through motor and fed to wheels through transmission and differential.
Normally, it is said that inverter is the brain and motor is heart of the electric
vehicle.(Prahbu TL, 2021).

TT: XfF/NaEARE S s g, HEWHIeh EREll. el

L AU AR O LRRE, P30 I AR A AN 2 R ik B e 5 ., AR
A e BNV RY RN, 1 FLATL U2 0 i

Analysis: This chapter is about the “Motor Technology”. The repetition of “motor”

in the original text makes the whole text closely connected and introduces the

function of Motor Technology to the readers accurately and clearly, while the

translation also catches the key words and repeats them accordingly, which

successfully reproduces and retains the original text's articulation, and achieves

the effect that the original text is intended to express.

Example 16

ST: Normally, the value chain of electric vehicle batteries consists of raw
material for production, cell production, module production, assembly of
modules into the battery pack, integration of the battery pack into the vehicle,
use during the life of the vehicle, and reuse and recycling. Lithium-ion
batteries comprise a family of battery chemistries that employ various
combinations of anode and cathode materials. The most prominent
technologies for automotive applications are lithium-nickel-cobalt-
aluminium(NCA),Lithium-nickel-manganese-cobalt(NMC),Lithium-
manganese spinel(LMO), Lithium titanate(LTO) and Lithium-ion phosphate

(LFP).(Prahbu TL, 2021).

16



8 W YN R R TATS'S

TT: %, HINRFEHRMAMERE R4 R, A, B K
PR Bl T 2 L R FEI A SR AR BRI AR A I s A&
FEA A BT o B 1 B E — R AR AN R LR AT REH A i A
R

Analysis: Through the analysis, it can be seen that “battery” and “cell” in the

original language are two anagrams of near-synonyms, which constitute a close

articulation of the original language, and at the same time, these two words have
their own Chinese word “HLith> with exactly the same meaning to correspond to

them, so the Chinese translation adopts repetition to achieve discourse cohesion.

3.3.2 Substitution

Sometimes discourse cohesion is characterized by simplicity and achieved by
substitution, therefore, pronouns are usually used in English discourse to replace
the same part of the previous text. When translating into Chinese, in order to
avoid confusion and misunderstanding, sometimes the corresponding noun
referred to by the pronoun should be repeated to make the translation clearer and
more explicit.
Example 17
ST: One key advantage for some hybrids will be their ability to run in an EV-
mode in cities, although their performance or range may be limited in this mode.
Other advantages are less certain, however. Hybrids will likely not run at constant
speed, although their speed and load excursions will be less than with a
conventional vehicle; they must cope with cold start and evaporative emissions
essentially similar to a conventional vehicle; and their engines may be stopped
and restarted several times during longer trips, raising concerns about increased
emissions from hot restarts. In OTA’s view, hybrid vehicles with substantial EV
range have clear emission advantages in this mode, but advantages in normal

driving are unclear.(Prahbu TL, 2021).
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TT:

RN 2 — R EI T T LR R AT i, R SRR T
PEREBREM AR T REX Z BRI . AL, HARB AW AWE 7. |’
IR A REA 2 DUEE BT AT B, RS IR LR 8w A s /N T
PSR AN LIRS 5 A GLR AR FE A IS 4 Ja sl AN 28 R HE )
RIS, MRS 2 2 JUE LM E R E 30, X51E 1
MR BUE B FEHPEEE AR . OTA A, HIENVRZELLE AR
RE B NREAAR MBI BA UE W H IS, (B IEHAT 3 R
I .

Analysis: The original discourse is a referential cohesion, in which the sentences

use “this mode” to refer “EV- mode”, so the original text is concise, and the

relationship between the previous and the next is very clear. The translation, on

the other hand, first translated the “EV-mode” literally and then used “tFf 5 5.

and “IX F#% 3> to replace the same word according to the Chinese expression

habit, which is not only in line with the Chinese vocabulary articulation habit, but

also makes the expression of the translation more accurate and clearer.

Example 18

ST:

TT:

Any adverse safety impacts, however, are unlikely to be nearly so severe as
those that occurred as a result of changes in the size and weight composition
of the new car fleet in 1970 to 1982. The National Highway Traffic Safety
Administration concluded that those changes “resulted in (net) increases of
nearly 2,000 fatalities and 20,000 serious injuries per year.” Many of those
adverse impacts occurred because vehicles changed in size as well as weight,
however, yielding reduced crush space, reduced track width and wheelbase
(which increased the incidence of vehicle rollovers), and so forth.(Prahbu TL,
2021).

AL, ARRIAHFIR 22 R A T RER 1970 F2 1982 FHr AR
RS R B B A il AR A BT 36 FS B M IR 4 7 B o S R R 5 0 B AT 0 2 A
HFEMLRL, RERL "FEEE GF) LT AL 2000 A,
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HAGNEIEIN 2 TN TR, SR EEARIFE N AT V2 2 RO ZE AR R

SPTMEERA T, SEETRE R PUE 58 AR > (I

TENEIR R A A S5,
Analysis: In the original text, the phase “those changes”, refers to the sentence
“Any adverse safety impacts, however, are unlikely to be nearly so severe as
those that occurred as a result of changes in the size and weight composition of
the new car fleet in 1970 to 1982.” In the above text, it is in line with the
expression habit of the English language. In order to make the translation clearer
and more accurate, the sentence has been replaced by the pronouns, which is in

line with the expression habit of Chinese.

19



8 W YN R R TATS'S

Chapter 4 Summary
4.1 Proofreading

Proofreading is actually a process of deepening understanding, as well as the
process of improving and guaranteeing the quality of translation. Proofreading can be
divided into the primary steps of checking and correcting errors and the advanced
steps of polishing the translation:

When the translation is completed, self-checking is carried out first, the translator
carefully compared the understanding of the source text with the expression of the
translated text, paying much attention to the accuracy and faithfulness. It includes
whether there is any message missing in translation or any mistranslation, whether the
expressions of proper nouns and professional terms are accurate, and whether the long
sentences are appropriately translated, etc. After the initial proofreading, the
translation is submitted to my teammates, teachers and professionals for a second
review. The purpose is to further check for the inappropriate understanding or
expressions in translation and improve the translation quality.

To polish the language in the target text, the translator checked grammar and
punctuation, adjusted vocabulary and optimized sentence structure, making them
more authentic, fluent, and accessible to the target audience.

4.2 Gains

During the translation practice, the translator has garnered profound insights and
accumulated rich experience, realizing that translation is far from being a
straightforward or mechanical process. Instead, it is an intricate and nuanced art that
demands meticulous attention to detail and a deep understanding of both source and
target languages. Through this practice, the translator has identified numerous
challenges and weaknesses, and will improve from the following points:

Solid basic language skills are the most basic requirements for a translator. The
translator must continuously enhance his bilingual proficiency in Chinese and English.

Additionally, he must become acquainted with the nuances in expression and logical
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thinking that exist between the two languages. Mastering the ability to fluidly
alternate between Chinese and English expressions is pivotal in translation. It enables
a more accurate and natural rendition that faithfully preserves the original meaning
and stylistic nuances of the source text. This demands a profound comprehension of
both languages and their respective cultural backgrounds, coupled with a meticulous
eye for detail.

Theories and methods in translation can offer valuable direction for practitioners,
aiding them in addressing translation challenges with greater efficacy. By delving into
these theories, translators can enhance their understanding and elevate their
translation skills. Engaging in translation work highlights the translator's deficiency in
scientific and technological understanding, thereby affecting the quality of
translations. As a result, it is imperative for translators to expand their expertise in

specialized domains to ensure greater accuracy and precision in future translations.

4.3 Limitations

The original text highlights the challenge posed by the abundance of scientific
and technological content in the source material, which the translator may not fully
comprehend. To bridge this gap, the translator must conduct thorough research and
analysis, consulting various resources to grasp the intended meaning. However, due to
the vast scope of automobile engineering, the translator's background knowledge
might not cover all relevant areas, leading to potential inaccuracies or lack of
professionalism in the translations. Despite the translator's efforts to convey the
message faithfully, mistakes may occur due to insufficient professional knowledge.
Furthermore, the translator's bilingual skills may not be robust enough, particularly
when faced with unfamiliar terminology, requiring assistance from teachers or peers
to accurately convey meanings. Complex English sentences pose an additional
challenge, sometimes necessitating extra time for deconstruction and interpretation.

While the semantic logic of English sentences may be understood, the natural and
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smooth translation into Chinese remains difficult for the translator. Consequently,
flaws may exist as the translator struggles to find appropriate Chinese expressions.
Additionally, the translator's limited grasp of translation theories and techniques

further complicates the process, hindering their effective application.
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Appendix I: Glossary

F? 3y H3C
1 Anti-lock Braking System (ABS) B st 3 R4
2 Pole Wheel TS
3 Wheel Hub R
4 Magnetic Sensor Tl AT IR
S Electrical Pulse F ik
6 Electronic Control Unit (ECU) 45 il BE T
7 Adaptive Cruise Control (ACC) I 3 38 2
8 Brake Chamber Hlah =
9 Brake Pedal il B EE A
10 Wheel Speed Sensor RO AR AR
1 Permanent Magnet TR AR
12 Sheathing LR
13 EPDM VWAL %
14 Polyurethane KAl
15 Exhaust Break A B e
16 Modulator Valve A 1
17 Interlock Connector PR REAS
18 Brake Valve il 5
19 Inlet Port A
20 Delivery Port HA M
21 Exhaust Passage HrEiE
22 Quick Release Valve PRI
23 Relay Valve BRE
24 Brake Pedal il B EE A
25 Reservoir fitt o
26 Instrument Panel RS
27 Flashes INZEIL G N FR
28 Off Highway Switch EIFEBL DI S
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29 Blink Code Switch IPSRANLPISS
30 Radar Headway Sensor AR PRAL IR A
31 Digital Signal Processor I EE EREP NSRS
32 Longitudinal Controller NGk R

33 Infrared Sensor AR RS
34 Sweep Long-range Sensor PR B A% RS
35 Solid-state Gyro A FBERAL

36 Vehicle Application Controller ZE N FH 425 )
37 Throttle RV

38 Transmission AR A

39 Accelerator I 2%

40 Timing Pulse E I fik e

41 Throttle Setting I IR

42 Controller Area Network 2 ) 5% Je) 25 A
43 ACC Module I 8 A
44 Instrument Cluster IR A

45 Checksum 5

46 Cruise Switch SHIPASN

47 Common Rail PAL TN #57

48 Fuel Injector TR VHT VS 55 2%
49 Injection Cycle FRE R

S0 Crankshaft ith A AL JEk e

51 Euro V KKV FifE

52 Timing Cam 1ES %S

33 Hydraulically Operated Common B SL S R B
>4 Constant-pressure Turbocharged H I 6 38 = R sh Al
35 Piezoelectric Valve T HH 1]

56 Fuel Atomisation BRI 554k

7 "Pilot" Injection TR /5t S A
S8 Cold Starting »Jash

9 Unit Injection System IG5
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60 Inline Pump System EHEERS
61 Distributor Pump System FHIRE ARG
62 Unit Injector TR
63 Plunger FEZE
64 Preload T e
65 High-pressure Pump [T
66 Pressure Accumulator &I
67 Nozzle I 5
68 Cylinder aiin
69 Torque J15E
70 Complete Combustion TR
71 Digital Twin Spark Ignition System = KA 52 K B
(DTSH
72 Spark Advance R A
73 Electronic Control Box L TR A
74 Valve Timing SITIERS
75 Power-to-weight Ratio bt T2
76 Four-stroke MM
71 Two-stroke R
78 Idling Speed B
79 Over Boost I
80 Ignition Distributor RUK ST HLAS
81 Twin Overhead Cam BTG e
82 Microprocessor [BULSEE
83 Ignition Timing UK IR
84 Piston Rings EE SN
85 Valve Stem It A1
86 Thermal Efficiency Y&
87 Compression Ratio JE4E
88 Electromagnetic Brake FRL T ) Bl
89 Electromagnetism FAL T )57 P
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90 Heat Loss FEIAPS
91 Magnetic Flux 3]
92 Eddy Current AR
93 Rotor LS h
94 Exhaust Brake & Ik
95 Retarders LR AR
96 Friction Brake EE 5 2%
97 Brake Lining il B4t Fr
98 Brake Fade il Bl 2%
99 Gearbox AR A
100 Rear Axle J il
101 Rheostat A% BH &
102 Stator ET
103 Anti-Vibration Mountings PUESCH
104 Fins B
105 Rigid Vehicle I 2247
106 Dissipation Capability AR
107 Compressor JEAL
108 Crane AL E AL
109 Winch KA
110 Lift THFEHL
111 Turbocharger AL SR
112 H SRR B

Naturally Aspirated Engine

AN R R BB

113 Intake Air S
114 Otto Cycle BAE
115 Diesel Cycle IKZEIRTEFA
116 Volumetric Efficiency BRE
17 Intake Valve eI N
118 Torque Output FHFE 4 H
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119 Crankshaft ith A
120 Centrifugal Supercharger ORI ERS
121 Waste Gate JR <55 1 1
122 Garrett-Turbocharged INEIRER A Y &
123 Particulates TR
124 NOx A

125 Low Emission Zone ICHETBUX
126 Internal Combustion Engine (ICE) AL

127 On-Board iz 5

128 Fuel Cell( FC) W) Fe i
129 Propulsion System HEH R Gt
130 Diesel Hybrid Bus e SN I AL
131 Diesel Engine SR BN
132 Hybrid System RN ARG
133 Series R K

134 Parallel CARI7S

135 Drivetrain IEXD
136 Decouple A

137 Speed-torque Map R
138 Regenerative Braking AR
139 Idling b

140 Kinetic Energy Bt

141 Electric Motor HL AL

142 Drive System X5 R4
143 PM Filters PM it JE#%
144 Fuel Economy PRIM 25 A
145 Ni-MH WA

146 Lithium Batteries B HL

147 Li-ion i

148 Lithium Polymer (LiPo) RS

149 Lithium-Iron-Phosphate (LiFePO4) Rt R Bk
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150 Supercapacitor B HL A

151 Cycle Life TEFA 75 i

152 Range Iy

153 Overhead Cables LT

154 Plug-in (Conductive) A (e

155 Wireless (Inductive) Jogks BN

156 Catenary (Overhead Power Lines) R (BRI

157 Power Cord LR 2K

158 Intermediate Stops Hh ] 3

159 Proton = Exchange Membrane  Fuel Jo7 A MR FL Tt
Cell  (PEMFC)

160 Solid Oxide Fuel Cells (SOFCs) [E A SEAL PR HL

161 Transient Power Mk I Th %

162 Fuel Cell Stack PR} F b HE

163 Electrolysis FLfi

164 Electric Vehicle LB E

165 Direct Current (DC) ELH

166 Battery Bank HA It 2.

167 AC/DC Inverter AR BUEE

168 Alternating Current (AC) UL HL

169 3-phase AC Induction Motor SAHAS R FL AL

170 Brushless DC Motor JC R L AL

171 Differential IR

172 Traction Motor 7= 5] HLHL

173 Induction Motor JERR FELAL

174 Internal Magnet P G A4

175 Magnetic Flux ozalii}

176 Sine Distribution L%

177 Magnetization Currents fgAL FER

178 Heating &

179 Permanent Magnet Electric Motor 7Ktk F ML
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180 AC Induction Motor AT AL
181 Magnetic Currents Rl

182 Rare-Earth Materials M AR}
183 High Performance Cars mPEREIR
184 Square Copper Wires BT
185 Round Wires A LE
186 Alternating Magnetic Field LG
187 Nesting wE

188 Compactness B

189 Torque Improvement IR TT
190 Daido Steel EFYNEET
191 Neodymium Magnet [5:QUATR

192 RPM (Revolutions Per Minute) ik v
193 High RPM Motors e HL AL
194 Electromagnetic Stir Casting P B 0
195 Hybrid Metal Matrix Composite (MMC) BAEEREIEEAME
196 Metal Matrix Composite (MMC) EIREEGMEL
197 Organic Compound BHAED
198 Hybrid MMC RESRESAME
199 Defense Industry B Tl
200 Aviation Industry Tk
201 Aerospace Industry fi R ol
202 Characterization FAE

203 Hybrid Aluminium MMC REBERESTAME
204 Microstructural Morphology WOMES F T2
205 Tribological Properties JESE A IERE
206 Reinforcement Material AR
207 A203 At

208 SiC B AT

209 BN RALHH

210 B4C VUL s
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211 AIN LA

212 TiB2 gk
213 Graphite £

214 Eddy Currents M

215 Lorentz Body Force L (A
216 Fluid Motion Tikizzh
217 High-Frequency Limit TR AR R
218 Narrow Layer B =

219 Electromagnetic Stirring FAL 1 o
220 3 Phases Induction Motor AR FEAL
221 Non-Contact Type Stirrer AERE ik A
222 Molten Metal f R
223 Electromagnetic Action HaL B A
224 Matrix Alloy N
225 Wettability T

226 Reinforced Particles H8 i U
227 MMC Fabrication Methods MMC fil|i& 77 ¥
228 Hybrid Composite Applications REE SR
229 Spectrum of Materials MR R
230 Automotive Industry RET
231 Sustainable Mode of Transportation A FFEEAZ I T
232 Electric Vehicles (EVs) IR
233 Lithium-ion Batteries (LIBs) BB HL I
234 Vehicle Integration AR X
235 Reuse and Recycling PRI FE R BT
236 Anode Materials IERR A AL
237 Cathode Materials TR L
238 Lithium-Nickel-Cobalt-Aluminium (NCA) B R
239 Lithium-Nickel-Manganese-Cobalt (NMC) R
240 Lithium-Manganese Spinel (LMO) R bm A B A
241 Lithium Titanate (LTO) ERIR AR
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242 Lithium-ion Phosphate (LFP) TR 55 T
243 Lithium-Cobalt Oxide (LCO) AL
244 Thermal Runaway PRy
245 Chemical Reactions 5 OV
246 Heat Release PERTN
247 Cycle Stability TR E I
248 Overall Age SV A PR
249 Specific Energy tLREE
250 Specific Power ERPES
251 Trade-off LA

252 Charging Time 78 FLI) [A]
253 Standard 120-volt Outlet Rt 120 fRAd
254 240-volt Outlet 240 AR
255 Enhanced Cooling Systems InaEvs E R4t
256 Commercial Three-phase Charging Station P FH = AH 70 FL
257 Thermoelectric (TEC) P FRHA S GAARHIAE
258 Jean Peltier pRSEVN
259 Peltier Effect FH R M 2508
260 Heat Retention/Discharge O B B
261 Conductor Intersection/Junction SR 4
262 Current Polarity FL AR P
263 Heat Conduction Puft
264 p-type Semiconductor p B4 ok
265 n-type Semiconductor TR SN
266 Semiconductor Element T
267 Ceramic Plate Wi AR
268 Heat Sink HUES
269 Cold Sink Laieta
270 Environment WL

271 Thermoelectric Module PR
272 Hot Side p L]
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273 Cold Side el

274 Facilitate et

275 Inertial Guidance Systems P 3 R 5t
276 Night Vision Equipment AR
277 Electronic Equipment HL &
278 Infrared Detectors LLANRARIN
279 Integrated Circuit Coolers LR LRV K 2
280 Laboratory Cold Plates SEES AR
281 Cold Chambers R

282 Ice Point Reference Baths UK BV
283 Dew Point Hygrometers & T
284 Hypothermia Blankets iR ER

285 Blood Analysers MR 53 B AX
286 Department of Energy’s National Laboratories REVE B [ oK S e =
287 Office of Technology Assessment (OTA) BARVHE P AE
2388 Mechanical Energy Bl RE

289 Rotor of Electrical Motor/Generator HLHL/ R AL T
290 Hybrid Energy Storage Mechanism RGN IfEReRE
291 Energy Conversion Efficiency RE R AR
292 Rapid Shutdown TG FE L
293 Maintenance Convenience YEP TR 1
294 Material Stability MR E T
295 Manufacturing Process filiE T2
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AppendixII: Source

Text and Target Text

Source Text

Target Text

Motor Technology — The ‘Centre’ of an

Electric Vehicle Efficiency

HNLEOR - BEIERCERN “0”

In the energy starving world, demand of
energy is continuously raising, of- course
not parallel to its supply. This issue
become more significant when traditional
sources of energy are continuously
depleting and people are rushing to resort
the renewable energy sources. Electricity
is one of the chief renewable energy
sources. In the meanwhile, rising prices of
the fuel has occurred as an opportunistic

symbol for the electric vehicles to come

into the picture.

FEREIREL Z AT B, REVR ML N IFANRE
(7] IR A2 REVR 7 SR IR . 1% 4
REVEAN WAL 5, NS T A Al A A g
PRI, OO JERT R . HEER T
LR AERIR L — . I SRR A% Y
EERON BB LR A T 8L

World is witnessing the regular increase in
the demand for electric vehicle since last
few decades. So, the demand for new
ideas and innovation is also intensifying in
this field. Motors are the fundamentals to
any vehicle. The basic functioning of the
vehicle is largely governed by the power
and efficiency of the motor and its

supporting technology inside.

W3 JLHER, SRR EIIE AN TR
FRett e, Rk, X —4ugont 5 H 2 f
BB T SR ABLEABIIE . LR AT A
AR 3ERE . VRAEMIEAR T RE(EIR KA
FE R HAL B N SRR R (1 T
EVIEyEN
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In an electric vehicle, usually direct
current (DC) electricity is fed from a
battery bank to AC/DC inverter. This
inverter converts DC into alternating
current(AC) electricity and then it is fed to
3 phase AC induction motor. For small
range and slow speed application of
electric vehicle, even brushless DC motor
is also used. The electrical energy is
converted into mechanical energy through
motor and fed to wheels through
transmission and differential. Normally, it
is said that inverter is the brain and motor

is heart of the electric vehicle.

FEHZNVE T, B B i 2 15
AN ERIEAR 5 . 121038 354 B R e
BONST AL, SRR S 2 = A ST N
Lo /0y FE AR B P (1 B 39
T, HEBAHThERBHL. HEeE
A L BONPURRE, I8 I A 25 A
ZERGHE R . W, WARRER
RV RN, i A AL A5 O

In order to understand the potential of the
electric motor, the following range of

motors can be taken as example:

FRARAR — R 506 5oK 1 Al AL 77 -

15 Kw Traction Motor: It provides almost

unlimited maximum speed.

IS

15 TRAS HL: E

ANEZ R

B KR L

8 Kw Traction Motor: It is designed for
small e-vehicles with speed limit of 45

Km/h.

8 T rRZFI L BLNREN 45
Km/h /N B A it . IR B AT
T IRN: = P ik I T NS T

4 Kw Traction Motor: It is the ideal motor

for light weight e- vehicles for recreational

4 T A=51mil:  EREHEBEIIKE
7, B (R /R R R s A 42D
LI B 2 8] A BR PR32 A 4= 5 1 B AR L L
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uses, for off-road vehicles- for example,
golf cars or ATVs (All Terrain Vehicles)
and alternatively for transport vehicles

that have limited space.

1.5 Kw Traction Motor: Typical uses for
this electric motor are for scooter and

go-carts.

1.5 TRozEg Wl XML T
AR AR T 2

The rotor in an induction motor is
specially designed with internal magnet
that creates almost sine distribution of the
magnetic flux. Because no external
magnetization is required, there are no
losses in the rotor through magnetization
currents. The efficiency of electric motor
is judged through its function of torque
and speed. However, the heating of the
motors at high speed is an area which
further and

require innovation

development.

RN FE L - 1) A S A 8 R R i
it WA PR RIS A . T
ANTEANEAL, Pl T A B
L P AR AR . SRR 2
HAHFEANE L D e FIWT IR . 2RI,
HUAE iRy AR e I [ 5 24 il L — A e 22
k2D B AN R FRE (R A

The manufacturers have started using
permanent magnet electric motor instead
of the AC induction motor. The advantage
is that unlike AC induction motor which
uses electricity to generate the magnetic
currents inside the motor, which causes
rotor to spin, permanent magnet motors
does not require that additional current

since its magnets which are created from

3 A T 4R M 7K FRLA 2 S I s
REEHL. HALRAET, AU LA
FH R AE LN B 2R AL, T i e
TR, MAKHEHENUUAR, EAFRE
WM, OV E RS R 41
BHER R, I TP RIRES . EIXFP
HUHL A & TR VR . mitE
REIRAE 3 2 KT, X R A
2B
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rare-earth materials are always on. But
these motors are suitable only for smaller
and lighter cars. The high performance
cars require greater power which can only

be produced by induction motors.

Efforts are also on to reduce the cost of

electric motors by wusing different
materials that can reduce the losses with
improved performance. Another, effort
manufacturers have put in to reduce the
size of motor is by using square copper
of round ones in its

wires instead

stator.  The stator is a stationary part of
an electric motor, which generates the
alternating magnetic field to spin the rotor.

This is because square wires nest more

compactly and densely.

BEAk, i3 FATEAE S i8I s AR
IR RLER BEAR R BIHLA AT, AT 7E 52
e PR RE A R O/ 453 A o A 3 T gl
HUHLRSE BTN o3 — 30085 J1 R A6 € 1
T AR AR R AL . 2 T
HLE IR IR AR 7, B A AL AR W (s
ek, RPN PLRIRERER
#. BHERE,

The motor designers have also used three
smaller magnets in place of two larger
ones for the motor which helps to improve
torque. Some innovators have even used
non-rare- earth materials like Daido Steel
to make magnets to reduce their cost. One
more example is Neodymium magnet that
contains no rare-earth-material but it is
still powerful enough for vehicle use. The
aim is to develop motors with high RPM
it from

of 30,000. At present ranges

HAL T IR A B T = s /N i gkok
R HERFIEE:, XA TiREH
Fio T —LeARVAEE AR Im B
H A K [R]85 JE A A4 RL R il i w2k
PURAR A . 55— ANl 7 ek, &
ANE LR, A W DR AR
AR . BHin2 Rk E&E28 30,000
M) L. H TR VE RN
8P 12,000 £ 18,000 ¥4,
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12,000 to 18,000 RPM.

There is no exaggeration in making a
statement that a lot is required to be done
in development of motors with higher
efficiency and torque in case we wish to
replace gasoline driven vehicles with all

electric vehicles.

AU, IR A A AT
(RWRR(IE el W X1 A% DN P
HH . A RK AL

Electromagnetic ~ Stir  Casting:  An

Approach to Produce Hybrid Metal Matrix

Composite (MMC)

ML Ar- RS SREE &M
B (MMC) HIFTE

A metal matrix composite is a composite
material that constitutes one metal and
other different metal or another material
like ceramic or organic compound. When
at least three materials are present it
constitutes hybrid MMC. The use of
composite increases day by day in
defense, automobile, aviation, aerospace
industry. Now a day’s hybrid MMC
development and characterization play an
important role in the industry. Hybrid
aluminium MMC has better mechanical
properties like hardness, tensile strength,
impact strength,microstructural

morphology etc. and good tribological

properties.

EEER AR A — e mMmE
b A [ <z JR B AR RE i B el AL
WwaEY) ARMEEHE. 420 =
FORELRIN AE ALY, SRR TR & &R
BB SR P T8 AT
R, EEMERMEHS HEE.

n4, JBE& MMC T R AR AEAE Tl
hRIEEEEEH. BE4E MMC A

A A BUERE, GIAEE . S5
R . MO AL ESE, JFRAAR
o B BE R SE R RE

The metal matrix materials for hybrid

EREL GBS RE A B
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%
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MMC are aluminum, copper, magnesium,
titanium alloys while the reinforcement
can be widely used AI203, SiC, BN, B4C,
B, AIN, TiB2, graphite etc.
Electromagnetic stir casting method is an
effective way to  produce hybrid metal
matrix composites. Electromagnetic fields
are often used industrially to control the
flow of liquid metal. An alternating field
induces eddy currents in liquid
metal which interact with the field to give
a Lorentz body force which is generally
rotational and which must, therefore, drive

fluid motion.

A AI203. SiC. BN. B4C. B.
AIN. TiB2. fi52%. WM E
REFFREEBEE SMEN—F A %
Jride oMb b 38 A FH H 7 ok 35 iR
SERWS). XTSRS SR
HrE AR, IR SRR EAER, 7
WIS, BRI e, Rt
AR FARIZ B -

In the high-frequency limit, the field is
confined to a narrow layer on the surface
of the conductor. Electromagnetic stirring
uses the principle of a 3 phases induction
motor and it differs from the conventional
mechanical stirrer as it is a non-contact

type stirrer in which no part is in contact

with the molten metal. The
molten metal is mixed  with
the material by electromagnetic
action.

FERPIRIR T, WA IR T AR
AR o HLBESE R = AN
LR, 5% GERINUAEEHE 25 AN A,
A AR AR A A, BT
TSR Rl KR e R
TEH T SR EHE A

Electromagnetic stirring has the advantage
of having no contact between the melt and

the stirring system. To achieve the

HURLREHE A0 s R MR R AP 2R Gt 2 18]
BeA M. N7 ERGMZ AR e R
BHA B R AENERE, R RHE R & &
IR oA NI 5T, IX B 2 1) (1 I
P OE Bl W T8 s ROk A7 B
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optimum properties of the hybrid MMC,
the distribution of the reinforcement
material in the matrix  alloy should be
uniform, and the wettability between these
substances should be optimum. This
method is having an edge over other
MMC fabrication methods due to the more
uniform  distribution  of  reinforced
particles. Hybrid composite applications
continue to expand, the spectrum of
materials and processes employed will

remain relatively wide.

YJ5], IXFh vk L HAR MMC #ilids v
R, IREE SRR FE FEE
AWK, BRI R T2 4k A
X326

Challenges and  Opportunities  in

lithium-ion  battery technologies for

electric vehicles

RV T I BRI Bkl S HLIE

The automotive industry’s quest to limit

its impact on the environment and
transform automotive mobility into a
sustainable mode of transportation
continues at high intensity, despite the
current economic crisis. The major issue
which is still haunting the electric vehicles
is the technology and cost of lithium-ion
batteries. Normally, the value chain of
electric vehicle batteries consists of raw
material for production, cell production,
module production, assembly of modules

into the battery pack, integration of the

RUETH R H AT a5 el HIREAT
IIAERFEEES J1 D R 2, IR
PR AT R AR N — R AT R SR I 288 T
o BT HL R BOR AN AR 2 R 3
HZAEN B R . W, BINRE
FEL U () (B A 2 R R A
B BB Bl A L K
ALK E T AT I
FH UL R F0 FAA BT

41




8 W YN R R TATS'S

battery pack into the vehicle, use during
the life of the vehicle, and reuse and

recycling.

Lithium-ion batteries comprise a family of
battery chemistries that employ various
combinations of anode and cathode

materials. The most  prominent
technologies for automotive applications
are lithium-nickel-cobalt-
aluminium(NCA),

Lithium-nickel-manganese-cobalt(NMC),
Lithium- manganese spinel(LMO),
Lithium titanate(LTO) and Lithium-ion
phosphate (LFP). The technology that is
currently most prevalent in consumer
application is lithium-cobalt oxide(LCO),
which is generally considered unsuitable
for automotive applications because of its

inherent safety risks.

B T B — R YR A A A IE bl pt
BHH A R 22 o . VREN
W E B AR RGNS (NCA)
BREREREE (NMO) | 2R A i (LMO).
BIREE (LTO) FsfRE %1 (LFP) .
H HEH 235 8 FH A e 8 k1) 52 A 2
A (LCO) , BT HBEE %4
K, — N AN E SR ENH -

The key performance parameters for
electric vehicle batteries are discussed in

succeeding paras.

OO IR BT I R B RE S
.

Safety: It is the most important criterion.
The main concern is thermal runaway. In
this the chemical reactions triggered in the
cell exacerbate heat release, and thus

resulting in a fire.

LA IXFERE RN X7 e T
PR R IR . AEIXFEOLR,
b SR B S S 2 R AR
M BRI

Life Span: Two ways of measuring battery

I A e i I A R PR T R
fEA e e AR R Z L . TE A E LR
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life span are cycle stability and overall
age. Cycle stability is the number of times
a battery can be fully charged and
discharged before being degraded to 80
percent of its original capacity at full
charge. Overall age is the number of years

a battery can be expected to remain useful.

TR AR FE T L ANBCR Ja, R R RS
JEAG R 80% HYIREL . e FHAEFR 2
FH Pt ) TR Ao FH 4R PR

Specific Energy and Specific Power: The

specific energy of batteries is their
capacity for storing energy per kilogram
of weight. Specific power is the amount of
power that batteries can deliver per
kilogram of mass. There is a need to
optimize the trade-off between specific

energy and specific power.

LLREEATLE DA WAL RE R R TR H
WA T EHENGERERE /1. LLINR 2T
HLt AR A i TRESR SN Zh &, 7

DAL EE RE AN LE Th 28 2 [a] B A4

Charging Time: It almost takes ten hours
to charge a 15-Kwh battery by plugging it
into a standard 120-volt outlet. 240-volt
with

outlet increased power (40 amps)

can take two hours. Charging at a
commercial three-phase charging station
can take as little as 20 mins. However,
these charging systems do come at an

additional cost and weight, as they require

enhanced cooling systems in the vehicle.

Fo RS A OB 15 - FOH A g A bR
M) 120 fRIGEMESRH, JLPHRE 10 4
ANIF . THEETE R (40 2285 1 240 fR
T2 PR D) 75 B /NI o 7 TR =R A
AT 20 kb, AT, XEFE AR
GBI RATE R, KANENH
NG N B E RSt

The challenge and tremendous opportunity
still remains with cell manufacturers. As

of now chemical companies and

L 1) 325 e s PR AT LR ALIE AR AR
FAE. HAT, LA RMERIE
AR B A S5 R 5 H B
/NG o BTN Dy L i i A
EVERORE R IRANFAR SCBRE EAE. HEh
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component producers tend to see the
electric vehicle business as representing
only a small percentage of their overall
revenues. They will ultimately supply
active materials, separators and other key
parts for cell manufacturing. The
continued growth of the market for
electric vehicles will finally depend on
new battery technologies, and the will of
governments as well as on driving patterns

and definitely on price of gasoline.

RN TR JINE SR SRR S
TWEAR . BUF R
k.

LR R T B
B DA
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90 Degree Steering Mechanism

90 FEfL M 2% E

Let’s know more and get inspired

AT

It’s Working Principle

TAE R 2

This project works on the principle that
the two alternate diagonal wheels i.e. the
front left and back right will steer together
to give the turning motion to the vehicle
and similarly with the other two wheels
through chain drive arrangements. In this
vehicle all the four wheels will be
independently working & the battery

provided which is connected to the control

unit will provide the necessary power

supply.

XANTH B TAR R, PS8
ke (BIAT 2R A%) Kk
Femy, i EEesissh, RN 55
PSR B B B AL SR B A R
izg. BRI L, Fra AR AR
AL AR, 50 T 1 R 52
PLb ZE o R

Objective for the study
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To obtain a large steering angle.

To enable small sharp turns to be made
smoothly without wheel lock-up occurring
even at large steering angles.

To make it possible to change the driving
rotation direction and the amount of
rotation of front and rear wheels and inner
and outer wheels in dependence upon the

steering angle.

bR LA ONIEECI P

B AE e 1 Ay PE BRI OL T, BRE T
R AT NERE, A LRI
SERITE DL -

R AR 1P A AR KBl e e 7 1) AR
JEREAT N Sh e I e e B

What benefits can be driven out of this?

GFAIN-9'

With the 360 mode, the vehicle can
quickly turn around at the press of a
button and a blip of the throttle.

Crab mode helps simplify the lane
changing procedure.

Due to the better handling and easier
90 degree steering capability, driver

fatigue can be reduced even over long

drives.

- FIH 360 X, R % T Az
W, AR PR Bk

- W ERE B T R AR TE AR T

- T EF RS E R 90 JF
Hemlpe 7, WA 2 Bt e e i 2 b
TS -

Military reconnaissance and combat
vehicles can benefit to a great extent from
360 modes, since the 90 degree steering
can be purpose built for their application
and are of immense help in  navigating

difficult terrain.

~ BT AL ] LTEAR KRR
Zai T 360 #EE, KA 90 BEfE W H] LA
LI TRENTR N R T BETt, X7 P 3E
TEHRAT KA B

Where to Apply it Practically- L35
High speed lane changing _%@’Eﬁ%
—fER EAT
High speed straight line operation s
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Turning on curve
For parking
Junction intersection
Parallel Parking

Gentle curves

-HF1E%
~2X X%
~FHEE %
~LR A )

Thermoelectric Cooler : A new horizon in

Mechanical and Electronics Engineering

E SRS BURS T LS
5

The Thermoelectric (TEC) innovation was
first found by a French physicist named
Jean Peltier that is why it is also known as
a pettier cooler. The main principle behind
Peltier effect is that when current is
allowed to pass through the circuit of
various conductors, heat is either retained
or discharged at the conductor’s
intersections or junctions depend upon
their extremity like current polarity. The
measure of heat conduction generated or
absorbed is corresponding to inter pass

with different conductors.

ARG A A A HA S (TEC)
el —Ar AN 1E-F/K M (Jean Peltier)
P B P BR 22 5O B, DR e A R
NFARMEAEN 28 o FAZR MG 5087 ) 32 2 i
HE, YHAETAFE SRR R,
SR AZ R B i iR R H AR 1 S AR
Ui 15 LR B BORE TG . = AR B A A
RS A A AR AE SRR Y .

The Peltier cooler unit is integrated with
the set of thermocouple consisting p- and
n-type semiconductor elements, or pellets,
sandwiched between two ceramic plates.
Pairs are combined into a module. It is
connected electrically in series so that

equi-distribution of current will take place

R M A B K 1 — B,
I SRAE P A 2 [ ) p AT n Y
P PR IO BRI . NS PR F LA
AR MR, BEHCR ] H5 1T 3t
AT HUROERE,  DUSEI IR M B 1 40 T s
K BRTT AT gz, DL R %
FRIEF BT . HASR 2 — R 23
R A 36 B . B T e kA A
B A A3 I BE R, 4 HIGR AR
BB, DUt I AL
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and thermally in parallel so that heat
conduction is properly maintained. A heat
sink is a device that is attached to the hot
side of the thermoelectric module. It is
used to facilitate the transfer of heat from
the hot side of the module to the
environment. A cold sink is attached to the

cold side of the module which facilitates

heat transfer.

In general, when a DC voltage is applied
across the device, one face cools while the
other face heats up. The module itself is

made and n-

up of p-type type
semiconductors connected electrically in
series and thermally in parallel. The
p-type element has a deficiency of

electrons compared to its

n-type
counterpart, which has a surplus of
electrons. In order to complete the lattice
of material, the electrons flow from the
n-type to the p-type material and holes
from p-type to n-type maintained in a
material through an electrical connector,
dropping to a lower energy state and

releasing energy heat to the heat sink (hot

side).

R, A AE BN B
—ANHERRE, MR ANEETHR. R
PoA B gy i SR R AN TF R p B0 n
R R . 5 TR n Aot
M, p ROTfFSDHT. Oh T e
BHERG, BT n BGE p B4R
N p BRI 0 B, I ARG
TRFFEM B, T EEBIBAR M RE RN,
A G B

REE R .

Thermoelectric cooler can be of two

types:-

S HI B T 45 AR AT
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1. Single stage Thermoelectric cooler

2. Multi-stage Thermoelectric cooler

L B iR H 4GS
2. ZYCESHRRAT

Single stage thermoelectric coolers work
at the permissible range at the temperature
difference of 74-76 degrees Kelvin. In
order to create a great difference in the
temperature range, many research is going
on multi-stage thermoelectric coolers are
used. For example, the maximum
temperate difference of one of the serial

thermoelectric coolers is 140 degrees,

B SRR EN SR B LAEIRE R YE
N T4-T6 FFRSCIRZE - N TR ZE Y
BOK, V2 FUAE AT FH 2 9 SRS
Hag. pln, —FhER B R AR 2
i KIRZEN 140 FF/R L.

Kelvin.

Advantage; ﬂé ﬂE"'fZ'S%[J ‘//V\%g E/‘J'f)t%

1. No release of harmful substances | 1- AR %%W%iﬁﬁ‘]ﬁ%ﬁ%[ﬁ °
2. HHBABATREKA B SR

which can affect the environment. 3. A AT AR

2. The thermoelectric cooler doesn’t | 4 R S N P W R A T L
o

require any fluid, gases for cooling. 5. KBRS P RLE

3. It doesn’t emit any noise.

4. Lesser size and weight of
thermoelectric cooler are reduced.

5. A thermoelectric cooler is reliable.

6. Its cooling and heating capacity can

be adjustable.

6. EIRIINFABE J1 AT

Application:

N2 FH 37 5

1. Military/Aerospace: Inertial guidance

L FEH/faEpioR:  BHEs SRS,
B s T RAID AR
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systems, night vision equipment,

electronic equipment, cooled personal

garments, portable refrigerators.

2. Consumer products: Recreational

vehicle refrigerators, mobile home

refrigerators, portable picnic coolers, wine
and beer keg coolers, residential water
coolers/ purifiers.

3. Laboratory and scientific equipment:

Infrared detectors, integrated circuit

coolers, laboratory cold plates, cold

chambers, ice point reference baths, dew
point hygrometers.

4. Industrial Equipment: = Computer

MIiCroprocessors,  microprocessors  in

numerical control and robotics, medical

instruments, hypothermia blankets,

pharmaceutical refrigerators- portable and

stationary, blood analysers, tissue

preparation and storage, restaurants

equipment, cream and butter dispensers.
Miscellaneous: Hotel room refrigerators,
mini

automobile

refrigerators,
automobile seal cooler, aircraft drinking

water coolers.

{455 LUK

HSdh: RINAEUAR . sl 5 ROk
B AN A5 . 8 4 T A0 LT A v
HE ARBRKR IR

3. SEEEMBLE R A LLANRIRII AR
SRR A LR EAR . RE.
UK R . BRSO

4. Tobuts: THEHGAEES . B
DIDIECINT Y SHE NV ENE S NE i TEDN
455 TR ] 5 2 25 KAR L B A A
AN RIRBEE . Wi AN s
T AL o

5. ZRWT: W b3 OKHS . IRAEEARUK
R R EAAGE . WU AKA A
o

Performance And Cost Of Other Types Of

Light-Duty Vehicles

Hoth SR AT (V0 RE AT A
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Most of the results of OTA’s analyses of
mid-size autos apply similarly, on a
percentage basis, to other auto size
classes—such as subcompacts—and to
light trucks. There are, however, some
interesting differences. For example, the
aerodynamics of different vehicle classes
are subject to different constraints.
Subcompacts are unlikely to attain as low
a drag coefficient as mid-size vehicles
their  short inhibit

because lengths

optimum shapes for minimum drag.
Pickup trucks, with their open rectangular
bed and higher ride height have relatively
poor drag coefficients, and
fourwheel-drive pickups are even worse,
because of their large tires and higher
ground clearance. And compact vans and
utility vehicles have short noses, relatively
high ground clearance, and box-type
designs that restrict drag coefficients to
relatively high values. Although each
vehicle be made

can more

type
aerodynamic, it is unlikely that light-truck
drag values will decline quite so much as

automobile drag values can.

B E AT, OTA X ALY 25 (KT
73 o3 Bl R R R I HoAt RS 2 1
R B ANR ) MR R A, A
i, WAAE BN ER. i, A
(R R A B 23 Rl 15 R BIAN R R
il ENREAR] BRI B ARG
PRI XL R %L PO ENE S KIZ
B, VRIS B EUNREH I IR .
B R BAT T IR A R AN s ) 4
S e, XUPH AR ORI, i DY 48 X
R TR IREOR . BRI R
JARH 2R H 2 A, T B v R =X O

AN AR BE,  B b a] B AR X
By, A IRBETERE XUBH 28 B PR A A AR X
B PBUE . BAREERD 4R R ] DA it
TAB kR, (HREM R AR ME
ANHTBEBRITAE R B AR AR R T B

Another  important  difference is

i ANEEX AT AR
A, BRI BRI 58 IR
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market-based—historically, introduction
of new technologies on light-duty trucks
has typically lagged by five to seven years
behind their introduction in cars. Although
this lag time might change, it is likely that

some lag will continue to persist.

WBOR I 51 A e LE-EF. RER—
i JE I 18] AT RE = A B, (E2E A A
DLRIR P e = ARELAFAE

Differences in the functions of the
different vehicle classes will affect fuel
economy potential, as well. For example,
the load-carrying function of many light
trucks demands high torque at low speed,
trailer-

and may demand towing

capability. The latter requirement, in
particular, will constrain the type of
performance tradeoffs that might be very
attractive for passenger cars using electric

or hybrid-electric powertrains.

/_\ 1=

TR 25 5 2 A 1 T R 22 St 2 R T A
2eietE. pltn, F2RAMRERERET)
AE 7 EAEARIE N BAT i, R AT RER
THAM 518877 R e Mok,
R AR AT e T SRR )ik Y FEL B R 5 L
)71 R G R Y 2R A e AT BR 1) o

Whereas OTA expects the
business-as-usual fleet of automobiles to
improve in fuel economy by about 24
percent between 1995 and 2015, the fuel
economy of the light truck fleet is
expected to increase a bit less than 20
percent. Prices will scale with size: for
example, for hybrids, subcompact prices

will increase by about 80 percent of the

mid-size car’s price increment, compact

OTA Tiiit, M 1995 EF] 2015 E IE
AT W IR A RN & T A

24%, MM -RERRIM A5 ﬁ%ﬁmﬂ%ﬁ
EANE] 20%. A% Bl 25 K /N AR AL
B, MFREshREm S, #AE
TRZE B RS S A BLR B AN A TG TR
(1) 80%, /NUIRERIIEIELIN 110%, 1
PRUE R R RIETRZA 140%, 1X BT A
[ VR ZEXT B JT AN [ K
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vans by about 110 percent, and standard
pickups by about 140 percent, reflecting
the different power requirements of the

various vehicle classes.

Lifecycle Cost---Will They Offset Higher

Purchase Prices?

A= i J ) AR A T B R SE Ay
1% ?

Although vehicle purchasers may tend to
focus on initial purchase price more than
on operating and maintenance (O&M)
costs and expected vehicle longevity in
their purchase decisions, large reductions
in O&M costs and longer lifespans may
offset purchase price advantages in
vehicle purchase decisions. For example,
diesel-powered vehicles typically cost
more than the same model with a gasoline
engine, and often are less powerful, but
are purchased by shoppers who respect
their reputation for longevity, low
maintenance, and better fuel economy, or
who are swayed by diesel fuel’s price
advantage (in most European nations), or

both. Proponents of advanced vehicle

technologies, especially EVs and fuel cell

EVs, often cite their claimed sharp
advantages in fuel costs, powertrain
longevity, and maintenance costs as

REW BB IGER, EEE
RUEWIIEW KA, A2 i 5 Angkd
(O&M) A LA K 7049 1) 403 45 P A7
i, (EIEE FNLEY BAS (1 e FAEAG DA K
5 FH A7 i PR SEE K AT RE 2 41 A 4 D€
HIE SR AR LS . B, Seuhzh iR
Ry 1 38 5 v TV R S LIK [F) SR 2
A, T Hah s i es, (HsEE A
KOS B R B A R 4
PRAARAR I TR 1% =, B
USRI A DL (FE K 2 HK
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BN /AT SRR BOR LR
BV ARE B B ISR
W A EAERBLA . 3708 T
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sufficient economic reasons to purchase

them—aside from their societal

advantages.

A few simple calculations show how a
substantially higher vehicle purchase price
may indeed be offset by lower O&M costs
or longer vehicle lifetime. Assuming a 10
percent interest rate and 10-year vehicle
lifetime, for example, a $1,000 increase in
purchase price would be offset by a $169
per year reduction in O&M costs. Since
average annual maintenance costs for
gasoline vehicles are $100 for scheduled
maintenance and $400 for unscheduled
maintenance over the first 10 years of
vehicle life,55 there is potentially a
substantial purchase price offset if
advanced vehicles can achieve very low
maintenance costs. Similarly, an increase
in vehicle price of about 25 percent—for
example, from $20,000 to $25,000-would
be offset by an increase in longevity of 5

years, assuming the less expensive vehicle

would last 10 years.

—RETR T BRI SR A )
KIRFE = ] Be i S B R K iE 1T 4
P RAR B [ 2 A A FH 2 BT
B, BRI 10%, - 5
H10 4, A EA RS LB 1000
UM FEI DR 169 3£ ITiE4T Al
ey TR FH TR o TR R A A 1 A
10 b, 50 138 e BRGE B A Ay
100 £J6, AEHAEY AN 400 £
JG, 55 [RI, WSSt ER 4 AR
EHAK, WA AT BEHRTE K& I LA
R, B BRI ER A 10
e, WA ZEERANAS k2 25%—151] i M
20,000 276 Lfk#] 25,000 3Et—FK
Witk 5 FEFHTHEE .

OTA'’s evaluation of lifecycle costs leads

to the conclusion that their influence will

OTA X 25 iy Ji 31 il A 1) DA 45t 1) 45
W, RAEARMEMET, L
JRAS IR S A RE TR TH IR 42 v (1408 5K A
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offset sharply higher purchase prices only
under limited conditions. For example,
unless increase

gasoline prices

substantially over time, any energy
savings associated with lower fuel use or a
shift to electricity will provide only a
moderate offset against high purchase
price- primarily because annual fuel costs
are not high in efficient conventional

vehicles.

o B, BRARIIhAHS Bl I T 9
MR ik, 75 AR AT 5 B AR A
FH B B0 Y R 0 A 5% (A4 RESE T 48 A g
T JEEAIRH e s BT SEAN R — X 2R
N ARG AR A I AN & o

In the mid-size vehicles OTA examined
for 2015, for $1.50 a gallon gasoline, the
minimum savings (NiIMH EV versus
baseline vehicle, savings of about $400
per year—see table 1-3) would offset
about $2,300 in higher purchase price for
the NiIMH EV. In contrast, the EV may
cost as much as $10,000 more than the
baseline vehicle. Moreover, percent of the
fuel cost savings could be obtained by
the

purchasing advanced

mpg
conventional vehicle, which costs only

$1,500 more than the baseline vehicle.

7t OTA 2015 FHE LRI Ed, U
REMCHEMPIMEA 1.50 %6, &
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Experts contacted by OTA generally agree
that electric drivetrains should experience

lower maintenance costs and last longer

OTA & Z WAy, 5 ABHLIES) &
GiRHLL, L IKEN R G R 4R A A
(E AR R S SN [T o5 i e P | I )
RG W AWt (flan, HEd 77
100, 000 = B A JE 75 I K 3L

54




8 W YN R R TATS'S

than ICE drivetrains. The amount of
savings is difficult to gauge, however, and
may not be large because of continuing
improvements in ICE drivetrains (for
example, the introduction of engines that
do not require a tune-up for 100,000
miles) and the likelihood that future
electric drivetrains will undergo profound
changes from today’s, with unknown
consequences

for their longevity and

maintenance requirements. Moreover,
battery replacement costs for EVs (and
hybrids and fuel cell EVs to a lesser
extent) could offset other savings,
although this, too, is uncertain because it
is not yet clear whether Dbattery
development will succeed in extending
battery lifetime to the life of the vehicle.
Vehicles with hybrid drivetrains may
experience no O&M savings because of
their complexity. Finally, although
analysts have claimed that fuel cell
vehicles will be low maintenance and
long-lived, the very early development
state of PEM cells demands caution in
such assessments, and we see little basis
for them. In particular, fuel cells have a

complex balance of plant, a methanol

NV
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reformer with required gas clean-up to
avoid poisoning the fuel cell’s catalysts,

and a number of still-unresolved

O&M-related issues such as cathode

oxidation and deterioration of membranes.

Emissions Performance

HEBUE g

Reductions in vehicular emissions are a
key goal of programs to develop advanced
technology vehicles. In California, it is the
only explicit other

goal, although

considerations, such as  economic
development, are important. Furthermore,
PNGV’s original name was the Clean Car

Initiative.

WR T R AR B ARRE R E
THRI — AN 8 H A, TEIN, X2 ME
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The drive to ratchet down the emissions of
new vehicles is highly controversial. One
reason is that most vehicular emissions
come from older vehicles, or relatively
new vehicles whose emission controls are
malfunctioning. Automakers have long
argued that new control requirements that
raise the price of new vehicles have the
effect of slowing new vehicle sales and,
thus, reducing fleet turnover-the primary
source of improved fleet emissions (and
fuel economy) performance. Further, there

is substantial disagreement about how

BEARHT DR B B 2 52 R R 22—
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much new controls will cost, and thus
similar disagreement about their balance

of costs and benefits.

Each of the advanced vehicles examined
by OTA have emission characteristics that
are different from current vehicles as well
as from the baseline (business-as-usual)
vehicles expected to enter the fleet, if
there are no new incentives for significant
changes in vehicle technology. A number
of changes that will yield improvements to
new vehicles’” emission performance,
however, already are programmed into
vehicle development programs. Both the
federal Clean Air Act and California’s
Low Emission Vehicle Program require
significant improvements in the certified
emission levels allowable for new
light-duty vehicles, as well as an extension
of the certified “lifetime” of required
control levels from 50 thousand to 100

thousand miles. New requirements for

onboard diagnostics to alert drivers and

mechanics to problems with control
systems, more stringent and
comprehensive inspection and

maintenance testing (including testing for

WS BT IR B e SRR gt R A
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evaporative emissions), and expansion of
certification testing procedures to include
driving conditions that today cause high
emission levels should ensure that actual
on-road emissions of average vehicles
more closely match the new vehicle

certification emissions levels.

The Advanced Conventional vehicles will

most closely resemble the baseline

vehicles’ emissions performance. By

2015, however, these vehicles will have
direct injection engines-either diesel or

gasoline. These engines should have lower

cold start and acceleration

enrichment-related emissions than

conventional gasoline engines. This

should have a positive impact on

emissions, although new regulations

should force down such emissions even in
the baseline case. A key uncertainty about
emissions performance for these vehicles
is the performance of the NOX catalysts,

which currently remain under

development. Another area of concern, for

the diesels, is particulate emissions

performance; although new diesel designs
have

substantially reduced particulate

emissions, these emissions levels are still
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considerably higher than those of gasoline

vehicles.

The key emissions advantage of EVs is
that they have virtually no vehicular
emissions regardless of vehicle condition
or age-they will never create the problems
of older or

malfunctioning

“super-emitters,” now a significant
concern of the current fleet. Because EVs
are recharged with powerplant- generated
electricity, however, EV  emissions
performance should be viewed from the
standpoint of the entire fuel cycle, not just
the vehicle. From this standpoint, EVs
have a strong advantage over conventional
vehicles in emissions of HC and CO,
because power generation produces little
of these pollutants. Where power
generation is largely coal-based—as it is
in most areas of the country-some net
increases in sulphur dioxide might occur.

2

However, Clean Air Act rules “cap
national powerplant emissions of sulphur
oxides (SOX) at about 9 million tons per
year, which limits the potential adverse
effects of any large-scale increase in

power generation associated with EVs

Any net advantage (or disadvantage) in
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NOX and particulate emissions of EVs
over conventional vehicles is ambiguous,
however. All fossil and biomass-fuelled
power generation facilities are significant
emitters of NOX , and most are significant
emitters of particulate, although there are
wide variations depending on fuel
generation technology, and emission
controls. Analyses of the impact of EVs
on NOX and particulate emissions are
extremely sensitive to different
assumptions about which powerplants will
be used to recharge the vehicles, as well as
assumptions about the energy efficiency
of the EVs and competing gasoline
vehicles and the likely on-road emissions
of the gasoline vehicles. OTA estimates
that the year 2005 lead acid EVs will most
likely increase net NOX on a nationwide
basis, with the NiMH batterypowered
vehicle about breaking even, but that
the combined effect of increased
NOX controls on powerplants, a
continuing shift to cleaner generating
sources, and increases in EV efficiency
will allow the more efficient EVs in 2015
to gain a small net reduction in NOX

emissions.
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Hybrid vehicles have been generally
considered as likely to  have significantly
lower emissions than conventional
vehicles because of their smaller engines
and the supposition that these engines
would be run at constant speed and load
(for series hybrids). There have been
various reports of hybrids attaining very
low emissions—below ultralow emissions
standards-in

vehicle certification-type

testing.
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One key advantage for some hybrids will
be their ability to run in an EV- mode in
cities, although their performance or range
may be limited in this mode. Other
advantages are less certain, however.
Hybrids will likely not run at constant
speed, although their speed and load
excursions will be less than with a
conventional vehicle; they must cope with
cold

start and evaporative emissions

essentially similar to a conventional
vehicle; and their engines may be stopped
and restarted several times during longer
trips, raising concerns about increased
emissions from hot restarts. In OTA’s
view, hybrid vehicles with substantial EV

range have clear emission advantages in
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this mode, but advantages in normal

driving are unclear.

Fuel cell vehicles will have zero emissions
unless they use an onboard reformer to
process methanol or another fuel into
hydrogen. Emissions from the reformer
should be extremely low in normal
steady-state operation, but there may be
some concern about emissions during
increased loads, or the potential for
malfunctions. In particular, the noble
metal catalyst needed for the reformer can

be poisoned in the same manner as the

catalyst on a gasoline vehicle.
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Safety Of Lightweight Vehicles

LUt R e

Several of the advanced vehicles
examined by OTA will be extremely light.
For example, one of the 2015 advanced
conventional vehicles weighs less

than 2,000 pounds. An examination of the
basic physics of vehicle accidents

and the large U.S. database on fatal and
injury-causing accidents indicates

that a substantial “down weighting” of the
light-duty fleet will create some
significant safety concerns, especially
during the transition period when new,

lighter vehicles mix with older, heavier
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ones. Any adverse safety impacts,
however, are unlikely to be nearly so
severe as those that occurred as a result

of changes in the size and weight
composition of the new car fleet in 1970
to1982.The National Highway Traffic
Safety Administration concluded that
those changes “resulted in (net) increases
of nearly 2,000 fatalities and

20,000 serious injuries per year. ” Many
of those adverse impacts occurred

because vehicles changed in size as well
as weight, however, yielding

reduced crush space, reduced track width
and wheelbase (which increased the
incidence of vehicle rollovers), and so
forth. Reducing weight while

maintaining vehicle size and structural
integrity should have lower impacts.

The major areas of concern about vehicle

“light weighting” are the following:

Passengers in lighter vehicles tend to fare
much worse than the passengers in heavier
ones in collisions between vehicles of
unequal weight, because heavy vehicles
transfer more momentum to lighter cars
than vice-versa. During the long transition

period when older, heavier vehicles would
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remain in the fleet, lightweight vehicles

might fare poorly. Moreover, if  the

large numbers of light trucks in the

fleet do mnot reduce their weight

proportionately, the weight distribution of
the fleet could become wider, which

would cause adverse impacts on safety.

Vehicle designers must balance the need
to protect passengers from deceleration

forces (requiring crush zones of lower

stiffness), and the need to prevent
passenger compartment intrusion
(requiring high strength/high stiffness

structure surrounding the passengers).
Lighter vehicles will have lower crash
energy in barrier crashes or crashes into
vehicles of similar weight, so they will
require a softer front structure than a
heavier vehicle to obtain the same degree
of crush (and same protection against
otherwise

deceleration forces) in

similar crashes (e.g., barrier

crashes at the same velocity).
Designing large, lightweight vehicles with
soft structures that have acceptable ride
and handling characteristics (structural
stiffness is desirable for obtaining good

ride and handling characteristics) and are
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protective against passenger compartment
intrusion may be a challenge to vehicle
designers. Additionally, the differential
needs for stiffness among lighter and
heavier vehicles may cause compatibility

problems in multi-vehicle crashes.

In collisions with roadside obstacles,
lighter vehicles have less chance than a
heavier vehicle of deforming the obstacle
or even running through it, both of which
would decrease deceleration forces on the
occupants. Also, a substantial decrease in
average vehicle weight

might cause

compatibility problems with current
designs of safety barriers and breakaway
roadside devices (e.g., light poles), which

are designed for a heavier fleet.
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If weight reductions are achieved by

shifting to new materials, vehicle
designers may need considerable time to
regain the level of modelling expertise
currently available in designing steel

vehicles for maximum safety.
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There exist several safety design
improvements that could mitigate any
adverse effects caused by large fleetwide
weight reductions—though, of course,

such measures could improve fleet safety
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at any weight. Examples include external
air bags deployed by radar sensing of
impending accidents; accident avoidance
technology such as automatic braking; and
improvements in vehicle restraint systems
(including faster acting sensors and
“smart” airbags that can adjust to accident
conditions and occupant characteristics).
The latter would greatly benefit from
further biomechanical research to improve
our understanding of accident injury

mechanisms.
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Large fleet weight reductions also will
intensify the need for the National
Highway Traffic Safety Administration to
examine carefully its array of crash tests
for vehicles, to ensure that these tests
to maximize

provide incentives

vehicle-to-vehicle compatibility in

crashes.
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A Note About Costs And Prices
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The price of advanced technologies is a
controversial aspect of the continuing

debate over the merits of several

government actions promoting such
technologies. These actions range from the
alternative fuel vehicle requirements of

the federal Energy Policy Act of 199269
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to California’s ZEV requirements to
federal funding (in concert with industry)
of PNGV. OTA’s estimates of retail price
differentials for advanced conventional
vehicles are somewhat below industry
estimates, while estimates for hybrid, fuel
cell, and electric vehicles seem to be
above some others prepared by advocacy
groups. Part of the difference between
OTA’s estimates and others undoubtedly

reflects the substantial uncertainty that

underlies any efforts to predict future

prices of new technologies. Other
differences arise from the following
sources

AHE . HAlZE R E LUy

OTA'’s relatively low incremental prices
for advanced conventional vehicles rest
partly on our assumption that the
advanced technologies are competing with
baseline technologies that are new models
with newly designed assembly lines; the
baseline vehicles are not simply continued
production of an existing technology

whose investment costs may have been

fully amortized.
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OTA'’s relatively high prices for hybrid,
fuel cell, and electric vehicles reflect in

part OTA’s assumption that these vehicles
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are competitive in performance with the

baseline, conventional vehicles; other

estimates often reflect lesser performing
vehicles, which our analysis concludes

would be considerably less expensive.

IR 2R Z

Another source of price differences is

OTA’s assumption that vehicle prices
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beyond the manufacturing costs for

vehicle price estimates do not reflect these

additional costs.

Spark Ignition and Diesel Engines KA IR AT AL
KAE R KB ENHL

Spark Ignition Engines

Although spark ignition (SI) engines have
been the dominant passenger car and light
truck powerplant in the United States for
many decades, there are several ways to
achieve additional improvements in
efficiency---either through wider use of
some existing technologies or by
introduction of advanced technologies and
engine concepts. Some key examples of
improved technology, most having some

current application, are:
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Advanced electronic controls;
improved understanding of combustion
processes. Improved thermodynamic
efficiency through improved spark timing,
increased compression ratios, and faster
combustion.

materials in

Use of lightweight

valves, valve springs, and pistons,
advanced coatings on pistons and ring
surfaces, improved lubricants. Reduced
mechanical friction.

Increased number of valves

per
cylinder (up to five), variable timing for
valve opening, deactivating cylinders at
light loads, variable tuning of intakes to
increase  intake  pressure.  Reduce
“pumping losses” caused by throttling the

flow of intake air to reduce power output.

- SEHEIH TSR] R A AR
T SO KBRS . S A b
AUIRIERALE, FERFRITH R

= FEARNTS RSN ZE A R
PR, (RS ZENTE ZEIA R 8 = S
5, BCEEIETE R g LR EE
BRI (B2 )
AR PR N ] R A5 F AL
R AR SRR AN R AT . D A
TG KA " RIEHUR”, A
PEART R Mt

Combining the full range of improvements
in a conventional engine can yield fuel
economy improvements of up to 15

percent from a baseline four-valve engine.
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Besides  improvements in  engine

components, new engine concepts promise
additional benefits. The highest level of
technology refinement for SI engines is

the direct injection stratified charge
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(DISC) engine. DISC engines inject fuel
directly into the cylinder rather than
premixing fuel and air, as conventional
engines do; the term “stratified charge”
comes from the need to aim the injected
the fuel-air

fuel at the spark plug, so

mixture in the cylinder is highly
nonuniform. DISC engines are almost
unthrottled; power is reduced

by reducing the amount of fuel injected,
not the amount of air. As a result, these
engines have virtually no throttling loss
and can operate at high compression ratios
(because not premixing the fuel and air
avoids premature ignition). DISC engines
have been researched for decades without
successful commercialization, but
substantial improvements in fuel injection
technology and in the understanding and
control of combustion, and a more
optimistic outlook for nitrogen oxide
(NOX) catalysts that can operate in an
oxygen-rich environment make the
outlook for such engines promising. The
estimated fuel economy benefit of a DISC
engine coupled with available friction-
reduction technology and variable valve

timing ranges from 20 to 33 percent,
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compared to a baseline four-valve engine.

Diesel Engines

SEMHL

Automakers can achieve a substantial
improvement in fuel economy by shifting
to compression ignition (diesel) engines.
Diesels are more efficient than gasoline
engines for two reasons. First, they use
compression ratios of 16:1 to 24:1 versus
the gasoline engine’s 10:1 or so, which
allows a higher thermodynamic efficiency.
Second, diesels do not experience the
pumping loss characteristic of gasoline
engines because they do not throttle their
intake air; instead, power is controlled by
regulating fuel flow alone. Diesels have
much higher internal friction than gasoline
engines, however, and they are heavier for

the same output.

PR 23w mT DAE I ORI R (eI
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KA, SRR E . HIk, 4
TR SIHLAN S BRI R S LR 1 3R
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R SINLRAS %, 1 B AR Th R A
IR, SR S &,

Diesels are not popular in the U.S. market
because they generally have been noisier,
more prone to vibration, more polluting,
and costlier than comparable gasoline
engines. Although they have low
hydrocarbon (HC) and carbon monoxide
(CO) emissions, they have relatively high

NOX and particulate emissions.

SR S S [ T I E AN AT, BN
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The latest designs of diesel engines

recently unveiled in FEurope are far
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superior to previous designs. Oxidation
catalysts and better fuel control have
particulate

substantially improved

emission performance. Four-valve per
cylinder design and direct injection have
separately led to better fuel economy,
higher output per unit weight, and lower
emissions—though NOX emissions are
still too high. Compared with a current
gasoline engine, the four valve indirect
injection design will yield about a 25
percent mpg gain(about 12 percent gain on
a fuel energy basis), while the direct

injection (DI) design may yield as much as

a 40 percent gain (30 percent fuel energy

gain).

AE o BRET VYA T T AT B R o 43l iy
K T R LRI BRIM G B . B v 1 B
4 DR AR I HE RS R A
MRHERCE RS & . 5 H TR R
FINUAE LG, DU T Ta] M S i v ] 32 =
21 25% 11 MPG (IZ#RklREETHE A $2
=2 12%) , M EAZRS (DD &
eEmZik 40% RReESEE 30%)

The new diesels are likely to meet
California’s LEV standards for HC, CO,
will continue to

and particulate, but

require a NOX waiver to comply with
emission requirements. Although the
four-valve design and other innovations
(e.g., improved exhaust gas recirculation
and improved fuel injection) will improve
emissions performance and may allow
compliance with federal Tier standards,
LEV standards cannot be met without a
NOX Although

reduction  catalyst.
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manufacturers are optimistic about such

catalysts for gasoline engines, they

consider a diesel catalyst to be a much

more difficult challenge.

Battery Technologies

HE AR

The battery is the critical technology for
electric vehicles, providing both energy
and power storage. Unfortunately, the
weak link of batteries has been their low
energy storage capacity-on a weight basis,
lower than gasoline by a factor of 100 to
400. Power capacity may also be a
problem, especially for some of the higher
temperature and higher energy batteries.
In fact, power capacity is the more crucial
factor for hybrid vehicles, where the
battery’s major function is to be a load
leveler for the engine, not to store energy.
Aside from increasing energy and power
storage, other key goals of battery R&D
are increasing longevity and efficiency

and reducing costs.

H e L ANTR 4 e HoR, mT g fitae
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Numerous battery types are in various
stages of development. Although there are
multiple claims for the efficacy of each
type, there is a large difference between
the performance of small modules or even

full battery packs under nondemanding
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[AIAFAEAR K72 7 . ARG [ S ot v it R
SRR BRI, (H B R R
WY, T HKHR 7> 20T 5 Bk B it ]

73




8 W YN R R TATS'S

laboratory tests, and performance in the
challenging environment of actual vehicle
service or tests designed to duplicate this
situation. Although the U.S. Advanced
Battery Consortium is sponsoring such
tests, the key results are confidential, and
much of the publicly available information
comes from the battery manufacturers
themselves, and may be unreliable.
Nevertheless, it is quite clear that a
number of the batteries in development
will prove superior to the dominant
conventional lead acid battery, though at a
higher  purchase  price. = Promising
candidates include advanced lead acid
and

woven-grid  semi-bipolar

(e.g.,
bipolar) with specific energy of 35 to 50
Wh/kg, specific power of 200 to 900
W/kg, and claimed lifetimes of five years
and longer; nickel metal hydride with 80
Wh/kg and

200 W/kg specific energy and power, and
claimed very long lifetimes; lithium
polymer, considered potentially to be an
especially “EV friendly” battery (they are
spillage proof and maintenance free), that

claims specific energy and power of 200

or more Wh/kg and 100 or more W/kg;

EEA L, WREIATEE, Ak, B8
W, —EE TR AETT R ) F R B UE B AL T
i S AL SRR H i, R T 3K
Pra&tm . Fil SR I ik ™ A oG
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Bl — ke “iE S HBEAE T
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100 55 % Wikg; FEEFHLB, LURE
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lithium-ion, which has demonstrated
specific energy of 100 to 110 Wh/kg; and
many others. The claimed values of
battery lifetime in vehicle applications
should be considered extremely uncertain.
With the possible exception of some of the
very near-term advanced lead acid
batteries, each of the battery types has
significant remaining challenges to
commercialization—high costs, corrosion
and thermal management problems, gas
build-up during charging, and so forth.
Further, the of

history battery

commercialization = demonstrates  that
bringing a battery to market demands an
extensive probationary period: once a
battery has moved beyond the single cell
stage, it will require a testing time of

nearly a decade or more before it can be

considered a proven production model.

Non-battery Energy Storage:

Ultracapacitors and Flywheels

AR ffRE: PR EM W

Ultra-capacitors are devices that can

directly store electrical charges—unlike

batteries, which store electricity as

chemical energy. A  variety of

ultracapacitor materials and designs are

being investigated, but all share some

TR LR HL 25 A A — P AT DL B3 A7k HL AT (19
RH, S5UMbERe Y A7 H AR Y HI
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basic characteristics-very high specific
power, greater than 1 kW/kg, coupled with
low specific energy. The U.S. Department
of Energy mid-term goal is only 10 Wh/kg
(compared to the U.S. Advanced Battery
of 100

Consortium midterm battery goal

Wh/kg).  Other likely  ultracapacitor
characteristics are high storage efficiency

and long life.

fili R S AN A K

Ultracapacitors’ energy and power
characteristics define their role. In electric
vehicles, their high specific power can be
used to absorb the strong power surges of
regenerative braking, to provide high
power for brief spurts of acceleration, and
to smooth out any rapid changes in power
demand from the battery in order to
prolong its life. In hybrids, they
theoretically could be used as the energy
storage mechanism; however, their low
specific energy limits their ability to
provide a prolonged or repeatable power
boost. Increasing ultracapacitors’ specific

energy is a critical research goal.

G B AR K e A D R g 1
TER . AEHBNRAET, IR ERNE
bt T 5 ] W SC R A A Sl i 7 2 1 o
RIJZIRI, R S IE R At = )
K, IFP I BB IR TSR A T PR AR
e, DL R A dr . fEIR G20
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A flywheel stores energy as the

mechanical energy of a rapidly spinning

mass, which rotates on virtually

frictionless bearings in a near-vacuum
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environment to minimize losses. The
flywheel itself can serve as the rotor of an
electrical motor/generator, so it can turn
its mechanical energy into electricity or
vice versa, as needed. Like ultracapacitors,
flywheels have very high specific power
ratings and relatively low specific energy,
though their energy storage capacity is
likely to be higher than ultracapacitors.
Consequently, they may be more practical
than ultracapacitors for service as the
energy storage mechanism in a hybrid. In
fact, the manufacturer of the flywheel
designed for Chrysler’s Patriot race car,
admittedly a very expensive design,
claims a specific energy of 73 Wh/kg,
which would make the flywheel a very
attractive  hybrid  storage  device.
Mass-market applications for flywheels
depend on solving critical rotor
manufacturing issues, and, even if these
issues were successfully addressed, it is
unclear whether mass- produced flywheels

could approach the Patriot flywheel’s

specific energy level.
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Technologies for Advanced Vehicles

Performance and Cost Expectations
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This chapter discusses the technical
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potential and probable costs of a range of
advanced vehicle technologies that may be
available for commercialization by 2005
and 2015 (or earlier). As noted,
projections of performance and cost can
be

highly uncertain, especially for

technologies that are  substantially
different from current vehicle technologies
and for those that are in a fairly early stage
of development. In addition, although
substantial testing of some technologies
has occurred- -for example, the Advanced
Battery Consortium has undertaken

extensive testing of new  battery
technologies through the Department of
Energy’s national laboratories--the results
are often confidential, and were
unavailable to the Office of Technology
Assessment (OTA). Nevertheless, there is
sufficient available data to draw some
preliminary  conclusions, to identify
problem areas, and to obtain a rough idea
of what might be in store for the future
automobile purchaser, if improving fuel
economy were to become a key national

goal.
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The chapter discusses two groupings of

technologies:
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1. Technologies that reduce the tractive
forces that a vehicle must overcome, from

inertial forces associated with the mass of

the wvehicle and its occupants, the

resistance of the air flowing by the
vehicle, and rolling losses from the tires
(and related components); and

2 that the

.Technologies improve

efficiency with which the vehicle
transforms fuel (or electricity) into motive
power, such as by improving engine
efficiency, shifting to electric drivetrains,
reducing losses in transmissions, and so

forth.
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Technologies that reduce energy needs for
accessories, such as for heating and
cooling, can also play a role in overall fuel
economy--especially for electric
vehicles--but are not examined in depth
here. Some important technologies include
improved window glass to reduce or
control solar heat input and heat rejection;
technologies for spot heating and cooling;

and improved heat pump air conditioning

and heating.
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Weight Reduction With  Advanced

Materials And Better Design
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Weight reduction has been a primary
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component of efforts to improve

automobile fuel economy during the past
two decades. Between 1976 and 1982, in
response to federal Corporate Average
Fuel Economy (CAFE) regulations,
automakers managed to reduce the weight
of the steel portions of the average auto
from 2,279 1,753

to pounds

by
downsizing the fleet and shifting from
body-on-frame to unibody designs. Future
efforts to reduce vehicle weights will
focus both on material  substitution--the
use of aluminum, magnesium, plastics,
and possibly composites in place of steel--
and on optimization of vehicle structures

using more efficient designs.
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Although there is widespread agreement

that improved designs will a

play
significant role in weight reduction, there
are several views about the role of new
materials. On the one hand, a recent
Delphi study based on interviews with
auto manufacturers and their suppliers
projects that the vehicle of 2010 will be
composed of materials remarkably similar
to today’s vehicles. At the other extreme,

some advocates claim that the use of

strong, lightweight polymer composites
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such as those currently used in fighter
aircraft, sporting goods, and race cars,
coupled with other reductions in tractive
loads and downsized powertrains, will
soon allow total weight reductions of 65
percent to 75 percent. The factors that
influence the choices of vehicle materials

and design are discussed below.

Vehicle Design Constraints

AR B R BR 1 R 3R

The most important element in
engineering design of a vehicle is past
experience. Vehicle designs almost always
start with a consideration of past designs
that have similar requirements. Designers
rarely start from “blank paper,” because it

is inefficient for several reasons:
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Time pressure. Automakers have

found that, as with so many other
industries, time to market is central to
market competitiveness. While tooling
acquisition and facilities planning are
major obstacles to shortening the
development cycle, they tend to be outside
the direct control of the automaker.
Design time, however, is directly under
the

control of the automaker, and reduction of

design time has, therefore,been a major

- WEETT. IRERER A, 5112
HARATIE—FE, BT ER 754 7]
IR0 o BRAR TR B AR it R 2 4
FEOT R F S0 B AG, (EE R A
FEVZE MG 7 (1 EL AR )V A o T i3t
VIS TR) U B2 32 PR 4o e FR 9, 1A
WA A LTI ) — BRI IT R 2 2
Hbro

81




8 W YN R R TATS'S

goal of vehicle development.

Cost pressures. The reuse of past
designs also saves money. In addition to
the obvious time savings above, the use of
a proven design means that the automaker
has

already developed the necessary

manufacturing capability (either in-house

or  through  purchasing channels).
Furthermore, because the established
component has a known performance

history, the product liability risk and the

warranty service risk is also much

reduced.
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Knowledge limitations. Automakers
use a various analytical methods (e.g.,
finite element codes) to calculate the
stresses in a structure under specified
loading. They have only a rough idea,

however, of what the loads are that the

structure will experience in service.
Thus, they cannot use their
analytical tools to design the

structure to handle a calculated limiting
load. Given this limitation, it is

far more efficient to start with a past
design that has proven to be successful,
and to modify it to meet the geometric
The

limitations of the new vehicle.
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modified design can then be supported

with prototyping and road testing.

This normative design process has been
central to automobile design for decades.
Although it , has generally served the
automakers well, it also has some
limitations. In particular, this strategy is
unfriendly to innovations such as the
introduction of new materials in a vehicle
design. The advantages of a new material
stem directly from the fact that it offers a
different combination of performance
characteristics than does a conventional
material. If the design characteristics are
specified in terms of a past material,
however, that material will naturally
emerge as the “best” future material for
that design. In other words, if a designer
says, “Find me a material that is at least as
strong as steel, at least as stiff as steel,
with the formability of steel, and costing
no more than steel for this design that I

derived from a past steel design,” the

obvious materials choice is steel.
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