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Mr. Lawrence D. Miles
Sedgefield

Route 5, Box 840
Easton, MD 21601

Dear Mr. Miles:

We are delighted that you will participate as a contributor to the
5th edition of the ENCYCLOPEDIA OF SCIENCE AND TECHNOLOGY as author of
the article "Walue engineering'.

Enclosed with this letter are instructions, manuscript paper, and
a copy of the “Walue engineering' article from the previous edition of
the Encyclopedia. While your article will be replacing this article,
please feel free to use as much of the text as is still pertinent.
In answer to your question, we do not require camera ready copy, and
only ask that the material be typed double~spaced on manuscript paper.
With regard to illustrations, we will add $10 to your honorarium to
cover any copying fees you may have.

We will look forward to receiving your manuscript by the deadline
of July 16. If you run into any problems or anticipate any unusual de~
lay, please write or call me at (212) 997-4351 so that our editorial

schedule is not seriously interrupted.
)
<i§i:iit;2:k leq

Sybil P. Parker
Editor in Chief
Encyclopedias
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kver precisely fulfilled. A term not so ambiguous ig
okidation number or valence number. Oxidatio
n{mbers are useful for the balancing of oxidatioh-
reduction equations, but they are not related sin-
ply¥o ordinary valences. Thus the valence of ¢ar-
bon¥n CH,, CHCI,, and CCl, is 4; oxidation ffum-
bersYof carbon in these three substances ar§ —4,
+2, aRd +4. See OXIDATION-REDUCTION.

Quantum theory of valence. The above thgory of
valencq is inadequate in at least three wayy. First,
it fails Yo account for many experimentgl facts,
such as yhy the six C—C bonds in the folecule
benzene,\ C.H,, are physically and cjiemically
equivaleny, what the electronic structufes of the
boron hydAides are, why the H—H bogd is much
stronger thin the C—C bond, why CQj, is a linear
molecule bug H,O nonlinear, and whfit principles
govern the rdes of chemical combinafion. Second,
the explanatidns that are offered are fot physically
satisfying. Thd stability conferred upon a molecule
by the sharing &f a pair of electrons oy two atoms is
established, buffy what is the real ofigin of this sta-
bility? And third, the theory is ngt comprehensive
or quantitative nough to alloy correlation and
prediction of the Rany differentfproperties of mol-
ecules. Dozens of Pproperties of molecules can be
measured, many toYigh accurgey. A theory should
ultimately, and qudptitatively, account for all of
these. See MOLECULAR STRUETURE AND SPECTRA.

The quantum theoyy of vhlence does not have
these faults. It is base§ on the new precise laws of
physics for the atomic¥onfain which were formu-
lated in the 1920s by R, $chrodinger and others,
the discipline called qifantum mechanics. The
quantum ideas of M. Plgack and N. Bohr require
modification to take cagk& of experimental obser-
vations that electrons gndVpther particles at times
act like waves. Like fave}, they interfere when
they are on top of one Ainothdr in a manner that can
be precisely calculatdd. Accqrding to 19th-century
physics, an electronfmoving §bout a proton would
collapse onto it. In phe Bohr tReory this collapse is
prevented by a spefial quanturg hypothesis; in the
new mechanics itfis prevented$y elementary en-
ergy consideratiofs. It would be¥avored by the at-
tractive potentiaf energy of the pgrticle pair, but it
turns out to be cftastrophic for theyr kinetic energy.
Instead of collgpse a compromise}s reached; the
electron, or wpve, is smudged oufy over a region
about the nugleus which defines th atomic size.

See QUANTUM MECHANICS; UNCERYAINTY PRIN-
CIPLE. I ]
The pattgrn of the periodic table cgmes out as

before. The orbits of Bohr are replaced by new ent-
ities, orbitgls, which represent not the daths of the
electrons but the amphtudes of the electfon waves
at differfnt points in space. Furthermdre, elec-
trons arg treated as if they were spinning,tut only
in two possible ways. The rule that generytes the
periodfc table then is that in an atom no two elec-
trons fan occupy the same atomic orbital wih the

b ng located on one of them if that situation is
energetically favorable. The region between nuclei
more favorable for the potential energy of
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electron-nuclear attraction than other regions the
ame distance from just one nucleus. Moving i
this restricted region is not as favorable for t
kietic energy as moving on individual atoms, hfit
thq potential energy predominates when a bond is
forjped. The normal covalent bond may be fde-
scriked as two electrons occupying one molegular
orbityl, rather than two distinct atomic orlfitals,
with dpposite spins because the exclusion grinci-
ple is\still operative. See MOLECULAR ORBITAL
THEORY.

When a detailed examination is made pf these
effects wyth the new theory, the stabilitiesfof actual
molecule and other of their propertieg can be
quantitatiYely accounted for. In particylar, if two
atoms appyoach which have low-enefgy atomic
orbitals which overlap each other in space, and if
two electrork are available, the condjtions are fa-
vorable for fokming, with evolution of pieat, a chem-
ical bond. It fllows that the valencg of an atom is
given by the nyumber of unpaired efectrons it pos-
sesses, an old Basic rule of valence

The greater the overlap betwee
bitals, the stronger the bond thgt can be formed
with them (critefion of maximfum overlapping).
This condition may be regarded pis determining the
shapes of moleculdg. Two or mpre orbitals of com-
parable energy, as Xs and 2p gtbitals, can be com-
bined (hybridized) % give ofbitals concentrated
along certain directiofs in spfice, and these are the
orbitals that participate infdirected bond forma-
tion. In the carbon alom,§for instance, the four
electrons in the 2s and\2pfsubshells are potential
valence electrons. The t\Wp 2s electrons are paired,
however, so that to mak§ four bonds possible one
of these must be promofdd to a vacant 2p orbital.
Four bonds then are possible, in various direc-
tions. Four equivalent ponds can be formed, tetra-
hedrally directed, asfin CH,. Three bonds in a
plane and one other Ifss strapg one can be formed,
as in CH,=CH,,. In this mann\er Linus Pauling and
others have accounged for a myltitude of phenome-
na in stereochemisfry.

The peculiar bigding in beniene and other aro-
matic molecules lfas been explafed, together with
its consequencegffor chemical re§ctivity. The prin-
ciples governing reaction rates Rve been formu-
lated and apph pd.

Research inf valence theory thr ugh the 1930s
and 1940s hag Jled to understandingpf a great deal
of chemistry gand it has contributed tyward accept-
ance of the lgnguage of modern physids as a proper
language chemistry. However, §onsiderable
research ip this field continues. New¥substances
with newjftypes of bonds are being
constantly (for example, ferrocene, the
lecular
ods forjtudying molecules are constant
ing mgre intimate details of molecular
which;demand explanation (for example,
techrﬁques of magnetlc resonance) Also,jinten-

two atomic or-

of yalence. Accurate determination of many |
e ! es of molecules containing only light atéms
is' presently being achieved by such comp&‘ta-
Zonal methods. See CHELATION; CHEMIC%L
TRUCTURES; CONJUGATION AND HYPERCONJUGK‘;
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ON; COORDINATION CHEMISTRY; CRYSTAL FIEL
TAEORY; KINETICS, CHEMICAL; MAGNETIC RES,
NANCE;: ORGANIC CHEMISTRY; ORGANOMETALJIC
APOUND; RESONANCE (MOLECULAR STHUC-

Bonding, 1964; C. A. Coulson,

2d ed., Y962: H. Gray, Electrons and emical
Bonding, § i istry, 2d
ed., 1956: ]

Crystals,
The Struc-

ductor or msu]dl, v
trons. The electrdd
spond to the valende
atoms. In a B
sufficiently low tempd
completely filled and tK

thermal excitation of elddtrons to higher energy
Apresence of impurities.
Rissing, the remaining

v an applied electric
> current. The net
e} equivalent to that

field, giving rise to
effect of the valence

of a few partieles whi
slmllar in motlon tg

These “particleg K as holes. See

BAND THEORY #OF sSOLIDS; CONDWCTION BAND;
HoOLEs IN soL§ps; INSULATOR, ELE§TRIC: SEMI-
CONDUCTOR. A/H. Y. FAN]
Valine f

normal
racter-
or the

An amino pmd considered essential fg
growlh of mmals The amlno aclds are ¢

W
A
¥

Physical constants of the L isomer at 25°C:
pK, (COOH): 2.32; pK, (NH,™): 9.62 B
Isoelectric point: 5.96 .
Optical rotation: [a]y(H,0): +5.6; [a]p(5 N HCI): +28‘3
Solubility (g/100 mif H,0): 8.85 %

Final steps in the metabolic degradation of valine.

dissociation constant of the various titratal

solution of Y ubi]ily. See

EQUILIBRIU POINT; OPTI-
CAL ACTIVITY; TRIC ANALYSIS.
The biosynthel¢ precursor, g& well as the deam-

ination product of aline, is gf-
It is also a precursor®
acid moiety of pantoth®gj€ acid.

Valine is biosynthesigtg from pyruvic acid. Most

ryl-CoA). The
Ysee illustra-
A to CO,

e follow-

Value engineering

The systematic application of recognized tech-
niques which identify the function of a product or
service, establish a monetary value for the func-
tion, and provide the necessary function reliably
at the lowest overall cost. Terms such as value
analysis and value control are synonymous with
value engineering.

Application. Value engineering can be applied
by the individual working alone on a project or by
a number of people working as a team and meeting
at scheduled intervals. A team usually comprises
three to five people who represent different func-
tions within the company.

Location of the value engineering function
within companies varies widely by type of indus-
try, company organization, management interest,
and so on, and by the types of tasks assigned to
the value engineer or value engineering group.
The function is usually assigned one or more of
the following jobs: prepare and conduct value en-
gineering training seminars, administer cost im-
provement programs, and apply value engineering
techniques to selected projects on a full-time basis.

The methodology can be applied at any point
—from initial design to full production—in the

et s



life cycle of a product. Although value engineer-
ing is a problem-solving approach which can be
applied to almost anything that affects profit, such
as products, processes, systems, and services, it
is most used as a product-oriented rationalization.

Value engineering is a supplement to, not a sub-
stitute for, other cost-reduction techniques be-
cause of the following reasons: (1) It relates value
to function. The heavy orientation toward defini-
tion and analysis of function—the purpose to be
served —basically distinguishes value engineering
from all other cost-reduction activities. (2) It is
more systematic than many other cost-reduction
efforts. Value engineering is an organized ap-
proach, implemented by a specific plan.

Function. Value-oriented individuals work with
functions in the same way that mathematicians
work with numbers and bricklayers work with
bricks. Functions are considered to be anything
that makes a product work or sell. They are
defined by using a verb and a noun, for example,
produce heat, support weight, and fasten parts.
Since function names are verbal abstractions, they
lack specifications and thus greatly stimulate
creativity. Throughout a value engineering study,
functions are used as common denominators for
unifying such variables as costs, specifications,
and alternate designs.

The functional approach results in simplification
of the product. The emphasis is to design a part
which will perform a number of functions, instead
of taking one function and causing it to be per-
formed by many parts. Since redundancy of func-
tion is guarded against, inherent reliability is usu-
ally increased and costs are lowered.

Job plan. The organized approach adopted by
value engineers is called the job plan. Job plans,
although varying in some degree, are formal, step-
by-step procedures which aid problem recognition,
definition, and solution. All plans are designed to
provide answers to the questions: What is it? What
does it do? What does it cost? What else will do
the job? What does that cost?

A typical six-step job plan consists of the follow-
ing phases.

Information phase. After a project is selected,
all available information about it is compiled.
Complete cost data are accumulated for each
component that makes up the project.

Function phase. Functions are defined and
structured according to specific rules. The analyst
defines the basic function of the project and de-
velops an understanding of the relationships be-
tween all other functions.

Creative phase. The familiar rules of brainstorm-
ing are applied, using verb-noun definitions of
functions as problem statements. Judicial judg-
ment is withheld. Lists of ideas are established for
future reference.

Evaluation phase. 1deas obtained in the creative
phase are refined. Ideas are combined and recom-
bined until low-cost, potentially workable solutions
are determined. Emphasis is placed upon evalua-
tion of the basic function. Its value level is the base
upon which costs of secondary functions are add-
ed, for essential specifications are considered one
at a time for each of the functions.

Investigation phase. Alternatives are examined
by means of a wide range of techniques with the
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purpose of further refining ideas into sound, work-
able solutions. In this phase, specialists are con-
sulted. Also, the analyst reviews company and
industrial standards and considers specialty prod-
ucts, processes, and procedures. All sources of
information are carefully documented.

Recommendation and implementation phase.
Documented recommendations are submitted to
the individuals who have the responsibility for
implementing the decision. A follow-up procedure
is established which ensures active consideration
of all recommendations.

By following the job plan the analyst redefines,
or confirms, the purposes of the project, interjects
cost parameters into the modification, assures
evaluation of costs and performance contributions
of specifications, and forces consideration of alter-
natives. Functional concepts, in addition to use of
the job plan, help value-oriented individuals to
accomplish their primary mission —providing the
same or better performance at lower cost. See
INDUSTRIAL COST CONTROL; INDUSTRIAL ENGI-
NEERING; METHODS ENGINEERING; OPERATIONS
RESEARCH; OPTIMIZATION; PROCESS ENGINEER-
ING; PRODUCTION ENGINEERING: PRODUCTION
PLANNING. [DONALD A. STILES]

Bibliography: Conover-Mast, Value analysis,
1967, in Purchasing, May 18, 1967; H. B. Maynard,
Handbook for Business Management, 1967; L. D.
Miles, Techniques of Value Analysis and Engineer-
ing, 1961; Society of American Value Engineers,
Proceedings of National Conference on Value En-
gineering, 1966 and 1967; U.S. Department of De-
fense, Handb. no. H-111, Value Engineering, 1963.

Valvatina

A suborder of Phanerozonida in which the uppg
arginals lie directly over, and not alternate wigh,
the\corresponding lower marginals. The tubefeet
haveéjerminal sucking disks. Paxillae may befpres-
ent or¥acking. The group is well representgfl in all

A represg tative valvate starfish, Iconasty . perierctus.
(After A.@. Fisher, 1919)

exigling seas from low tide to abyssal depth&(see
iljfistration). See ECHINODERMATA; PHANRRO-
FONIDA. [HOWARD B. FEN|
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Valve

A flow-control device. This article deals wit
walves for fluids, liquids, and gases. Valves age
uked to regulate the flow of fluids in piping systeghs
ard machinery. In machinery the flow phenorfle-
nok is frequently of a pulsating or intermitfent
chafacter and the valve, with its associated gear,
cont{ibutes a timing feature. For electrical vjilves
see EYXECTRON TUBE. :
Pip¢ valves. The valves commonly used jn pip-
ing systems are gate valves (Fig. 1), usually pperat-
ed clos&d or wide open and seldom used fgr throt-

()
Fig. 1. Gate valves withg disf gates shown in color.

(a) Rising threaded stemgshfws when valve is open.
(b) Nonrising stem valve requjfes less overhead.

RN
L=

(a)

Fig. 2. Globe Jralves. (a) With gasket in disk. (b) With
ground metal-faced disk. X

(a) (b) (©

Fig. 3. Various types of straightway check valvds.
(a) Swing. (b) Ball. (¢) Vertical.

ing; globe valves (Fig. 2), frequently fitted with p

pnewable disk and adaptable to throttling operp-
tigns; check valves (Fig. 3), for automatically limgt-
ink flow in a piping system to a single directifn;
and plug cocks (Fig. 4), for operation in the opefi or
cloded position by turning the plug through 90%and
with§a shearing action to clear foreign matterffrom
the siat.

Valkes may have various structural fgatures
such a§ outside stem and yoke; packless cgnstruc-
tion; arkgle, as opposed to straightway flowf; power
instead § manual operation; and combingd nonre-
turn and stop-valve arrangements. Vflves are
made in #wide assortment of materials, §nd a wide
variety of §rim, with brass or bronze for general
service; ca§t iron for low steam pressuges and tem-
peratures (}ess than 250 psi) and fpr hydraulic
pressures bdlow 800 psi; steel and affoy steels for
the highest oyerating pressures andftemperatures
(such as 5008 psi, 1200°F steam)§ and selected
metals for clemical and procesgp applications.
Most valves afe manufactured ahd available as
hardware and c§mply with the reguirements of the
ASTM, ANSI, ahd ASME as tgf material and di-
mensional standa{ds. They are vyfriously offered as
flanged, screwed\welded, swgated, or compres-
sion-fitted for connjection to pjpe, machinery, and
fittings.

Safety and relief vilves arefautomatic protective
devices for the relief%f excefs pressure. They are
usually rigorously spetified finder the legal regula-
tions of public authoftiesfand insurance under-
writers. They must opgn futomatically when the
pressure exceeds a phefletermined value; they
must allow the pressuréfto drop a predetermined
amount before closing tg@f§void chattering, instabil-
ity, and damage to thefvAalve and the valve seat;
they must have adjusgmet features for both the
relieving and blowdoyn prdssures; and they must
be tamperproof aftgf settipg by responsible li-
censed operators. Sef SAFETY VALVE.

Hydraulic turbing valves} For hydraulic tur-
bines and hydroelgftric systefgs, valves and gates
control water flowffor (1) regulation of power out-
put at sustained efficiency and Wwjth minimum wast-
age of water, angf (2) safety und&r the inertial flow
conditions of lgfge masses of wter. Valve sizes
are usually larg (for example, 6 § in diameter) so
that power g¢beration is necesjary. Carefully
streamlined cgnstruction to minimike fluid dynam-
ic losses musf be accompanied by ataple provision
to withstangf shock and damaging %ffects of hy-
draulic inerfia. Gate, butterfly (Fig. 5} telescoping,
and needlg constructions (Fig. 6) ate variously
employed § Wicket or cylinder gates rggulate the
flow of wgter to areaction turbine at thefspeed ring
while a governor-operated needle valvetregulates
flow to #Pelton impulse unit. See HYDRA§LIC TUR-
BINE; WATER HAMMER. :

Stegm-engine valves. To control the kirigmatics
of thefcycle, steam-engine valves range frdm sim-
ple D¥slide and piston valves to multiported®types.
Slid¢ valves control admission and reledge of
stegim to and from a double-acting cy]inder'-@y a
single moving valve mechanism giving the neges-
Z?fy lap, lead, and angle of advance to accomplish

thfe predetermined values of cutoff and compi"‘es-
gon. Multiported valves such as plug, Corliss,ipr
poppet, valves provide four valves for a doublg-

acting cylinder. Each valve serves a single purpos
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TEXT

The opening sentence of an article should define the subject.
The article should be interesting and informative, giving a
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clear, simple language that can be understood by the non-
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