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ABSTRACT ' ' ’ :
This manual is written as a direct follewap to the
“"Exploring Occupation in Manufacturing Student. Hanual,® the purpose
. ° of which gas to (1) promoté an understanding of manufacturing
% 1ndnstrydr(2) acquaint stadents with structures of the -many careers,
occupations, and jobs contained within manufacturing enterprise; (3)
explore selected career fields by use of a typical programr exaaple, ,
and (4) provide a generalize& set of guidelines for further and g
related curriculun development in the exploration realm. This manual
has the same purposes and conitinues them into the: preparation phase
by using a progranm. .exanple in curriculum development gui&élines. The -
program guide is designed to fit into the scope:of secondary school
prograns in the aca&ealc, industrial, and vocational curricula.
Content is presented in two.sections, a general overview of quality.
control and .the inspection field and a section on specific
‘occupational preparation.’ The: general overview section (22 pagas)
contains comnsideration ef major influences and environment
encountered within the manufacturing emterprise in the gquality
control career field; an avervieu of statistical usage in quality.
control:; and description and prescription of the :job and cggughtlanal
hierarchy contained. Hith;n\ﬁhe guality control career fleld. The
occupational preparation section (92 pages) provides guidelines for
developrment of curriculum in five major quality control categories
‘founpd in most industries: Blueprint reading, basic statistics,
mechanical measurement, electrical measurement, and chemical

" measurement. (LAS)
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FOREWCRD

* This Occupational Prepa“atmn in the Quality Control and
Inspection Field Student Manual is written as a direct foliow-up
of the Exploring Occupations ‘in Msnufacturing Student Manual. The
E}cp},armg Ms;mal‘s _purpose was to:

1. promote an understanding of manufacturing i.nﬂustiy,

2. acquaint the students with structures of the msmy :
careers, occupations and jc:bs contained with manufac-
tm‘mg enterprise; :

3. ~explore selected career fields' by use of a 1yp;cal
program example; and ’

4. provide a 'generalized set of guidelines for further and
related Eu.I‘TiEu.lmﬁ development in the erplcr:afmn realm
Thz.s Manual cc:ntmues those four purposes into the prepara-
tion phase in the same manner. This is accomplished by utilizing
a program example in the curriculum develcpment guidelines.

As was the case in the exploration phase, some de;mtatian'
in the pr?txaﬂ“atmn for career fields was necessarv. The concen-
tration in quality control was chosen because it contains skills
and krmwledgé that are broad; the comprehensive Jab classes
examined have high relatmnshlp with a1l of the wajor sub-fimc-

+ tions of manufacturing enterprise. . This pragram guide will fit
W.'Lthlﬂ tbe scope of purpasa and. present on- gc:;mg secundan* 5(:‘1:3@1

, The teachmg/leanung program team model r;rmtained in the
exploration phase is suggested as a resource in the curriculum
developed as a result of this Manual. The conduct of the pr@gram—*
as.specific skills are developed becomes the focal P@m‘t“-
em:n:ura.gmg use of prescubecz resources.

\The Manual is presented in two sections, a general overview
of quality control and the J.nspectmn fleld and spec:1f1<: occupa-
tmnal preparation. , _

The general overview section contains consideration of i majcr
influences and environments encountered withim the manuiacturing
enterprise in the quality control career field; an overview of
statistics usage in quality control; and descript@n and pre-
_scription of the hierarchy of jobs and QE.?UpatlDI‘L'Z contained -
w;ﬂim the quality control career field.- -

- i -



The occupational preparation section provides guidelines for
development of curriculum in five major quality control categories
found in nearly all industries, namely: Blueprint Reading; Basic
Statistics; Mechanical Measurement; Electrical Measurement; and,
Chemical Measuremernit. ,

By appr%aéhijzg the preparation phase in a broad sense, it is

* hoped that interested students will see the importance of their

~ skills and knowledge in quality control and inspection across the.
industrial job market. .Also, for those students interested in
higher echelon careers in quality control, the basic’ preparation

can allow them the same broad view of a field rather than one job.

F

It is sincerely hoped that this Manual serves those purposes. -

: o - John E. Radvany
— Deputy Assistant Commissioner .
- New Jersey Department of Education

.+~ Division of Vocational Education
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As mth any project é’ﬁcampassmg such a diVEiElfiEd field as
Manufacturing Enterprises, this is the result of the efforts of
- countless persons who have supplies the knowledge, and the facts
upon which it rests. Philosophy, rationale, information,
critique, testing and change have been reviewed by special per-

sonnel who Wﬂrkéﬂr on, or supplled information to this project.

: Tc all the msny advisory perscnnél and camttee rrernbers, :
sincere thanks are due. It is impossible to list them all and
: delmeaté their cgntrlbutmn

- The Manufacturing Cluster Ser;es of which this is a part o
represents an effort in curriculum development by the United States

_ Office of Education, the New Jersey Department of Edua:aticn and
Fairleigh Dickinson UanEI‘Slty.
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- Qecupational Proporefion in the @&a@;ﬁy Centrol @5@;&5
L inspection Field - |

=

INTRODUCTION
" Students who have selected preparation in this career, cc::ﬁa
pation or job field should have had some prerequisite instruction
in the manufacturing enterprise area. Typical pre-preparation
would include: ' : :

1. Elsﬁm;tian and experience gained in the Exploring Manu= |
facturing Occupations Program from the Manufacturing
/ Cluster Series; and/or, = = ° - c

2. Instru;tion,‘md' experience gairj.ed in The World of Manu-
~————— facturing Program; McKnight and McKnight, Bloomington N
’ 11inois,  1971; and/or;— : - o

i

Instruction and experience gained in amn industrial arts :
or vocational program or selected skills acquisition- .
courses in trade or general laboratory; gemeral physics |
and chemistry; economics and basic math. ' T

_ There is no Specifié détgﬁﬁnable degrec of skills and know-
ledge needed in any of the above areas in order to participate in T

the following program but a high interest in these areas would be o "\ "’ff
dqy

a great aid. The first section of this manual synthesizes and 0
‘articulates, in a general overview, selected major influsnces and o
related quality control and inspection knowledge areas contained S
within manufacturing. These syntheses, generally, enconpass areas
of history, economics, systems technology and career development.

The second section contains a guideline for specific skills

and knowledge acquisition in the areas of: Blueprint Reading;- W

Basic Statistics; Mechanical Measurement; Electrical Measurement; -

and Chemical Measurement. - . . S

- : : ; i -

— An important factor in the preparation phase is the necessary o

' - 'overlap in .related education and training between that which isi:
called exploration and preparation.  There is no definite cleavage )

. between the two phases. Exploration continues along with prepara- .
tion. Studénts may drop out during the preparation program die to , .
many reasons. One reason could be a near the end of the prbgram
decision not to pursue this tvpe course of instruction, even

- though the student developed competency in the course. e

i




. In this case, students may still be exploring, i.e., changing
their .direction and/or .focus due to awareness of other and more
interesting careersareas they would like to explore for career
preparation. ~This can be accomplished in this particular course

" of instruction. Inspection.skills are important to the: quality
_©  control concept in this career. After exploring and trying the -
* inspection field, students may select the higher technician or
_ engineering echelons of the career field. This may require the
 :.students and school system to rearrange their programs with a

. balance of academic and vocational subjects, possibly with an

T emphasis on academic subjects.
Ty = Tfis the concept-of career education to promote studies with .

g T . students involvement in awareness, exploration and preparation - -
# . phases so.that they can realize their potential. Usually, poten-
tial is expressed upwards and towards the top. -Course emphasis
and specific design to the lowest point will not serve the goal of
education or the student. IR ' :

The career education concept emphasis is on promoting student
potential in work-related dimensjons. This course of instruction
- should not be interpreted.as a method of helping students to
become inspectors or even quality control engineers. This is a
‘course designed to help and encourage students to prepare them-
selves along educational and training lines in a wide selection of
career choices. This type experience and /instruction has, as its

main purpose, the objective of supplying sinformation to promote

understanding. of this career field. When this objective 1s met,
additional activities of narrower field selectiom, intensive
‘occupational or job preparation and/or recogniticn and planning
for advanced formal education can be better accomplished.

Systems technology is the knowledge we have collected about
systems, their performance and their characteristics. Fora.
system to exist, it must have a purpose, a mission, or a task that
it .can perform. ‘ ' o
: S ‘The American Society for Quality Control defines a system as?

: , "A group of interacting human and/or machine elements,
directed by information, which operate on and/or direct
_material, information, energy, and/or humans to achieve a
common specific purpose. " ' _

- 2 -
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Listed below for student cm,glﬂeratmn are typical systems
for.quality control such as: ;

- Solar system ’ _ Commmication systems
"Stellar system : Educational systems
Economic systems Distribution systems
Political systems "~ s Aerospace systens
Traﬁspartatlm systems Quality Control S}’Stems

The reasons for Stressmg the gysten‘l concept to :mtSI‘EStEd
students are aptly presented in A. V. Feigenbaum's article, Major
New Developments in Systems Engineering. He states that Engmeered
systems are better for the following reasons:

They aperata at optimum speed and mth optimum response.
There is harmony among its human ejements.

They “integrate human and machine elements.

They provide higher output/input.productivity.

They provide output optimization.

They provide economy of operation.

They allow.overall control of actior.

They influence- higher reliability.

They' provide for effective ma;ﬂtamabillty.

W 00~ VU L N

A manuf—:al;turmg system consists of eight major stages as
described by ,A. V. Feigenbaum. They are:

Marketing Manufacturing Supervision and
Engineering : Shop Operations -
Purchasing Mechanical Inspection and

_ Manufacturing Engineering- Functional Test
Shipping ©_ Installdtion and Service

Quallty systems also pI‘DVldE the benefits to marmfat:turmg
- industries as they were listed above. The elements of these
systems include:

People Equipﬁent Information
QUALITY CONTROL SYSTEMS
In the field of quality c cntml which is in itself a system,

there are specific definitions also, One of these definitions
listed by A. V. Feigenbaum in Total Qual;ty antrgl, states:

(

""The qu.allty system is the netwark of adrn;mstrat;wé
and technical procedures. required to produce and
deliver a product of specified quality standards

‘%10



The kev elements af a quality system as described by A. V.
Fe:,geribaum are as follows:

-
1. Production Quality- Evaluation - The establlshmant of

- v procedures to analyze formally both the product design

.o : and the process design to ascertain that the resultant

P - product will fulfﬂl the customer's requlrements. '

2. Product and Process QLal:Lt}f Planning - The formalizing
c:f E].Eﬂs to meaSure, attam, and control the desu‘ed

3. Purchased Material Qua.;ty Plafﬁujlg, Evaluatlon, a;ui
Control - Provides the procedures necessary to control
purc.hased materz.al.

5. Quality Infnzmatlon Feedback - The information system
which forms a part o:E the quality Eystem.

6. Qua;l;l.ty Information Equipment - 'Ifhe eqmpment that pro-
vides the quality measurements that are necessary for
the control of quality 1dént1£;ed during pmdu::t and
process quality plaﬁnmg

7. Quality Training, Dr;eﬁtatmn, and Manpawer Develop-

- ment - Provides the means for developing the people
_capability required to PI"DFEI‘l}' Dpezate the 'quality
system.

8. Pgstpr@dugtmn Quallt)f Service - The service provided to

ensure the consumer a pmdur:t will function as expected.

9. Management of the Quality Control chtian - The pro-
\ _ , * cedures the manager uses in getting his _'jOb of ms;;agmg
. done. .

10. S‘pezlal Quality Studles - Provides procedures . aﬁd tech-
_ niques for identifying specific quality problems and
find:mg specific SDlutlDl‘lS for sut:h problems.

The quality system provides the c:harmels th?mugh which the
stream of PTOdUE.t—QLEllt)’*I‘ElatEd activities flow. This, together
with other systems, makes up the main line flow of the total
busmess system,

11




THE MANUFACTURING PRCEESS AS A SYSTEM

Appl}fmg the eight- stages of a manufar:turmg system mta an
operational function requires an understanding of the flmdamental
fac:tars that affect quaij.gr These séven basic factora are:

Markets ' Ma’lagement \
People T Materials | -
Money ‘ Machines - m@%&a&s

“These factors must be considered in the manufacturing process
at all times. The following diagram shows the. general construc-
tion of a model er a manufacturing system.

SYSTEM COMPONENTS ./ _APTITUDES _

Figure 1 fEﬁUQA'I‘IiZ}?N

TRAINING

SUPERVISION
- - TECHNQLOGY
MARKETS, MONEY . '
MATERIALS & SUPPLIES AND ________ouTPUT -
- —%| ' ENVIRONMENT —_— % B

/CONTROLS

12



L Adqltmnal e@lanatz.an tf terms far the” manufa«:turmg Qstem
N mmiel in Flgure 1 on page 5 are: o _ , _

Teghnalagy' Includ,es the selécticn af the pmdu:t to be
manufactured and the prm:ess by which 1t 15 pmdmed

2. 'Resources <~ Inchﬂe th.e materlals ancl parts used ta malce
) el

the' productian ms::hmés S *;\;\ )

3. ' Facilities - Include the mac:hmes snd equlpment u:sed to
_vpmduce the pmdu:t. ' :

4. Euild:mgs - To house the pecple and equiprrent

-

/5. ; Mamtenam:e - Keep the - fac;llties Qperatmg ami 111 gnod
— . eondition. ' . :

R 6. Labor - The péople who Q'perate the machmery ancl Tun the »
factory. They require: Aptltudes Educatmn and :
"Iramlng, ancl Skills. . v o _

L fRoLE OF INSPECTIGN IN QLIALITY CDNIRGL

7 The qual;ty Df a prﬁuct is. dlxectly: related ta the reputaﬂ =
“tion and success’ of a’ ‘company..- , The better s.pmduct the better
its reputation and the ‘better ‘its sgles will be.  When ‘the - pmdu::t
* * is designed, the engineering department :estal _hshes the specnfis
7 -cations. and, -therefore;:a standard: cf qual‘ty The ! shoy
'_gzlgrlcate the product 0 o drawings“and spe ifications. = ..
It\is the function.of- the mspectlan ‘divisionito ensure that the v
roduct is. m ac,v ordanc 'mth standards PR

‘quality. of the fmish; p
o ;that are: estabhshed Y \

Y

o : Inspectlon does. nat c:reate quallty, bu ,-;idaes help to con-

" © trol quality. It provides.the means of measuring the qual;ty of

materials-and yorkmanship which ‘enter..into-the product. = This does
o :.not mean the production workers "do nnt 1ave ‘a_-iTESPGnSlblllty wheﬁ -
-+ ., completing g/ task since they.have to meas or otherw*lse examine C
S '-their wnﬂc at various' steps ;ma’the pr@ce : : : Coo

4

- 'Ihere is mre to mspectmn than rrerely chec’kjng ‘the C{I.Ellt)f
level ‘of the finished product. Thé aim is to prevent defects by
discovering and elmmat::ng the causes-of “the problem. By early ,

‘i detection.ofa slight variance, ‘the correction nf a d.lfflculty may

. take place.by a minor machine adjustment. If inspection was not.
_ - available, many below-standard parts could be produced. This
““=would result in“a loss of parts and a’ “lo§s -in ‘time because a com-
- plete new set-up of ‘the machine would have to -take place. Early . o
2+ - ihspection can data:t candltlons whlc.h could lower the quallty gf : o \
-’-vthe prnduct. = _ _ ST




SR STAIIEIICS IN CSJALITYCQNTRDL
| THE'NEED FOR STATISTICS =+

“{ .7 . Oneof the most important tools used by the quality control

© 1., specialist is the mathematics. of statistics and probability.

~ Statistics is a technical word for-the study of the results of

.-such actions as tossing a coin, throwing a pair of dice or playing
a card game. The concept of "playing the odds" has fascinated

_ humans since’ the'beginning of time. But the practical use of "

' statistics is a relatively recent development, with its primary

growth during the Twentieth Century. Statistics are used in /

7

" medicine, education, Tesearch, business and economics.
S ﬁeprmmpal value of statistics 15;3:5 Vlapplic;a'ticﬁ to the /
~examination and review.of information obtained from a small - _

/safple. The information obtained from this/sample can be a very

5l

' "‘7 accurate measurement for the entire population or group from which

'/ the sample was taken. . The use of polling techniques to predict

: elections and the use of computers to predict ‘the outcome on -
election ‘night are examples of statistical applications. Tele-
vision programs are rated based on a statistical ‘sampling: of about
1,000 families randomly selected throughout the United States
(Nielsen Ratings). .From this sample of families and some supple-

-mental telephone surveys, the analysts are able to.estimate the

. ‘television viewing habits of all the families in the United States.

" When referring to quality control by statistical methods, it " '

is meant; specifically to those quality control techniques which

. involve the use of statistical data. The term "statistics'™ has

~"+ - caused a great deal of consternation in industry since it is
generally associated with highly involved theories and mathe-

" ‘matics. -However, the student ishould realize that statistical

methods in industrial daily use have been reduced to very elemen- _ -

tary arithmetic and may be.substantiated by simple logical
deduction. o o e

There are three basic areas-of concentration to which statis-.

. tical quality control techniques are generally applied. They are:
. : R ) . § )
1.. Process controls -
e 2. Acceptance techniques
o ‘ : 3. Special job studies

1; Procéss__C?étml -
- As materigl is processed, vsafﬂé;estare’ taken and inspec-
" ted. Based upon the results of these inspections, the
process is either judged to be operating in a normal

i!’7=_ ‘ ) v o ,’,"

\



" fashion or Subject to unLEual (:onditmns. 'Ih;s declsmn

" chart. The control charts may be divided into two
-categories--those for varlable and those for attrlbute
. d-ata- . }

_cations pm\rlde data in attribute form.

"b.” p, np, and c C:harts : _ , _' '_ ':
' Quallty cgntrol charts prmr:.de thelr greatest benefit by
" line or defectnfe materlal. Lo N N A\

: Ac:ce’ tam:e Samplmg E‘ e

; At:ce ytance saﬁplmg techniques are deagied to pemt -

- by Attributes, or MIL- STD-105D, the international desig- =
nation of whlc;h is AEC STD- 105. . S ¢ T

- 'Very aften c:ertaiﬁ qu.allty information is- des;]:ed wluch
-is not available from the control Id‘l_arts arid acceptance

is based upon the interpretation of a quallty coritrol

" Whenever the inspections involve a mumerical classifica-

tion of a quality, characteristic, the data is said to
qulve variables. When a diameter is recorded in °

. inches, -hardness in Rockwell units, chemical cnntenfs in o

preéentages, or an angle in’ degrees, the data are .
recorded as a- varlable. 'If a part is simply judged gaad

.or bad, the data is recorded in terms of attributes.

'Ihe matenal elther 15 the proper hardness or 11: 15 ‘not,

the weld élﬂlér é:clsts or < it does not, the fmlSh is _
either smooth enough or it is too mugh These classifi- ~

a. X R Charts

(J

'I‘hese c:hart: are for variable data, o e e

These c:har‘ts are for attribute tiata. o .

detecting, -at the earliest possible time, ccnditmns o
whi¢h cause' defective material..- Thus, a’ process may be A
corrected before it produces large quantltles of. barder-u: i S )

#

valid decisions on material to be based upon a rela-.

tively .small sample. This allows inspection of a‘sample
of the parts and a possibility to decide upon this . :
evidence whether or not the entire group of parts is : S
satisfactory. .Most of the acceptance $ampling plans are N
based upon attribute inspection. ' The sampling plans I

‘which are gaining the widest acceptance are the Military . _

Standard Sampling Procedures and Tables for Inspection - AE

Speclal Job Studies B N

* \ o

i



tecmlques in use.._ SIJECla]. statlstlcal teclmlques may
-~ be.used to analyze ‘the-data collected. This may involve
. special applications of the control chart techniques or -

may involve other more. advanced statistical techniques.

- Some of the more common studies might involve the deter- -
mination of process capabilities, the review of existing
speclflcatlons, the investigation of the relationship of-
various chemical or physical properties of 'a material to:

~ some formed dimension, and the c@n@arlscm of certain .
a:lternate prﬂcesses.» :

Benefits that are qbtamed fmm statlstical quality cantml

are llstéd as follcws

1. . Prevents unnecessary inspections.
2. Provides facts for decision making,
3. Impmves inspection methods. :
4. TImproves flow of material,
5. Stimulates quality consciousness.
6. Influences vendor goodwill.
7. Improves product quality. -
‘8. Allows process capabilities mfomatmn.
9.‘- Reduces scrap.

BASIC STATI STICAL METHC)DS

For the. entry level student into the mgﬂufacturing mdustfy,

: anly a few of the basic stat;stlc:al methods sheuld be necessary.
These mathematlcal tools are: ‘

!

Average _— " A measure of c:entral .tendency. - It is the
_ _arlthmetlc mean of the abserved valu.es.

AR.émge,‘ : ‘A measure of vaﬂatmm It nea:sures the
s T * - spread of- the’ dlstl‘lbutlcl}. '

Distribution: : ;Dbserved Valués w:Lll be d;strlbuted abcut
’ an average. Theré are approximately the
: same number of values above and below
averages. Some of the common distribu-
tion curves: used 1n mdLEtry are: --.

v 1 "Normal - balanced dlstributmn w:l.th
b S ~ the highest number of
S : " readingg at the average /.
oo a ' - point.\/
I - 2. DPoisson =
- T ' 3. Students "'t"
: 4. Chi square . /' e




g Y :
Exponential
. Rectangular

Standard - , | | -
. Deviation: A measure of d:.spersmn csf ) nnmal
: ’dlstrlbutmn :

Coritrol Charts: -~ Charts used to p].()‘t mspe:tmn ‘data
. © collected from the rranufacturmg pmgess
= ‘being monitored. This type of chart is
T : . - the most mdelyy used in industry for ST
: ' ' variable data: collection.: ﬁEDIlE p’rgctlc;al $oui
appllcatlons are: SR : S
l
Temperatures of iron, ﬁ;m‘i::es, air. .
Strength tests on prﬂclux:ts.
Volumes of containers -
Weights of packaged goods.
M:u.sture contents of lumber.
. Sizes of formed ‘dimensions. _
Chemical analyses of materlalsi
'Fmishes cf metals or glasses e

o
,\E‘m :.;]\ Pm E” .p. L e b=

Sampling: - When a randm Sélét:tlﬂn of parts ‘are made -
S " from a group or lot:of parts and inspec-
tions are made. on these few to determine
-acceptance or 1'33 ection uf the entlre -
: 1Dt : :

~ Frequency. . _ B ’
D15 tribution: A tabulation of istributmn data shawn
el ., in graphical form such as the IIDITTEl
'~ - curve or a lustngram. , .

TFE USE OF STATISI‘ICS IN IBDJSTRY

‘The departments in manufacturmg c:c:rrpanles concerned with the
 statistical data forms mentmned above, espemally the control
_chart, are: , 1. _ : ,

o F Iﬁpectmn or Quality antml - Callects the data, tabulates :
‘ - and charts the information,’ analyzes the data, and'makes the :
j.nterpretatians Ecmcem;ng the conformance. S Rt T

Pradm:tmn Department - RESPDILSlbla for the adjmmnt and
repair -of the process and the supervision of the operators

- .who at:tually control or operate the production equipment. "It
is respan51ble fgr the qual;ty .of the product. .

/. ;‘ 1'7 .
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Mathgds Departnent - Respcmslble :tﬂr prmfldmg adequate \
tools, fix!:ures etc:. It 15 mvnlved in dE(:lSiDIlS regardmg\

] stuiles

Design - Stu&y the pmc.ess g:apabihtics relat;we to necessary
specification tolerances. that. c:culd result in a change Df
5pec1f1c:at1cm : _ :

cher Deparﬁnents - Almost all depa:ﬁ:ments assaclated with
manufacturing and service-will‘'at one time or another, take
© action which has been directed from the"findings of the con-
‘trol chart. Machine replacements, material changes, and :
- perscnnel changes are all pasable results of: gushty cantrcl
mvest;gat;cns - 3 ,

The mdustnal use of statistical data by the departnents
isted above is made necessary because of production variations. .
_ Vanatmns are differences in the 'results of subsequent samples
and are the results af the fallcwmg , ’

1. "Variations due to sampl:mg fluc:tuatinn
- 2. Variations due to process change:. -
3 Variations due to faulty ;.nspectian tecﬂmlques,

It is beéause of these variatmns that the msnufacturmg

. industry needs trained quality control personnel and emphasize

| profesi.lonal development.

adequate ‘training of the. entry level hlgh schccxl §tudent ‘
EIJUQATION "I‘T{AIINIII\JGE AD. PRDFESSIQM DEVELDPMH\]T IN QUALITY CONTRDL

There are rnany csppcftmutles and challenges in the field of -
manufacturing quality control for the graduating high school stu-
. dent. Since the proper performance of all manufactured products. -
depends on quality, the modern quality professional should be
aware of the opportunities that enhance persanal cnmpa‘l}r, and
cc:mmmlty gmwth and dévelapn:ent ,

The quallty control field pmﬁdés ‘the f@llomng en@lc}ﬁ'ﬂent
cnppartmltles to the inquiring student: , -

Inspectwn e REllablllt}’ Engmeering Ty
Technical Dcvelopment " Quality or Reliability -
Quality Engineering : Management

. The high school student preparat.ary‘ requlrements that are
"considered basic for the entry into the manufacturing industry are
first presented and then f@llﬂwed with an- apprgach to - continued

;,18-'
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| HIG‘H SCHOOL PREPARATORY CURRICULUM: - - o

For the high school student to be prepared to enter the world
of work in'the quality control.field, basic educational develcp=
ment would be beneficial. The full@wmg is reccmended for the -
‘student interested in this field:

;\ _ Prerequisnes N Ccncéﬁtrati@ﬁs
\Bas:Lc Mathematlt:s man Relations . Electmnlcs m Quality
\Al ' o ‘Control

gebra : Quality Control Cnncepts Nondestructive Testlng
'I‘rlgoncmetzy Mechanical. Measurements Process Control ’
Geometry ~ Blueprint Reading © Metallurgy
Drafting Statistics - \Reliability C@ncepts
/ ' Quality Reparts/Data Quallty C@sts
Specification ’
. Preparation Y _

ON-THE-JOB TRAINING - SN

-On-the-job trammg is the m@st common of a‘l t1 a.m;ng
méthods for inexperienced quality control érrq:xlayees The  amount
 of training necessary will depend on the J_ndustry and the com- -
: Plexit}? of the product being: manufactured.  Since -the ‘majority of
- companies do not have formal trammg programs, they rély:on -the
‘high schools to prepare the student. in basic educational needs.

- Specific skills are théﬁ learned bjr the new errrplayee on an "as- -
' Iiequz.zed" basis’ .

N Many of the sklllsa are spuzlallzed and requlre a long training

permd and even certification in some situations> .It; therefore,
/'is necessary for the studeht to 1earn ‘as many c:if the pre:eqmsﬂes
- as possible before enterm the wcrld of-work 1n t.he manufac:turlng
. “industry.. ,

;APPRENI‘ICESHIPS

Ce:tazn rnsnufac:turmg ccmq:an;es have apprentlc:eshlp pmgrams
in the field of quality, control. These opportunities- are very
‘1limited and do require a minimun of four years training and edu-
cation. It does pmnd’ the company with.a well trained emplcyee
but it is expensive to. '1111:91' and c:c)c:rdmate, -

A hlgﬂl schocl diploma is requ;red and a.good background in
" science, mathematics, and shop practices is desirable for all
trades. - The apprentice then may earn up to farty (40) units of
college Credlt for on-the-jobitraining and related technical
instruction. Then with an additional twenty (20) units of college
cred;t the student may qualify for an Associate of Science--Degree
Jlmmr college where this pr@giram exlsts. , -

N 19




COLLEGE TRAINING

~ !To help the student understand the educational opportunities
that are available in American colleges and universities, the ™ -
following is a list of certificates and degrees offered in the
field of quality control: : o
" Approximate N
Credit Requirements

Certificate of Proficiency 27 Semester Units
' - Associate Degree - . 60 Semester Units
.- Bachelors Degree - 124 Semester Units
.~ Master's Degree . —- 154 Semester Units.
S Many colleges in this country now have some type of quality’
. control course offering available to the student seeking continued
education. An example of a career ladder available to'a student .. . ‘
"~ in the. quality control profession is illustrated in the following ue
matrix entitled, "Educational Matrix Ladder for Quality Control," v
(See Figure 2, Page 14). I RN B

| PROFESSIONAL CERTIFICATIONS . T T

The American’Society for.Quality Control is the major profes-
sional society related to the field of quality control. Just as , o
many professional organizations do, this society offers membership AN
at various levels of a career. There is a student “membership Coa T \

. available for the high school student at-a very nominal cost.

. . Of -major significance, however, the American Society for '
- Quality Control recognizes professionalism through the media of
 certification. The inspector that is aspiring for a career in
~this profession may prepare to become a Certified Quality Tech-.
. nician. Currently, there are several specific options that are
available in this certification area. They are: ‘ o

P . Chemical . . Mechanical In5pection
' Food and Allied Industries Nondestructive Testing
Electronics ‘Inspection =~ - Inspection'(Proposed)
Electronics fechnician : Nuclear Power (Proposed)
: Certification is a recognition of professional peers that an.
individual who, "in support of and under the direction’of profes- '
sicnal engineers, certified quality or reliability engineers, e
_ quality managers or scientists.can carry out in a responsible . - e
manner, proven quality techniques or those techmiques prescribéd
by -engineers." : / : o )

20.
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GVERVIEW OF INSPECTIDN AND BEAMIENI

- .. ~.There are msn}r dlfferent asge:ts c:f qual:,ty control in manu-
- .. facturing that require basic skills relative to various mspectmn
- techniques.  This section will explore the different mspectmn

types and the respect;.ve tocls used in: mdustrial lreasurement.

~TYPES OF INSPECTIDN

; Thére are .a wide range of mspe::tmn clasaflcatmns in
: mdustw Same of the genéral types. are : _

. Sgurce Inspectlgn - 'Ihe mslaec:tmn of lkardware at the
! source of production. Usually occurs.when the purchaser
does not have the adéquate testlﬁg and,fcr mspection "

fac:.l:.t;es : _ Lo

L 2. _IJIEDmJJlg Materlal Inspec:tmn (Recemng Inspec;tmn) }
Inspectmns perfaﬁred at the purchagser's plant to deter—

'3, . Normal Inspectmn - When there ;Ls no ﬂg‘lif;gant ev:.dence
that the quality of product being submitted is ‘better -
than or.worse than specified requ;rements._r_ S

LA 4. In=Prccess Inspectlon - Inspection which is pEIfDﬁIE
- . during the manufacturing or repa;r cycle in the ‘effort
L to prevent defectives from occurring and to’ inspect th
' characteristics and attributes which are- n(:t capable af
s ,‘,bemg nspected at fmal m.spegitmn ‘

First-Article Insﬁectmn - Cgmplete :nspectmn Df the
first article ,pradur:ed or rece;ved )

6 Qualificatmn Inspe::tl Exanu:natlcn and testmg

 required in an individudfl bpecification to determine
~ whether a product is’ satlsfactcl‘? for 115t;:1g on a
quallfled pradut;ers list. B _ v

. ST Inspeétion by Attributes .- Inspection wherein ‘the unit

_io ™7 ™ of product is classified as.defective or nondefective -

: B J “Hlth respa:t tc: a given reqmrenent or set of requ;re!
ments s ﬁf{k . T B

8. Insper:tloi\x by Varlables - Inspeat;cn WhETEle a speclfled
razterist;: in a wnit of product is measured

1‘:_ e




. to high school /curi‘icula.

Othér mpartant mspection\factars are:. .

1. ~ Inspection Level - Used tc mdlcate jthe relatlve nm*ber )

~ of sample units- for a given amount of product.. A1l
other things being equal, a hi her/ inspection level .
entails'a lower risk of ac:c;ePtancé Qf a 1@1: Gf mfermr

qua.llty ' : :

C2u Tnspectmn Cot - A callectmn of imits of pmdu:t from '
.. 'which a sample is drawn and inspected to determlne com- -
;b pl;ance with the accepta‘blllty criteria, : _

C 3 ‘Iﬁspectmn Status - A «cl ':':Lf.;catmn of an 1tem as bemg
:mspec:ted w1thhelcl reJ ec:ted or ECCEptgd mt}; 1m;ta=
tlons Cc:nndltmnal)

cor
B

B Inspe:tmn Tests - Demnstrate that an aﬁlC].E Qﬁnfgﬂﬂs
*  “to the established Tequirements with Tespect ‘to ‘func- )
tion, workmanship, and materials. ' The basis of accep-
- tance of production artlcles is c:ﬂntrclled w1th the -
" following tests: - - . .

f ";Quail,ity‘\ferifi};atign S Cal:.brat;an

: ..~ Individual- acceptance - Prﬂductinn g;ﬂSpeétmn
R RECEI\F;ng mSpectlgn ' ] -

5. Inspec:tlan Record - -Recorded data cuncemmg the rgsults
of the inspection with appropriate. identifying informa-

N *mspected

SPECIFICATIONS S T IR

S 'Hie manufacturmg mdustry operates to varlaus spéclf;catiﬂns

Whilé producing their pradur:ts. These : spegiflcat;gng are ‘esgential

- . to ensure the quality of the hardware produced and, therefore, the, -
" new employee must have an understanding of these rgqulrerrents.

* For this reason, basic blueprint reading and" spec;flcatmn pre:”

paration were considered to be m@ortant en@ugh f@r mcoxj:cratlan

b

: Some. . of he basic’ methﬂds Qf cemm,:at:.ng .sPeg;flcatmns in
manufa:turm are: . x,

Eluepr;nts R Test’ p'mcedurés L

~ Operating procedures *  Equipment operating procedures |
Ccﬂq:any policies .. : Instruction manuals - -
Re;i ec:t;en d@cmnents - -+~ Shop plamning
// Ny
v ) 24

-, - tion as to the* (:hal‘acteflstlc or class Qf dlaracteﬂst;cs . '



The ent:y level studgnt would. receive on-the- Jcb tralm.ng
relative to mterpretatmn and-implementing the-various specifi-
cations listed in the respective place of employment. However, at

' thls level the student shculd at least be aware of - the ’blueprmt

fc)llcm fx:r the mterested studént

1’! Dy@smns and Tolerances o : _—
: Interpretatmn of lmts
- Datums
Tolerance of buildup

|
i 2.  Position Talefaén\:ing : ‘ ' 7
© . Coordinate tcleram::ng _ . %'mbcls o ' B
. Polar coordinates " Concentricity SR
True position tolerancing . "~ Symmetry -
3 3. Form Tolerancing i
' Straightness o iAﬁ‘gul,atity
Flatness . Parallelism
Cylindricity - ' : Perpendicularlty B

_Profile . o ' Runout
_ 4. Surface Texture
" MECHANICAL INSPECTTON‘ANﬁ'MEASUREMENT"i |

" The basic meéchanical measurements used in manufat:turmg are
based on the. following élementary relati@ns

‘ Precision - exactness, degree of exactitude

o A:c;urat:y - desnab;l;ty Crelatlcsn between gbsewed and true
: \ values). ,

Rellabllit}r pmhablllty c:f ac}uevmg des;zéd results

L o Dlscrmlnatmn - the degree to vhich an instrument subdivides
e : the unit . length (smallest readable)

TD delineate the d;fferences beﬁfeen these measurement terms, -

a variety of mechanical tools are used. Some of the basic units
-are llsted to ac:quamt the student with these tools. ,

=
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' 1. Scales "

‘A:ch;.teats and Engmeers. e

Combmatlon Square - A blade and a square head Cﬂght
angle referem:es) A

,Prgtra:tnr Head - Far \:hé(iklﬁg angles.

‘ =Ccrnbmatmn SeL - A cambmatmn square with a pmtra:tar
iand center: heads : : :

3

_ 2;‘_Gauge5 : e
5 Depthn

-Measu:es hcules gmaves ,:

AR S Cal;pers ﬁ: Instnmgnts that phys:.cally d@l;cate the
= Ry separation between the reference point and neasured

: 'pomt of any dlmensmn Withmvthls rangé.
; : :
s \.\ Dlnders ~ For lme measure;. QIIESIE t:allpers for end .
s ' - measurement inside calipers, for end n‘easurement _—
heﬁmphrodite, for 1;113 to end neasurenent. St 7
s Surfacé ~-To trsnsfér he.ight measm‘%rrents part tﬂ Standardi
" M;Lcrcmeter - Bﬁasurements of vefy h:Lgh an@liflcatmn by
.the use of (Screw threadsi . e
: ugé Blcu:ks End 5t rlards that. cambme ar;thmetlcally
*'to’ form length combmatmns (the ba.,ic: tcrcl -of precision
e " ) ITEESUI‘EITED’E) e . C

» Qp 1 Dptlc;al can@arator, m;crasc:ape, tcol makers
ele:trcm, "X ray and tele\rlslen.

£ . .

>LllTI1t - Gauges tha.t measure one smgle d:l.rrenslnn (go/rm- '
go). : \ -

Plug - ﬁole ;nspe\:tmns
ng D:.ameters, ﬂnclmesses and lengths -

| . Snap - Fixed. or adjustable callpers used for the s;ze ;

cantral af erternal dms;cms.

Taper - P_a:allels. .

Feelér --Gaps Or spaces.




ELEC‘I‘RIQAL TESTAND"

Radius. - Cerlter pemt ta arc on circle.

- Screw Thread Gauges' - For serew threed n‘eaeurement

‘tolerances.

Torque Wrenehes - Use to measure the nes:ietaiee to
tum:mg. . ,

Ssurface Plates - ‘Serve as horizontal referenee plenee Df
sufficient strength and rigidity that measurement .opera-
tions may be supported on it. Also used as grmd;ng

-tebles plemn.ng tables, and let.he ways. . .

Sﬁlﬁaee Reuglmess Scales - Ueeel for eveluatlng roughness

by sight or fingertip by using a seale with Semples of
eerm:e.reble jpettem.

Pratrac*ers, Squeres, Levels, C.‘l:memeters - Used tg’:_‘
measure angles. - o : o

Eleetncel meesurement is erle of the rﬂajer neasu:ement cate-
gories of ecneem to inspection and-quality control.. The student

1.

T

- should be aware of this category of ﬁee.eurement and- the bas_m
. instruments used by mspeeters. ¥ :

* Res 1etenee ‘measurement - (common equ;pmeait ‘used).

Ohmeter . © . " Kelvin —_— .
Voltmeter - Ammeter - " Megohmmeter L
Wheetetene 7 : T S

L
Current measurement .
; Z
Galvonometer - CFe'r small currents in bridge circuits, .

| petentlmetere, and- other mee.euring eqmpnent)
Ammeter (Shmltsj - (Fer 1arger eur-rent ﬁeasuremente)
;Veltage meeeurement '

,Voltmeter - Meesures vermue renges ef veltage.‘-

Eleetredyﬁemmeter - CUeee an e;;r-cere eleetremegnet in

11eu of a permanent maglet)

Pewer meesm‘ement
- e

" Wattmeter - Measures eleetr:u: pover by empleymg two

elements, one current eperated and ene mltege epereted

;19—_”



5. Multiple measurement

Deellloseope - Permits determination of current, Veltege
and frequency by visual graphical reletlenshlpe.

6. Capacitance and inductance measurement

Schering Bridge Resonance Bridge

Maxwell Bridge Capacitance Comparison

Hay Bridge = - Bridge

Owen Bridge - Inductance Comparison
@ . ) Bridge

MEASUREMENT OF PHYSICAL AND CHEMTGAL'PRDPERTIES'

The measurement of special properties of materials, parts,
.and liquid is often required in manufacturing. Chemical solutions
must be tested. for the eerTect mlxture. Water muet be teeted fer

ehemlcel propertlee are too cemplex:te meeeure by 51mp1e experl-

mente The follew;ng are enly examples of. the kind of measure-
777777 i

Measurement Of Phyeieel'Cherecterietiee

Correct determination of welghte of, objects has elgnlficant
epplieetiens 1n all fields of American life-and occupations.

There are two basic systems of weights and measurements used.
FC _

1. British System L /

a.” The units of weight commonly used in the Un;te&
- States and other English epeek;ng nations were .
de:lved from British un;te in colenlel days.

The basic uniie of weight are: ounces (0z.),
pounds (1 1b. - 16 oz.), tons (2,000 1bs.)

o

2: Metric System

a. The metric system is ordinarily used fer SClEHtiflC
measurement threugheut the world and for cemmerelel

'b. The basic unlte,ef weight are: grams (g), kilograms
(kg. = 1,000 grams). _ S -

28
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: Weights of objects are determined by two basifgﬂf?pesb.. of -
- balances. ,_ : % —~

1. The equal arm balance - This type of balance is by far

" the most accurate and different variations are found in

all laboratories. This type of balance uses the lever
principle. - ' . -

2. Spring balances - These types of balances use a spring
mechanism which is compressed when a weight is placed
upon them. A direct reading of the compression of the
spring records the weight of an object. Since springs
lose their elasticity over a period of time, these types
of balances are not very accurate. ‘

Chemical Measurements

, Qualitative measurement or analysis is used to test for the
presence of a certain substance in a sample of material or liquid.
They are usually observed by one or more of the senses - taste,
odor, touch, and sight. ' .

1. ph meéasurement - The ph of water is a measurement which
determines whether water is acidic, basic (alkaline) or
neutral.. This is of extreme importance to the sanitary
engineer in terms of water softening, proper bacteria
action on sewage, corrosive action of water and proper
appearance and taste,  Depending upon. the environment,
natural waters can bécome basic or acidic. Listed below

_are some common bases and acids found in the home.

a. -Bases - Basic substances have a bitter taste, feel
" slippery to the touch and turn red litmus paper
blue. Some common bases are: ammonia, bleach,
baking soda, and lye.. ’

b. Acids - Acidic substances have a sour taste and
turn litmus paper red. Some common acids are:
- boric acid; lemon juice (citric acid), and vinegar
\ (acetic acid). - ' :
1 2. Flame test of elements - Sore chemicals, when placed in
a the flame of a bunsen burner will give off 'a color tlat
is characteristic of that elemeént. Some examples of
this chemical reaction are as follows: AN

29



Color

Substance . Color Due to
NaCl Sodium Chloride = yellow:  Sodium
CuNO3 Copper Nitrate - blue-green Copper
CuCl Copper Chloride blue-green Copper

» CaCly Caicium Chloride - : Ted Calcium
KC1 Potassium Chloride violet Potassium
}@IDE; Patassz.mn Nitrate vialet Potassium -

3. Spectral Analy515 - A Spéctrcscgpe is an Gptl::al 1115t111=
. ment wh;t;h ‘breaks d@wn .,he 11ght entergg 11; 1nto :

: grat:g;g

Quant:.tatwe analysis is the determination of the presence of
a substance in a sample of matter by weight or volume. Quite "

- often the chémstry and mathematics. involved in solving quantlté—

_amount cf substance present in the sample, as in the:

tive problems require a complete course in chemistry and a gocui‘
knowledge of mathematics. There are, however, efficient nethods

: err@lc:yed using standard solutions which make this ‘task s;mplér

As indicated before, color indicators will determine the Pl‘ESEﬁCé
of a certain substance ‘in a sample of matter. However, if a known

‘amount of the indicator is added to a known volume of the sample,

a direct reading of the :LnterElty of the color will indicate the

/
Détenu.natmn of chlorine quanti j in a swimming paal. Ii'
Determination of the ph value of water. - /

f, , /
“These tests are but two of many cdlor indicator tests th/at
can be done to determine the quantity of any substance in a sample
of solution. Modern laboratories will have in stock these standard
solutions, which enables the laboratory technician to effic:lently

_and ar:curatély determine t}'te amount of unknown in any sar@le

solution. - . |
‘ , I

, ' 1
THE QUALITY CONTROL CAREER FIELD . !

. . . I = e — !
#

:\

i

A student c:cmadermg a career in the areas of. qgal;ty con-
trol, inspection and test occupations can See the general stmc—

'ture c:f the qual;ty c;Dntrﬂl career f;eld in F;gure 3, pagé 24.

F(;)r purposes of preparat;gn in the qu.a.llty c:.antml :;rspm‘e_

~ tion and test career fields at the secondary level, the area of

mspect;an and test is emphasued primarily. ‘A student cc\ntem—
platlng immediate job-entry will, probably, enter at the /level of
inspector. The J.mﬂedlate job-entry pOSlthﬂE are, Typlcall}'

I
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B
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®

Inspector-Trainee - To perform semi-repetitive checking, com-
paring or inspection functions, including the operation of
certain testing machines or equipment, while working under .

" the guidance of more experienced inspectors. :

Quality Technician - To perform standard laboratory tests,
and preparation and analysis of in-process samples in accor-
dance with established methods and general instructions
utilizing appropriate equipment to determine product

acceptability.

:iﬁspec:tor -"To ;Lnspé(:t the fabric:étian, assembly, m:a't;’i;‘zg,
functional test and checkout of manufactured products.

Tool and Gauge Inspector - To perform a variety of compli- -
. cated inspections on 21l types of first-run precision machined
_ parts to prove accuracy of machine tools. Use complicated -

inspection and precision measuring instruments ‘and .equipment.
Inspect, maintain, adjust, and order all thread and plug

gauges used in a company operation.-

Assembly Inspector - Inspect electrical and mechanical
" .assemblies and subassemblies. , a
Shlppmg Inspector - Inspect camp@nents; paﬁ:s, ass_enﬂi;ieé,'
spares, tools, associated ground support and test equipment,
 raw materials for shipping preparation. :
Statistical Clerk - Perform eleﬁeﬁtazj? data compilation. .
.- . . : . A

The chart of job-entry positions is not for any single -indus-

" try, but is applicable to all 21 industries delineated in.the

~ tecture. This assurance field is comprehensive in total

structure of manufacturing section contained in this Manual. -

Also, it is not the intent to coricentrate on job-entry skills

‘only. The skills and knowledges. obtained in the area of inspec-

tion and test are applicable to the upper echelons of quality .
control level career fields as well. LR S
Although no specific information is shown within the career

warrant a brief consideration.

- field of quality control about quality assurance, it would seem to

 Quality assurance is often confused, sometimes purposefully,
with quality control. Quality assurance 1is viewed as being a

higher-order operation of quality programming starting at the

upper end of systems engineering, commonly called systems archi-

necessitates multi-disciplinary teams being utilized in systems

- 23 -
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' BS/BA Degree, Cort.'of Proficiency g; |
ASQC Certification and 6 Yrs. experience, |-

Advanced Degree reduce time factor 2 Y.,

paamanmm OPPORTONITIES = =

GROUP ENGINEER | REL, PROJ, ADMIN
(ENG) HIGHER POSITION
REL, PROJ, ADMIN. f
SUPERVISION (FAC) .| STAFF ASSIGNMENT

. SUPERVISION

14 Q/R ENGINEER-SENIOR | -

4

AS0C Certfied Engineer of Cet, of | _
Proficiency and BS/BA Degree

Cert. of Proficiency k 4 Yrs. sxpenence or |

A.S. Degree QCkR and 2 Yrs. m;paﬂem:e 0
ASQGC Praf, Cstt and 2 Yra. gxpenence

Cert. = Certificate

BS Bachelef of Sciencg Degree

EA Bﬂthﬁlﬁf of Arts Degree
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activities. Quality control, inspection and test are definitely’

the building blocks of this field, but so are reliability, main-

- tainability, cost effectiveness and logistics activities.- The

main difference between quality control and quality assurance is

concerned with any regular mechanical, electrical or other system,
but, also includes the human operator as part of the system and"

- the totalperformance--both specified and imspecified--that the
system does-and is capable of accomplishing. ,

In this field, the nearest comparison for careers, occupa-
*- tions or jobs would have to include quality comtrol, inspection
and test as a basis. The next echelon would be a generalist or _
systems engineer in specialties such as hydraulics, electronic, or

mechanical systems. The next level would consider total systems

in an overall management sense, 'for example, management of the
space program including ground support system, ‘launch system,
flight control system, monitoring/commmication system and landing
system. Coos v : L
, The career paths, at this. time, are not well defined above
quality control and systems architecture levels.-- This level of '
the expanded career field is mentioned for purposes of information
‘and for later use in educational-career-oriented endeavors. - -

+
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This. section of the Manual contains Subject matter related to
what is called "hard-skills'" acquisition. These sk;lls and Icnaw-
leége will be acquired in the areas of: - \

1. Blueprmt Readmg
Z. Statistics
- 3. Mechanical Measurement
" 4. Electrical Measurement
5. Chemical Measmanait ‘

B The. wide range of related zgifamatmn contained in the first
“section of this Manual, aids the students to better understand
what they are about to- learn relative to: function; the manner.
and mode of the format; and, the kinds of skills and knowledge in
“the manufactm‘mg Entérpnse Career Field of Quality Crmtral @«i

Inspectlan

_ ‘The purpose af stuﬁy in t.h;s program is fer immediate JQb )
. entry. Purposes of pursuing advanced formal education in this.
- ‘field or related career fields can be secured after basic know-
' ledge-and skills are 1easmed

L - . A

BLUEPRDTP READD.G

DE\ENSIDNS Al\m TDLERANCES

o T.he effegtlveness of a quallty centmi inspector is Iughly
' delzendgnt on the ability to understand industrial hardware speci-
fications and drawing concepts. It is therefore nec:essanr to
Teview the basics af dimensions and taleram:es. “rem
‘A blueprint c:antams all the manufacturing reqmreﬁgnts for . 7
~.the part being produced, either by direct notation or by reference
. . to other documents and standards. In industry, the blueprint is
also called an "enginéering-drawing," '"drawing,' or "print." Each
of these will bring similar responses. to ‘experienced workers. -
- They will be used mterchangaahly in“this resource guide.

The blueprmt is alsc used to :.nspect a part received - from.
outside sources, during manufacturing, and at the completion af
. fabrication. Unless deviations or ext:eptmns are issued by -
engineering, the drawing is the main authcnty for ac;ceptance or
re;lectmn _

35
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A"i)mensmns given on a blueprint desc:ribe the gec»matz:lc )
' featm'es of: the part and mean angular units as well as linear
m11t5.~. ‘The fgllswmg sketch ;_s an example of dimensioni

- ) . L o —_— . ] ‘f‘}i}: N
Lt sfgﬁf - D
- ;¥K3§§;?$? S . A e B

l/
. Tﬂlersnces are used for two purpases one, to a_glcw the part
. to be manufactured to within a plus or minus of its design and

two,.to insist that the part .be manufactured to within a tolerated

jdmensmn. ‘'The reason for these tglerances is usually because the

pé‘rt mLEt fit W;Lth or in anﬂther part.
TGLERANCES o

: ‘Tolerances are allawable/ variations in the dimensions glven
on a blueprint. _These variations must be considered and taken
,;mtg account by the manufacturer and the inspector.

. The design engmeer ass/.lgzs tolerances to a d@ﬁnsmﬂ based
- on the .anticipated use of the part. A critical ‘part in a high

; - precision machine might have to fit a matching part within .001

" inch, while a nonfunctional part in the same machine might be:
ac:ceptable if it is withih .01 inch of its basic dimension.

-Assigned tolerances are never smaller than needed to do the job,
since manufac:turmg ccsts rise rapidly as tolerances decrease.

may be perm;tted tc) vary or 1t is the ‘total amount betweerl the
maximm and minimum 1imiting dimensions. A common way to show a
talersnc:ed dimens;an on a blueprmt is:

2. 145 t 004
This means. that an acr;eptable measurement nbtamed by the
inspector can be no greater than 2.149 nor less than 2.141.. This
. is ach;eved by the fallew:ng arithmetical addition and subtractmn:

12,145 ~ and  2.145

+.004 ‘ ~ -.004

'2.149 -0 20140
;27;



The total amount between these extremes is the tolerance,
.008, which is the total amount that the dimension may vary.

The tolerance is not always split evening between plus and
minus values. . Since the assigned tolerance reflects the use of
the part, it often happens that more leeway is allowed on one side
of the basic dimensicn than on the other side. For example:

+.003 +.006 +.000
2.145 or 2.145 or - 2.145
-.005 -.002 -.008
Toleranced dimensions may-éppear on the blueprint in other
forms.
For example, +.003
2.145-.005
can be expressed as a pair of limiting dimensions and stacked
vertically, as follows: _ -
$2.148
1 2.140
or placed side by side with a dash between, such as:
2.140-2.148
TOLERANCE BLOCK

Often drawings do not list dimensions directly on the figure
of the part and would lead the student to believe there are no
apparent tolerances. In such cases, look for a ""tolerance block" -

, " psually imprinted on the drawing form as part of the title block.
: Tt will look something like the following: :

[TOLERANGES (UNLESS OTHERWISE NOTED
. ON FACE OF DRAWING)

, : .1
X .= + .03
XX - % . 010

1]

o Mﬁﬂ |

_ Another way of 'specifying tolerances is by aiggnefal note on
the face of the drawing. An example is: i :
~ NOTE:- Unless otherwise noted, all - ‘
tolerances are +.010.

- 28 -




- Another pcssiﬁle note is:

. point-on-a-part, used as a starting point for spx

=

NOTE: . Tolerances are as specified in
' company standard practices.

Any document, guide, standard, specification, or similar
.directive relating to manufagturlng of the part, sh@uld be refer-
enced in a note on the face of the drawing.

INTERPRETATICN OF LIMITS

All dimension limits are con51dered to be absolute; that is,
no measurement that exceeds a limit is acceptable. This may seem
elementary, but consider the following example: v

A tcleranced dimension of 1.625 + 603 on the blu&prlnt
means that the limiting dimensions are 1.622 and 1.628.
The argument could be made that a measurement of 1.6283
is acceptable beécause it rounds off to 1.628, but that
is not the case. Any measurement above 1. 628 -even the-
three ten-thousandths,  is unacceptable. .On the lower
end of the tolerance, a measurement of 1.6218 is equally
_unacceptable even though it rounds up te 1.622.

DATUMS

A datum is a stable feature su:h as a surface, line, nr

‘or for taking measurements. When datums are idéntified on -
blueprint, they are noted w1th a capital letter, A, B. 7. g,

“Examples are:

l | N L‘.aﬂ WX —

I I |

cifying dicansinns

8

N oL

TN —_— R
O e OF —(®-

, The sketch mumber (3) is the best dESCTiptan Df datum line,
since it is obvious that dimensions are placed at the right side -
and at the top of the part, there is no need to label these datum

Y'Surfaces or PlaﬂES;

w | el el



_ boring feature rather than from a datum.

Both of. the other sketches ((1) and (2)) are c@mn examples

" of the use of letters to identify datums. One method in which

each letter is enclosed in a heavy black box and attached to the
datum. The second method in which arrows are simply used to
identify the corresponding datum surfaces.

Plane surfaces are commonly used as datums, as are other
features, for example, a cylindrical surface, a center line, or a
center plane. Whatever the datum, it must be identifiable and
accessible to be useful for measuring. :

TOLERANCE BUILDUP

Tolerance buildup occurs when several dimensions are placed

‘sequentially together, each having specific tolerances, causing

the tolerances of each to add together resulting in a "buildup."
This is commonly called chain dimensioning and is illustrated in
the sketch below as each feature being limensioned from a neigh-

c d

. 3

' o

b— H—6—0

Xx.02

) Txx+.01| X

1 xx+.0

The location of hole '"a" can vary *+.01 with ifespeét to the ™

- left edge of the part, hole 'b" can vary. +.01 with respect to hole

ilallg )

The location of hole"'d" could vary with respect .to t}lle left
edge of the part and still be in tolerance. The distance that is
"tolerable' in this case would be +.04. This is because the
tolerances are additive. If all tolerances between two points in .
a chain of dimensions are stretched to their limits, the location
of one point with respect to the other will vary by the sum of the
intermediate tolerances. In this case it was *.01 *. 01 +.01 =
+.04, the tolerance range of hole "d" with respect to the left

Variations of chain dimensions can be used, such as direct
measurements from: one hole to another (a and d) or change to datum
dimensioning by using hole ''a" as a datum and locating holes 'b'"
and "e" as well as "d" by direct dimensioning from 'a'. The '

39



dimension between "a" and any of the other holes is now directly
controlled to a tolerance:of +.01. Datum dimensioning is commonly
seen on blueprints since it controls critical dimensions with less
buildup of tolerances. -

STUDENT ACTIVITIES s | *

1. Sketch two diagrams with the following dimensions:
+.005
1.038 .002 and - 3,875 -,010 /

and determine which of the following is correct:

1.038-1.040 or : 3.880
L : . 3.865
_ +,005 -
2. leeﬁ a taleranced d;nen51cn cf 2 156 —.DDS whlch Df

thlS questlan fram the fblchIng ChDICES.:

2.153 2.105 21550
2,146 2.1494 2.1551

% Refer to the lesson on interpretation' of limits for
direction to the Proper response.

3. Basic drawings (blueprints) should be reviewed by the. .

student to seek out the dlfferent uses of datum des-
criptions.

4. Sketch several features on a form and place several
dimensions in a line. Then add the tolerances of these
many dimensions to gain canfldence in the prapér method

. Bf tolerance buildup. : ;

: POSITION TDLERANCE, CDORDINATE TDLERANGING, AND POLAR COORDINATE

Much of the time that an inspector uses is Spent on measuring

.-the position of features (holes, faces, notches, etc.) with

respect to each other or to a datum. Generslly, this is necessary
to ensure that the form does not deviate more than a prescribed

. amount from an established pattern or geometric shape.

The inspectdr must therefore be familiar with positional
tolerancing and form tolerancing - what they are and how they are
noted or specified on a blueprlnt :



4

. PDSITIDNAL TOIERANCE ‘is.the allowable. varlatlcn in‘the.
: speufied pcs;tmn gf a feature ILII relaj;gpn tc some e:\ther feature or
: Ejﬂl“ datun ' ) : : :

An example of pasﬂmnal talerancmg is the d;stsnce ’_that the

- center .of a holé-may deviate from an ideal or exact positiomn.. .

- This means the actual position of the center. point must fall -

.. ‘within the positional tolerance. ' Dimensions do not:have to have
‘any bearing whatsoever on the shape or form: of the. part but pro-

* vide positional tolerance. - _' o : e

CGDRDII\EAEJ@LERA}EING involves the use of t:nardinates to
position a feature. An example of cgerdmate: is 1llustrated on
_the’ fgllcwmg sketch: . 1.

| 1121314151 6171819)]

“STREET

=
&=

» Main street on this map sketc.h is lacated at the mtersect;on
of coordinates "C".and "6". Notice that the coordinates-are:. ’
initiated at the left edge and the top edge. . These .are equlvalent

- to the datums of a part sketch. Coordinates alsg occur at 90.
dégrees or: ﬂgllt angles to éach cther. : _ _

, ‘Two tcleranied dJJTEDSlDI]S at Iight angles to each other w;ll
, + ‘intersect ‘to giVE a toleranc:ed pas;tlon for the feature.

L 7 ' . o Toleranced position

e 1. 68— of center of hole
+; 6434 I /E(E::aggerated)

* - (4l
- '»;'\ '_ N r‘:l»ii ] o
41
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7, mt (nr pole) '
i ogivenqin deg*:ees of mtatlon armmd a pcle, an&
Lo a pc:le is a s:mple lmear dimens '

2. 650, 010~

O “In the exagle of. pala:r c:mrdmates abmre, ‘the. hnles are B
fpcsﬂmned radialiy by the measurement from the ‘center point. The

. .. second _hole is also PQEltanEd by t?he agular measurement fmm the
. first hcle. ' S

The tcleram:e zone is wedge shaped as it is’ fur 311 Polar
: ccarchnaté tclermi:es. B A

. Figure A . | 45°%1

—Tolerance
| Zone

. 2.650%,010_




ST Flgure A shuws palar caardmate talerances as. 'yDu would see
. "them on a blueprmt. .Figure B is an exaggerated plcﬁuﬁf the

K resultmg tolerance zone: - : s -
. TRUE POSITION TOLERANCING - | L I |

CL True pcsﬁmn of a feature ‘is 1t5 basy: or the@retmally
. exact pQSitan. - , - B

Ihe true pasﬁmn of a hole' is &etem:med by bas;u;, untcsl=- .
eram:ed d.:l.mensmnsi . For exan@le‘ L o .

"E XX. XX BSC—

el )

- However, as we 1eamed earlier; Lmtalersnced d::nerismns by'
themselves are useless because manufacturing and mspectmn .
- 'processes always include errors. The problem is. overcome by ,
+ adding tolerances to the. basic dmalsmns as shcwn m the fgllcmg )

sketch: :
e XX XX, 01—
xxe. o4 — e

‘In true pas;tmn talerancmg, the exact PGSIthn nf the .
feature is established first, using basic dimensions, and then by’ .
- applying the:tolerance direc,ﬂy to the feature. .To locate a hole
within .005 radius of tme pDSltiﬂn, the sketch mgjxt lcak lﬂte

, o _a}:x BSC ——s] /—x XXX, XX DIA
- | . . e ., Locate within
- W T -
. XX BSC 3 _ e A _. 005 T of True
. : Pas:Ltmn
j _ e — L4

';7‘34




| S
~ The flrst\statem%nt in the m:tati@n; "X. XX -X. XX DIA " is the

toleranced hole size. The sec@nﬂ part of tl}e netatmn 15 the true v
' pcsnmn tclerance. K : . N P

; A ’blueprint can dlso express the true pﬂs;tmn taleranc;e 1:1
B terms of "dlamfter" rather than rad1u7uch as:

"LOCATE AT TRUE POSITION wm{? 010 DIA."

|
True pos;tmn toleranc:mg ha,s been used tn lnt:ate a. smtrlcal :
hole pattern. j

.XXX-, XXX DIA. |
.6 Holes Eq. Sq. |
and Loec.. at True /
Pos; Within . 010 Dia,

. First notice that the hole d;a:reters are tcxleranced by hlgh=
low dimensions (.XXX-.XXX DIA.). The six holes are equally spaced .
(E holes Eq Sp.) with centers lacated within t;lrc:lﬂar tolerance
zines of .010 diameter whose centers are at true pnsﬁmns (L(I‘ AT .

TRUE POS WITHIN .010 DiA). . g i ,
Other examples of t@leram:e zones are: o

The Square T:z»le:ance Zone

. 01051e, 0105 = - -

TOLERANCE[ f | P
- | l.o10 - T
TRUE j $ ' R
' POSITION : Lo0l0- o L
POSITION | |7 | - : | =

, Point "a" is an ac:s:eptable location f::)r the télerau:ed

' feature. Point 'b" is also acceptable even though it is located,
in the extreme corner. . Point ''¢" is not acc:eptable smt:e it is |
lcsc:ated outside the .square zane._
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RN T D . o . - o : ) s .
- .e0 7 A true position tolerance of .014r in the following sketch .
\would give a circular tolerance zone into ‘which the square zone - -

"or any.similar feature, the true position must be established by

* f

i

\would just fit.

g'g%%%%%gf.f ‘

- The shaded areas represent the added locations available with -
L true pesiticnsi'tcler@l«:ingg _The result is fewer rejections. - . -
. True position tolerancing is not used exclusively for loca-.
ting round features such as -holes. The location of tabs and 'slots
can also be toleranced in relation.to the true position of their
center planes. &= S S e . /

_2 SLOTS..

In these cases, tclef?hce&expfess; the acceptable f\rgi‘iatian' S
of the center plane to each side of its true position. The state-
ment will look like this: : _ o AR

" WLOC WITHIN .015 EITHER SIDE OF TRUE POS.""

" Whether ‘tolerancing is to the true ?es:itii:nbfj a hole,.a tab, .

basic dimensions with respect to the datum. .
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ed: :Et;rm" t;: 51mplz.fy nntatmns on. the faﬂe o’f
' ,,g block, keyed to.a partlcular hole:on-the drawing
"L(IINIE WITHIN 005 T DF TRIIE PDS IN RELATIDN

e

The first square always*cgntams a sy‘ni:ol that
appllc:able géometr;c; chai‘acterlstics, :m thls case, Fany
j-TRIJE PCEITIDN ' '

';,tr1c1ty

remlutlcm (c:ylmders, cones, etc.) have a c:omn axls.

| AXIS

- The degree to which the axis may dE'\flate from a datum axis 15
the toleranice. As in the positioning.of holes, or slots, the
T talerancé is expressed either by note.or w1th symbcls. '
— The fDllemg symbol g;v%s a f;nm:entrlcﬁy taleranc:e

A th;rd pDSltlDDEj. taleraﬁc;lng ;m:ludes S}mmetfy‘, .. This is a
" "+ condition in which the feature is distributed symnetrlx:ally on
e bcth s;des of a c‘:entral plane- cf datum. .. -

o Symmetry talersncé is expressed b)r a note or. by the symbol
S =. A typ;c note might read, 'SYMMETRICAL WITH DATUM A WITHIN
. 008 TOT: 'IéJTAL" means t.hat the stated tolerance is d;nded

evenly on bﬁth 51(:155 of the datum plane..

A:mther common: symbol 15 Itls used ’tD e;qaress::ancen- o

Cancentriﬂw is'a Cﬂﬂdltlén in wlut:h two' or mnre surfac f V

. COMMON .



LO(IA‘IE WITHIN 005 RADIUS BF e
| TRUE POSITION . .~

:CDNCEQTRIC O A, WI'IHIN 010

..010 DIA.

DIAVETER - A

BlA| .012 DIA.

. 003 TOTAL.

GQNCENI'RIC TD B WI'I‘HIN 905

.005 DIA. -

| ’ngLALETER S

0051

LOCATE WITHIN .005 RADIUS OF °

ey

S

£

LDCA'IE AT TRUE PQSITIDN WITHIN
.102 DIAMETER IN RELATIDN TD

TRICAL WITH A WITHIN .003

TRUE POSITION IN RELATIDN TO
DATUM A



2

1,

STLIDE\TI‘ AC'I' IV ITIES

Reva.ew the follmﬂng sketr:.h and detenn;:ne 1f the

: : _;:;_f‘f“ - ,f,,; S
\-. ' ’ B - * 1- 68 ’ ?{;’f
: ‘ 41,64
N U T —
T - 1.33
2.55" 1.29 | AN
251 K:D
. FE = L - \g

c)n baﬂc t@leraﬁzmg bé mmg w1th page 31

Read a lacal street :map and mark tne co@rd:mates Df your

: pmnts Qf interest.‘

The student shDuld détél‘miﬂé_the shape of the tnierance
zone ‘for the hcle Tocation in the following sketch

XX Bscﬂ.;‘

X XX - xix}i DIA.

" “Locate within . 005 T
- of True Position.

—

Write the jnterprétatlcn for each Df the failcwmg true
position tolerance symbols on a sheet of paper, thén o

turn to the text for }”(31.11“ answers.

_ f,['f 021 DIA. *J - < [EPIBICTA]- 030 1A
o . .

010 r

SIEN N

. Cﬂiange the fall@wmg note to the cDrrespandmg

EJCPI’ES sion:

SYM\ETRICAL WITH DA'ILM PLANE B. WITHIN

\ .005 TOTAL."
48
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6. REV:LEH t.he materlal to determné if mm@ess t:cntml ) P
can be lmlted ta anly c;ertam areas of a part.r-
The student shcsuld review ang‘l,aanty requlrements and, e
answer the follcwmg quEStIOﬂS' < : ‘
! . & h N *
o ' 790 £ . 010

o, 9901 om-»i:

. What t)fpe Qf form is bemg cgntmlleci‘? :
b What 15 the tc-tal hcrlzontal size tc:lérance'?
What 15 - the tﬁtal angular talerance? oo
d. What is the approximate maximum dlstance that -the
o : ‘angular tolerance zone can shift to right or left
c P and still remain w1thm the lmlts of sue‘? e
. ) . ' \ . [
8. Smﬁnanze and evaluate the various pasltmn taleram;mg
, methods and relate the associated symbols with' each. \

Check these by reviewing a drawmg fmm an mdLStnal
manufac:tured part. ‘

LI o ';s‘

, FORM TDLE\’ANCING

-t v

F«:m talerancmg c:cmtmls the cand:Ltmns of shape or. form, .

‘:; . SU‘C}]‘ as . H Lo ) : = L ‘, R = TF
. Stra;ghtness ;) . .,:P'rofﬁe o
. Flatness ~ = - = . Anguiarity” L
.. Roundness - .~ = . Parallelism . e
Gylindric:ity o A Perpendlc_.u;arity' : v S
f\ : lecut . EEEEEEEE =
AT : Stralghtness - 'the SyTl‘bBl f«:r Sti‘alghtflp‘?-‘?- is 1", A’
“drawing that SPEE:Z.flES thlS symbcl is .as fcllows :

—5735.-,——? 750 DIA.




: J L
i

.,l.In néte form, the taleram:e abcwe Wt)uld Téad STRAIGHI'
WI'IHIN .005 7,7,;7, L.’

In note form, the tﬁler' ce sbave wctuld Tead, FLATWI’IHIN
: 003 'IGTAL H o : = '

s that 311 polnts on the ‘surfice .
Ween two: parallel planes spac:ed -

-'IhlE ﬂatness tolerance mea
- bemg controlled must be be
. ..at .008 apart. .

" . Roundness - The control of roundness '15 similar to étréightﬁ
“hess except that two concentfic c:;rcles form: the bmmdarles

. rather than tm parallel lines.

The S}fl‘lﬂ)@l for mtmch‘less 15 "C)"

Roundness is cantralled by' tolerancmg any rm.md sect;on Erom
a t:ylmder, a cone, or a sphere. _ ‘

"~ SPHERE: . .

C ' RDUND WITI—IH\T
OR H‘«T NOTE FGRM .0050ON T

.005 |

7 The term "ON T " in the note means that two concentric EerlES
e T wlll have a raﬂlug dlfferencé equal to the stated talerani‘e

-4
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; the other. : .-

L Cylmd:;c:lty - the syﬁh‘;)l fc:r :ylmdnc;ty 1&5 "/@/! An
.!exampie of drawmg 111u5tratmn is as fnllgwsi B

Ef—“’GYLmDRI(SAL WITHLN
. QlD ON T

’:Thls means that the e:yl:mdr;cal surfat:e mst be between two

‘concentric (:ylmders, one haw_ﬁg ‘a radlus .010 larger than -

o
£

. Pj:'aflle - Profile toleram:;ng J_nvalves ather a 11:ne or a
’ su;rfat:e.

IWA.!I

-Using the part shawn for exanmle, e1ther the entire surface

between "'A" and "B'" can be toleranced, or a line between "A"
- and’'"B" formed by a parallel section thr@ugh the part can be
: tﬂlerau:eci : 7 T

A prgflle may , consist- of one or more radlus curves, stra;ght
‘'"lines, angles, and irregular curves. "Ihereicrre, pﬂ‘nfﬂe

tolerances ccntrﬂl bDﬂ‘l .shape a;mi 51;&

Profile éfmbalg are: "/ \\,,n “for a line

Examples are: S _—

‘ALLARQUN;D o) o-olo

e

BEXTWEENA & Bl/\| .or0

'BETWEEN A& B| | .o1o

%



Angulaﬂty A form of tcle*::a:mg that requires, a d.atufﬂ '
plane or axis to be z:;,ecif‘;ci from whlch the angle ‘is. measured

'Ihe symbol for- angulaﬂfv is "Z". In the example .

- ANGULAR TOL. . |
.012 TOTAL | _
- BURFACE A" _

This- mgularlty tolerance cass that ‘“.he angular surface must :
be between two parallel plamsic), ,912 ap:‘rt and angled at 5 Coe
degrees te datmn SuI‘fEEé A. _ , ‘ T

Parallelism - The condition i ‘which a;Ll parts of a ﬁsﬂe‘ar
surface are the same'distance from a datum axis or plane. It
is controlled by the assign <& of a tolerance within which
the distance from the datu sy be. dlhxrﬁéd to vary. =

The 5}’Tﬂbc11 for Parallells ;s it oor "/ /“

An example drawing is: .

o - The axanple draw;ng Spét;‘lflés that all p@mts on the upper
. .surface must be between two, planes that are DDZ apart and
are parallel to surfa«:e A" . A

; . Pérpendlaulamty -is always spemﬂed in‘-relation ta
P datum. It is .the condition in which a surface, line, or axis
’ is at right angles (90 degrees) to the feferénce feature
=-The symbc:l of perpendlgdar;ty is "ﬁ " B V . ' (\;"
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l : . B - .
Ex'ampl% 1 and 2 of perpend;culanty ;llustratmn are:

=1 -PERP. TO SUR'F,"A.
—thA]:002]  OR yirum . 002 TOTAL

I A S

Example 1 means that all points on the cnnti‘alled surface - \
must be between two planes, .002 apart, that are perpendr o \
cular to [surface A, _ L ' '
Exan‘qale 2 111ust1,ates perpend;cular t@lerancmg of the axis
. of a.holet in relation to a surface. This means that the axis
- . of the h@le st be located within a cylindrical zone, .005
T | & d;ametérg that is perpenaicular to surface A..

Y s’ &

Rmmut - A tglerance that ccnt‘mls the relatmﬂsh;p of two c.:r
, more features, ‘that have. a- cammn axis.- The syrnbol for R
\ Imc:ut 13, " f " : o

"\ The runout tclemca notation on a bluepr:mt will’ identify. A
.. the datum axis: about which additional features are con- _ ' B
trolled. An exa:r@le .,Q 111151;1‘31:& this is: S CTh

-7 S % Lﬁ /ﬁ When rngu,gteﬂ on Datums
' 7 S | - : ..\B and C Designated

k ' J Surfaces must be within
' " Total Runout (FIR)
Specified by “A.’

-

A. 002 ~— 1 —A, 001"
The initials "FIR" are usually used when specifying a rumout
tolerance in note form. It means.''full indicator re’ading!"
When "TIR" is used, it means "total indicator reading." If
symbols are used in lieu of the note in the exar@le above it
w0u1d appear as follgws




. 001 :

%

R The .rim smol is the léast descrllstlve cf its func.tmn, L
Co although it does suggest the contact point of an indicator
: ~ gauge, the ‘type of equlpmnt used to. measure runout. :

R STUDENT ACTIVITIES _ S : : E R
1. Obtain a blueprmt from a t;@mpany or lot:al z:cmrclal
"~ manufacturing firm that produces metal products..
Identify the various form tolerances and mark them.
- Check: your. results with the 1§SS§D on form taleram:mg
in the resource guide. : : .

. . _ 2., Pract;ce the dlfferent SyTI‘IbDl of foim teleram:es cn
ST o : sketches of an Dbjéi:t in ,your hGlTE. ,

3. Enroll in a blueprmt readmg or a nechanlcal drawing
. course to get practice in us;ng the dlfferent form -
tclera:u:e methcds

4, Visit. the metal shop in your high schogl anci ask the"
_teacher to illustrate the varicus methods of forms on
“items in the shop. Perhaps you may enroll in a class.to
prac;t.lce making the d;fferént forms

SURFACE

. Surface roughness plays an Elpﬂf’tant pa:ﬁ: in ‘any asserrﬂzly
vhere friction and sliding ability are involved. The surface
~ finish or texture Qf a part may be specified on the blueprint far
any one of a number of reasons.. Close tolerance components . -
~require close control of surface finish; surfaces subject to
fI'thlDII alsa TEqulre spec:;.al attentmﬂ_ Even appearance 15

" the texture is spemfled

1. Surfaaa roughness - is surfaéé i:i‘égulalfities’ in a con-
' sistent pattern produced by machining or,processing.




. CoT G S
Departures from the ideal smooth surface are:

‘Roughness - finely spare& surface irregularities in a-
consistent pattern produced by machining or processing.

Waviness - an irregular surface cordition of greater .
spacing than roughness. ) s
Flaws - irregularities that do not appear in a consis-
tent pattern. ‘ ' - S <
Lay - a predgmiﬁant‘dirertisn'af»surfére pattern.

2. The féll@wing sketch is presented to illustrate the ;
departures from the ideal smooth surface:

i

- LAY DIRECTION" -

'RciUGrmEssL— e 7_ C 4 Y WAVINESS ..
HEIGHT f =TT “FHEIGHT

ROUGHNESS
WIDTH
~ Some examples of surface texture produced by various
production processes and macliines are as follows in
exaggerated form: . . .

LathéAmérhiﬁing - produces a
crystalline surface that has
~ peaks and deep valleys.

Grinding - reduresilarge 7
~ peaks. but produces smaller
ones. o " 7




Honing - produces f;ne
scratches.

Lapping - leaves minute
scratches finer than
honing.

-

ﬂiéﬁg _

© Gauge block - surfaces
have very shallow scratcheing;/isffggfisgf/f*i;ff;s* Sﬁf;ff Sff

Buffing - produces heat to bring -about 'plastic flaw" and
aids reflectivity but reduces quallty of surface flatness.

Iéxture is used to reduce leCtan and reduﬁe wear for the
follow1ng Teasons: ,

A surface tcc rough causes excessive wear.

A surface too smmoth is a poor compliment in mgtral@gy.

NOTE: A buffed or polished surface may have good reflective
qualities but does not have a good surface finish. -

3. Surface texture (finish) symbols are listed and 111us=
trated below:

Shown on drawings td:ih&itaté a éﬁrfécé;f@ be :
\/ blueprlnt flnlsh ‘block.

: Rnughness Height Ratlng - The surface roughness

63 height, expressed by a numerical rating, placed
adjacent to, and at the left of the long leg as
shown. The 5pec1fizatlan of one number indicates
the maximum permissable sustained roughness beight
rating. Any lesser rating is acceptable. '

- 47 - 4
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roughness height ratings shall indicate permissable
range. .The maximum rating shall be placed abgve

. g% \/ Maximum and Minimum Ratings Maximum and minimum
‘the minimum as shown.

. 002 Waviness Height - The waviness height value, in
' ~— 6 - inches, is placed above extension line as shown.
Lo : $3 The value indicates maximum allawable waviness
: : . height,
Other symbols for lay 3%;'3: .
: 5 ;
J L - lay is perpendicular.
7 - lay is parallel.
- Lay is angular in both directions.
- Lay is multidirectional

- Lay is circular.

Lay is approximately razldiai:

'NOTE: One fmal point regarding surface symbols . is vhen only
roughness height is specified, the symbol is Jften abbre-
v;ated to a simple chéc:k matrL such as 32 o ‘

Th.lS Slr@llfléd symbol means that there is no. requ;rement to
limit waviness. It will be necessary, however, to determine
lay either visually or by some. .experimental means, and to
establish a roughness width cutoff value to set on the
measuring Equ_ipment usually the standard value. (.030).

In most cases, when all surfaces of a part ha’\re the same
surface rﬂughness and waviness requirements, the finish
symbol appears only in. the finish block-of the bluepr:mt In
cases of varying surface' roughness and waviness, the most
predominant \surface requirement appéars in the fmlsh block

. of the blueprint Incases of varying surface roughness and . -

- waviness, the most predominant surface requirement appears in
the fmlsh block.of the blueprint with the exceptions being -
shown by placing the finish symbol on the exception surface
or by placing the finish symbol on an extenslcm line fmm the

- surface to which it applles




A typical dra‘ﬂng 111ustfetmn depicting dravmg eynﬂ:ele for
surface texture is as follows:

———WAVINESS HEIGHT

ROUGHNESS E

HEIGHT — | 005--

RDUGHNESS W
(MICRO- ECHES) IDTH

B

DIRECTION OF LAY .

4, Surface finish is specified by the Arlthmetlcel Ave'fage
~ (AA) which designates the distance between the mean line
-and the crest or peek.e as. 111u5trated belcw .

— e —— e ——__ — __lé _— CREST (PEAF;)

MEAN LINE

Surface finish is measured in mcmmc:hes CMLI] and is
expreseed as 0.000001 inch or 1 x 10 - 6th power. :

Precautions: Before deternmung surface texture measuring
methods, the texture parameters or needs must be con-
eldered These are:

The everege range of departures” from the average of
the high and low points of the -surface. o

The height of .the most protrud;mg element (peaks)
of the surface and the frequency of oceurrenc:e

14 _ The mterreletlens between the waves ; and the rough-
. ness departures from the theoretical surface :

The pettetn of the surface end its erlentetlen.

The cross-sectional form of the repetltlve form
irregularities.

The preeenee of random discontinuities.

(W11
[o'9)




Some Commﬁﬁ;MEasuremeﬁt Methods:

A

Tactual Surfaee Texture Scales (Slght and feel) -

'This is evaluating roughness
- by using a gcale w1th Samples of ccmparable pattern.

; by sight or fingertip

v

Electr@—Mechan;cal Stylus - A.needletype ‘instrument
(Stylus) is moved along the. selected surface

element.

The stylus is comnected with a pickup

which is maintained in a controlled level, yet
retmits the stylus to follow the surface ccntauri
Méghanlcal deflecticﬁs are gonverted to electranlc

meter ar chart.

Types areb

Pickup head with’ skid or shce for average raughness
: 1nd1cat1@n5; :

Pickup head w1th suppo:t roll to 1ndlcate average

"dev;atlans from envelop surfssei

Skidless pickup head extraneously supparted fbr
average indications in restricted areas. ..

Datum supperted pickup head fcr réCQrded 1nd1ca—’

I

tions of the entire surface texture.

'Dptlcal Systems - Dpt;cal cgmparatﬁrs are uséd to
visually determine roughness on an enlarged scaled
- screen.

' To summarize the methods of surfaée texture measurement the
fcliaW1ﬂg table 15 presented fcr clarity:

O

ERIC

Aruitoxt provided by Eic:

_ METHOD ___

EQUIPMENT USED__ |

C¥isual or tactile
:ﬁmparhaﬁ

. S;aglnieﬁ blocks or gages.

By ay= Varr,!;l (Eﬁuéh]i

Visual with a

micrascops.

Mizeoscope with twa

atagas.

Visasi,

Surlacs tracing.

Stylus measuring instru=
meat with nvgraglng
amplifisr. -

Most widaly used mathod

Suriacs praﬁla :rnE-
itig with recording.

Ffﬁﬂh tr;;lﬁg Instrurmant
with amplifier,

Givan mnru‘d;uxl than &
slngle AvEFaga.

vxram{g under
ragalficatian.

Regular light microacops.

thra atylus ia na!
prazileal.

nghé snctisning.

| Light saction mlcroscops:

Whare siyius Is not
prastical. :

Interfsromatiric
maAsursmants,

Rafiacted light lnter-
farspes mlErulEﬂp&

Whers sad when gﬁu!g-s
mant i svailabls,

Eleciron
MICIORERRY.

Elnctrqn mlEﬂ:lEBp!

faf mim;_;u: datail,




STUDENT ACTIVITIES

1.

Answer the fbliéwing:ﬁuesﬁionsﬁ

What occurs when a surface is toe rnugh? Too

(@)
smooth?
ij‘ What is the wnit of measufe for surface texture?
(c) What is the actusl méasuremehz method?

Review a textbggk on. dlfferent flnlshes avallable in .the

- school library. s

ViSit the ‘metal shap in your school or. pgrhaps enroll in .

“a course that is ayailable to get firsthand 51ght and

feel of dlfferenngatal flnlshes.

Ask the metal shop teacher to demﬁnstrate the différent

 types of finishes obtained by lathe’ work, grinding,
: hcnlng, buffing. . ‘ L

T

Perhaps the metal shop is suppliéd with>surface texture
feeler gages. ' If one is-available practice chécklng
finishes by using the’ gage and camparlng a machined
part. . .

Visit a 10231 machlne shap where finlshed metals require
surface finish control. Ask for demonstrations of the
different equipment that is used to measure surface
roughness.

.. As a practical exercise, after studying the surface

finish lesson, try to complete the fﬁllow1ng table and
supply the missing values:

WAviﬁfsgé’am -
 WIDTH WIDTH CUTOFF
VIE JToFF

WA\"TNESS

| HEIGHT

Ly 40 [ .o1e A !

H) 256‘/‘:’53? =

'VSTUDENT NOTE:  See the next page far answers after you have

exhausted your efforts.

51 -
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ANSWERS TO ACTIVITY EXERCISE #7.

ROUGHNESS

ROUNDNESS | WAVINESS | WAVINESS WIDTH .
- __HEIGHT HEIGHT | . WIDTH CUTOFF LAY |
.0005-.50/ Millionths : : : "
.010 . | . 0005 . 50° 010 Parallel
' 40 ’
80 003} 80 Min. ~ Not |

b) 160 [ - .003 . Specified . 030 |Perpen-

1 160 Max : (Understood) Mdicular
25 . 002 1 . 100 Perpen-|

dicular-

| . Not’ ,
250 . 005 . Specified 030 “|Circulan
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+" SCALED.INSTRUMENTS AND AQEESSDRIES (

The hand measurlng devices used in machined parts inspection
include both precision and nonprecision instruments. Precision
" instTuments mean measuring devices that have the accuracy and
sensitivity to measure dimensions to thousandths and tenths.of
_thousandths of an inch and hundredths and thousandths of a milli-
metér. Nonprecision instruments mean devices in which the accu-
racy of measurement largely depends on the .ability to 11ne up and

- read the gladuatlans éf a scale.
SCALE VS RULE

A'scale is a measurlng dev1ce which is graduatéd for the
purpose of increasing or decreasing the size of an object on &
drawing. It is also used as a descriptive term such as ''the ruler
has a scale of..." or "that vernier scale,..' - _
"A rule is a measuring device which is graduated in full - -
scale, whatever that particular scale may be. The illustrations

shown below are -good examples of the basic dlfié:&ﬁces between ‘the
scale and the Tule. A

:
i
\
b
[V
L
o~

'THE STEEL RULE

One of the'simplest and most widely used hand measuring
devices is the line-graduated steel rule - sometimes erroneously .
called a scale. . Basically, the steel rule is a narrow strip of
steel with one or more scales graduated in fractional or decimal
inches, or centimeters. It is read by direct comparison of the

: graduatlans with an edge or surface. As will be seen later, there
are many types and sizes of steel rules. Lengths vary from a
fraction of an inch to several feet. Some have a fixed or. slidlng
hook on one end to facilitate alignment of the Startlng point of

62
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the rule with an edge.” The short rules usually include a removable

clamping shaft or lHolder to facilitate handling. Some steel rules
have fractional inch scales on one side and decimal or metric
scales on the other. Likewise, some have conversion charts
engraved on the reverse side. The most pgpular rule - possibly
because it's easily carried in a packet - is the standard 51x=1nch
machinist's steel Tule.

‘Some typical examples of steel rules are. shown:

TITTT T

IINDS

v |eATHS -

wlebi b ; — — ! _ I
STANDARD MACHINIETS' RULE

7!;}715 |71,; i - 7 - — 7-* —— j

~ HARROW m’j;s’

SLmE’iG HOOK

g‘a - Il'lllll[lll l‘lllll Illll‘lll[‘l[Tr[‘[ll‘l‘
[T@ | i J i

m
HOOK RULE

* FILLET RULE - T i .

METRIC RULE

_ Whlle can51der1ng the different steel rules it should be
remembered that fractional inch scales found on steel rules are
usually graduated in 8ths, 16ths, 32nds, and 64ths of an inch.
Decimal inch scales are avallable in- 10th5 and either 50ths or
100ths of an inch. The metric scales are divided 1ntD centi-
meters, mllllmeters and half millimeters. :

SELECTING A STEEL RULE

mgasurpwent flrst select a rule W1th scales that agree W1th the
‘part -or obgect to be measured. - That is, use fractional inch

" scales in measuring fractional inch parts, ‘lecimal inch scales for
decimal parts, and metric scales for met, parts.

481z|zoz428| .
|32NDS 16 1 _ : i
64THS 32

16 24 | 40 48 5[61 |

1 %l N T I A
: FIiAC:TICHlAI;IIJCEi
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i1 -

SR NN T T

IDTHSE’ 1
nil,di Ll il e e
DECIMAL INCH ’ -
1 2 3 : .
v T o

METRIC

Of the three rules jllustrated above, as an example, deter-'
mine which rule would be used to measure a dimen51en Df 44/54 :

‘m=;*‘>;=—:xgug1:hés"*Z*f'"

It shculd be obvious that the rule containing the £ractiﬂna1
inch scales is- the correct choice since the d;mens;gn giveri is in -
fractional inches.

It should also be realized that in selecting a rule, no steel
rule - or any other line-graduated measuring device for that
matter --is capable of controlling the accuracy of measurement to -
a degree finer than that of the finest graduation.on 1tS scale.
Thls is called "ﬂngIlmlﬂatléﬂ;"

: =T TT T T 17T ] T

17“74{“ P I‘LIE T ‘

16 THS 8 ' 1

32NDS 44

NP |.|.U|;‘J.|Li:|%%l IR I‘I, — — S— S S

If, for example, the finest graduat;an on the rule. is. 1/32
inch, the dimension to be nieasured must be in terms of umits not
Smaller than 32nds of an inch. A dimension in 64ths would fall
between graduations and would have to be-made or an interpolation .
made -to-.get the actual dimension....For.reliable readings,-scale.-.. ...
discrimination must be such that guessing or 1nterpalat1@n is held
;o a minimum. :

" Which of the fbllDWlng scales prcv;des the flner dlSﬂrl-

mination? ,
TT T T T I T 1] |  — = —
AL 2
10THS spE el
SDTHS 1
50 l | 56 7 89 I
u_luu u_n biiy s nnluul iy nluuhuLh.ux I - — — —

o DECIMAL INCHES, _
YDu should realize that the 50ths C 02 inch) scale w@uld

- provide the finer dlgcrlmlnatlnn_

- 55 - .
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b
The next consideration 15 to select the appropriate type or
size of steel rule. If the dimension lies in a recess or cramped
area where space does not allow the use of regular size rules, a
shart rule n‘rust be used If the mgasurement mvolves a flllet a

the depth Qf a narrow slat. Steel rules oT excessive 1engt}1 alsg
can be a factor in that they become unwieldly in measuring small
objects and short distances, makmg it difficult to obtain a
reliable measurement. - : ,

In other words, select the rule that will best do the job.
The primary considerations in selecting a steel rule are the
physical characteristics and the size or dimensions of the object

_to be rrgasured. Ccnvenience and adaptabillty are secondary
IEASURING WITH A STEEL RULE i |

| _
All lmear measurements and that’ includes measurmg with a
~ steel rule, are basically point-to- ,polnt measurements involving a
- "reference. pomt" and a "measured point.'" The "points" in turn
may be true points, a pair of lines or édge-‘a, two sides, or two
planes. Ty : '

'(\! 7 ——————— —— e \ g
+’ . LINE OF MEASUREMENT .
REFERENCE ! T MEASURED

POINT : ’ : POINT

In measming with a steel rule, the rule is generélly‘ héld or

mént with the start.mg pc)mt of the ru;l.e al;gned w1th the refer-
\ence point. The measured point is then read dlrectly from the

g:ale

“\@h@uld’the measured point not coincide with a rule gradua-
tion, “the rule is turned to a successively finer scale until the
measured point does coincide with a graduation, or until the
required discrimination or thé finest scale is reached.

T ———



: , In measuring with a steel rule, it is the measured point that
- is read to the nearest graduation. -

SCURCES OF ERROR

Now that we have an idea of how steel rules are used, look at
some possible sources of error in using a steel rule and how they
can be avoided. Shown below are some examples of what might be
encountered in aligning a steel rule with a reference point.

Both rule and part are
rounded making align-
ment very difficult

Rule has sharp corner
but part is rounded-

Surfaces making up refer- | ; |
ence point are not square QRN

As probably noted, using the end of a rule to establish the
starting point is to invite error. Not only may the corners of
the Tule be worn or rounded - a fact easily confirmed by exami-

nation under a magnifying glass - the edge or surface of the. part
coinciding with the reference point may not be sharp or square.
A much more reliable method is to butt the part and rule against a
butt plate, knee or similar flat surface. Another is to use a
hook rule or hook attachment to establish a firm reference. point,
or use a scale graduation and ignore the end of the rule
altogether. R '

66




~of 51ght is perpendicular to the line of measurement.

Therefbre to get any degree of accuracy in perfbrnﬁng
measurement, the steel rule must be properly aligned with the
reference Pﬁlﬂt and the measurements should always be read to the
center of graduations. : -

A significant fagt@r to remember when reading a rule oOr scale
is the degree a wnit of lsagth is subdivided. This is called
discrimination. It is also the finest division that can be read
reliably. -

~ Another form of observational error that must be known is
"parallax error'...the apparent shifting of a measurement. when
viewed from different directions. Parallax occurs when the

_»_graduations_of a rule. are_ not. positioned. dlrectly on._ the line cf e

H?EEEUI‘ETDETI’C

To ava;d parallax the head must be p551t1@ned so that llne

A

TRANSPARENT SCALE

__ 1 1 ) I 1 -
THE GREATER THE SPACE,\l/ THE GREATER THE ERROR

. AL
f : ' MEASUR ED PGETT

‘LINE OF MEASUREMENT"

‘Avoiding manlpulétive or manual error is also important.
This is the error that generally results from using too little or
too.much force and bending or cocking the rule. It is.the error

that results from improper handling of the part and rule. The

-name-of-the.. gane is to let the rule do the worx. -



v
i
H

THE RULE SHOULD BE PCSITIONED ON THE LINE OF MEAS
LIGHTLY BUT FIRMLY.

DO Vo | DON'T

R ‘J
APPLY LIGHT FORCE IN
DIRECTION OF ARROWS

. USE AN AUXILIARY SUPPORT COCK RULE
. WHEN NEGESSARY - ; |

Visual bias is another source of error and is cauSed by
unconscious influencing a measurement. ' An example is when mea-
suring the diameter of a hole, the blueprint calls for 2 1/4
.inches. The rule is positioned over the hole and moved back and
- forth slightly, using the reference point as the pivot until the
longest dimension, the measured point, can be read at the opposite

side of the hole.
It is obviously easier to read 2 1/4 inches than 2'15/64 or 2
17/64, particularly when 2 1/4 inches is the dimension we want.
So unless some conscious effort is made .we tend to read the easier
dimension. - Add to this the fact thatv part and rule dre subject to

slip when moving the eye from the referencé point to the measured -

point, particularly when both the part and rule are held by hand,
and we have still another source of pessible error.

It is well to remember that repetition is the test of ‘an

accurate measurement. If a part is .measured several times in the

same locdtion and different readings are made, then the measure-
ments are not being taken accurately. : '

~Lack of repetition is a reliable indicator that something is
wrong. Either the.procedures are at fault or the measuring device
itself is defective. A frequent source of error is a _bent, loose,
or worn rule hook. o ’
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S In summary, there are,several sources of error when using a
et rule-gr-scale__:Thérmastrcommﬂn»were—reviewedff,r-student aware--..
- ness. They are: : ' : ’ -

Improper Alignment . - Parallax _ o
.Discrimination = | ‘. Manipulative or Manual -
’ . -Visual Bias . :

.

ACCESSORIES AND USES

“There are’ a number_of-accessories other than-the-hook attach-

" nerit’ that are Used with Tules. Sore of these are listed with 7=
their use in applications: ' -

~ Key seat clamps - for aligning a rule with the dxis of &
- cylinder. o : S : .

Parallel clamps - for clamping two or more rules together.
Right angle clamps’ - for clamging two or more rulesftdgether!'

Square heads - for measuring and scribing lines normal to a
straight edge. ‘ :

Center heads - for measuring and scribing lines through the
=cen%er of a circular surface. o '

Protractor heads - for measuring angles.

- Combination Séuare - consists of a steel rule or blade with a
_sliding square head and scriber. B . ’

e - ‘onmEinatian set - the same as the combination square but has
included a center head and.a protractor head.

_The ¢ombination set i5 probably the most useful of the steel

rule variations. It can be used to check squareness and plumb =s

‘well as measure height and depth. It can be used to lay out 45-
and 90-degreé, angles. - By adding a right angle clamp and another
steel rule, it can often be used to measure an otherwise inacces-

. sible point. Substituting the center head in ‘place of ithe square
head, it can be used to find the center-of a shaft, etc., or to
speed measurement of diameters. Substituting the protractor head”
provides a convenient means for checking angles.

In using zule accessories and attachments, keep in mind that
none\a£§%%em change the basic principles of the steel rule. They
merely add convenience or extend the rule's range of application
to jobs which otherwise coulgd not be performed with rules. They _
make rule measurement easier which in turn generally increases the
reliability of measurements. . . ! '

&
e . : : .3
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‘This popular variation of the steel rule is the simple depth - B
- gauge consisting of 'a T-head or stock, a screw clamp, and a -
- sliding rod or narrow flat rule. The sliding rods may be-plain or = .. ¢
graduated. Some versions of the depth gauge use hooked rules for -
- measuring the depth of through holes. Some have heads which pivot
' with respect to their rules. - _ ' ’ ,

: L - T . )
To use the depth gauge, the -gauge head is held against the

Wﬂfkpiégeﬂ?9_§b§§zi§”EPﬂnéwthashﬂulﬂEIS;Dfmthéw$ECESS-bf"hgléjtﬂ““‘*”f”_‘f*f
“be measured. The sliding rule or rod is pushed into the hole ' :
until it bottoms, and the screw clamp tightened. The gauge is
then withdrawn and the rule's scale read. When plain Tods are .
used, the length of the rod pr@truding.f&am\the head is measured

with a separate mile.

- ' ’ I

THE ' STEEL MEASURING TAPE _ {
. The steel measuring tape is an éxtensién'cf the steel rule .

consisting of a narroi and fairly flexible strip of tempered
steel, marked off in either inches or centimeters, and housed in a
protective case. The tape is extended by pulling on the end of
the tape and fetracted using a small crank/on the side of the
case. The pocket sizes generally include a spring-driven retrac-
tion mechanism which retracts the tape whén a small button is

- pushed. o : o ' . -

| POCKET TAPE. -

-

STEEL MEASURING TAPE

O

. Steel measuring tapes are available in 25, 50, 75, and 100 .
< foot lengths. The pocket tapes come in 6 and 8 foot lengths,

- although other lengths are not uncormon. Graduations are usually
in 8ths of an inch for the standard tapes and in 16ths of an inch

for the pocket tapes.
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The same basic principles of measurement which apply to steel
. rules also apply to steel measuring tapes. Like the steel rule, .

the start of the tape is. carefully aligned with the reference
point. - The tape is stretched along the line of measurement and
the measuréd point is read directly from the tape.. In using steel
measuring tapes, however, particular attention must be paid to

~ supporting the tape and applying the proper tension. The tape

. " must be held substantially flat and not be allowed to sag.

Applied tension should be moderate (10 pounds).

It should also be remembered that steel measuring tapes are.
sensitive to variations in ambient temperatures. This means that
* when measuring with steel tapes, consideration must be given to

contraction and expansion of the tape.
SIMPLE CALIPERS

In using steel rules the position of the measured point or

_edge in relation to scale graduations is judged by sight. Fre-

quently, however, two contact points are necessary to measure a
dimension more accurately or to reach surfaces or features other-

wise inaccessible. This is where calipers come into the picture.

Calipers are instruments that physically duplicate the sepa-
ration between two points. The simpler forms, of which we are - -
concerned with heére, consist of two legs or points which can be
T '”r"”*”adjustedvtsnduplicatefany~dimensi@nfwithinfthgir:range!riTheY :
' require the use of a separate scale to read the measurement.
Below are some examples. . : ) .

' DIVIDER OUTSIDE * - - INSIDE HERMAPHRODITE
o CALIPER CALIPER CALIPER I
| The divider is used to scribe arcs, radii and circles, and to
lay out distances set from a rule. It also can be used to transfer
. .distances’ for measuring with a rule. In transferring a measure-
- ment from a part to the scale on a rule, the customary procedure
is to locate one point on the refevence point, then turn the
adjusting nut so that the other point falls exactly on the measured
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point. . When properly set, there should be no préiéure tending to |
spring the points either in or out. =/ o -

ADJUSTING NUT
(HELD BETWEEN .
THUMB AND
FOREFINGER)

 MEASURED "/ .. |
POINT - £
" ~REFERENCE POINT

. 'The divider is then placed én a rule with one point in one of
the graduations and the scale is read at the other point as—shown
below. ' o —

Inside and outside calipers.perform the same general function
as the divider in.transferring measurements except one is used to
measure inside surfacés and the other measures outside surfaces.

4




."_ 'The caliper is first set to ‘the:opening or feature of the =
-part. The séparationis then transferred to a rule and read. In
~ reading the inside caliper, the rule and one leg of ‘the caliper

' are generally butted against a flat surface to provide a stable
reference point (below right). : e

sitioned in

In reading the outside caliper, one leg is po

contact.with the end of the rule (above left).

Two ij:@artant factors in taking measurements with inside and
outside calipers are caliper alignment and the gauging pressure or
force used. In taking measurements, one leg or point should be -

set as the reference point and the caliper then rocked and adjusted

until correct measurement is obtained.

T The correct measurement is obtained by the ''feel" of the

. force exerted on the part as the caliper moves over center. Since oy
. only a slight force is necessary to spring the caliper legs, the @ =~
~ lighter the ''feel" is kept the more reliable the measurement.’

SLIDE CALIPERS

 The slide caliper is actually another variation of the steel
rule with one fixéd jaw and one sliding jaw to permit direct
~ reading of measurements. - It comes_in a number of sizes with
fractional inch, decimal inch, or metric scales. It comes
equipped with a slide lock for locking the jaws in any desired
position. It includes a "nib'"' on the tip of each jaw to permit
the taking of inside measurements. , — — —
A : Lo lalg

OUTSIDE
' MEASUREMENT

— - INSIDE :
A T li i T | I MEASUREMENT
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‘When the jaws are brought in contact with surfaces beilng .
measured, the distance between them may be read from the scale.

An advantage musmga slide caliper over the steel ule is -
that the slide caliper provides positive contact between'instru-
ment and the reference and measured points. :

i
i

BEAM TRAMMELS - |
The beam trammel is simply a divider with extended'rmgég It
consists of a rod or beam to which trams may be clamped. The
- trams in turn carry chucks for inserting divider points, or .
caliper points. Its use is confined chiefly to measurements

beyond the range of dividers and calipers. ’

_ Below you will notice one of the trams is equipped with an
~adjusting screw to provide fine adjustments. :

—3 _ ADJUSTING
SCREW

o * BEAM TRAMMEL AND ATTACHMENTS
A sumary of what has been presented in this chapter is as
-follows: . o ’ , : ~

1. A "sczale"iis a graduated surface for decreasing or
~ increasing a unit of length. ' '

The "'rule'’ is a direct measuring device graduated in
fractional inch,
3

L8]
L .

actual units in length. It may carr
decimal inch, or metric scales.

The scales used should agree with ithe dimensioning of
the part or object to be measured. That is, use frac-
‘tional inch scales for franctional inch parts, decimal
inch scales for decimal inch parts, and metric scales
e foTemetric-partsy -/ - e T T T

CA

4. 'Reference point" is the term used to identify the start
of a measurement.
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11.

12!

13.
=mea.su1’€ment

14.

15,1
best do the ]Gb U -

léi

17.

10,
.~ for accuracy.

19.

i

"Measured point" i&entifies the end of a meaSureﬁént.

l 'Ihe "line of measurement" is a stra;ght 1;:1% drawn

between and and intersecting the reference pajnt and
measured pomt. : _ .

“D;Lss:rmatmn refers to the degree a sc:ale subdivides

" a unit of length. It is also the finest dlvislon that

can be read reliably. _
Rules are read to the center of graduations.

The measured tsaint is read to the“nearest éfadﬁatian-

- To use the end of a rule to align rule w1th reference

point is to mv1te error.

"Parallax error" is the apparent Shlft].ﬂg of a measure?
ment when newed from dlfférent dlrect;cns. —

K4

Manlplﬂative or manual ermr" ‘is the error that results’

' from using too little or too much force and ngt pﬂsr

tmnmg the rule prcrpérly

"’V;sual bias'" is the meansr;mus mfluem:mg of a

'1113 same basic prmc;ples of measurement wiuch apply to
steel rules apply to all the sc:aled instruments and
thElT accessanes. :

Ax:c;essorlés and attac]ments add errors. " Use Ashéuld be

confined to measurements in which the added convenience,
_or their application,’ increases the reliability of a

measurement more than they decrease it , ,

Evezv transfer of measurement adds steps a;ﬂd added steps

add errors...a factor that should be considered in usmg :
transfer 1n5tnments such as ﬂ‘lé caliper. :

Transfer instruments depend on the ""feel" of . the user

In using steel measurmg tapes, one should alsa cnnslder
the effects of changes in ambient- terr@erature on measure-
ments. : e
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- 20. It is good practice tc: repeat neasurements until satis-
\ - fied as to their accuracy...write down measurements
o ’rather than trust them to rremory.. -use rrechajucal

ensure bath paﬁ: and the measuring dEViCE are - clea;n
“before taking measurement.’

STUDENT ACT IVI TIES

1. Review and ensure persc»nal kn@wledge cf the various
rules and gauges. '
- 2. 'Obtam a steel sc:ale, measurmg tape.and accessories
from the home workshop, or school metal shop and prac-
.-tice measuring various items. Awareness should be made
- of the types of errors described in the resource guide.
‘“Attempt to duplicate parallax, dlscrlnunatlon n‘sasured :
palnt and’ ﬁEnlpLQatlve €rrors. ‘

. Using a 10 foot rule, measure the height of students in
your class. Make a comparison. of these measurements
w1th the metric conversmns

"

4. Using a 2 foot rule measure pre-cut stock The 1ength
-of stock should be cut to various lengths and include
fractmns which correspcmd to graduatloﬁs of the rule.

o 5 Using a 6' ivood rule or metal tape, measure:- a classraom.
~ ., . Then use a 50 or 100 foct neasurmg tape and compare the
results ' : . :

6. With a steel rule measure variaﬁsslengﬂ‘ls of matal stock
in the metal shop. Measure in various _fraction accuracy,
vsuc:h as 1/8", 1/16" 1/32", and 1/64", ,

7. VI!_Slt the metal shop and ask' the teacher to shaw you the |
various types of steel rules, accessories, and calipers. .
" Perhaps the tea::her will demgnstrate the. uses. for ygu

VZERNIER INSIRLHVE-ZN'I‘S
\ Vern;er hand measuring devices are very essential to thé
- '+ entry level industrial manufacturing employee. Therefore, an in-

depth review is made to fEmlllaI‘lZE the. student Wlth the’ basic
requ;rements : :

L/




~ The vernier caliper is essentially a slide caliper that " \.\
~ incorporates a vernier scale and a fine adjustment. : — '

" 'DIVIDER ~~ CLAMPING | |
R , e :P@E\ITSW .. __;SGREWS_“ [ _7 DU R ——
: e S -~ BEAM -

Di AR £ ii H :';‘i LR L} ié.': LHFR YR gs'i Frs | e iiiii!'i ag/i ks i; ;i ji -:;;7 i “.;155;‘“:'-&;‘5;15;&7
. 2 .- | 4 13 . L

]
IRELE R AR EER AL N '_lirg!iriir!!'irdjiirilrli‘: SIRIREEEREN 1R I B E[‘f:d'ak'i“

Al ’ T — -

VERNIER
SCALE

| MAIN SCALE
: FINE ,~ -
L Df**':‘ “MENT.
FIXED™ i,ﬁ ;;TS_'I‘, ,,EN:I‘
JAW _ .

. NIBS FOR INSIDE
MEASUREMENT

: The typical instrument'consists.of an L-shaped frame or beam, -
the end of which forms the fixed jaw, and a siiding jaw assembly -
- made up of two sections.joined by a screw and adjustment nut. The
vernier scale’attaches to the sliding jaw and moves parallel to a
 main scalé engraved on the caliper beam. Design is such that
“readings are made from orie scale to the other with minimum parallax
error. . Two center points are usuallyprovided on the side of the
instrument for setting dividers to close dimensions. . The-'nibs"
for inside measurement are ground to a radius to permit single-
point contact with small holes and bores. A variation of the’
~ vernier caliper uses knife-edged jaws for gauging surfaces..

_ "The vernier and main scales on one side of the instrument -
generally read outside measurements while the scales on the
opposite side.read inside measurements. Sometimes both the inside
and outside scales are found on the same side of the.instrument, '
one above the other. o L ,
READING VERNIER SCALES

First consider the standard 25-division vernier. The main
scale itself is praduated in full inches. Each inch is divided

into ten parts and each of the tenths is again subdivided into
‘quarters. .
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2.000

2

i ¥ uT\?uliE!ln\?.u\Lll\ ||:~ I |*| | I,l: R 7 )

““CALIPER BEAM

(The Scéle is read by adding the inches, tenths and quarters
- together.) B L : :

1

1 1.2 3.4 5 6 7 89 2
l'nJi(i'nn'

\ I ,l l _I I-,J,, ,,I,,l ,liu‘lul
- - S ,., e I i

Lt N
The reading of the above scale is therefore 1.775. | o

The vernier scale contains 25 divisions in the same length
that the main scale has 24.  Each vernier division is 1/25th
_smaller than its main scale counterpart. Since each main scale
division equals 1/40th of an inch (.025 inch), this means each
vernier division equals 1/25th of 1/40th of an inch or 1/1000th of
an inch (.001 inch). : ' ;

A iy o e ‘
There are also metric vernier calipers. - L

22.10 MILIZMETERS —~ | |  METRIC VERNIER PLATE

Q ~. 02mm EXTERNAL




[ .
- 'Using the vernier "0" line as the index, the above metric -
.+ scale reads 20 + 2 beam graduations, or 22'millimeters, plus the
' vernier reading of the line which coincides with beam line. In:
. the example, that line is "5". Thus 22 millimeters (the bedam -
' . scale reading) + 5-X .02 (the vernier 'scale reading) equals 22.10
millimeters..,the sum of the beam and vernier scales:

~An example of reading a metric scale is:

[

=N

10 - 20 30 40 50

.02mm EXTERNAL @

4 Vix | - Q .- ' ! | | | - ] i |
AL T Liidi 1L o SEEEWE NI THRAE - — :
Tr T ngu ; I r Il !.ll!ill l-,, R l v -
T T g&: AL o
T™—— 52,00 MAIN.SCALE . (5x 10 + 2)

MEASURING WITH VERNIER CALIPERS

. In taking outside or exterior measurements, the caliper jaws:

- are set slightly larger than the distance to be measured and the ‘

’ ‘ adjustment nut carrier locked to the beam by tightening the appro-
priate clamping screw. The sliding jaw clamping screw is in turn
snugged up but not so tight:as to lock the jaw. ' '

it

CLAMPING SCREWS

i 53 - )
“| ADJUSTMENT NUTY
A{BEHIND THUMB) L
" SLIDING JAW - OUTSIDE .
_ S SLIDING ‘TAW_ MEASUREMENT .
7 The calipef 1is then gripped near or opposite the jaws - one
~ _  hand at the fixed jaw and the other generally supporting the
sliding jaw - and the caliper carefully positioned on the part or
- fegture to be measured. With the fixed jaw held against the
reference point and t}'ie axis of the instrument parallel and in

-/ : J - 70 -~




" plane with the line of measurement, the sliding jaw is moved-using
‘the fine adjustment nut until it just contacts the measured point. -
The sliding jaw is locked by tightening the appropriate clamping
- screw and ‘the "feel" between the caliper and part rechecked. The
student should remember that '"feel' refers to the gauging pressure
or force used if~setting the instrument-to-measure-a-part dimen-. _ -
sion or, feature. : - T

~ Inside or interior -measurements are performed in essentially
- the same mamner except at start of measurement, the jaws are set
slightly smaller than distance to be measured, and the measurement
is read from the scales marked "INSIDE" or "INTERIOR.'"

. In measuring a diameter, the procedure is to hold the fixed.
‘jaw against the reference point and swing the sliding jaw back and
forth past center while turning the fine adjustment nut. .Correct
setting i$ obtained when the sliding jaw just contacts the measured

point as it passes center..

()
I

REFERENCE MEASUREL
 POINT ¢—DIAME TER—S MEASURED

. In meas)uri:ig the vernier calipers, whether it is an outside
measurement, an inside measurement, or the measurement of a dia-
~meter, it is the fixed jaw that is always used as the reference

point. _ ' ' :

SOURCES OF ERROR ' ~ : ~
A basic law of measurement.states,that maximum accuracy is

obtainable only when the axis of thegBistrument lies on'the same

line as the line of measurement. Because caliper jaws are offset

from the axis of the instrument, alignment therefore becomes a

very important ‘consideration when measuring with vernier calipers.

©F
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- In tak:mg measurements, always make sure the caliper beam‘ and the
. plane of the jaws are truly perpendicular to the. surfacesl being
measured Dther important factors are: S ”

1. Never allow the instrimeht to tip, twist or. ber:,ome

canted, In other words, greatest accuracy . is \cfbtamed

when the EJC:LS Df the mstment is held" parall&l and-in- — -

2. Centrallzmg - rgt;k.lng the instrument slightly on the
' reéference point and the sliding jaw adjusted until the
measured point falls on the true diameter. The pro-
cedure is to hold the fixed jaw against the reference
point, move the sliding jaw in a small circle, and at
the same time turn the adj ustment nut until contact is

felt: The sliding jaw is then backed off slightly and._

o the p?mt:ess repeated usmg smaller ami smaller c;rt:les

and measured pointls. . -

3. Another source ¢gf error is the use of excessive gauging
pressure.: Ovey-tightening in fact can not only result
in inaccurate /and unreliable measurements, it could -
burnish the part. ..it could even damage the instrument,
Correct gauging pressure is obtained when contact’

"and caliper jaws can leSt be felt.

between par

4. Lat:k of magn;l_flcatmn c:an also 1ead ta dlscrlmatlon
' erroT. »

5. In abtammg accurate and reliable measurements, it is
ireqmred that both the part and measuring dEVlCE are
clean. 'Surfaces should be wiped free of any dirt, grit,
or oil. Along the same line, you should make certain
there. are no burrs or other obstructions which could .
affect measurement.

6. As in measuring w;th steel rules, it is a good practice
to write down a measurement rather than trust it to
memory. It is good practice to repeat a measurement
until satisfied as to accuracy.

CARE OF VERNIER CGALIPERS
A primary consideration in the care of vernier.calipers is
the condition of the jaws. For example, they may become bent or

sprung. They are also vﬂnerable to wear. Some of the common
wear patterns are: :

Wear from measuring outside dlameters.
Wear from general use.

- 72 -

81

ol



‘Wear from measuring inside diameters.
Sliding jaw-fame wear and warpage.
: 'Ihe callpers could be eas;ly checked for.these wear patterns
by s:lcsmg the calipers tightly and hold.-them up to the light and .
~~—51ghtmg through the crack. -If light can be seen, it means some
. degree of wear exists. When wear does exist and it exceeds .0002 .
inch, the instrument should be returned-to a gauge maker or the
’ :allbratlgn 1aboratary fcr reccmdltmnmg :

Zero settmg - is checked by closing the caliper and- Dbsernng -
if the vernier reads zero. If not, it c:s;j be adjusted by 1Dasen111g
the vernier plate screws and ;’ESPGSItan g the scale. -

. Precautionary Note: The accuracy and reliability of the.
vernier caliper depends on how much care 1t I‘Et:él’\fés. Some very

bas;c hints on mamtenance are: - ‘ 7/
. R AR
Handle the instrument gently e ] ;
Keep free of dirt, and grit. P :

Keep in appr@prlaté box when not in use.
~ Never use. the vernier callpe;f‘as a w:rénc:h
hammer or pry bar. A Y

VERNIER DEPTH GAUGES T L N

L / .
The vernier depth gauge is éssentlallu' a r&l.e dépth gauge e
mc,omcaratmg a vernier sc:ale and fine adjustmént. . ‘ : »
A U FrmNE |
_ ADJUSTMENT
HEAD NUT

MAIN SCALE

\ N ]
VERNIER |
SCALE L

REFLEEENGE POINT —»
/

~ MEASURED
" POINT

To use the mstﬁn’nent the head or base is ge erally =restea
on or against the referenc;e point and the graduated beam adjusted
to contact the measured point. Readmg of the scales jis—identical
to the vernier caliper. ' ,




Like the vernier caliper, the vernier depth gauge is subject
toc a number of manipulative errors. In fact, it is probably
easier to make manipulativé errors with a vernier depth gauge than
any other measuring device. Some of the errors associated with
the use of vernier depth gauges are:

Part features not square or true.
Base lirted from reference point.
Base tilted. :
Manipulative errors.

Therefore, a firm pressure must be maintained in holding the
base against the reference point, while at the same time using a
very light touch to set the graduated beam against the measured _
_._point. N S

UNIVERSAL BEVEL PROTRACTORS

4 The _ufliverszl bevel protractor, also called a bevel pro-

itractor or vernier protractor, is'a precision-angle-measuring™
instrument designed for layout and chackingfbf angles. It con- |
sists of a base and a blade which can be{Tevolved in relation to
each other and set in any desired position. An acute angle '
attachment permits a longer line of contact in measuring small
angles. Below is a typical bevel protractor.

BLADE
BLADE CLAMP

> o fo) “¥<ACUTE ANGLE BLADE

FINE ADJUSTMENT RN\ ) | E/BASE

VERNIER SCALE  —~—__ f/

STUDENT ACTIVITIES

1. Visit the metal shop and ask the teacher to demonstrate

" the-various vernier measuring instruments.; Perhaps you
will be 4ble to practice taking some actual measurements.

2. Review the differences in reading the regular scales and
the metric scales if they are available. ’

83

- 74 -



3. For the student or entry-level emplﬂyee effort should
be made to learn the care and handling of the vernier
measur;ng instruments.

4. The student should remember that there is only one way
- to become proficient in using delicate and precise
measuring instruments, this is with practice. Con-
sidering this, the student should expend all available
time in getting the ''feel" of the instruments.

MICROMETER INSTRUMENTS

Micrometer instruments achieve even greater precision than
the vernier instruments by using a finely threaded screw to

@3 £y -readingss - There-are-many - types  of ‘micrometers.—The-most
commonly used are: . _ / ©

Outside micrometer calipers
, Inside micrometer callpers
. - Micrometer depth gauges

The most general reference to the term micrometer is the
outside micrometer caliper. The basic components of the Qutside’
micrometer-caliper include a frame, anvil, spindle, barrel,' and
thimble. Many have a ratchet stop to help establish the proper
"feel" or torque when making measurements. Many have a clamp ring

i3]
to 1@&:1{,"\‘ measurement. CLAMP
~ RING THIMBLE _
ANVIL SPINDLE | BARREL , SCREW
N[-RATCHET
| sTOP

N
0.127 |\

5

——=" TFRAME

’ Micrometer screw, which is actually a part of the spindle,

- threads through a stationary nut located within the barrel. The
- thimble attaches to the spindle and acts as a dust cover. A
linear scale is provided on the barrel to measure the axial move-
ment of the spindle. A circumferential scale on the thimble

. indicates the amount of partial rotation of the thimble. Some

84

- 75 -




etk ST E e R Bt e & EioToask 4ostvEwoaeEmaTiiiiisis 432

micrometers include a vernier scale on the barrel for measuring in
still finer increments of thimble rotation. Some include a
digital display for faster and easier reading. -The part of the
micrometer that moves back and forth with thimble rotation is the
spindle. The anvil represents the fixed reference point of a
micrometer measurement.

In addition to different types of micrometers, there are
' different sizes. The designated size of a micrometer being its
largest opening - not its range. For example, the 1-inch micro-
«meter has a measurement range of 0 to 1 inch; the 25-millimeter
metrlc micrometer measures from 0 to 25 millimeters. Larger
inch'" sizes are designated 2 inch, 3 inch, 4 inch, 5 inch, while

11m;ted to 1 1nch for lnch mlcrcmeters and 25 mllllmeters for
metric micrometers. This means that a 6-inch micrometer can be
used for measurlng almen51cn5 of 5 to 6 inches only. -

" READING THE "INCH' MICROMETER

Reading a micrometer is simply a matter of ccumtlﬁg the
revolutions of the thimble and adding to this any fraction of a
revolution shown on the thimble scale. The pitch of the "inch''
micrometer screw is usually 40 threads per inch. This means that
each complete turn of the thlmblg moves the Splndle 1/40 or .025 |
inch. The barrel scale is in turn graduated so ‘2t each division %
represents one revolution of the thlmble oT. 025 inch. -

B

&

4— . 100 INCH EACH

LARGE DIVISIONS EQUAL-

SMALL DIVISIONS EQUAL —»||« ; .025 INCH EACH |

From 0 to 1 on the barrel scale are four d1v151on5 so that
11" on the scale represents 4 x .025 or:.100 inch; "2" is equiva- "~
le=t to .200 inch; and. "'3'" to .300 inch.

— THIMBLE SCALE .

BARREL SCALE

80
ot

_metric sizes run 25, 50, 75, and lDD mllllﬁEtEl:-f Regardlgss of



If "3" on the barrel scale is equivalent to .300 inch, "5" on
the scale represents 5 x .025 or .125 inch. The barrel scale
shown below reads .200 + .025 x 3 (the mumber of divisions showing
to the right of 200) or .275 inch + a part of a division.

LARGE DIVISIONS EQUAL® |«.100 INCH EACH
\ SMALL DIVISIONS EQUALS{jet—. 025 INCH EACH

EACH DIVISION EQUALS : 001 INCH

The thinmble scale has 25 divisions, each,division repre-
senting 1/25 x .025 or .001 inch. Using the horizontal line on
the barrel scale as the index, note that the part of a revolution
indicated on the thimble scale above is 19, meaning 19 x .001 or

.019 inch. Adding this value to the whole divisions shaw1ng on
‘the barrel, we have the measured distance. ,

- .275 (reading from barrel scale)
+ ,019 (reading from thimble scale)
.294 (measured distance) /

These are micrometers thatllncluﬂé a vernier scale on the
micrometer barrel for carrying a measurement to four places
(- 0000) . Y |

-THIMBLE SCALE

4 /‘\_/ BARREL SCALE

77 -

.86




7 The vernier scale consists of 11 equally spaced lines.
- first ten are numbered zero through nine, with the eleventh line

The

The vernier is read by matching a -

vernier graduation to a thimble graduation, noting the vernier

number and adding this number as the fourth digit.

Notice that when nnc*rameter teads in whole thousandths, bath”

Shown below

v
60

) (51 — :;;7 Z5
= E‘J — — =
kq = ~ -~ -
m a _
= [a ] - — 0
= ] —

[ .

i > o

THIMBLE

- BARREL

. 2700 INC';H

zeros on the vernier scale match up with thimble lines.

identified as another zero.
are two examples.
. P —
PR ——"s
[ —_ —
S —
R
| H o —=
AN o S =
/ ’]l’illllqﬁllll'li
BARREL |
2698 INCH
- SDURCES OF ERRGR

- —m‘rea(img micrometer scalest

~ Barrel scales are frequently misread an add;tlonal .025

inch.

READING THE '"METRIC' MICROMETER

With metric micrometers,
scale are used.

The thimble is read in the wrong direction.

/
-/

several variations of the barrel

Belnw are ﬁvg) typical Exairqzles

HALF MLLL.IMETE B

FULL MILLIME TERS
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Bach complete turn of the thimble moves the spindle 1/2
millimeter (.5mm). Two turns equal 1 millimeter (lmm). The
thimble scale in turn has 50 divisions dividing the 1/2 millimeter
graduations of the barrel scale into hundredths of a millimeter
(.01 mm). To read the metric micrometer, first count the ffull"
or whole millimeter graduations. Add the next 1/2 millimeter
graduation if visible, plus the thimble reading.

Whole mm Lines Visible on Barrel 3= 3.00mm 7 = 7.00mm

Additional 1/2 mm Visible on Barrel 1 = .50mm = . 0C

Thifnble Reading o - 36 = ,3m 15 = .
.. -Measured Distance ' : 3.86mm . 7.15mm

:

USING THE MICROMETER ! N
- ¥ ) ) ) K \
The basic principles of measurement. with micrcmeters"a;;'e ' [

essentially the same as for the instruments already discussed.

Specifically, measurement with a micrometer involves a reference

point, measured point, and a line of measurement.

REFERENCE — -MEASURED POINT
POINT » l[§ MEASURED DISTANCE

" The most common application of micrometers is the measurement
of length dimensions between two parallel end surfaces on the out-
side of an object or feature. . The micrometer is set to duplicate
the separation between reference point and measured point, with

the axis of the instrument on the line of measurement. -
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The part or object is held in the left hand while the Tight
“hand holds the micrometer so that the thimble can be turned
between the thumb and combined index and third fingers. The
fourth and fifth fingers are used to clamp the frame against the
palm of the hand. A drawback of this method is that in most
instances ‘the fingers are too short to reach the ratchet stop.

- A more reliable method is to use‘a bench stand or equivalent
device to support the micrometer thus leaving the hands free to
concentrate on measurement. The ratchet stop is also accessible.

_ On larger and bulkier work, different methods of holding the

— — . micrometer are-used: -One-hand-is-generally used-to-hold-and-align- ===
the micrometer while the other hand is free to turn the thimble
gither directly or using the ratchet stop.

The micrometer is first set to an opening slightly larger
. than the distance to be measured. This is easily and quickly done
by rolling the thimble along your hand or arm.. Never change the
setting by grasping the micrometer by the thimble and twirling the
frame. To do so only accelerates threadwear. It could also
damage the micrometer should the spindle be jammed into the anvil.

In gauging flat surfaces, the micrometer is placed on the
work and the anvil positioned squarely against the reference
plane. (A feeling of stability usually occurs when the axis of
the micrometer is perpendicular to the reference plane.) :

The spindle is then closed on the measured plane by slowly
turning the ratchet stop until it releases one click. The measure-
ment is read. The purpose of the ratchet stop is to control the
torque applied to the spindle thereby ensuring a more uniform
measuring force. - .

Very small diameters are gauged in much the same mannet as .
flat surfaces. For larger cylindrical parts, however, a d.iferent
method must be used in aligning the micrometer wi:h the line of
measurement. : _ '

In measuring large diameters it is nucessary to ''feel'' the
setting to be sure the spindle is on the diameter. This is
accomplished by rocking the micrometer back and forth over center
while closing the micrometer by small steps. When contact is
felt, the micrometer is then rocked sideways slightly to find the
position of last contact.™ The rocking back and forth and sideways

is repeated until the perpendicular position is found and’the

. spindle just contacts the measured point as it passes over center.
The measurement is then read from the micrometer barrel and
thimble scales. N ' S




In other words, cyllndrical surfaces are moasured by rocking
the micrometer over ce1ter and turning the thimble in very small
increments until the spindle just contacts the diameter. Flat
surfaces are measured by placing the micrometer anvil squarély
against the part and using the ra;chet stop to set measuring
pressure. - _ -

 ~ Another point to keep in mind is that even though many micro-
meters read to .0001 inch, their structural design is not suffi-
ciently rigid for reliable measurement to .0001 inch. Generally
speaking, don't expect to measure with any accuracy to closer than
ODDZ inch.

CARE OF MICROMETERS

1. Dirt not only causes rapld wear but buildup on measurlﬁg
- surfaces can create errors of as much as several thou-
-sandths of an inch. This means that before a micrometer

is used it should be wiped free of oil, dirt, dust, and
~grit. A popular method of cleaning the measuring sur-
faces of jthe 1-inch micrometer caliper is to close the
mJETDmetéT lightly but firmly on a piece of 'soft paper,
'then W1thdraw the paper. The splndle 15 then Dpened a

2. A micrometer may also become gummy and the thimble fail
to turn freely. This requ;rc; disassembly and washing
of the micrometer components in a suitable cleaning
solvent, then relubricating with a light oil and assem-
bling. fhe parts. Just soaking the assembled micrometer
will oniy transfer the dirt to another part of the
micrometer and perhaps make it even more difficult to.
clean. It also washes away needed lubrication. Further- ~
more, the apparent sticking may not be due to gum and -
grit at all but to a damaged thread or a sprung frame or

- bent spindle. In checking the micrometer, the: :plndle
should turn freely with no play at any point in its
travel. Any adjustment or repair should be dgne accor-
ding to the manufacturer's instructions.

3. Pﬁrsplratlan as weil as cutting oils are highly corro--
sive to the finely finished surfaces of a micrometer.
At the end of the work day, the micrometer should be
wiped , ¢lean and 11ght1y oiled before it is returned t
its case. 0iling of micrometer surfaces is highly
essential for protectlon agalnst ‘Tust and corrosion.

4. Never 1eave al- 1nch micrometer with the spindle in
contact with the anvil or leave any micrometer tightened
on its standard. (The finely finished contact surfaces
corrode quite rapidly when left 'wrung' together,

' probably because of electrolytic action.)

- 81 -




-~ Keep micrometer-clean

are:

5. Never use force or cramp the micrometer to make it fit
because 1t can be sprung or bent.

6. Never overtighten a micrometer or use it as a snap
gauge. .

7. Some typical cautions are listed below for additional
student clarity: .

DO DO NOT

Take care in aligning micro Force or cramp micrometer
meter with part _

Use uniform gauging pressure _ Overtighten micrometer

Avoid tendency to make Use micrometer as a snap
micrometer fit gauge

Some other major points for the micrometer user to remember .

errors in mlzrgmeter readlngs The check 1nv01ves
closing the micrometer using the same gauging pressure
that would be used in making measurements, then
observing if micrometer reads zero. Any d;ff?renze,
depending on the direction of error, zhould be added or
substracted from measuremenits or the micrometer reset
atcordlng to the manufacturer's instructions.

" 2. The contact s ‘rfaces of a micrometer should be checked
periodically for parallelism and flatness. This is
readily accomplished using a preclslon ball to "'explore"
the contact surfaces. The ball is simply moved from -
location to location around the contact surfaces and
measurements taken of ball diameter. "Any deviation in
paTallelism appears as a change in reading. =

3. The contact-surfaces of a mlcrometer could alsD be
checked with an optical flat. 'The optical flat has the
advantage of readily and accurately detecting combi -
nations of wear such ds waviness and humps as well as
lack of parallelism appears as a change in readlng

4, Micrometers shauld be checked periodically. to Verlfy
Jtheir accuracy. Calibration usually consists of mea-
surlng .a selected group of precision gauge blogks and

noting any variations from true dlmensions. /5

v1; 9'1
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5. "Standards" are also purchased and/or furnished with
micrometers for checking calibration. For 1- and 2-inch
micrometers, the standard is usually a disec. For larger
micrometers, they are rods. In measuring gauge blocks
and standards, the gauging pressure used should be the
same as that used in measuring.

. /
VARIATIONS OF THE OUTSIDE MICROMETER CALIPER

Some of the more common variations of the outside micrometer
 are iisted for student and user information. They are:

Disc micrometers - for measuring closely spaced sections.

Blade micrometers - for measuring to the bottom of narrow
grooves. -~

Thread micrometers - for measuring pitch diameters.
Round anvil micrometer - for measuring tubing wall thickness.

Micrometer with interchangeable anvils - to cover a wide
range of sizes. :

Bench micrometer - for reliably measuring small parts. (The
stablé position of this micrometer permits a more precise
locating of a workpiece and the heavy base adds to the
rigidity of the instrument.) Bench micrometers also have a
larger diameter spindle and thimble, thus permitting a finer
pitch thread for greater sensitivity and direct reading in
tenths of thousandths of an inch. :

Variations of the outside micrometer caliper are gemerally
according to their anvil configuration. This configuration
generally serves as the means of identification excepting the
bench micrometer.

3

INSIDE MICROMETER CALIPERS

~ The inside micrometer caliper is essentially an outside
micrometer caliper with fixed and movable jaws substituted in
place of the frame and anvils. Available in three sizes, the
smallest dimension that can be measured is .200 inch. The largest
is 2 inches. '

Designed specifically for inside measurement, the ''nibs" or
jaw gauging surfaces are ground to & small radius to ensure single

point contact. Besides using jaws for gauging surfaces, the
inside micrometer is common with the vernier caliper in that both
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have the instrument axis offset from the line of measurement.
Therefore, the same rules regarding rocking and centralizing apply
~to. both 1nstruments.

The inside micrometer has two different scale arrangements.
One has the linear scale located on the spindle, while the other
has the Scale on the barrel In readlng the barrel scale how—

'INSIDE*NICR@&ETEER.T? S

- The inside micrometer generally comes as a set consisting of
a micrometer head, handle, spacing collar, and a number of exten-
sion rods. The rcds are made in dlfferent le~~ths, usually in 1-
inch steps, and are assembled to the head by . 1s of a threaded
connection or chuck. The smaller heads have. . .crew travel of 1/2
inch, and the rods are attached either directly or by using the
1/2- 1nch spacing collar. The handle can be attached to the head
to permit measuring at greater depths. A typical inside micro-
meter set includes the following items:. ‘ '

Handle 3 to 4 inch rod
Micrometer head 4 to 5 inch rod
Spacing collar 5. to 6 inch rod
2 to 3 inc¢h rod 6 to 7 inch rod

The smallest bore which can be measured is genefally 2 1nche5v
while the largest diameter depends on the extension rod used, the
practical limit being about 32 inches. The gauging surfaces or
ccntaﬁts are spherlcal to permit measuring holes, bores, etc., at

, In measuring an inside diameter, the spindle or extension rod
is generally held against the reference point and the instrument
centralized until contact p01nts rest squarely on the reference

- and measured ‘points, with axis of the instrument on line of
measurement. .

Sources of error - in addition to the usual measurement pre-
cautions, there are two other possible sources of error when using
an 1n51de micrometer. They are:

1. Make sure extension rods are properly seated and locked
in their sockets before pezfarmlng measurpment

2. Do not handle the exten51on rods unnecessarlly WSfmlng
from handling too long’can “substantially increase th81r
length and thus produze errors.



STUDENT ACTIVITIES

1. The same activities gertain to the micrometer instru-
ments as with other instruments except that perhaps more
care must be taken when using them.

2. Visit the metal shnp in your schaal and ask the teacher

3. Perhaps you may enroll in a basic mechanical measure-

~ments class—and get first hand knowledge of-theinstru--— -

ment through actual use.

4. For the entry-level manufacturing industry employee, the
basic tools such as the steel rule, vernier caliper, and
one-inch micrometer should be purchased as personal
tools. Once purchased, read all directions carefully
and then practice using the tools on Dbjects in the home
or sh0p

5. Once the basic tccls are fully understgcd thén the use
of the less common micrometers could be learned. |

LIMIT GAUGES

Limit gauges (gages) provide a faat economical way to check
for tolerance limits and makes possible quantity production. Mass
production would be seriously hampered if it was necessary to
measure all parts with adjustable tools. :

Basically limit gauges are made to measure a single dimen-
sion. Some of the most common of these are presented for student/
entry-level employees familiarity:

PLUG GAUGES
These are called go/no-go gauges for the fast 1nspect10n of

holes, inside diameters, and slots. They are available in single '
ended models and are grdlnarlly used in pairs held by hexagonal

handles. Types of plug gauges are: : 7 ns

Single ended go

Single ended go for deep bores
No-go

Go/no-go double ended combination
Progressive go/no-go



Descriptive terms for securing gauging members -to the handie
are: . ‘ :

1. Taperlock - taper shanks fitted into tapered receptable
that are limited to smaller dlameters thrcugh 1.510
inches.

2. Reversib}e - held by color coded 1ccklng nuts, green for
go and red for no-go. (May be withdrawn. frDm handle
when worn and,”eversed to present a fresh gaging sur-

face.) It is restricted to 0.760 inches or less.

3. Trilock - three prongs on the-handle are iQIEEd into
corresponding groves of the gaging members by means of a
SCIEW’pasélng through the center of the plug and threading
into the handle. It is for diameter measurements of
1.510 inches to 8.010 inches.

4. Annular - wheel type Slngle ended unlt w1th remcvable

RING GAUGES ‘

Thesa gauges havé a bore Df ‘known dlmen51anal accuracy with .
”hich cylindrical male' test pieces may be CEmpared Also used for
out51de diameters, thickness, and lengths.

Go-Gauge - represeﬁtssthe'maxlmum tolerance. ' _ :

No-Go Gauge - represents the minimm tolerance. For iden-
tification the no-go is supplied with an annular groove or
ring in the knuried periphery. For rings less than or equal
to 1.510 inches the)gauges are made of solid cylindrical -
stock. For ‘larger sizes, the gauges are flanged.

—1;‘!3

MASTER SETTING DISKS

Widely employed for setting and checking micrometers /adjustsz
able snap gauges and all types of comparators whenever a cylin-
drical test piece is to be compared.

These disks are
part to be checked.

lindrical 1n shape ‘to resemble the

Have insulating rlps to help avoid handllng the mea-
suring surface. '

=
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SNAP - GAUGES |

i

The group of fixed or slightly adjustable calipers used for
the size control of external dimensions.' They are also used for
thickness and lengths.

Go/No-go

Double ended’ combinations on a common frame - =

Progressive types -

TAPER ‘GAUGES - TAPERED PARALLELS ~ =~ & ..

e Taper Gauge S Have two marks on the taper.
' (If taper enters hole to a point

where it sytt;ps between marks,
/ the taper is acceptable.)

"each other and placed in a hole.

give the hole diameter.

OTHER GAUGE TYPES

“blades of various thicknesses.

Feeler’ Gauges

Radius Gauges - a series of thln steel leaves used as

te’mplatesi /
‘Fillet Gauges - a series of thin steel 1eaves used as
' templates :

Flush Pin Gauges - slngle purpose gauges des;gned for the
; “ control of a particular dimension on a
‘particular dimension with a partlcular }
con“lpanent ; Co)

There are some cautmns to be taken when using limit gauges.
They are: ,

Do not force gauges
For close tolerances, keep part and gauge moving
or they' may freeze up. : .
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The external edges are gauged to -



Conditions that are difficult to detect w1th limit gauges
are: (when size differences are small):

Gvality . b
Bell-mouth
Hour-glass

' Barrel

ABJ’U.;TABLE LIMIT GAUGES

A fixed gauge cannot be used for any check other than the
dimension and tolerance for which it is made. In contrast,
adjustable gauges have threaded contacts-which can be adjusted to
various limits of tolerance and wear. '

1. Indicating gauges - which are also adjustable, include a
direct reading device such as the dial indicator, to
show the amount of variation from the specified dimension.

2. Dial Indicators - basic to measurement by comparison
with the following features:

a. Simplest indication is a lever which allows very
small movements to be greatly enlarged,

b. Range from low ampljflcatlén test indicators in
setup and in-process inspection, to hlghlv precise
electronic :.nstnmants.

c. The amplification is the expansion of the gear
train multiplied by the increase contributed by
the pointer.

d. All measurement requires movement.

e. Direct measurement is static.

f. Comparison measurement is dynamic.
!

The dial indicator consists of a graduated dial with an
indicating hand; a contact point attached to a spindie,
and an enclosed gear or lever amllfymg movement. A
short linear movement of the spindle is amplified by the
internal mechanism and shows on the dial by a broad
sweep of the indicating hand. An intérnal spring
returns the spindle to its arigmal position when
pressure is, removed. The spring provides the optimum
measuring pressure without reliance of manual ''feel."

= 88 -
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_ The use of the dial indicator as a dynamic limit gauge is
complicated and not generally used by entry-level workars mtil
experience is gained in the more basic limit gauges.

1. Visit a manufacturing plant where large lots of hardware
are received. Perhaps you may ask the tour director to
illustrate the various limit gauges. -

(3]

Ask the teacher if the metal shop uses 1imit gauges
other than the feeler type gauges.

The entry-level employee in a menufacturing plant will
become familiar with the many limit gauges through
experience.

A

HISTORY AND BACKGROUND OF THREADS WHICH ARE IMPORTANT TO GAUGES

Screw threads and their standardization have proven to be one
of the world's most difficult and costly problews. The British
Screw System was devised in 1841 and was based on the inch mea-
surement while the American industry was just starting. The
American system was also based on the inch and was not developed
until 1864. The development was brought about by the lack of
standardization in the railroad development.

France and other countries used screw thread systems based on
the metric system of measurement. World War I brought about a
need for standards in screw thread systems, but it was not until
World War II re-emphasized the problem that eventually the British,
Canadians, and Americans agreed on the Unified Thread Standards.

A screw thread is a ridge of uniform section in the form of a
helix generated on the external or internal surface of a cylinder
or cone. Its purpose is to hold two components together.

ELEMENTS OF SCREW THREAD MEASUREMENT
1. Major Diameter - Largest diameter of a straight thread.
(For a tapered thread, the largest diameter at any given
plane normal to the axis.)®
2. Minor Diameter - The smallest diameter of a single

thread. (On a taper "thread, the smallest diameter at
any given plane normal to the axis.)

3. Pitch Diameter - Diameter of an imaginary cylinder, the
surface of which would pass through the threads at,
points so as'to make the width of the thread and the
space between threads equal. S

- 89 -

98

4
4
i



4. Angle of Thread - The angle included between the sides
of the thread measured in the axial plane.

5. Lead for Pitch of Thread) - The distance a screw thread
advances axially in one complete turn.
Single Thread - lead and pitch equal.
D@ublé Thréad - légd is jaubie the pitcn

ANGLE OF THREAD—\ /—gprrc:H DIAMETEP.
AN - -

MAJOR
—_— DIAMETER

~-HALF OR FLANT

/ T LEAD I
ANGLE S 5 HALF (
“MINOR — ANGLES

DIAMETER
WHOLE ANGLE
SCREW THREAD GAUGES IS INCLUDED ANGLE

Thread gauges are usually classified into two groups:

Group I  Working Gauges and Inspection Gauges (Used to
check a product to maintain a tolerance as it is
being machined and after completion.)

Group II Setting of Master Gauges (Used as standards
against which the reference gauges are checked.)
Tha gauge tolerance accuracy is classed as follows:

RS

Class W - Closest to which thread gauges are manufactured.
Class X - Average tolerance (largest percentage).
Class Y - Least accurate.

TEST AND INSPECTION FACTORS

The following are some of the test and inspection factors -
that are commonly EGﬁSldETed in thread gauge checks:

1. Thread rlng and plug gauges are commonly used for go/no-
go inspections.
' 99
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"Drunken’ helix can be accurately checked optically.

Aﬂglc deviation of a gauge can also be checked optically
Uy accurate aligmment of a test point with a thread and
microscope examination.

Thread comparators give direct indicution of variation
between production threads and a master setting gauge.

Optical comparators are used to check external threads.
{(With a master template, the inspector is able to
cbserve the outside diameter, pltch diameter, form,
thread angle, and lead error simultaneously. ]

Mincr diameters require special chisel-shaped anvils
designed to engage only the minor diameter and not make
contact along the flanks of the thread tooth.

The 1ead error in a thread can also be checked wzth a
toolmaker's microscope.

SCREW THREAD ELEVENTS OF DEVIATION (DO NOT HAVE TOLERANCES)

1.

Zi

Cut-of-roundness - limits thread engagement and allows
for only line contact with the mating thread. Two types
are: ' :

Multl lt:be C)val
Pamt ant

a. Lead deviation
b. Flank angle deviation

Drunkenness - when the helix variation of a thread is a
wavy deviation from the true helical advancement (advance

- of thread is irregular). An exaggerated sketch of this

feature is:

e CURVATURE IS
OPPCSITE OF OTHER
HE LIX

NOTE: Number of threads per inch could vary.
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urface Defects - nicks or bruises on threads.

4.

=

aper - causes uneven torquing pressures.

[ORQUE AND TORQUE MEASUREMENT

Associated with screw thread applications is the method of
inserting screws and the carrespandlng control of the insertion.
One of the major controls is torque.

Torque - The tenduncy of an applicatien ~f force to produce
rotation. (Measured in inch-grams, inch-ounces, inch-pounds,
foot-pounds or corresponding metric ur 1its.) Basic techniques of

torque measurement are:

1. Static measurements af far:e at a tlxed distance from
the pivot point.

2. Dynamic or static measurecments of a torsion produced in
the shaft of a 'prime mover'' delivery torque to 2 load.
3. Dynamic or static measurements of the force and distance

Tequlred to hold the housing of a torque generator or
its load.

4. Measurement of the chain or belt tension required to
rctate a pulleysér ‘load.

A gauging tool, torque wrench, is used to measure the resis-
tance to turning. Features are: ‘ :

1. Direct reading with mechanical or sensory options.
2. Very critical and must be closely controlled.
3. Equation is T = F x D; where -

= Torque

Applied Force
Distance of lever amm

o=
"

NOTE: Lever length must’be perpendicular
to direction of applied force.

UDENT ACTIVITIES
1. Learn the basic features of screw-thread application in
order to be prepared for future involvement.
101
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2. Visit the metal shop and ask the teacher to demonstrate
- screw-thread applications and point out the major parts
of the screaw.

3.. Ask the metal shop teacher to demonstrate the torque
wrench and how it applies to screw-threads and asso- -
ciated criticality of insertion into various material.

PLANAR SURFACES

7 Planar su rfgcﬂs are very L‘ﬂpi\rtant in the appl 11:'5"1:1(:113 of
inspection and quality control in the manufacturing industry.
Accurate mechanical measurement would be practically impossible

without the bases of these measurements. . The two bases are
surface plates and gauge blocks.

SURFACE PLATES

When discussing planar surfaces, flatness becomes-a major
consideration. Flatness, although considered basic, is a stranger
to nature. The discavery of flatness, in reality, was a major
breakthrough for the industrial revolution. It refers to the
-measure of deviation from a reference plane. -

Surface plates are very relevant for two reasons:

1. They serve as a har;zontal ‘reference plane of sufficient

may be supparted

2. Every linear measurement starts at a reference point and
ends at a measured point. :

APPLICATIONS OF THE SURFACE PLATE
1. The surface plate has many uses, some of them are:
Grinding Table Planing Table Lathe Way

2. They are used to check the fbiicwing:

" Fixed gauglng (go/no-go) Roundness
Scribing ‘ -~ Squareness
Comparative gauging - Parallelism
Hold location _ Angles

3. Tolerances of the surface plate per unit length can be
) up to .050 or 50 th@usandths of an inch-or more.
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4. The materials, cleaning, care and use of surface plates:
a. Materials
Black Granite (most superior flatness)

Closer tolerances and lower cost
Non-corrosive and non-rusting

Not subject to contact interference
Non-magnetic '

Hard, stable, and, long wearing.
Easy to clean

Has thermal stability

Cast Iron and Steel

Used mostly for separate reference surfaces
Expensive
Rusts and induce rust -
Must be oiled (eil collects dust causing error)
Must be kept covered .
b. Cost - depends on:
Accuracy required
Material used

c. Degradation of Workmanship

The plane surface can be developed to a high
order of accuracy because there is no standard.

A product is not as precise as the machines.

The machines are not as precise as the gauges,

the gauges are not as precise as... _
d. Applications

Use surface plates when setting up to check

first article and/or when measurement:/perpen-

dicularity is in the 10 thousandths.

When comparing two articles.

When measuring one feature to another -with no
reference available on the part.

Apply degradation of workmanship principles to
personal work and importance of care when
working.
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GAUGE BLOCKS

Gauge blocks are end Standards that camblﬁe arlthmetlcally to
form combinations and are considered to be the keystone to measure-
. ment. Some of the important featu;es of ‘gauge blocks are:

1. They are the basic tcol of precision measurement. -

(o]
"

They allow greater precision than other instruments.
3. They must be considered when:

Precision increases

Length increases

Importance of reliability increases
Skill of the measure decreases

‘ 4. They are the most important metrological tool that will
Cr e be encountered.

s

They are the most rugged and most delicate devices used.

6. They have a built-in (designed and produced) cushion of
accuracy.’

ENVIRDNMENTAL AND THERMAL CONSIDERATIONS OF GAUGE BLOCKS

1. Must have environmentally cantralled atmosphere for
maximmm accuracy.

2. Very stable, change little with age and care.

Very susceptible to corrosion due to moisture (should
not breathe on or touch surfaces).

Tl

4, Must be cleauned and lubricated.

5. Will shrink if too much solvent is used (evaporation oi
solvent cools blocks).

RULES FOR GAUGE BLOCK CARE
1. Never attempt to wring or otherwise use gauge blocks’
that have been in contact with chips, dust, or dlff-
laden cutting fluids. . X
2. Before using, clean blocks with a a high-grade salvent or

commercial gauge block cleaner. Wlpe duy W1rh\g lint-
free tissue. . -

y :
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3. Do not alléw'blgakgrt@ remain wrung together for long
pericdg. Separate daily.

4. hen not in use, place blocks in a safe place where they
will not be damaged, preferrably in the1r case.

5. Before putting blocks away, clean the blocks and cover
with a.non-corrosive oil, or grease, or commercial

preservative.

6.. Be on constant guard for burrs. If anything has been
placed on a DlOck or if it does not wring readily, use a
conditioning stone immediately. .

7. Thoroughly clean gauge block case periodically.

PHYSICAL AND METROLOGICAL CDNSIDERATIGNS

Considerations that must be given to gauge blocks are two-

fold, physical and metrological.

Physical

Surface finish
"Physical properties

They are:

Metrological

Measured plane
Reversible reference surfaces

Identification Reference plane

Material: (A1l reference surfaces are
Alloy steel (most Camman) parallel to line of measurement)
Carbide :

Stainless steel |
Chrome plate _ |
Heat sensitive

GAUGE BLOCK GRADES

Grade AA - Laboratory grade

Grade A - Inspection grade

Grade B Working grade

Grade AAA - The grand master for top-ievel industrial
calibration

TYPICAL SETS

The typical gauge block sets manufactured can be: rectangular,
square, or cylindrical.

y The sets are in groups of 121, 86, 56, 38, and 35. (With a
set of 81 blocks, over 100,000 ccmblnatlans are possible.)

The smallest size is 0.010 inches and the largest is 20.000
inches.
105
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PRESENT INCH SETS (81 PIECE SET)

Inches Series Blocks Sizes

0.039439 . First g 0.1001 through 0.1009
0.039755 ’ inches (increments of
0.000039 .0001)

.039794  Second 49 0.101 through 0.001
.05 1661 inches (increments of
.000394 » .001)

low N o R o ]

0.0197 Third - 19 0.050 through 0.950
0.9646 inches (increments of
0.0197 .050 inches)

0.9842 Fourth 4 1.000 through 4.000
0.9370 ' : inches (increments of
0.9843 1.0000 inches}

IMPORTANT FEATURES OF GAUGE BLOCKS

Wringing - Bringing two flat and smooth surfaces inti-
mately together causing adherence (due to
molecular attraction). '

- Very important in the use of gauge blocks.

- Space between blocks can be reduced to a frac-
tion of a mike (0.0001 inch) but 2 mikes are
mgst common (90% of the time).

- Wringing interval is space between blocks, and
is caused by:

Poor surface finish (irregularities)

Air films

0il films

Grease films

Combining - Stacking various sized blocks to form a length

dimension.
Example: Choose blocks to elimate figures
from right to left (combination for the value
of 1.605 is 1.605 - .105 - .500 - 1.000) = 0.

Example: For a value of 2.4817, the following
combinations are made:
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. 131
. 250

2.4817

L 1007——
2. 3810
[P I} —
2.250

. 250 ——
2.000 —— 2.

I |

WHEN TO USE GAUGE BLOCKS (SLIDE-PRINCIPLE USES FOR GAUSE BLOCKS)

Calibration of other instruments and lesser standards.
Setting of comparators and indicator-type instruments.
Attribute gauging. :

Machine set-up and precision assembly.

Layout.

HOW TO USE GAUGE BLOCKS FOR MEASUREME!
Measurement by comparison. N
Compare an unknown with a known quantity (standard).
Depends on:
1. Accuracy of standard.
2. Discrimination of standdrd.
3. Reading of instrument.
WEAR BLOCKS AND ACCESSORIES

Special carbide or steel blocks reserved for use as
reference.

Used to minimize wear of blocks.
~ Surfaces at the ends of gauge block stacks.

Recommended when blccks.are used for direct comparison.

Not needed when block holders are.usedi

Extends useful life of gaugé block sets.

STUDENT ACTIVITIES
1. The student in high school is limited to availability of
surface plates and gauge blocks. Therefore, study must

be made by reviewing textbooks on the subjects ard/or
films that may be available that explain the usage.

= G8 -
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2. Ask the metal shop teacher to arrange a plant visitation
where surface plates and gauge blocks.are used. Perhaps
a demonstration of the usage of these planar surfaces
will be possibie.

; 3. The entry- level employee, althaugh in most situations
- will not be required to use surface plates and gauge
' blocks, could-observe more experienced employees when

these basic tools are being used.

OPTICAL AND ANGULAR MEASU: “NT

OPTICAL MEASUREMENT

Cptical gauging is by sight rather than feel or présgure It
is a field of study all by itself and vill only be briefly dé§CleEd

Te ﬁt“\fﬁ‘ +D ;.hf: EQY 31‘3..&2’ u,u,\.l Au».ggh;_.ui_;!.égl utGﬁSLALEHAE.{AL

1. Basic Elements Ne:éssary:

a. Light Source - Great intensity to prad .a clear
progecLlaﬁ at high magnlflcatlcn

b. Collimatin, Lens - Refracts light into a beam with
parallel ra;s of uniform intensity on the entire
area of object (light condenser).

c. Projection Lens System - Magnifies and transmits
the object contour or image resulting from the
parallel light rays (has six magnifications: 10,
20, 30 1/4, 50, 62-1/2, 100).

d. The Vlew1ng Screen - Where projected image of the
object is displayed for inspection.

2. Produced on a Zcreen by:

a. Pra;eztlcn - Shadow silhouette.
b. Reflection - Mirror image of surface.
c. Combination of projection and reflection.

3. Applications:

a. Inspection by observation (cams, gears, crew
threads, arcs and angles).




4.

8.

¥,
TR b

P %

b ,Inspect surface pmpert;es (terture, fmlsh flaws,
T ’scratches, and nicks). .
c. Inspect: ccntaur (stra_ighmess, c:anslstency Df
curvature, blendmg) .
(dg_ Inspect contact patterns - with rnatzmg pafts,
Advantagés l
" Versatllity  Accuracy
Speed ' Reliability
Simplicity ~ Economy

Inspectmn by chmpanscn

Inspectmn by DlI‘EC i Measurement on Scr&en Image.

a.
b.
v' C;

a.

: b i.

tclerarlce zcne' "

. . Screen Charts - Interchangeable with regular screen -

for inspection of standard fcms (angles, radii,
scfew threads gear fori@s).

Overlay Chaﬂ:s - Prepared for SpElelC a::ply:atmns
either as smpl conteur charts, or c.harts w1th

Lméar Mgasurem ts Cdlstaﬁce) - Using scales.
Angle Measurementy, - . Using-drafting protractors.
Radii - Usmg transparem templates. .

. Inspectmn w1th Measu:mg Devmes Bullt Into Proj er;tcr

Caord;mate Table M:vesnants (X, Y Axis) - By readmg’

the dlsplacanent rilstance -on. miarcsmeter heads for =

linear d:.JﬁéllSiDrE. -

Screen Pratracters = Graduateél screen r::ngs com-

~ bined with VETTLLEI’ for a@le measurements. -

Iﬁspectian w1th and of F;xturmg and Spe:;,al Attachments:

a!

o

Helix Anglé Adjustment -'To pragec;t thread forms,

- normal tc: contour plaﬁe.

.. Transferring Dme:nsmﬁs = By means c£ work hnldmg
- fixtures and charts with reference points.

/

- Optical !S‘ect;c)rg_nga With special illumination.

o
.| B
|

"
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;_ -9. | Tool Makef's Microscope:

A stage and adequate illumination. co

b, Designed to sétisfy_ varied measurement requirements
. . such as resulting from the diverse tasks of tool

c. A direct viewing instrument. . /
10. - Applications: | ' /
- Linear measurements o
Coordinate and angular dimensions :
Contour forms (screw threads, circular arcs, etc.)
Complex shapes (cams, gears)

ANGULAR MEASUREMENIS | S
Not all measurements are of straight surfaces, which are

parallel to a.point of reference. There are measurements which
have to be made of ‘a slanted (oblique). surface. When a slanted .

surface has-to be measured, some means of recording this measure-

ment is required. The tools required are listed below. The
‘angular measurements are given in degrees. The standard unit of
measurement is based on the circle, which is 360° and the right
. . angle which is 90°. Tolerance is necessary when working with all

- a. Cansists essentialiy of a h;gh—pcwered microscope ‘| =
y provided with a_ long travel calibrated mechanical -\

types of measurement. When working with angles, the tolerance can .

be given in minutes and seconds. The typical tolerance specified
will be determined by the type of fit desired. . An example of
reading ‘angular dimensions is as follows, 59° - 59' - 30". The
angle is 59 degrees, ° being the symbol for degrees; 59 minutes,-

' being the symbol for minutes; 30 seconds, ' being the symbol for
seconds. S o ' - o

/
i

/J

.. This instrument is comprised of a stock {(a) and a split blade
(b), which form a bevel. The mumbers 30°, 45° and 60° represent
the angles the respective—edges make with the adjacent sides. The
tool can make direct measurement of a 30°, 45° and 60° angle;
which can be transferred to the surface of the work. :

- 101 -
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The protractor is semi-circular in shape. The divisions on
the protractor are from 0° to 180°. The center pin enables you to
set a straight-edge and measure the desired angle. -

. BEVEL PROTRACTOR - - |
A bevel protractor combines the features of the protractor
and combination bevel. The straight edges are .attached to the
protractor. This instrument allows measurement to be made by
combining line and end measurements. =~ -

The combination bevel protractor has a variety of uses. " The
set enables use as a depth gauge, try and meter square, and loca-
ting center of a round piece of stock. .The set consists of: a
blade; square head; center head and a bevel protractor. .

STUDENT ACTIVITIES

Activities for optical and angular measurements are limited
“except for the possibility of observation on a plant visitation
- that uses this type of equipment. Ask the teacher to arrange for
a plant tour to become familiar with the equipment used and the -

skills required for these types of measurements.

INTRODUCTION TO DC PARAMETERS

The use of electrical instruments and equipment to make
measurements has become a major source of information and data in
the complex manufacturing system as it is Jnown today. Sophisti-
cated techniques for electrical measurement were not introduced
until the twentieth-century, although the, study of electrical
phenomena dates back to the time of Benjamin Franklin and the
-American Revolution. ' ' '
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: Measurement for electrical par%ri\eters is primarily the
measurement.of voltage, current, resi stance, and frequency.

Howevery’ most electrical measu:rement 5 require only the measurement
of current and voltage. The symbols| ‘\:Eczr the basm electrical

measurement parameters are:

I = Current } I =
. | |
. E = Voltage A A B =
R™ = Resistance R =
F = Frequency

Diagrammatic symbolization of these banLC pa:rameters in
direct and-alternating current .are:

@ and = = Current
VWA = Resistance

V@ltage is the force that makes current move through -the
wires of a circuit. Current is the actual movement of electrons
through a wire. Resistance is the force that controls the amount
.of current that can pass through a wire.. Frequency in alternating
current is the number of cycles DEEuITjIlg in each Sec.t:nd of time.
L 2 Bc:th voltage and current can be measured h a smple elec-

' trical meter whic:h uses mgiétism ‘and rnagneti haracteristics to
When a meter is con-

nected to an electrical circuit, the flow of current through the
Thls magnetic force

“coils of the meter creates a magnetic force. "
is used to move a needle. The amount of voltage, current, and
resistance is shown by the position of the needle. The greater -
To make the

the' current orn vnltage, the more the needle mves.
measurement easier, a scale is placed behind the needle to measure

*its movement. This- scale is marked to show the ;\ralue of current
on voltage or resistance. The element the meter will measure is -
determined by the way the meter circuit is cons'tructed and the way

the meter is cenrlected to ﬂ‘lé electrical t:;i.rc:u;t.

j

Voltage
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.. Where a meter is used to measure electrical values, a differ:
‘ent circuit is Tequired for each type of measurement. To deter- -
 ‘mine the circuits used, a definition of series and parallel o
" circuits must be made. Resistance in a series circuit is depicted
as follows: . : -

ANt P AN
Ry . R - R3

‘Rp = Ry + Rp + B3

When two resistors are commected in parallel, they are illus-
trated as: :

i
B
-
i
(i)

R

- In a parallel circuit, if either resistor is disconnected,
current can still flow through-the other resistor. In a series
circuit, if either resistor is discomnected, current flow stops

because the circuit is broken. v

Most circuits have both series and parallel connections and
they are called series-parallel circuits. The following figure
shows two Tesistors in series and both in parallel with a third
.Tesistor,; . .

The figure below depicts two resistors in parallel and the
parallel resistors in series with a third resistor.

AN
‘ s : e ANV



The cail in a meter Has some resistance, but more resistance
-1is usually needed. To measure voltage, a large resistance is \
placed in series with the meter coils as -shown below: !

For this circuit, the meter is called a voltmeter.

. To measure current flow, ‘a small resistanice is placed in
series with the meter coil anﬂ a second small resistor is placed
in parallel with the meter and first resistor as shown below:

Ao (T

Meter ccnnected-as a voltmeter.

A simplified diagram of a D C mav1ng galvnnameter is shown
below

D-C Mavmg—ﬁml Galvanamete;i /

— — UPP SUSPENSION. - «

- —————~MIRROR

—————POLE PIE GE
—___ _SOFT IRON GYL]‘ND‘ER

———COIL
LC}WER SUSPENSIGN
f{f—NQnmagnetlc Support

N oil
Soft Iron Coil
Cylinder

- 105 -



The galvonometer is a basic D'arsonval movement consisting of -
- a stationary permanent magnet and a movable coil with attached. :
S . mirror and pointer. The use of a pointer permits over-all simpli~ -
s city in that the use of a light source and a system of mirrors is
' _avoided. However, the use of a pointer introduces the problem of
| balance, especially; if the pointer is long. . . ,

AMMETERS, VOLTMETERS, WATIMETERS, OFMMETER, AND OSCILLOSCOPE
A\ Ammeter '

The basic D'arsonval movement may be used 'to indicate or
, \ measure only very small currencs, A simplified diagram of an

ammeter is shown below:
(P D
PN L s R .
& = e—— ‘_i.l'\ T 1 - .
SHUNT ' O % LOAD

SCURCE |
o RN o I N
~ The resistance of the shunt is equal to the voltage drop for
. full-scale deflection divided by the rated current of the shunt. -

Current measuring instruments mist always be comected in -
series with a.circuit and never in parallel. -

 Most ammeters indicate the magnitude of the current by being
deflected from left to right. If the meter is comnected with' = =
. reversed polarity, it will be deflected backwards, and this action”
" may damage the movement. The proper polarity should be observed
in connecting the meter in the circuit. The meter should always
. be connected so that the electron flow will be into the negative
* terminal and out of the positive terminal. Common ammeter shunts
are illustrated below: A ' v

2 A f_i B
e ] 115 - o




Voltmeter

w>  The D'arsonval meter; used as the basic meter for the ammeter

may also be used to measure voltage if a high resistance is placed.
in series with. the moving coil gf the meter. A simplified volt-
meter C;L‘I‘Gillt is: : :

The value of the necessary series resistance is determined by
the current required for full-scale -deflection of the meter and by
" the range of voltage to be measured. As an example, assume that
the basic meter is to be made into a voltmeter with a full-scale
reading of 1 volt. The coil resistance of.the basic meter is 100
ohms, and '.0001 ampere causes full-scale deflection. The total
res;stance R, of the meter coil and the series re515tange is:

R = E T 1onoo@ms
“and the seéies resistance élcﬁe‘is:
-R_ = 10 000 - 100 = 9900 Ohms:

- Voltage measuring instruments are canne:ted across (1ns

parallel with) a. Clrcult. : ‘ o

_ The STunction. Df a voltmeter is to 1ﬂd1cate the p@tentlal
dlfferen:e between two points in a C;rcult

Wattmster : ‘\ . =

Eleztrlc power is measured by means of a wattmeter. Because

electric power is the product of current and voltage,

. TE . AN
P = IE.: -

~ 77 7 A wattmeter must have two elements, one for current and the

‘other for voltage. For this reason, wgttmeters are usually of the

electrodynamometer type which multlpllgs -the instantaneous current :

through the lDad by the 1n5tantanecu5’vultage across the load.

116
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The series-type ohmmeter consists essentially of a sensitive

- milliammeter, a voltage source, and a.fixed and a variable resistor

‘all connected in series between the two terminals of the instru-
ment, as shown below: .

Series Ghnsgmeter’ . : Sh\mtr Ohmmeter

Before the unknown resistance is measured the test leads are
shorted together and the variable resistance is adjusted for full-
scale deflection. The point on the meter scale corresponding to
full-scale deflection is marked ''zero resistance."

"The Oscillgscope

, Oscilloscopes are used to obtain information about current or

voltage in_an electrical circuit either to supplement the infor- -
_mation given-by indicating instrumerits or to replace the instru-
ments~where speed is inadequate. Oscilloscopes permit determina-
tiof "of current and voltage variations that take place very
rdpidly. -These devices are frequently used to obtain qualitative
information about a circuit such as current and voltage waves OT
time relationships between events in a circuit. :

This form of measurement also allows determinations of fre-
quency in the form of a graphical illustration. Some examples of
the various forms that can be illustrated on an oscilloscope are:

=3

Gr"id Lines on Face

i F=———"_" of Cathode Ray Tube




o
. Determination of phase ﬂ:.fferem:e o£ two sinusoidal vnltages
of same frequency by the pattern on the face of t:athade-ray tube.

Q8T

Rat:g;) 1:1 2 Ratio 2: 1,

= - Methad of dete rrining the
4 Ratié 1‘Q;1 i ratio of frequencies in a
Llasagaus Flgureg ‘ - Lissajous Figure.
Llssag ous figures are pattems of . -voltages of different fﬁb
quencies but-related by a s:.mple :ntegral ratio as shown in the
preceding figures. wh

, ‘:": R : ' o
AC VOLTAGE AND CU :

3 Ratio 1:5

\

An alternating current (AC) :cn515ts of electrons that move
 first in one direction and then in another.. The direction of flow.
changes periodlc:ally. Because most of the theory of electric.
power and communications.deals with currents that surge back and
forth in a certain manner known 'as sine-wave variation, the sine-
wave is of considerable nqzcrtancé in altemating current.

]

_ 'S)fﬂﬂ:c1s are: ,
1 or — = Current” - VW 'z Resistance JJA ‘= Inductance
® = Valtage A = ~ Capacitance . = ﬁnpédance

1. Cyr:le - As ratat;an Df a genera.t@r continues, the two
‘sides of the lmp interchange positions and the gen-
erated voltage in' each of them is the \appaﬂte dlI'Ef.—
tion. One compléte, revolution of the loop results in-
one cycle of induced AC voltage.” This theory is illus-
. trated as shmm in: the fDllﬂW‘JJlg diagram:

_ Pc:iﬁﬁé 0.to 1 represent one complete cycle of voltage in
sine-wave form.




Freqﬁenéy -. The number of complete cycles occurring in

each second of time. This is symbolized as 'F'.

Period - The time for one complete cycle of the genera-
ting force. This is illustrated as 1/f. (For example,
the period of a 60-cycle voltage is 1/60 of a second.)

Phase Angle - The angle bekween vectors relative to the

e

positions these vectors rgpresent at amy instant of
time.  This parameter is jllustrated as angle 6. One
complete cycle of 360 electrical degrees is indicated in

the equation: : .

e

E-,-, 8in ©

I

where e = instantaneous voltage
Ey = maximum voltage

(0]
1}

the angle in electricdl degrees representing

the instantaneous position of the rotating vector.
) Therefore, when © = 60’ , En = 100 voits,
N e = 100 sin 60° = 86.6 volts..

a. ~Inductance / NG

Inductance is prope
.opposes any cuyrent change ,
also the prfperty whereby energy may be stored in a
magnetic field. Therefore, a coil of wire possesses
the property of inductance because a magnetic field
is established around the coil when current flows

in the coil. The relationship of inductance is
illustrated by the symbol "L'.

In a simple circuit, the relationship of inductance

- is shown as follows:

3 Where E is the applied
- L voltage and L is the
| inductance.

[l )

Capacitance
Capacitance is that quality of a circuit that
enables energy to be stored in the electric field.
In simple form, it has been shown to consist of two
parallel metal plates separated by an insulator,
called a dielectric.

;-Zg? - 110 -
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In a sg@le Ell‘CLll\t the relat;cnshlp of c:apacl-
" tance is shown as folic:ws

T o él,g VWhe.r_é-E is the applied
6; ] o ‘ l_valtag_e and C is the
5 ' : - capacitance.
- L et m . l il ™ ) : . 3 - ) l

NT OF INDUCTANCE AND CAPAEITANCE

Measurements of inductance and capacitance may be made con-
veniently and accurately by A-C bridge circuits. e’ sm@%g form
- of the A-C bridge bears a strong resemblance to the wheatstbne
bridge. It consiSts of four arms, a power source furnishes alter-
nating current of the desired frequency and suitable magnitude to
the bridge. A four-amm bridge is illustrated in the £n11<:wmg

diagram:
Four arm A-C bridge (using Impedances Z_ ).
/ ' : “An ;.:nduc:tance comparison brldge is smﬂar to form exc:ept

“that the bridge is made up of resistance and mductance relation-
ships. An illustration is as follows:

Inductance Comparison
Bridge




In the ductance bridge, the relationship shows that the
unknown md? ance Ly is derived from the equatm --

o - , Ly = Lg

i A capac;tance bridge relatmnshlp is used to determine an-
. ; . ~ unknown capacitance by comparison to a known capacitance, The .
relatmrishlp is illustrated in the f@llawmg dlagram

Capacitance Comparison
Bridge

Dther measurements of mductaﬁce and r;apacltanﬂe can be made
by using the following bridges: :

1. Maxwell Bridge - Permits measurement af jnduc:tsnce in
terms of capacitance.

2. Hay Bridge - Differs from the Maxwell Bridge cmly in

having a resistance in series with the standard c.apa=
~citor, instead of in parallel with it.

o 3. /Owen Brldge - Angther circuit for measurement of mduc— :
‘tance in temms of a standard capacitor. One arm con-
’ sists of the standard capacitor only, and an adjacent
7 arm cantam.s a resistance a:nd capacltance in series.

4. Schering Bridge - One of the most mpaﬂ:ant A-C bndges.:
" It is used to measure capacitance in general and in
particular, is used to measure properties of insulators,.
condenser bushings, :;nsulating oil, and other insulating
materials. This bridge is ;Lllustrated diagrammatically
since it is very mpartant.
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Schering bridge.

R

R’-‘? resistance in unknown Capacitor Cy

C:X = adjustable capacitor. :

Cgy = a high grade mica capacitor. /
WG o= air capacitor 1
: , R

The equationis: " Cx = Cg ER—;‘

: * 4
T OF FREQUENCY

Several types of. instruments have been: devised to determine
“~. frequency. Some of them are: (refer 1;@ “section on oscilloscope
c:peratlon and use. ) :

MDVD‘lg ‘Iron Type - Has a mav:mg element consisting Gf a
soft-iron vane and two crossed stationary coils that are
(ZQDIIEEtEd w1th some sort af frecluem:y é.lscrlmmatmg

and the Dther at hlgh frequenc:;l.e'z.‘

Resonarnt L:lectr;x:al Type - Two tuned circuits, one tuned
to resonance slightly below the low end of the instru--
ment scale, thé other slightly above the high end.

These two circuits may be combined with a crossed- “coil
instrument or an electro-dynamometer to make & ‘frequency
meter. . :

Mechanical Resonance Type - A series of reeds fastened
to a common base that is flexibly mounted and that
carries the armature of an electromagnet vhose coil is
energized from the A-C line whase frequency is to be
measured.

Transducer 'Iype - The frequency measuring flmctmn is

entirely separated from the indicating instrument, which
in this case is a simple D-C meter. Two parallel off-
resonance circuits are used, one resonant below the
:Lnstnrment Tange a:nd one above
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1. It is possible to.make a simple meter to measure elec-
tricity. The materials needed to bulld a meter are as
follows:

a. One frozén concentraté juice container ma&e of
. cardboard or a cardboard cyllﬁder of about the same
diameter.

~b. One 10 D (penny) nail or a piece of soft steel rod
. about three inches long and one eighth (1/8) inch
. diamet2r welding rod Dbtalned fram your teacher.

c. Enameled wire appr@xlmg ely 28 gauge (American Wire
Gauge) about 25 feet. Sources: Industrial Arts or
Science teacher, the coil on the back of an old TV
picture tube or a hobbie store. NCTE: Get the
? wire from an old TV, unwrap it carefully so that it
’ does not break, klnk or knot up.

d. One '"D" cell battery or any flashlight battery with
, 1.5 volts (a 9-volt transistor radio battery will
. Cf ’ ~ not work for this meter).
‘e. -Two 3 x 5 note cards.

, small elastic or ‘rubber band.

£f. One

g. ‘One flash 1light bulb.

h.r Masking tape.’

i. Tools: scissars,~file; pliers, hacksaw, ruler, and

permaﬁent magnet.

The steps for the construction of the meter are as
follows: o
3
Once the juice container has been washed. out, measure
two ‘inches along the side of the container, frcm the
open end, and cut this part off to make a cyllnder two
~»inches 1Dng This will open the cylinder at both ends.
" Cut two '"V'" notches as shown in Figure 4(a), page 117.

‘Now wrap the wire around the outside of the cylinder.

To do this, begin about six inches from the end of the
wire and tape the wire to the cylinder 1/8'" below one of
- the '"V'"-notches. Beginning at the notch, wrap the wires
neatly around the cyllﬂder each turn next to the other

- 114 -
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covering approximately one inch of the cylinder. At
this point, begin another layer of wire and continue
winding on top of the first. Wind this layer in the
same direction as the first. Wind layer on layer umtil
sixty-five turns have been made. When it is done,
finish at the notch opposite one at which you started
and tape the wire in place with a small tab of masking
tape. Cut the wire leaving about six inches of lead,
save the rest of the wire.

The pointer is made by cutting the head off of the nail.
Then mark a point one-third the length from the end of
the nail.” File both sides of the nail for the two-
thirds length until the nail balances at the mark
[Figure 4(b), page 117].

Once this is finished, the short round end of the
pointer must be magnetized. To do this, rub one pole of
a permanent magnet in one direction over the short round
end of the pointer until it is magnetized.

Cut a two-inch piece from the end of a note card. Fold
this in half, parallel to the long side to make a 'V
shape three inches long and one-inch on a side.

Push the pointer through the center of the card and
fasten in place with the elastic, Figure 4(c), page 117.
Position the pointer so that when the card is placed in
the 'V notches of the cylinder, it balances and stands
up straight. -

Attach a 3 x 5 note card to the cylinder so that it is
vertical and the pointer can move freely in front of the
card. This is a place to mark your readings when you
experiment with your meter, Figure 4(d), page 117.

Once the meter is made, you can take measurements. This
meter will measure low value of DC (Direct Current)

only. CAUTION - DO NOT MEASURE ANY ELECTRICITY OTHER
THAN BATTERIES LABELED 1.5 V DC, These batteries are
marked "D", WTCn; _vyAn;”'iTAAnj' ‘IK!A;AAH; MAAAAT

Scrape the insulation off the ends of the wires from the
meter -coil. Connect each of the meter leads to one of
the poles of a "D'" cell battery. The meter pointer
should move. The position in which it stops shotld
indicate 1.5 volts. Note where this position is.
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Clean the varnish insulation from the ends of the wire
left over after you wound the meter coil:—Connect one
end of this to one of the meter leads. Now recorinect.
the battery with the long léngth of wire in the meter
circuit. Does the meter pointer move as far this time?

Connect a flashlight bulb to the battery so that it
lights. Touch the two leads of the meter to the con-
tacts of the buib. The movement of the pointer to a

position on the scale shows the amount of voltage used

to get the light to light.

Disconnect your meter and reconnect it so that one end
of the battery is connected to the meter and the meter
to the bulb, and then the other contact of the bulb to
the battery (this is a series circuit). See Figure 5,
page 118. The deflection of the meter needle is show1ng
the current used by the light bulb.

The meter constructed is a dev1ce much the same as
meters made and used in industry. Electrical properties
measured are basic to the study and use of electrlclty
If more information is required on the subject, it is
available from several sources.

.Among the best sources for information is the nearest

library, for both basic and advanced manuals and text-
books. Science teachers in high schools or colleges or
graduate engineers, electricians, telephone repairmen,
can also help. ‘Many Hobby shops and electric supply
stores have a selection of basic manuals for sale which
provide good, background material and a mumber of experi-
ments with electricity.

In order to build the circuits found in most of these
books, a meter movement of greater Sensitivity is
needed. This can also be: purchased at low cost from
hobby or electrical supply houses. The meter con*
structed from this instruction is only a model to
demonstrate how simple electricity is to measure.

Visit the electrical laboratory in your school and ask

-the teacher to demonstrate basic electrical measurements

on the meter available. Perhaps the teacher will allow
you to practlie making simple measurements under close
5uperv1slon

Arrange a plant visitation at a local electronic or
electrical assembly plant. Ask the tour guide to demon-
strate the different meters and how they are used in
basic measurements. .
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4. Purchase a Heath Kit or similar meter brand name and
assemble as directed. A basic ohmmeter or vacuum.tube
voltmeter would be a good starting point.

2/3

JUICE CONTAINER
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SERIES CIRC‘[JITVA,

Figuréfé

)

Meter connection to battery. '

wires to reverse needle

movement.
[ i

Meter and batte ry
connections with bulb.

CHEMICAL

QUALITATIVE CHEMICAL TESTS

+ Chemical measurement is one of the major measurement cate-
gories of concern to Inspection and Quality Control. Some of the

most common are reviewed in this section.

_ The degree of acidity or alkalinity (pH) of a solution or
mixture is important to many situations. The concentration of
hydro‘i;ns present in a solution is a function of the con-

centrdtion of acid and degree of ionization. This definition
applies equally to bases and by suitable consideration of the
chemical equilibria involved to hydrolysis accompanied by ioni-
zation of a product which gives hydrogen or hydroxyl ions.

If an acid is present or édded; the amount erhydfogenfian is
increased and the amount of hydroxyl ion correspondingly reduced
according to the laws of mass action. _

- 118 -
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- X Ty ca=T -7
H _oH 10 x 1¢ 10-14

Where: éH = Concentration of Hydrogen Ion
Cop = Concentration of Hydroxyl Ion

CHEG - Conce=tration of Water

The value of Cpy is commonly expressed as the pH value, which is the lagarith¥

metic value, Lt:::gla 1/ Cys.

' Measurement of pH values are commonly made of chemical
processing solutions, effluents, soils, food stuffs, and other

chemicals where acidity or alkalinity is important.

pH values may be determined by use Q%aﬁH°papers‘§nd the

hydrogen electrode, antimony electrode, colorimetry, quin hydron
electrode or glass electrode.

pH is measured in a scale starting at 7.0 ranging downwards
towards 1.0 as being extremely acid and upward towards 13.0 as
being extremely basic or alkaline. A pH of 7.0 means neutrality,
that is the Cy = Cpy. Pure or distilled water approaches of pH of
7.0. B . :

Sources of error in pH measurement inclt ic . ‘mperature of
sample and standard, contamination of the test s° ation, degree of
: buffering required to reduce turbility caused ' contaminants,
, degree of dissolved salts, type of colorimetric indicator used and
calibration of electronic equipment used.

Typical areas of application includé:

Metal cleaner solution control

Degreasing solution control

Household cleaner manufacture quality control
Soap purity quality control
- Food preservatives purity control

Textile finishing materials quality control
Dye stuffs quality control 7
City water-supply purity control
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Halogens

The presence of halogens, chlorine, fluorine, bromine and
iodine is important to many chemical reactions or processes.
Methods of analysis include the following:

1. Silver nitrate is added to precipitate white curdy
silver chloride from nitric acid solutions of scluble
" chlorides.

2. Silver bromide, pale yellow in color and silver iodine,
yellow in color, are generally insoluble in ammonium,
~ hydroxide Sulutlgns.rmﬂﬂA_irr .

3. Silver bromide is slowly soluble and silver 1Qd1ne hard
to dissolve in ammonium hYdIﬁxiﬂE solutions.

4. Concentrated ammonium carbonate sclutions dlsselve
silver chloride, whereas silver bromide is very slightly
soluble and silver iodine 1nsaluble.

Tests for presence of halogens requlre only. commonly used
laboratory equipment such as flasks, beakers, gram scales, dis-
tilled water, bunsen burner. Reagant grade: chemlcals must be used

for test solutlgns.

" Sources of error in precipitation methods such as used for
detecting halogens include, unclean flasks or beakers, impure (not
distilled) water, too low temperature of the test solutions, and
interpretation of color indications.

Typical areas af application include:

Photographic éﬂﬂlSlGﬂS quallty control
Bleach manufacture quality control
Dye stuff manufacture quallty c@ntrol
| Clty water supply purlty c@ntral
Precious mgtal reaavery control

NITROGEN COMPOUNDS,

The presence of nitrogen compounds, sometimes referred to as
combined nitrogen, is 1mpﬂrtant to many chemical reactions and
processes. ] -

!

Methods of analysis iﬁclude the follawing;
1. Ammonia is a nltfagen énmpaund Presence of ammonia
gaseous solutions can be readily detected by its strong
pungent odor. Another canvenlent test is ta add élght
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percent sodium hydroxide solution to the test salutlan
and place moistened red litmus paper in the vapors and

« heat the mixture slowly. The litmus paper will turn
blue in color if ammonia is present.

2. Nitrates contain ammonia. A convenient test for pres- .
ence of nitrogen in an unknown solution is to combine
one part unknown solution with ten parts concentrated
sulfuric acid in a test tube. Then carefully add a

saturated solution of ferrous sulfate by letting it flow
down the tube wall. Do not mix solutions. Formation of
a brown ring at the junction of ,the solutions indicates
presence of nitrogen in nitrates. Nitrates are commgnly
" used in fertilizers and explosives.

3. Amines contain ammonia. A convenient general test for
presence of nitrogen in amines is to warm one milliliter
of a test solution with two drops of chloroform and two
milliliters of a strong alcoholic solution of potassium
hydroxide. A very distinctive, strong, and disagreeable
odor of -carbylamine results if amines are present in the
test solution. Standard laboratory apparatus is needed.
Amines are commonly used as chemical reagents and are
commonly found in nature in such things as fish o0il and

‘their. derivatives.

SULFUR COMPQUNDS @
The presence of sulfur compounds such as sulfates sulfltes,
sulfldes and thiosulfate are 1mpcrtant to many chem;cal reactions

' Methods of analysis include the following: .

1i Soluble sulfates may be identified by the barium sulfate

precipitation method., Dissolve a test sample in water,
make the solution acidic to litmus by adding 1:1 hydro-
chloric acid, heat to boiling, add a few drgps of ten
percent barlum chloride solution and mix. Sulfate is

. indicated by a finely divided barium sulfate precipi- . ... .. . . .
tate. Standard laboratory szpparatus is needed. Soluble
sulfates are commonly used as chemical reagents and are
used in fertilizers and pharmaceuticals. =

2. Insoluble sulfates must first be converted to soluble

sulfates. For this purpose fuse a test sample with
anhydrous sodium carbonate in a crucible. Let the melt
cool and dissolve it in water. Filter to obtain a clean
-solution of soluble sulfate. Verify presence of soluble
sulfate as described in the above paragraph. '




The

 METAL PROCESSING | : /

presence Df metallic. elements in minerals or ores is of

primary interest in such processes as recovery of gold, Sllver,
nickel, copper, iron, or tin. Identlflcat;cn of these metals in

m;nérals

or ores involves a series of tests in sequence whereby

precipates are produced of the metals with various salts added to
solutions of the mineral or ore.

N =1
£Lee

shown to

e ez e e en 1i

methods of test are many and only one ﬂzgﬂp le '"11 bﬁ
exPlaln the general approach. :

Silver, mercury”andﬂlaad,csmmﬁnly,accur in the same ore .
or mineral. Fuse the sample with sodium carbonate,
dissolve in water acidified with 1:3 hydrochloric acid,
heat slowly, filter while hot and allow the filtrate to
cool. Reserve the liquid for further testing. Lead is
indicated if a fine white precipate developed. The .
residue on the filter is silver chloride or mercurous
chloride or both., Wash with hot water and then 1:5
ammonium hydroxide solution. A black residue indicates
presence of mercury. .Acidify the ammonical solution
with hydrochloric acid, a white precipitate indicates
presence of silver.

Standard laboratory apparatﬁé is used. Errors can

readily occur in these tests if impure reagents are used

or unclean apparatus is used. Careful prevention of
contamination is necessary to ensure acéurate results.

CONTAMINANTS - o

The
supplies
control.

presence of contaminants in public and industrial water
is an important matter requiring chemical analysis and

Some of the more common tests made are as follows:

li

Municipal water supplies are primarily checked for

color, turbidity, dissolved solids, hardness, alka-
11n1ty, or acidity, iron, manganese, flugr;de, free
chlorine and pH are determined. Qcca51anally, a com-
plete m;neral canrent is deterﬂuned '

Of these tests, color, turbldlty and pH are qualitative
in nature, i.e., exact numbers are not of concern.

Color comparisons of a test sample 'are viewed under good .

illumination with water color standard solutions. Less
or more color in the test sample indicates comparative
amounts of the known chemicals in the color standard.

/ =122 -
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~bacteriological content-and-activity: —-In-addition; - oo
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Turbidity comparisons are made in a similar manner as
.color comparisons. Water turbility standards contain
“known levels of minerals or other additives usually in
a fine collodial state suspended in the water. . Test
samples are viewed under good illumination and compared
. ) for amount of turbidity present.

LA

4.. pH determinations were discussed earlier. ' o

5. Errors in these tests primarily occur through uninten-
tional contamination of test samples and to-a lesser
degree in judgement of color and/or turbidity levels or
differences.

OTHER PROCESSES

The separation and identification of various cations by use
of the paper chromatographic analysis method is an important :
quality control tool. Chromatographic techniques are capable of
separating mixtures containing as many as fifty components with
similar properties. This method gives strong proof if a certain
cation is present or absent in a test solution.

A The separation and identification of three cations will

: illustrate the method. The objective is to detect presence of
silver, mercury, and lead in a nitrate solution suspected of
containing these cations.

o 1. Modern 1ab§:at6ries employ-very sophisticated and com-

g plex equipment such as the Gas Chromograph, the Spectro-
S meter and the Electron Microscope to separate and

identify chemicals in test materials and solutions. The

principles and operation of these devices would be '

appropriate’if their use is available.

2. Obtain three strips of regular laboratory filter paper
six inches by one inch. . One each strip draw a line with
a pencil one inch from each end, place a dot in the
center of one of the lines in each strip; and crease the
_strips_along _their lengths. ' '

3. Place a drop of the nitrate sclution on the pencil dot
of each strip, allow to'dry and place a second drop on
the spots and allow to dry. :

4. Fill three six-inch test tubes with one-half inch of
distilled water, immerse the filter strips with the dot .
end down. Keep the tubes vertical and be careful to not
splash the water. The water will then start-to climb
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the filter paper by capillary action. VWhen the water
rises to the upper line on the paper, remove the paper
and allow tc dry.

5. Immerse the strips one at a time in a six-inch test _.be
filled nearly to the top with potassium chromate solu-
tion. Remove them after two to three minutes and pass
two of the strips one by one over 15 M NH40H vapors from
a beaker in a hood. Observe the colors carefully, some
mixing of colors may occur. Orange indicates lead
present. Black indicates mercury. A spot of brick red
on the third paper occurring after exposure to the
potassium chromate solution indicates presence of
silver. Exposure to the ammonia vapor will fade the
brick red spot.

, N
€. Comparative tests may be made to help in the color
discrimination using individual solutions of lead,
silver and mercurous nitrate.

STUDENT ACTIVITIES
Determination Of Approximate pH Value
Colometric Determination of pH Values

If the apprﬁxlmate value of the pH of a sglutlon is unknﬁwn,
the order of its magnitude must first be approximated in order to
select the correct indicator for a more accurate evaluation. As
a ruie a few simple tests will supply this information. For
example, if a solution remains colorless after a few drops of
phenolphthalein are added, it indicates the pH is less than 8.0.
If a second test is made Wlth methyl orange and the solution
assumes the color of the indicator (orange), it means the pH is
greater than 4.5. Therefore, the solution has a pH value between
4.5 and 8.0. Additional tests using indicators with pH values
between 4.5 and 8.0 can be used to establish a closer estimate of
the true pH value. The following tabulation lists the various

. réad;ly ava1lable 1nd1catars for thls test method.




p Indicators

pH Range Solvent Acid Alkaline
. Thymol Blue 1.2-2.8 0.1% sol. in water Red- Yellow
Methyl Yellow 2.9-4.0 " ‘ Red Yellow
Methyl Orange 3.1-4.4 " Red Orange
Blue 3.0-4.6
Bromocresol
Green 3
Methyl Red 4
Chlowphenal
Red 4
Bromophenal
Red 5.
6
6

n Yellow Blue Vi@let_

" Yellow Blue
" Red Yellow

v oW
[ S

" Yellow Red

[
L] P

" Yellow Red
Bromothymol
Blue
Phenal Red
M Cresol
Purple 7
Thymol Biue 8.
Phenolphthalein 8

" Yellow Blue
' Yellow Red

o

4-9.0 L Yellow  Purple
0-9.6 ) " - Yellow Rlue
0-9.8 =~ " . Colorless Red

Solutions with pH value less than 7.0 are acidic and'f"s‘c:lu"-%”'.
tions with pH values greater than 7.0 are alkaline. Distilled
water has a pH of 7.0.

Improving Estimate Of True pH Value

S5 or Yooue
“measured out by
4 into a Pyrex or -

When the approximate value of pF is V..,
(depending on amount of solution avsilail-
means .of a graduated cylinder and tran:
other hard glass test tube. A measur wiont of an indicator
solution for some pH value betwsen 4.% .4 8." is added carefully
from a pipette of lcc volume which-is gvaduated in 0.01 cc. As a
rule, 0.1 to 0.2 cc of u .j% indicater sclution to 10 cc of

' 1iquid will be the proper amount. Then these buffer solutions (8
to 10 cc), the pH of which overlaps that of the 'mknown are taken
- and treated in exactly the same way. -The following rgl-=1lation
" "1ists buffer solutions used for-this-test-method. :
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STANDARD BUFFER SOLUTIONS

I

Ooouomommmwc«mmmmwommmwm
[
=

48.5 ml. 0.2 NHCL + 25 ml. 0.2 N KCl dil. to 100 ml,

3Z2.5 ml. " ) n 1

20.75 ml. " L 1

13.15 ml. H i 1"

8.3 ml. L - 0 7 1

5.3 ml. 1 3] 1t

3,35 ml. 1 1" 11

46,70 ml. 0.1 N HCI  + 50 mi. 0.1M KHCgH4O, dil. to 100 ml. .
39,60 ml. 1 T " -

32.95 ml. " 1 on

26.42 mi, 1 1 1

20. 32 ml. 1 " 1§

14, 70 ml. i i 1"

9.90 ml. " " i

5.97 ml. ! " . 1

2.63 ml. " 1" iy

0.40 ml. 0,1 N Na OH + 50 ml. 0.1 M KHCgH404 dil. to 100 ml.
3.85 ml " ] no

K

C U W W W WNDNDN NN — e

5.70 ml. 0.1 H Na OH + 50 ml. 0.1'M KH,POy dil. to 100 ml,
29,63 ml. " o N :
46, BO ml. " Bl ) i

21,30 ml. 0.1 N Na OH + 50 ml. 0.1 M H3BO3 dil. to 100 -ml,
43,90 ml, 1 : " "

M._.‘
o o e~

Compare color of sample with the several tubes of buffer
solution. The buffer solution which most closely matches the
color of the sample provides a good second approximation of the
sample solution pH value. A second improved approximation of the
pH value may be made in a similar manner using another pH indi-
cator lying between 4.5 and indicator used above, or between 8.0
and the same indicator, and a third improved approximation may
then be made in a similar manner. This process may be repeated
until all ranges of indicators and buffers have been used.

Chemical Measurement (Quantitative)
To prepare yourself in quantitative methods, activities are

presented since they are considered necessary in skills develop-
ment.
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1. Exercise in the Use of the Balance.

Discuss use of the balance in determination of weight
relationship involved in chemical changes and analysis.
Practice in weight measurement is important before
attempting chemical analysis experiments. Measurement
error probabilities and significances should be pre-
sented. '

2. Separations of Solids and Liquids

Many chemical analyses require separation of solids and
liquids. Methods include formation of precipitates, -
gravity filtration, centrifuging and decantation.
Practice in these methods are required. Use water
solutions of silver chloride acidified with HCl, Borium
Chloride acidified ‘with sulfuric acid, and Aluninum
Hydroxide reacted with Aluminum Nitrate. Use umknowm
composition samples and calculate weight units per

N volume using solid precipitates obtained.

v )\" 3. -Determination of the Percentage of Oxygen in Air.

Since air is a mixture of gases, it is possible to
expose a measured volume of air to a chemical subtance
that removes (absorbs) the oxygen and leaves the other
comporients unchanged. By measuring the decrease in
volume occasioned by the removal of oxygen, it is
possible to calculate percentage of oxygen in the
original sample of air. A suggested method is to
absorb. oxygen from air in a mixture of three parts
pyrogallic acid and 22 parts potassium hydroxide solu-.
tion (measure parts by volume) and measure loss of air
volume to determine percentage oxygen in the air.
Standard laboratory equipment is required.

- 4. Determination of "Hardness" in Natural Waters -

Natural waters contain dissolved salts that cause the
water "hardness.”. The degree of hardness relates to the
"soap consuming power" of the water. The "harder" the
water, the more it consumes soap. A hardness value for
the water can be expressed in terms of the amount of
soap consumed until a stable lather is produced, Mix a
100 ml. of water with a standard soap solution added in
.5 ml. increments and agitate vigorously each time.

' Continue additions until a stable lather is obtained.
o ( Divide the number of milliliters of soap required by 100

to obtain a "hardness value' of the water. :




S. ' The Annmn;a Gc;ntent of a "Household Arrmjiﬁa“

A typmal quantltatlve dm-nucal analyﬂs ‘Measurement:
e used for qtal;fy control Df the mamlfactured preduct

) ’ (NH ) into water, Drdmanly, one valmne of water ;
- o dlSSDlVES about -800 volumes of NH3. Ammonia reacts with -
S ‘ water (H20) to form NH4OH ammonia hydrc:clde The law
T : requires Household ammonia sold in stores contain not
N - less than 9.5 percent NH3. Weight and titrate an

tmn, use met y‘l red mdlcat@r When the aad pomt is
L - reached, calculate the percent ammonia ) from the
e ’ * weight of HAl in the standard solution useé dlnded by
_ the we;Lght of<the amm:ma sanq;le.
% NH, = Mil of HCI Used x .3 gm/mil

fra.ms of A.:nrnama SGlutmn Tested

Repeat test f;ve times: and calculate the upper control limit
(UCL) and lower control limit (LCL) as follows ,

R = _Highest Reading -5 Lowest Reading
UCL = "Déﬁ ’ Whe:e;_—- Dé = 114 for sample size 5
Central Line = R - Dy = 0 far sample size 5
LCL = 1::357{

future pmductmn lat quallty The range of 5 sanq:les tal-cen at a
1ater date wnuld ‘not exc:eed the UCL D4R as 1eng as the process

. ——" . - This must not be less than four percent weight expressed
: as acetic acid. Vinegar is a rather complex mixture
that is produced- by fermentation of apple cider, corn
sugar, or grape juice. The principal chemical changes
involved are formation of ethyl alcohol (CHcOH) and the
~ oxidation of ,the alcohol to acetic acid (HCzE 02) by

"Bacterium acetic' and related organisms. .Ac.1d content . .. .. |

is determined by titration SEJTlples with sta;ndard s@d;un
hydroxide sclutiaﬁ ‘

The procedure is qulte SJJTrple and easﬂy acr‘cmpllshed
with normal laboratory equipment.
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" Wash a burette thoroughly with distilled water. Fill it
-exactly to the zero mark with a 0.1 gm NaCH per mil.
solution. . Weigh a clean dry 250 ml. beaker to the
nearest 0.1 gm. Add 20 ml. of vinegar. Weigh filled
beaker to nearest 0.1 gm, to determine weight of vinegar.
- Add 20 ml. of distilled water and two drops of phenol-
phthalein indicator solution. I .

_ Titrate the sample of vinegar with the standard, sodium

* hydroxide from the buretté. The first appearances of a
permarient pink coloration denotes -the end-point in .
titration. . Record the initial and final burette readings
and calculate the percent acid as fdllgws; s

‘Weight of beaker . | gm
Weight of beaker + sample . gm
Weight of sample (2-1) o | ___gn.
B B - ml

ml

ml

- Initial burette reading . B . ml
Final burette reading . . ' _ml. A
Volume of NaOH solution used _ ] ~ ml
Conc. of NaOH solution used
. Weight of NaOH in-‘the volume
of NaOH solution used | .
Weight of HC2H30, meutralized
by weight of NaOH
C . ‘Percent of acid found
SN (9 divided by 8)

. Control charts for range R and upper and lower control
limits may be prepared in a similar manner as descriked above for .
~percent of NHz in '"household ammonia.' _

7. _Chemical Analyses of .Food Products -

g‘/  These are vital to control quality and safeguard the

| . consumer's health. To iYlustrate the kinds of tests
made, those performed in tomato paste are outlined
below: ' (Test method details are not presented in this
outline. Instructors are referred to such references -as

the "International Chemical Series - Technical Methods
. of Analysis," by Griffin, McGraw-Hill Comp -

X afly';

cGraw.

"b.  Insoluble Solids - Dilute, centrifuge, dry and
weigh residue. - .

Soluble Solids - Subtract percentage of insoluble
solids from total solids to obtain percentage of
soluble solids. S
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~ Sand - .mix sample with water, let stand 5 minutes,.
decant off $upernatant 11qu1d into second beaker,
", let stand 5 minutes, decant into a third beaker

Repeat 'starting with first beaker, fill with''

. water, mix, let stand 5 minutes, decant into ‘the
. second beaker and so on. Finally, decant all

supernatant from the third beaker and discard.
Dry, ignite and weigh residue in third beaker ‘to
abtam amcﬂ.mt of sand.-

. Sodum Chl@ride - Deterrru:xe Chlcrme \J'Dlmetrlcall
- . by the Volhorant method using nitric acid solution

of the ash-obtained by igniting a 10 gm. sample in

~a crucible. Calculate percentage.of NaCl using
NaCl = AgCl x 0.4078 . ’

lcc ). 1N AgNO3 = 0. 005845 gm. NaCl.

: DthET tests made include: reducing sugars, Su:rose, .
. total acids, volatile aczlds butyrlt: acid and f;xed

acids.
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