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A'by a waorker for.a ége:ifie purpose, It is the work unit thatkdeals

Y

with the:methods, procedures, and-techniqﬁes (the:“what,“ “Héw!“:and

"Why H ) by

,“

whlch parts éf a job. are carried aut.v The effort may

T

1nvclve phys;cal or man;gulat;ve ac£1v1tles or mEﬂtal processes suﬁh

g5 analyz

ing and Elanhing. -Such‘effoft may be exerted to change a

material or merélf to maintain its integrity. The material may be

" tangible,

-Each ﬁéé

A..

- "gkills, knowledges, and ab;llt;es.

-to some:standara with respect to 5pea§;-accufa§y; qualgtyg )

exPériEﬁce;'it may be provided to the worker by.a super-

as metal .and paperg or fntangibleE as numbers and words.

k has certain ﬂ;st;ngu;sh;ng characterlst;cs.

It is recognisea; usually,\as being @ﬂé'of the worker's

p;lnclgal fespéﬁslb ilities.

-

It ,occu p; s a signi f; ant pOEthn of the wo:ker g time.

It involves work operat;ons which utlllge Elasely relatea

VoL

It is perfarmed for some purpase /by some methgd, ac;a:d;ng

or quantity. - This proficiency 'standard may be developed

by the worker through trial and error or 1g§rnedithr§ugh

- o

- s I
visor in the form of oral, written, or graphie instruction;

or it may,axist as a directive, published operating pro-

Tasks

to which
physiéal

tatal wor

13

cedure or some 51m1;a form. " -
§ may be considered maj@r or minor, dépéﬁdiﬁg on the-extent
theg esﬁggiish demands for skills, knowledges, aptitudes, -

capacities, and personal traits and upon the ;percentage of

s

k time involved in thair pé%farmaﬂce;"
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P ‘3. JOB = a grouping of related responsibilities for human per- -

formance called ‘tasks. A person employed to lubricate vehicles per-

fofms various lubrication and associated tasks. Such a person is

;dentlflei as a LUBRI CAT [ON' MAN (VEHICLE). ,The tltles Numerical Ccn—

e

trcl ‘Part. Pgagrammer and Grocery Store Check-@ut Clark alsg 1§entlfy

-‘;jabs. Sqme jéb ' such as Ma&h;nlstkare highly 1nv@lved with équlga__

1

'iﬁent!" TBé tasks which make up such jbbs‘are>gene:ally-basgg'gn thé
eéuipﬁent aﬁd its cperation. Figﬁre 1 iliusésatés ﬁhehﬁieférghngE i
/a!Jé5 by depi t;ng the. relationship af'eiéménts, ﬁaéksq,and‘thg jab;;'
The first step in the analysis of a jab-is én'exact ieééfs
’ " mination:of what the jab'is and its PEEEiS§ iimits; thaﬁris, wﬁere
the job begins and where it ends.- Tﬁe anaL?st thézéfaré must be

able ta dlSéovﬁr the: Etaét nature of a th.

Each gab analys;s schedule must falthfully report the job

it exists in an eséabllshment at the tlmE of the analySLS,

exactly o=

not as it should exist, not as it has existed in the gasﬁ, and nat as:

it exists in similar Flantsi While jobs are. to a certa;m extent,

constantly changing and evolving, the analyst should not speculate

on future plans given by employers or on how the'an31Yst believes

the job might change in the future. '
i
i
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HIERARCHY CF A JOB

L .
i MREHENMN==_=i__isai_§_iﬂg
(VEHICLE)
Prepares vehicle for under Lubz;cates unde: | brains eng;ne ,,Eéﬂ;;'éﬁiiTASK
chassis lubrlcatian chassis * || oil . *
—— N : _
. jon0l L0 A ‘01'03 5Dip04 | 01;05
(; Drives vehicle into Exanines shop Examines' manufacturers' Adjusts 1ift Bro. |7 ELENENT
1 SErVice aread ...... work order .. ;lubrlcatian EPE21flcatanS A8 .vvunss

NOTE: o 111ustzata the ralatlansh;p af elemEﬁts fﬁ tasks each has been ﬂ13551fied by 2
numerical symbal Tasks, the major units, are numbered (01.0,

Figure 1

N
: -("

02.0, ete.). The Elements v “
il which make up each task are related to that task by the first two. d;gits of the numbar;nq
system. The last digits show the number of each elenent (01,01, 01,02, ete.), F
Example element 01.02 is the second element of the first taék



o CHAPTER III |

. s \
THE JOB ANALYSIS SCHEDULE
Items 1 through 4 of the job analysis:schédulé identify-a job.

accurately within the organization in which itwoagurSE Spaces are
provided for entering the (1) Job title, (2) Date and Numbei Df
shéets,‘(jf Alternate titles as well as- (4) Dictionary title and

code. This identification permits a rapid reference and cross re-

ference to schedules which contain desired information. The job

analysis schedule in Appendix A iilustratgs items 1 through 4 com-

pleted in an appropriate fashion.

itemu}fqub.Ei;;g
Enter the name by which the job is Qoﬁmanly called in the estab-
lishment where it is being analyzed. This tiglé shgﬁld be the éne»
that ﬁhe 3i913yef wauldvuseﬂin advertising a jab'vagancy,rar.ané
: whicﬁ;the workers use aﬁéhg ﬁhémselves in refeiring to the job. The
jéb title should be singular and entered ﬁsing ali Eagitalglétteﬁsg_;
) - EIfrthe title appeazs't@ be inappropriate or ié not dés;rigtiva

of the job, the analyst should qualify it with a word or phrase in

i)
o
M
o
o]
o
w
T
o
L]
s ]
o
n
m
i
o
]
m
o
1}

parentheses after the title to make it as
LUERICATiéN MAN (VEHICLE). No portion of the job title as desig-~
nated by the establishment should appear inside the ﬁarénﬁhesesi

" Under no circumstances should the analyst devise and insert a title
B 7 =
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Item 2, Date and Number ¢€ Sheets

11

of his/her own. i . o
The analyst is concerned Primafiiy Qith reporting facts about
jobs in the establishment in which the analysis is being made. How-

ever, if he/she knows that there -is something unusual concerning the

‘use of a particular title, or if it is so general as to be meaning-

-1355, the title should be entered and fully explained in tﬁg "Genaral

Comments" section, Item 12, of the schedule and, where necessary;

appropriate titles should be suggested. .
/

%
The date Dn.whiehithe analysis was made aﬁé the total number of
shegts_in the schedule sh;uld be noted here. Tﬁé number of each Eagé
should also be placed.in the top gight gartiaﬁ of the éheeﬁitageéhar
with the total number of éggesi Fér:examglé; Pagé 1-Df 16. This .,
Praétiée-shauld be conﬁinuea thféﬁgh@ut the.jab gﬁalféis Scheéulél

just as has been dgﬁé°in'éhg éxampia which'épgears in Appendix A..

Item 3, Alternate Titles
Enter ﬁéra in :a?ital letters any titles, gthé: than éhe_gpe
entered in Item 1, by which the job may be knaén, These Eitl%% shédlé
be terms #hich are widely used and recagniseé>in the plant or ét the
work site. ' The inclusion Qf‘alternate titles in_this space is taken

to mean that the’tit}eszare synonymous with the main title and that
the entire analysis as written appliés to all the titles listed. For

B

SPECIALIST were found to be alternate titles for LUBRICATION MAN. On

o
e



the other hand, Cash Register Operator

alternates for Grocery Store Check-Out
h | . oL

only al/portion of the work done by the incumbent worker.
o . _ .

y

.Item 4' Dicti@nary Title and Code

Y

e

'

l

i,
I
l

Dlét;@ﬂwr? of Occup

shggldfba entered here. It must be remembéred; however, that

;

pléta entry can be made here only when the job under'anal

o _ b
Dictignaryi T S ’ o \\
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net

Clerk because they refer to-

Y

f the ]Ob being analyzea can bhe 1dent1fled ;n VGlume I of the

ional Tltles, the chtianary title and cade

a com=
15
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?which mus bé performed on the job and by thalr speclf;c nature‘ In .

CHAPTER IV
WORK PERFORMED

-

This section of the job analysis éehédula‘is intenaéd'ta'ﬁrésent=

a clear, complete, concisei~aﬁé:factualiy accurate statémeﬁt“regaraing

the tasks performed by a warkér in accampl;shlng the §urﬁa$e Gf
his/her jebi

The extent of a jab is determined by thé total of all the tasks

i .\s

tﬁg’joh analys;s schedule, the extent of a ggb is establ;shed,by the 

Work Pezfarmad and by assoc;ated des&r;ptlans of Equ;pmént Mater;als,. 

and Suplees noted in the Work Performed.

t
=

“of the job, the Work Performed mustadgscfiée what the worker does,

how it is done, aﬁﬁ’ypg it is.done. This portion of the schedule

satisfies’the first thfea ?azts of the Job Analysis Formula. The .

manner in whlch the- lﬁfgfmatlan shau;d be preseﬂtea w;ll be explalnea
and i;scuésed in deatail. '

Item 5, Work Performed’

'aéefine eléarly the scope .

The Wa:k Pérférmed'itém must gresent, in conci§eif9§§!f§ﬁg§§§§gg§

and :Dmplete descrlptlan of the tasks of thg job. It Shbﬁlé give a

correct portrayal gﬁAphgji@ggﬁi;yl_pg;EQS%;_ggn;gpglLanajraqui:em§§§s

of the jo

b. However, it is not meant to be/a detailed timé and
motion study. See Figure 2. It should consist of an introductory

20

L
&
ne
it
s
;
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' WORK PERFORMED

"
&

To present, infcanciserfarm, a thércugh and complete dészripﬁi@n*

of the tasks of the job. :
Func;ign? wo - ’ v ”, - 'i : )
1. It must illustrate gérrectly the job's !

A. Identity o o T
B. Purpose o |
C. Content . : ' L .

D. Requirements ) | h

2. It is not to be a detailed time and motion study

i

21
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sentence ‘that gives an overall identification to the job, followed
by an orderly series of statements that describe each step of the job.

Introductory sentence. The introductory sentence of the Work

Performed item is a

ite job statément which orients the reader

with respect to the scope of the jgéf Its function is to give the

reader, in as few words as possible, énraverall understanding of the

}apé extent of the tasks performeds; and to show how -

tbe,jq;ﬁééifa;sAggn§r§;;yf£§pmf;;hg;'jébs- In composing this sen- ”\_

tence the selection of words is important. The terms useé.muSE;béjf

sufficiently precise to highlight the important aspects of the job

- and to distinguish the job from others. If the analyst cannot avoid

the use of general terms, they must be qualified and explained in’

subsequent material. When writing this introduction, the analyst

should ask: )

£

1. What outstanding factor in this job differentiates it from

all other jobs? _ : P - -
2. what words can be used in writing this sentence that will

convey the most precise meaning to all readers? : . B
. o “ .

3. What details should besaﬂdeé'tp the sentence that will
clarify the total picture?
Figurekz reviews the .purpose and criteria for the introductory

sentence. The following -are two, sample introductory sentences taken
from Job Analysis Schedules which appear in~Appendix B and C, respecé
tively. The Job Analysis Schedule in Appendix Augr@vidés another

example of an appropriate introductory sentence.
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A

INTRODUCTORY SENTENCE

A gamgasité'jéb statement whiéh orients the reader with
respect to the scope of the job by providing an overall concept

of the purpose, nature, and extent of the tasks performed, shawiﬂga

hoew the job differs generally from other jobs.

Criteria:

1. what outstanding factor in this job iifferéntiatéé it

H
H
o
4
o

ther jobs?

2. What waras should be used to convey the most precise

M

meaning?

3. What details are needed.to clarify the total picture?
’ ) ‘ ] : - )

Figure 3
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LUERICATIDN MAN (VEHIEZE)

Lubricates bearings, buShingSi énd gear Boxes kiﬁh a hand
operated grease gun, hand operated gear lubricant dispenser,
©oil can, squirt can, and stick lubricant in acgc;éance with

the shop work order and manufacturers' specifications to

reduce wear and extend the useful life of a vehicle.

CHECK-OUT CLERK, GROCERY STORE

Itemizes, tabulates, and bags, boxes or wraps custcmér pur=

chases, gperates a cash reg;ster to determlne the tatal cost
of merchandise gurghasea, collects Payment andsmakes change.

The remainder of the Work Performed seatien consists of an

organized presentation of the tasks of the job.. This presentation .

expands upon the lntfaductory sentence and explains: thé 1mgartant

details of the job so i@gicélly,.cancisélvr ana 5§ec1f1cally that

an uninformed reader can gain a clear unaerstand;ng of the work

;

Task ag}angémeﬁt! The tasks that :ampr se a job ghould be

arranged in either a (1) ch:@ﬁalagi:al or a (E)ngnctional order.

Tasks can be arranged chronolog é;;y when a job has a eci fi cyclg

or sequence of operations. The analyst should. desarlbé;the tasks ﬁhe

£ = 1

worker is regularly called upon to do in tbe order ;g_whieh,they_g;a

]

/

performed. WThe chzénQ1Qgiza1'@raer should begin with the first task

‘ /
the warker is called upon to do and ﬂéngldar the wafk StEPS success-—

ively. Figure 4 provides an example. The tasks of a Numérical

C@ntral'Part:Prggramméﬁ could be arranged in the following



: ’ TASK ARRANGEMENT o

Chronological:

Used where tasks are performed in a definite cycle or sequence’
of ageratians;

f . masks are described in the order the worker .performs them.

&

T A typical machine operator
1. Sets up machine
2. Mounts work piece
3. Operates machine
4.. Removes work piece
5. 1Inspects work piece -
6. Maintains tools
7. Maintains mdchine
i
!
Figure 4 o -
- !—i;;>“J*_L ) S o
S— e o — - 3 T - —
a 25 : - ——
[ e . I _
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chr@ﬁolégical order.

1. Cdériinatésbgfeglanning

2. Prépafes part drawings-

3. Prepares part . program manuséripts

.“4. Occasionally operates Tape Preparation Machine h -

5. chasi@nally'épérates key punch machine, : - o ' ?/, ; oL

6. Occasionally operates various numerically controlled machine /

— ESD%S
7. May ;bservé taPe verificati@n on N/C maéhiﬁé .
See Appendix A:for a caﬁglétg list of tasks. Job tasks Eén usually E
- be arranged Ehrcnologically with faé:gryﬁp:oﬂugtian type jobs, jobs
théﬁggza relatively simple, or jobs for which ﬁ?e skill involved is :Eisffd};i:
1im£tea?=  ‘3 o e e o
A f;ﬁé;;ana}”arrangement of job tasks should Ee uééa;byﬁthé
.analySt_fgg jgﬁs having rio reqular cycle of aﬁeraﬁiénsi"This type ;f :
job is uéuaiiy more difficult to analyze, since it inyolves a consi-
derable vafiatykéf taské~éhat generally have no established Squéﬁéé
of aperatiéns;; The fuﬁétional arrangement»is uééé f?equently fbrv )
) -cierical, ;e&hﬂiéal; managerial, and professional jcbsQ
‘For example, thejtésﬁé afvé 5é§reﬁarialgjcb may ge arraﬁged as
follows:
1. nypes narrativé ané’staﬁistipal>fe§ozts W | jfgg; -
2. Tabulates and’gasté-data in various regord books
3. " Files correspondence éﬁd:repéftSf““‘" T e -
4. Receilves callers, and Prévides them with information
;

ERIC
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éannégﬁi@n with the following discussion.
iiﬁ ié at this point that tﬁe inférmatian the analyst has sbtained
about a job, as»gegqgteqiin ;hé Wo?; Péffaéﬁédbse:tion, must be sup-
pleménﬁgé by a detailed analeis g%ffhe rep@gt itself; Thié féquirés » —
v évcaﬁcéntratéé analysis in the senéé of ﬁeighing,'éansidéring{ and |
Eevaluating thaﬁ which has been 1earnééi% in pzepariné a Work Performed
; af the ta5k5>af a jéﬁ as they exist. 1In gregéring thé PERFORMANCE ' .
) REéQiREMENTS, the énalyst mus£ break down thé jm? into four component
factors, méasure these factors and, by doing so, explain'tﬁe funda-"'
mental nature of the job in terms of its succeséful performance.
Zrihe PEREDRQANCE ﬁEQUiREMENTS'primarily serve to establish Ehé

of difficulty of the tasks described in the Work Performed, and,

level

in so doing, aid in identifying the job tasks and in clarifying the
"What," "How," ané "Why" deseribed in the Work P&Ef@g@g@. This ;evél

of dif

ficulty should not be confused with the "degree
parenthetical notation used in . the Work Performed section.

- In attaiggggétﬁis?ébﬁéétive; the analyst should review carefully

Bach task of the Work Performed in the light of the PERFORMANCE RE-
QUIREMENTS, natiné the presence and degree of each factor that'is
involved in the task. “If this i§ done ngperly, the éescri;tign of -
factors Pras§?t'ih the Fbtal job will be complete and will cover the

skills, abilities, and knéwledge reguired éf the worker. Treatment of

this Einé will avoid highly iﬂvalveé writing which would be necessary

if the attempt were made to state the skills required for each task

*

41
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within the Work Performed section.

Work Pérfgfﬁéd. Each task then can be féViéWEd gegf"atély and the

presence and degree to which each factor is anDl d in the task can
be determined. This lnfgrmatlan then shoul ¥ olida ted s0 that
the written statement for each fadtor covers the dégfea to which that

factcr is involved in all the tasks' which make up the job.

exists or does not exist is not sufficient. The degree to which it

egi§§' should be stated specif cally. ?éz example, under the factor
"Responsibility," the. fact that a worker is respansiplgvfaf thé safety
af(@thers means littLé by itself. The responsibility of.the worker
for what injuries to which worker(s) and the éxtént of .the resulting
injuries mus be explained. 1In this.éonne:tioﬁ;'it is important to
note alsarthé degree to which fhe worker isgresgansible or is not
responsible for the initialboccurrence of the ac idéét_
While the Work Performed and the PERFDM&CLEEQUIR‘EI‘{ENTS must be
related to and must support each other,. these two sections are funda-
ﬁentaliy differént_‘ The PERFORMANCE REQUIREMENTSlmai b? considered as
devices which aQaluate the Work Perf@&m&ég measure its level of dif-
ficulty, and determine the exact nature of ﬁha'tasks. [

The PERFORMANCE REQUIREMENTS will ébntain some information al-

realy glven in the Work Performed begause the two are related clos ly

l ' -
in terms of the tasks performed. 1In addition, the PERFORMANCE
- - ) s N '

42
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t

REQUIREMENTS constitute a synthesis|of all information, either stated -

:oxr implied, concerning each factor throughout the scope of the job.

. X i :
‘between informational statements which must be given in more than one

' of the factors which make up the PE%EDRMANCE REQUIREMENTS. Such infor- -

i

mation may overlap or .coentain conditions which form a part of two

closely related factors, such as Job Knowledge and Mental Application.

o

4

_ l
However, the analyst shauid-exgerie?gg little difficulty, provided

he/she describes sach factor in terﬁs of the definition of that factor.

| :
: 1 ok , i nformat i in’
- In many casés, the analyst will find that the same information, in
: {
different terms, must appear in two or more factors in order to give

a clear understanding of what is involved in the job. This is not to
] v

be considered as duplication hut asgdiffe:ent viewpoints of the same.

circumstance.
kll factors which are stated as existing in a job should be

reflected in and related to the Work Performed. It should be possible

.

for the schedule reviewer to refer to the Work Pérf@rmeé and find the
i ;

£ exact phases of the work which are conditioned bj a specific factor.

v

Céﬁ?éféeiy, the reviewer should find it Passibievtc locate in. the
PERFORMANCE REQUIREMENTS all the skills, abilities, and knowledge

necessary to perform any task which is mentioned in the Work Performed.

Entries under this section will not follow & rigid writing style.

Whenever possible the statements should be written in the form of
s =

! requirements. That 'is, the subject (the worker) /is understood and

h‘“need not be specified. Therefore, each statement will begin with a

ERIC
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/

fghrasé such as: ?Soleiy raspénsible for," "mgé% be able té," "must be

. ) Lo . f . i L
alert to," "must have feel for," or similarly appropriate wording.
: . j . ' . | ;‘j ,
‘When composing the entries, the angint ghould avoid the use of
. s - 3

generalized words .such as "normal," ﬁéareful;“ and the like which mean

little except in a relative sensafﬁ In most cases, SPEEifi: examples
™ ; ) '

"'Q ¥ L] £ 1] ) 5 3 ] 1] i‘ E o = % )
can be given, cgmparisons drawn, or limits described which will define

L]

) o B ' ' [ .
accurately the degree to which a factor exists, and by so doing, will
P ) i
eliminate the necessity for overall limiting words. The analyst often
. 4 : = j -

i
1

will find it desirable to draw on his/her knowledge of jobs other than

the one under consideration to provide a means of comparison.

In completing this section, the analyst should bear in mind that;

since the Eg?EGﬁMAﬁCE REQUIREMENTS constitute fundaméntal_infofmati@n,
there should be no qmissions. The ﬂ@nEéxistence of an? given factor
in a single job, or its existence to a low level, provides gér;inaht
info:maﬁian ébout that jaCszféoes the existenéeAaf dny other facto:,
nd matter how high the degreé_ It is,Athereforgf 'usﬁ as deserving "’
of Eémment»iﬁ the SEhééule as any other factér E@écernéd wifh éhe job.

In comparing jobs on the basis of job aﬁalysis scheﬁules; the non or

low level existence of information often provides specific clues to

the nature of the jobs involved. K : ' : ot

In order to make clear the type of information desired under - each

factor, each of the factors is discussed separately in items 6 through 9,

Item 6, Responsibility ‘

This. factor relates to (1) the nature and extent of 5Qpervi5ian

ERIC | | : -

Aruitoxt provided by Eic:



38

‘received and/or exercised, (2) the number of checks set up to prevent
or catch errors, (3) the limits placed on decisions the worker makes,

(4) the dagree of loss that would result from error; or the saving -
- . 7 C :
i = r. :

tﬁat would be effected by foresight. and (5) other limitations placed

~on the responsibility of the worker.

C@nsiéératiaﬁs affecting this factor include:
1. Does the worker delegate duties to others? To whom? How?

2. Daés the worker coprﬂiﬁate the efforts of sub@rdinates?_ How?

3. ’Ié the Qarker accountable for progress, quality, the safety
of others, and costs of the QQ§£? |

4. Does the worker train others? Whom? '

5. What are the nature and the magnitude of supervisory control?

6. -Does the work require contacts with outsiders or others in

. N ‘ : o N .
the organization not in line of authority? Of what nature
A :
' and wlth\yhcm?
-, (BN . .
7. What are the nature and scope of commitments made?

¢ 8. To what extent is the work verified by others?’

Jobs must be examined for the presence and relaﬁivé amount of each
A ' s v

of these considerations, if a true ugaéfstandiné of the total respon-
sibility involved is t; be presented. |

The kinds of responsibility that exist in a job are usuall?
relatively easy to determine aﬂdrﬁa intérgfat in gquantitative terms;
that is, in terms of the money value of eguipment, materials, or

products that the worker could ruin, the relative likelihood of

spéilaga or aamaée, the number of subordinates supervised, the

ERIC S
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cooper ﬁ ive effort :equ;red or ;he natu:é'anﬂ‘extentiaf ﬁpssibié
injuries the worker cguld cause through éafelessness{

Sentences in the statémént of Res?ansibility'usuailygbegin with
a ghrasezsuah'aé; "Is reSEansiblé for . i;" "Solely responsible

.," ete.- The following sample statement of Responsibility

. H.
O

= . R :
is taken from the job analysis schedule for an N/C Part Programmer

whieh is included in Appendix A.

6. Rasponsibility

'Is responsible, under limited supervision, ‘for a variety of
activities such as resolving questions of design intent,
determining 'suitability ‘and availability of standardized
tooling and fixturing, analyzing alternative part program-
ming methods and machining sequences, and reviewing com-
putér_ﬁﬁtgut,during the course of a single assignment.
Responsibleé for making decisions on a judgmental basis using
past experience and knowledge to -select the best part pro-’
gramming techniques, 5équénce of machining cycles and incor-=
porating portions of previously prepared part programs with-
out trying out alternative methods, thereby reducing time
and cost of preparing manuscripts. Responsible for making
decisions on a factual -basis, such as when assigning feed-
rates and speeds prev1ously found to provide optimum balance -
. of such factgrs as accuracies and surface flnlshes, ‘machin-
/ : o ing t;me, and tool life, Utilizes accepted standards_iq
‘ recording processing statements in specialized part pro-
gramming formats and 1anguagesi Adheres to standardized
nomenclature when %&eparlng setup instructions for operators
and in complying with established machine feedrates and
> speed conventions.’ Responsible for providing close. super-
A "vision and guldance when training workers in the programming,
use, operatlon, aﬂd maintenance of N/C machines and peri-
pheral Equleént.x4RESPGnSlble to management for technical
- assistance in long-range N/C planning including time studies,
cost analysis, job evaluations and recommendations for the
acquisition of new Equ1pment

Item 7, Job Knowledge

This factor reférg to the pr ical knowledge of equipment,

Q ' L
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materials, working procedures, techniques, and Qtecéssés required of

/ _E' ' the worker for the successful handling af'a job. The bractical:>*

knowledge requirements include that which is‘a prerequisite to appoint-

Job knowledge includes the amount and complexity of

réquired of the worker by the job. _Su;£ kn@ﬁlédge may be gaiﬁed Ey
actual'énétheajab experéénéé, formal courses, training programslgrief
to éﬁtiy on the job, or by all sucﬁ'metﬁaési' When ﬁﬁgnkigg of';his:

fé:tér. éangéaératicn éh@uld be given to a variatf of SEEEifiEatiDﬁs,

decisians and .operations; sg;h as precedent, regulationsf standards,
and Préctices! | ! |
Céﬁsideﬁéﬁiaﬂisﬁéuld also be given to éuch requirements of éréf
em§layméngrar on—-the-job knowledge as:
1. Kﬂéwlédgé-of machines and equipmeﬁt used
2. Knéwledge of materials used *
3. Knowledge of waﬁking;grééedpres and techniques
4. Knchédge apriédth fi@w'@r-ﬁra:éss as related to the job
" s, Kﬁcwléﬂgg of éimensianal or fc:mulary>caléulatiaﬁs
‘When wriﬁing'the Job ﬁnawledge raquifemEﬂts,.thé analyst @usg

review all the tasks which make up the ‘job and determine just what

specific knowledges the worker must have for satisfactory performance

and the extent of each regquired knowledge. The extent of knowledge

O
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‘and by specific statements. The statement "Must-héve“é:ﬁhczauggfﬁ

w@ﬁlé be Bréught out and théirféxtent indicateé adequat 1y

a1 -

o (=

4

usually'can_he‘brought cutiagly by a very careful choice of é@rd§;

kngwleége of heat-treating metals " daes_nﬁt'givé_an exact éxglanatién

.,

of the-extent of the knowledge required.since the statement is too
‘general. - However, if it were stated, "Must know the heat-treating
temperatures and types of quenches to be used when hardening; anneal-. t>3»*“”£'

ing, or normalizing steel parts," the specific knawlaigas requiréé

The fallcw1ﬁg axamplé statement af Jcb Knowledge is taken from

the job analysis schedule fsr an N/C Eart Programmer,which appears -

in Appendix B.

7. Job Knowladge .

Y Must have numerical ability at the level of shop arithmetic,t
geomatry, tr;ganametry, analytlf geometry and.calculus to

" comprehend functions of N/C systems’ and prepare part pro-

. grams,; along with non-decimal ‘arithmetic and Boolean algebra
to comprehend functions of N/C system,jread and interpret
machine control ‘tapes and MCU display”lights., Mathematics
_at the level of vectar ‘analysis is :equlred to.selett from
“alternate part pragrammlng methéds, and ach;eve optimum :
balance of part programming, ccmguterrpza;essing and machin-
ing time. Must have spatial ability to visualize raw and
finished parts from engineering drawings, sketches.and v
_mathematical descriptions, avoid tool collisioms, envision
detailed Sequence of machining cycles that will produce ‘the
part most efflcient;y ana produce tool 1ay—up and, setug

sketches . . . Lo v . o

B

_ Item.8, Mental Application - : a . : o

“MentéL'Apglizaticn" refers to théfexercise and maintenance of
mental processes réquifed EQ;PEfofﬁ Frogerlyithe duties of a jab}

It may bé‘sﬁateﬂras the degree and continuity of thought, mental
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\\ planning, or mental alertness that must be exercised in performing
- \ s | : e : ext
' _~an operation. It includes mental concentration required because of

P AT iivers;ty of wofkvér variety éf problems.
| - ' _thsidefations,afféctinq t@is factor include:
?l; INITIATIVE - thé?neeé to face and solve new problems. This
;nvéivés ﬁentél tesaurcefuigésg; analytiéé;,ébilitfg'the.makiné of !;
decisiéﬁs. and the taking>§f indepénéent action .and shéula_bé;ccnsid—
.ere§ égcafding to the probable féequency of ac&asiané on-wﬁichlﬁhé
jeb:wi;l féqgire it oﬁtsidé the control or raptiné-af éﬁperviéi&ﬁf
2. éDAETAEILIIY'* the versatility rééuiréd of the wérker of the’
. need, or lack of need, for the wcrkér td adequately handle frequent
' changes in assignment or to carry on severai tasks simultaneously.,
3. JUQGMEHT = tﬁé.amaunt of ihdepénaentAdecisi@n making Fhat
Vﬁust‘bé exercised by tﬁe:warker.invpéﬁfarmah:e'éf»a job. The imgorar
1 tancé éf results ébtained by sucﬁgindegendent de:isicn ﬁékihé or thé
g :  extent of the Q;hSéquences of poarljuigment;must-bé‘cansiaere§i
4. MENTAL ALER'I‘NESS - the attént,_ian ﬁecéséary to tend and feed
a machine pf@perly.'éttehtiqn which must be given £a c:dersg'anébaléfta
ness neéessary té Prevent dagage to equigﬁénﬁ and matérials ér injury
to Personnél. ' - k
%Een describing the ﬂegfeeRta wﬁigh this faétD; is present in
a job, the ana%yst'must consider questions such aés “Ts the job
- repetitive or ﬁa?azepatitiué?“““Whaﬁ ﬁegreé of éupervisian does the
nwarke: rezeiveé" "What must the Qérker decide for himself and what

are the consequences of poor judgment on his part?"."Must the worker '

- S 43 A -
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impr@vise expééiénts in ‘the course éf"his'W§fk ang why is this

job but must clearly indicate the degree to which they occur. If,

for example, little initiative is required due to close supervision,

an appropriate statement. should be made

Or, if a worker must

jéasséss considerable adaptability to handle frequent changes in

assignment, typiéal‘ass;gnments should be mentioned to indicate

specifically the degree of adaptability required.
The analyst must follow this procedure carefully in order to
build a true understanding of the Mental Application required in

B H 4

any job. The following Mental Application statement is taken from

the job analysis schedule for a N/C Part Programmer, which. is includ-

ed in Appendix A. It illustrates the principles outlined.

[

3t

,8."Meg§a;f:}p;ica§;qg

‘Must take initiative to confer with design, engineering
and operating personnel about difficulties in design
interpretation, part programming, machining and main-
tenance. Must be able to plan and write concife, un-
ambiguous part program commands and operator instructions.
Must be mentally alert and able to form clerical percep-
tions, to visualize pertinent details, distinguish

symbols on drawings and sketches, and to. identify, record,
and verify numbers, letters, words and special symbols
that make up the machine commands of the part programming
language. Must be able to coordinate planning, and decide
method and sequence of operations by which parts are to

be manufactired. ' Must be constantly alert to avoid errors
‘in planning, programming and manufacturing parts by N/C.
Must be alert to possible errors in engineering drawings.

56
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Must use prafessional judgment in preparing part drawings,

“tooling analysis and part grogrammlng ‘manuscripts for
product manufacturing. . ! . . \

I;ggjgiipext3fi§x;aﬂd Accuracy ) : ' i

-

. : L Y - 5 - )
This factor refers to the maniguiative ability quuireﬂ in
' ' P

performing given work to a required degree of a:zuracy or pEEE;Sl@n N

gﬁd to the complexity or intricacy of‘yanual prs:esses 1nva1veai

. . S /3
The characteristics to be considered here 'clude (ln aexterlty,

l
(2) accuracy, (3) coordinatioen, (4) é¥péftﬂé$5, (5) caré, and (5)

deftness required in manlpulatlng, cpeéat;ng, or pra:ess;nq the

\

1
A

materials, tools, instruments, maghinesg'ér gauges usea. The numbér -

.
S

of units of work normally produced in a given period of time is also

a measure of dexterity. ., ' ;f;f ‘

The major considerations affecting this faét@;
i 1. DEXTERITY - the qulcknass or deftness re q@;: d, or the
coordination of sight or other senses with the muscles,
: SN
2. ACCURACY - the degree of §'é'i5i0ﬁ required in éhg hand-

B \

ling of product or materials and for the adjustméntw§né maniéﬁ—zi:

latlﬁn Gf eguipment and tools to ﬁhe required degree of precision.

gaﬁly specific terms which

The analyst must be careful to us
will express the degree of the dexterity and accuracy required by

the job. StateTents such as "Dexterity is normal" or "Accuracy

general terms convey very little meaning or diverse. meanings to

the reader. Rather, this requirement shauld be written in terms

51

‘is close”™ should not be used because "normal," "close," and other

3



‘ o - S 45

/
y

ic tasks in order to bring out more adequately the -

By

r gpasi

e

. gequifeﬁ degree.
- iLthngh dexterity, as such, éangat be expressed specifi-
'ca;lyviﬁ tarﬁs uf the amount @r:degreé ;éqﬁired, it is closely
relétéd tD.éQEﬁYECY which in many- cases has specific meésuﬁes‘

Often, the precisdion of wcék can be stated in terms of allowed .

tolerances, that is. plur or minus so much from an absolute

s ™

standard. Th.s range irdicates how much work can depart from
the ideal wi*h vt impnirment of job performance.

Howeve: (ﬁiﬁzg;gp;ve ease or difficulty of maintainiﬁg

a_required stand. .

«f accuracy must be taken into consideration

because a statement ¥ allowed tolerance or required accuracy

consider that one-hundredth-of-an~inch tgdlerance on an engine

lathe is easier to achieve than one thirty-second of an inch in

r‘l’

"he use of carpenter's handsaw because of the nature of the
equipment and material used. On the other hand, one-thousandth
of- an inch is 10 timesias fine as one-hundredth, while onersixtﬁié

fourth of an inch is only twice as fine as one thirty-second. i:
Yet the care and deftness required to increase the precision in
the latter case may be just as difficult as thé% in the former.
Therefore, the analyst should be sure that any requirement of

accuracy relates to work performed and to the tools and equip-

ERIC
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The. following Dexterity and Accuridcy statement is taken from
: R o , ' * adr L
the job analysis schedule for a N/C Part Programmer. It illustrates-

the principles discussed.

9@

Must have good visual acuity and coordination of sight to
analyze engineering drawings. Must be able to .discriminate
accurately between alphabetical, numerical, and special ™.
: symbolsiin order to record them correctly and in sequence

: on work sheets and manuscripts., Must,be able to read

' technical sketches, conventional and mathematical-analytical
method of manufacture by N/C. Must use extreme care and a
high order of manipulative dexterity in preparing part
drawings and part program manuscripts. Must be able to

.get up and utilize various N/C machines and peripheral
equipment with considerable care and dexterity to obtain
accurate results. : Al '

The analyst must remember that this section refers only to
‘manigulative ability and to reguired physigai accuracy or p£eéisionQ%

Mental considerations int¥olving accuracy are not included here. A

1) . . °
common mistake is to.include considerations affecting what may be<f
i i :

called "mental accuracy" such as maintenance of accurate records or

the accurate planning of a sequence of a task. Considerations such

as those belong under the factor Mental:Apglicatign.'

¥ - . . -
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. COMMENTS . -

The COMMENTS .section P:aﬁiées the analyst with.an oggﬁrtupity .
to f;ggépjﬁthé user of the schedule with all ;héﬂbggﬁgggﬁhd infor-
] mgg;gﬁ;§§”§4j§b which’ the user may.nat be able to obtdin fi:sfhﬁhd;* ' S
- -~ N R . : - 7

Only too often an. analyst has brought mucﬁ“eonfusiﬁn'ané Saubt to B
Schedule users by negleéting to enter the type of informatign;whigh: T
;o ' r ) . - Pooan

puts the job into its true perspective. Here the analyst can enter
information which cannot readily be entered in other parts of the

. . job analysis schedule. In addi&ién, the analyst is urged to include

collateral or supplémentaty information reeded to givévseHedule " ,?

_users the best undezgtaﬂdiﬁg\'f the job and its relation to the érés

cess or service in which it ¥as observed:i; ’

faterials, and Supplies -

All equipment, materials, and supplies used by the watkerighguld
be écnsidéred for inclugion in this item. Equipment is presented- ’,

*

first, followed by materials and iinally=sgp§ligsg ;The éDMMENTEf

ction of Appendix A shows thé recommended format for Item 10 entries.

L
[14]
L1

¥

A definition and/or description is provided for all

. special and unusualvéquipméntii By "equigmeﬁt" is meant the ﬁéﬂhinés, : i
tools, and other devices which enable the worker to perform - the job.

= VE

Such units should be distinguished by caEitalizing.the‘{nitial ’ B

o .
[

e e \ P
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workpiece specifications with those indicatefl on part program
manuscript and part drawing. Applies independent judgment and
knowledge of metalcutting practices to override tape controlled
. machine functions. Keeps record of deviation' from prFPammed
A4 o operations when minor machining problems are encountered and
shuts down machine ip event of machine error or malfunction.
Operates machine in dial-in or manual mode, when' necessary .,
_ -Remoyves and replaces workplece at end of machining cycle.
. _ : (1=5% ' : ' e .

H/C control tapes for accuracy by proofinpg in shop. ' Reviews
performance af machine, without cutting tool in spindle, agalﬁéf
process sheet information and data from visual display indicators
on MCU in order to detect errors.  Observes test run on first
plece for final debugping, if necessary, to assure adequacy of
part prcgram Lefore prcduct;cm (2-1ess 5%)

7. May obscrve tape verification on N/C machine: Verlf;es unproven

8. May operate H/C Draftlng and/or Plotting Mach1nef Verifies
l/C econtrol tapes for accuracy before their release to manufac-
i turing group for productien; by running control tape thriough
ii/C drafting-plotting machine director and reviewing graphic
. output’ of workpiese profiles and paths of cutter centerlines
¢ (See Egmméntd). (1-less 59%)

9. May operate i1/C Dipitizing Machine: Frepares perforated control
_ tapes with a diglitizer by sensing points on existing engineering
T drawingsy part models, patterns or loft plates and converts these
_ points to numerical data on tape or other medium for input to
' _ H/C drafting machines and N/C machine tools. Places model, etc.
. on stage of probing unit, mounts suitablé probe in probe carrier
- ana causes probe to follow desired, contours or position over
desired points. At appropriate or designated point, probe is
stopped and tie coordinates, which are continuously displayed on
the readout, are pUHched into the tapé and registered on the
printout by depressing a key or floor trcadle actuator switch.
Tuis procedure eliminates hand written part program manuscript,
a major source of human error in production of punched cgntral

9 “ tapes. (l-less 5%)
10. Hay operate Computer-Aided Design Machine: Designs parts for
ranufacture by !i/C via the computer by drawlng lines on 1input

device, cathode ray tube, with phototlectric light pen. Presses
huttons and Reys to detlng dEglgn intent, modify portions of
desipn and specify dimensions. Pré:assag desien through large
rgeneral purpese digital computer which receives, converts,
calculates, analyzes, and permanently records desipgn information
in computer memory or in a form suitable for operating /C
drafting machines and machine tools. (2-5%)

11. !a; Jan;alléQ in partlcular tymg of part pra?rammlﬁr Défipnated

for HnLgh pr;yﬁr;ng deLg prggramg or uy tradc marh or alﬂElL mdke
: of machine tool or MCU for which proprams are prepared. Specilal-
- izes in developing part propgram manuscripts in paftlaular control

lanfuapge format or computer-aided part programming languape and

may be ‘designated according to this specialization. (2-less 5%)

Q ' : : , 69
ERIC

Aruitoxt provided by Eic:

g ]
[N]



O

ERIC

Aruitoxt provided by Eic:

6.

Page-a of 16

12, May conduet training in N/C: Coordinates all Fequiréd' ;

tra;n;ﬁg, crganizes and develops training materials and
instructs. Conducts formal and on-the- job traln;ng to .
emplayeea and/or customers in .part pregramming, operation

of various N/C machines and equipment maintenance. Advises
_management on cutside training of most value to perscnnel.
(2-6%)

13. May make recommendations on improvement of N/C systems apd
coordinate equipment acquisitions: Analyzes N/C machine’s
on hand by checking performance, productivity and versa-
tility and makes supgpestions to management on improving
systéms. Ta keeg Dperatiaﬁ campetitive, asgists manayement
futuré equlpment needs and 1nvest1pa ng available hardwaré
to meet these needs. Evaluates perfdérmance capabilities
and cost and justifies expenditure sh wing probable return
on investment and time required for “ﬁ yback'.” Coordinates
acquisition of new equipment by developing -equipment speci-
fications, inspecting vendor bids, conducting pre-delivery
get ready and supervising irstallatiéen and 'customer
acceptance test''. (2-less 5%)

14, May act in liaison with maintenance department and other
specialists: Develops mainténance ’and production methods
by working in liaison with -specialists in maintenance,
quality contrel, etc. Develops maintenance schedules
after referring to equipment manufacturers' specifications
and consulting with specialists in the area, to réduce
breakdowns -and machine errors. {2-less 5%)

) /A

15. May develop:or refine time and/éost data: Develops as
a by-product of part progfammiﬁy, time studies and cost
analysis, manually or with the aid of computer, to improve
schediling, cost control and machine ]ustlflcatlon, and
eliminate duplication of Effcrt by industrial engineering -
department. (2-less 5%)

trat;cn, JEtS wage and ;alary standard; after job evaluatlcn
and comparison with industry-wide rates. Resolves labor
disputes by investigating grievances and making decisions
based on knowledge and background (See comments). - (2 -less 5%)

PERFQEMAHCE REQUIREMENTS

Respongibility
Is responsible, under llmlted supervision, for a variety of activities
such as resolving questions of design intent, determining suitability

and availability of standardized tooling and fixturing, analyzing
alternative part programming methods and machining sequences, and
reviewing computer output during .tHe course of a single assipnment.
Responsible for making decisions on a judgmental basis uglng past
experience and knowledpe to select the .best part programming
techniques JEﬁuence D; machining eycles and lncgrp@ratlnp partlana

70
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of previously:prepared part programs without trying out altern-
ative methods, thereby reducing time and cost of preparing manuscripts.

Responsible for making decisions on a factual basis, such as when
assigning feedrates and speeds prevchgly found to provide optimum

“balance- of 'such factors as accuracies and surface flnlshes, machining

time, and tool life. Utilizes accepted standards in ‘recording
processing statements in specialized part programming formats and
languages. Adheres,to standardized nomenclature when preparing
setup instructions fDP operators and in complying with'established
machine feedrates «fd speed conventions. Respensible for providing
close supervision and guidance when training workers in the pro-
gramming, use, operation, and maintenance of N/C machines and
peripheral equipment. Responsible to management for techhical
assistance in long-range N/C.planning 1nclud1ng time studies, cost
analysis, j@b evaluations and recommendations for the acquisition
of new equtfmantrf

Job_nouledny” - .

Must have numerical ab;l;ty at the level of shop arithmetic, geometry,
trigonometry, analytic geometry and calculus to comprehend functions
of N/C systems and prepare part programs, along with non- -decimal
arithmetic and Boolean algebra to comprehend functions of N/C'

system, read and interpret machine control tapes and MCU display
lights. - Mathematics at the level of vector analysis is required

to select from alternate part programming methods, and achieve
optimum balance of part pragramm;ng,<£ngg§ef'prace ssing and machining
time. Must have spatial ability to visualize raw and finished. parts
from engineering dfawlnps, sketches and mathematical descriptions, °
avoid tool collisions, envision detailed sequence of machining cycles
that will produce the part most efficiently and produce tool lay- up
and setup sketches. HMust be able to record data accurately and use

a calculatar and ccmputer termlnal f@r COﬂputathHSl 1asks Hust be

L

gystemg and methad of praductlon. Must be able ta learn SpE;lallEEd
symbolic part programming languages and prepare written instructions
for workeérs in areas of tooling, fixturing, and machine setup and

operation. Must be able to utilize and/or operate N/C machine tools,
digital computers, key punch machines, tape preparation machines, N/C
drafting machines, plotting machines, digitizing machines, inspectibn
machines, and computer-aided design machines. A working knowledge of
the basis principles of physics and engineering is required. Must

have understanding of what énginearing and design information are and
how they cary be most effectlvely communicated to people and computers.
Hugt }naw h@w tc use prec1a1an méasur;n? 1nstrum5nts, auch as dial

Mental Application

Must take initiative to confer with desipn, engineering and operating
personnel about difficulties in design interpretation, part programming,
macnining and maintenance. Must.be able to plan and write concise,

. y
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unambipuous part program commands and operator iffstructions. Must
be mentally alert and able to form clerical pe§éeptians, to visualize
pertinent details, distinguish symbols on drayings and sketches, and
~to identify, record, and verify numberé, letfers, words and special
symbols ‘that make up the machine commands of the part programming

- language. Must be able to coordinate planrning, and decide method
and sequence of operations by which parts are to be manufactured.
Must be constantly alert to avoid errors'\in| planning, programming
and manufacturing pargs by N/C. Must be hlert to possible errors
in ‘enginecring drawings.” Must use‘prﬁfgeéicnal judgment in pre--
paring part drawings, tooling analysi’s and part programming manu-
scripts for product maﬁufagtu?ingg.}
8. Dexterity and Accuracy /
: : ; .
Must have good visual acuity and coordination of sight to analyze-~
engineering drawings. Must be:hble to discriminate accurately between
alphabetical, numerical, and special symbols_in-ordétr to record them
correctly and in sequence on work sheet&™and manuscripts. Must be =
able to read technical sketches, conventional and mathematical-analytical. .
design data with absolute accuracy to determine steps and methed of .-~
. manufacture by -N/C. Must use ‘¢xtreme care and a high order of manip-

ulative dexterity in. preparing part drawings and part program manuseripts.
Must be able to set up and utilize various N/C machines and peripheral
equipment with considerable care and dexterity to obtaifi accurate

results. _ , / 7

{; L COMHENTS =~ -~ . R
*‘ffg ' )

§ o
10. IEquipment, Materials, and Supplies

sgquimeht: S ’ \
_ C@mpﬁteg Terminal: Teletype Model 35 ASR (automatic send-receive),
(ff " manufactured by the Teletype Corporation,’' 5555 Touhy Avenue, Skokie,

Illinois - 60076. * ./ o/ ,

/ A machine used for /C control” tape preparation for machine tools
“and/or drafting machines in addition to direct access to time-sharing
computer service and other.business machines. The moddl 35 features
a kéyb@érd; a printer, a paper tape punch,. and a paper tape reader.
These can be used in various combinations within the machine and to
“gend to and receive from remote equipment. It has a Y-row keyboard
similar to' that of a regular typewritér. The letters, numbers, and
‘certain punctuation marks are generated by pressing the appropriate
kevs. The printer has a friction feed or sprocket fed platen for
B-1/2 inch paper. The tape punch receives and recognizes informa-
tion in the form of serial signals emanating from the signal -line

of the local set of from distant transmitting equipment. It fully
perforates an 8-level, 1 inch tape in EIA, RS-358 (ASCII) code.
. Operating in conjunction with or independent of the other components,
T the reader senses the data stored on the punched-tape and generates

‘ corresponding serial signald to send the data on to activate the

» printer and prepare a hard copy print out.

/
Caleculator: Friden Model STW, manufactured by Friden, 31 Prince
Street, Pochester, lew York 14607.

‘ L 72
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A fully autamatlc calculating machine for performing the. basic
»mathematlcai operations of addition, subtraction, multiplication
and division. The machine consists of two keyboards, a carriage
and many specialty dials, stops, keys and bars.

Digjtal Computer: PDS 1020, N/C System General Purpose Digital
Computer, manufactured by Paclflc Data Systems Inc., 185 Mammouth
Parkway, West Long Branch, New Jersey.

Used to execute stylized prceduf§§ or programs, for salvlng such
diverse problems as problng outer space, preparing checks and -

‘planning cities: They are used by problem solvers throughout

govermment bualnessi lndustry, and educaflan. “The five main

. ;nput 4, processing

l
2. storage: 5. output.
3. control

Although there are many types of general purpose - -digital computers,.
their differences lie in speed, cost, or convenience to user, not
in their logical power. From the viewpaint of the user, the machine
manipulates two basic types of information:
1. operands or data
2. instructions, each of whlch usually SpElelES
a single arithmetic or control operation and
one or more operands whlch are the objects of
the operation. - -
Withiin the machine, both instructions and data are represented as
integers expressed in binary code. The heart of a general purpose
digital computer system is the central processing unit comprised of:
main storage, which hald; both program and data; arithmetic lopic
unit,, which contains’ processing circultry such as an adder, shifter;
and registers for. haldlng the operands and ;nstructlcns currently
being processed.

Key Punch: IBM Key Punch. The most common means of recording
information into punched cards. Thetoperatar transfers data into

~ cards by an operation very similar teo typewrltln?, frequently called
"keypunching'. Data being punched may also be printed at the top
of the card. Basically, there are three types of card pun;hes a-
vailable:” the 24, 26, and 29 card punches. :

Machining Center: Cincinnati Clntlmatlc 2-Axis Vertical Ma
Center, manufactured by the Cincinnati Mllllnﬁ Machlne Company ;-
Clnclnnatl, Dh;a 45209. . '
A machining center is a versatile N/C machining system capable of
automatically performing all the operations necessary to completely
machine a wide variety of parts from start to finish. '"Machining
Center" has developed into a generic term useéd to describe almost
any complex numerically controlled machine which-is a combination .
drilling, boring and milling machine. Df‘;gmally3 the term was
coined to describe a tape controlled machine with these three
attributes:
1. It must drill, bore, mill, tap, counterbore,

countersink and perform all operations on -a.

part normally accomplished by the use of

rotating cutting tools. e
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2, It must present at least four sides éf the

‘ to the cutting tools, preferably all sides.

3. It must have the capability of automatically
selecting enough tools from a tool storape
rack, turret or drum to machine a part
Eonpletely

L
\
\

drlll;np and mllan? capahlllt;eg and machlne at least fauf gldev of

a part by selecting tools through an automatic tool changer. Machininp
centers available today dre capable of performing such operations as
boring, drilling, rcaming, tapping, counterboring, countersinking,.

and milling multiple faces of the part on one machine with a single
set-up of the workpiece. They are equipped with means for automatic
tool changing and for controlling all aspects of the. machining process,
such as positioning, spindle spéed feed rate, and coolant on and off.
For this reason, the machining center, actually a new concept of o
manufacturing, has no single caunterpart amony conventional machine.
tools. -

Numer;cally Controlled Dlgitlzlng Machine: Auto-trol Digitizer,
manufactured by tlie Auto-trol Corporation, 6621 West 56th Avenue,
Arvada, Colorado 80002.

Digitizing machines were developed to perfarm functions in DppO;lthn
to those of drafting machines. In peneral, the purpose of digitizers
is to sense points on drawn or scribed lines on existing drawings or
patterns (instead of drawing them), and convert those points to
numerical data on a paper tape or other medium.. These data then can
be further processed by a computer, or used directly to control
machine tool movements. Thus an engineering drawing, pattern, loft
plate, or similar -object placed on the machine table can be the input
medium. After the operator zeros in the sensing device--with a
Lbuilt-in microscope on tlie machine, .or by using a console with a
closed circult television di;play-—he can instruct the machine to
follow the rest of the line or curve by depressing console ‘keys.

On sone mach;ned he can also add 1n5truat1@na, such as ,coelant off-on
commands and machine tool feedrates through the keyboard, to produce
complete machining tapes, rather than tapes that merely define the
confipuration of parts to be machined. Until now, the major market
for digitizing machines has Leen the aircraft and aerospace industries.
however, development of more sophisticated and flexible digitizing
systems may chanpe this situation rapidly. llow on the market, for

- example, are machines capable of both digitizing and drafting functlaﬂs3

Ul;h maderate change over tlme requlrad of the aperatar These
is ery dgg;rable thEy ‘add tc manufacturlnp flE?lblllty, and at a
cost that is feasible.

HumEPqullj Controlled Draftinf Machine:  Orthomat Mark II,built

Ly Universal Drafting Hachine CGFPDPatLDﬁ, 5200 Richmond Rcad

tedford leights, Ohio h44Ol4; Gerber Gfaph;c Display gygtem,bu1Lt

Ly Gerber Scientific Instrument Company; and Kingmatic Drafting
tachine, built by Baldwin Kongsberg Company. _

An autorated dﬁvicL'used to record dipital computer output in

praphiic form. l/C UTsftlnp machines are used either directly connected
to a Eaﬁeﬁal=purg@ e digital computer or off-line and use computer
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output, usually in the form of punched cards or magnetic tape, as
an input.medium to provide a graphical repregentatién of the computer -
operations. The basie N/C drafting machine is of gantry type
~construction with special servomotors driving the "Y' beam carriage
and plotter head over the drafting surface. . The drafting surface
may be equipped with a vacuum chucking system to hold the drawing
‘media. A console unit separate from the drafting table interprets
the instructions from punched tape or manual input data and controls
the drawing and printing of the proper lines and characters. The
piotferéhead has a single or automatic lndéx;ng turret mechanism C
for mounting a ~ariety of styluses such as pencils, pens, scribing :
" tools, prick punch and in some systems a separate. print wheel for v
alphabetic information or a photographic dev1cg to expose film.
(See task 8, in ;tem 12, General Comments, for additional éetalls)

’ - Humerlcal;x Cantf@l;gérﬁachlne Tools: MOOG HYDRA- PGINT 3 Axis

o : N/C Machlne and MOOG Model 83-200 HYDRA- -POINT N/C Machine. The
primary difference between N/C machine tools ard conventional or
automatic machine tools lies in the method of- ‘supplying input data:

"to the machine and cbtaln;ng feedback signals. With N/C, automatic
operation is achieved by means of numerical instructions coded on .
tape. These instructions, prepared in ‘advance by a part programmer
and recorded on tape, can.control the sequence of machln;ng aperatlons,

. machine positions, spindle gpeeds and votational direction, distance '’
and direction of movement of the tool or workpiece, coolant flow,
table indexing and tool selection. The punched tapes are placed

: on the MCU which consists of a system of electronic interpreting
/ devices, and when activated, guide the machine tool through the. . -

A programmed commands with 11ttle or no human intervention. HN/C

/ - machine tools are faster, more accurate, and more versatile than.

conventional or automatic machine tools where compléx shapes are

to be machined, and where @therw;se many maﬁual operations wsuld be
required. :

Humerically Caﬁtrolled Platflng Machine:  Cal Comp Digital Incremental
Plotter, manufactured by California Campufer Praducts, Inc., 305

N. Muller Avenue, Anaheim, California 82803.

Plotting machines are quite similar in concept and operation to

N/C drafting machines. The differences are primarily in the degree

of accuracy and quality of the drawings that can be produced, and

in the method of drawing. This type of digital plotting device has
one axis of motion provided by a rétating drum. Plotters which are
cheaper, smaller in size, and less sophisticated, are used more

widely at present than the draftlng machines. Bidirectional stepmctcrs
are employed by plotters for both the "X" and "Y" axes. The plotting
is regulated by the movement of a pen relative to the surface of

the coordinate paper, w;th each input pulse EEUSlnF a step of either
0.01 or 0.005 inches. " The "X" axis deflection-is produced by motion
of the drum and the "Y" axis deflection is pr@duged by motion of the
pen carriage. Electrical signals raise and lower the pen from the
surface of the paper. All plotting, discrete points, continuous

lines (sztraight or curved), or symbols, i1s accomplished by the
stepping action of the drum and carriage. Digital incremental plotters
can be used on-line with most general purpose digital computers
through an adapter which converts the computer output signals to a
form suitable for driving the plotter. For off-line operation the
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plotter may be combined with a magnetic-tape-storage and readout

unit to provide a :omplete tape plotting system. Paper alignment

is maintained by sprockets on the "X'" axis drum. Various types of
translucent and vellum papers are available in roll stock either

12 or 31 inches wide, 'depending on ‘the drum sprocket width. The
plotter has been used for verifying N/C control tapes, plotting
weather maps, lofting in aircraft and ship design, highway construe-
tion (cut and fill problems), telemetry-data plotting,’ stress analysis
Studies and critigél path scheduling for construction projects. .

Tape Preparatlén Mach;ne* Teletype Model 33TZ ASR; Strippit Tapetyper
Number 80151-000; Dura Mach 10B, 15" Meodel; and, Frgdgn Flexowriter
Model 2301, These tape preparat;on maChlnes have typewriter key~-
boards, an integral tape punch and reader (code sensing device).

They are operated manually through the keyboard in the same manner

as a standard electric typewriter. In N/C applications, ‘the operator

reproduces the information from the hand written part program

hard copy to be prepared.

‘manuseript; this operation simultaneously causes a punched tape and

Materials

None

Supplies:

Blueprints and/or whiteprints
Books and manuals

Data praeéssing%cards

Drawing instruments

Magnéti: tape (computer input/output medium)
Paper

Part drawing work sheets

Part program work sheets
Pencils and erasers

cales - architects and engineers

Loy

I

I
u—U

/,ecifi aticns sheets

Tape splices CI/C machine control medium)

Machine control tapes (perforated tape) in variousltyPES of materials
Mylar
‘Hylar[Aluminum Foil/Mylar
Mylar/Metalized Mylar

Paper - oiled and unoiled

Paper/Mylar/Paper - oiled and unoilea
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Definitions of Terms

ABSOLUTE DIMENSION - (See also COORDIMNATE DIMENSION WORD) - A
A dimension eﬁpréssgd with respecet to the initial zero
point of a ceordinate axl?r

ALPHAITUNERIC CHARACTERF - P code aygtgm in which the characters

used are the letters of the alphabet and the numerals -
0.to 9.

LAlL QQQEQ?H&}}‘ = A mpqnf‘whgrchy the pos Jtlcn of a point
‘ can be defined with reference to a set of axes at ripht-

angles. to each other.

COHTOUR CONTROL SYSTEM - A srsten in which the path of the :uttlng
tool is ccntralled by a simultaneous, coordinated movement
of two or more axes. ' -

€00 FDIWATE DIMENSION WORD - A word defining an absolute dimension

with reaﬁezt to a specified referenced zero.

LIGITAL COMPUTER.~ A computer that uses d;scrcte nurbers rathér
than Phjalﬂﬂl quantltlca in pfééé?51ng data.
. gu .
”‘CiTIL CDITFQL UNIT (ICU) Sometimes referred to as the CONTROLLER,
or DIRECTCR. Th;é‘lg the hrains of the numerical control
svstem. It consists of a tape reader plus the electrical
and eleetronic equipment needed to change the tape codes
into nachine command The MCU contains the memory,
computational abilities, and relatively simple- -switching
.circuits as needed for simple or compler machines.”. The
maciiine operator's controls and. indicator lights may he
nounted on this unit, or all or part of these cantralg
may Le c@nta;ned in a separate CEDEQlé. -

E;fTIC TAPL - Tape made of metal or plastic, coated with a magnetic -
aterial,up&ﬂ:which can be stored programmed information.

f
1,

UUH;R;QALACDMTPQL fY STER - A system where the actions are controlled
by the direct inscrtion of numerical data at some point.
The sy stem must auronatically interpret at léa; some

}thlDﬂ of the data.

PLEIORATED TAPE - Tape in which a pattern of holes and a tape feed

POTLT-TO-POTLT CO NLPQL iYﬂﬂin - See POSITION CONTROL SYSTEM.

POSITION CONTPROL

- A discrete or POINT-TO-FPOIHT COHTROI, SYSTEM
Tin wiieh fﬁe controlled motion is used as a ,means of
reaching a given end point with no path control dur;nw the
roverent Trom one end point to the nox
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POST PRDLLQQER i computer program which converts the generdlized
output of .a computer-processed part program into the = . f{
specific input requirements of the machine tool- numﬁrlcal
control system on which the part is to be machined.

PUICKED TAPE - See PLRFORATED TAPE. - . a

(‘ enc Pal. CDIT.mentf‘

. R
—_— . K

Work Performed: The tasks in this job analysis schedule lave been
compiled From a number of different sources and therefafc describe
the job in a generalized composite form. Can42quéntlyfthe description

may not coincide .exactly with a- aDECLflE job in a particular establish-
ment. :

Tas k 1l: alFﬂlflCSnt attempts are h21np made *o design products
specifically for manufacture by numerical control. Manufacturing
feasibility and cost analysis play a major role in the definition

of optimum .designs. The leaders in this effort include aircraft,
aerospace and ordnance industries. Many employers are insisting that
their desipn eng;neerlnp personnel acquire a knowledge of numerical
control procﬁszge, .as well as machine capabilities and. limitations.

Thus, an increasing proportion of their new-products mix is being

desipned to take full advantage of the numerlcal control potentlal.
Task 3b: Part pragraﬁmlng personnel often -use computer part
programming lanpuapes (such as APT) but are not required to know

all the details of how a computer functions, its logic and arithmetic
units anu its capabilities and limitations However, the computer
pFGPfShWEP For numerical control must be familiar with at least one
make and type of digital computer, and must’ meet most_of the require-
ments of a part prarrammer, in order to be able to prepare or modify
numerical control computer programs effectively. Thus, to be effec-
tive, any ccmputer programmer for numerical control must be competent
as an engineering and scientific cgﬁputer programmer, and must have -
acquired a fairly extensive background in machine shdp practices,
rmachining properties of materials, and machine tool and control
capabilities. The ability and experience to perf@rm adequately in only
one of the two areas is just not enourh. The job is inter- d;ﬁéipl;nary
in nature.

Automatic drafting machines, basically X-Y plotters, but

: ticateéd, often larpe in size, and capable of high accuracy and
rapid racafdlnp speed, are coming into use in the aircraft, automcbile
and. aerospace industries to record digital computer output in graphic

‘form. Exploratory work on the lI/C drafting machine began in 1947,

but it was not until 1956 and H/C profiling, that nonmanual data
inputs were available. Early attemnts at H/C draftlnp employed an
ii/C profile riller (using a 20-hp. gpzndla to grip a small scriber)

to produce crawings. Lven with this mas ElVElj inappropriate equlp—
nent, cost savings vere demens trated and time saved. Today mere

sophisticated machines desipned with drafting or plottinpg as their
primary function do the routine vork 20 timég faster, more accurately

and with le leaé time than manual methods. Some machines can
to produce drawinps to the exact scale desired.
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Prolably the major use of most drafting machines is in.verifying
the accuracy of tapes hefore they released for production, but
there arc many other applications such as pattern and template
seribing, plotting, aircraft and ship lofting, wmapping, surveying '
‘problerms and straight drafting. The last of these may eventually
‘have the greatest effect on personnel employed in the drafting
occupations. Some of the machines now Leihp. marketed not only can
develop tiiree-view line draw1nyq3 but also have full alphabetic

and numerical printing Cdpab;llt es and thus can produce supporting
-data on drawings. However, as 'is the case with almost all new
bardwarce, it probably will be some time before procedures to realize
“the full: potcential of the cquipnent are completely developed and
appreciated. (Sce lien 10, Lquipnent, for description of mach;neg)

Task Vierka

administration in th

proven difficult to set up. One reason hag heen thc tendEﬁcy of

EFplDyEFa to devel@[ job evaluation systenq based on machine futctions,
5 This is understandable because early

;tgp; are’ “often tentatlv— with nachines frequently acquired one
or tvo at a time. Hlumerically controlled machine tools are commonly
spotted, at least initially, in general machining areas, with the
location of determined by the function and size of conventional
machines th lace or augment: As a result, some fundamental
differences in Jou requirements tend to be overlooked or understated.
IFhysical effort PEQQLPEWEHTF changed markedly with numerical control.
itachine positioning in at least two axes of movement becomes a tape
rather than manual function. But setup and takedown are more frequent
because of hipgh machine produdtivity, and as manufacturing planning-
for numerical control becomes more experienced, the operator could
find it increasingly difficult to stay ahcad of the machine. One of
fhe most difficult conventional job evaluation factors to apply to
numerical control is that of responsibility. HMany of the duties
and tasks previously assipned to the .operator of a conventional

- machine tool--and his shop supervisor--have been transferred to the
Enﬂlncgflnp department. Details of operator duties, and their

l'<
]
v AT
'IJ
e rif

sequence, are specified for him on operator manuscripts. Other
functionsz of canv;ntlanal machine ap;ratarz now are a series of
coded rachine structions. They are on the tape. But where does

nsibility 1ie? Is the @pérator to be neld accountable
for workpiece quality, and will he be expected to notice machining
prolilems, and elther override feeds and speeds or notify.his super-
visor? ho is to be responsible for adequate tool life;=the operator,
the foreman, or the enpinecering department? In all cases, the operator
i ctad to f&ﬁaiﬁ alert, and try to shut down the machiné in time
1 pe, when there is a control malfunction or part

1nr error. But is he required to anticipate problems such
arising from variations in raw workpiece size, and trim the
to prevent machining difficulties? As yet, there are no

; to many of the administrative difficulties presented
'dtral Patching conventional job-evaluation 3
ust to numerical control has not proved aﬁgquate, and

url.er of employers are now setting up entir
T u and standards for nunmerically CGntTEllEd
“ine jobs. liumerical control already has considerably
standards, it's a new ireed of cat, and to i

- | 79
Q ; v 72

ERIC | 2.

Aruitoxt provided by Eic:

the final 1¢3§G

]
[yl
[
i
t
mw
™
pm




e - - BN ,, : Page 16 of 16
eXxtent so are its aperatars, Mdn-machine relationships are funda-
mentally changed. ilumerical control has "also forced chanpes in
functional organization, as major users befin to view it as an entirely
new manufacturing system, and not just as stranpge looking, expensive, L
and somewhat frightening picces of hardware. Just as numerical '
machining has changed the content and interrelationships of jobs
in manufacturing, it may compel fundamental improvement in desipgn -
and operation of company wape systems. Questions--and major issues--
are being raised both by management and labor, and current techniques
of ]ab evaluatlan and wage administration may not be good enough to

o>
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SQUEDULE

JO3 ANALYSIS
— 1. Job Title LU;&I;ATIQE;&%{Wi*S 2. Data.”§_$épt§m§§r iQ?S
(EuIcLe) - Nurber of sheets . 5
3. Alternate titles LUBRICATICN . 4. Dictionary title and code
' ’ — ! -

TEQINICIAN; LUBRICATOR; INSIDE LUBRICATION MAN ,

© QUICK SERVICE SPECIALIST 915.887
/;‘. - z"'f/- \'
[ — —— = — —_— i !; = ’!

Work Performed

Lubricates bearings, bushings, and gearfbctes with a hand operated
grease gun, hand operated gear iubriCant dispenser, oil can, squirt ¢3
can, and stick lubricant in. accordance with.the shop work order and 9
manufacturers’ specifications™ to reduce wear and extend ghe useful life
of a vehicle.” T ) k-

¥

1. Prepares vehicle for under chassis lubrication: Drives vehicle
" into service area, positioning over TW1n Post Hydrolic Pneumat;:
Lift by steering hh?Eis of vehicle into guide depressions in
‘garage deck, stopping when seated. Ekamines shop|work order
‘Teceived to d@tETﬁlﬁE the kind -and ex ent of lubrication required.
Examines the manufacturers 1ubr1catlan spea1'1cat19n5 chart for |
the particular make, model, and year pf the, vehicle. to be 1ub- . '

1
atad. |

Tica

Manually adju:ts 1ift . aIms at front of vehicle to a

p351t19n under spring assembly
Hoists-vehicle : 2.1

at rear under axle housing.

above deck on twin post hydrolic

pneumatic lift with ccmpiessed air controlled by hand aperated

control levers located on lift control panel.

lift amms for correct positioning.

Repositions llft arms when E

necessary, for safety and to prevent damage to vehicle, by lgwerlng '
1ift to deck for manual readjustment of lift arms to correct _ . \.
points. Raises vehicle to work height by hand gperate§ 1ift cons

trol levers for under chassis inspection and. Iubrication. -
* Examines by visual inspection, underside of vehicle for obvious
faulty exhausf

ehlsglﬂg‘ngzalds EX;: warn or damaaed tlres
Sy3Sten, -Ir

11:1;.5

Analyst ﬁp% Reviewer (ﬁ [ ((/(UIL‘D{)]@M |

g2 |
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