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i N _PREFACE T -
o\ i
y - \The General Accounting Office has targeted manufactur1ng tec olog§-- ‘
. espec aIly small-batch manufacture of parts—-for examination by fhe National

involvi ainly metal cutting and machining is ecopom1cally ecritical because
of (1) .th ‘met working sector's significance to other manufacturing indus~-
tries; (2) 'the JApparent lag in 1ntroduc1ng numerioally, controlled machines

.» 4and other a riate technologies if many U.S. machine shops; and (3) the
possibility of achieving impressive productivity gains through a large-gcale
shift to newer metalworklng technoiog1es{

[ .

Centérxﬁor Product1v1ty and Quality of Working Life.. Small-batch production

This report reviews the rgie of technological factors in metalworking , -
, and the training required to adapt to new metalworking technologies. A basic
' question is whether firms that have adopted the new technologies hdve en- )
countered substantial obstacles in tra1n1ng and developing the skills of .
their work forces.

b -

The. report is organized in three parts. Parts I nd 1I deal with tech- '
- nology and training agd draw upon several publig anﬁ private surveys and *
studies, plus extensive telephone and written cdutacts with knowledgeable i
, _ .persons in industry, unions, trade and professional associatiofts,’ and train=- 8-
ing institutions. Part 111 consists of fouv cgse studies of training jin
metalworking. ’ .
The. Center acknowledges, with- deep appreq1at1on, the frank and. thought=-
ful accounts 6f technologicdl adjustment and training that were shared by
; cogpordte and union tepresentatives. Thanks also are extended to officials  ~ b
P at the General Accounting Office, Buregu of Labor Stat1st1c3, tﬁe National
Science Poundation, several editors of tecﬁp1cal journals, members of con-
su1t1ng pngan1zat1ons, and off1c1ala of various .professional and trade asgo-
ciatidns,. all of whom weye extremely cooperative and provided usefnl data
and 1ns1ghts. : . ) - 7

T
-

. The,report was prepared by A. Harvey BeI1tsky, a consultant to the Cen~-
, ter. Edgar Weinberg, Assistant Director for Policy at the Ceqter, prov1ded
. ‘ 'd1rect1on in its preparation.

=
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Tﬁb recent innovations--pro rammabqucontrollers and programmable hand
calculators-—appear to meet ommendation in @ General Accounting Of-
fkce ‘report to deuelop metalwaork Eﬁchnolog1es.that will be "cost effective
in the env1ronment of sm2llf-_and medium-batch plants." These innovations are ‘
considered, alqng with th?/ le familiar numerical control, in Part I of this

report. / \

Programmable controllers have long been associated with mass pfoduct1on.
But they can also be used in small- batch production with stand-alone mach1nes
and as interfaces for numer1ca1 control and they can drambtically reduce -
downtime. ’ i .

L ' - 7 "
‘The 1néroduct1on of new control devices has reduced,training requirements

. for controller operators’ and maintenance personnel becayse machine failures
occur less frequently and the time needed to repa1r fakdowns is usually
shorter ‘than that for earlier models. Operators cqn "program! in their normal
language afrer. an average of only 3 days traidiag. Becauge operators are '
actively involved with the controllers, job’ satisfaction appears to be high.
The feasibility of im-house training on controllers is another attraction for

Ve some firms. .
-~ No major. capital investment is needed to’achieve the prpductivity in-
. crease that results frow using programmable hand calculators. The calcula- '
+ 4 tors enhance the role machine operators by making more use of their abil-

.ities and jidgment. An engineer or even s cgllege freshman or soplygmore
with a good mathematics background can pfepare programs for storagéﬁgn mag~-
neticutape, enabling an operator to computegmach1n1ng costs per pafﬁ%{n a
caleulator-and move toward an optimum cost level., Technical expertdibetieve .
programs can be'ﬁass~produced for use in small machine shops. Widespread
use of the calculators could y1e1d substantial cost savings in mach1n1ng.-

' . Part 1 z2ls0 briefly considers powder metallurgy and nontrad1t1onal“
. machining--additional tbchnologies that can be uged in making metral parts. °
t _Brief consideration also is given to dther innovations that may be the links
v between the machining of today and the even more advanced machining of

EOmOrrows . . - .

Part II deals with training requirements and sources of training and
shows that skills present in the work force may affect the kind of techpol~
ogy that ig adopted. JTraining to adapt to some of the newer (and even con-
vent1onal)2€echnq&og1 3 has been lagging, even though the skills needed to
operate guth innovations as numerical control (NC) do not exceed the, learn—
ing capabilities of the current Work force and of new entrants into metal'
working. Highly skilled technicians are needed for parts programing on '
advanced NC tgols, and personnel with high maintenance skills are needed




’ . ¥ . . . [‘

to keep the costly and comp11cated equlpment in, wo&klng order. However, math-
1ne operators on all but the most advanced equtﬁment make fewer dec131ons tham
do’ operatora on traditional equ1pment. - '

ers'

’Host training has been provided by the metalworking firme. Manufactur-

A . M A . A -
asgociations, machine-tool builders, and software firms that provide pro-

graming for machining have also provided gome training. Educational imsti-
. tutions outside the industry are other spurces of training. Part II describes
ome of’ these programs -

e

[

#

) MOnly aboul 15 percent of the metalworking firms surveyed by the Bureau
of Labor Statistics provide structured training; the regt use only
informal training. The metalworking 1ndustry prefers hande-on tra1n-
ing on a firm's own equ1pment.

s - The traﬂg;ng-provided by NC _machine hanuféﬁtqursftakes 2 td 5 days

and is considered an importént aépect-of.markeging the macbines.'

¢ More than 25,000 people have takpn a b351d 1-day NC éfa1ﬁ1ng course °
provided by John A. Moorhead Assoc1ates at various.sites. An intent . S

sive l-=week courée for NC coﬁrd1nstors, abso prov1ﬁed’by the Hoorhgad
firm, is sponsored by the National Machine Tool Buildetrs' ﬂsgoc1at10na
. \ . L5 . .
) Hanufacturmg Data Sjstems Inc., t'he larges,t pzovf:}er of- t1i-shan§d .
NC-tape preparation . systems,’ gffera to train, in a,}wweek cQurse,
good mach1n1st"\e1fhout program1ng ex er1euce.s . . o i i
¢ The Machinability,Data Center has tra1néd representat1ves f:om numer- e
ous companies and«some government agencies in a 2-day 3em1nar on prac-
tical machinlng principles for shop application. - N e
; N, , \ - . .’
¢ Training ha's also beén furnished by sevenql trade snd profess1ona1 e
asgociations. Tbe Soc1ety of Hanufactur1ng Eng;neers 8 ponsors uar1ous
copferences and teaching materials to keep members abreast of 1mprove- ]
ments in_ technology. __Jbe_ﬁumgzlcal_ﬂon:rnl_Snnlgtg_hnlds_n aninnal
conferencés ,.and séminars for ita members. .The Metal Powder Industries
* Federation also sponsors conferences and 1ntenSIVe 2~ and 3~day

»

senunars. t -t faw w e - - .

[}
. L »

Tk

0. A survey of NC technology instruction provided By postsecondar edu--

'} c t1onal institutions revealed that insufficient Lnstrdcthon 18 given ~

ﬂ_ in\lnew tecbnology, parﬁihularly in the area of computer-~aided manu-
© facthring." ., A}so, practical. app11cat1on _has gengrally. been ahsent in
. coltleges.' Less than 10 percent of the ﬁersonnel employed in NC re~

ceived their tra§n1ngg£roﬂ educat1ona1_1nst1tut10ns.

¢ Hennepin Technical Center, located in:a‘suﬁq;b'of Minneapolis, is
untque, .because it accommodates the technical ‘requirements of several
powder metallurgy firme in its own area and also of some firms in
other States. Pl

-
»

¢ Some private vcc!t1onal schools of fering NC-related tra1n1ng -found
that employers place new, 1nexper1enced ‘employees on their oldest ’

s

- . v S '




machine tools; kherefore, their training concentrates upon such mach-
ines. Other schools provide NC instruction because they have iden-
’ . tified employers who seek ‘graduates with such.training. 5 .

. The third and final part of this report’ considers different-forms of
training within four metalworking firms of varying size and technology. Two
of the casé studies deal mainly with sources of, and needs_for, NC fraining.
.The other two cases describe training for powder metallurgy and electrochemi=-.

. cal machlning. -+ . . . '

4

5

"¢ Kearngy & Treckér Corporation 'has pioneered in introducing NC machines
and machining centers. The firm also manufactures a programmable
. cycle controller and equipment that minimizes maintenance (and there-
' ' fore training) requirements. Training programs for purchasers-of
<- t Kearney & Trecker machines are short but include responsibility for ’ .
studying course materials sent out” 1 month before the st t of cowrses
in programing or machine maintgnance. '

. L]

[
.

- o The focus in this case study is on training needed by employees adapt-
ing to NC machines within a large metalworking firm classified mainly °
s as a job-order shop. As for most techno ical changes at the firm,
fected personnel were given considerab e advance notice of the shift -
- NC, and workers, did not resist its introduction. Employment and * .
training changes were probably similar to those in other firms adopt--
) + , ing NC. Employment did. not change much: fewer machine operators and,
somewhat more maintenance personnel are needed and someaemployees have
. been shifted to the new occupation of programigg. The adjustment .of .
b, wachine operatorg to NC was facilitated by using several tracing )
"machines, or duplicators,_in training. About one ~third of the firm's
electricians, including some with 20 to 30. years' experieace with

w . ' the firm, €nrolled in and completed four electronics courses on NC
- equipment maintenance. . ' AL I s
: T L - ‘ .[ -
. . ¢ A new tethnology may present a considergble challenge to!a wdrk force.
i} _ SBuch was the case.with ‘Lehr Precision Tools, Inc., whosejexperience )
‘ ‘offers some lessons in the learning needed to enable employees to ag- .

just to technical innovations. The president of Lehr anfl the firm's
other engineers work "shoulder~to-shoulder' with their wprkers to
provide training in challenging aspects of the job and"tp teach em-
ployees about tlie economic problems of’ produCing parts the ,elec-
ttochemical process. h ‘ .

¢ Merriman Inc.,*in the absence of outside capabilities tp provide in- ,
. - struction in powder metals technolGﬁy, has had to furnifsh much of its
training internally. Because the set-up speCialist is/of central im-
portance in manufacturing powder metal parts and must have consider-
able 'skill, labor and management have recognized standards for qual~
ifying training in a 3-year apprenticeship. ., . ~—

.

Q
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PART I. CURRENT AND EMERGING TECHNOLOGIES .
IN METALWORKING oo .
Mechanical material removal was used with man's first identifiable . =~
tool=-=the chipped flint knife. Now--2 million years later=--new
- . inechanical material removal processes, are Still_emerging.‘[4]*' .

L3 r »
Machine tools, also called the "qaster tools of production," are used to
manufacture a tremendous variefy of patts and éompoqents for end products.

L
[

Macﬁining is the largest industry in the manufacturing sector; it accounts
for more than 40 percent of the labor~hours expended in manufacturing. More-
over, because machine tools and the parts they supply are basic to producing
other®durable goods, changes in the machine tool industry eyentually affect ,
virtually all other manufaqturlng. "Production shortages in [metalworking)

h can cause rippllng effects in other sectors of the: economy." [55] -

y . ¢ . s
A t0=-year p}ojection by the U.S. Deﬁartﬁént of Commerce stresses 'the need
for modernizing machine todls to raise productivity and thus enable the U.S.
metalworking sector tq cdmpete in international wmarkets. [61] A General Ac-
counting Office (GAO) survey of metalworking recommends that the productivity
of the technology used in manufacturing should be' made .a "national priority." - -

" [10] According to the GAO survey, althoudh ighly productlve metalwWorking .
technologies have bgen pioneered ih, the. U.S:, most of the newest technologies
haye bheen applied only by a comparatively few large American firmsjy~those in
high-eecpnology or capital-intensive inqustriés such ‘as aerospace.

L}

< >

. Metalworking industries consist of many small- and medium~size firms.
Even the largest machine tool builders are not large by Almerican standards.
Among the nsers of machine tools, less than 25 percent of metalworking parts,
are manufactured by mass produption. It is widely accepted.that some three-
quarters of all parts are manufactured in lots of less than 50 pieces- Nearly
90 percenttof the firms pyrrently represented by the National Tool Di¢ and
Precision Machining Association hHave 45 or fewer employees. Nevertheless,

* the many émall metalworking firms that produce pnly in small runs or batcHes ¥
. account for more than one-third of the manufacfuring portion of the gross
nat1ona1 rodgct. <L .
Prodget. . ‘ X
e R Numerical Control . ' .';
v Nuﬁe;ical control (NC), developed largely under U.S. Air Force sponsor- - '_1
ship in the 1950's, has turned out to be a much more productive manufacturing
- tedhnOIOgy for\the metalworklng sector than the more wldely used, traditional,
) manually 0perated machine tools. v . .
. , . . LY -
*Numhers in brackets refer to the numbered listtat the end of this report. s '
: -1- ' .
4 - *
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"Al1l NC mach1nes--1nclud1ng the basic NC'machine tool, Hhich ‘is controlled
by (or receiVes instructions from) punched tape or other media--introduce auto- _
. Y pdtic control into metalworking.’ Although automatic control is usually associ-
ated*with large-scale produckion runs, NC if suitable for small wuns, because
it sigmificantly reduces sef>up time compared to manually controlled machines
v and allows different" paffe to be machited merely by changing a tape and reset-
tmg the tools.* Thu§ the econdmic break-eye® ponﬂ? is reached at Smaller lots
+ than w1th convent1onal mach1hes. . .
! . » . . ,
Conventional machiné tools use only about one-third .of available cutting b
g time, but because.NQ allows high-speed tool p031t1on1ng, some two—th1rds of .
* “available cutting time can be used. Additional econom1es are achieved w1th -t
NC machines équipped with automat1c tool changers that hold different types
‘of cutt1ng tools.. These machining centers, as they are called, improve pro-
© ductivity by minimizing set-up time at the machine and by enabl1ng an operator ’
& to control more than one machine. . . , \

- . L] b

i
NC adlso produces parts with greater rel1ab111ty and repeatablllty than

do conventional methods. Most errors are eliminated, so time and\materials
] are saved. NC is espec1a11y effective in those situations in which himan '
* error occurs most frequently macth1ng complex parts of high quality that
require many precise operatioens with var1ousatools.' In fact, somescomplex
parts cdn®nly be produced with NC. 'The_e.conomes resulting from NC can
reduce unit labor costs by 25 to 80 percent. Human drudgery on.repetitive
jobs is’ also reduced by using NC machines rather than mapual methods.

’

@

Fl
. - B L]

: % . , .
Improvements in-NC. v

v ) - ] M -
PR ..

~ : Adapt1ve control, an }mportant innovation in NC technology, can increase
machine product1v1ty. It offsets such, factors as material and .process varia- ]
tions and permits optimum cutting. The programer ot operator formerly per- .
formed some of the functions now carried out by adapt?“e,congr01. .

-

. Hardwired NC, with a special-purpoge computer, has also been united with
' “the general, purpose computer, a combination many authorities consider to be ’//ﬁ
as important “a5 the 1ntroduct1on of the assemmbly line and 1nterchangeuble .
) parts. This innovation has taker several forms., One is Computer quer1cal '
' Control (CNC), in'which i minicomputer controls’.a single mathine. Another is
Direct fumerical Control (DNC), in which [a computer] normally caatrols sev- -
_ eral dffferent machine tools so that more mach1ne time is available for metal
. cutting than is the case with tape. ' Both CNC ‘and DNC electrofiically store =
NC 4ata and, tonsequently, tend not to need a tape. reader to put the progran
for the part into the machine tool. Because less electronic hardware is in- =~
volved in computerized systems, 1n1t1al investment. and' maintenance costs aqe

lower than for conventional systems. oL . . -,
. , " NC'is considered the beg1nn1ng of an evolut1onary proce85 in manu factur- .
1w ing technology ) . .

. ' " ¥

[N is the] primary and most prevalent funct1on found in th
all concépt whereby the qomplete preplanned and programme

and production functions will be processed, stored, an Fly
. - . executed with the aid of "a computer. CAD (Computer Aided fign) { . © .
- Sl . N - . '. . ;6 )f .
' ‘ . —1- Y F*“ - - 7 v . w
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I'CAM (Computer A1ded Manufactur1ngi\w111 be the eventual out-.

. comg, and ‘NC is just one phase in the overall app11cat;on of the'
' computer in the‘manufagtur1ng and marketeng proceee. [211

»
.

* At & recent conference sponsored by the Amer1can Defense Preparedness
Xee?piet1 n and the Soo1ety of quufactur1ng Eng1neeée to review the Defense
Depdrtment's manufacturing technolbgy program, motre than two-thirds of the
part1c1pa ts identified CAM and CAD as the manufacturing téchnologies most |

ely io Ea1ee produckivity during the’ next 10 years. .

- L

w

' /.‘:. o

- ' % K

‘Utilization of NC.

L]

‘Degpite ite advantages, NG is not widely used. The aircraft industry

uses NC more tlpn any other industries, but in 1973 less than 5 percent of
he ingustry’s mach}ne taols were numeric¢ally controlled. _CAq_is.uﬁed pri-=
marily by medium- and large-size concerns but most small® firms. have not
adopted even the basic NC machines.  Less thaﬁ*one-f1fth of thé firms re-
sponding to the 1975 GAO survey had one or.more NC machine tools, and NC
tools reptesented 1es$mthan 1 percent of all tHE machine tools they used.
The GAO algo found that approxlmately half the firms gurveyed did not use
a computek id any way, and kess than 25 percent had 8 computer on gite, [10]
LIS ' ’ . -

According to a recent American Machinist survdy, onlyaabout‘3 percent
of the metalcutting machine tools in the nonelectrical machinery industry,
which represents about one~Eh1rd of metalworklng, were numerically controlled.
However, it is estimated that #bout one of every eight metalcutt1ng tools , _
1nsta11ed°dur1og the past 3 years was NC. The impact of the NC, machines on
1ndustry product1v1ty is much greater than their number suggeete, however,
because they are much more productive than manually operated tools. {257

e The steady decrease 1n the size and price of computers is accelerating
progreo;_}n RC teéhnology, and much of the new NC capacity being installed
is compdie;;zed. fﬁ1crocomputers (also called mlcroproceesors) for example,
gometimes have their central processing ynit on a single chip. Because of
their low cost, microc puters have been incorporatedgin z large share of
.computer1£ed NC systems; they also have beet applied to some very simple;
low-cost machine controls ‘involving manua} data input. [25] Despite.these
te¢hnical adVances, some’gxperts congider. the hardwired NC better for some
) appl1can1oqp than the computerized systems, which require operatlng programs
ar goftware, [25] © _ ) o -
The GAQO report, assesging the progpects for application of more ad-
yanced automated technology in the mid-1980's, concluded, "...the conditions,
methods, and processes of metalworking...may not differ drdstically from
those found during [the GAO] mid-1970's survey.d [10] Although the intro-
duct1on of NC mach1nes ig likely to expand at a moderate, steady pace, many
small firms feel intimidated by the new technology, These firms will.proba-
bly continue to use manually controlled machine tools, _at leaat until they
overcome their apprehensions by learning what is involved in_operating, main-
-ta1n1ngu and xepazrzng RC mgchinery. [65] One author1tyq¢3\conv1nced that
NC can be eucceeefully app11ed in companies empioylng ag few as 8ix persogs,
. bit.he advises that NC should not be adopted without careful study and

1




planning--fear of competition and a hunch that’ Nc will® succeed are not suf -
fiefent reasons to convert. (40)]

a -

Programmable Controllers

‘ ihe‘GAD study .called. for developing "new methods” and refining "mach
existing technology...so that it will be cost effective in the environment
of the small and medium batch'’ plants.” (10] Programmable controllers are
among the innovations that[deserve to be considered, though they may not be
directly cqmpetitive with the ‘more established ¥C. The programmable control-
-lex (PC), also called a.programmable logic controller, is an impxovement
_ over previous hardwired control systems. Pé,is defined by the National
Electrical Manufacturers association as L
a digital electronic control apparatus using & programmable mem-
ory for the internal storage of instructions which implement spe-
“ecific functions such as logic, sequencing, timing, counting, and
arithmetic to control through digital or analog input/output mod- /
ules various types of machines or processes. {577 58] !
PLCs vary considerably in sophistication. The simplest'are sequence
{or cycle) controllérs with a stepping switch, which permits one step to be
taken at a time, With a drum-type stepping switcl}, several steps can be
taken at a time. Operators may "program” in their own language or that-of
a ‘pegboard. Sequence is not a problem with modern solid-state controllers,
-which may be considered minicomputers. A "hidden digital computer-like
device" relieves the user from hatfﬂg teo learn how to program a general

-

purpoge computer. U !

»

Labor Factor in.PC'Development.

The moderg-era PC, with its programmable logic, was introduced in 1969.
Relays, which were costly because considerable labor was required for wiring,
debugging, and maintenance, were replaced by first-generation PCs. Because’
PC fajlures occur+less often and the time to repair a breakdown is usually
shorter, firms using PCs realized savings by reducing downtime and by elimi~
nating costly training for operators and maintenance personnel. Declining

"electronics costs and greater computer uyse later led to-the acceptance of
second-generation PCs. scme'?as have had tyo additional benefits: Opera-
tors remain actively involved in the machining process, and the level of job

satisfaction is felt to be improved. - C oy \

.

according to Professor Terry Taebel of "the General Motors Institute, only
minimal training is’ needed for operators to ‘adapt to PCs. Minicomputers are
programed at the factory to accept'the graphjcal language formerly used on
relay systems; unlike NC, the controller hastonly a few battons. Engineers
who have worked with a relay system can be trained in 1 day. Those without .
recent’ relay experience require about 3 days of training. Accérding to 32 PO
manafacturers, training rangés from t to 5 days. with 3 days the most common
period. Training, in most cases, is held at the controller manufacturer's
site. [51)




Malpr Tyges and Useq_gf_ggg.

.. .

There are wo parallel trends.-.in the PC market: .one [is] toward a
smart PCs to handle the increasingly complex demands of installations like *
transfer lines and materials-handling systems, and the other [is] toward
PCs aimed at low-cost, stand-alone’ relay-panel replacement.” {50] Control-
lers can be used for ps¥s production, as well ad for batch production with
small, stand-alone machines. Programing for either is easy and flexible.

PCs are primarily used in automobile manufacturing, butsthey sare .'.50
important in processing industries, and recently they have been used i
‘energy management. PCs have been used in metalworking to manufacture”sbme
rather complex parts, but they are sometlmés resisted on the grounds 'that one
machine is as good as another .as long as the mathne makes parts. This "iqw ~
ignores the centribution that controllers can make to metalworking produc Ve
ity. For example, downtiffe on traditiomal machines is high, and this'is
accepted as a natural condition., contreollers, howevér, can reduce downtime by,
as much as 95 percent.

' . Y
In some metalworking firms, PCs have been used as programmable machine
interfaces for NC systems. In one machine topl application, “each tool 'in a
synchronous metalcutting machine with 85 tool groups can be changed at dif-
ferent interz:é:ignd at different times. A PC xeeps track df how close each -

tool was to ired replacement based on fBumber of parts made.” {[16)

¥

- - F

One firm prefers to apply PCS to small machines by -using a standard size
controller for several machines, becayse PCs offer more features, greater re-
11ab1}1ty, and ceost much less than a minicontroller for each machine. ’ ""We
have put controllers on welders, die cast machines, punch presses, boring,
machinésr’ﬁ&tsh protesses, ﬁnd other types of equipment.” [31] A Detroif
firm with more-% 12 NC machines pla to introduce its first PC on a Jhon-
RC g,%nder. s js - .

u!f

~
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Cinc;nnati Milacroh, a magor machine teool manufaqturer,edecided th;ﬁ
allying a hardwired, solid-state S%ntrolIer Mith some cohventional machihes 2
would have substantial advantages. Its first controllers--the cincihnati '
ilafrem variable Cycle Conﬂ!’ller (VCC)--were delivered in 1974. The VCC is
. identified generically as a memory logic controller. In contrast to the PCs.,
which are designed for 1onger runs, the yCC contains a memory that can be
set up for any number of pleces requiring two or more axes of movement .

Among the benefits Cincinnati M:lacron claims for the VCC is that ;& can
bridge the gap between conventional and NC machining. Like NC, it autqm&tes
a machine, but it does not upgrade a machine: as a result, none of the inher=~
ent flexibility of manual operation i lest, VCC provides manual machines
with speed \(reduced times for set-up and part cycle) and a®curacy comparable
to NC, but it costs less. VCC-produced parts are more consistent in Quality
than _those produced by manual machining. vCC is effective in making parts *

egiire from one to three machine tools, with movements done sequentially,

and in making that are simple to megium in complexity. Although VCC is
not adaptable to comp arts demanding considerable tool changes, slopes,
cireles, and arcs, some VCC ave been bought by aircraft makers for low-~*
volume production of parts. ‘ o




LIS

VCCs are used to make ‘a variety Of hydraulic control ‘va lve stems for
ea movi quippent manhufactured by the Caterpillar Mractor Company The
i VCCs have & capacity of 96 events, and they are used for small productiord
batches. Productivity has dncreased.. an operator caﬂ .now tend two milling
machines-instead of one\ A Caterpillar machine shop foreman, reported that
he is most impressed by the improvemént in the guality, of thp parts produced
as a result of the repetitive accuracy possible with’ the VeC. (56} <

3

in

. According to an engineer at Cincinnati Milacfon, the VCC dan ke eful
*n overcoming the prbblem of finding skilled operators for mil ing machines,
with the VCC, operators do ndt have to write any programsqand ¢an use their
normal language. _Thé vcc‘éan be depended on to “remember * after the ma-
chine has been "tau&ht“ the operator's skill. * e ) e

-
Aol S .

\
PC Losts. T I
. ! . .
Pc‘prfces have decreased sharply, largely because of the introduction
of microprocessors. Because some‘SimBler controllers cost.$2,000 or even
less; it is feasible for trainrnb institutiOps to offer instruction in PC
technology. (2 32 “ L "
PC sales have rnQreased substgntigtﬂy in recent years and are still grow-
“ing. According to some ohservers, RC zales could soon‘greatly exceed those of
NC. "“Others believe that .PCs are iror likely to contin & as an interface with
NC rather than as stand-aldne machaines? exdbpt'Where camp lex cycles have to be
per formed over and again. The argument 1,5 thdt PCs are not cost effective for
small-batch ptroduction, but that NC 1s, Because it is, constantly reprogrammzhle
. to make engineering changes. An-enggiﬁgr at Bridgeport Machines indicated that
NC's flexibility in maki changes motivated his company to adapt a PC to a
N computerized NC machine, rather ‘than offér a PC by itsel:f or with a corlvention-
al machine tool. . - »

-
» . - - . i -
-
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Programmablé - Hand falculators ‘ ) &

.
. -

Hand calcu?ators are another low~cost technology with potentially wlde
applicability to metalwork machining. Dr. Milton C, Shaw and colleagues at
_Arizona State University and Carneqgie-MeIlon‘University recently developed a

roce'ss, using programmable hand'calculators, called Ménual Adaptive Control

}, a form of adaptive control in which the operator is the sensor and

ace between calculdtor and machihe. Because of the time and skill they
demand,\calculaticns for MAC need ko be myde by engineers. However, freshmen
res with a good mathemdticsbackground, but little machine tool
experienck, are now being used in this exerclse at Arizbdna State Univer51ty
and Carnedi -Mellon University. - K '
hi" ) ’

MAC h shifted the emphaSis in metalworking 10 two ways:  Greater use is
_madg of the operator s ability and udgment, and no major capital investment
is neﬁded. MAC is Mbst ea51ly appfged to mass, production, but shops of all
sizes can benefit because the prograﬁs are simple, the calculators arey1nex-

p/e,nsive, ‘and products that seem different can be grouped.




Each mach1n1ng operat1on--whether it 1i%s furn1ng, dr1111ng, m1111ng, or *
gr1nd1ng-—has an opt1mum pfbduct1on rate that leads to minimum mach1n1ng cost
peT part. For example, “if a turp1ng operat1on, speed is the variable to be
optimized with regard to c@et. To minimize cost,.the. feed should be as large’
as Eeas1b1e, tak;ng 1ntc-accbunt surface finish, vibration, horsepower avail-
able; tool breakage, etc. Hany other Dperat1ons require opt;m1zat1on for
only a s1ng1e var1able. .Often; the opkrator needs only three or four trials~
to 0pt1m1ze cost for &, single, var1able.

- " FJ . e

™ -Low*coet, magnetlc strip, programmable ‘calculators could resuI§‘1n con-
‘s1derable,saV1ngs; “The econoay #nd accuracy of MAC were supported by an ex-
periment which ancﬂved determlning an optimim course.by 1ndependent calcu~
lations made by MAC and by a much costlier computer program based on testing. *
Although large; shops. could .generate their own programs, relativély general
prograds could be mqps produced fot usk in smaller’shops. Ihe Hach1nab111ty
Data Center in Cincitpati. sells programs fdr mach1n1ng-cost/and production—

** . time analyses at a modest price. [54; 8) With a handheld Hewlett -Packard-
calcPator, a user (typically an englneer) can-input cut, time, and Aost, data
and evaluate the effect of speed feed,  and tool life on mach1n1ng cost and
production time.

3 (N *
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In two case studies, Dr. Milton Shaw and his assoc1ates found HAC.saved
up to 25 percent in machining operataons.. 1f MAC were applied to one- third of
the estimated $60 billion spent annually 1n mach1ning,vnationw1de, an average
daving of only 5 percent would total $1- bf111on per year.

o P

" MAC also benefits workers by allowing machine operators to take part in .
the decisionmaking process during optimization, thus 1ead1ng to more job sat
isfaction. MAC could also lead to the development of a work-incentive system

.based on the numbex of parts produced per unit of time and on the value of con-
sumable tqgfing required to produce them,

-
.

A National SC1ence Foundat1on grant made posS1b1e two successful MAC ap-.
plicatieons involving grinding~ . Another NSF-funded' PIOJECt will apply in 14
cases in small and Targe companles. These applications will cover a wide .

a casebook of typical MAC appl1cat1ons. «This cadebook ult1mately w111

as a textbook to introduce manufacturzng‘eng1neers to MAC. Lt is’ ant'

that a tra1n1ng organ1zat1on will be set up to offer.l or 2 weeks of

to prepare engineers to write specific programs. Machine operators would need

only minimal on-the-job’ traiming..  ° -
r * M b - = 4
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A Additional Technologies for Making Metal Parts . ’/’”I

L] + ' H

» -

L The new methode of controlling gmachine tools ca# raise the productivity
levels of NC machines and traditional gachine teols. Some other ney techno~

logies that are developing use non:rad1t10nal methods to aﬁﬁe‘mj/j} parts.

Powder Metallurgy. o . L

: - 1

L

Unlike ‘other metal- formlng techniques, powder metal (P/M) parts are shaped
direétly from metal powders. In the P!H process, metal powders are blended and

:?' 1

»
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the mixture is pressed ander great pressure, in a ptec1s1oﬂ die, at ;opm tem~
\berﬁture. After the part is ejected, it is sinteref: (heated) at tempe etures
of\mre than ‘2fOO degrees Eahrenheit to bond the, partlcles.. *

.
L ]

Although metals in powder form have been used for centuries, “modern pow-
.der metallurgy came into its o, &uring wWorld War II and has since been graw=-
ing more :ap;dly than other mgtal-fabricating processes. Although, some, P/M

d ~
’

weigh less than 5 pounds; howéver, parts wq;ghing more

n ‘than 1,000 pounds’can be produced by special tecﬁpiqueg. More than 60 percent

of all P/M parts are used in making automobiles.  These parts are being sub-
stituted for castings and stamped assemblies. P/M is also used in the appli- ~
ance, agricultural equipmént. business machine, electrical, electronics. and
machine toel industriess In addition, B/M parts have markets in aerbspace .
{(with its relatively low production quantitieg), nucleay, and still other in-
dustries. Because P/M can produce compgex and unusual shapes that are imprac-
tical to make by §ther processes: P/M parts are promising for‘surgical implants.

at T d

Nontraditional.Maéhining. e

Nontraditional machin;ng has been defined by Guy Bellows as "new material
removal téthniques.that have emerget since the early 1940's." [4) Although
nohnradltional processes change rapidly, Bel%ows identified 26 of them on
the market in 1976. These can be grouped ‘by* the kinds of .energy they use--
mechanical, electricalp thermal, or chemlcgl‘ .

. 2 &

Some of the factors thdt sparked~the eman& for P/M parts also led to the
development of nontrad1t10na1 processes, " These prodhsses use less material
from tougher and more ¢ostly alloys to make better and, ‘more durable parts in
more cdmplex shapes, The alloys used are more dlfflcult to fabricate and have
only a smaIl frdttion of the machinability rating of the alloys used with .
. other methods. Nontraditional material removal processes make it possible to
manufacture gcoqgmlcally component parts that are difficult, 1f ndt impossible.
to make otherwise. . v

The aerospace industry initially exploited these new processes, but they
are nowrcommon in the automotive induStries and, to a 1ldsser extent, in appli-
ance manufacturing. Broader ihdustrial application is anticipated for some
of the processes.




More Innovations and the *Future.

Other important innovations may be the ‘links between the machining of )
today and the more advanced maehlng?g of tomorrow. A recent igsfie of Manufac-

+ p————
tur1ng Eng1neer1n& highlighted the following new technologies: horsepover
mon1tor1ng, s1gnature analys1s, the Caterpillar Tractor (CAT) adapter, and
1mprovements in tool materxals. (15]

)

Horsepower monitoring is used foffadaptlve control, and it alﬂojﬂas non-NC
applications, espec1ally in cases in which tool breakage is a serig peob
For example, horsepower monitoring can replace the hum:- ¥ 1n listen1ng to
a gun-drilling . operatron for likely d1ff1eu1t1es and breakage.

-

Signature analysis is a "fomm of status reeogn1t1on based on trends." Acous-
tical signature analysis, for example, gan be used to detect bearing failures
at their onset. The process works best if the gignature is kept in micro-
processor memory. -, ) ’
The CAT adapter is a simple device, but its long range impact ,may be as signi-’
ficant as that of numerical control. There were formerly more than 30 adapter
“makes, but now the machine tool industry is standardizing on the CAT adapter. :(
The CAT adapter significantly reduces cutting-tool inventory requireients;
this is eSpeeLaliy beneficial to the amall user of NC equipment. [151\

. - AN
Newly JeveLOPed tool materials are an except1onally important area of téﬁhpo-
logiegal improvement. Though a s1ngle,3ﬁ%1versal cutting tool would be ideal,
this gQal will undoubtedly never be realized, and choosing appropriate. tool
materials will continue to be essential. When one recognizea that the perfor-
mance Of an extremely expensive machine tool largely depends on its $30 end

. mill, the 1mporEEHEE*Uf-rhe—“rtgheﬂ material becomes apparent. }461

»
ES -
» Although ‘cemented tungstegﬂearb1de inserts will continue to be-used,
the.price of tungsten is rising. This will makée the coated carbides,
which were 1ntr6%ﬁeed in 1969, increasingly attractive because thiey in-
crease producﬁrvrty and potent1a11y save downtime and‘1nventory gosts.
Givent their many applications, coated carbides would be more w1de1y
accepted if there were not a confusing array of different coatings and
combinations of coatings and substrates. In addition, many maehine
tools lack the speed-and-feed capability or the rigidity to benefit
fully from coated inserts.

! w” . ' d"

Ceramic inserts also hive certain advantages over tungsten earﬁide
They can be applied to nonferrous materials, nonmetallics, %ﬂd super
'alloys, as well as to steel and cast iron. » a

..7“& L
COMPAX tool blanks--industriaﬁ’piamoda blanks produced, 5y General Elec-
tric--also are available for machining nonferrous gI¥0ys and nonmetal-
lic workpieces. The longer tool life, highe{:manhine productivity,
better part quality, and reduced scrap rates of diamond tools have re-
dueed manufacturing costs. (18] o ¢ .

o There-are also new work materials, including advanced eompos1te3 such
as boron/epoxy and graphite/epoxy. Because the new materrals can be
formed into components requiring fewer fas;enerﬂ,than metals do, they
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’ are ecdnom1ca§ rn dqs1gn 8nd 1ahor., Moreover, these materials are:’
L 'Both sfrong ‘d*ﬁxghtwesght, they can take considérable abuse and
Latill r&qu1r less malnrenan ban metal. -Although most applications
have been in the aeroapace ‘igdustrys; as pr1ces decline material pro-
dqucers expe to see mdre applications- in the production of leisure
1-itema and i "sych “industries as automobile manufactur1ng- [64] ,~

»
e -

+

Accord1ng to/a auroey of the .American and foreign'scientists and. engineers

. of the Internati al Inst1tut1on for Production Engineering Research (CIRP),
GDﬂputer-automat d factOr;es ".r.will be a full-blown reality before the end

., of this. century.” 139] The ultimate objective~-the automated factory--w111 be
approached. by ¢ e’ induftrialized nations of the world through such "vieble,

= économic stepéi aa°'1nte§rated manufactur1ng software systems, group technol-
ogyx ‘cellular, . ‘nuﬁ;ctur1ng, computer control and multi-station- maan&ttur1ng
ayabema " ,

L - . - - -

. CIRP has explored economi ¢ and«soclal incentives for establishing auto-
" mated factor1es for batch-type metalwork manufacturing. Economic incentives
lnclude the highér pfﬁduct1v1ty Lo be reql1zed by reducing the time that parts
*are in prdceés in.the shop and’ by increasing the time that machines are dsedy-
Soctal incentives include the upgrading of job QUal1ty. The international
experts in CIRP feel that automatisn would prov1aé safer, health1er, and more
- satisfying jobs, with greater employee participation in decisionmaking.

. .CIRP recommends education and training to prepare for the automation of
factories: keeping workers and educators informed.as the evolution toward
‘the automated.ﬁacbory proceeds; -educating and tra1n1ng,management o the,
technical, econowic, and social aspects of‘1mp1emenv1ng the new technology;
prov1d1ng more worker training in repair and maintenance; and providing more
and better formal edusation about computers, softwarg, and autonw&k Shyh1ch
emphaslzes]the versatility students will need to meet changing career situa~

* tions. [}7 .
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PART 1I.° TRAENING REQUIREHENTS AND SOURCES OF TRAINLﬁC '
. S T
The )nd of metalworkmg technology that a fimm adopts wl.fl ‘be partly de-
termined by the .skills of its work force. For example, an A1r Force log1st1cs
center decided against NC equipment, simply because most of hé center 8 ma-
chine operators were experienced with conventional tools. ® oﬁher obstacle to
change is the inddequate supply of manufacturing engfﬁiéts ttélned in nontra-

diticnal methods. : e”

. i r f.“'
. ‘,f”’ﬂ/}The skills required to operatéifhnovat1ve machines. suﬁh as_NC do not ex-

3

programs.' [53)

ceed the learning capabilities of either the existing worg force or ‘new entrants
into metdlworking, but tra1n1ng in both new and conventional technologlee has
been inadgquate. . = ‘. ‘

' - . \
Skill Requirements for NC

- ‘Except for the most complex NC machines, ®C tools eliminate the need for
highly skilled machife opérators. In fact, shortages.of skilled machinists
and machine operators have, to an extent, actually accelerated .the introduc-
tion of WC machinery in both this country and Japan. 161] Aeeonding to the
tra1n1ng coordinator for the National Machine Tool Builders Assogiation, some .
firms, in the past, used their best toolmakerd or most skilled mdchinists
when introducing an NC machine, because they 1ncorrect1y believed that workers
of the highest caliber were neéded for such expensive and product1ve wachines.
Certain facilities probably still are fa111ng to benefit, from NC's ab111ty to
use lees skilled operators. . . .

!

This does not mean that using NC will elipinate ‘the need for prained per-
sonnel. "Highly skilled technicians are required to maintain and service NC
equipment; and trainéd programers are needed to write NC programs; some ob~
servers evenm%?el that graduate engineers are needed to prepare the computer

;o -
. .
¥ .

- Part Progrdmer Skills. : o ‘

"According to the U.S. Dqgartment of ‘Labor, the new technical p;;}hion of

part programer for NC requires mathematig¢s, the ability to visualize objects
and motions in three dimensions, and an Linderstanding of cutting and tooling
principles, [62} A General ‘Accounting Office survey found that programers must
be able to dérive, from efgineering drawings, the data "to program the numer-
ical calculations to control machine movements.” [10]. Skill requirements vary,
however. Programing for the simplest form of NC, which involves a point~ ‘to-
point machime tool, is relatively simple and requires only the ability to read
engineering drawings and to upderstand machining. But toolmakers being re-
trained today on advanced NC topls do need more knowledge of programing, mathe-
matics, and computer sciences than they would have needed in the early years of

-11-
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- NC. (At leaat one firm which is applying C;ncinnat; M;lacron s Variable Cycle
Controller utilizes its work standards personnel to write programs. The .job,
whlch is mach 81mplar than that of NC programer, is performed by employees
who are not college graduates.) .

- . f ‘\

Machine $ool gperator Skills. N

A trade journal'taport on NC ascribed the revolutionary nature of NC
tools to the replacement of machining methods which draw upon precise “opera-
tor. [motor] skill and intuition® with "an entirely conceptual documentation
[throuqh proqramlng] of all machine motions and functions needed to machine

a workgiece.“ (247

I3

10-year—old study that pompared the skills of machinists on NC with
._thosegbf workers on convenﬁfbnal machines also concluded that NC operators
could be less.skilled than conventional operators. [26] .ARlthough operators
had the mapual dgxterity to operate WC machines, it was found that certain
operatars might benefit from specialized training in tape language, display
codes, an pgoﬁram sheets to increase their perceptual skills for machine mon-
itoring ané conceptual skill ‘to handle much more aymbol;c information., It was
also found that NC opgrators had .to make substantially fewer decisions than do
qQpgrators of conventiongl machinés. According to the U.S. Department of Labor,
NC marchine tool operaiors need less knowledge because tapes are programed to .
'contrgl Speedsa‘feeds and w;dth fnd depth of cut. .

. : 2 2 )

’ However, opirator's need new skllls for advanced NC equipment that allows
.functions which previously could not be gerformed %ractzcably. Thus, the Job
of a worker who operatés two e 1athes (and thereby raises productivity eight-
fold} is not like that of a conveqt;onal lathe operator. According to the
presiderit of a firm that manufacfures sophisticated machine tools, such a «
worker is less a machinist than a "machine manager.“ (6] Workers in capital-
intenrsive aqtomated system& must be able to déal very quickly with unexpected
ang varied drfffgult es; ndividual lnltiatlve ik needed. rather than the usual
form of supervision. In fact, initfative may even:Pe the most zmportant "gkill”

P ¥ 'S

operatorswfhould;ﬁi“l} o . o
et .'.’ . - , : B

fa

3 - .
4 *Mainténange Skills.

5 . . * .
NC machlnes are expensive and have complex control §ystems. breventive
malntenance is neceégary to assure their optimum use.; Prevahtive mainténance
mechanicg should be trazned in the technology qf eiectronlrs and have a work-
ing knowlodbe of hydraul;cS, pnedmatics, and, of course, mechanlcs. Preveﬂt;ve
maintenance is simplified if bardwired systems, withftheir many prlnted wiring
boards, are reglaced by microcomputer NC systems, Wthh allow "...resident,
pushbutton-actuated boardlevel ,self-test circdfts with direct visible feed-
back...0f circuit lntcgrlty.t {19] (Preventive maintenance:and reliability

control will be on the agenda of the Fifth World Cfngress on the Theory of
Machineg and Mechanloms in Montreal, canada, in July 1979, )

-~ ¥

"t

It is noteworthy that an engineer ﬁho hag applied programmable control-
lers to small machine 1s believes controllers can be simply maintained,
if, in the design of control»system. the program piaced into a machine

H
L] 1 hd *
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takes ﬁfkntenance into account by making it feasible to troubleshoot the
michine easily if it is not operating properly. ,a{
. . . \‘-xhdf' )

; - . Shortage of Skilled Workers

Acco?gﬁag to &an Industry Week survey of manufacturing 1ndu8tr1es, 80 per °
cent of the rF3pond1ng nofielectrical machlnery manufagturing plants reported
shortages in skilled workers. [13). The most severe needs were for machine
operathrs, mechanics, electricians, and tool and diemakers. More than half of
the 152, respgndents reportedmthorthges in skilled workers, but none reported
ma joy probl in finding computer operators or programers. A GAO study con-
firm¢d shortages of skilled-machinists for coaventional wachine tools. Qual-
ified maintenancé personnel for NC equipment are alsp in cr1t1cg11y short
supply: In 19?6 a5 percent of the job listings in NG COHMLINE were openings
of this type.

* 3 . - -
ﬁ ‘\‘ »

/" various explanations are offered for these shortages. One is that experi~
enced machine operators are leaving their craft to be trained as part program-
ers. . Industry>Week cites marager resistance to on-the-job training, relating
costs for this to the 1974-75 recession. According to spokesmen for the Na~
tional Tool, Die and Precision Machining Association, large companies in other
industries have for some 20 years been pirating employees from the smaller,
skill-intensive toolmaking firms. Apprentice training is lagging, and it has
been maintained that, if minority members and women would forego high current
earnings in production-line jobs in order to train as machinists, ultimately _
they could realize a greater payoff as-skilled journeymen. The state of the
labor market also has other economic implications. Because of the lackK o

*\ag}lled personnel, one aircraft manufacturing supervidor estimated that h

ust hire 20 percent more-people ro get fhe job done., Moreover, as journey-
men have been "deskilled” by splintering their responsibilities, pride in the
jqb and productivity have suffered. N - -

Training: "ﬁesponse to the Worker Shortage

-

The shortage of skilled workérs, rather than impeding technological .

chgnge, can be 8%alt with by training afdd/or retraining. Several European

metal firms, for example, prefer to train local workers in the firm's plant
. in another country, rather than adapt the1r production methods to the skills

of available workers. {29} - L
* Training islnecessany for.NC programers--who, because of nonstandard
equipment, must learn several languages and machines--and for maintenance °
workers. One user of NC tools estimates that controls have chsnged so radi-
cally. th many mq&;éenance personnel are 3 years behind the latest technol-

ogY+ Ea,r s that mu subcontract their maintenance because they lack ip-house
trained personnel incur costly downtime. The Oilgear Company of Milwaukee ?.'
specifies similar controls and spindles on ity NC machines to standardize '
spare parts, servicing, and tooling and thus simplify maintenance. The elec-’
trical engineers, electricians, and mechanical ‘supervisors trained to service
~the machines are taught the fundamentals of @aintenance by NC.tobl builders.

" -
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Training is ‘offered by the industr} itself. Metalworking firms offer
on-the-job training to update present,égployees and apprenticeship and other
training for' new employges. MacWine tool builders, software firms {(in pro-
_graming), trade aSSOCiations, and educational and training instituﬁions out -
side the industry ‘are also a source of training.*

v' *
-

r
-

Structured Training. o . .
! "

_The.Bur?au of Labor Statistics during 1974 surveyed-structured trqining
programs for'14 skilled manual occupations in four metal dndustries: fabri-
cated metal products, nonelectrical machinery, electrical machinery;  and
' transportation equipment. [63] Excluded from tpe(;urvey were the most common _
forms of training: 1earning tbrough work experience and informal and casual
training. The statistics should be viewed with caution because standard
errors (whith measure variations that arise by chance) were high and the sur-
vey was unable to identify important changes 1in training methodology that some
firms adopted. Only 15 percent of the surveyed establishments provided struc-
tured trdining 1®*%ne or more of the 14 selected skilled occupations. Of the
nonelectrical machinery establishments. 18 percent offered training--the high-
est percentage among the four industries. Thg greater the number of employees,
the more training was offered. Of thoser in training, 71 percent were in gqual-
ifying programs; only 29 pércent were enrolled in structured, skill- improve-
ment programs. Of the establishments that offered structured trafning, three-
fourths evaluated their programs periodically, usually by supervisory ﬁeedback.
Trainee follownp, examinations, and outside evalvations were used much less
frequently. Nearly'85 pertent of the establishments with structhred training

did not have a specific¢ training budget.
N 5

The reason most often given by employers for providing tfaininq was that
this is the best way Job skills can be learned, and (according to ‘an official
of the National Machihe Todl Builders’ Assoc1q#§on) there 1s a definite indus-
try preference for providing in-house, hands-on training on a firm's own equip-
ment. Another reason was that employees had inadequate educational and/or
training backgrounds. The sufficiency of informal training was the main reason
for not offering structured training; the small number of skilled jobs to be
filled was anothér impeortant reason; other firms preferred to recruit workers
dﬁg’were already trained (by others), and one-fourth of the establishments
'lacksﬁ/the capability to provide structured training. *

L]
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_ In 1977, The Conference Board, Inc., published the results oD its survey
of industry's training methods. '[34] More than 600 companies,bfrom industries
accounting for about half the total private employment .in the nited States,
responded to the survey. The results indicate that corporate training efforts
are characterized by practicality and a concesn for minimizing educational
outlays. Corporations prefer to use short-term courses (including learning
.modules), Sself- -study materials, and operating specialists and managers., Father
than prdfessional educators. . S

- i ’ 2

Training Modules at Cincinnati Mirlacron.

.

] -
Many aspects of training at Cincinnati Mi'lacron may typify education and
training programs by corporations with 500 or more employees. Cincinnati

-14- 9.
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Milacron has. recognized that "training must be cost effective and adaptable
to changing needs. The firm's training effort has aldso heen influenced by
eppansion and improvements in public vocational education within the firm’ s,
central manuﬁacturing area. Milacrdn's training is responsive to changes 1n
machine~tool technology and to such new technologies a6 mirricomputers, md cro-
circuitry. and NC systems, which aré related to the firm s diveréification
tnto other fields. including plastics.

L

»
- ]

The firm\shifted away from general'training in.toolbuilding, because it
could mean training wauld “"go on.forever." It also was not considered eco-
nomical to continue using a centralized training facility owing to the rapid
changes in equipment and techniques. Milacron's shift from "vestibule" train-
ing to the use of existing, in-place equipment during downtrme was not perma-
nent. During the middle of 1977, in tesponse to a peed for more workers to
accommodate demand for much higher production. Milacron resufied vestibule
training on ‘surplus or third-shift equipment. The firm also wanted to be
able to acgept more women ‘and minorities into machine operator and aqsembly
positions. The vestibule setting has served to introduce inexperienced per-
sons into the shop environment and to Yalse their retention rate as regular
employees. [34]

Milacron's training is based on careful diagnosis of and prescription for:
individual Araining needs. An important training tool is the module, which
is a "gﬁfzfzf needed information and/or:skill that has been translated into a
unit of study."” Milacron is building a library of modules, adding new modules
and removing othets according to its continuing redefinition of need. Mila-
cron's training modules meet this regquirement by including behaviecrally de-
fined objectives and a specific performance standard as an evaluation device.
[47] According to a report of the National Center for Productivity and Qual-
ity of Working Life, evaluation is an important feature Of training programs.
because it is likely to engender a greater commitment to training. [41]

-

The modular technique is used botk for new hirees and for currént em-
ployees who are receiving technical training. especially in, maching operation:
it ' will be extended to management development and education. Milacron's Per-

sonnel Development Department, which is responsible for training, continuing

education, and customer trainin operates with a much smaller g £ since the
4

-shift to module training.

N v

To reduce high turnovet among pew employees, Milad’p\"deveIOPed a machine
operator shop-learning, program, which gives hirees a betteé understanding of
what they are doing and of its relationship to the other. work of ‘the company.
Formal training lasts for about 4 weeks; however, an operator may be in a
learner category until the required performancé level is attaineéd, sometimes
as long as a year. Continuing education and training are considered important
for all company personnel; sSupervisors are heavi involved in day and evening
prodrams: which usually last a week. ?jY‘

B
L]

-

Apprenticeship and other Qualifying Training.

“ “ - . -

. The National Machine Tool Builders Association favors apprenticeship, Y,
becauge many skilled tool a‘:d diemakers will soon retire {their average age
in the St. Louis area. for example. is 55) and because many graduate

23?
v
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apprent1ces ultlmately b&cghe supervisqrs. Apprent ceship and other qualify- \
ing training aré costly and, of course, do not 1mae§;ztely alletﬁigg.ﬁhortages .
wof sﬁylled workers. } \

.

]
L]

Some firms have cut back on apprenticeship training gn the grounds thae ™.
wmany machinists work almost exclus1ve1y on only one or_two machines and that
apprenticeship, which usually takes 4 years, ‘is not cost effective. The Fed-
eral Bureau of Apprenticeship and Training can (in its approved apprentice-
ships) shorten the period if trainees are shown Co be’able to progress more
quickly than in the prescribed beriods. Apprenticeships have in¢reased in
Illinois since several f1rms got the traiging period for mach1n1st apprent1ces
redugad to 3 years. ' d

é1nc1nnat1 M11ac}on s machine-trades apprenticeship is listed as a 4-year
program, but it carr1es-fhe%%qu1valent of a4 2-year associate degree in evening '
school. Two-thirds of the ptogram is Jub related; the other third is acadeplc.
Milacron has also had college cooperative students. These students gemerally
develop into technicians, but also may become Journeymeﬂ and superv1sor& after
they receive thexr associate degrees. ) S . £ e

I

. Derroit has.consideyed 1%5t1tut1ng a Jo1nt-employer approach to appren—
ticeship and other fOrms of qualifying training in ¢rder to meet the need for
machine §u11ders, wmachinists, and machine operators with .traditional skills.
The program,which would resemble the cooperative training venmtures the- con-
struction industry has,ufidertaken in'response to its highly fluctuating em~ ~
ployment would be conducted by the Detroit Machine Tool Personnel Associa-
tion, a group of 16 f}rmé Eonic, Inc., is typical of these firms. It is a
job shop with about 180 employees. The firm does not have a major product
line, which makes 1E“H1ff1cult to predict production loads and to support a
format apprent1cesh1p program (although the company did have one in the past).
The association may try o deal w1th the problem by sponsor1ng a program as

a concerted effort, .

; The multiemployer approach to training has also  wade some progress in 3
DuPage County, *I1l., a suburban area west of Chicago. Employers have actively
supported the machine tool operation program of fered to high school students

by the area's publ1c vocational education center. The program reflects some
employer preference for mov1ng away from a formal appremticeship program,

which one employer claimg “only teachés. experience, not knowledge." It is
hoped that cooperat1on between the school and™ employers ¢can expand this pro— .
gram to include adult trainees. .

Since 1964, preemployment training programs, conducted by the Natrbnal
Tool, Die and Precision Machining Association and funded by the u. S.;Bepart- .
ment of Labor, have enrolled nearly 12,000 economically disadvantaged, unem-
ployed, or underemployed €rainees. The programs consist of two l2-week phases.
During the first phage, trainegs .spead 35 hours a week (ffve- 7-hour days) in ’
school. Three hours a day are devoted to acqulrlng background skills—--shop,
math, blueprint reading, shop theory, and so forth; the remaining 4 hours are
speit learning fo operate machines--drills, mills, lathes, grinderg. Trainees.
receive $65 weekly plus a nobminal travel ailowance.

-

During the second phase, /{ra1nees work for local metalworking plants.
Trainees are reg1stered under State apprenticeship regulat1ons and receive

»
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. on-the-Job t{@1n1ng durlng the dar'and related training in the even1ng. Some
gmployers give t:a;nees who successfully complete the .program a 24-week cred1t’
on a 4-year apprenticeship. " . C . N ' ’

Lt . RN -
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Training for.Machine Tool Purchasers.
According®to 0ne survey, 66 percent of the, persons work1ng with NC sys-
tems were trained in~house. (3] One out of five of ®he workers was trained”
by manufacturers-=16 percent by.- equ1pment manufacturers and 4 percent by qon-
trol manuﬁéﬁturers--who view training as a very 1mportant aspect of marketing -~ -

the1r mach¢hes. . " .
3 Y ,_° ..

- Tra1n1ng costs to“purchasers vary. Initial maintenance training is in-
cluded in the purchase price of ‘Ne machinegs. Charges for training. programers,
—pbanners, and liaison-personnel vary with the policies of suppliers and in-
house capabilities. [11] Pravel” expenses and wages paid to employees dur&ng
the.tra1n1ng pgr1od are maJor cost items.

According to a survéy by American Mach1n1st of some 50 suppliers &ho pro~
_vide most of the NC systems in North Awerica, training ranges from a half day,
in a sma¥l numbe§ of cases, to l4 days for maintenance tra1n1ng, "in one in-
tance. Programers' training averages- 3 days; operators', nearly 2-1/2 days,_
hat of maintenance persons, 5 days. In general, tra1n1ng periods on
systems were very short; more sophisticated systems took longer. 1In
only & few ustances was.training provided on a pur%haSer s site; apparently,
most tra1n1ng“TsH2;ov1ded at the factories that make the Bystems.’j25] TheE;
. a .

disttibutors offBr dgeport machine togls (and probably ather distributors

well) send out factory- tra1ned instructors' when a purchaser cannot ‘attend t

manufacturer s training sessions or when enrollment. is at a max1mum:$ ‘
. . ¥ .

The vice president. of market1ng of Kearney & Trecker Corporation feels
that, in the case of a large *Ne system, machine installation ‘should occur in
-Ianned phases along with intensive tiaiping. He suggests that NC machines,
wihich can be operated with a punched tape, be installed one at a time, so that’
SUpeykes can gradually become acqua1nted with the machine's capabilities. A
semliutomatic materials handl1ng system could be introduced next, and finally,
direct numérical control. [43] : : “

] .
L - .
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Some’ thoqghtj;na effort " have been devoted to the problem of d13tr1b1t1ng
1nformatlon on the characterjftics and operations of NC machines. Until about
3 years ago, a Connecticut oncern used a few mobile displays and mobile ma*
chine shops with NC macblne to demonstrate its product to small machine shop
owners and their personnel}”this was very costly. Man managers of smallet
firine learn about NC through seminars, but the training le from-manu=

facturers of NC equipment. is primarily for actual rather \than prospecflve
purchasersg. - . L.

LY . e r—-

" Jack Williams, of the Illinois Institute of Technology Research Insti-
tute; .is among gMose who have, been trying to securé support for a national
demonstratlon site, which would be an econom1cally feasible means'for small

" companfes to learn about! the new and dlfférent «technologies of many manufac-
turers. The Soc;etxkof Mapufacturing Engineers and the Robobﬂ%g:ifute of

. -
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America have discussed establishing a site modeled after , Buropean trade

centers, where manufacturers could disPlay equipment and offer training.
a'\

- -
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. Trainfthg Programs ©f John A. Moorhead Associates.

-

a

This organization~{at its Lawrence, Kans., facility and other sites, has
provided NC training to|edre than 25,000 persons from more than 7,500 private
firmg and government ag nﬁies; Many trainees have been managers apd supervi-*
sor%*re8pon§ib1e for a“yjor part of a plant; personnel from tool rooms, sales,
programing,.and burchasing also have been trained. . Recent enrollees‘have been

) (3,:;,"’.
Moorhead's basic NC'¢ourse is only 1 day long. Large companies can:ar-
range for two classes, wi ? 30 pecple in each, which can also inclpde employ-
ees from anothert%ompany £4Clients have been firms of all sgizes, from General

Motors and General Dynamics to pIant§ employing as fey as 40 people.. Some

) universities also have used the ¢ . These clasgses have bgen attended’
maiﬂly by people from industry; occasionally, faculty members attend but only
rarely do students. A general knowledge of machining is a requirement.

1 ] - . "..

. Moorﬁead also conducts an "NC coordinator course;" sPonsorEd by the Na-
tlomal Machine Tool Builders association. The course, which is described as
a "unique cqmbination of training and private consulting SerVices," has been
‘likened te a "... Berlitz language school approach that force feeds NC con-
cepts for 5 days straight.” [66} w pricr NC khowledge is assumed. The
course could be worthwhile to a firm Tontemplating the use of N¢ equipment or
to one trying to improve its present NC use.

“ -

The course begins by identifying the specific production needs of enroll-
ee3, and is conducted in a highly individuglized way. Enrollment averages 6
"and never exceeds 12, persons. Evenings are devoted to study with preparation
_for the following' day's class. The textbook for ®he course is in looseleaf .
form:; so that it can be readily revised: Enrollees keep the 600~page book as
a useful reference, and it is kept up to date with mailouts. Follow-up serv-
icéds to graduates also include free consultation by telephone or mail, useful
information--for example, on the training of programers, their job functions,
and the types of people %ho make the best programers--and .guidance in choesing
maintenancey personnel. About 70 percent of the reqgliests from NC cogrdinators.
are for technical ‘information; most-6{ the remainder are for advice on the
purchase of NC machines. Y . )

. -

#

1 . - t
Training Programs of Mnnufacturinsinata Systems: Inc.
. A
Manufacturing Data. Systems, Inc. {MDSI), of Ann Arbor. Mich.; is the larg~
est provider of time-shared NC tape~preparation systems and related training
for its customers. Time~sharing, which was first offéred in the summer of -
1969, is on a pay-as-used basis, .making it accessible to small and large fitms
alike. Some 2,000 metalworking firms, using more than 10,000 NC machines. are
served by MDSI.

: -
The shift from manual programing to some form of computer-assisted pro-
gramlng can be ??de after a firm ‘acquires from one to four NC machines. the

‘ -18- -
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shift s mvanably made ‘after the Fifth machme is \CQulred, when wntmg
workp1ece Programs by hand becomes too time cpnsuming. - Time—sharlng ‘services
allow metalwork1ng compan1es to move 1nto computer-aifisted programing with
the smallest possible investment and id the sh%gpest poss1b1e t1me.

MDSI runs l-week training courses throughout the year for its COMPACT II,
processor language customers. Classes are small, averagi 10 persons. Writ-
ten materials sent to trainees prior to their arrival for the course are not
only to instruct.but ‘also to remove concern over working with a computer on a.
time-sharing basis. Classroom ipatruction is partly in 1earn1ng the COMPACT
Il language and system use and partly in actually communicating 'with & com~
puter to develop programs f£or test parts. Each trainee has a graphics plotter
that is used to simulate a machine tool and detect .errors in cutter-path pro—
gram1ng and costly tool celligious. Pirchase "of such a plotter for in-plart,
use is also an option. Instructors have devised special ways of working with
unusually fest .or slow studenjs. . ¢t

it}

HD§I lias trained about 4,500 people from metalworking; approximately
2,000 of these bave returned Eor an ad®itional course. About, 85 petcent of
the enrollees have a high school education, and some also have -college cred-
its.} About 80 percent of those receiving MDSI training become involved in
programing. Of these, three-fifths have had' experience in manual Programing .
or another programing-language. The remaining two-fifths—-machinists or ma-
chine operators--have had no previous programing experience. Thefﬁo percent
tho do not become programers are supervisors, managers, and owners. Halffof
the trainees are in the 25 to 34-year age group; the remainder &re about
equally distributed within the under-25, 35 to 44, and 45~year and above age .
groups. ' .

- .
]
l

€ourses are conducted i{ Ann Arbor, Dallas, Houston, and Los Aongeles.
1f desired, traiping for six or more employees is also offered at customers’
sites. MDSI also conducts training in “group technology” at custopers’ plants,
This cons1sts of 5 days of training and 1 or 2 days a week of followup for as
long as_ 60 days. .
MDST¥ls0 proyides an advanced 3-day programing course on a scheduled
basis. Iﬁ%gdd1t1on, low-cost time~sharing for educational institutiops with
NC programffig training,is furnf3hﬁé, and includes up to 3200 a month free
use, and a 30 percent d1scount thereafter, on a terminal at any time after
5 p.m. More than 90 institutions have already sl%ﬁed up for thlS service. -
Some firms have’ found 1t cost effective to move from NC t1 -sharing to
in-house programing. For example, Eonic, Inc., now uses only aEealeried pro-
gramer and its own computer to make tapes and corrections. Eon1c\contiﬁues
to use MDSL for backup, and it still uses MDSI’s training servicé.

r

-+
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» Mathinabil ty Data Center Seminars.

The Machinability Data Center-in Cincinnati, which is sponsored by the
Department, of Defense, collegts, evaluates, storgs, and disseminates. infor-
mation on all phases of machining technology. The purpose of the center is
to reduce the cost of mach1n1ng and . to dncrease the productivity and depend-
ability of machined ptéducts produced for various Federal agencies and their
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- contractors‘ mach1n1ng ddta are also available to pr1vate 1ndustry. The -cens
ter's 1nformatzon is transferred t§ users through techn1ca1 inquiry servfjes,
preparation and sale of reports on-machining data ‘on new materials and newx
machinipg methods, and a seminar program.
L ..

. ofDC has condticfed more than, fifty 2- day Sem1nars. Seminars are scheduled
for the middle of the week to acoommodate small firms whose personnel. mgt set
up production on Honday and on FrLday, when materials are usually sh1pped,
Normally, no more than. 40 students are enrolled at ‘a time. Topics are intro-
ductory, although NG computer-a1ged design and’ manufacturing, and nontradi-
tionai machining processes are consideréd.” Attendees also learn about the -
availability of machinability data ftrom the center. These data can be very
important, for instance, in deriving-rfrom very hard materials--parts that are

“thinner and of higher guality, tham is possible with older mechanical processes.
It was pointed out during the seminar that even a simple milling operation in-
volves 23 different variables, and.the fastest machining rate may not produce
the bast production rate, - ] . ’ '

-
- *

' K

Nearly 2,000 representatives ‘from more than 800 companies and government
agencies in 40 States have attended the MDC seminars; most are degree and non-
degree engineers, but others:are shop, supervisors, NC programers, estimators,
manufacturing managers, produot1on planners, or machinists.. Attendance counts
as 12 credits toward the Society of Mandfacturing Eng1neers recertification
program. - . . .

L} - * L

Professional and Tredguﬁssociation T;:;oigg Programs. .

The aocxety*of Manufacturlng Eng1neers emphap;zes ‘the importance of con-
tinuing educat1on. 1t sponsors semifdars, conferences, and short courses. It
also makes avallable educat1onal:mater1als, such’ as technical reports and
videotapes, én NC mach1n1ng, material forming, electrical and electronic manu-
facturlng, nontraditional machining, energy conservat1on,'1ndustr1al robots,

-, and lasers. One of the technical reports is entitled "Training People for
Manufactur1ng Jobs.'

.o v -
Yo .

. The Numer1ca1 Control Society holds ‘eccasional conferences and, seminars
both-for its members and for nonmembers. 1In 1978, a 2-day seminar on numer-
1cal-control tooling was planngg for présentation at six locations,

The Metal Powder Industt1gi Federation sponsors conferences and inten-

sive 2~ and 3-day seminars on-ﬁgch jects as’ bas1o powder metallurgy (P/M),

P/M tool1ng/compacfing, and @Bpper copper-~base' ?/M materials.

- .

{ .

Training in Educational fns;itutions.

' + [

According to one study, po;tsecondary educatiomal institutions do not
provide sufficient instruction ‘in 'new technology, part1cular1y...1n computer-
aided manufactﬁr1ng.“l3} In 1974.0nly 9 percent of alt NC personnél had been
trained by educational 1nst1tut*ons--3 percent in universities, 2 percent in

vocational-technical schoois, and 4 pergent in’ Jungor and community colleges. .

-

College Tre{FZj;. Significan} course offerings in NC were provided by
‘universities in only eight States and by junior or community colleges in only

L "
*
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five/States. Most of the tra1n1ng,t1me was devoﬂed to manual part program1ng,
and little time was, spent on coqputer programing for NC, Only a few univer-
sities provided” instruction in etonomics, equipmént gelection, justification,.

and s1m;kar management-or1ented aspects of KC. . '1;
Although NC mach1ne tools were 1ntroduced in the 1950's, pub11c‘educat1on
" did not deal with the technology until 1965, when Automatically Prggrammed
Tool (APT), a standard computer language for NC tools, was introdu#®d. Col-
‘leges hdve been discouraged, by equipment costs and/or a lacb technological
1nformat1on, from teaching NC-related cpurses. NC programlng ractices, tech-
nlques, and langpages differ widely among industrial and educatfonal institu-
.t1ons, and practical application generqlly has begn missing id gﬁilege-level
instTuction. Some eng1neer1ng schools have dropped shop and hands-on tra1n1ng,
and some eng1neers attend1ng the H%ch1nab111ty Data denter seminar- were so
unfam111ar with machine tools and mach1nery that they §1d not, know the differ-
ences between a drill press and a lathe.
- o
Indtruction in NC technology could be made more relevant. Controlled
teaching. experiments have shown that NC manual programing and NC control main-
tenance could be taught with about equal effectiveness by using s1mu1ated%pc
equ1puent instead of the wmuch . more costly actual NC equipment. :
'f . -
‘Hennepin* ‘Technical [Lenter--A Special Odse. A training program set up in
1971 at the Hennepin COunty (Minnesota) Area Vocational-Technical‘Center, a
pub11c education institution, may still be the only one in the country that
is geared to meet the manpower requirements of powder.letallurgy firms. The
center is located in Brooklynm Park,’a suburb of Minneapolis-St. Paul.

.

The prograw, which produces tethnicians rathex than operators, consists
of 2,640 hours of instruction during a 2-year period, During the _first year,
students wbrk with actual equipment and learn how P/M parts are produced.
Almost any P/M part can be produced at the center's wetallurgy testing labo-
ratory with its four different presses amd two .sintering furnaces. The center
also teaches students to set up and maintain equipment. Training takes place .
in an environment as glbse to an actual plant as is possible, and each student J
works for several weeks, ip turn, as press operator, furnace operator, set-up , *
'person, inspector, exped1ter, and foreman. During the hours not spent in the “ .
shop, udents study wathematiés, techhiéal writing, drafting, electricity,
hydrau%ﬁcs, machine-shop familiarization, and basic metallurgy.

During the second ye;ﬁ most of a student 8 tlmg is spent in more tech-
nical areas, including tool design, advanced metallurgy, metallography, chem-
istry,s statistical analysis of data, manufactur1ng problems, material test1ng
“gr(d spec1f1cat1on, failure analysis,. and stat1g mechaniecs. Supervisory train-
ing is also offered. Each student chooses.a major project Mmelated ko materi-

ls, processes, or chronic diffigulties assvciated with p/M and produces ,a
eport of publishable’quality. (Selected papers have been printed and are’
vailable from Precision Metal Hagaz1ne or . A,0, Smith Company in M11waukee,
manufacturer of powder metals.)

Most of Hennep1n s stugents are not yet in the labor force, althbugh some
age sent by thelr employers. Because Hennep1n 13 un1que&1n B/M tra1n1ng, em—
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students hesitate to accept initial offers at graduation time. More than

90 percent of the center's 60 graduates have been placed as set—up person-

nel, supervisdrs, and planners, and in engineéring, research and developrient,

sales, and production control jobs. * .- '
3 ¢ -

-
-

Private Vosational Schools. . ‘ i

e -
* #

These schools are keenly concerned: with plag1ng their graduates in jobs.

Bnrollees, for the most part, are, young~-usually recent high school graduates.
.Training is‘econcentrated on. older mach1nes, because those are the ohes to

which graduates are most likely to'be assigned when they are first hired, and
because of the ‘mingr percentage of NCU machines in operation.  An informal

telephone survey and examlnqplon of catglogs of schools acdfedited by the Na-

tional Agsociation of Trade and Technic Schools disclosed that some offer

training ouly on conventional or bas1c machines; otherd provide at least an
-g.ntroductmn to NC, machmmg. -

T . L]

. The 26-week machine shop'program at the Industrial Trade School in
Dallas does not deal with ¥C because school official’s are convinced,
on the basis of discussfons with potential employers, that people
t;a1ned in basic machine 9perat1ons are in greater demand. NC ma-
chinery varies from one make to the next, so emplovers prefer to pro—,
vide Ehe1r own training on their own machines.

The Allied Careers Inmstitute in Ha Park, Mich. (a suburb of
Detroit), has a 28-week program wgﬁi: is 'not at all into NC." Its
experienge has been that graduate o are-provided with the basice
can be trained on more sophisticated machines by their employers.

The Ranken Technical Inst1tute in St. Louis provides computerized
NC training because 1t,con51ders these skills "bas1c 4o the modern
lants) in which their graduates are placed.

P

r/ b

AT the ITT Technical Institute’in Dayton, Ohio, about &4 percent of
the credit hours.in a 100-week associate degree program in tool-
engineering technology deals'vith NC.

o The J.M: Perry Institute ¥r Yakima, Wash.,.has a 2-year machine ~
+ . technology program7 Students spend 2 hours a day in the classroom
.and 5 in the shop. The shop is run like a business and accepts a
limited amount of job-order work. The school has one RC machine and
“plans to acquire another smaller, simpler machine for’ training pur-
poses. It has no computer .because.it feels that Sfudents only need
to learn NC basics to prepare them for more extensive training on
their employers' machinery. -Graduatgs have been placed in jobs
throughout the State, including both smzll shops and larg installa-
tiong such as the Hanford Atomic Energy facility, Becri1s: graduates
are considered to be befter trained than the typical s., entice,
unions often grant them 1 to 3 years credit on an apprenticeshipp:
and some become journeymen directly. -
S .
" The Natibnal Technical Schools in Los Adgeles offer machine shop pro-
grams without NC, a 6-month program in general machine shop with NC,

. &
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- in NC machine pperat1ons.

The Williamson Free School of Hechaa1ca1 Trades in Hedia, Pal, offers
a 3-year machinist program. In the final vear, students (accepted

at a m1n1m1qm age of 16) are intrdduced to point-to- point programing.
The school has facilities for making tape#, and although it has no
computerized equ1pment,'§tu&ents get into copfinuous-patl programing.

- r
[

- s

T ot
The "World of Manufacturing" Program. G

More than 5 years ago, the Society of Manufacturing Engineers (SME) be-
came involved in an industrial tlechnology program in the public schools as a
way of helping to*maintain an adequate supply of trained personnel in manufac-
tur1ng, 1nc1u§lng metalworking. Preparatory studies for the program were begun
in 1965 by industrial arts experts at Ohio State Un1vers1ty.

The "World of Manufacturing" program (as well as a "World of Construc-
tion" program) was developed for the jumior high schools, using.a $2.5 million
outlay frgm the U.S. Office of Education. Thle SME contributed $25,000, plus
resource and advisory personnel. The programkdid not require large initial
outlays because already-existing shops and hand' and measur1ng tools owned by
the schools could be used.

Unlike vocational education, which aims to prepare some students for
entry-level jobs and advancement in a particular occupation, the World of
Manufacturing program is designed to’provide young people with the techno-
logical literacy they will need to cope with change. It was also felr that
students might plan their careers more intelligently by explor1ng the intrin-
sic and monetary rewards -of various blue-collar occupatidéns. * (A public school
surveyyin Milwaukee disclosed that less than 3 percent of the high school stu-
dents .chose factory work as their firat choice. The careers.of machinist or
machine operator ranked rather low, even though Milwaukee 1J\known as the
Machine Tool Capital of the World.) [60] " :

* .

By conservative estimate, 400,000 ‘students in wmore than 1,000 junior
high achools completed the World of Manufacturing program between 1971 and
" 1976. [9). Most of the programs last 1 school year (185 hours) or 1, semester
(90 hours) but shorter (6- and 10-week) programs have also been provided

.
L}

. In view of the promising beginning in junior high schools, SME deci

to try tQ get a morg sophisticdted version of the course introduced dinto high
schools. that all high school* students can be exposed to a pro-
gram of at east five l-hour classe pe&ee} for one semester. Many school
systemg in Michigan already have a I*year program in high school, as well as
the l-semaﬁter program in junior high school. )

SME contracted with the same Ohio State group that prepared the World of
Manufacturing textbook, [35) to produce a feasibility study on implementing a
high school megnufacturing educatiom program. No U.S. Office of Education’
funds have been wade available for this program or for an adult education ver-
gion in which Federal educators had also shown some interest in 1975, SME
chapters Havq aided several communi{ies--including, among others, Indianapolis,
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South Béend, Fort Wayne, Evansville, AKgon, Cincinnati, and Dayton--in estab-
lishing® a career exploration program ' financially sponsoring teachers who
_wished to attend workshops.

£
.

e '"Open Road" Program.

-

. The ﬁi@ional Tool, Die and Precision Machining Association has suggested
Qat public high schools along with employers should assumé responeibility ~for
skille training, particularly apprenticesbip training.™ The Association pro-
posed to the Department of Labor a program designed to provide.a long-term
solution ttf unemployment in the United States. The program would he aimed
at 1lth- and 12th-grade high school students not intending to go d1rect1y
. to, college. i ,

\

Under the pr;posal, an_industry advisory committee would make an annual
survey of job needs in communities. ‘Aptitude testing and counseling would be
used to guide students in their career choices. Prospective metalvworking stu-
dents, for -example, would need "...high math ability, above average powers of
visualizing spatial relationships, above average mechanical aptitude, [and] a .
normal or above 1.Q."” Counselors would remain involved with gelected junior
and &enioyr year student’s, who ideally wouid beebroadiy representative of all
students, including women and minorities. ) { Y\_j

The program would also prov1de for oversight coﬁ%ittees, made up of em-
ployer and labor repreaentat1ves, to work ‘with the schools, monitor the Program,
and--during the summer before the 12th grade--place students in curriculum-
related jobs. Before graduat1on, a faculty committee and an industry advisory
commi tteg would consider . student test results and other evaluation criteria,
and then offer students permanent pos1flons atarting at the level determined
by the evaluators. Students who pass all,prpgram requirements would receive
credit for 2 yehrs of apprent1ceah1p;—aﬁ§'other students would get approprlate
cradit. Students who fail to qualify for apprent1cesh1pq‘1n the higher skilled

. trades would be placed in machine operator positions.

- r

Initially, the program would not ‘offer ingtruction in NC technology be-
cause it is considered too advanced and not needed by high school graduates
start1ng their careers in metalworking. Furthermore, most schools have no NC
EQulphent. This is not & regl deterrent, however, because at least some exper-
iments indicate that using a simulator to teach NC concepts in a high school
industrial. artd program is not significantly different in resuit from conven—
tional approachés to teaching numerical control. [3]

. ILoan of NC Equipment to Schools.

The Defense Industrial Plant Equipment Center, Memphis, Tenn. makes a
very limited amount of industrial equipdwent, including NC wmachines, available
on a loan basis to nomprofit schools, mainly technical-vocational centers and

_ community colleges. Although the machines are useful to teach NC theory, =
they are usually behind the state-of-the-art.. Eveh so, an official of the
center knew of instances in which persons trained on sfmple NC machines were
unable to secure jobs because small shops had not converte& th NC machines,
even simple ones. , . , ‘ .

Frl

- QY-
h




1
} . .

Sowe manufacturers of advanced NC equipwent lend it to educational insti-
tutions and occasionally provide instructors, particularly when they waat to
train peogle on machines that the man&ufacturegs expect to sell to private
firws, ’ ’ ’- .o
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'PART IIX. CASE STUDIES IN TRAINING

Thyge four case stqgies describe training programs in four metalworking
firms that vary significantly in size and technOIOgy. The studies report on,
7 .- S
the following . ‘ Ve

1. Training provided by the Kearney & Trécﬁer‘borpbratien for purchasers
of its_Nc equipment and machining centers. ] -

L3
Training provided in a sizab],. metalworking concern when it convaied
its workers to NC machines.
N e * ) L
Measures taken by Lehr Precisiop Tools,, Inc., a small job order shop,
- to assure stable employment and motivate its workers to train in tra-
ditional and electrochemical machining. ) p!
Measures taken by Merriman Inc., t& train its work force in-house in
powder metals technology. .

Kearney & Trecker Corporation: Machine Tools and Training
r R s

M

Operations.

+ Kearney & Trecker (K&T).was founded about 80 ygars ago in Milwaukee. It
manufactures and sells such metalcutting machine tools as milling machines.

NC machining centers, special purpose machines, flexibple manufacturing systems.
‘and computer—aided manufacturlng systems. The company also remanufactures
older machines. X&T machine tools are used to produce parts for preducts rang-
ing from hand calculators to earthmbving wheel loaders.

]

“ Standard milling machinee and NC machining centers {including special
products) usually account,for more than 85 percent of.K&T's total sales and
revenues. In receht years, K&T has sold at least twice as many NC products
as standafﬁ milling machines. K&T's NG machines range gn price from less than
$125,000 to more than $250.000, its flexible manufacturing systems can cost
several million dollars. . -\

o .

Product Innovation.

K&T was an early force in the development of NC machining. In 1957, it
' produced the first NC machine tools for wuse in high-speed aircraft pYoduction.
In 1958, the company devkloped the first NC transfer line. That same year, it
introduced the “revolutionary” Milwaukee-Matic machining center; less than 10

years later, it.delivered its thousandth machining center. 1In 1965, K&T pro-

duced the first NC high~horsepower vertical profilers for hard metals.

-
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" During the 19703, K&T placed on the market(two models of its Milwaukee-

" Matic machining.center featuring computerized numerical control (CNC). “The
smaller model is considered especially suitable for small job shops: it pro=
“duces small- to medium-size workpiéces. The larger model can accept produc--

tion workpieces of nearly 1 cubic meter. -

A
. In 1976; the MM-200 machining center, which was first introduced in 1972,
was adapted to a five-axis work capability. In the game year, K&T brought
out an unmanned machining system consisting of individual machining centers
capable of operating virtually unattended under computer control during night—
time or other hours when skilled operators are unavailable.  The first such
‘system, involving gix machines, was sold to a Swedish firm; a second system
involving two machines, will be delivered to another Swedish firm in’'1978.

The firm offers instruction in the operation and maintenance of 1ts com~ .
plete machining center systems. Such training is impcrtant because substan—
tially higher costs aretincurred when something goes wrong with NC machining

centers than with conventional machine tools.
. . -+
¥

-+
Trainee Qualifications.
- -

KiT adviges pro/pective purchasers of NC systems to choose personnel with
the following qualiﬁications - :

%rators:

A knowledge of good machining practices.
A knowledge of tooling and tool geometry.
Proper use of machinist,tools. .
A knowledgegpf 'geno‘é;al inspection procedures and methods. /

»
'
’

&oﬂamrs k) . . . ) .f.-‘

General education - High school graduate, including 2 years of mathematicsa
preferably algebra and trigonometry.

General machine shop background and familiarization with machining procedures.

Ability to read drawings. .
Knowledge of tooling, tool design,'and process engineering. - ) *

Ability to plan and organize work.
Good attitude and strong interest in the NC method of manpfacturing. ﬁ\\

Maintenance (mechanical and hydraulic}:

General education - High school graduate or trade training. -
Hinimum of 3 years performing machine tool maintenance.
A good working knowledge of hydraulics as applied to machinfe tools or equivalent.
The ability to read assembly prints.and hydraulic schematics. ..
[ [ - +
. ‘
Maintenance (control):

General education - High school graduatea plus trade training in a technical
schoQl gr college.

1




A guod understanding of AC-DC -electritity. . .
A good working knowledge of -industrial electronics.’ ‘
Electrical and electronic experience as gained by working with machine tools
or equivalent application. T, A
Bagsic understanding of the principles of digital chic. ’ 'i
Basic knowledge of the proper use of test equipment., iIncluding oscillqsccpes, .
high-speed pen reccrders, ang volt/ohmmeter. f;
. Experiente in prcgraming is not required, but experience in machining is
necessary. K&T cannot (in a very short course) impart the metalcutting know~- *
how riz:igzﬂ by operators or the general machine shop background and familiar-
ity w chining procedures suggested for enrollees in the, programing course.
buring the period of an NC machine warranty, purchasers can send two em-
ployeek each form of training offered by K&T. Because separate total sup-
port gro:gatare required for NC, which can be viewed as a "factory within a
factory," smaller--and occasionally larger--companies send managers and super-
visors to learn how to coordinate the machines sq as to minimize interrﬁptic&%;
. and to find out what types of support personnel are reguired. Oc¢casionally.
K&T tests its customers’ job applicants to help fill maintenance positions.
Customers assume trayel and living expenses for trainees, and K&T makes the
living arrangements. - No tuition is charged; presumably; the cost of training

is included in a machine's selling price. -7
: , .

4

Custébmer Training.

Y

*a

About 1 month before a course begins, X&T sends out course materiale,.
;;\\\jjicn trainees are expected to learn and on which they may be tested. With the

enception of audio cassettess course materials are retained by the trainees.

Instruction is offered in manual par!e pfcgraming; machine (or mechanical)
and hydraulic mazntenance, and control &nd electronic maintenance, including
machine interface. Classes 1dea11y consist of 8 to 16 trainees. Rach course
runs for 5 days, To the extent feasible, hands-on instruction is” prcvided,
along with videotapes that show "how things work.” [The control course has a
control in the classroom, making possible hands-on troubleshooting and opera-
tion with the computer. "Trainees in the part programing course actually pro-
g%am a part. The videotapes allow trainees to see assembly and disassembly
procedures of parts and components being machined at various stages of comple~-
ticn. >

K&T has 10 instructors. They are also technical writers who produce man-
ualg, videotapes. and other materials for th training and machine maintenance.
Trainees evaluate the instruction. as 40 their employers: once the trainees are
back on the job.

' In-Hous€ Training. :

7 .
According to one local union official,. senicr workers at K&T initially were
reluctant to post fcr NC machine jobs, and they remained on conventional ma-

chines by using their seniority to bump younger men. 'As more of the newer jobs
- L3 F
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,opened up, howevef, and the tasks reqﬁired became known, older workers were at-
tracted to them. Although the new jobs are more demandlng mentally, they are
not_ as dematding physically. ' -

The machinists' business represéntative believes it is easier to main-
tain the newer metalworking machines because of their solid-state construc-— .
tion; the -machines often can be, made operable merely by installing a new cir-
cuit board. He believas that, maintenance pérsonnel ocught to be trained to
diagnose electronic, mechanical, and hydraulic-difficulties, however, in order
to avoid costly downtime incurred when specialized repair personnel .{who mst
wait for a correct diagnosis) are used. . ' .

’
L] A

-' The machinists' union encéurages members to enroll in training, in order
to keep up with changes in :ecﬁnology. K&T pays the tuition, for machinists

« who enroll at various voca:1onal schools in the Milwaukee area. K&T also

*& offers on its premises continuffig imgtruction in blueprint reading, shop math,
and electrical and hydraulic applica:ions- Instructors come from public

schoola and equipment not in operation is used for hands—on instruction,

* -,

Machine ﬁesign To Accommodate Worker Skills,

. kctording to one product manager, K&T tties to také into account the

- availability of skilled workers by designing machines simply so that less
training is need for their opelation and_main:enance. The computerized NC
machining cefiters contain thousands of components, however, whlch makes it
difficult to identify the source of system failure. [30] To help with this
problem, K&T developed the Diagnostic Communication System (DCS) to diagnose
abnormal machine conditiohs and to simplify preventive maintenance.' With DCS,
an electronic probe placed in cdntact with a customer's mach1n1ng center uses
the K&T computer that controls the machine to send back to Milwaukee ogcillo- .
scopic waveforms ‘that are present at the point of contact. By reading the f{' :
waveforme, it is possible to diagnose potential or real problems. This saves //"
customers both timeé and money. DCS is used on all:- NC machiping centers during/

L the first year after tbeir sale., Hos: purchasers continué [to subscribe to th

. /o
service. '

K&T's ‘programmable cycle controller, the Data Mill MDI Controller, has/
been on the market since 1976, The con:roller (with its m1croprocessor) 1?
described as approaching NC capability without NC cost and complexity. Cgmw
pared with NC, training on the cohtroller is minimsl: & worker who has ufed
a milling mach1ne can learn to operate the con:roller in 1 day, so K&T d§e§
not provide customer training. The controller "gutomates” a2 milling madh1ﬁe
but uses simple shop language-~not a programing language—-=to accomp11sh pnr:
programing v1a pushbutton 1npu: on the shop floor. According to K&T, the .
controller can raise milling machine produc:§k1:y by about 25 percent .ompared
to manual operations productiviy. v, r

‘ i - ‘I“,‘
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One Metal Firm's Adjustment to Numerical Control . gy
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The firm which is :he subject of :h1s case s:udy prafers to be nod&mous;
it is referred to here as MW, '

s




Operations.

_ MW is a large firm that makes a part for the pipes used Lo transport natu-
%uE?l gas., The firm is classified as a custom, or job order, shop because iLs:
cy¥tomerg dictate the parts and components it manufactures.

AZ"a job shop, MW has short production runs. It began using NC 10 years
ago and_ found that—ﬂG—impfoveﬂupFoduct quality, increzsed throughput ag a result
of 1mproved '‘chip time," and helped reduce set up, hand11ng, and downtime. The
firm finds it cost effective Lo use more than 15 NC*mach1nes. These are mainly
milling machines or turret lathes (w1th two or three axes), but NC drill predses
are also. in use. One NC is on adqpt1ve control. Computer-assisted -programing
is used on all but three of the machings. . . '

-

-

Worker Skills and Planning for New Technology. ,

Achrding to MW's manager of industrial engineéring, the skills of MW's
work force have~influenced the types of equipment the firm has purchased.
Where highly skilled employees have been available (as in forg1ng) the com—
pany has used more soph1st1cated equipment. Although this is nominally more
costly than matching less skilled worke¥s with simpler equipment, the firm
16 more productive with the more sophisticated equipment.

[

MW employees are given notice considerably in advance of technologioal
changes so that they can become fam1£1ar with new equipment before it is .
placed ip production. A foréman, department head, supporting departments, and *
engineers all may become Ainvolved in 1nform1ng and assisting the affected
wotkers. .

The firm's initial adoption of N{ involved rather simple NC drill presses.
This d#d not meet with any .resistance among workers who shifted into program0
ing—-a ‘new woccupational field for the firm. The move into NG machining had
little to do with worker capabilities. Once it was determined that certain
technical skills were_needed, a number of .employees, including some senior in-
dustrial engineers, "simply had to do some learning.'" There-were no marked
differences between younger workers and’those~45 years and older in capabyll-

ties or 3n resistance t, technolog1cal 1nnovat1ons.

-

In1t1a11y} programmable controllers were not considered as an alternag}ve &
to NC. MW now has two of these, but not for the réason that minimal traln1ng
of personnel would be involved.. : ‘ . YA

. Machinistsg pelected for NC programing had to have a knowledge of mathe-
matics to onderstand spatial relationships and geometric ‘patterns and had to .,
- ‘be able to, read blueprints. Most of the early ‘programerg were new hires witk ¥
_-machining backgrounds. Some of the newly hired machinists and MW'  own en-
gineers apd machinists received ? weeks of, training in programi .¢_for the
NC. machines at the IYlinois Inst1tute of Technology. NC was.cun ptdered such
. 8 challenge that the Manager ‘of industrial engineering did some prowg
himself to-acquire f1rsthand knowledge. )
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8kills, Employd¥nt, and Training for NC.-
e u -

MW's experience with skill tequirements is probably typical of many. firms
adopting NC: machind operator skill requirements have ‘gone down end maintenance
personnel skill requirements have gone up. ftware developments have grad-
uadly reduced skill Tequirements for ‘NC programing; MW, along with all>"sof tware
users, has developed its own facilitating techniques s guch as. "canned programs"
and "macros" (mathephtical descriptions for machinifg jtepa that are smaller
than an entire program and are used over "and over @gaig).

\

Fl
, ’

No formal job evalqulons have been used to determlne wage rates on the
NC machinery; fte change$s are negotiated in bargaxnmg agreements. MW doeg
not have enough workers' on NC to. affect its employment level significantly.

The.need‘for matntenance workers has increased somewhat and the ndigd for ma*

. op ~operators.- has fallen somewhat; there is now a need *for programers. bn

baL&_ce, employment has been,qulte stable. .

."  Maintenance persofnnel still- requireﬁsome outside training, but genetrad By
only for a few day s} of¢eff, equipment vendors provide instruction at the plant
qn MW's machines. When new machines are xnstalled michiné* operators are
given ome-time training on tike job. ’ . x

-

Training requirements for programers diminished when the company decided

_to refluce the number of computer languageé that were used. One reason this

poliey was adopted-was to minimize difficulties that result from switching to

a language system that is 1ncompat1ble w1th an important programing system.
already in use. ® .

.

A

Phe firm's industrial englnéers are encouraged to continue theix eduga-
tion and training ig order to ant1cxpate and prepare for technolog1cal changes;

.. they are then able to instruct operators and line .supervisors, who are not in-

‘volved with continuing tra1n1ng P

. . - -,

's manager of training feels it would be highly unusual for workers to
undgrtake training on their own to prevent their skills from becoming Obpolete
because of technological chdnge. Moreover, because workdrs are also union mem-

> bers (sevef unions are represented at the firm), he believas it would be arbi-

trary for management to give workers tuition aid for enrolling in job-related
courees.‘ Such,zid, he %said, must be-secured through collectiye bargaining.
Generally, wogxers enroll in a training course.only if rheir tuition is reim—_
“bursed; «theyiimay alsé want to be paid fox time spent in school as are appren-
tices and some other employees. ¢ - ~
C .

) ‘ - * [

" At,least tHree of the even unigns,at MW are generally favorable toward
the measures to aid workers t u b new-.technology: 1'

L \/HJ Ey: ,’ “ g
The, Machinists' Union. Although hﬁiﬁas fhe right to,1ntroduce changes
without g1v1ng the union any advance nofjce, the, maehinists, undon em—
5Pas1zes‘ ts right to speak up or ralse.lssues‘regard1ng new working
ondition$, including new wage rates. Normilly, # union committee
(wigh representa;mves from .more .than ofe ,of- the un1ons) meets to dis~
cuss am mnovatmrw;the. f1rm has dec1ded to adop't. "Decisions are ther
~
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- made”‘conéerning jurisdiction. For example, if metaléutting equipmént
is- installed, the machinists have jurisdiction; if the sinkigg’of dies
is involved, the diesinkerg have jurisdiction.

Apprenticeships are no available to machine "operators in the pro-
duction machtine shop. How in-holse traininog programs-have been
offered, 1nc1ud1ng on-the-gob raining to upgrade operators into cer—
ta1n classificafions. Traj g in the machife shop is achieved by a

"piggyback" method, whikh resembles an apprent;lcesmpﬂ operators ob-
serve qualified machinists and ultimately try the1r own hands at a ma-
ch1ne. Machime operatois were helped to ‘adjust to ‘W equipment by

'us1ng the firm's several "txgcing ines or duplicators. Machinists ®
work1ng ‘as mach1ne repairmen f(fggﬁ;ul1c repairmen encountered
" "o real problem” in ad ustin to NC. 3
. /O J "
‘-jp . According to the machinis s' tra1n1ng representative, continuing
education of "training is not necessary for members of his unign.

He observed that K MW reighbur e?i%zployeee for completed job-related '

courses, ®and he considerg the oyerall program to be excéllent.

. *.-. & —-— N v\

The Electr1c1ane Union. Ha;or changes in e1ectr1c91‘nm1ntenance"~

whlch 1s performed by members of the elactricians union~-igpok place

followxng the introduction of NC machines. About one-third of the
glectr1cxans Goluntar11y, over a l-1/2<year period, completed four
50%hour elettronics coursés at a public technical college. MW

worked with the college to develop culiggnized courses Lo meet its 4

requirements. These included two courses in logic and switching
circuits, which require Boolean slgebra. The union negetiated pay-

ment by the company of 80 percent of fees and book expenses.

. -
Some, but not a majority, of electricians who had worked for the
firm for 20 to 30 yesrs took the courses; they experienced some dif-
s ficulty with electronics mathematides. (Not everyone who took the
courses had finished trigh school.) However, by studying together {n
the classroom, shopy} plant, and even at home, }1 of those enrolled,
coepleted the cours '

1

.. ; .
The chairman of the electricians union also\zkmpleted the .four
courses., He thinks it would be. desirable for the”college to conduét
some evening sessions at the plant because some.of the equipment is =
highly spec1al1zed MW's spare equ1pment could be used to build up
comp11cated circuits.

~ Although management recognizes that highly skilled jourpeymen .
evatving technologies, it disagrees with the unibn
f apprentices needed to insure gn adequate supply of '

y

andﬁ&echdiqel Engineers Union. Only two programers
in the, eng1neers uniot are involved with NC mach1nery, but "other
technolog1cal changes have affected f the union local’s more
than 300.engineers snd techpicians. . ntly, continyidg ¢ducation
. and training of engineers are encouraged through tuition refunds, it .
ig largely left up to the 1nd1v1dudis to take the courses. 'Accord1ng

. . @
_— -32-
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to the chairman of the union, a joint labor-management committee
" could deal more £ffect1ve1y with engineering training than does the

present effort.
-
)

t

Advanced Technology at-lehr, a SmallcMachine Shop |

. Like many American contract shops, Leht Precision Tools, Iwc., of Cingin=
nati, is amall in terms of dollar volume of output and number of employees.
Unlike most contract shops, however, Lehr applies the most advanced forms of
machining technology. Lebhr recently acquired an NG machine, and it 15 also -~
involved in electrochem1cak m&ch1n1ng 1n addition to its traditional machining

,_..(

operauona. oy, -

OEeramions-

Many contract shops are captive to a handful of single-industry contrac=—
tors,, a pitfall Lehr has avoided by stabilizing”its operations through five
divizions. The precision tooling division, f¥om which Lehr evglved, supplies
injection mold cavities and other products for mationally known manufacturers
of copsumer products, including typeyriters “and safety razors. The Arnold ~
Gauge Division, which Lebr purchased 5 years ago, produces gauges that ’
distributed {Proughout the country. It makes a center-type ‘gtinder géhge that
provides contimuous visual d1splay and lowers costs through hlghef productivity;
more consistent quality, and loker scrap loss. Another Arnold gauge provides a |
fully automatic geinding cycle. A third division makes air gauges uded by a
ma jor automobile manufacturer~to check diameters of components and parts. A
fourth division goes all repairs on thke mechanical parts for gauges on the
grinders produced by dbmajor Clnc1nna€f’ﬁhch1ne tool builder. The remaining
division, electrochemical machiniwg (ECM), is the most techﬁologichliy ad-,

" vanced of the five, and 1{\15 the subject of this case study.

. b !
Cost and Labor Factors in Electrochemical Machining.
L . - ' . .
Very few.concerns are involved with ECM.. Lehr's president had more tha
15 years of experience with a company that was a. primary.developer‘of the
o technqjggy, and he was respénsible for establishing this, division at Lehr.

»

.ECH equ1pment is in 11m1ted supply,-and the cogg for all e uipment needed
is prohibitive for -a small contract shop. Lehr's president estimates that a
typical 10 000~ampere machine costs nearly 8125 000, the support systems nec-
essary for electrolyte clarfihcat1on and temperature control raise the basic
machine price by three-to fivé times. ECM malhines also need éxtens1vH/£§:or
space, 80 machining firms must be able to cgnstruct, or:at least modify, thefr
equipment. Talented, all=-around toolmaker:igre needed to design, construct,
and operate the machines. Engineers who understand the mechanisms and have
an extensive knowledge of electronics are also necedaary. As Lehr a president
wrote: - .

4 1
+

The people.ﬁlrectly involved with ECM must be dedicated and w1111ng.-
to devote the years necesdary to understand the tooling and other

a

-33-




s . '
k] *
Ve : N

.

proc¢ess requirements. This is not 6remendously'ﬂ1fﬁerent from die

desxgn1ng or mold designing;, but 1t 1§ a lot more difficult than » |,

electr1ca1 d1scharge machining e¥’convent1ona1 machining. {7]

Lehr is t0pheavy with eng1neer1ng employees.' Even so, it must ship com-
ponents for repair to one of two 1111n913 firms that pioneered in the teéhnol-
ogy; it would prefer to ma1ntain 1ts own‘repa1r equ1pment 1n-house with 'its
own electronics speé1a11=t8. i ) ) i .

Can - N . :

& -

-

. - -
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Electrochemical Hachiﬁing's.fegéfits.and Problems. - .

. . ECM replaces. the "brute fofce and violence' .0f tradi;ianal machining witﬁ S

the “gool, steady, non~deforming magic” of «the highly focused deplating action

of electrochemical machining. Ideally, the removal of material atom-by-atom
 puts ho stress--and thereforg no distortion--on a-workpiede. ECM's capability

for cutt1ng on an entire surface at the-same time'increases machine produc-

tivity, and ECM performs .80meé .basic mach1n1ng operations (shap1ng, planing,.

drilling, mllllngb and grinding) more efficiently. f4] ECM can make difficult

cuts quickly in very hard metals, 1ntr1date formatlons, and small odd-shaped,

and deep holes, which may not be achievable by any er machining method.

Lehr 8 presjident notes, hawever, that ‘other smer$ processes which *have

f ewer problems also minimize machining. "If you g t involved with ECM, you

must want to make it work'"

L4 - "

o The first piece turneﬂ out by ECszeQUL;quﬁore skill than is required
in a traditional machinifig process because an oﬂérator must choose from more
operating variables (10~ar so}. The .process’ 15 not gconomical“for less than
20 to 30 simple parts; 100 parts are typically needed to 3ust1fy using ECM.
ECM it marginally useful when it lowers costs by half; to b& .really cost
effect1ve, ECHM usually needs to “effect savings of three to five times. The

process is most effective in m&ssﬁproduc1ng coaplex shapes from materials
that are d1ff1cu1t to machine. ",' '_ 3 B

.. . . r -
. Downt ime w1th ECH is h1gh. To kegp it :ﬁ#ﬂ}gher than 20 percent, Lehr
muat ‘control the whole process ﬂaecmsely, he tooling problems expedi-
t1ously, and control the cdhd1t1gns ‘of electrolytes, and several bdther varia-
bles. Extreme care must be tpkeg to avoid metallurgical damage from the cor-
rosive solution (salt wateﬁ) ﬁhét is used. ECM is mnot e ctricity efficient,

. and.its prof1tab1l1ty lies in maxxmlzrﬂg time e£f1c1enéy.

ER '\
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Innovationg ‘at Lehr. r‘P“fTLf y T
‘. P ' g * . . . .

Lehr exempl1f1es the belief of'the Chléf Qffice of Invention and Innova-
tion, National Bureau of Standards, that_;nnovat1ons usually arigse within small
compajies. For example,, Lehr proana (to the Department of Defemse) & proto-
type system with a programmable contr fler capable of hand11ng all the variables
that ECM must deal with. ,LLehr's. p#gsidént‘glso hgpes that the firm ultimately

'w111‘e able to marry an NC cohtrol t;b EEM to inc;;gase. the uptime of the proc— .,
éss.. He also feels that firms must*bp able td adﬁpt to a possible push for
shortar hours of work, wifh no reduct1on in pay; 4ne way-to do this' is to make
machining cyclea less dependent on. op@rators by using programmable systems to
control the cycles, Ty W
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ECM resembles NC 1ﬁ;that it is. lgsé labor—3intensive than traditional ma-
chin1ng. Lehr's main pla nt, where precision mach1n1ng and ECH are performgd
.employs 40 pe0p1e. The rm s pres1dent, hfkfbrother, and three others are me-
chanical engineers. e, ¥ngineers, who are oriented to computers rather than to !
material removal, afe ufkally involved in applied work. This, along with avoid-
ing the "frustrations of getting things done" in a large company,; makes Lehr
attractive to its engineersn A Lehr-draftsman who had worked for a large manu-
facturing firm with slzable defense contracts said he ysed to make drawings, for
numerous parts but saw few of them.after they were built. At Lehr, he can fol-

low 'the progress of a part on the shop fleor and make slight’ changes or correc _'
tions to his design. . ,

Y 4 .
Because Lehr employees who work in ECM also work in traditiomal machining,
" they must have a variety.of skills. The same earning scale prevails for workers
in ECM and traditional machining, but ECM workers are paid somewhat more over-
time. When the ECM divisiod .is busy, it has the exclusive use of five machine
operators and eight toolmakers; the engineers, also pitch in on operator tasks
when Spec1al problems arife.

According to Lehr's president, some workers feel comfortable, secure, and
content in repetitive work. He considers it a mistake to downgrade repetitive
work and makes a point of praising,emplofees who do such work well. After all,
he observed, the firm makes its 'real money" on items producett in large quan-
t1ty (or in long product1on runs) becafise these are the conditions under which
a firm "knows its costse” Its always uncertain whether making one ur ‘twq so~
called experimental items will lose or make money.

: y

" Training. . ) - Y

Training (and learning) at Lehris an intensely interpersonal relationship
that takes place over a long period “of ‘time. New employees have high school
or post—high school educations that include good shop- programs. USually, they @
have not worked -for large firms, where jobs are likely to be specialized. Spe-
cialization runs counter to the demands a gmall concern makes upon most workers.
‘Once an employee in a small shop becoﬁ!ﬁ'ﬁ;3f1c1ent however, he has more oppor~
tunitles to advance, into, better paying positions than he would in a large firm.

The president of Lehr, who is still ‘involved in-all tool éesign‘along with’
another enginBer, works closely with personnel before they are trained in ECM
by “ranning through" the first groups of various types ‘of parts with them. He
observed: "Our people work bhest when we work shoulder to shoulder with them;
then they understand the economic problems of getting parts r1ght 3nd shipping
them." (This bears- 3ome relation to the reflection of the chairman of the
Natlonﬁﬁ;Comm1ss1on for Manpower Policy regarding some of Japan's best managed
firms: Y 'l recall Seeing plant engineers hold regular sessions wikth semigkilled
workers to e11§%3\the1r recommendations about mater1als, ad justmdnt of £he ma-
chines, and other details aimed at increasing the firm's ‘productivity."” [23])

All of Lehr s ECM training for toolmakers and machine operators occurs op
the job. Toolmakers build upon extensive experience in conventianhl tooling.
‘The best* 0perat0rs are thdde who have capabilities fﬁ‘sobserving and analyz1ng

=35= -
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The ~ actual 1earn1ng process is in the doing--"a 1lgt of cut and try, 1nclud1ng
errors.: ‘No speczal problems have been encountered in training older workers,
but they are not assigned to ECM posztzons involvinyg -heavy labor.

Becauée £he gange manufacturing division often turns ouc hundreds of the
gauges at a time with traditional tooling, workers are able to drill many
holes. ThiS provides a trazning ground for inexperienced young emploxees
because "after drilling. hundreds of holts, you leqrn the fine details of

hd&e dzflling "

Unlike some firms, Lehﬁ'plans to move righﬁ into compuiterized NC., ZLehr
will enroll selécted emplovees in an NC course offered by a private concern
in Cincinnati. According to Lehr' ?/presndent, younger workers or those with
, recent d‘!hemapxcs are most likely to be interested in working with NC. Two
or three key personnel--;nclud;ng the firm's pres;dent or his brother--plan to
.attend a tra;ning session on operation and maintenance offered by Bridgeport

Machines, the NC manufacturer. n

.

“ Because Lehr's preside lieves that ‘the hifigest challenge in developing
a work force 15 not trainang peOple to do their “jobs, but %training people to
work with other workers, about 10 of the company's group leaders will partici-
pate in an externally conducted program on 1nterp sonal relations. In-this
wa¥, Lehr hopes to build the larger, supeersory and managerial base it will
need to expand the firm., (Lehr's bxperiance is supperted by a Department of
Labor survey of traiming in metalworking:; "Relatively few employers provided
training in leadership, communication skills, and labor and materials esti-
mating. " [63})

-

Merriman Develops Skills for Powder Metals '

-

Merriman Inc., located in an industrial park in Hingham; nasg., became a
part of Litton Industries in 1968, Thebfirm ,has always depanded upon a ‘work
force of craftsmen. It began by manufacturlng megaphones an 2t the start of
the 20th century, produced an all-oweather navigation fog-wart ihg system for
Boston's harbor islands. Merriman invented and patented an oil-less bearing
called Lubrzte, which wgs first used in yacht blocks. Today, the bearings are
found on offshore dralling rigs and In components of the U.S. Space-Shuttle
program.

» . ’ P

1

Powder Metal Operations.

4

I
.

During the early 19305, Merriman was among the first American firms to,
turn to the powder metals (P/M) process to manufacture parts. Ten years later,
‘the concern began producing textile rings, which spin or twist fibers together
. and wind them into thread. By forming the rings by the P/M process, a level
of oil could be maintained within the ring. this film of o¢il retards wear on
a traveler that moves at speeds of 30,000 RPM as it K gquides yarn onto a bob-
bin. Certain parts, including self-lubricating bearings, can be made effi-
ciently only by powder metallurgy.. The heavy components division of Merriman
produces objects weighing as muth as 15 tons, but these reguire as ymuch fine
quality’ workmanship as parts weighing less than 5 pounif .\_//m




Because P/M is not used widely, Merriman must "educate" design engineers
about the process' flexibility and economy. P/M-produced paxts are much strong-
er than plastic or. cast iron parts; it is designability that“is the main advan-
tage of the Prbcess. P/M allows parts that are functxonally indistinguishable
from machined paxrts to be fashioned with little or no machinxng. Merriman
engineers were among the first--in the early 1940s--to learn the technique of
forming helical gears, in which the teeth are at an angle; this is a feat still
rarely duplicated in the industry. The firm also Specializes in the manufac-
ture of spurical gears, which combine the helical gear with a straight-tooth
- pinion gear. Merriman manufactures P/M parts in ferrous and nonferrous metals,
primarily for power tool eguipment and business machines, but alse for automo-
biles (the major user of P/M parts. nationally) and garden equipment. All parts
are made for non-Litton firms. ’

= !

Monitoring P/M Technology.

-

The president of Merriman‘hescr1bed P/M as "somewhere b4‘ween black magic
an$y a high-technology industry." P/M machines have become increasingly intri-
cdte, and the equipment that produces P/M parts needs continuous fine tuning, ’
whiqh cannot be done by RC or even programmable controllers.

past 20 to 25 years, with the gxception of some improvement in powders, which
has increased the scope of wha can be produced. Merriman maintains a labora-
tory where powders are chegked for strength and "growth," that is, changes

that take place i1n the process. At least 30 percent of the parts produced by
the P/M process require secongary operations guch as oil impregnation: drxlllng»
tapping, fine honlng,.and,xﬁﬁgiing.

" The technoloéy for maklngEa P/M part has not changed radically during the

# e
] - .

Merriman has 30 presses, of which 60 to 6% percent are in running order
at any given time. The industry's standard is about 50 percent. Because B/M
is a highly capital-intensive process--Merriman has several 100-~ton .presses
that cost $250,000 each--whenever possible, three work ghifts &re needed to
make the investment economically feasible, Hundreds to several thousand com-
plex parts are mass-produced each hour. Although the P/ process produces
little scrap, it does have problems--tool wear., breakage, and frequent pre-
ventive maintenance--because powder metals become lodged in the presses go

they cannot opérafe at peak levels of performance. P
. e
work Force and Skill Composition.

~
. .

Because of the characteristics of P/M machinery, the demands of customérs,
and the incrieasingly complex app11catzons, exceptionally skilled individuals
are peeded to set up the presses and keep them running. Merrimsfi's P/M divi-
. 8ion employs 55 people,’ exclus%ve of engineers and managers. Although P/M
_division workers are members of a machinists local, they do not have the title
of,pﬁfhinlst. P/M .employees include the following:

Machine or press operators----------- C--26

Set up specialists




Furnsce operators-

Furnace, helpers {material handlerg}=-=~- 3

Maintenmance persons —== L- 2.
-

Machine Operators. c:h:i"j“laf:‘i's1.ne operators in Merriman's traditional machine
ghop ire. trained to opﬁrate various machines, including drill presses, lathes,
_millers, and grinders, but P/M division operators handle P/M presses only. A
var1ety of » P/H presses exist, but the operator's job is considered ‘much more °

"automatic"- than that of the set up specialist. Press operators may or may
not bid for higher skilled positiong of toolmaker or get up specialist, when
vacancies exist. Seniority plus a written test ﬁetermine'acceptance. Sever- |,
al womer press operators were hired during a labor shortage in. 1966. Six wo-
men?now work on presses, and although they are not assigned heavy material-
handling tasks, the firm-is pleased Wwith their perfbrmance. =

-

Press operators must make sure that partse have the "correct imtegrity,"
but, as a rule, they do not make any ad justmente in the process. To veduce !
costs, Merriman has sometimes coupled two presses that can be tended by a sin-
gle operator. The possibilities for Merriman's automation operations dre lim-
ited, however. The paFTE produced are quite intricate, and some of the presses
are hrghly sophisticated {(operating at different rates, while pressing out
parte with about 35 tons of pressure per square inch).

i

Set Qp Spec1al1sts. Unllke press operators, set up epecialists muat under-
stand the P/M process. One set up person services four pr . A "really eriti-’
cal" gkill 1nvo1ves placing toole or dies in a press. Tooling is carried out
piece by p1ece, the pieces beobme part of the press. This is more complex than,
gay} & stamping process. . “

The set up specialty has been described as a craft requiring a sixth sense.

The sﬁecialists can call upon a maintenance person when they sense that some-
. thing is going awry in the equ1pment they monltor. Herr1man e president sug-
w_,/) gested that it might make sense for presses to be operated by get up specialists,

gince tWey are more likely than press operators to detect 2nything unusual-in

the Bquipment's operation and have it repaired before a more.seriays difficulty ,

occurs. ‘ }

The union recognizeg that set up specialists are needed to operate the

presses when the work load is heavy; but if get up persons regularly operate
.presses, they would expect to be paid at their normal rate of ¢ay, wh1ch ise
$1.50 higher than an operator’'s hourly rate. Merriman's president ‘was not sure
that specialists would be willing to operate presges on 4 permanent’ basis. The
firm has a problem of holding onto set up spec1a11sts who deeire bettﬁ; paying
supervisory jobs but cannot be advanced to them. There is also the question 3f
whether press operators could become proficient in }he get up.position.

Toolmakerd. The highest paid, and presumably the highest skilled workers

in the P/H division, are toolmakers and maintenance persons. Basically, tool-

' \\Ehkxn with P/M neither demands, more gkills nor is harder than .. linary tool-

making. According to a Merr1man ‘foreman, a toolmaker with basic skills should

be ab e to adjust to the P/M pracess after, about 3 months. Probably half the
firn's toolmakers started out 1n non=P/M pos1t1ons.
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. Furnace Operatoréd and Helpers. Furnace operators andeurnace helpers are
responsible for giving a part "some integrity" by fusing the parts via sintering.
Workers, who initially may be clsseified as material handlers, work under clese
supervision and train informally on’ the job. They progress into such responsible
.tasks as making temperature and atmospheric adjustments on the furpaces. Once
they become competent in, such mon1t0r1ng functions "as start1ng and proper loading
of furnaces,.they are clasgified as lead persons. . .

Maintenance Employees. Skillted maintenance persons are an important re-

quirement for P/M operat;ons. the equipment (by usual equipment standards) 18

. congidered frail. Piping and mach1n1ng maintenance is carried out by Herr1man 8
employees, but electrical and ‘plumbing repairs,.and even some mechanicsl mainte-

nance, are done On a contract basis. '

L P .
Formalization of Training.

Merriman's manager of industrial relatio porte that internal training

is the principal means of preparing and upgréding workers in this industry of
only some 100 firms. More promising employfes can be enrolled in set upsspecial-
ist training programs that are provided by press manufacturers. Press operators
do not require much training; it can be provided or the job.

Apprenticeship Program. The major formalization of training was initiated .
in May 1973. This was an apprenticeship program for the set up specialist.posi-
tion. The set up sp8cialist apprenticeship requires 2,000 hours a year for 3 ,
years. Technical instruction congists of at Ieagt 144 hours a year; it is
considered regular, worktime and is creditablg to the 2,000 hours a year.

i* The ratioc of apprentices to Journeymen is determined by Merriman's ekpected
need for Murneymen and, as. a rule, does not exceed one apprentice for each
set up journeyman.’ .+. .

.
N

"As part.of the regular bargaining  agreement, *Merriman and ita,ghion ac-
cepted Feéderal apprenticeship standards.7 A supervisor of apprentices insures
that apprentices receive, the variety of work experiences that Are described
in the apprenticeship standards.  The union's business agent hopes that Bome .°
of the admittedly buey technical managers at Merriman will be =miade ava1lable
on. a regular ,basis to explain the entire P/M process to apprent1cedi

Technical, or related instructiony which once was provided by public vdéa-
. tional schools, was discontinued becau of the small number of workers.
inetruction is carried ocut by corresponfﬁpcg courses covering—such topics 53

mathematics and blueprint reading. Instruction in blueprint readiog also'is
offered occasionally in the firm during‘noqworking'hours. p .

v
-

Joupfieyman Training. Journeymen who have completed an apprenticeship con-
© receive training informally through job experience. The union favors
nuous—but informal training and hopes that i will be extended to main-

. &£nance personnel so that more P/ equipment can be serviced by persons on the
regular payroll. From the union's point of view,®informal journeyman training
may be more practical than a more structured program because operation, special-

Mzation, and problems differ among various firms. However, the union's pref-
erence for informal training may be partiallyrmotivafed_by'a degire to exclude
traiging'from collective'bargaining ne§otiations}
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,"IMPLICATIONS FOR PROBUCTIVITY AND THE QUALITY OF WORKING LIFE
IN THE METALWORKING INDUSTRIES _

The New Technolqgigs

Hanually operated machine tools will undoubtedly remain in competitive
wse, but American firms will have to adopt numerically controlled ma-
chines and other technolog1es if they hope to stay abreast of fore1gn
manufacturers,
i

Programmable controllers may offer a bridge between .conventipnal and
numerical control machining. Large-size firme have found them extreme-
ly productive, and they deserve consideration .by small- and medium-size
firms .engaged in small-batch production. They appear to ree;mre‘ess
training and ma2intenance than numerical control. -

The programmable hand caleculator is anoiher low—cost technology
with potentially wide applicability to firms of all sizes.

. " Employment Relations:

Small metalJBrking firms can stabilize their eperationms and employment
by not becoming captive to a handful of contractors in,one industry-
and by not being highly specialized in the products they make. Stable
employment can encourage firms to undertake the expense of providing
workers with ongoing tr{}ning fo adapt to new techmology.

Some American fi(qs reseglble the "best managed firms"!of Japan, iIn

which plant engineers elicit the suggestions of even demiskilled 'work=
ers regarding waterials, machine ad justment, and other factors which
can lead to higher productivity. o .

Activities concerned with productivity and job satisfaction can be
dealt with by a joint labor-management committee, which handles issues
not covered by collective bargaining agreements. A union leader in one
case study thought that continuing education and training could also be
handled more é??bct1ve1y by such committees. -

.X’%
Most metalworkers within small firms are expected to perform multiple
functions, but some jobs within even -a small metalworking firm do in-
volve guite limited, repetitive tasks. In some cases, these jobs p
vide certain workers with security and contentment. It may be a mis-
take to downgrade all repetitive work; instead, recognition should be
given for all work well'done. '

L w
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-~ . Training New Metdlworkers -

) 4Bértain educators and industry representatives maiffain that an 'ade-
¢quate supply of trained personnel will depend upen providing high
school students with "téchnological 1itera§y“ and preemployment prep-
aration. A "Jorld of Manufacturing" program, developed with U.S.
foice of Education funding, is designed to do this. The program has
been widely applied in the nation's junior high schools. Extension of
an advanced version of they course for high school students merits rex
consideration by Federal education officials.

& Expansion of the preemployment training programs conducted for the De-
partment ‘of Labor by the National Tool. Die and Precision Machining
Assocliation deserves consideration as a means of assuring an adequate
long~term supply of skilled workers in metalworking. These programs
combine school instruction with on-the-job training for economically
disadvantaged persons. ’ ' ‘

A machine tool builder s raised 1ts retention rate of women and
minority employees with n6:§:1or\30b ‘experience by placing them in ves-
tibule training. : )

® R survey of company education and training programs showed major inter=-
est in devising practical programs involving minimal outlays. Compa-
nies prefer short-term courses, self-study materials, afd use of opera-
ting specialists and managers, rather than professional educators.
More firms within metalworking might become interested in expanding Wik
their training, if they were familiar with one form of the short-term
course=—the training module--which may be defined as a "unit of needed
information and/or skill that has been translated into a‘mmit of study."”

addrtional firms might undertdke to train apprentices, if the train-
- ing period were shortened. Some firms have already found this to be
cost effective. The Federal Bureau of Apprenticeship and Training has
approved shorter apprenticeship programs if apprentices can be shown
to learn“faster than in thé ng;mally prescribed periods.
* 1

te It was noted in one case study that the greatest challenge is not in

, -training people to do their jobs but in training people! to work with
other workers. This confirms the finding of a national survey that
there is insufficient training in leadership_and communication skills
among the bulk of the metalworking firms.

#

4

Praining Metalworkers for the New Technologieg/f\\~

.» The know-how required by a skilled machine operator caﬁ%g; imparted

’ through a short training course, but persons with a generaXmachine shop
background and only a modest mathematics background cap be taught to pro-
gram in a rather short period of time, '

-yt ) Y.

® Controlled teaching experiments have ishown that manual programing and
maintenance ©f numerical c¢ontrol equipment can be taughtswith about the

-

e '
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same effectivenegs op simulated numerical control equipment as -with

actual equipment, which is wmore costly.

If workers are insufficiently trained, and therefore less productive,

firms may have to hire more workers than they would if they had &

skilled work force. Training and retraining are necessary to deal w1th
e gkilled worker shortage. Multiemployer cooperation i prov1d1ng

qualifying training within at “teast two large metropolitan\ areas is

one means of achieving more training to help replace the many™ illed

workers who will retire,

-
L}

.

A work force must be ready to devote several years to learning the
tooling and other procéss requirements for electrochemical machining,
a method which is much more difficult than conventional machining, A
small firm may also have to ewploy people who can conmstruct or wodify *
costly equipment.
The. manufacture of powder metal parts is highly specialized; only
about 100 firms use this process. Therefore, much of the qualifying
and upgrade training for workers learning powder metals technology
myst be done by” the firms themselves.

- . -
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companies chosen from different industries for diversity in size

# and type of operation. Covers how productivity efforts'were or-
ganized and what was accomplished. Series 2 includes papers’
given at a seminar directed to trade and professional association
executives., Covers productivity measurement in companies, in-'
dustries, warehousing: and research. Also describes a Canadian
exper ce. Series 2 ava;lablg*irom the Government Printing
Office.

L]
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CooPefative Labor -Management deavors

3

Directory of Labor=-Management Committees. 1978. Describes 215 joint
7 comnittees in companies, plants., industries, geographical areas.
"the public sector, and thoge set up under the Scanlon Plan or .
‘other gains-sharing plans. | Includes data on employers and unions.
founding. dates, contract obligations, and issues covered. Three
, * indexes=--by type of committee, companies, and.unions. Available
( from the 'Government Pfinting Office. '

#

Starting a Labor-Management ComMittee in Your Organization: Some Point-
ers for Action. 1978. Guide “or 'labor and management represen-

./ _tatives in establiéhing joint committees in plants and companies.
DPigtussen how committzes are formed .to foster grealer coggeration
through an Bpen exchange of ideas outside the formal collective ' °
bargaining process and in asnonadversary environment. Available

* from the Gevernment Printipg Office. .

. . - -
Establishing a Commﬁnif}wide Labor-Management fommittee. 1978. gGuide
for communities or geographical areas interested in establishing
labor-managemenf committees Or cowncils to-retain, strergthen,
and expand existing industry and bolster the employment base.
Describes experiences of selectgd comminities in forming and
.operating such committees, Available from the Government Print-
. *}ng Office. . ) . ) .

- L]
-
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W ]

A Summary of the Role of Third Parties in Labor-Management &ooperative
Endeavors. 1978. A review in "operationul" terms of the evolv-
ing participation by independent third parties in cooperative

. endeavors, such as developing new programsg, activities, or prac-
tices or in exploring future gentract provisions. Describes how
third partied can encourage a problem-solving process among labor
and management that accommodates béth parallel and"Opposing inter-
ests. Available from the' Government Printing Office. -
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" Recent "Initiatives in Labor-Management Cooperation." Volume I, 1976.
Volume™II, 1978. Based on case histories of labor-management.
committeés and discussions from a series of conferences on recent
inftiatives. Participating were workers and managers involved in
cooperative activities. Describes practical day-to-day experiences
in starting committees and examines benefits from and problems as~
sociated with cooperative efforts. Volume I available from NTIS.

- Volume 1I available from the Govermment Printing Office.

. Labor-Management Programs in the Construction Industry. 1978. De-
scribes six innovative programs: ~PRIDE" in St. Louis, "Opera-
tion Sir" in Reno, Operation "MOST" in Columbus, "Top Notch" in
Indianapolis, "JACK" in Denver, and the ‘Boston Labor-Managemeft
Construction Committee. Traces their origins and documents
achievements in improving labor-management relations and pro-
ductivity through cooperative efforts on a local area basis.
Working paper. . -

v .

"Labor-Management Cooperation; A Report on Recent lmitiatives,” from
the Monthly Labor Rev?ew, April 1976. An overview of labor-
management cooperation in the United States. Covers the B&0O

«Plan of the 1920s, World War 11 experiences, ami current expéri-

ments in the automobile industry between 'the UAW and General Mo~
tors, Rgogkwell, and Harman; in the steel indusfry between the
United $teelworkers and 10 major companies; the Jamestown, New
York, areawide committee; and othefs. Includes a summary of a
BLS study on a sample of committees for which provisionf were
made in collectivé®Fargaining agreements. Also ‘coftainb a sec~
tion on the outlook for future cooperative efforts.

Il

"Labor-Management Cooperation Today,” from the Harvard Business Review,

. February 1978. . Reviews progress of labor-management cooperative
efforts and cites experiences of companies, unions, communities,
and States to encourage formation of joint inplant programs to im~
prove ecgnomies, save jobs, and combat unemployment.

. . ]

Labor-Management Committees in the Public Sector: Experience of Eight
Committees. 1975. Based on interviews with practitioners. De~
scribes the experiences Of eight labor-management cotkpittees in-
various local gowernmentikand Fedetral agencies. Intended as a
guide to initiating joint committees to improve employee morale

and productivity.
q -

Labor-Hanaéement Productivity Committees in American Industry. 1975.

) Review of the limited U.S, experience im the use of labor-manage-
ment committees to deal with production and related problems.
Begins with committees set up in the 1920's and 1930's; describes
the joint committee effort during World War II and po;i;:r ex-
perience with the Scanlon Plan-and committees in goverfpent; re-
views recent cooperative initiatives in basic steel, retail food,
trucking, railroads, and other ateks. " :

—
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Bmployment Security end Plant Productivity Committees in the Steel Indus-—
EEXE 1974. A presentation by I. W. Abel, president, United Steel-.
workers of America, and vice chairman of the National Commission °
on Productivity and Work Quality. . Describes labor and management
experiences in the steel industry with the Employment Security and
Plant Productivity Committees which raised productivity levels and
provided the foundation for 'the historic Exptrimental Negotiating
Agreement of 1973. . ‘

»

-

A Plant-Wide Productivity Plan in Action: Three Years of Experience with
. the Scanlon Plan. 1975. Describes the Scanlon Plan and its im-
pact on productivity at DeSoto, Inc., a large manufacturer of
paint, over a 3-year peridbds Results showed productivity gains
as high 48 41 percent, and high levels 5 satisfaction with the.
plan on the part.of both management and workers. FPactors affect~-
" ing worker acceptance of thé‘plan are analyzed.

Other Agencies

. N
*

ik
Management Rights and Union-Hanagemént Copperation, U.S. Bureau of Labor
Statistics, Bulletin 1425-5., 1966. Contract clauses pertaining
to management rights and union-management cooperation. Available
‘from the Government Printing Office. .
Improving Productivity: Labor and Management Approaches, U.S. Bureau of
_Labor Statistics, Bulletin 1715, 1971. -Examples of formal ef-
forts by labor and mzhagement to improveaproductibity'thr0qgh .
collective. bargaining heasures or by special arrangementy between
unions and management outside the bargaining table.
the National Commission on Productiviey. Available from the Gov-
ernment Pséﬁting Office. '

[

Labor-Management Cosmittee: Planning for Progress, Federal Mediation\and
Conciliation Service, 1977. How to determine need for and obthin
agreement and commitment -to & labor-tanagement committee, with
sample format of bylaws for and contract language establishing a
joint committee. Available from the povernment Printipg Office.

* ‘.

Report and Recommendations, National Commission for Industrial Peace,
-1974. Recommendations regarding Federal activities to encourage
the formation of labor-management committees. Available from the
Government Printing, Office. v . . .
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