
BLS R.port No. 55

,..

f c... .tudy d.t. on
productivity .nd f.cto,y p."onn.nc....

5·HORSEPOWER,
INDUCTION MOTORS

P~/- It-~ ~s 0 '.,) ~_
-?"3/~?,

Febru.ry I •••

... .10 .... 'IE'AIED FOI 1ME FOIEION OPiIATIONS ADMlJlSTUTION
Industrial and Technical Allistance Division

Iy the
UNlTlD STATIS DI'AITMINT O' LAIOI

Jam.s P. Mitch.II, S. cr.tarv
lunAU 011 &MOl IIAlIl..
.... ( ....,e 'II••,



•

-,

•

'!'he MV Bureau ot Labor Btati.tic. Report••eri••
coUi.... ill a lillile .equential lluUeriN '7Itea
the leYeNl .peeial .Ullberiq l:rlte.. prenoul1;r
aea oa Dooperioclical 'IIDeOlJ'&phe4 ad aulti
lithed publicattoal Ilot otten' tor .al. 1»7 the
Buper1Bten•••t ot DocUMllt••

~or the cOJlT8llience ot periOD. who neeina
_terial replar1;r UIl4er any ot the abUlClo.t
.erie., i teal il.uld &I BLS Reportl tor a tt.
¥ill allo be ia-.titi84 b:r their to~r'.erieln__r.

III a4titioa to the JUl5 Reportl leriel, the Bureau
allo i.I,.1 Ilu.berecl bull.tiu, ottered tor lale
b:r the Buper1DteJUleJlt ot Doe~lltl, ... Duabe:rea
:reprilltl :rrc. the lCoathq Labor Re'Yiew.

.
-1-



C.. ~Data ca
PI'oductlrtt7 IIDI1 PaetOl'7 Pe~w Tn

eCU&llS

De8Criptlam at report •••••••••••••••••••••.ow to \188 t1l1. report; • • • • '" • • • • • • • • • • • • • • • •
Cha]ter II ae.Bral Report • • • • • • • • • • • • • • • • • • • •

.'p"pt. . . . . . . . . . . . . . . . . . . . . . . .....
Proaact ae8Cr1ptlQD • • • • • • • • • • • • • • • • • • • • • •
Plaat cbaraater18tlc. •••••••••••••••••••••

BaUd1Dp ...,. :P1aIIt~ • • • • • • • • • • • • • • • • • •
Jllala1Jle'J!'1' •• • • • • • • • • • • • • • • • • • • • • • • • •
lBDataatartDI Qieratloaa • • • • • • • • • • • • • • • • • • •
Size of runs • • • • • • • • • • • • • • • • • • • • • • •
Bllp].oJ_1It c'bai'acteri8'tlc. • • • • • • • • • • • • • • • • • •
w.. .,.-te- aDd tra1D1!lg at .., vorken •••••••••••
"-'--erial eerYice. • • • • • • • • • • • • • • • • • • • • •

J'azaww'd • • • • • • • • • • • • • • • • • • • • • • • • • • • • • lv
lv
lT
1
1
2
3
3
3
~
~
~

IJ
6

A. "-hoar req1l1reRDt. per 1III1t tor tlle -...facture or
5-1lanepolMr, iJlductlcm. lIDton, 5 eeacted plaat., v. S. A.,
1951 ••••••••••••••••••••••• • ••••

I. Direct _-lIoar reqa!reMIlt. p!r 111I1t tor t1le Mllldactu.1"e
ad tiDal ....~ at _jor cOJilICD!II't. of 5-honepolMr,
1JI4uctlca .ation, 5 eelected plaDt., u. S. A., 1951 ••••

6

6

A. A 5-llonepcMtr, .qulrre1-eaae, 1JIductiam lIOtor (f'rcmtl8p1ace) rt
B. Wort-flow cllart tor -.tactue of 5-1lonepolfttr, .q,a1rre1-

c&l8, 1Bductlam ~on • • • • • • • • • • • • • • • • • • • 5

•

Chapter III
ClIaptar IIII
Ann41Z II
ApptIllUz III
ApptIll11z:::II I
~ ..

C.. St1I4:le. • • • • • • • • • • • • • • • • • • • •
!.abor 18 tlle Blectrical IDdutrial APJl&ftta. ID4n8t'J!'1'
C.. stwl1e. or Adj1l.....lIt. to !'ecllaolOl1c&l e1IU8e •
IDdRatr,r Statlatlc. •••••• • • • • • • • • • •
Collectlca or Data (queRl~re) • • • • • • • • •

• • • • • • • • • • • • • • • • • • • • • • • • • • •

- 111 -

7
119
129
131
132
lito



FOREWORD

Th18 report 18 prillarily tor the use ot European production managers,
superiDtendeDtis, and methods engineers who are concerned with productivity
probl.a. A study ot the technical portions ot this report should ake it
possible tor these plant ofticials to OOJll)Are lUDutacturing operations in
'Uleir planta vith the operations in one or _re ot the plants ill this atud,J.
In addition the general discwssion ot productivity and the presentat.ion ot •
am-houre p'r unit in the Jl8Dutacture or S-horsepower induction IIDtors uy be
at interest t.o gowrDllent, labor, and trade association otficials in Europe.

The products cO'gered in this report were selected on t.he basis at re
quests Mde b,. European incmstry groupe and transJdtted to the Bureau at Laber
Statistics by t.he Foreign Operations Adlllinistration. The plants selected tor
the case studies are intended t.o provide exuples ot t.he l8Ilutacture of these
products ill AMrican plants. but are not intended to represent a statistical
8UlP1e of the "rican industry. The oriteria used in select.ing plant.s tor
stucb" &relthat t.he product _de by the plant be u nearly s1llilar as possible
to the product specitied in the original European request, that the plant se
lected uintain records in suf'ticient detail to prorlde data, and that the
cost ot collecting the data be lliniaised.

Description ot Report

1.lbis report is diT.1ded into three chapters. Chapt.er I is directed pr1
_rily to the reader int~rested in the less detailed aspect.s ot productirlt7
in the industry. Chapter II presents detailed case studies ot each plant and
will be ot value to the plant superintendeDt or the product.ion engineer.
Chapt.er III is a briet discussion ot workera' earnings, and the benefits to the
wrker due to increased product.ivity and UDioDisatiOD,vhere applicable. 'l'h.
appendixes cont.ain case st.udies ot labor adjust.lII!lnts t.o t.echnological change.,
l.Ddultl7 background int01"ll&tion, and a copy ot ~ne questionnaire used. A
&1o••al7 ot tra~ and technical teru cOlIPletes the report.

The data used tor the case st.udies were obtained tro. plant recorda and
fro. plant. otticials by representatives ot t.he Bureau ot Labor Statistics,vho
visited each plant for the express purpose ot _king this stuct;y. The ..unt
ot detail show in the case studies varies, because so_ intonuation is not
obt.ainable tro. all plants, and so_ iDtor-.tion is not usable in the tora'lD
vbich it. is provided. Suppleaentar,y iDtonation vas obtained tro. other
Govemaent. agencies and trade aS80c:lations.

How To Use This Report

In using this report t.he tolloving procedure i. suggested to plant
otticials:

1. The plant otticial should reter to tables A and B and to the ca!le
studie. in Chllpter II, t.o identity the United States plant.s in this studJ
whose ellPloyJlBnt, production ~lu., and integration aDst nearly approach the
sltuation in his plant.
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2. Appendiz III cont&illll a reproduction ot the queatiOllDa1re used. to
obtain the 1ntorwation troa the Uaited Statell plantll ill th18 atud:1. It the
luropean productioa otticial vill ulle this quelltionnaire to calculate labor
requireMntll in hill plJmt, he Vill be able to ccmpare performance in h18
plant with perfarmance in the plants dilcu8sed in this report, and to isolate
areas were his plant's perforunce ia relatiTel;y good, or relati-nly' poor.

3. The European plat otticial C&D. COIIP&re the aachiDer,y ed _th0d.8
• deaoribed in the report vith thOI. ezillt1llg in hie OVll plant, tor thole

proble. &reU he haa bolated. At th18 point, the report doe. not gift ll:l.a
the precile engineering into1"ll&tion he aay need, but it does augp.t the
appro%iJute require_nt8 in tel"JU ot V01Ull8, aethoda, uchine17, and. .-n
powr tor approaching the productivity leYels illultrated in the indiTldual
caae Itudi.l.

4. For .eriou. proble. areaa uncovered in this JllUUUtr, the expert
a.siltaDce ot engineers, either those vithin his plant or out.ide OOlllulaatl,
will be aeeded. Intenshe It~ IIWIt general~ be JUde to correct the oca
ditioll8 found by cospari.OIl, beeauae theae reporta do aot replace oa-the
spot engineerl or other apecialll1tll, in the anal;yda of lpee1:f'ic coatit101l1.
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Ca.se Stu<t" Data on
Productivity and Factory Pertormnce

5-HORSEPO\iE.qJINOOCTION K>TORS !I
CHAP'1'ER I: GENERAL REPORT

Highlights

This report discusses DBIlutacturing operations for 5-hors8poverJ induc
tion motors ot squirrel-cage design, mde in 5 selected plAnts. Tvo plants
produce a motor of this type in about 9 -.n-hours of total factory labor.
Another highly integrated plant produces a finished IIOtor in 12 un-hOurs,
and a third plant takes almost 19 man-hours to p:roc:h1ce as-horsepower IIIOtor.
(Tables A and B.)

These JI8l1-hour X"equirements are for small lot final assellbly of the re
ported motor. This is true even in the larger companies. Despite ssl1 lot
asseJd)ly, man-hour requirements per JIIOtor are kept low through fabrication ot
parts in relatively large lots, and through careful planning ot production
tor the large variety of moton produced in 4 ot the 5 report.1ng plantl. Tbi8
1s possible because parts a.re frequently standardized for several t1Pes ot
aotors in anyone plant.

Three of the live companies will process a .otor of particular .ise and
spec1fication through the final assemb~ stages si.ultaneously with the proc
essing of any other sizes and types of Il1Otorl. lach operator at hil par
ticular stand performs the same type of operation on the d11'lennt lisos and
designs of motors.

The larger companies find It economical to arrange for the fabrication
of parts'in quantity, since IIIIUJ1 parts used in one aotor are also used in
other motors Dade in the plant. Heavy duty .chinery with auto_tic teatunl
is jl1stlf1ed for this purpose because part.s can be anulactured in loti ot So
to 500,even though final assembly is in loti ot 1 to 25 .,torl. Standa1"'d1
sation of motor parts and other electrical apparatus is actively prollOted b7
lIIIRutacturera *hrough their trade &ssoc1&tion, the latioul Ilectr1 cal "'11
facturers Association.

Efficient production or the vide variety of ~tors unufactured by four
of the plants 1s also ..de polsible by vell de'ftloped production plann1Da,
scheduling, and control IYst8l18. In the.e the sales, engineering, and

1/ Prepared by Harry Greenspan, Harold Burak, and Reno Pretti, 1D tt.
Dinsfon of Prociuctiv1ty and Technological Deftlopments, Bureau of Labor
Statistics, U.S. Departllellt ot Labor
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»mclnctioD. cootl"Ol departMot" work in close liaison. The Ales departillBDt
e.tiate. 1D adftDce ot each proc!uctioa period tbe nUJlber sr.nd types ot .atol"8
requ1red. 1'h18 i. daa. on the bans at esti_ted sales, or ordors on hand,
or both. Aftilabillty or raw -.terials is checked m:d any deficiencies are
corncted. 50_ part. v1ll be produced tor stockJ as well as for assed>~ into
.cbeduled .aton} to aeBUN an econoll1cal. size ot run. Othor parts wUl not be
~utacturedbecause tt. amunt in stuck will be adequate tor the production
period. !be I'D ..ter1&1. an Dchec::tuled in advancti to the mat erticient
_chiDe. that v111 b. available, aDd routing ot part. aDd suba.sembl1ea to
••••IIb17 &1"8&8 1. plarmed tor the .sotal integration ot cOJlPOnenta into motors
ot the .-nicular .paciticatioo. ordered.

!he nWlb.r ot United States establ1shMnts _king JK)tors and generators
mCNaMd fro. 132 1D 1939, to 2S6 in 1947. In the 8... period, elDJ'lo~nt
801"8 t.baD doubled and wage PIIl_nts in the industry more than quadrupled.21
!IWI poovth reflects the lDcreas1Dg de-.nd of the American econoDt'f for .orors
aDd related procllcts. Successful IIOtor unutacturers have not only increa~.d

thair output tit IIOtors, but have also eJPmded their activities in the .anutac
tUN ot other electrical and DOnel.ctrical equip.nt.

Product Description

All plante :1D this stuctY reported on the JUDutacture ot a 5-horsepover
iDductico aotor ot squirrel-cage design, 1,700-1,800 r.p••• for 220-lWO volt,
60 O7cle, )-pba.. current, (Fig. A).

ill electric aotor caawrt••lectr1cal energy to mechanical energ. It
can do tIli. because an electr10 curnnt fiOtdDi through a vire wound around
• piece of 1rcD creates a -anetic field. U a similarly created electro
_lDetic force 1. situated v1thin luch • _saetic field it tends to react with
it ad b. torced out ot the f1.ld. In an electric ~tor this torce is used to
't1lJ'D the .otor shatt wb1cb thea can prorldll .chanical panr to dr1Y8 other
-.cb1DeJ7.

ftTalea1l7 _ .1eetrie _tor 0..1.'. of three -Jor part.,

1. '1M Iloutap fer , J!....pcrnr _tor. unal.17 aena.1.t of • 1"0~
..., _tal .taWl' rr- fer *e aTl1Jder ... Cft7~ euttap for tile ell4
enen.

2. IfM .tater, er fl.a, • tldeur eTu.br .... of .oft 11"01I or ...1,
_10k fl_ Wi" tile lleutaa. Wire.e" late .lot. 1a Ule iBMr per1p1lery
fit *' .taWlt aazorie. tM .1aviG a1D'Nll' *lall uta "' .e .....tla flea.
~ JlNJeetiq,.... or ·the .tater aere ..... tile .10u hc.., al.....lT,
aoriIl .....Ul ....tla ,ole.....1MbiaitT nan tllroup Ul. Ybliap.

- 2 -
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3. The rotor, or armature, tits 1nto the hollow or the stator but does
-'" not ~uch it as the shatt extending through the rotor's center is supported

by the bearings in the housing ends. 'lhe rotor carries a second set ot wind
in6s in slots in its outer periphery to can-y the electric current which
creates a second _gnetic rield to reaot with the stator _gnetic tield and
produce torque or turning rorce.

The squirrel-cage,induction mtor jn this report has rotor vindinge that
• aJ:"e not physically connected to an electric current. In this type the rotor

oars (windings) are usually copper bars} or alum1nUJll Jc&st into the rotor CON
slots and short circuited by end rings :making the so-called -squirrel cage."
No insulation is used on the rotor windings. Alternating current in the
statol" windings creates a rotating DBgnetic tield which incmces current in the
rotor windings, thus magnetizing the rotor core which is then pull~d around at
a speed slightly below the speed ot rotation ot the IIIlgnetic rield ot the
stator. FoW' ot the plants provided cata on squirrel-cage rotors ot the type
that are constructed ot copper rotor bars velded to end rings. and the £Uth.
plant B. rurnished data on a type ot sqUirrel cage which is cast integrally
ot aluminum.

The reported JlX)tors are ot the open type, h'lving ventilating openings in
the end covers lIhich permit the passage ot air rroM the outaide to cool the
windings or the stator and rotor. An additional feature ot thes. aotors 18
that the ventUating holes in the end covers are 80 constNcted that &DY
liquid or solid particles falling on the motor cannot enter the aotor.

The S-horsepo¥er) squirrel-eageJ induction IIOtor in this report is sturcv,
simple in construction, and has constant &peed characteristic••

Plant Characteristics

The £iVB plar..ts in this study dUfer markedly in sile, plaDt l~out,

type ot machinery» products made, and integration ot lIIDutacturing ~rati0D8.

Except tor plant E I they not only make S-horsepover mtors, but al.o a Jar..
variety ot fractional and integral horsepower aotors all veIl as other elec
trical and metal products. These plant. also -design aDd produce aotorll to
meet the electrical specifications requested bY' a cuRo_r.

Buildinss ond Plant Layout. hcept tor plat A, nODe ot the bullcl1ap
vere originally constructed tor mo4erll prl~uct101l technique.. Mo.t ot tile
014er buildings han, hove...r, been mtitieel or elllarpel tor iIltecrat1cm Del
tlaooth tlov ot o1'8rat1011... 0Ill;r ill plant D} 18 the "porte4 proetuct _u:ru
tureel ill aore thaa one buil4illS. The ana a...Uable n.rie. t'raII 3.500 .,uan
teet ill plut K, to ,00,000 .quare teet ill plallt A. Plat. A, I. ad C an
vell lai4 out tor _terials hanclliq by powered. equi~ent, hanel truck., ..4
conveyor••

~ MachiBerr. !fhe degree of' _ah..1zat1on 1. .a.vhat 81.lI1lar in all plau,
except 1Jl :I, where al1t~ttc- ,"c1.1. achinory. i_ ab.nt, ael wllere lNater
reliance 1. place4 upon the Wle ot handtools. Material. !IOYiq 1. h1lh17

• oOll.Teyorize4 tD plant C which has the lowe.t _-hour require.ent••

- 3 -
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MlDutact~ ~ratiOD8. KaDu.faa,ur1Dg operations are a1m:Uar but 'ftl7
with th8 aegree CitegraHon, i.e., aount ot lION pertorad andj or parts
MDUtactured within each plant. Plant ooaparisons are difficult becaU8e ot
the lack ot detail in plants D and E. Plants A and B are ~1.11.J" in their
-i"e ot inte6l"ation, both being hi~ integrated. All parts, except bear
1DIs, ...:u hardllare, and insulation an maDvtactured in plants A and B.
Parts are .chiDed or tabricated in lots ot So or more, although tinal as
MIIb~ is in SIIa1l lots. FrequentlyI a single motor ot the reported specili-
cations vUl be processed through tinal &sseJlbly. In both plants A and B, •
the tinal assembly line s1Jnultaneously handles motors ranging in size fro.
1- to 3QO-horsepover.

Plants C and D are less int.grated than plants A and B and require fever
direct 8D-hours for tabrication and assembly ot a motor. An analysis ot the
1Jldin.dual operations tor the _jor ellvisions of the lIBDutactUl'1ng process
indicates that their superiority in indirect JIIIl1-hour performance ,OftI' plants
A and B

J
i8 d&le in part,to the degree ot integration. (See fii\U'8 B for t,Pic:a1

work-nov chart in the manutacture of integral horsepovoI', indllction IIOtOra.)

The reaaons tor the high -.n-bour requu.ments in plant E are ditficult
W dete~, because, data are lac1dDl tor a tine breakdown ot operations.
Boveftr, 2 noticeable tactors contribute to the 17 direct un-hours to p1"'OdUoe
a a1D&le .ator. They ares (1) specialiAtion in the lMDutacture ot sin&J,e
~tora to cuato_r specifications, and (2) a s.u 1lOl11l8 ot output vhich .111
DDt justify auto.tic .cb1Der;y, special jigs and tixtures, or powered .-
url8

" .'111I ••u1~t.
Sise ot Runs. PlaDt. A shows the largest sise run with 2S to So lIDtors aD

t1nal uHllbly. All other plants p1"'OcNCe a much naller nuber. Along with
regular prodllction, JIOtors ot CWlltOlll spec1tications are scheduled through
t1Dal assUlb17, their nUllber depending upon the orders NceiTed. In plat BJ
10_ parts are run through the production line in lots ot So to SOOJalthOUgh
01117 a tft IIOtors are scheduled tor tinal assemb17.

1!p1~Dt Characteristic.. As to eIlP1~nt, plants or three distinct
ai..s are1JiCludia 1D £he e£u.. ODe (plat B) ha. only 10 ellPloye.aJ 2
(plaDt,. C ad D) are ot _diUll aiH with about 400 aDd Soo ellPloy.es, and the
raa1n1ng 2 (plaDt,s A and B) haft oftr 1,SOO upl07ees. Their relatift u
p1~ doe. DDt, hovewr, _ann their relati'ft 1JIportance ill IIOto:o JIlIN
tacture, aiDe. plante A and B produce a vi_ ranp ot electrical products,
lIbereu,plaDta C ad D concentrate IIDR ot their ettort. on .otors.

Vap 8~'" ..!ra1D1n1 ot 1ft Workers. Direct labor i. U8ual~ paid
b7 puce ra Vitii a l\W'aDteed 1ilIifiIUil. IDd1rect labor is nol"ll&1],y pe1d em
bDur~ rate or a tlat aontbq aa1az7. One plant i. att_pting to in.tall a
boDUS q.t. lor it.. pro~ction vorkera and a protit-shar1Dg plan ~or its
.""D'stratift aDd npemaor,y upl07M.. '1'ba ... plat also e~l07s UIQ"
_dicapped workers. -,101eea reeel... Uttle tOl'llll training. A Dft ...
p107ee :la tra1Ded on-the-Job UDdar the supervil10n ot a lOreMD or experienced
worker. !he -.ount at nch traiDiDg depeuda upon the nature ot the job, but
......... abcnat 10 _.. In the lare-r pllllta,apprelltic:e cow... an given ja

_ II. -
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Rotor.
1. Blank: l~ons
2. useable laminations into

core
J. Insert rotor bars in slot.

and weld end rings or CUl.

rotor bUll ..'\<1 end rings
integral17

4. Machine shaft
S. Blank and tor. fan
6. ulleable
7. liachine and balance
8. Inspect

Staton
1. Bank lamiJl&tlons
2. Aaseable Illdnat10lUl into

stator II'''
3. Insulate stator core slots
4. Wind coilll
S. us_ble coils into core
6. Dip and baD
7. ABs_bl.
8. llUlpect

~.
I , .. i

Hou.1ac1i
1. Stup and roll stator tr..
2. Macb1D. tr.. and 8MS
3. Paint aDd bake
4. Use_ble fixtures
S. Inspect.

I

'A

Unit (transferred
to stores or

final ulI_bI;r

Parts and Sllbaes..bU88

'inal 11'lMablz
1. Install stator
2. Install rotor
3. ua_bl.e fixtures
4. Text run and inspect

I To StoNe or Sh1~ RO<ll •

ytpn I Vork;.tlaw chart ter _utacture ot '-Ilon....r, .,u1rrel-cqe, 1D4uct101l .,toza.



tool-and-d1e making to selected employees. Supervisors are nOrnllllY chosen
by promotion from within the ranks of the workers.

!!!fineer1D~erv1cee. All plants strese professional engineering eerv
ices.hese en eers design plant lqauts, motors, and tool.s; they also
lIRke t:1ll8 studies and develop standards. Plants A, B, C, and D employ
several engineera, and plant E mainta1Ds one part-t1me employee in its eIl
gineering departaent to design special JJl)tors for customers.

Table A. Kan-holU" requirements per unit tor the lI8J1utacture of' $-borse
paver, induction motors, $ stl1ected plante, U. S. .A., 19$1

Plant Man-hours per un1t V
Total Direct Indirect

A • • • · • • · · · • · • · · · · 1$.Lo 7.30 8.10
B • • • • • • • • · · · • • • • • 12.06 9~2B 2.78
t~ • · • · • • • • · • · · · · • • 8.56 SS$ 3.01
D • • • • • • • • · · · · • • • • 9.16 6.1&7 2.69
E • · · · · · · · • · · · • · · • 18.70 17.00 1.70

Y See appendix III for derivation ot unit IIIln-hours.

Table B. Direct man-hour requirements pe.1" unit for the manufacture and tinal
assembly of I'I&jor components ot 5-horsepover, induction motors,
$ selected plQJ1ts, U. S. A., 19S1 !I

Part or Direct man-hours in plant -
operation A B C D !

Housing. • • • · . . • • · . . 1.277$7 2 .. 0688 0.7$0 1.363 3.7S
Stator • • • · · . · . · · · . 3.26670 1&.3826 2.914 2.9$0 S.12
Rotor · · . • · . · · • · · . 1.60772 1.9698 1.S37 1.306 6.13
Final uselllbly · . • • · · . . 1.14788

9:~~ft 5:~t~
.83$ 2.00

Total • · · . · . · · . · . 7.29967 ~ 1~

Y See appendix III tor derh'atioD or unit man-hours.

- 6 -
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Case study' Data CD
Productivity and Factory Perf'o1'm&Ilce
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Case Study Data on
Productivity atd Factory Performance

,-HORSEPOWER,DfDJCTION MOTORS !I

CHAPl'ER II: CASE STUDIES

Introduction

This section contains , factory performance case studiee on the aanuf8C
ture of ,-horsepower,induction motors.

By describing the plants in this study' and their operating practices,
the case studies attempt to present a cross-section of _thods used in the
manufacture of ,-horsepower,induction actors.

The specifications of the reported product are sind.lar 8mng the ,
plants, all being 3-phase, 60 cycle, 220-440 volt, squ1rrel-eage de.ign, in
duction motors, N»!A frame No. 2S4. Despite the sill1l.arity of the final
product, it is difficult to make overall comparisons of efficiency between
these plants because of differences in integration of manufacturing operation.
and in the aJllOunt of infol'llAtion supplied. It is hoped that the European
technician interested in production problems vill be able to find description.
of operations with which he is concerned and viII be able to evaluate the
efficiency of the methods reported in relation to methods with which he is
familiar. The man-hours shown per motor for individual operations are aver
ages tor production runs of 8 few days to 3 months and must be interpreted
accordingly. Plants and their respective manufacturing operations are de
scribed as fully as permitted by the information supplied and the neceseity
of safeguarding the identity of the reporting plants.

Manufacturing Process

Manufacture of motors requires the fabrication or parts for the housing,
stator, and rotor, their subassembly, and subsequent tinal asseably into a
complete IIIOtor which then 1s carefully tested berore sbiJ:aent.

Housin~abrication. The motor housing consists or the 2 end covers,
the center 6iild or stator frame, a base, terminal box, bearing caps, and
additional small parts as shown in the list rolloving table 1. All plants
PurChase the bearings which are centered in the ~t.or ende and support the
shatt.

End covers are received as gray iron castings. They MUst be drilled
for oolt holes and bearings and the 1Jmer edge faced and tumed concentric
with the bearing hole to fit the stator traJle. Additional drilling or
289817 0 • 54 • 2
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tum1DloperatioDs _y be necessa17,depending on the delign of the JIOtor.
~ tooll IIDst collllOD11 usee! b7 the five reporting plante wn,JIUltisp1Ddle
dl'!lll tor orc:linar)' hole operatiaos, turret or engine lathe. tor tuming the
end COTera to tit the stator true and tor rough boring ot bearing holes,
aDd boring _chims tor tinishing bearing ho1ee. 'l'he surtace ot the bearing
hole 1s tinished by diuond boring in plants B, C, and D. Plent E usee a
dJ"1ll presl to ake 1ts bearing hole.

Only plante A and B reported drilling holes tor fastening batne platell. •
Plant A, in addition, spendl about one..titth ot an hour ot direct labor to
drill, tap, .u1, and paint the oU relervoirs tor 1ts sleeTe bearing lIOtor
aDd to chuter the bearinpJvbich in o\her respects, are purchased !'1n1Bhed.

After reduction ot direct labor per unit ot plants A aid B tor tbl
operation. not reported or not included as direct labor by t he other plants,
an planta,except; C and E,appear to require troa tour-tenths to one-balt
hour tor co_on operations.

•

Plant C appears to have unusually low -.n-hours and plant !: unusually
bl&b MoD-houri. !be high am-hours of. plant ! are explainable by this
plant's concentration on production ot epecial design _otors, its production
ot _jor collpoJ'lenta in aall lots, and the absence of high lpeed auto_tic
equipMDt tor the ucbining ot housing parts. Plant E would require eTen
higher un-boun it it did not purchas. the temnal box and parts tor the
mtor bue. Plant C reported low labor require_nte tor II&chining, using
tewer transtere betwen ..chine tools. Unlike plant. A and B, plant C does
DOt paint the housing untU tinal als_bly.

'!'he stator tra. ot these IIOtorl is a cylinder open at both enell, about
8 inche. lonl and 11 inchel outer diueter. Except tor the JIOtor ot plant
D,tbe stator tr.. 18 _de ot sheet Iteel about tvo-tenthe inches thick,
which is cut to si.. , rolled, and welded to torm a crlinder. ror the bue,
all plants) except plant D,.ld teet and teet braces made ot sheet steel to
the traM c7linder. Plant D purchaees a gra;r iron casting which S8rYes as
both Itator tr... and bue. '!'be roll~ Iteel trues are usually welded along
their HUll while the ltator core is being squeezed within the traae. A
holcl1ng tixture i. used in all plants during welding to positiao the true,
tNt, and bnce. Wdle tbe7 are joined by arc-welding. 'l'he teet are milled,
or~ 1eftl, led \he eels-s of the .tator rinl tUl'D8d to tit the end
eOTerl. At l ..st 4 of the 5 plant. prOTide tor air circulation between the
stator core and the tr... ring. Holes are drilled or pprforated for na_
plate Icrews, terainal box screws, and leads.

Methods ot aak1n« the stator true and base Ta17 among plants. Only
plant B tabricatel both tra. Ed bale iro. raw sheet steel. Plant A ukes
the tr.. trca "heet It..l, but purchaeel the tr.. teet and braces precut
and tba ftniabes the. b;r drilling and grinding. Plant C purchases the trame
precut and pretorud but tabrieates the teet and braces. Plant D purchases
a one-piece casting tor tr... and bale and uch1Des this tor end CoTer tit,
to neeiTe stator core, cd to leTel the bue. Plant E purchases prefabri
cated partl tor ita tr.. and bue, welde, and aachines the••
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Plantll D .nd I did not pl"OTide a d.tailed breakdoVll ot the1r operationll,
but the rel.tively h1«b IUD-bourll ot plut D ..,.. be due to longer uch1ll1ll1
t1M OD tbe gray Iran cutiDg d.llign. Plant I'll elltwted an-hourll aN higb
becauli. ot the n1&ti••ly IIM1l 1'UI18, and th. us. ot ligbt tooll without
.utoatic t ••turea. ntboqb plant J3 pertoJ"llll 110_ operatloDil Dot pertoJWId
by plantll A and C, its re1ati••ly b1gb un-bourll are largel7 due to slover
tiMII at operatlorw al.o don. by plante A and C. Man-hours and _chill.r,.. tor
the.e 1Ddiv1dualucb1rling and ass8llb17 oper.tions are shown in the t.bl.s ot
cu. Itud1e1l ot the rellpectl•• p1aDts•

The t.na1nal box ot plant B requirell lION til- than that ot plant A
larply bee... ot it. d..lp,which requires .ch1n1Dg a Dipple boa IIteel
rod ad veld1ng the Dipple to the sheet-..tal box. ror itll tel"lllDal box"
plant C cirUllI purchalled gl'87 il"OD cutilll baseII aDd Stupll • IIb..t ..tal
c~er.

Plant B .gain ball higher IUD-hounr thaD plantll A ad C tor tm NU1D1ng
operatioae OD the bouII1Dg. In part,this U due to ditteNDces in integration.
ror ."BPIe, tbU plant takee three ed one-halt ainut.1I to tabricate 3 bolts
troa .teel rod. !blile boltll are purCMIlu! b1 all other plant.. In part, the
high.r l~r requ1reJ8ltll aN due to delliff' ditterence.. Only plant B akall
both 1naid. ad «Mtslde bearing caps fro••epante gJ'&7 iron c••tinp. On.
quarter hour 11 de'YOted to boring, drilling, ed tapping tbe rouP caetinp.
!he bigher an"hourll al.o appear to be dueJ1n part.l to slowr tiaB. .t 111JI11ar
operatloM. A detailed bnakdoVD 11 li••11 111 the tables ot thil chapter II.

Stator rabrication aDd "Mllbl,r. !he stator ••••lIbly conll1etl ot a core,
v1nd1iip, i_ai, aDd 1iiidatlon. !lie lltator CON 18 ..de ot umealed,electri
cal, llbeet llteel 1.-iDatiOIlll lined up on a clole-tittiD, JUDdI"e1 and tlgbt17
c~re.led. !be nUllbar ot lam nationa ullellbled in each con 1. ....UNd bJ'
vei"" and .art. 811011I plante. Por eDIIP1., plant Au... 198 laill&tlona
per _tor, vbaN.I.lplant B US.II onl7 120 lud.natian. in the CON.

Lud.DatlODl an blanked, notebad, .lc.,ttad, bored, and CO-.prel.ed in aU
tift plante. Pwlcb -.xl notcb1n, praMIl pert01'8 tbe bl.aak1n1 alld notcb1n,
operattau vb1cb produc••tator aDd rotor laIdnatiOftl IJaaltaDeouly tro•
••et _tal .bout .025 lDCh111 thick. Slot. aN punched 01lt lmoth ad
IItnipt bJ' u.in, biab-,Nde pancbinl ell.. Stator lalliDatiou .1"8 nlded
\oIetbar UDder pre_IUN, aiDe .pecial lQdftUia aoldMl to tora ta. ....
core. Tba lltator CON 11 pvwMl conc.trie vlth tbe true ad.. to unN •
••• alr lAP bet,.. rotor _ Itator and a balanced •••tlc patb.

!b••tator v1ndinal conlilt ot PNtoNid COUI ot bIa~ lD1111ated .re.
f. COUI tor each pole are vCNDd vlth OM ccntiDuou wiN on toni .d t_
..Ieabled to t,b••tator CON. In au ft..e planu, coU. WN woancl 011
apeci4~ .11...d to~. III plut A,I IPlo1&1 (,1)11 1d.Dd1111 ..biDe and 3i,
veN 1N1lt tor Uda parpole, 1D pl.at B, a apeciaU7 caa.tncted w1ndinl
l.t'" ad ton .... uad.

ft••• coill are til.. plaae4 1a .1otl l1M4 W1~ • to1I&b iuulator ot
.. bi. li.leoV1c Itreaeth. Atter til. coil. an plaael 1a poIIitioa UIll veta.1
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securely, all interpole connections are JUde and terminal leads are attached
and til'll1y secured. Atter the windings are asseJ'llbled, the wound stator is
baked to drive out all JII018ture and then cOJIPletely subllerged in a heavy in
sulating Tllm18b ,selected tor its penetrating and insulating qualities.
When the entire asseably bas been sutticiently1Jlpregnated, it is baked until
cOllpletely driedJ tllO dipping! and baldngs are generally necessar.r. Clean
ing ot excess Tamish, inspection, and testing are usually the tinal opera
tions on the stator.

•
'n1e insulation, sleeYiDg, leads" and cable parts which go into the stator

useab1y are lIIJlutact.ured in plants A and B, whereasJin plants C, D, Wld B
they are purchased. The insulating parts lI8I'lutactured in plants A and B
are JUde froa lOO-pereent rag-base insulation paper and pressed board.

Plants C, D, and E did not provide a detailed breakdown ot their opera
tions, but the relatiTe1.7 high hours ot plant E are probably eme to the tact
that this tira is eJUll and operates as a job shop relying upon specialty
orders. The relat1Tely lov un-hours tor stator tabrication and ase••bl)j
reported by plants C and D,can be attributed to the tact that they purchase
aU at their insulation, sleeTing, leade,and cable part8,whereas,pl&nts A
and B unutacture thell. The relatiTely high lI&n-hours at plant B are tound
alJlOst entirely in the asselllbl~ at the insulation and windings to the stator
core.

Rot.or.'abrication ad A••ellbll. fte rotor cGlleilt., of pmched lBaiDa
ti01l8, rotor bar., e.d r1np, Ihatt, fa or blonr, 'balallc. wight., rotor
Gore, pulle,. ke,.l, 88d 1441t1011&l eaall part., .uch al vuher., 88d 'battle
.pacerl. Mo.t of the.e part. are _utactured by the f1'ft p~t.I. Plat A
..u. all the c~ent. parte of the rotor except th. ltalac1q W1ptl,
ftich it purch..e. troll the oute14e. Plaat B _utacturel all 1tl .-rtl.
Oa tile ot.ber haad, pleate C &ad D purchale part~ finllhed fanl and plant
I l:nI7. itl t'Ul. oCIQlete~ finished.

The rotors in these tive report.in. plants are ot the equirNl-eag8 tJPe
a selt-contained unit with a series ot conductonl aroUDd 1tl periphel7,
perunently short cireuited at botb ends. Tbere 11 no MchlDical connectioll
v1.tJI the outa1cle supply or control circuit.. Current 11 induced in the
windings b7 tbe rotating ..gnetic tJ.eld ot the stator. The rotor CON i.
IIIde up ot ludnatione punched tro.. mnealed electrical grade sheet steel.
Bach at the plante puncb, center, IIld ..lot their own l ..ination8 on panch
prelles. The slots are usually Ike.d to reduce _gnetic noi.e, ad to
.limnate 'Yar1ation in Itarting-torque at dilterent politions ot the rotor.
1'hese laainationa are reamealed after punching and .I.bled under b.'YY
bJdraul1c prelsure into a CON.

'1'1le v1a41.Dg1 or barl are puache4 fr~ copper eheeUns Oft PWlCh prel.el
ia plut. A.. C, D, ud I. !Il three of the.e pluta,e.ll pree.ee are Uled,
ltut 1a plaat D, • epecial tixt.\U'8 haa 'bee. a~t.aehecl to &11 SO-ton hyclraulic
prell to partOI'll \hi. operatloll. 'I'bele bare are then inlel"ted ato the
.kewe4 110\1 of the rotor core .4 Ye14e4 to the ena rinp. The rillS' 11l
plaa' A couilt of 2 copper lall1nat.1oa., puJlche4 fro. copper aheetins, whereal, ..
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in plant C, th.s. 2 riDp are cut, toNMl, preslled into shape,lIld vllld.d.
AIIMably ot copper bare into the core 8Ild wlding ot the IIId Jo1n,. are ac
cOlIPl1ehed aD epec1al17 cOlllltructed t1xtures. POI" inetance, p1aDt Cu••••
special _d ftlll roller _d wldiD, jil aDd plant D eaplo18 a turn-table
tixture tor velding the bars, plant I ueu handtools tor thill operation and
JUkes little eftort to .rect jigs and fixturell to cut ullellbly t1ll8.

Plant B ulles an entirely difterent technique in the f01"ll1111 ad ••II_b17
ot 1'Otor b.rll and _d ring.. Thill plant IIOldl! the rotor ban .Dd ring IIId.
in the rotor core. Arter the core i. built up .nd the slotll IIke.d 6 degre•• ,
the squirrel-eag. ill then conlltructed of alUllinUll, c••t under heP'7 pre.lUre,
to till tbe rotor slote, .nd to fol'll the end riDge.

The rot.or IIh.tt 111 cut, tumed, lI1lled, thr.aded, g~Dd, aDd chaat.ncl
and • rotor and pulleY' ke.rva,. II1lled in all tJ.~e reporting plantll. The
..chine. IIOst cOlll'llonly ueed in these oper.tioDi .re ,cutott and centering
_chine., _gine and turret l.t.hell, alllin« _chines. threaderll a grinden,
and punch press... &rN are tUed oft by hand on workbenches.. The a
ctUned shaft i. t.hen polished and inspected.

Fans and blowers, tiDel to t.he .hatt, cool the S-borllepover mtol"8 in
thill stu~. Plaut. A and B unutactUN their fans and plant. C and D pvcbau
the. partly tinished. Only in plant I are tbe tane purchased entir.ly tiD
bbed. The s8litiDbhed tans bought b7 plant C are bored and re..ad in the
plantJ in plant D"some machining is done on it. tans. In plant A, the
~entJilating tan hub is blanked tro. hot-rolled deep drawing steel, pierced,
and drawn. The ~entil.t1ng tan blades (6 per .:>tor) are blanked tro. IIte.l
striplI, tormed, md inspected. The.. oper.tions .re perto~d on • halt-ton
punch presli. The blowrll ot plant B ue c.1It ot .1Ullinua. Center hoI•• are
bored, chuatered, and re..d on • tUrTet lathe 0 The blover c.sting ill then
s.ved ~to .2 pieces, and inserted ,1 .t ••ch end ot the a.se.bled rotor.

° Balancing coatitute. OIle ot the priDcipal operatiCll8 ot tIli. }thaI.ot
5-hor.epover actor cOMtructioa an4 JlU8t be ,.~o~tI OIl ~l ClQllPleW roton
to iD.ure .moth I"UIUltag an4 t'ree401l troll 'Y1'bratiOll. Bacll ro\or 1. ...rall1'
.tatically a4 ~cally 'balaaaea, lUll tIli. 'b&laDci.. i ••~ BCCa.
oplished b)O a4Juatilll balaaailll wipt. nich an .,uate4 at ....114 ot the
rotor .twe. the ea4-rmp ani tUll, or veipt. attaallet to the 'Yftti1atiq
tan.

Other part. or operation. coui.t ot ..utactur1q "........ , battle
plate., rotor an4 pulle,. key., aa4 balanciq wipt.. Mo.t ot the.e -part.
are ..utacture4 iD plant. A anti I, but purcha.ect by plaat. C, », ana K.

Bec.ulle p18l'lts D and E did Dot prCWld. the n.c••••1'1 detaUed bre.kdoVD
ot th.ir oper.tionll, it i. difticult to det.N1ne the specific r ...aa. tor
the low IUn-hour requireMnts in plant D and the .xceecl1nll, high require_nta
in plant I. In plant EJ th... hip IIAD-bour require_nts .N .g.iD probably
due to the rel.t.ively IlIUll runs, the uae ot light too18 without .uto_tic
te"tuNs, and the production ot speci.l d••ign aotors. Plant B .gain.ha.
high.r direct an-hours than plantll A .nd C. Man-boun and Ilach1nery u••d
tor these individual oper.tion••re shoa in the tabl.1I of the cu••t,udi••
of the re.pecti'Ye plants.
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Final Asseably. Final aS8811bly consists of putting together the pre
riously tabrIcatedhous1ng, stator, and rotor. In the five reporting plants,
cleaning, painting, 1lU1pect1.ng, testing, labeling, and crating are an essential
part ot this operation. Materials JIOv8llent is by conveyor in plants A, B, aDd
C and b1 band tncks in plants D and E.

Table 1. Housing fabrication, 5-horsepower, induction motor: Direct man
hours required per unit, 5 selected plants, U. S. A., 1951

Part Direct man-hour requirements per unit

Plant A I Plant B Plant C Plant D Plant E

Total • • • • • • • • • • 1.21151 2.0688 0.150 1.363 3.15

Pair of end covers 1/•• .68231 .$256 .225 .495 1.$0
Stator frame and base. • .46496 .8816 2/.428 .848 2.25
Tenninal box. • • • • • .04973 .1185 !/.~7 .017 0/)
All other • • • • • • • .08051 I .5431 .070 .003 (!i/)

1/ Purchased semifinished.
~/ Stator frame purchased precut and preformed. Includes fabrication

of base an~les and blocks, machining, and welding.
3/ Purchased.
~/ Data not available.

Listed below are other parts manufactured or operations performed"and
purchased parts for housing fabricatioh in these 5 plants.

Plant A Plant B Plant C Plant D Plant B

Other manufactured parts or
,

~edo~rat1onll perto

Bearing cape 2 outside bearing 2 grease Grease (1/)
Battle plate -caps caps cape
2 caps for oil wells 2 inside bearing 2 dust caps
2 sleeve bearings !/ caps Bearings
2 oil ringe 2 battle plates Lock washere
2 retainer washers 4 shime
2 thrust washer 4 bolts

retainere 4 cover SCreft 2/
Insulating bushing Assemble 2 end -

plates and vent
ehields

Conduit nipple

See footnotes at end of list.
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LiEted below are other parts manufactured or operations performed)and
pllrchased parts for hOllsing fabrication in these 5 plants--Continued

Purchased parts

Plant A Plant B Plant C Plant D Plant E

Sleeve bear- Ball bearings Aall bearings Ball bearings Ball bear-
ings 21 Screws Oil we11 caps Grease fit- ings

Oil weIl parts, ''''asher! Stator frame 1/ tings Terminal box
gaskets, screYrs, Gasket! Bolts Stator frame21 Frame feet
and plugs Nuts Small hardware and braces

Felt washer ifashers Nuts and
Thrust washer Screws bolts
Screws, nuts, Gaskets
and bolts Iron castings

Frame feet ~I for terminal
box and cover

11 Data not available.
~I Purchased semifinished.
jl Stator frame purchased precut and preformed.' Includes fabrication

of base angles and blocks, rr.achining, and welding.

Tsble? ~tator fabrication, 5-hor~epower, induction motor: Direct ~RD

hours required per unit, 5 selected plants, rr. S. A., 1951

Direct man-hour requiremfmts per unit
Operation

Plant A Plllnt B Plant C Plant D Plant E

Totsl • • • • • • • • • • 3.?6670 4.)627 2.91b 2.950 5.12
~lanking and notching • .22512 .2749 .351 .15S .87

ststor laminations
Wind coils . . . . . . .?8165 .3767 .300
A~semble insulation • • 1.90629 3.0133 1.682 4.00and coils to stator

<!InC! connect 2.795
Dip in varni~h and hRke .38090 .0753 .h89 .25
Other • • • • • • • • • ~11667!J •(,!J25 .092 (11)

!I None r~ported.
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r,isted l'le1ow are other parts manui'actured or operat~om! performed.J'1nd
purcha~ed parts for stator f~b~ication in these 5 plants.

Other manu~1'actured parts or oper~tions include !/

Plant A Plant H Plant C Plant D Plant E

3~ slot linin~ 3f, slot Uninr,s Slot Insula- None None

9 main leads 36 center strips
tlon y

9 1p.ad tags 'Y 36 top cell insula-
tion

36 sleeving 72 string
24 sleeving
10 connect insula-

ti"n, 3-1/2"
6 connect insula-

tion 6"
3 cl'b1es, 2'
3 cables, 1-1/2'
3 cables, l'

Purchased parts !!

Plant A Plant B Plant C Plant D Plant E

36 field r.oil 36 field coil wedges Sleeving Imrulation, Insulation
wedges all type~

1 field rivet 24 phase insulation Oil Muslin VRrn1sh
terminals

Pressed Sleeving
board

Slot stJ.cks Friction tape
'Friction Rag paper

tape
Rivets

1/ Other manufactured parts and purchased parts are almost entirely
in9u1at1on or insulation acce~90ries, although the t@~ino1ogy differs
betwc@n plants.

!/ Purchased sf!'l'\ifi.ni~hed.
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Table 3. Rotor fabrication, ,-horsepowerJ induction motor: Direct man-hou",
required per unit, , selected plants, U. 5. A., 1951

Part or operation Direct man-hours bY components
Plant A Plant B Plant C Plant D Plant I

Total • • • • • • • · . 1.60772 1.9698 105)7 1.)06 6.1)

Fabrication of rotor
laminations • • • • • • • .)6016 .2101 .298 .1S6 .88

Fabrication of rotor
shatt . . . . . . . · . .))482 .6416 .,$0 .487 2.00

Fan . . . . . . . . . • • .02284 .1916 Y·046 !/.068 (y>
Fabrication of rotor bars
and assembly of rotor • • .69696 .s88$ .473 .S9$ 2.2$

Balance • • • tI • • • • • .1,846 .1437 .1$2 (~) 1.00
Other • • • • • • • • • • .03388 .1943 .018 (y> (y>

Other manufactured parts or operations include

Plant A Plant B Plant C PlantD Plant I

2 shatt sleeves 2 batne spacers 1 rotor core None Bone
4 end play washere 1 batne nut key
1 rotor core key 1 rotor core key 1 pulley key
1 pulley key 1 pulley key
1 balancin~ disc 6 balance weights

h shillS

Purchased parts

4 balancing None 1 tan ~ 1 tan ~ 1 tan
weights 5nurll rd- 511811 rd- 511111

ware ware hud~

~ Putchased ~em1t1n18hed.
!I Not reported.
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Table 4. Final assembly, S-horsepowerJ induction motors Direct man-hour.,
required per unit, S selected plants, U. S. A., 19S1

Part or operation Direct man-hours by component.,
Plant A Plant B Plant C Plant D Plant E

Final asselllbly • • • • • 1.14788 0.8S93 0.348 O.83S 2.00

Other manufactured parts or operations include
Plant A Plant B Plant C PlantD Plant E

1 packing crate y None 1 name plate None None

Purcha.,ed parts g(

1 nue plate 1 nue plate Name plate Miscellaneous Small hard-
la name plate screws 2 drive screws screw 1IJU11 parts ware
3 direction tagl 1 eye-bolt Wire, No. 16
1 packing crate y 4 pipe plugs Paint

10 screws
14 lockwashere

2 nuts
2 screw bolts
1 crate
1 skid
4 carriage
bolts

1 wrapping
paper

12 nails

1/ Purchased part17 finished.
"1/ Detailed listings ot PUrChased partl are given where such intONA

tion fs available•
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Case Study, Plant A

Product Description

,-horsepower, induction motor, squirrel-cage deBi~, 60-cycle, 3-phase,
4-pole, 1,7'0-r.p.m., 220-440 volt, ~th sleeve bearings. NF.MA frame No.
2,4, open, drip proof.

General Plant Information

Buildings. The reported motor and other electrical products are manu
factured In a largeJsteel frame,multistory building)of over SOO,ooo square
feetJconstructed in the last 10 years,and designed for modern production
teclmiques.

Machinery. Tbi. plant is highly mechanized. In the production of the
,-horsepower motor reported, it uses several presses of different capacities,
both large and small multispindle drill presses, 4 models of turret lathes,
2 ot automatic screw machines and milling machines, surface, cylindrical, and
centerless grinders, 2 sizes of power shears, tumbling machines, spray booths,
bak1Jlg OftIlS, an &DIlealing OTeD, an arC-WIder, powered handtools, such aa
aut~tic screwdrivers and air chippers, an4 special motor-manufacturing
mach1ne~ such as coil winders, wire cutters, and strippers, balancing machines,
and test b;nchell. Jigs and fixtures are used extensively. Materials movement
is by lift truck, conveyor, and hoists at some work stations.

EllplolJlent and Wage Practices

More than 1,,00 employees work in this plant; about 40 percent or them
are classified as indirect labor. Direct labor is paid on a piece rate
balis with a guaranteed rdniJlua hourly rate. New employees are given only
on-the-job training. More than one-third of the production employees are
wOllen.

Operatinl Practicel

Vanetl ot Products. Thil plant ukell • large Yariet, ot tractioDal
and integrai horsepower IIOtorll, plus other electrical ad _tal product••
Ordera are accepted tor cu.toa-de.igned IIOtors it the cUllto_r i. prepared
to par the co.t ot special setup and uchining required.

Sile ot RuM. The .ini_I__lIize run ot 2S aotorll,reported b.r plaDt A,
tor tIna as.at,. ot th18 ,-borsepover aotor, i. larger thin the lI1DiJuI
reported by any ot the other plantll in the report. The largest nUJlber in 1
tinal u.eabq run tor thi. plant'. IIOtor bas been ,0, alao the largellt ran
reported. IntOl'lllltioD vas Dot p1'OTided OD the s1. ot runl tor coaponent
Parts) bat the special tooling and letupe indicate larger runl on COIlpODeDt
part.. Special tooling and lar.r run. OD coaponent. are economc, because
UD7 part. are standard tor I ....eral types or lIilel ot aotors.
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Professional Eng:1neering Services. 'lbis plant e.ploys about 200 workers
tor .pecliiized engineering servICes. 'lbeir work is d1vided into three
departllents - design, ..thods, and standards. The design department designs
the standard motors and other products lIIInutactured and, using standard
products as a basis, also designs and deYelops products tor customers. The
Mthods departJlent deteJ'Jll1nes the processing lIlethods tor all manutactured
part.. Manutacture ot the reported JIlotor is divided into approxi.lllate17 200
ditterent labor operations. This department also designs and builds tools

, and decides which tools are to be purchased. It is responsible tor jigs,
fixtures, dies, and gages. The standards departJllent IlaDS till8 I!Itudiee and
sets rates tor all jobs.

The company believes the etticienc7 of its engineerinl serTices is
proven. Dellpit. wale increases, u..,it labor costs haye not increased in re
cent years.

Production SChedul~ and Control. Production scheduling tor the re
ported itell Is accolIPl1i d 6i the rolloving _thods. An etfort is _de b7
frequent SU"e7, to accumulate sufticient orders, tor both .tock and cUl!ltc.ers J

to keep the tactoJ7 at Y01UM operation. If the accwnulated1C>rk-tlow tactor
is lesll than that required tor tun operation, the work foree 1s altered ac
cordingly. Inventory i. kept at a IIin1JIua b7 t111inl orders froa stock
_terials in preference to lIAI1utacturing.

Manutacturing Process. The housing end cover. tor plant A's S-bone
power IIOtor are .ae troJll 2 gray iron castings. These castings are IUChined
coneentric with the bearing housing on a turret lathe, the bearina-bole
center is bored and additional hole. are drilled. Additional holes are al.o
drilled tor breather cd oil purposes on large JIUltiBp1ndle drillll. 'lbe
bearing caps and oil well caps,_de ot sheet ateelJare blanked and tOlWd on
a light punch pl"flss. Barne plates are cut, blanked, and pierced troa sheet
IIteel. Sleeve bearings are purchased and require 01'1)' a1nor finishing.

The stator f'r&lDe is made tro. sheet steel, cut to size OIl a punch pre••,
rolled anel veleleel in the t01"ll of a cylinder. Baee pade purchased part~
:finbhed are velcled to the outlliele ot the traae 0 Bight stator core hol4ing
bars, which have been cut and tormeel, are velded around the 1De1de at the
cylinder. The terminal box and cap are blanked and fOl'llBel :frOID hot-rolleel,
deep-drawing, steel sheetinso

..

Lamination. for the stator and rotor cores are etallpeel et.ultaDeous~.
The .tator core 18 cOJIIPo.ed at 198 l8lliDatton. which are blanked anel Blotted
:frOil sheet steel on pu::lch pre8sea. The veighed stack 01' 198 .tator lamina
tiara. is placeel o'Yer a tightly titted -.ndrel, and rivet ie inserted. The
bore nt the stator core i8 groUJld vi th an tnterDal srinder. llUIulation 11
1Jleerteel into the 36 slots of the core. Stator coils are VO\Dlel on a coil
vinding lI&Ch1ne (3 coils per pole:. 4 pole. per eet), inserteel in the insu
lated elots at the core, then dip])Bd into illsulation .ter!al &114 bakeel in
an insulating oven. The .tator iel then tack-velded to the .tator core hol4
ing bars and thll aS8e.b17 velded into the .tator traae.
389817 0 - 54 - 3
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Forty-tour rotor conductors formed from copper sheeting on a three
quarter-ton punch press, are placed in the slots at the stacked rotor lamina
tions, then this core is skewed and assembled under heavy hydraulic pressure.
After a heat treatment,the conductor bars are welded to the end rings.

The rotor core is vressed onto a cold drawn steel shatt machined to •
proper dimensions, with an embedded rotor-core key inserted in the keywaYI
to give the rotor the proper sk9w tor an even torque in all positions at
rotation. '!be ventilating tan is then pressed onto the shatt. The pres~ing "
operations are done on a 2S-ton hydraulic press with tixtures and jigs
attached. The rotor assembly 18 both staticallYJand dynalll1.cally balanced.

In the final assellbly) the stator is assembled to one housing end and
leads are conneeted. The rotor assembly is positioned inside the stator and
the other housing end is tapped into place. Detailed descriptions ot the
individual operations tor IIIBking the above parts, and. tor tinal asse",blyJant
given.,together with labor requirements

l
in the accompanying tables.

•
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Table S. Hous1ngrebricat10n and usemly, S-honepoverJinduction IIOtorl Direct .an-hours required
per unit, and related data, by operat10n, plant A, U. S. A., 19$1

Standard Adjusted I'!ach1nery,
Operation lUI1-hours man-hours tools, and gages

per IIOtor per IIOtor used

Total direct man-hours to tabri- . . 1.81654 1.27757
cate and assemble complete housing

A PAIR OF MOTOR END COVERS:

Material specifications:
Gray-iron casting.

1. Drill (h) 7/16" bolt holes. • • • • 0.on80 0.01533 Large multispindle drill, jig,
and support.

2. Turn beading, rough center bore • • .34000 .23911 3" x 36", Jones and L8JI80D

bearing hole and rough bore turret ~athe. Standard~adjUst-

and tace botto_ ot washer hole. able beading tool iii. th oring
Face field ring end, rough turn bar, adjustable, double arm tool,
cover fit, rough race field ring pulley, cover gage tor location
seat and race inside hub. Rough or outside end of hub, gage for
bore bearing hole, finish bore rough depths and rough length
bearing hole, finish center bore of cover fit, adjustable, single
tor bearing, ream and counter- arm tool with reamer, ll.,20"
sink bearing hole. Finish rough ring gage, 1.687 "-1.6875"
tum cover tit, finish rough progressive limit plug gage.
face field ring seat, and finish
bore washer hole.

3. Drill 4 holes tor bafn. plat. . . .01156 .00813 Large l1I11tispindla drill, pulley
(I end only.) end cover, jig, cover support•

4. Drill 2 holes and tap 2 holes. . . .04600 •03235 4-spindle drill, front cover jig
Drill 7/16" oU well plug md with bushing, plates No. 1 and
oil well holes. Tap lib" Ko. 18, No.2, 1/41' No. 18, NPl',plug
NPT, oU well plug, .,d oil cup. thread gage.



Table S. Housing tabrication and usellbly, S-horsepover.linduction IlIOtor: Direct lNlIl-hours required
per unit, and related data, by operation, plant A, U. S. A., 19S1--Continued

~

Operation

A PAIR OF MOTOR END COVERS (Conttd)

S. DrUl 3 and tap 6 holes. Drill • •
(1) 114" breather hole and 2
No. 20, cap tor oil vell. Tap
(1&) 10-)2, HF2, tor batne plate
and (2) 10-)2, NF2, cap tor oil
veIl.

6. End Ill11l slot in oil box.

7 • Seal reservolr. Plug bearing and •
oU drain holes. Fill au
reseJ"V'oir With white lacquer,
drain oil reservoir, and wipe
lacquer tro. bearing hole.

8. Spray. Wipe and IIpray inside • •
and outside with enamel. Load
truck and aUov to air dry.

9. Inepect finlsh. • • • • • • • • •
10. RAUl bearing hole to reIIOve • • •

paint.
11. Finish tum cover,tit and tinish,.

face field ring lIeat.

12. Inspect oil reservoir for fins.
Fit aU ring and force in
bearing.

.
See tootnote at end or table•

Standard
man-hours
per \IOtor

0.09760

.01&180

.10600

.04640

.00770

.02020

.07716

•02774

Adjusted
lIIUl-hours
per IIDtor

0.06864

.02940

•07165

.0)263

.00542

.011&21

.05427

.01951

Machinery,
tools, and gages

used

4-spindle drill, and 2 jigs.

Milwaukee milling machine, fix
ture, gage tor lengths, and width
of slot in all box•
Bench.

(!I)

(y)
Bench.

Wamer and SwaRT, No. 3 turret
lathe, stub undrel, 11-1/2" ring
gage, cover gall,e for tinish
depth•
Bench, hydraulic press, anj

support.
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Table 5. Housing fabrication and asse1!lb17, 5-horsepover" induction motor: Direct man-hours requ1red
per unit. and related data, by operation, plant A, U. S. A., 19S1--Continued

Operation
Standard
man-hours
per motor

Adjusted
man-hours
per Motor

Machinery,
tools, and gages

used

A PAIR OF MOTOR END COVERS (Coat I d)

Inspect and wrap. • • • • • • • •

Face inside end ot bearing
and hub. Bore shatt hole,
1 at a tillS.

~

13.

lb.
Total direct lUll-hours
to fabricate a pair ot
motor end covers.

• • •• •

0.08180

•obbho
.91016

0.05153

.03123

.68231

SiTlgle-spindle drill, Heald No.
49, boring machine, standard
ta~ing fixture, No. 2 J tor
covnrs, 2-1/4" tacing tool with
1.~61" pUot, cover face plate,
cover boring bar J gages tor
d18J1eter of shaft hole, for
finish depth, and for roundness
of shaft hole•

(y)

Toledo, No. 67 punch press, 6"
stroke. Die with pin stops tor
4-3/16" strips.

.00283.00402. . .Pierce 2 holes, b lots. Ex
trude knockouts and blank.
Size: 3/32" x b-3/16" x 12-1/811

•

1.

T!BMIHAL WI:

Material specitications:
3/32" x b-3/16" x 9811

, hot
rolled, deep-drawing steel.
Pickled and oiled. Rockwell
hardness, below D SO. Gray
en..l.

See tootnote at end ot table.



Table S. Housing fabrication and ..aeab17 I S-horHpower.11nduction JIOtor: Direct lUll-hours requind
per unit, and related data, br operation, plant A, U. S. A., 19S1--Continued

Operation
Standard
man-houn
per motor

Adjusted
IlIan-hours
per lftO~r

Mach1ner'7 I

tools, and gages
used

TEBMIHAL BOX (Cont'd)

3. Fom 2 right angles • • •

(!J)

0.00221 I Hiagara, No. A3-1./2-ton punch
press, with 3"- stroke. Die wlth
torming Clock tor fastening
lugs removed.
tliagara, No. AS punch press, vith
3" stroke, and die.
Niagara, No. A3-1/2-ton punch
press, die.
Punr.h press, with 1-314" stroke •
Die with stencil.

t!l)
Spray booth and bake oven.

.00314 I .00221

.00314 I .00221

•002$1 .00177

.00139 .00098

.01738 .01221

.00077 .00054--

.03549 .02496

0.00314

. .. . .

• • • • • • • •2. Fona 2 screw ears

Stop type on ~ide where out- • •
lets extrude.

6. Inspect. ••••••••••••
7. Spray entire :inside and outside.

with gray enamel. Allow to air
dry.

8. Inspeet finish, and wrap boxes •
in paper, 5 boDS per package.

h. Fona curvature for ring

S.

Total direct un-hours to iabri-.
cate tel'lllinal box.

TEIIUNAL mx CAP:

Material specifications:
.0438" x 33" x 92", bot-rolled,
deep drawing steel, pickled and
oiled.

I

~

See footnote at end ot table. ".-,

• ..
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Table 5. Housing fabrication and assembly, 5-horsepower.1 induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

Operation
Standard
man-hours
per raotor

I Adjusted
man-hours
per IDOtor

Machinery,
tools, and gages

used

Total direct un-hours to t.br!.- •
cate md asseab1e tel'll1na1 box.

TERMINAL all CAP (Cont'd)

1. Shear to 6-5/16" x 92" strips J • •

14 pieces per strip.
2. Pertorate 2 holes and blank. • • •

6. Inspect. ••••••••••••
7. Spray entire inside and outside •

surface wit.h gray enamel. Allow
to air dry.

8. Inspect finish, wrap in paperl ••

S caps per package.

Total direct man-hours to fabri- •
eate teminal box cap. •

ASSFl4BLY OF TERMINAL !l)1;

1. Unwrap outlet box and cap, tap • 0

(2) 10-)2 screw holes J fasten cap
to box J wrap asseIllbly in paper
and place on truck.

Haskins tapper and Detroit auto
_tic screwdriver. Standard
adjustable suprort for tapping
and standard adJustable support
tor assembling•

•04973

.00892

.07071

.01268

0.OOOS4 I 0.00038 I 10' shears, powered.

.00333 I .00234 I Niagara, No. A3-1/2-ton punch
press, with .3" stroke, and die.

.00.30.3 I .0021.3 I -Do-

.00213 .00150 Punch press, 1-.3/4" stroke, and

I
die with locating pins.

.0036) .00255 I Nia~ara, No. A3-1/2-ton punch

I
press, with 3" stroke, and die.

~> <U> I (!I>
• 911 .00641 Spray booth.

.00077 I .00054 ell)

.022S4 I .01585

II • • • • •

. . . . . .
• • • • • •l"Onll 2d.

3. Form 1st. ••••••
4. Stamp type on inside.

S.

ww

Se. tootnotes at mel ot table.



Table S. Housing fabrication and assembly, S-horsepover,induction motor: Direct l1I8J1-hours raquired
per unit, and related data, by operation, plant A, U.S. A., 19S1--Continued

I

U)
~

Operation

Fft(IIT COVER BEARING CAP:

Material specification:
.031' x 3011 x 96", S29B3 steel.

1. Shear sheets into stripe, •••••
2-9/16" x 96" (38 pieces can be
blanked from each strip).

2. Blank disc to 2-9/16" x 2-1/2" I ••

and draw cup.
3. Form lip. ••••••••••••
4. Inspect. ••••••••••••
S. Burnish for 35 minutes in tum- . •

bling barrel with burnishing
balls, polishing compound, and
vater. 40 lb. of bearing caps
and 300 lb. of burnishing balls
per barrel load.

6. Barrel nickel brite, 30 minutes • •
at 12 to 14 volts. Use standard
barrel method. 1,000 pieces per
load.

1. Inspect finish. • ••••••••

To·tal direct man-nours to fabri- •
cate front cover bearing cap.

See footnotes at end of table.

Standard
man-hours
per motor

0.00018

.OOlS8

.00230
(y>

.00069

(~)

.00415

Adjusted
1II8.Il-hours
per motor

0.00013

.00111

.00161
(y>

.00049

(y)

.00334

Machinery,
too115 I and gages

used

10' shears, powered.

Niae:ara, No. A3-1/2-ton punch
press, with 3" stroke, and die.

-Do-
(!!>

Crown tumbler.

Q/>

(y>

/I /I ..
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Table 5. Housing fabrication and assembly, 5-horsepower, induction Tftotor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

w
• V1

Operation

PULlEY END BEARING CAP:

Material specifications:
No. 22 gage, .0299" x 30" x 96",
52881 steel.

1. Shear sheets into strips, ••••
2-9/16" x 96", (38 pieces can be
blanked from each strip).

2. mank disc to 2-9/16" x 2-1/2", •
and draw cup.

3. Fom lip. •••••• •••••

4. Pierce center hole •• • • • • •
5. Inspect. ••••••••••••
6. furnish for 35 ndnutes in tum

bling barrel with burnishing
balls, polishing compound, and
water. 40 lb. of beat"ing caps
and j()O lb. of burnishing balls
per barrel load.

7 • Barrel nickel brite, 30 • • • • •
minutes at 12 to 11 volts. Use
standard barrel method. 1,000
pieces per load.

6. Inspect finish. ••••••••

Total direct man-hours to tabri-.
cate pulley end bearing cap.

See footnotes at end of table.

Standard
man-hours
per motor

0.00018

.00156

.002»

.00209
(y>
(y)

.00069

(y>
.0068h

Adjusted
man-hours
per motor

0.00013

.00111

.00161

.00147
(V>
(y>

.00049

(y>
.00481--

Machinery,
tools, and gages

used

10' shears, powered.

Niagara, 1/2-ton punch press,
with 3" stroke, and die.
Niagara, No. A3-1/2-ton punch
press, with 3" stroke, and die •
Punch press, with die.

qj)
Crown twnb1er.

(1/>

(y>



Table 5. Housing fabrication and assembly, 5-horsepower.linduction IIlOtor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

I

lIJ
~

Operation

CAP FOR OIL WELL (2 per motor):

Material specifications:
No. 18 ~age, .0476" x JO" x 96",
52982 steel.

1. Shear sheets into 15/16" • • • • •
x 96" strips, )1 strips per
sheet. (Each strip makes 2)
pieces.)

2. Pierce 2 holes and cut off. • ••
Dimensions: .01.7al'x lS/16"
x L-S/32 11

•

3. Inspect. .........•.•
4. Spray entire piece with gray • • •

ena."1el. Air dry, pack in box.

Total direct man-hours to fabri- •
cate 2 oil well caps.

OIL RING (2 per Motor):

Material specifications:
Tubing, 3" outside diameter x 2-)/4"
inside diameter x 12', B5A2 brass.

1. Chamfer both ends and cutoff. • •

2 • ~ve burrs. • • • • • • • • • • •

See footnotes at end of table.

Standard
man-hours
per motor

0.00052

•00186

(y>
.00690

.00928

.01960

.onoo

Adjusted
ftI8Il-hours
per IlIOtor

0.00037

.00131

(y>
.00485

.OO6S3

.01378

•01471

Machinery,
tools, and gages

used

10 I shears, powered.

Punch press, with 1/8" stroke •

QJ)
(y>

Jones and Lamson lathe, f£8ge for
length•
Polishing lathe, "dth emery cloth.

..
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Table S. Housing fabricat.1on and aS8ab17, S-horsepover, induction mtor: Direct. .an-hours I'eqQ1red
per unit., and related dat.a, b.r operation, plant. A, U. S. A., 19S1-.cont.1nued

Operat.ion
Standard
JUn-houre
per ~t.or

Adjusted
un-hours
per IIIOtor

Jl!achinery ,
tools, and gages

oed

on. RING (2 per -ator) (Cont.'d)

Total direct man-boars to fabri- •
cate 2 oU rinp.

RBTAIHPJt WASHmS (2 per mtor)
2=5/16" x 2.751" x 1/32":

Material specifications:
.0299" x 36" x 96", 52884 steel.

1. Shear sbeeto to 'l-7/8" x 96" •••
• trips. 3JI pieees per strip.

2. Pertorate aDd blank. • •••••

~

3. Inspect.. • • • • • • • • • • • • • ~
0.04060

.00000

.00116

!U!
0.028SS

.00028

.00102

<lI)

10' ehears, powered•

Niagara, No. Al-3/b-ton puneh
press, with 1-1/2" st.roke, eOll
pound pertorating II1d blmking
die•

Total direct. an-hours to tabri- •
cate retainer vubel'll.

SLIIVI pepiliGS (2 per mtor):

Material specificat.ion.:
Bearings purchued tNt require
ucb1D1Dl_

1. OriDd J6 dear- cbaater at. both ••
ada ot .lot..

See footnote. at. eDd ot table.

•OO18S

.01760

•00139

.012)8 ~ ...1.



Table S. Hou1Dc tabrication UId asHllb17, S-bon.power, induction _tor. Direct ..-houn requ1nd
per UDit, and related data, b7 operation, plant A, U. S. A•• 19S1--<:Ont1Dued

Operation

SLEEV! BEARIlfOS (2 per _tor) (Coat'd)

Standard
.an-haUl'S
per _tor

AdjuatAd
MIl-hours
per aotor

Machinery,
tool.. aDd lages

used

Total d1l'ect IIAD-houn to tabr1- •
cate tbr.lst ..her retainel'll.

'ABRICATIOI 0' BAml PLATE :

Mat.rial specification••
No. 18 gage, .0!l78" ][ 30" ][ 96",
S29B2 steel.

2. Inspect. • ••••••••••••

Total eliNct \IIUl-bours to ••••
• chine sleeYe bea!'1n«s.

THRUST WASH!R HE'fAINERS FOR BACK COVER
(2 per mtor) :

Material specl.f'ications •
•02.39" ][ JO" ][ 96", S28B2 steel.

1. Shear sheets into 2-S/16" ][ 30", •
stripe. (13 pieces per strip.)

2. Blank outs1de eli_ter, pierce. • •
center hole, and draw cup.

I

~

.3. Inspect. ••••••••• ....

0.00l&91&
.022S1&

•00010

.00296

(V)-
.00306

0.00.31&7
•01S85

.00007

.00208

(V)-.0021S

(!I)

36" shean, powered•

Hiagara, Ko. Al-3/h-ton punch
press, with 1-1/2" stroke. die,
ga. tor inside di_e1ier, cd
depth ot tozw.i lip.

See tootnotes at mil ot table.
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Table 5. Housing tabrication and asseably, 5-horsepower, induction 1IIOtor: Direct an-hours required
per unit, and related data, b7 operation, plant A., U. S. A., 19)1--Continued

Operation
Standard
lI8I1-hours
per mtor

Adjusted
lUll-hours
per IIOtor

Machinery,
tools, and gages

used

FA.BRICATI(Ji OF BAFFLE PLATE (Cont'd)

6. Inspect. • •••••••••••
7. Spra,.. Load on screen ad apr&7 •

one aide with gra,. lacquer. mow
to drJ. Turn piece. over cd
apr&J aide with lacquer. Allow to
dry.

8. Retmve screen tro. 1ron truck. ••
Unload scre.. aDd pack 1D box with
paper betvean rows and la,.,1'II.

'l'otal d1rect -.n-baun to tabri- •
eate batn.· plate.

. . .
. . . . . . .

(y)

Punch press, with 7/8" stroke,
•740" round die.
Punch press, with 7/8" stroke,
9-1/4" round die, with .738"
pilot.
Toledo, No. 5A puncb press, nth
3" stroke. 6-3/4" ro\D1d die,
with .738" pUot.
Niagara, No. A3-1/2..ton punch
prese, with 3" stroke, die, with
6-3/4" centering plug.

(1/)
(1I)

10' "hears, powered.

.00056

..012S1

(2/)
.~107

.00113

.00152

.OOlOS

.OOOS5

0.00063

.CXX1I9

(2/)
.0rOO6

.00150

.00160

.00216

.00078

.01778

0.00089

. .

. .
• • •

Pierce 4 holes tor screwing to
IIOtor end.

3. Blank, 9-1/4" disc.

4. Pierce, 6-3/4" center hole.

5.

1. Cut aheeta into 9-3/8" x 96", •
strips. (10 battle plates to
be blanked tro. each strip.)

2. Pieree .740", center hole •.

~

See tootnotes at ead ot table.
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Table S. Houaing tabrication and aas_blT, 5-horHpover,induction mtorl Direct un-hours required
per unit, and related data, b1 operation, plant A, U. 5. A., 19S1-Cont1nued

5tandard Adjusted Macb1nel7,
Operation lIaD-hour8 un-hours tools, and gages

per aotor pe~ mtor used

STATOR CORI II>LDING BAR 'ABRICATIOIf "

(8 per IIOtor):

Material specificatioDSI
.109" x S-l/2" x 96", S29B2 steel.

1. Cut ott &lid tOrtl. Siul .109" x •• 0.01304 0.00917 Hiagara, Ho. AS punch press, with
5-1/2" x 1-1/2". 7" stroke, die, and gage tor

(!j) .
.length and cUrYature.

2. Inspect. . . . . . . . . . . . . (yt) qj)

Total direct un-hours to rabri- .01304 .00917
eate stator eore holding t.rs.

FABRICATION OF DiSULATIMG BUSHIIiG:

Material specifications:
1" x 13/16" x 36", tiber.

1. Drill, chaater both ends, and • • .00638 .00449 ' Warner and Swasey, No. 2 lathe.
cut ott.

2. Countersink to ~e cut-otf • • .00128 .00090 Polishing lathe.
bQrra.

3. Inspect.. • • • • • • • • • • • • (y) (y) ~)4. Bake 1n oven 1 hour t.o d17, dip • • .00020 .00014 y>
in pr1Jl1nc oU, and allow to drip
ott and drT.

Tot.al cl1rect. 8D-boura to tabri- . .00786 .00553
cat.e 1D8111at1lll bashing.

See tootllote. at elld ot tab1••
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Tabl. 5. Housing tabrication md ass.b17, 5-horsepowerJ induction ROtora Direct .an-hours required
per UD1t, and related data, b7 operation, p1mt A, U. S. A., 19$1--Cont1nued

Standard Adjuated I Machine17,
Operation I_n-hours .-s-hour. tool., md gages

per 1II0tor per ~tor used

STATOR PRAM! AND..!!!!:

Material specifications:
.21875" x 7" (plus 5/32", llinu•
•000") x 75", Sllm steel.

1. Peed stock to pres., cut ott• •• 0.0129$ 0.00911 Toledo, No. 56-1/2 punch press,
unload press and load pallet. with 7/8" stroke, die, aDd gap
2 operators. SiMa .21875" x tor length.
7- x 36-17/32".

J I~ch prells~ vi~~ 7/S" Cit-Nke,2. Pierce 7 holes. . . . . . . . . .00420 .00295

~
lina CUe.

3. Pierce 1 hol•• • • • • • • • • .00l,20 .00295 -Do-
4. Dr11l 4 nue plate holes. •••• .00833

I
.00586 SlIIll IlUltispindle drill, and

Locate with com.r ot locat1Dl jig.
bloclal to tl"Ol1t and stop re-
located.

5. Roll stator tr.... . . . . .. . . I .00880
I

•00619 I K and R, No. 32 bender•

Notea Detwea operation. 5 aDd 6,
E&ri pnnou.17 tack-lIelded to
statOr core J are tack-welded to
field riDe. Thee. operaticma are
shcnm with stator eON as• .-b17.

6. Place aes.bled stator core in • • I .07420 I .05218 IArc-wlder Ed 12" field aaeeul,.lr_. SeaJI-..ld stator lr_. ueh1ne. Ja"a J plug, center
plate, center ale"., knockout
plate, adapter plate, and nose.



Table S. Housing fabrication and uSeM11, S-horsepowerj induction ·~tor: Direct un-hours required
per unit, and related data, b7' operation", plant A, U. S. -A. ,"l95l--Continued

Operation

STATOR FRAME AND FEET (Cont'd)

StaI1dard
lUIl-houre
per .otor

Adjusted
lUD-houre
per aotor

Macli~e!'1',
tools, and gages

used

8. !Wmye slag troll "base velds • • • I .03960 I .02799
and cOllpress core to re~ve

~
bulge caused bl heat when
ve1d1Dc.

9. Roup and tinish tum cover . . . I .08080 I .05683
"tit. Rough andt.Lnish face
and break inside and outside
comers or both coyer tits.

10. Gr1rid botto. ot teet. . • • • • •12$70 .08840

u. Drill (h) l7/32M hOles in teet. . .OSoho .03545

12. Countersink top aDd botto. • • • • .01hBo I .01041
side .ot 4 "holes in teet to
~e burn lett bJ drilling•

7. Weld feet ontotr...

•

• • • • • • 0.20190 0.14622 Arc-velder, jig with locating
plate, center sleeve clamping
plate and locating pin. Gages
tor location ot outlQt box hole.,
parallelis. ot recess tor tield
studs, and rough height ot base
pads.
Bench, air ch1pper, tixture
with botto. plate and c1alllping
plate.

Sundstrand, 16" stub lathe, jaws
and tlanges tor chuck. plug
gage, gage tor locat10n ot core
and tor length•
Vert1cal surtace grinder. j1g.
and gage tor finish height of
base pads. .
Large 1II11t1spindle drill, and
jig.
Bench and tool.
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Tabl. S. BoWline rabrication and use.blT, S-horsepove~induction mtor: Direct un-boara required
per unit, and related data, by opt1ration, plant .A, U. S. A., 19S1--COntinued

~
t~)dar.d ·'Adj;';t.ild I Ilach1nel'7,

Operation .an...!J ....('~ I h t: )"\~: ~ I tools, aDd gap.
"V..... ~.. ~ -,1' <~<..:..' or used

~:~ORIn::t:-u.-PBET-.-.-~-co-.n-:-.d-.)-.-.-.-.-.- o.-)::,,~···~·:':u~1-----(!I-)------
---- I

~

Total direct .an-hours tor
• tator traM and teet
tabrieation and. asHm»17•

11 lot reported.
!/' Ind1rec~ labor.

• • • .61.807 .hSS79



Table 6. Stator fabrication alld assembl,., 5-horsepowerJ induction motor: Direct man-hours required
per unit, and related data, b,. operation, plant A, U. S. A., 1951

g:

Operation

Total direct man-hours for stator•••
fabrication and assembl,..

STATOR LM'INATIQI FABRICATION
(198 lamiiiations per motor):
Material specifications:

.025" x 32-1/8" x 109-1/4,
S2Bl steel.

1. Shear sheets into etrips, 10-5/8" ••
x 32-1/8". (Each strip makes 3
pieces: each piece 1 stator and
1 rotor lamination) (1/2 time
for stator and 1/2 for rotor).

2. Pierce strips f"or 36 field wire ••
slots, 2 rOllnd holes, Lsemi
circular notches in outside
diameter, and •740"center hole.

3. Blank 7", and 10-1/2" discs. Put.·.
punchings on stand. Put discs on
stand. (1/2 of required time
allotted to'stator and 1/2
allotted to ro~or).

4. Wire field laminations tight.+,.· • • •
together, with 2 wires into bundles
of 200~ (Annealing done while
laminations are in bundles.)
Total direct man-hours for fabri-. •
cation of stator laminati.ons •

•

Standard.
man-hours
per motor

4.~4B3

.04237

.09042

.15990

.02140

.32009

Adjusted
man-hours
per motor

3.26670

•02980

.06359

.11246

.01927

.22512

Machinery,
tools, and gages

used

36" shears. powered •

Punch press, with 7/8" stroke,
die J with 36 wire slot punches
inserted.

Punch press, with 2" stroke.
7" and 10-1/2", compound round
die, with.738" pilot.

Bench

A
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Table 6. Stator fabrication and assembly, 5-horsepower, induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

Operation

STATOR OORE ASSEMBLY:

Standard
man-hours
per motor

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

1. 1feigh.J stack 198 stator laminations • • • IO.061LO I 0.04318 I Gage for 3-3/4" width of
over tigh~ fitting mandrel. Insen lamination stacking.
holding nail.

2. Insert rivet and tack-weld laminations • .12100 .08510 Arc-welder, jig, with
onto holding bars. Tack-weld holding locating plate, clamping
bars onto stator frame. plate, and indicator.

3. Unload wooden truck and load iron • • • .03130 .02201 (y>
truck. Load baking oven and bake
to remove moisture.

L. Unload baking oven and load cooler. . . .1~90 .07318 (y)
~ Unload cooler.

5. Transfer pieces from iron truck to • • • .03801 .fYJ.611 (y)
wooden truck. -
Total direct man-hours to assemble ... .35667 .25084
stator core.

FABRICATE FIELD SIm' INSULA'l'I~ :
Material specifications:

100 percent rag base insulating paper.
1. Cut off and form complete. • ••••••

(36 per motor).

See f"ootnote at end of table.

.05L36 .03823 Niagara, No. A3-l/2Lton
punch press, with 3
stroke, die, with forming
block, punch and stop.



Table 6. Stator fabrication and assembly, S-horsepower, induction aotor: Direct man-hours requirect
per unit, and related data, by operation, plant A, U. S. A., 19S1-Continued

. . .~

Operation

FABRICATE MAIN LEAm (9 per motor):

Material specifications:
No. lL, black lead wire.

1. Cut wire into 28" lengths, strip •••
1 end lib" other end 1" count and
tie in bundles of 100. (S per
motor ).

2. Cut wire into 18" lengths, strip •••
1 end l/L", and other end 1",
count and tie in bundles of 100.
(L per motor).

Total direct man-hours to fabri
cate leads.

FABRICATE lEAD TAGS:

Material specifications:
Partly machined pieces.

1. Form tags with characters in a ••••
horizontal position. (9 per motor).

FABRICATE SLEEVING:

Material specifications:
Sleevir.g, in l-lb. rolls.

1. Cut red sleeving, 2 at 1 time, ••••
into 2Q1t lengths and allow to
drop into box. (12 per motor) •

..

Standard
man-hours
per moter

0.0~9S

.00316

.00811

.01692

.00S64

Adjusted
1Il8J1-hours
per motor

0.003L8

.00264

.00612

.01190

.00397

llachinery,
tools, and gages

used

Automatic cutting and
stripping machine.

-Do-

Foot press, die, with
nest.

Automatic cord cutting
machine.
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rable 6.

•

Stator fabrication and assembly, 5-horsepower.indnction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

Operation

FABRICATE SLEEVING--Continued

Standard
man-hours
per uaotor

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

2. Cut white sleeving, 2 at 1 • • • • •• I 0.00564 I 0.00397 IAutomatic cord cutting
time. into 20" lengths and machine.
allow to drop into hausner
box. (12 per motor).

3. Cut blue sleeving, 2 at 1 • ••••• I .00564 I .00391 I -Do-
time, into 201' lengths and
allow to drop into hausner
box. (12 per motor).

I Total direct man-hours to • • • • • • I .01692 I .01191

~
fabricate sleeving.

ASSEMBLE STATOR ~

1. Grind bore of stator core, ••••••
7.002", plus .003", minus .001".

2. File 36 slots and clean with air. ••

3. Insert cuffed insulation into 36 • • •
slots.

L. ~nd coils, 3 coils per pole, 4 •••
poles per set. Tie each coil in
2 places, 36 coils, 3 phase, lap
winding, ends of winding 15"
long, 33 tl~S per coil.

.1l440

.03510

.17300

.40900

.08oL6

•02469

.12161

.28765

Heald, No. 72A5 internal
grinder, face plate,
clamps, 7.0()()lt -- 7.005",
round tapered plus gage •
Bench, .095" thickness
gage.
Bench.

Coil winding machine, jig.



Table 6. Stator fabrication and assembly, 5-horsepower,induction motorz Direct man-hours required
pei" ~mit, and related data, by operation, plant A, U. S. A., 1951--Continued

Operation
Standard
man-hours
per motor

Adjusted
man-hours
per motor

MachineryJ

tools, and gages
used

~

15S!1(BLE-STATOR--Continued

5. Assemble field. Note: high voltage _ • I 2.52550
motor--use extreme-c-are when insulating
and test for shorts between phase be-
fore making star connection. At 1,150
volts Jground test board. Check part
number on ring. Cut colored sleeving
24 pieces for between poles and ends of
winding. Cut bias tape,60 pieces for
lapped coils. Insert coils and wedges
into slots and insulate between lapped
coils and end wire or each phase.
Shellac end wire insulation to coils
and trim tape. Skin, twist, solder,
tape, place, and tie 1 connection.
Pull leads through coils 12 ends.
Skin and twist 9 connections. Tie
last coils in 2 places. Finish block
coils so they will clear armature bore
and stud holes. Tie tag to coils on
end opposite part nllllber and tag sleeved
leads. Test for opens. Refer to con
nection, diagram. Direction of rotation
is counter clockwise, reversible, viewing
end opposite part number on field ring.
Sleeve ends of winding at right of field
ring on part number end)with feet at
bottom.

•

1.11618 Bench.

•



•

Table 6.

"

Stator fabrication and assembly, 5-horsepowerJ induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

g

Operation

ASS~aLE STATOR--Continued

6. Inspect general appearance, blocking ••
of coils, and condition of wedges.
Test for grounds. Test for shorts
and reverses. ,Refer to connection
diagram. Direction of rotation is
c01mter clockwisel.reversible,
viewing end opposite part number on
field ring.

7. First dipping, baking, and cleaning•••
S operators.

8. Second dipping, baking, and cleaning•••
5 operators.

9. Wipe to remove dust and dirt. 'I....
Protect coils and leads. Spray
outside of stator frame with gray
enamel. Air dry.

10. Inspect. 'I..............
Total direct man-hours to machine 'I..
core and assemble stator.

Y Not reported.

Standard
man-hours
per motor

0.01200

.21080

.27080

.05400

.00656
3.87116

Adjusted
man-hours
per motor

o.oo8L4

.19045

.19045

.03798

.00461
2.72258

Machinery,
tools, and gages

used

Test bench.

Insulating oven.

-Do-

Spray booth.

<!/)



Table 1. Rotor fabrication ana assembly, 5-horsepower, induction motor: Direct man-hours required
per Wlit, and related data, by op::ration, plant AJ U. S. A., 1951

~

Operation

Total direct man-hours for fabrication
and assembly of rotor.

FABRICATION OF ROTOR LAlfiHATIONS
(205 laminations per motor):

Material specifications:
.025~ x 32-1/6- x 109-1/4-, S2Bl steel.

1. Shear sheets into strips, 10-5/6" • • • • •
x 32-1/8". (Each strip makes 3
pieces; each piece 1 stator and
1 rotor lamination) (1/2 time for
stator and 1/2 for rotor).

2. Blank, 1- and 10-1/2" discs. Put •••••
plIDchings on stand. Put discs on
stand. (1/2 of required time allotted
to stator and 1/2 allotted to rotor.)

J. Pierce armature conductor slots, vent •••
holes, identification hole, and 1.815"
center hole, with keyway. Put punchings

• on stand.
4. Weigh into bundles of 300 ptmchings. • ••

Wire tightly together with 2 wires.
Total direct man-hours to fabricate • • • •
rotor laminations.

•

Standard
man-hours
per motor

2.28596

.~231

.15990

.27265

.CY2810

.50362

Adjusted
man-hours
per motor

1.60172

.02980

.11246

.19175

.CY2018

•351J19

Machinery,
tools. and gages

used.

36" shears, powered.

Punch press, with 2
stroke. 1- and
10-1/2", compound
round die, with .138
pilot.
Punch press, with 7/6·
stroke, die, with
•738" pilot.

Bench.

•



•_.I;..~ .,

• • •

Table 7. Rotor fabrication and assembly, 5-horb3pawer, induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A•• 1951--Ccntinued

Operation
Standard
man-hours
per motor

!djusted
man-ho11rs
'1£:" motor

Machine!7,
tools, and gages

used

J. Blank 3-3/8" disc •• • • • • • • • • • • •

ROTOR -:OPPER LAMINATIONS

(2 per motor);
Material specifications:

.0253" x 1-1/8" copper in !"andan
lengths. 99-5/8" length preferred,
C2..AL copper.

1. Pierce armature conductor slots••••••
vent holes. identification hole.
and 1.815" center hole, with keyway
and piece, 7-1/8" x 7-1/16".

2. Blank 1" disc•••••••••••••••
~

L. 1feigh punchings and wiN together. •
in bundles of 50.
Total direct Ilan-hours to fabricate
rotor copper lamina.tions.

See footnote at end of table.

• • •

. . .

0.00280

.00288

.00300

.00065

.00933

0.00191

.002~

.00210

.oooL6

.00657

Punch press. with
7/8" stroke. and die.

Toledo, No. A5, punch
press, with 2" stroke,
1" round die, with
1.81)" pilot.
Punch press, with 7/8tt

stroke, 3-3/8" round
die. with 1.813"
pilot.

<y)
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1'able 7. Rotor fabrication and assembly, 5-horsepower, induction lIlotor: Direct man-hours require4
per unit, and related data, by operation, plant A, u. S. A., 1951--Continued

Standard Ik1justed I Machinery,
Operatim I man-hours lIIan-hours tools, and gages

~r motor per motor used-
ROTOR CONmCTORS (Lh per motor):
Material specificationsr

.050" x 1", plus .010" I minus

.010" x 94". C2A2 copper.

1. Pierce, cut off, form, and ••••• 0.04400 0.03095 Niagara, No. Al-3/L-ton punch
flatten. Size: .050" x 1" press, with 1/2" stroke, die,
x L-5/8". with step adjusted for proper

I
length.

2. Inspect. • • • • • • • • • • • • • I <~/) <y> ---
- -Total direct man-hours to . . . . . I .04400 .03095

)Q fabricate rotor conductors.

SHAFT·_.
Material specifications:

1.825" rod x 12' long, SuBl steel.

1. Cut rod to 19-11/16". • ••••••

2. Turn first end, face and ••••••
chamfer, rough turn, 1.4915"
x 3-3/4·, turn 1 undercut, and
cen~r;

3. Tum H end. Face and Chamfer, • •
rough tum, 1.12475" x 3-3/8", turn
1/16" radius. turn 1.4975·x 4-1/4",
turn 1 undercut, center. chamfer end
of, 1.491~ x 4-11L·, cut.

See footnotes at end of t.ab1e.

.04350

.06300

•16148

.03059

•oLL31

.11357

Warner and Swasey, No. 5
lathe, with gage for length•

Warner and Swasey. No.5
turret la~he, micrometer,
gages for length and diameter
of undercut, standard gage
for depth of center in shaft,
15/16" and larger in diameter•

-Do-

•



•

Ta,ble 1. Rotor fabrication and assembly, 5-horsepower, induction motora Direct man-hours required
per unit, and relate<l data, by operation, plant A, u. S. A., 1951--Continued

Oceration
Standard
man-hours
per motor

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

• 7• Rough grind, 1.L915" x 3-314" • ·1 .01110 I .01203

'" portion of shaft.
UI B. Rough grind, 1.L915" X L-1/L- •• 1 .01785 I .01255

portion.
9. Rough grind, 1.12415" x 3-3/8" ••1 .01L20 I .00999

portion.
10. Finish grind, 1.12415" x • ••• 1 .01155 I .01234

3-3/8" portion.
11. Finish grind, 1.L915" x • • • .1 .02190 I .015LO

L-1/U" portion.
12. Finish grind, 1.4915" x • • • .1 .01960 I .01318

3-3/U" portion.
13. Mill keyway in extension · . . :! .00744 I .00523

end, 2 at 1 time.

SHAFT--Continued

L. Ifill armature keyway, •••••• 10.ooL61
3 at 1 time.

5. Grind unturned portion of •••• 1 .06060
shaft, 1.81115" x 8-11L".

6. Spline. • ••••••••••• 1 .00657

0.00324

.oL262

.~62

Browne and Sharpe, milling machine,
1/U" keyway gage, keyway microm
eter, and gage for length.

Grinder and micrometer.

Toledo, No. 56-1/2" punch press
with 1/8" stroke, die, go and no
go gages for diameter of spline,
and gage for length.

Grinder and micrometer.

--Do-

-Do-

-Do-

-00-

-Do-

Browne and Sharpe, milling machine,
keyway gage, keyway centering gage,
keyway micrometer, and gage for
length.



Table 7. Rotor fabrication and assembly, 5-horsepower, induction motor: Direct man-hours required
per '\mit, and related data, by operation, plant A, u. S. A., 1951--Continued

Operation

SHlFT--Continued

Standard
man-hours
per motor

Adjusted
man-hours
per motor

Vachinery,
tools, and gages

used

Total direct man-hours to • • •
fabricate shaft:

SHAFT SLEEVES (2 per motor);

Vaterial specifications:
2-l/L" x 12' rod, SAE 1113,
cold-drawn, free-cutting steel,
A1SI-Bll13.

•
':-

lL.

15.

File to remove burrs left
by milling keyway in ex
tension end and polish to
remove file marks.
Inspect. ••••••••

• • •

• • •

0.00715

.01353

.L7608

0.00503

.00952
•33L82

Bench.

-Do-

Remove burrs left by cutting,. •
with scraper.
Grind, 2.187- outside diamter••

Inspect. •••••••••••

Total direct man-hours to • • •
fabricate 2 shaft sleeves.

1.

2.

3.

4.

Cut off, to 2-1/L- x 27/32",
and drill. 2 operators
operate 3 III&chines.

• • .01216

•01080

.00290

.00480

•03066

.00855

.00760

.002~

.00338

• <Y£157

New Britain-Gridley, 6-spindle,
automatic chucking machines,
micrometer, form tool, 1.809"
1.810f') double end limit plug
gage, gage for length•
Polishing lathe, stub mandrel.

Cincinnati, No. 2 centerless
grinder, and micrometer.
Bench•

•



•

Table 7. Rotor fabrication and assembly, S-horsepower, induction motor: Direct man-hours requireu.
per unit, and related data, by operatiofl, plant A, U. S. A., 19S1--Continued

Operation

VENTILATING FAN HUB:

Standard
man-hours
per motor

Adjusted I
man-hours
per motor

Machinery,
tools, and gages

used

Material specifications:
.062" x 30" x 96", hot rolled,
deep drawing steel, pickled and
oiled, Rockwell hardness, below
B 50.

1. Shear sheets to 7-3/16" x 96", ·10.00068 I 0.00046
strips.

2. Pierce, 5/6" center hole, • • • .\ .00192 I .00135

I
blank disc from piece 7-3/16"

'VI
X 7-1/16", (13 per strip) and

'VI partly draw hub.
3. Pierce 6 vent holes and 1-11/32"·1 .00369 I .00274

center hole.
L. Draw cone around hub and • • • ·1 .00159 I .00112

finish draw hub.

• • I ••00150S.

6.

Trim, 6-1S/16" outer ••••
diameter.
Inspect. ••••••••••

Total direct man-hours to • •
fabricate ventilating fan
hub.

· .
· .

.00083

.01oLl

.00105

.OOOS6

.00732

10' shears, powered.

Niagara, No. A3-1/2-ton punch
press, with 3" stroke, die, and
gage for depth of first draw.

Niagara, No. A3-1/2-ton punch
press; with 3" stroke, and die.

Niagara, No. A3-1/2-ton punch
press, with 3" stroke, die,
1.606"-1.808", progressive limit
plug gage.

Niagara, No. A3-1/2-ton punch
press, and die.

(y)

See footnotes at end of table.



Table 7. Rotor fabrication and assembly, S-horsepower, induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 19S1--Continued

---------------------------"',-----.---...,---------.."r---------------------------
Operation

Standard Adjusted
man-hours man-hours
per motor per motor

Machinery,
tools, and gages

used

3. Form complete. •••••••

VENTILATING FAN BLADE
(6 per motor):

Material speci£ications:
.050" x 30" x 96", steel.

1. Shear sheets to 4-5/8" x •••
96", strips.

2. Blank, 71 pieces per strip. •

Niagara, No. A3-1/2-ton punch press,
and compound washer die.

Niagara, No. 13 punch press, with
3- stroke, and die.

Niagara, No. A3-1/2-ton punch
press, with 3" stroke, die, with
locating plates.

(!/)

10' shears, powered_

.00117

.00350

.01552

0.00046

.00565

.00591

.00804

.0OOLo

.00167

.OOU98

.02208

0.00066

• •

. . . . . . . . . .4. Inspect ..

Total direct man-hours to
fabricate ventilating fan
blades.

END PLAY '~A5HEHS, 1.510" x 1-15/16"
x .010" (2 per motor):

Material specifications:
.010" x 2-1/16" x 72", half hard,
cold rolled steel, Rockwell hard
ness, B 70-80.

1. Pierce inside and blank •••
outside diameter.

~

See footnotes at end of table.

•



•

Table 7. Rotor fabrication and assembly, 5-horsepower, i~duction motor: Direct man-hours required
per unit, and related data, by operation, plant A, u. S. A., 1951--Continued

Operation
standard
man-houre
per motor

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

END PLAY 1rASHERS, 1.510- x 1-15/16"
x i}6liw• (2 per motor):

Material specifications: (2 per
motor) 1/64" x 30" x 96", S28BL
steel.

1. Shear sheets to 2-1/16" x 96",. • 10.00028
strips. LB pieces per strip.

2. Pierce inside and blank out- •• 1 .00167
side diameter.

0.00020

.00117

10 I shears,· powered

Niagara, No. A3-1/2.ton punch
press, and compound washer die.

~
Total direct man-hours to • • • I .00195
fabricate end play washers.

POLISHED SPRING STEEL END PLAY
fISHERS, 1.5101 x 1-15}i6' x
1})2". (2 per motor):

Material specifications:
1/32" x 2-1/16", 51982 steel,
in coils.

1. Pierce :blside and blank o.ut- . .1 .00116
side diamter.

2. Tumble 5 to B hours to deburr
and polish. $,000 washers,
Loo lb. oC No. La, granite
chips, and 1!'ater per COlll

partment load.

• • (gt>

.00l.37

.00082

(gt>

Niagara, No. A3-l/2-ton punch
press, with 3- stroke, and com
pound washer die.

Crown tUlllbler.

see footnotes at end of table.



Table 1. Rotor fabrication and assembly, 5-horsepower, induction motor: Direct man-hours required
per unit, and related data, bY' operation, plant A, U. S. A., 1951--Continued

• • •

~

Operation

R>LISHBD SPRING STEEL mn PLAY
itA5HEftS=-Contlllued

3. Burnish for 45 minutes with • • • •
burnishing soap,. hot water,
and cyanide. 30 cyanide balls
and 5,000 washers per load.
Stop tl~bler, separate washers
frC'1D balls with eeparating
riffle. Rinse thoroughly in
cold water to remove all soap.
De~rease and spray in trichlore
ethylene to remove water. Cen
trifuge dry.

L. Inspect. •••••••••••••

Total direct man-hours to • •
fabricate polished spring
steel end play washers.

END PLAY ',IfASHERS, 1.510" x 1-15/16- x
1/32". (L per motor):

Standard
man-hours
per motor

(~/)

(~/)

0.oo1l6

Adjusted
man-hours
~r motor

(~/}

(v>
0.00082

Machinery,
tools, and gages

used

Crown tumbler.

(!/>

Material specifications:
.0299" x 36" x 96". S28B4 steel.

1. Shear sheets to 2-1/16" x 96",
strips. LB pieces per strip.

2. Pierce inside and blank outside
diameter.

See footnotes at end of table.

• •

• •

.00057

.00232

.00040

.00163

10' shears, powered.

Niagara, No. A3-1/2-ton punch
press, with 3" stroke, and
washer die.

•
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Table 7. Rotor fabrication and assembly, 5-horsepawer, induction motor: Direct man-hours required
per unit,and l~lated data, by operation, plant A, U. S. A., 1951--Continued

~

Operation
Standard
man-hours
per motor

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

3. Inspect...... • • • • • •

Total direct man-hours to
fabricate end play washers.

ROTOR CORE KEY, 1/4" x 27/32""

Material specifications:
114" sq. x 12', S3LBI steel.

END PLAY "ASHERS--Continued

Total direct man-hours for
rotor core key.

(y)

(~/)

Brown and Sharpe, No. 00
automatic screw machines.
3/L" gage for length.
Emery wheel.

(~/)

(~/)

.00369

.00084

.00285

0.00203

.00539

.0oLoS

(y>

(~/)

.00524

.00119

0.00289

.00767

• •

• •

• •
• •

• •

• •

. . . . . . . . .

Cut to size. 1 operator •
operates 3 automatic screw
machines.
Remove burrs left by •••
cutting off from 4 sides
on both ends.
Inspect. ••••••••

Total

3.

2.

1.
~

See footnotes at end of table.



Table 1. Rotor rabricat.ion and assembly, S-horseoower, induction motor: Direct man-hours required
per unit, and related data, by operation, plant A, U. S. A., 19S1--Continued

0.00119 10.OO08L I Browne and Sharpe, No. 00
automatic screw machines,
and 2-1/2" gage for length•

•00340 .00239 Emery wheel.

(~/) (~/) (y)
-

.OOLS9 .00323g

Operation

PULLEY KEY, 1/4" square x 2-19/32":

Uateria1 specifications:
1/4" square x 12', S3LBI steel.

1. Cut to length. 1 ope rator • • • •
for 3 alltomatic screw machines.

2. Remove burrs left by cutting •••
off from L sides on both ends.

3. Inspect.

Total direct man-hours for • • • •
pul1y key.

A.S~LY OF ICrOR:

1. Weigh And stack armature • • • • •
laminations, insert holding nail,
and insert L4 conduetors.

2. Twist conductors 2" to 2-1/8" ••
pitch. Coin conductors.

3. Preheat for 30 minutes at ••••
eoaCT. Remove fr('Jft furnace 1 at
a time and weld conductors to
side copper, using 3/32" phosphor
copper, welding rod.

See footnotes at eId of table.

Standard
man-hours
per motor

.13360

.oL033

•38900

Adjusted
man-hours
per motor

.09396

.02836

.27358

Uachine17,
tools, and gages

used

(!/)

25o-ton hydraulic press. gage
for twist, compound head,
compound plug, compound ring,
compound plate, and base •

Electric furnace.

•
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Table 1. Rotor fabrication and assembly, 5-horsepower, induction motor: Direct man-houre required
per unit, and related data, by operation, plant A, U. S. A., 1951--Continued

Operation
Standard
man-hours
per motor

Adjusted
man-houre
per motor

Machinery,
tools, and gagee

used

ASSEMBLY (E ROTOR--Continued

4. Ream shaft hole, fit key • • • • ••
into shaft, press in shaft and
stamp type and order number.

• •
~

5.

6.
1.

8.
9.

10.

li.

Grind outside diameter, 6.963· •••
plus .001", minus .002".
Inepect. •••••••••••••
Paint outside diameter and both ••
ends of rotor with black paint.
Press on balance disc. • • • • • • •
Press on ventilating fan. •••••

Press on shaft sleevee. Note:
Apply coat of glyptal sealing
compound between shaft and shaft
sleeYes.
Static balance--check location • • •
of light point and mark. Clinch
b~lancing weights-in holes in
ventilating fan. Recheck balance.

0.07140

•11480

.00841

.04060

.01167

.~013

•04580

.05930

O.OSL44

.12294

.00596

.02855

.00821

.01L16

.03221

.04171

Large, single-spindle drill.
25-ton hydraulic press.
fixture, gage for diameter of
shaft hole •

Grinder.

Bench.
-Do-

25-ton, hydraulic press.
25-ton, hydraulic press and

punch for ventilating fan •
25-ton, hydraulic press, punch
for pressing on shaft sleeves.

Bench, balance tracks, and
tool.



Table 7. Rotor fabrication and assembly, 5-horsepower, induction motor: Direct man-hours required
per mit, and. related data, by operation, plant A, u. S. A., 1951--Continued

•
~

Operation

ASSEMBLY OF ROTOR--Continued

12. Dynamic balance--check ••••••
location of light point and
mark. Clinch balancing weights
in holes in ventilatin~ fan and
balancing disc. Allowable limits
for out of balance~-dial reading,
20 lefta 10 right. Recheck
balance.

13. Second inspection.

Total direct man-hours for • • • •
assembly of rotor.

1/ Not reported.
Y Indirect labor.

~

Standard
man-houre
per motor

0.16600

.00518

1.17228

Adjusted
man-houre
per motor

0.11615

.00364

.82441

Machinery,
tools, and gages

used

Globe balancing machine,
small, single-spindle drill,
and tool.

Bench.



•

Table e. Final assembly, $-horsepowerJinduction motor: Direct man-hours required per unit, and
related data, by operation, plant A, U. S. A., 1951

0\
W

Operation

Total direct man-hours for final assembly • •

1. Assemble frame. Place stator on bench•• • •
Pry coils to clear stud holes and cut loose
string ends. Remove leads and tag from bore
of stator frame, sign tag. Check type,
volta~e, and order nl~ber. Scrape bottom of
base. Scrape cover fit, and cover fit face
or. both ends of stator frame. Ream bushing
hole. Position b~shing and drive into field
ring. Start and tighten 4 outlet box screws.
Cut and skin 19 field leads. Connect 9 line
leads to field. Solder and tape 9 connections.
Place connections and make 4 double string
ties. Bring 9 leads through bushing. Cut and
skin 9 line leads to length. Tag leads, Tl to
T9, 4" from bllshing. Check field bore for high
spot and ~emove with a file. Clean field bore
and both ends of stator frame with air. Prepare
L field bolts. Unwrap back cover. Retap, (2)
10-32 NF, f or oil well cap and (2) 1/4"-18 NPI' J

for oil ~ell plug and ga~e. Clean cover with
air. Test for opens and grounds. Clean frame
and apply decal name plate. Coat decal with
clear varnish.

2. Frame ground test. • •••••••••••••

Standard
man-honrs
per motor

1.63213

.71730

.01300

Adjusted
man-hours
per motor

1.lL7es

.5eLL8

.00914

Machinery,
tools, and gages

used

Bench and punch for
bushing.

Test bench.



Table 8. Final assembl~, 5-horsepower,induction motor: .Direct man-hours required per unit, and
related data, by operation, plant A, U. S. A., 1951--Continued

Ope-ration
Standard
man-hours
per motor

Adjusted
,,"..'ion-hours
F<.r motor

Machinery,
tools, and gages

used

0\
~

1. As~emble motor. StaJT,p identification on ••• I 0039539
stator frame. Sign tag and tie to line leads.
Triw string ends. Place back cover on bench.
Start and tighten oil well plug into back
cover. ~~'ipe bearin~s with t07Tel. Blowout
with air. Drive steel retair.ing washer and
felt washer into cover. Apply glyptal around
outer edge of ~teel retaining washer. Blow
out field rin~ with air. Place annature on
bench. Re~ove burrs on hoth ends of ~tacking

~th a file. Stratghten ventjlating fan.
Polish both ends of ahaft. Assemble 2 thrust
washer assemblies. Cleqn with air and fit I
assembly on each end of shaft.\ Clean and oil
shaft. Add necessary end-play washers on both
ends of shaft. Oil washers. Position rotor
into field. Position back cover onto field
and block on. Unwrap front cover. Retap
(2) 10-32 NF holes for oil well caps, (4)
10-32 holes, for baffle plate, and (2) l/L"-
18 NPr holes, for oil well plug and gage.
"ripe bearin~ and blowout cover with air.
Position baffle plate and start and tighten
u screws. Position felt and steel, retaining
washer into front cover and drive in. Apply
p;lyptal around onter edge of retaining washer.
Start and tighten oil well plug. Insert 1.:
sbds into frame. Aligr. front cover and
block onto frame. Check and adjust end-play
and shaft extension. Start and tighten L
cover nuts. Ground test at 500 volts. Con
nect leads and rlln motor for each voltage.

0.27808 Bench, punch for felt
and retaining washers,
tool and pilot for
fitting thrust washers
on both ends of shaft,
gage for height of
shaft. Polishing ma
chine on dolly.
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Table e. Final assembly, 5-horsepower,induction motor: Direct man-hours required per unit, and
related data, by operation, plant A, U. S. A., 1951--Continued

~

Operation

L. Stamp name plate. • • • • • • • • • • • • •

5. Pack oil wells and fit name plate. Fit ••
bearing cap into each cover. Fit oil r1g&
into each cover. Position name plate onto
motor and fasten with L drive screws. Fit
shaft key. Position gasket and oil well caps
onto each cover and start and tighten L
screws.

6. Stencil voltage and frequency on stator • •
frame in case of odd voltage or frequency
only.

7. Test as per testing instructions~ •••••
8. Ground test. •••••••••••••••
9. Y.ake ready tv ship. Clean motor. Tape • •

~haft key and grease shaft extension.
10. Pack. Remove tag, check, and write ••••

packing slip. Drill 4 holes in base of
packing crate. Place 4 bolts and washers
in base. Fit Kraft paper on ba~e. Lift
motor from dolly with air hoist and
place on base. Place washers en bolts.
Start and tighten L nuts. Place Ol~tlet
''ox by motor. Wrap motor with Kraft
~aper and tie with string, 2 turr;s.
Ft'rm crate aromd motor and bend 3 wire
lo,>ps and clinch with hammer. Stencil
complete and place on truck. Tack
packing slip to crate.

!I Rot nporte4.

Standard Adjusted Machinery.
man-hours man-hollrs tools, and gages
per Itotor per. motor used

o.ooLLL 0.00312 I Arbor press and
fixture.

.09hoo I .06611 I Bench.

.00800 .00563 I -Do-

.22Loo .15754 Test bench •

.02200 •015L7 Test room •
•02400 .016E8 Bench.

.13000 .091113 (~/)

'Ill



Tab],e 9. List oi parts, 5-horsepower, induction mot,or, and related data,
plant A, U. S. A., 1951

Part name HUllber
I
MJ!~ in

Purchasedper motor plant

End :9lates !I • • • • • • • · • • · • 2 x x
Bearing caps • • • • • · · • · .. • .. • 2 x ---
Oil well caps • .. • • • • • • .. • • • 2 x ---
Gaskets tor oU well caps • • .. • • .. 2 --- x
Screws tor oil veIl caps • • · • • • • 4 --- x

OU well plugs • • • • • · · · • · • • 2 --- x
OU gages •••• • .. • • • • • • • • 2 --- x
Sleeve bearings '!/ '" • • · .. .. • · • .. 2 x x
Oil rings ..... • • • • .. • .. • • • 2 x ---
Retainer washers • • • • • • • • .. • .. 2 x ---
Felt washers • • .. • • • .. • .. · • • • 2 --- x
Back cover thrust washer retainers • .. 2 x ---
Thrust washers • " • • • • • • • .. • • 2 --- x
Batne plate • • • • • .. • .. .. • • .. .. 1 x ---
Baine plate screws • .. .. • .. · .. · • 4 --- x

Outlet box • • • • • • · • • • • .. • .. I x ---
Outlet box screws • • .. .. • · · · • · 4 --- x
Stator trame • • • • .. .. • .. • · · • .. I x ---
Cover nuts • • • .. • • • .. • .. • • • • 4 --- x
Field stud. • • • .. .. • .. · • • • · • 4 -- x

Bue pads ~ •• • • .. • .. • • .. • .. .. 2 x X
s'(,~tt;,A'" pun 1ngs • .. • • • • .. .. .. .. • 198 x ---S'M:.tor core holding bars • • • • • • • 8 x ---
Field slot 1n8ulation • • • .. • • • • 36 x ---Sleev1Dg y • • • • • .. • • • • • • .. 36 x x

Field coil vttdges • • • • • • • • • • 36 -- x
Main leada • • • • • • • • • • .. .. .. .. 9 x ---
Lead tags ~ • • • • • .. · • • • .. • • 9 x x
Insulating ush!ng • • .. • • .. • .. • • I x ---Field rivet • • • • • .. .. • .. • • .. • I --- x

Rotor iron punchings .. .. • • • • • • • 205 x ---Rot..or copper punchinga • • • • .. .. .. • 2 x ---Rotor conductol'l • • • • .. 0 • • • • 0 J,4 x ---Shatt 0 0 • • • • • • • 0 • • • • • 0 I x ---
Shaft .leeves 0 • .. .. 0 · 0 • • · · • 2 x ---

!! Purcha.ed part~ t1n1.hed•
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Table 9. Li.t of parts, $-horsepower, induction motor, and related data,
plant A, U. S. A•• 19$1--Continued

-
Part name NUJIlber Made in

Purchasedper motor plant

Ventilating tan hub • · • · • • • • • 1 I x ---
Ventilating fan'blade • • • · • • • • 1 x ---
End ~lay washers • · • • · · • • · · • 4 I x ---
Rotor core key · • • · • • • • • • • • 1 x ---
Pulley key • • • • • • • • • • · • • • 1 x ---
Balancing disc ~ • • • · · • • • • • • 1 x ---
Balancing weights • • .. · · · · • · · 4 x ---
Name plate • • • • · · · • • • · • • .. 1 --- x
Name ,plate screws • • • • • · • • · · 4 --- x
Direction tags • • · • · · • • • • · · .3 --- x
Packing crate y . • • • • • • • • • • 1 x x

Y Purchased partly finished.
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Case Study, Plant B

Product Description

,-horsepower, 220-440 volt, )-phase, 6O-eycle, 1 ,7'0-r. p. m., squirre1
cage design, induction IIOtor, NEMA, open frame, No. 2S4.

General Plant Intomation

Bui1dinp. Manutact.ure ot large mot.ors by this plant is done in a
brick arid ateel co1wm building ot about 100,000 square feet. on the lnain
noor,vith an additional 20,000 square teet in the balconies. The building
is over 40 years oldJbut has been iaproved for modem manufact.uring tech
niques. Lighting is excellent, fioors good, and aisle space is adequat.e
tor use ot poweredJllAterials-handling equipllent. This building is only one
ot several used by this plant tor it.. varied manufacturing act.ivit.ie21 •

KaCbine~ Although this plant. reports the use of much heavy duty,
auto.tic maC; er'7 - punch presses, turret lat.hes, aut.omatic 8crew machines,
JDU1tispindle drills, boring III&chines, and conveyori zed dip coating ot parts 
it also report.s J1I0re frert},tent.ly than plant A,the use ot machinery without
the automatic teatures usually 86Dociated with high speed - such as hand
screw _chines, single-spindle drills, and a cutoff saw.

The collip&lly is well equipped with powered _ter1ale-hUlcll1ng equ1p.ent.
Ab:mt 10 cranf'~ are avallable to service the entire area of the main fioor
and balconies. Povere4 forklift ~ruCk8 transfer raw materials bet.ween
buildings· and _terlal. in Vt-ocel.,v1tbin the building. Parts are stacked
on pallets or placed in platform boxes having tiering and lug at.tachments
tor handling by lift trucks or cranes and for vertical storage. Roller
conveyors are used in subasseMbly and final assembly. Each operat·or has a
IIIOdem ......J.-hand1ing device at hand tor assistance in placing the parts
into a machine, onto a bench, or transterring parts to the next operation.

Bllplopent and Wage Practices.

About 2,SOO persons work in the several buildings at the location ot
this plant. Only a portion work in the building devoted to heavy lIotor man
utActure. Ninety-five percent of the direct labor in this plant is paid on
a piece rate basis. Tt. standards, once set, are not changed unless _thode
change. New employees are trained for 1 day to a week" depending on the job.
Apprentice courses are given in tool-md-die making. Supervisors are ob
tained by pl'OJII)tion of workers.

Operating Practices

Variety ot Products. Motors" fro. l-horsepower t.o 300-horsepoverJ are
produced In the bUilding where the repo~ed S-horsepower motor is manufac
tured. A vide varietr or eloctrical equipJIIBnt i8 produced in other buildings
at the s_ location. This plant will desip and produce motors to meet the
electrical specifications requested by a custo.r.
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'Siae ot Runs ..In this plant)the reported ,-horsepower motor has not been
produced 1D lots "larger than 10, and usually a single motor ot , particular
spic1tication is scheduled through the tinal assembly line. In the 2 aDntbs
coveNd by this l"8port, 74 ot these JllDtors were lIIUlufactured. Parts a",
however, aanutactured 10 lots ot So to ,00. Orders are accepted tor a
single motor ot either standard or special design.

Professional Engineering Services. Design engineers are e.ployed to
develOp specUlca'tlons to m.eet: a cus'tO.r' s requirements and to seek 1IIpl'Oft
IIBnts in the design ot sta.."1dard products. This plant also employs 20 en
gineers ( 9 tor heavy .otors ) to decide plant laiYout" look.for new equip
ment, study methods, determine how each operation shall be perfolWld, set 111I
operation sheets}&Dd to make time studies. Ot1'icials reported these serv
ices were 'Very effective and the pla.nt "could not opel"ate without th...•

At least So percent of the parts used tor the reported motor are
standard tor other models as well. The 'ftriation between motors or rough17
the same requil'ellents is largely 1n cores and v1ndings.

Production Scheduling Pl1d Control. ProcUction scheduling is done ac
ccrdiiig to orders/rather than 61' stoCk. The coJIIp&Dy uses layout- cards,
showlog all parts requil"8d, tiM standards, spec1t1cations, and bills ot
material.

Manutactur:lng Process. Manufacture ot the reported ,-horsepower mtor
1. hiilili lDtegraf;ed 1D plant B. All part',except bearings, sull harc:hlan,
and 1Daulat1on,are lIIUlutactured in the plant .from ca.tlogs, sheet .tal, and
other raw _teria1a. The housing tor plant B's S-horsepower JDDtor is _de
trom 2 cast iron end covers. The raw castings are _chiDed colIPlete~ 1n
the plant OD a 6-stat1on Yertical turnt lathe. Ends are tin1shed bored aDd
taced, and cap holes are drilled. Front and back,1Deide and outs1de bMriDI
caps are 1l'on castiDga _chiDed vith1D the plant. Two ventilation shields
are blanked and tomed trom she.t st.el. Froa sheet steel a stator t~ 18
cut, rolled, and welded along the .Uj. Two tr&J18 feet are cut tl'O. anele
steel and MchiDed. The tera1nal box bue and GOver are constructed tro•
• heet st.e1. The.e parts are folWtd on a press, annealed, and then retol"McI,
and coYer holes are pertorated.

The stator core 1s cOllp)sed ot 120 1aa:1nat10ns which haft been b1aDked,
slotted, and annealed. These 1U11natioDS are weighed, .ssellbled, and 00..
pressed under ~draulic pressure. CoUs are ot a double la7er,cI1amond des:lp
(36 c01ls, 21 turns per ooU) and are wound OIl • special v1D41q lathe aD4
tora. Wind1np are 1n.ened 10 the insulated slot. ot the stator core, :la
prepated, and baked unt11 the coatings are cOlIPleteq clr1ed.

The core 1s also built up ot 120 laminations, skewed 6 degrees, and
compressed under hea-.y hydraulic pressure. The squirrel cage ot plant B
ditters troll that ot other reporting plants.. in that it 121 ot alumnWl, cast
under heavy pressure to till coq>letely the rotor slots and the JII01ds which
~orm the end rings. Thus, the rotor bars and end rings uke cOJll)lete and
iDtiJlllte contact with the core iron.
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The rotor shatt. is cut trom steel rod, tumed on engine lathes, and
finished on grinding nachines. The shaft is mLlled tor rotor and pulley key
way.. The 'Ventilating system consists ot cast alumina blove~slwh~ch are
subsequently machiDed and drilled. The rotor) when completely asseJibled Jis
then statically and d3Damically balanced.

In tinal asseJlbly, the housing, stator, and rott)r are put together.
Subusublies are .aved by conveyor. Several inspections and tests are 8de,
DaM plates attached, information stenciled, md the motor crated. Detailed
.anutacturing operations are shown in the accoapanying table••
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Table 10. Housing fabrication and assemblY,5-horsepower, induction motor: Direct m8n-hour~ re
quired per unit, and related d~te~by operation, plant 9, U. S. A., 1951

t:!

Operation

Total direct man-hours to fab~icate • • • • •
and assemble housing

End covers (2 per motor):
Material specifi cations: Iron casting.

1. Chip and file raw casting • • • • • • •
2. Paint.. . . . . . . . . . . . • • • •
:3. Machine comFlete, except for finish ••

bore of housing and finish of bead.

Setup di,~ded by 500 (indirect labor) •

L. Finish bore and face bead • • • • • • •

Setup di,~ded by 100 (indirect labor) •

5. Finish bore hou~ing (2 cuts) •••••
setup divided by 100 (indirect labor) •

6. Drill h bearing cap holes • • • • • • •
I

Setup divided by 100 (indirect labor). I
7. Drill 4 through bolt holes ."....

Setup divided by 100 (indirect labor) •

8. Drill and tap (5) 10-32 holes, for ••
vent ~hie1d ~ounting.

setup divided by 100 (indirect labor) •

Total direct man-hours to fabricate • •
end covers.

17 Standard! developed from experience.

Planned
man-hours

per motor !I

2.4410

.1111

.0222
•070L

( .0320)

.1148

(.0200)

.155L
( .0233)
.0310

( .0122)

.0161

(.0122)

.0926

( .0061)

.6202

Adjusted
man-hours
per motor

2.0688

.0942
•Gl'::~
.0591

.0973

.1317

.0313

.0141

.0785

.5256

Machiner,y, tools,
!ind gages used

~ench .
Spray gun •
Bullard, mult~atic, 6
station, vertical tur
ret lathe.

Engine lathe.

Excello, boring !!lachine.

Multispindle drill press.

Multispindle drill press.

2-spindle drill press
and tapping head.
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Table 10. Housing fahrication and assE!I'IlblY,5-horsepower, induction Motor: Direct man-hours re
quired per unit, and related datalby operation, plant B, u. S. A., 195~--Cont1nued

setup divided by 2;0 (indirel.t labor)"

3. Drill (4) 9/32" diameter holes • • • •
setup divided by 200 (indirect labor).

4. Drill 2 pipe plug holes •••••••

Setup divided by 200 (indir!!ct labor).

5. ~p 2 pipe plug holes ••••••• •

Setup divided by 200 (inCirect labor).

Total direct man-hours to retbricate ••
front outside bearing cap.

Back o11tside bearing cap ~

Material specifications: Iron casting

1. Japan dip (in lacquer) • • • • • • • •
2. Face mOWlting surface, t'Im race •••

and chClftfer bead, tum bore and
race hub, cut ~rooves and break
edges.

Setup divided by 2;0 (indirect labor).

0.0083 I 0.0010 lOven-
.0250 .0212 ?ullard, 6-station,

'Terti cal lathe.
( .0080) --- ---
.0130 .0110 ~ultispindle drill pre!lS

(.0031) --- ---
.0241 .0204 Multispindle drill press

( .000lt) --- ---
.0148 .0126 IGarvin,_::pper.

(.OOOB) ---
.0~52 I .0722

it

Operati-on

Front outside bearing cap:
Material !pecifications: Iron casting

1. Japan dip (in lac~uer) • • • • •
2. Machine complete • • • • • • • •

. . .

Planned
man-hours

per motor !I

.0083
•0269

( .0213)

Adjusted
man-hours
per l11otor

.0070

.0228

Machiner.Y, toole,
md f!ages u!ed

Oven •
~lard, 6-etation,
vertical lathe.

!I Standards developed froa experience.



Table 10. Housing fabrication and asseMbly,5-horsepover, induction motora Direct man-hours re
quired per unit, and reiated dataJby operation, plant B, u. S. A., 1951--Continued

Operation
PllllU1ed

man-hours
per motor !I

I.djusted
man-hours
per motor

~achiner.Y, tools,
and gap:es used

Setup divided by 200 (indirect labor).

4. Drill 4 holes ..".........

Setup divided by roo (indirect labor).

5. Drill 2 pipe plug holes •••• • ••

Setup divided by 200 (indireet labor).

6. Tap 2 pipe plug holes •• • • • • • •

Setup divided by 200 (indirect labor).

7. Drill (4) 1/8" diaMeter ho1ea ••••

('rarnn, tapper.

Single-spindle drill
press.

Sin~le-spind1e drill
press.

Turret lathe.

~1L.c.ispind1e drill prese.

.0125

.0204

.0110

.0081

0.01180.01.39

(.0050)

.0130

(.0031)

.0241

(.0008)
.0146

(.0008)

.0095

. . . .
Back outside bearing cap--Continued

3. Faee off back side • • • • • •

~
~

Setup divided by 200 (indirect labor).

Total direct llIan-hours to t'abricate •
back outside bearing cap.

1. Japan dip (in lacquer) • • ·0 . .. . ..
2. Face Illounting surface, tum tace • • •

and challter bead, turn bore, cut
grooyes and clearance, and breakeQ!!ils.

(.0008)

.1105

.0166

.0520

.0936

.0l41.Owu.
Oven.
Bullard, 6-station,
vertical turret lathe.

11 Standards .cleve1. oped f1'Olll DperHRee.



Table 10. Housing tabrieation and assembly~5-hoT.se~ower, induction ~otors Direct man-hours re
quired per unit, and related dat'e by operation, pl$\nt ~, U. S. A., 1951--Continued

Operation
Planned Adjusted

man-hours ~8n-hours

per ~otor 11 per motor
\fachinery, toolsJ

and gages u~ed

('-arvin tapper.

Square shear, powered •
~o. 20 B1i~s, runch

press •
No. 20 ~liss, runch

press •

Single-spindle drill
press.

.1085

.0108

.0220

.0021

.0038

.0049

0.0283

.0025
•0045

•0058

•0128
===z:I::

(0.0426)

.0334

( .0016)
.0260

(.0016)

.1280

. .
. . . . .. .Perforate center hole • •3.

Total direct man-hours to fabricate
shims.

Ventilation shields ( 2 per motor);
Material: Sheet steel, .0299" x 9-1/8" x 108"

Front and back inside bearing caps--Continued

setup divided bY' 250 (indirect labor) •
3. Drill h noles tor l/h" - 20 tap ••••

setup divided by 200 (indirect labor) •
1.. Tap (h) 1/4" - 20 holes • • • • • • • •

Setup divided by 200 (indirect labor) •

Total direct man-hours to fabricate • •
front and back,ins1de bearing cap.

Sh1nl (4 per Motor);
Materials .005" x )-1/3" ~heet steel in roll.

1. Sheer strips •••• • • • • • • •••
2. manic. • • • • • • • • • • • • • • • •

I

~

1. Shear strips •••• • • • • • • • • •
2. Blank.. • • • • • • • . • • . . . . •

3. Perforate center hole with key

.0020

.0027

.0040

.0017

.0023

.0034

SquarE'! shear·
No. (, Toledo, punch

press·
No. 20 qliss, punch

press.

!/ Standards developed troll experience.



Housing fabrication and assernb1Y,5-horsepower, induction ~otor: Oil'ect man-hours re
quired per unit, and related data,by operation, plant BJ U. S. A., 1951--Continued

i i-II

~ !ab1e 10...
o.....
'" Operation

Planned
man-hours

per motor y
Adjusted
:nan-hours
per motor

~achinery, teols,
and gages used

Ventilation s~~e1ds--Continued

8. Cut in half to make 2 pieces ••• •

Total direct man-hours to fabricate •
ventilation shields.

Cover screws (4 per motor):
~aterial: Round head, machine screws.

0.0100 I 0.0085 INo. 018 ~li~s, punch
press·

.0102 .0086 -Do-

.0118 .0151 -Do-

.0040 .0034 I fIo. 21 t:l1iss, punch
press.

•0056 .0047 ISquare shear, powered.

.~ .0477

• •

• • •

. . .

• •

Perforate 40 single slotsL.
5. Pertorate(L) 1-1/8" holes, (LA

strokes).
Perforate (10) 1/32" holes (10

etrokes).
Perforate 4" center hole ••7.

6.

~
I

1. Parkerize • • • • • • • • • • • • • • .0001 .0001 Tank •

End plate aseemb1y (2 per motor):

1. Assemble 1 vent shield to end plate, •
u81ug S lock-washers and screws.

stator fr""e:
Material: 3/16" x 8-5/16" x 36-3/8", steel.

.0889= .0154 Bench.

1. Cut to length • • • • • • • • • • • •
2. Size both ends. (2 strokes) •••••
3. Roll and stack • • • • • • • • • • •
4. Weld se~, 8-5/16" length • • • • • •
5. Fo~ gribs and stack • • • • • • • •

.COLt7

.0161

.0139

.0593

.0306

.0040

.01lt2

.011A

.0503
•0259

Square shear, powered.
Bliss, punch press.
K and R, bender.
Arc-welder.
500-volt arc-welder•

Y Standards developed trot. experience.



-rable 10. Housing fabrioati~~: and assEIIlbly.5-horsepower, induction moto!": Direct man-hours re
Quired per unit, and related data,by operation, plant B, U. S. A., 1951--Continued

Operation
Planned

man-hours
per motor y

Adjusted
man-hours
per motor

~achine~, tools,
and gages used

1. Round up • • • • • • • • • • • • • • •

Total direct man-hours to fabricate • •
bolts.

Dowel ins
f'!aterial: for 236

1. off • • • • • • • • • •

to fabricate • •

for 11 pieces.

1. Chamfer and r.ut off • • • • • • • • • •
~. Thread both ends •••••• • • • ••
3. Form •••••••••••••••••
4. Flatten (3 at a tL~e) • • • • • • • • •

~

Stator fraMe--Continued
6. Perforate lead hole . . . . . . . . . . 0.0072

•0250

:rs"'14-

.0213
•0400
.0061
.0001

.0667

.0051

0.0061

.0211
:i'D'G

.0181

.0339

.0051

.0005

.0562

.004,4

Bliss, punch press
(every other stroke
is autallatic).

Bench.

Hand screw machine •
-Do-

Toledo punch press.
VereCl1 No. 500 punch

press.

Brown and Sharpe No. 00
auto~atic screw ma
chine.

Frallle rib:
~aterial: 1/2" x 1" x 16', steel for 31

pieces.

1. Cut to length • • • • • • • • • • • • •

!I Stmdards developed frca experience.

.0022 .0019 Ruffalo shear, powered



Table 10. Hou!inll 1'abricat1on and assf!I'/lbly,5-horsepOlfer, induction motor: Direct ,"Jin-hour~ re
quired per unit, and related data,ny operation, plant P., U. S. A., 1951--Continued

Operation
PlaIl1'led

man-hourfll
per !'Iotor !I

Adjusted
man-hours
per motor

Machinery, tools,
and gages used

-Do-
Bliss press, No. 308•
Bench.

I

~

~

Fraft\e root (2 ~r motor):
~ateriat: An«e steel, 5/16" x 2" x 2-1/';."

x 20' tor 20 pieces.
1. Cut to length • • • • • • • . • • • • •
2. Fol':!: 2 pads, 1 stroke • • • • • • • • •
3. Pedorate 2 .auntiDs holes aD4 .....

tria (auta.atlc 24 .trob).
4. Shear radius and bevel ••••••••
5. Notch out bottOM •••••• • • • • •
6. Straighten ••••••••• • • • • •

Total direct man-hours to tabricate • •
tr8llle toot,

Foot rib :
Material: " x 2-1/4" x 9611 tor

0.0056
.0069
.0111

.0133

.0078
•0278

.07~-

0.0041
.0058
•0094

.0113

.0066

.02J6

:om

Rut!&
Verso
BliS~j r-

.lchpress
~o. 18-1/2.

1. Shear to size. . . . . . . . . . . . . .0053 .0045 Sauare Shear, powered.

Conduit nipple:
Material: Steel rod, 2-J/4" x 12', for

J39 pieces.

1. Drill through and rom, bore centf!r ••
bore, recess, and cut off.

2. ~rr inner citaMetar • • • • • • • • • •
3. Drill 4 holes, tor 1/4" - ro tap •••

setup divided by 200 (indirect labor) •

4. ~ b holes, both sides •••••••

!I standards develoJ:ed tl'01ll uperieD:e.

.0450

•0015
.0120

(.0031)

.0072

.0381

.0013

.0102

.0061

3-5/8" Acme, autO!l\atic
screw machine .
~n~ machine·
fi'ultispindle drill p~ess

Sin~le-spindle drill
press.



'-...

Table 10. HOus1~ fabrication and assemblY,5-horsepGlfer, induction lIlotora Direct IIllin-hours re
quired per unit, and related datA,"1 operation, plant ~, u. ~. A., 1951--Continued

I

~

Operation

Conduit nipple--Continued
Setup divided by 200 (indirect labor) •

s. Tap (4) 1/4" - 20 holee • • • • • • • •

Setup divided bl 200 (indirect labor) •

Total direct !!lan-hours to fabricate • •
conduit nipple.

Stator tr~e 8ssenbl,:

1. Assemble and weld conduit nipple, •••
assemble and weld frame rib.

2. Drill, burr, and tap e1e bolt hole ••

Setup divided by 50 (indirect labor) •

3. Bore ribs and fllce inside • • • • • • •

setup d1vided by 50 (indirect labor) •
h. Assemble tr8!lle in tiJeture and partly •

weld feet.. Re'llove from fixture And
weld teet re.,t or way, aSflellhle and
weld root ribs to the aesemb17.

5. Wash - dip rra'ne in undercoat •••••
6. Turn and race bead ••••• • • • • •

setup divided by 50 (indirect labor) •

7. ~ill feet •••••••••••••••

Setup divided by 50 (indirect labor) •
Total direct M~n-hQurs to assemble ••
. ~tator fr<1fl!e.

~I Stindards- develope<! l'i'Oii~expenence.

~.,.

Planned IAdjusted Machinery, tools,Man-hours man-hours
per Motor!/ per Motor I and ~ges used

(0.0008) --- --
.019$ 0.0165 '1Arvin tapper.

( .OOOB) --- ---
.0852 I .0122

.0833 .0706 I Arc.;-welder.

.0583 .0494 Radial drill press.

(.0067) --- ---
.12'78 .10BJ Potter and John~on

(.O))))
lathe.--- ---

.2778 •235h Electric welder.

.0167 .0142 Tank •

.1111 .O9ll' Gleholt turret lathe

(.OlOO) --- --
.1278 .1083 Milling machine

(.0133) --- --~

.e028 .~O~



~~,:::.:; 1.e:. Housing fabrication and assemblY,5-hfJrsepower, induction motor: Direct man-hours re
quired per unit, and related data.by operation, plant B~ U. S. A., 1951--Contlnued

__-"__"l!IIII' .•• __• - ii'

Operation
Planned

man-hours
per motor 11

Adjusted
man-hours
per Motor

Machiner,y, tools,
and gages used

--- I I I
'1'emlnal box base:
Material: a~eet steel, .095r. x 7-1/8- x

101", for 12 pieces.

1. Shear square • · • · · · · • · · • · •
2. 1st. form or draw • • • · · · • • • •
3. Anneal • . . • · · · · · • · · • · • •
4- 24 t()ra or drav · · · · • • • • · · ·5. Trim ou~side . · · · · · · · · · · • ·6. Perfo&'ate 11 cover holes · • · .. · • •

7. Perforate 4 mounting holes and inlet •
\(I hole (1 stroke),

8. Perforate outlet hole • · • • • • • •
Total direct ~2n-hour~ to fabricate •

terminal box base.

NJ.pple frClft terMinal box ~

lo!aterial ; St~el rod" 2" x 12', for lL9
pieceB~

1. Fol'!'ft, drill through, face, chafer, •
'1I1d cut off.

2. ~lIftfer inner diameter ot back end • •
3. -rap, I" pipe tap, center hole ••••

Setup divided by 200 (indirect Ilber).

Total ~rect man-hoUt'.. tc fabricate •
nipple.

1/ standards deftloped trtJII'J experience.-

II!':

0.0036 0.0031 Square sheer, powered.
.005$ .OOL7 7$0, HFM, press-
.0013 .0011 Furnace·
.0052 .001J4 "1iss press; No. J08-
.0053 .OOh5 Verson p~ess, No. 500.
.00)0 .002; Toledo, No. 6 punch

I
press-

.0023 .0019 -Do-

.002) .0020 I -Do-

.0265 .0242

.0270 I .02~ I 2-1/4" Gridley, auto-
matic screw machine,

.0061 .0052 Porter, cable lathe'

.0296 .02$0 Radial drilling machine.
(.0017) --- ---
.0627 .0531



Table 10. Housing tabrication and assembly, S-horsepower, induction Motor. Direct IlIen-hours re
quired per U"1.tt, and related data,by operation, plant B, U. S. A., 19S1--Coi1tinued

Planned Adjusted I Machinery, tools,
man-hours man-hours and p;sp,es used
per motor 1/ per motor

0.01b8 - I 0.012; IAre-vel.der.

Operation

Ter.ninal box bAse assemblir:

1. Asseble nipple to base end weld in ••
4 places.

2. Tap (4) 10-32 holes • • • • • • • •••
Setup divided by roo (indirect labor) •
Total direct man-hours to asseIllble ••

tel"l'llinal box base.

Terminal boX cover:
!o!aterial. Sh~et steel, .095" x 1-1/8" x

101 11 , for 12 pieces.

•0120
(.0008)

.0266-

.0102 I Oervin tapper .

.02~7-

~ 1. Shear square · • • · · • • • • • • · •
2. 1st. fom or draw · · r · · · · · · • •
3. Anneal . . . · · · · · · · · · · · • •
4. 24 tal'll or draw • • • • • • • • • • •
5. Trilll outside • • · • • • • • • • • • •

Total direct man-hours to fabricate
terminal box cover.

6. Perforate 4 cover holes • • • • • • • •

• •

.0036 .0031 S011sre ~hear, powered.

.OOS4 .0046 150, HPM press.

.0013 .0011 Furnace··

.0052 .0044 ~liss press, No. 308

.0033 .0028 Verson punch pr~ss,

No. 730.
.0030 I .002; IToledo, ~o. 6 punch

press.
.~ I .0185

- , -_......'------..'-----------
!I St4J1d9rds developed fr<Ml experience.



Table 11. Stator fabrication and assembly, 5-norsepower, induction motort Direct man-hours re
quired per unit, and related data, by operation, plant Bi U. S. A., 1951

• •

f!

Operation

Total direct man-hours to • • • •
fabricate and assemble stator.

STATOR LAMINATIONS (120 per motor):
Material: Sheet steel, .02$" x
30-3/L" x 122".

1. Slit strips • • • • • • •••••
2. Blank and separate •••••••
3. Compound stator slots. shave ••

inner diameter, and tie into
bundles.

4. Flatten ••••••••••••
S. Anneal •••••••••••••

Total direct man-hours to • •
fabricate stator laminations.

S'T'A.TOR END LAMnUTIONS (2 per motor):

Planned
man-hours

per motor !I
$.1113

.0340

.0860

.1400

.0120

.0280

.3000-

Adjusted
man-hours
per motor

L.3827

.0288
•0729
.ll81

.01eY(?

.0231

•25L3-

Machinery,
tools,~d gages

used

Slitter, powered.
Toledo, No. 6 punch press •
Toledo, Ro. 71 punch press.

BliSS, ~o. 21 punch press.
Fumace •

Mate:dal: .0598" x 10-114" :c 108", •
sheet steel.

1. Shear strips ••••••••••
2. Blar \(; 3 to S pieces. Strip. • •
3. Perf;.:-ate center hole and • • • •

keyway.
4. Perforate 36 slots and separate •

Total ~irect man-hours to
fabricate stator ends.

•••

.001..1

.0060

.DOS3

.0083
•02L3-

.ooqo

.0051

.oaus

.0070

.eY(?06-

Square shear, powered.
Toledo, No. 6 punch press.
Bliss, No. 20 punch press.

Bliss, No. 19 punch press•

-....

!I Standards developed frOll experience.



Table 11. Stator fabrication and assembly, S-horse~r, induction motor: Direct man-hours re
quired per unit, and related data, bY' operation, plant B, U. S. A., 19S1--Continued

fl

Operation

SLOT LINING 06 pieces per motor):
Vateriall .02S" x 4-3/8", roll.

1. Curf, form, and cut off ••••

~TER STRIPS 06 per motor):
Material,: Pressed board, .060" x

5" x 120".

1. Shear strips to length •• " •
2. Cut off to width •••••••

Total direct man-hours to •••
fabricate center stripe.

TOP CELL LINING ()6 per motor):
Materiall Fabric, .0201' x 9/16",

roll...

Planned
man-hours

per motor !/

0.0102

.0300
•0198
•1098-

Adjusted
lHn-hours
per motor

0·°986

.0254

.0611

.0931-

Jlachiner;y,
tools, and gages

used

Plant designed, automatic
machine.

Square shear, powered•
Bllss, No. 19 punch press •

1. Cut off and fOrIB • • • • • . . .0798- .0676
-=--

Bliss, No. 20 punch press.

STRING (12 pieces per motor):
Vaterla1:- Plystring in 1,1.00' cone

1. Cut to length, IS" ••••••
SLEEVING (24 pieces per motor):
Yatenal: Black tllbing in roll.

1. Cut to length, 5" ••••••

.0240-

.0080-

.0203-

.0068--
Square shear, powered.

-Do-

!I Standards developed from experience.



Table 11. Stator fabrication and assembly, 5-horsepower, induction motor: Direct man-hours re
quired per unit, and related data, by operation, plant B, U. S. A.] 1951--Continued

t1

Operation

CON~ECT INSULATION (10 pieces oer
motor):
Vaterial: Black tubing in roll.

1. Cut to length, 3-1/2" • • • • •

CONNECT INSULATION (6 per motor):
Material: Black tubing in rolls.

1. Cut to len~th, 6" ••••••

~ (3 per motor):
~aterial: No. lL, motor cable on
reel.

1. Cut to length, (2') and skin••

C~BLE (J per motor)'- .
Material: No. IL, motor cable on

reel.
1. Cut to length, (1-1/2' and

skin •••.•••••••••

CABLE (3 per motor).- .
Uat~rial: No. 1L, cable on reel.
1. Cut to length, (1') and skin••

Planned
man-hours

per motor 1/

0.0033

.O~O

. •DOlL
-=-

.00U--

.0001-

Adjusted
man-hours
per motor

0.0028

.0017
=-==-=-

•0012
==-

.0013
==-

.0006-

Jlachinery,
tools, ar~ gages

used

Square shear, powered.

-Do-

Specially built machine .

-Do-

-Do-

!I Standards developed from experience.



rable 11. Stator fabrication and assembly, 5-horsepower, induction motor: Direct man-hours re
quired per un1t. and related data, by operation, plant B, U. S. A., 1951--Continued

Operation
Planned

man-houre
per motor !I

Adjusted
man-hours
per motor

Machinery,
tools, and gages

used

LEAD BUSHING:

Y.aterial: Pressboard, .060" x
1-5/P" x 60", for 35 pieces.

Square shear, po~ered.

Bliss, No. 19 punch press.

.0007

.-==-

0.0002
.Ooos

.0008-==-

0.0000
.0006

• •
• •

1.
2.

Shear ~trips • • • • • • • •
Perforate, blank, and •••
stamp co~plete.

Total direct man-hours • • • • •
to fabricate lead bushing.

SSgI,BIE STATOR CORE:

!laterials: '''elding rod, No. 14,
copper wire and insulating
varnish,

~

1. '\'eigh, sort and stack •••••
iron, assemble on press,
and weld in 6 places.
Setup divided by 50 (indirect••
labor).

2.' Insulate core ••••• ••••
3. Wind coils: double layer, •••

ni~ond design, 36 coils, 21
turns per coil. No. 14, Formvar
wire, lE.2 Ibs. of copper.

L. Assemble coils to core • • •••

.3111

( .Olll)

.0556
•LLL5

3.0000

.2637

.OL71

.3767

2.5L25

Bench and hydranlic press.

Bench•
Special winding lathe and
fonn.

Bench.

!! Standards developed from experience.



Table 11. Stator fabrication and assembly, 5-horsepower, induction motor: Direct man-hours re
quired per \mit, and related data, by operation, plant B, U. S. A., 1951--Continued

Planned I Adjusted
Operation I man-hours man-hours

per motor !I per motor

5. Connect, group connections • • • • I 0.L333 I 0.3672
3, 3, 3, 9 lead~.

6. Shape and test • • • • • • • • • • .0661 .0565
1. Preheat • • • • • • • • • • • • • .0222 •OU~B
B•. Impregnate (2 dips) • • • • • • • .0889 .0153

Total direct man-hours to • • • • 4.4223 3.7L1B
assemble stator core.

Machinery,
tools, and gages

used

Bench.

Test bench•
Oven.
Tank and oven.

STATOR ASSQlBLY:

1. Press f'rame over wound stator • • I .1000 I .0848
I

Single-spindle driiling rea-
I core, stamp nlwber on foot rib, chine and hydraulic press.
CD drill for and assemble 3 dowel\.II

pins.
Setup divided by 50 (indirect • • I (.0~7) I -- I --
labor) •

2. Brush compound out of stator • • .0222 .01EB I Drill press.
inner diameter.

3. Cut leads to length/and skin • • .0611 .0517 I Bench.

Total direct man-hours to • • • • .1833 .1553
assemble stator.

!/ Standards developed from experience.



Table 12. Rotor fabrication and assembq, 5-horsep~,induction motor: Direct man-~ours

required per unit, and related data, by operation, plant B, U. S. A., 1951

Operation

Total direct man-hours to fabricate and
assemble. rotor.

Pl.a.ilned
man-hours

pe·r motor '!/

2.3242

Adjustw.
man-hours
per motor

1.9697

Machinery,
tools, and
gages used

ROTOR IAMINATIONS (120 per motor):
Material specifications·: .025" x 33" x no ",

sheet steel.

1. Slit strips to 6-1/2" width • • • • • • • •
2. Blank and separate ••••••••••••

~
3. Compound slots 44, center hole and tie
4. Anneal ••••••••••••.•••

• •
• ••

.0340

.0860

.1060
•0220

"88
::'~/~9

•0898
.0186

Slitter, powered.
Toledo No.6
punch press.

-Do
Furnace .

2. Turn 4 shaft· faces and radii, 1 end • • • •
Setup divided by 200 (indirect labor) •••

3. Turn 3 shatt faces and radii, 1 end • • • •
setup divided by 200 (indirect labor) •••

4. . Rough grind 3 shaft. cUameters and • • • • •
grind 4 shatt diameters to size.

Total direct man-hours to fabricate •
rotor laminations.

SHAFT •
Ratet=ial specifications: 1-9/16" x 18',
steel rodJfor 10 pieces-

1. cut to length, and center both ends •

· . .

• • •

· . .

.2480

.0958

.0704
( .0047)

.0741
( .(025)

.1583

.2101--

.0812

.0597

.0628

.1342

Cut-of'f" saw and
centering .achlne.
}!onarch engine 1athe.

Monarch engine lathe.

Grinding machine.

!I St&r.darcis developed from experience.
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Table 12. Rotor fabrication and assembly', S-horsepover,induction JIOtor: Direct an-hours
required per ~t, am related data, by' operation, plant B, u. s. A.., 1951--Continued

-S'

Operation

Setup divided by 200 (indirect labor) •••
5. Cut 7 radii, knurl 2 shaft diameters, and. •

burr corners.
Setup din-ded by 200 (iJXI1rect labar) •••

6. Cut 1 thread •• • • • • • • • • • • • • •
Setup divided by 200 (indirect labar) •••

7. Mill pulley aJXI rotor keyways, • • • • • ••
(3 at a time)' and burr keyways
Setup divided by 200 (indirect labar) • • •

8. Mill 1 woodruff keyway and file blU-"""TS •••
setup divided by 200 (indirect labor) •••

Total direct .n-hours to t'abricate • • • •
shaft.

BLOWER (2 per motor):
Material specifications: Cast aluminum.

Planned
~-hours

per IIOtor y

(0.0017)
.2556

( .0011)
.0)06

( .0017)
.0528

( .0033)
.0195

( .(025)
.7571-

Adjusted
IIBD-hours
per 1IOtal"

0.2166

.0259

.0447

.0165

.64l6--

Machinery,
tools, and
gages med

Engine lathe.

Gridan threader.

Cincinnati milling
machine.

1lIrl.tney hand mill.

r

1. Drill 2,11/32- holes •••••••••••
Setup divided by 100 (indirect labor) •••

2. Assemble 2 bolts, l~~shers, ••••••
aJXI tighten.
Setup div.l.ded by 100 (indirect labor) •••

3. Bore, chamf'er j and r,am center hole •••

Setup di1J'1ded by 100 (indirect labar) . ••
4. Static Balance. • • • • • • • • • • • • • •

y Standards dewloped from uperieDCe.

.0445
( .0017)

•0250

( .(017)
.0639

( .0133)
.0704

.0377 ISing1e-spindle drill
press·

.0212 IBench .

.0542 IWarner and Swsey
turret lathe•

•0596 IBenCh and drill press



~.

~.

Table 12. Rotor fabrication and. a8semb~# 5-horsep01l8lj induction motor: Di:t'ect .n-hours
required per unit, and related data, by operation, plant B, U. S. A., 1951--Cantinued

1. Feed out am rough form, spot drill# •••
drill, and turn to size and face,
radius and cut off.

2. Burr 1 side • • • • • • • • • • • • • • • •
3. Face 1 side, cut off •••••••••••

Set~ Ci.vided by 200 (indirect labor) • • •
4. Copper plate. • • • • • • • ~ • • • • • •

~

Operation

5. saw blower in 2 pieces • • • • • • •
Total direct man-hours to fabricate •
blowers.

BAFFLE SPACERS (2 per motor):
Materialsp;;cifications: 2-7/16" x 12 1 ,

steel rod. for 186 pieces.

Total direc t man-hours to fabricate •
bottle spacers.

BAF':"IE NUT:
Material: 2-1/4" x 16', steel rod, •••
for 214 pieces.

· . .
• • •

• • •

• • •

Planned.
man-hours

per motor !I

0.0222-.2260

.0498

.0027
•0389

( .0100)
•0007
-.0921

Adjusted
Ell-hours
per motor

0.0188
.1715

.0422

•0023 .
.0330

.0006
-.0781

Machinery,
tools, and
gages used

2-5/8", No. 6
Gridley# automatic
screw machine•
Burring machine .
Turret lathe.

Tank .

1. Rough form and spot drill, drill thru,
form and bore recess, tap and cut otf.

• • .0130 .0llO 2-5/8" Acme,
automatic screw
machine.

11 Standards developed from experience.



•

~ab1e 12. Rotor fabrication and assembly, 5-horsepower;induction motor: Direct man-htl TS

required per lUlit, and related data, b~r operation, plant B, U. S. A., 1951--Gontinued

2. Chamfer inner diameter •••••••• • •
3. Mill 8 slots (I at a time). • •••••••

Setup di7ided by 200 (indirect labor) • • •
4. Burr 8 slots •••••••••••••••
5. Copper plate. • • • • • • • • • • • • • •

Operation

Total direct DIln-hours to fabricate
baffle nut.

• • • •

Planned Adjusted Machinery,
man-hours man-hours tools, and

per I1Otor !I per motor gages used

0.0056 0.0047 IPorter, cable lathe.
.0611 ~0518 Milling machine.

( .(025)
.0)61 .0)06 IBench.
~ .0003 Tank •

.1161 •0984--
BALAlICE WEIGHTS (6 per motor):

fB Material: 3/88 x 12 i , steel rod for 347 pieces

1. Form and cutoff' • • • • • • • • • • • • • •

CORE lEI:
MiterIaOl: 1/4" x 1/4" x 12 1 , Square steel for

43 pieces

1. Cbamter and cutoff. • • • • • • • • • • • •

PULLEY KEf:
Material; 1/4" x 1/h" x 121 , square steel tor

59 pieces.

1. Cut to length a1Jd bevel • • • • • • • • • •

y staDdard.8 deftloped tro. upci.ence.

.0162--

.0027--

.0021--

.0137

.0023-

.0018--

No. 0, BroVIl and
Sharpe, auto_tic
8cnv -.:h1Jle.

-DQ-

-Do-



Table 12. Rotor tabricaUon and assembly', 5-horseponr, imuction motor: Direct En-hours
required per 1J1it, am related data, by operation, plant B, U. S. A. J 1951--continued

Operation

ROTOR CORE ASSEMBLY:

Planned.
mil-hourI!

per IlOtor !I
Adjusted
-.n-hours
per motor

Kachin8l'7.
tow,. am
gages used

'8

1. stack iron, build core, skew 60 , mold bars.
and rings of aluminum.

2. Size center hole •• • • • • • • • e • • •

Setup di. Vided by 50 (indiract labar). • • •
3. Broach keyway (1 stroke) lalock burr • • • •

from slotJ stamp number on em of' core.
Setup divided by 50 (indirect labor) •••

4. Stamp number in keyway, assemble key, • • •
broach ani press shaft into core,
clean and oil centers.
Set~p divided by 50 (indirect labor) •••

5. Turn outer diameter of core • • • • e • • •

Setup d:i. vided lrJ 50 (indirect labor) •••
6. Finish grind 2 bearings and pulley shoulder

setup divided by 50 (indirect labor) •••
7. Balance and paint • • • • • • •. • • • • • •

Total direct man-hours to assemble rotor· •
core.

11 Standards developed from experience.
Y Not reported.

0.3000

.0250
( .(011)

.0306

( .oo~(})

.0583

( .0033)
.0583

( .0133)
.2222

( .00(1)
.1695
:m9.

..

0.2543 I (~)

.0212 Rydraulic press.

.0259 Qi,1gear broaching
mchine.

.0494 ILucas press.

.0494 . i No. 2 engine ]a the.

I .;t883 I Grinder,
I

.1437 I.~lane~ng machine.
:7322



•

Table 13. F1na1 assembly, 5-horsepover, 1nducliion motor: Direct man-hours required per unit, and
related data, by operation, plmt B, U. S. A. J 1951

Operation

Total lIIIIl-hours tor final assembly ot 5-horsepover,
induction motor • • • • • • • • • • • • • • • • • •

Planned
man-hours
per motorY

1.0139

Adjusted
Dan-hours
per motor

0.8S93

Mach1nery
and tools

used

1. Blow out all parts ad ...ellb18 COllPlete, stencil
serial ~u.ber, check rotor freeness, and .ake
aiDor repairs • 0 • • • • • • • • • • • • • • • .5.333 .4520 Bench.

2. Test (1ndirect) • • • • • • • • • • • • • • • • • -- -- --
3. Inspect (indirect) . . . . . . . . . . . . . . . -- -- --
4. Drill nae plate hoI•• . . . . . . . . . . . . . .Ch17 .03S3 Bench.
5. Al'semble base, gasket, and cover . . . . . . . . .1167 .0989 -Do-
6. Paint, priM, and finish coats . . . . . . . . . .0333 .0282 Con~yor.

7. Stencil and. asseable nam plate and pulley kef • .1111 .0942 I -Do-
\0 8. Cl'ate '" S • • • • • • • • • • • • • .~ • .. • • • • .1118 .1507 -Do-...
• ~

V standal'ds developed from experienc9•

...
C>

=o,..
~...



Table 14. List o,r parts, ,-horsepower, induction motor, and related data,
plant B, u. s. A., 19,1

Part name Number Hade in Purchased
per motor plant

ind plate ~ ••••••• • • • • • • 2 x x
Front outI, de bearing cap • • • • • • I x ---
Back outside bearfJig cap • · • • • • • I x ---
'!ns'ide bearing 'caps .. .. • • • • • .. • 2 x ---
Bearing c~p screws • • • • • • • .. .... 8 -..- x

Ball bearing • • • • .. • • co • • • · .. 2 --- x
Bearing lockwasher • .. • • .. .. • " • • 1 -- x
Ga8ke~s • • • • · • • • .. .. .. • • .. • 4 --- x
Vent sh:f.elds · • · · • · • · · • ~ · · 2 x ---
Conduit box base • .. • .. • • • • ~ .. .. I x ---
Conduit box cover • .. • • • • • · .. .. I x ---
C~ndui t box screws' · • .. • • • • · · .. '4 --- x
Nipple • • • • • .. • .. • • · · .. .. · .. 1 x . ( ---
Frame 1

... • • • • • .. • • · • • · .. ·.. x --- .
Frille rib • • • .. • · w · • • .. .. .... I x ---
FrUle toot • • • · • .. 0' • • • · • .. .. 2 x ---
loot rib - • • e: • • • .. • • · · .. .. • 2 x ---
Conduit.nipple • .. • • • • .. .. .. .. .. • 1 x ---
Bue gasket • • • • .. • • • .. • • .. • 1 --- %
End' plate J",ts • • .. .. .. • .. • .. • • • 8 --- x

ThrU bolts • • • • .. .. .. • · • · .. • • 4 x ---Cover gasket • .. • • .. .. • • • .. .. .. • 1 -- x
Co:v~r ~creve y ... • .. .. .. • • .. .. • 4 x x
Stator punChings • • .. • • • • • • .. .. 120 x ---
.Stato;r .nd pUnch1nge .. .. • .. • • • .. • 2 x ---
Dowel pins • .. .. .. .. .. • .. • .. • • • • J x -_..
Slo~ lining • • .... .. .. .. • • • · .. • 36 x ---S1eev,1ng .. .. .. • • .. .. ·.. • • .. • .. .. 24 x ---Ctlnt3r striJ:',fl • .. • '. • • .. • • .. • ." 36 x --
Wedge~ .. • • • • • .. .. • • • • • .. .. · 36 --- x

Top cell insulation • • • • • • .. · .. 36 x --String .. • .. • .. • .. .. .. · · • • .. .. .. 72 ]( ---
Phase insulation .. .. .. • • • .. .. .. .. • 24 ~-~. x
Connect insulation,'J-l/2" .. • .. .. · .. 10 x ---
Connect insulation, 6" .. • • .. · • .. .. 6 Jr- ---

!I Purcha6ed eem1t1Rlshed.
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fable 14. LiJlt of parts J S-horsepowerJ induction motorJ and re~ated data,
plant BJ U& s. A. J 19S1--Continued

Parl. naae Number Made in Purchasedper motor plant

Cable, 2', •• • • • • • • • • · · • • 3 x ---
cable, 1-1/2' • • • • • • • • • · • • 3 x --
Cable, l' • • • • • • • • • • • • • • 3 x ---
feminals • • • • • • • • • • · • • • --- -- x
Lead buahiJJg · • • · • • • • · • • • • 1 x --
Rotor punching8 • • • • • • · • • · • 120 x ---
Rotor core • • • • • • • • · • • • • • 1 Jt ---
Shatt • • • • • · • • • · · · • · · • 1 x --Blower • • • • · • · · · · · • • • · · 2 x --Batn. spacers • • • • · · • • • • • • 2 x ---
Batne nut • • • • • • • • • • • • • • 1 x --Cere key • • • • • • • • • • • • • • • 1 x --
Pulley 1ce7 • • • • • • • • • • • · • • 1 x --Balance wights • • • • • • • • • • • 6 x ---
SIWI • • • • • • • • • • • · • • • • • .. x ---
lae plate • • • • • • · • • • • • • • 1 --- X
Drift scrna • • • • • • • • • • • • • 2 --- x
Eye bolt • • • • • • • • • • • • • • • 1 --- x
Pipe plugs • • • • • • • • • • • • · • .. --- z:
SCrev8 • • • • • • • • • • • · • • • • 10 -- x

Lockvaahere • • • • • • · • • • • • • 14 -- x
lut. • • • • • • • • • • • • • • • • • 2 -- x
Scm bolt • • • • • • • • • • • • • • 2 --- x
Crate • • • • • • • • • • · • • • • • 1 --- x
Skid • • • • • • • • • • • • • • • • • 1 -- x

Csrr:1aae bolt • • • • • • • • • • • • .. --- x
Wrapping paper • • • • • • • • • • • • 1 -- .x
laUs • • • • • • · • • • • • • • • • 12 --- z
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Case stucty, Plant C

Product Description.

S-horsepoverl!induction motor, 220-440 'VOlt, 3-phase, 6O-01cle, 1,7,0
r.p.IIl., horizontaL, ball bearing motor. Protected.)open-type trame, HEMA,
size NUllber 2,4.

General Plant Intol'llation

Buildings. The reported product is manutactured in a concrete and steel
frame building ot 80,000 square teet}vith storage tacilities ot about 4,000
square teet constructed ot steel. The original portion ot the plant was
built over 35 years ago, but since that time several additions have been madeJ
including the recent construction ot the storage building. These buildings
vere desiuned for lIBDutacture ot electric JlW)tors with each addition planned
so as to incorporate changes in mdem production techniques. All l18Dulac
turing operations are perforraed on one floor.

Mach1ne~. In the production ot this product, the plant uses much
heaYy CLty, autonatic machiner,y,such as turret lathes, engine lathes, boring
machines, punch presses, grinders, both large and snall lIlultispindle and
n,dial drill presses. Conwyors are extensively used tor transporting parts
to insulating varnish vats and through the baking oven. Throughout the
plantJ 24-inch roller conveyors are in operation. Otherequipmant includes
arc-velders, spray booths, powered handtools, static and dynamic balanc1ni
machines, and test benches.

Jigs and fixtures are extensiwly used in the various operations.
Materials movelllBnt is by mechanical and electric hoists, hand trucks, and
roller conveyors at aseemly benches. Overhead monorail oonwyor is used at
unloading dock.

impl0Y!8Dt and Wage Practices.

More than SOO employees, including nonproduction employees, work in this
plant. Production 8DlPloy88s are entirely on piecework basisJexcept tor cer
tain day vorkers. Nev employees rece1ft on-the-job instruction trom their
respective supervisors. From time to timeJsuperviaory ..et1np are held tor
the purpose ot discussing production and satety probl8118.

Operating Practices

Variety or Products. Motors ranging in size fro. tractional-horsepower
to 2,06o:horsepover are produced in the same building vhere the reported S
horsepower IIOtor is lIIlU1utactured. One- to riw-horsepover

J
polyphase .ators

constitutfl roughlYiOne-third or the value or sales. Variations from the
standard model vi1 be made on request for orders as small as tor a single
motor. Special orden1 seldom require changes in lIore than one or a En·
parts, with the reJlllinder ot the motor asseDb1ed trom standard components.



In addition, the repair and serrlce department ot this plant repairs used
IIIOtors, troll tractional- to 200-horsepower sizes, returned to the plant, and
ships parts tor worn or broken motors. All standard housings produced by
this plant conform to HEM! standardB.

Major categories ot all items produced vith1Jl the plant, bY' percent ot
their total value at shipment/during 19$0:

Fractional-horsepower motors
1- to S-horsepover motors, polyphase
7-1/2- to 2o-horsepover .etors
2S- to 200-horsepower IIIOtors
Integral, s1ngle-pha.se motors

22 percent
34 percent
23 percent
19 percent

2 percent

Size ot Ruu. 1iDal assembly at S-horsepover IIIOtor8 varies trom 1 to
2$ per dilYJ. With the usual lot size being 3 or 4. In the 6-day. cowred b7
this report, 14 ot these .otors were lIIDutactured.

Prote.siOll&1 Xna!ll8er1Ds Semce.. ni8 plant has an ellgineer1Dg c1e
partMnt which 111 re.pon.ible tor IIOtOI' ancl tool cle.i••, tt. .tudie., t1Jle
stand.ar4., proce••1Dg at part., plant layout, aDd .tel'ial. h&ll4ling. '!'he
tool eqineeriq aepart-at 4eftlop. tools use4 in re.earch and ezpert.8at&
tion. Manage_nt report. that OIle ot the priurY' fwlctiOll. ot this clepart
ment is to reduce man-hour requirements.

Production Schedul1Dj and Contro;. Pro~ction scheduling,and control
ot specli1 ordSl's biila in the iiies depart_nt. This depart_nt screens
all orders tor electric motors and classifies them with respect to price
and specitications. Froll the sales depart_ot, these orders are sent to the
engineering depart_nt, vhere t)le order is screened tor electrical and .
chanical specitications,and a design drawing is recorded on the production
order. After the engineering depart_nt haa passed upon the orderJ it i.
sent back t.o the sales depart_nt, then routed to the production control de
part_nt where it is screened tor special instructions. Froll the production
control departMntJ the ordere are passed to the .terial.-cOlltrol 4epart-.at,
vhere the order is screened to detel'lline whether or not the _teri&l re
quired is on hand or on order. It uterial required is not on hand or order,
a purcha.e requisition i. WJ'1tten at thi. t1_ and attached to the order
tolders. these to1"ders are returned to the scheduling clen who then
schedule. t.he orders tor production to the ••ter schedule.

Orders by due date are entered in a schedule book tro. which tacto17
production schedules are ..de. Fro. the .chedule book,the .chanical de
part_nt can ascertain vhat _terials haft to be allocated to the quantit1ea
at motors to be scheduled that day. Work orders are issued tor -7 special
part. After machine allocation, order8 go back to the acheduliDa depart.lDt
where job tickets are run tor the stator, rotor, and hous1D&. Stub. ot the
tickets are removed when inspection take8 place, proTicliJIg a _ans at re
porting the JIO"Ielll8nt at IIOtors through the plant. standard orders are run
trom stock on a mu1JIIum and minimum basis.
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MaDutactu~proC388. Unlike plants A and B, plant C purchases most
ot its hOu81Jig 8 par=tq finished. The parts bought include the end-
plate c&at1Dgs, grea8e and 011 cape, terminal bODS and covers, and the
stator fram} 1dl1ch co._ precut and prefol'lMld.

Stator lUlinatiODs are blanked and slotted, and made into a core. Slots
are insulated. The stator windings are colled on a tOnt and then inserted
into the stator core. The wound stator is then impregnated with insulating
varnish and baked to protect the statclr windings.

Rotor laminations are blanked and slotted. Forty-eight copper rotor
bar8 and 2 end rings are cut, t01'Wld, pre8sed to shape in the core, and
welded. Rotor wntUating tans,1ihich are purchased partly t1D1shed,are bored
and reamed in the plant.

rinal assellb],y} which consists ot putting the three _jor subassemblies
together} i8 highly con'ftyorized.
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,.able 15. Jloull1q tabrioat10D ad ...e-13, '-hor.epover, induction IIOtor: Direct MIl-hours
required per 1IIIit, an4 related data, by oPeration, plaat C, u. S. A., 1951

Stalldard AdJu.ted Mach1llery, tool!, Materia18-
Part u4 operation lII&Il-hour. _-hours llOTing

per IlOtor per IlOtor and gage. used deTlce

"ota1 direct .all-hour., to
tabricate hou.in« • • • • • • 0.813 0.7'0- --- --

1. End plates (2 per aotor):
Material: IrOll ca.t1Ja«.

Tum, drill, aa4 . . . . .244 .225 S_ll, aultlplesplndle drill, Hand truck
di-..ond bore, end. plates. Potter and Johnson lathe, and

Excello boring machine.

2. Grease cap. (2 per IlOtor);
Material: Irall cutin«••

Bore, turn, face, • • • • .048 .044 4-spindle drillin« machine -Do-
groo.... , and re.., poe..e and Potter and Johnson turret
cap•. lathe.

3. Dust caps (2 per IlOtor):
Material: Sheet .tee1.

Blank out •••••••• !I .016 .015 Punch press -Do-

4. Beariy lock vuhers:
Blank out • • • • • • • • 1;/ .012 .011 -do- -Do-

5. Stator rr- ..... · .. -- --- Purchased precut and preformed --
6. Ba.e usle. (2 per IlOtor):

Material: Sheet .teel.
Cut ott M4 torm . . . . .012 .011 Minster and Toledo press -Do-

7. Baae b loeks (2 per IlOtor):
Cut off • • • • • • • • • .016 .015 Ro. 2 or Bo. 3 press -DOn

~/ See footnote at ellG of table.
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Table 15. Hou8uS tabrication ad use.bq, 5-hor.epover, induction IIlOtor: Direct mn-hours
required per unit, and related data, by operation, plant C, U.S. A., 1951--Con~inued

StaDdard Adjusted Machinery, tools, Materla18-
Part aa4 operation MIl-hours IMD-hours and gages used IIlOving

per sotor per lIIOtor device

8. Stator core holMy bars
(8 per aotor):

Blank out • • • • • • • • 0.010 0.009 Toledo press 24"-roller
conTey-or.

9. VelAb .tack, and riT8t . . .204 .188 Bench, press, arc-welders, -Do-
stator pmchiqs, press welding generator, jigs to
stator core iato tra.e, hold tra.e and teet.
sta.p style n\DIber, veld
asse.bly, and veld base
to tr_.

10. Drill anA tap stator true•• .109 .101 Hand teed drill Conveyor.
tor tem1Dal aDd drill arabl.

11. Turn. and tace shoulder ot .072 .066 Gisho1t Fastel"llatic lathe Hand truck.
fra.a.

12. Drill and grind teet . . . .041 .038 Hand feed drill and. Gardner (g/)
disc grinder.

13. T.~nal box:
Material: Il"OIl cut1q8.

Dri111D8 operatiou • • • .023 .021 5_11, hand feed, lIlu1ti- Hand truck.
spindle, and radial drills.

14. Tenrlnal box coyer:
Material: Cut1D8.

Drill1ns operatiou ••• .006 .006 -do- -Do-

1/ Zstt.ated.
"2/ Kot repone4.
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Tabl. 16. Stator fabrication and assembly, 5-horsepower, indue tiOD mo1:A) r: Direct nan-hours re
quired per unit, and related data, by operation, plant C, U. S. A., 1951

Operation
Standard
man-hours
per IIIOtor

A.djusted
man-hours
per IIIOtor

Machinery, tools,
and gages used

Mat,eria18 
ll1Qv1ng
device

Total direct man-hours to fab
ricate and assemble stator•.

4. Cut insulation ••••••
5. Insulate stator • • • • • •

6. Wind coils on fol'll •• • •
7. Tape coUa (sleev1Dg) • • •
8. Place coils 1D stator core.

9. CoDDect stator ••••••

10. Tie and test •••••••
11. Dip and bak., brush paint-.

insulation, clean and tria,

. . .

. . .

Conveyors •
-Do-

-Do-
-Do-
-Do-
-Do-
-Do-

-Do-

-Do-

24" roller
conveyor .

Dip tank, oven, spray
stand, and baking conveyor.

-Do-

Taping machina

Bench

-Do-

V and 0 press

-Do-
(!I)
Insulation shear

Bench

.272

.092

.081

.300

.)82

.886

.196

.137

.489

~

.019

•294
(V)
.100
.088
.)2$
.414
.960
.212
.148
•530

3.156

.085• •

2. Notch.. • • • • • •

) • Assemble stator core

1. BlaDk stator PUJlchinge

~

?:I TiM included with aasubl1 ot core to fraMe See operation 9 ot housing f~br1cat1on.
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Table 11. Rotor fabrication and assembly, 5-horsepower, induction motor: Direct lIIln-hours re
quired per unit, and related data, by operation, plant C, U. S. A., 1951

Standard A.djusted
Machinery, tool.,

Material.-
Operation lIIiUl-heur. un-oours Il1()ving

per motor per lIlotor and gages used device

Total direct man-hours to fab- 1.665 1.'37
ricate and assemble rotor.

1. Blank rotor punchings • • • .085 .079 V and 0 press Hand trock-

2. Motch rotor punchings • • • .231 .219 -lb- -Do-
3. Rotor bar. (~ per aotor) • .019 .018 Small punch press ..Do-

Cut otf copper.

4. End riDS- (2 per JIOtor) • • .0$ .060 -- -Do-
cut ott, tON, wld, and

Ipt-e•• to .hape.,. Shatt, cut ott, tum, 8111, .596 .550 DoAll saw, Monarch lathe, Conveyor
cut thread., ad gri1ld. threading I16chine and from sto~;·-

Norton grinder. OiLge to saw•

6. Fans - bore and ream • • • •050 .046 Warner and Swasey turret Truck.
lathe-

1. Weigh and stack punchings • .205 .189 End-ring rolle r, welding Conveyor
and assemble rotor bars and machine and generator jig, anel chute
end rings. bench, and vise. to welding.

8. Weld rotor core • • • • • • •092 .085 Automatic welder Chute •

9. Rotor key, cut off rro. bar !I .010 .009 Saw~ pouered Truck.
stock.

10. Pulley key, cut ott • • • • .010 .009 -Do- -Do-

ll. Assemble rotor core, shatt, .1Jl .121 Bench hydraulic press and Chute to
and fan and grind core. Norton grinder. balancing

12. Balance • • • • • • • • • • •165 .152 Glsholt, dynetrlc balancer machines •

!! Estimated.
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Table 18. Final assembly, ,-horsepower, induction motor: Direct man-hours required per unit, and
relat.ed dat.a, by operation, plant C, U. S. A" 1951

Standard Adjusted
MachineryI tools I

Materials-
Operation man-hours .an-hours moving

per l1lOtor per motor and gages used device

Total direct IUD-hours for. • • 0.377 0.3148
tinal assembly.

1. Assemble end plates, rotor. .267 .246 Handtools, and bench Conveyor.
and stator.

2. A.ssemble terminal box to • • .030 .028 -Do- -Do-
motor.

3. Paint I and clean . . . . . .080 .074 -Do-



Table 19. List of parts, ,-horsepower, induction moto;
plant 0, U. S. A., 1951

and related data,

Part name
Number Made in

per motor plant Purchased

End plates ~ • • · • · • · · • · · · 2 x x
Grease caps • • · • • • • · • · · • 2 x x
Grease cap bo ts • • · • • · • · · • · 4 x
Oil well caps • • • · • • • · · • · • 2 x
Dust caps • • • · • • · · · • • · · · 2 x

Ball bearings • • • • · • · · • • • • 2 x
Bearing lock nuts · • • • • · · · • • (2/) x
Bearing lock washers • • · • · · · • • (~/) x
Terminal box 1/ •• • • · · • · • • • r x x
Terminal box Cover. • • · • · • · · • 1 x x

Terminal box gasket · • · · · · · · • 1 x
Terminal S C!'ews • · . • • · · • • • • (2/) x:
Terminal cover screws · · · · · · · · (~/) x
Stator frame • · · · · • · · · · · · · r x
Base angles • · · · · • · · · · · · · 2 x

Base blocks • • • · · • · • · · · · • (2/) x:
Cover bolts • · . · · · • • • • · · · (2'/) x:
stator laminations • • · • • · • • • • (~/) x
Stator core holding bars • · • • · · • ! x
Slot insulation !I · · · · • · · · · • (!I) x x

Sleeving • • • • • • · · · · · • · · • (2/) x
Oil muslin • • • • • • • • • · · · • • (l/) x
Pressed board • • · • · · · • • • · • (~) x
Slot sticks • • • • • • • • • • • • • (~) x
Tape • • • • • • • · • • • • · • • · • (.1) x:

Rivets • • • • • • • • • • • · • • • • (~) x
Rotor laminations • • • • • • • • • • ~f) x
Copper bars • • • • · • • • • • · • • x
Il:nd rings • • • · • • • • • • • • • • 2 x
Shaft • • • • • · • • • • • • · • • • 1 x
Fan y . • · • • • • • • · • • · • • • 1 x x

Rotor core key. • • · • • • • • • • • 1 x
Pullq key • • • · • • · • · · • • • · 1 x
Name plate • • · • • • · • • · • · · • 1 x
Name plate screws .. . • • • • · · · · ~~~

x
Wirt., No. 16 • • • · · • • • • · · • • x
Paint • • · · • • • • • · · • · · • •

Purchased partly finished.
Not reported.
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Case Study, Plant D

Product Description

5-horsepower, 6O-c,ycle, )-phase, 1,725-r.p.m., 220-440 volt, ball-bear
ing, induction motor, NEMA, frame No. 254.
General Plant Information

Buildings. Manufacturing operations in plant D are performed in a small
number of separate buildings with a total working area of about 114,000 Sl\lare
feet. These structures range from about 5 to So years in age and are constructed
or brick, timber} steel, and concrete. The older buildings were not originally
designed for modem techniquesJOOt recently have beEn modified to permit better
materials handling, lighting, and ventilation, by the installation of over
head monorails, electric hoists, fluorescent lighting, and forced ventilatio~

Buildings and departnents have been added as neededJrlth the result trot the
various operating departments are scattered throughout the separate buildings.
A formidable materials-handling problem has resulted. Materials must be moved
by hand tnlclcs from building to bulldin~ through the narrow ramps which connect
them.

MaCbineff. This plant uses both light-and heavy-duty" automatic machin
ery - hydrau c and mechanical punch presses, turret lathes, milling machines,
drill presses, boring machines, and grinders.

Jigs and fixtures are used in key operations. These jigs and fixtures
include special chucks for machining end covers and stator frames, jigs ibr drillJaS
and multiple tapping heads, futures for assembling stator laminations into the
stator shell, special fixtures for hydraulic preSllell, tUl'lltable fixtures, face
plate adapters, and fixtures for pressing the rotor core onto the shaft. A great
nWl'lber of gages of the snap·,plug-,and length-type are used by the plant.

EmplOyment and Wage Practices

About 408 eq>loyees work in this plant, of this number 17 percent are
vomen. This firm U8eS a considerable amount of handicapped labor. Wage pay
lIlent systems are mixed. In many of the departments, direct labor is paid b7
piecework and hourly rates, whereas, in others only the piecework rate is
eq>loyed. Indirect e~loyees are paid hourly rates. At the time of this re
port, the firm vas tJYing to wortc out a bonus systeM for direct workers and a
profit-sharing plan for the indirect and administrative worl'''rs.

New employees receive on-the-job training from their respective foremen
and group leaders. Supervisors do not receive formal trodning,but are pro
IIlOted from the ranks on a nerit basis.

Operating Practices

variety of Products, This plmt JIILllufacturers fractioilal and integral
IIlOtors or various sizes (direct current and altemating currel'lt, single and
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polyphase types) as well as a few additional products using motors as a major
component. Integral horsepower motors canstitute over 50 percent ot total
production. Besides standard products, the plant designs motors to meet pur
chasers' specifications in lots as sJlBll as a single item.

Size of Runs. The minill'UJll number 01· 5-horsepower motors reported in 1
continuous run was 5) with a maximum of 40 and an average of 25 for the period.
Usuall:>'} a production run is made lor custom built models or for variations
of the standard model. During the I-month reported, 141 of the specified
motors were produced.

Professional EnRneenng SerVices.. This plant maintains both design and
engineerIng departmen s. The 14 design engineers develop designs to meet
purchasers' specifications} and constantly seek ways to inprove the design of
standard products. All incoming orders received by the company pass through
this department. and any drawings needed are mde before the order is sent to
the production department.

In the engineering departmentJ4 engineers make time studies, determine
incentive rates, and study shop .methods. They also collaborate with the tool
designer in working out new jigs and fixtures. Management feels that signifi
cant reductions in man-hours have resulted because of this department's
scientific analysis of each operation and the proper setting ot incentive
rates.

Production Scheduling and Control. Scheduling control for the reported
product .Is unaertak~n bY the saies and production departD:ents. The production
departJm!nt :reports to the sales department the number of mtors which can be
built 6 weeks in advance of shipping date. In turn) the sales department re
ports back daily which types and models are required to f11l schedule.
Scheduling in all departments rests upon this Jlfuter schedule}which allows
enough advance time to meet final shipping dates.

Manufacturing Process. Housing parts, which are purchased partly finished,
are the end biiis and stator frame. The plant machines these cast iron end
bells to fit stator frame, drills for cover bolts, and diamond bores for bear
iDgs. The stator frame, received as a rough casting, is machined for end
cover fit, eye bolt, stator core fit, and cover bolts. The terminal box and
co~er are manufactured in the plant.

Stator and rotor lMlinations are blanked simultaneously on punch presses
with a conpound die. Stator co11s are form wound, slots ot the stator core
are insulated, windings are inserted in slots, and slot wedges are put into
place. The completed winding is heated thoroughly, aaturated with insulatina
yamish, baked, redipped, and rebaked. Extensive use is made of special fix
tures and handtools in this phase, ae well as hand trucks for moving the
asser.-blies.

The blanked rotor laminations are asseJrbled, and the core is welded.
Rotor bars and end rings are blanked out and welded together in the core.
Special fixtures lor coining rotor bars and a turntable fixture for welding
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th••e bars are attached to a hydraulic press. Rotor shafts are achined on
grinders. lI'an. are purchased partly fin18hed, but IULChined in the plant.
Materials moving 18 acco.plished by means of hand trucks. Handtools and a
test panel are used in final a.sellbly.
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Table 20. Jlous!q fabrio.'t. u4 .....bq, 5-hor••power, 1D4uc'iOll .,tor: Direct .an-hours
required. per uait, ad related 4ata, by operatioll, plallt D, U. S. A., 1951

Average Machinery, tools,
Ma···.erials-

Part and operation I MIl-hour. lI.oYing
per aotar ];/ and gages u.ed

device-
Total direct -.:i-houre to tabricate 'I 1.363

hOU81118 -
1. End bella (2 per .a~r):

Material: IrOil cutin«.
Machille to tit .tator rra-, .. .495 Ifo. 4, turret lathe, drill pre•• , I Hand truck
drill tor eaTer bolts, and Excello boring .achine, dpecial
dl_olld bore tor bearinga. ohuck, drill jig tor holes, tace

plate adapter tor cUoond boriDg.

&
2. Punch dust cap • • • • . • . • . I .003 I l5-ton punch press I -Do-

3. Pwlch tera1nal box • . • • • • • l .017 I 30-ton punch pre.s I -Do-

4. stator t'l'UIe;
Material: 1 piece casting with
internal ribs to aupport atator.

Machine t'or end cover tit, • • .8l48 Ifo. 5 turret lathe, drill press, I -Do.-
eye bolt, stator core tit, ll111ing II&Chine, special chuck
and CaTer bolta. and gage••

1/ Average is t'or production during the f'ir.t halt' ot' 1951.

I'l



•

-

Average man- Machinery, tools, Mater1alll-
Operation hours per moving

motor '!I and gages used device

Total direct uan-hours to fabri- • 2.950
cate and assellble stator

1. Blank stator lamiriations, 2 • • y .1SS Punch press, with compound die Hand truck.
hits to make 1 complete stator
and 1 colllplete rotor lamination

2. AsS8llb1e and wind stator•••• 2.195 Special fixture and handtools -Do-
Wind coils on forms. A.ss81lble
laminations in stator frue and
press together. Insulate slots,
place COUll in slots, place
1I10t wedges, dip in insulating
vamillhJ and bake.

: table 21. stator fabrication and assembly, 5-horsepower, induction motor: Direct man-hours re-
~ quired per unit, and related data, by operation, plant D, U. S. A., 1951
o.....

~

1/ A._rap fa for production during the first half of 1951.
'{f Half of operation time is char&ed to stator and half to rotor fabrication.



Tab1. 22. Rotcir fabrication and asseJlbly. S-horsepower. induction motor: Direct un-hours re
Quired per unit. and related data. by operation, plant D. U. S. A., 1951

Operation

Total direct IUD-hours to fab
ricate and assed:>le rotor.

. . .

Average Mn
hours per
IIIOtor !I

1.306

Machinery. tools,
and gages used

Materiale
moving
device

1. Blank rotor 1udnations. • ••• IY ~156
2 hits to .ake 1 complete stator
and 1 complete rotor ludnation.
Rotor and stator laminations are
blanked on t.irst hit, rotor l~
ination pierced on second hit.

2. Assemble lam1r&ations, copper. • • I .S9S
bars, and end rings and veld
rotor core.

-00-

g

3. Machine rotor shatt • • . . . . . .487

Pw1cb press, vith compoWld die I Hand truck.

8O-ton hydraulic press, with I -00
special fixture for coining
rotor bars, and turntable
fixture tor weldi."!g bars.

36" Landis grinder and 1-1/2"
hand screw lI8ch1ne

4. Machine fan • • • • • • .068 No.3 turret lathe, and
drill press.

-00-

1/ Average is for production duriJig the t.irst half of 1951.
'U Half of time is charged to stator and half to rotor fabrication.
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Tabl. 23. F1Dal assellb17, S-honepover, induction actor. Direct Dan-hours required per unit, and
related data, by operation, plaDt D, U. S. A., 19.$1

Aftrap 811- Machinery, tools, Material.-
Operation hours per and gages used moving

actor 1} device

1. Asselllb1e, test, and finish • • • • O.83S Test panel, handtools Hand truck

!I A~rage is for production ci1ring the tirst half ot 1951.



fable 24. Li8t of parts, 5-horsepower, induction motor. and related data,
plaDt D, U. S. A., 19,1

Part DaM
Humber Made in Purchasedper motor plant

End beU. '!/ • • • • • • • • • • • • • 2 x x
Ball bear1Dgs • • • • • • • • • • • • 2 --- x
Bearing cap •• • • • • • • • • • • • • 1 x ---
Grease titting. • • • • • • • • • • • 2 -- x
Tend.nal box • • • • • • • • • • • • • 1 x ---
Stator true !I • • • • • • • • • • • 1 x x

Stator , ' Jl1nations • • • • • • • • • • --- x ---
Stator CD Us • • • • • • • • • • • • • --- x ---
Insulation • • • • • • • • • • • • • • -- --- x
Rotor , ....nation. • • • • · • • • • • --- x ---
Shaft • • • • • • • • • • • • • • • • 1 x ---
Fan !I. • • • • • • • · • • • • • • • 1 x x

MiscallaaeoUi small part. • • • • • • --- --- x

V Purchased seJl1.t1n1lhed.

- JJD -
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Case Study, Plant E

Product Description

S-horsepower, 220-41.0 volt, 3-phas9, 6O-cycle, l,750-rop.m., squirrel
~age design, induction l'IlOtor in a rolled steel, welded construction frame,
NDU true No. 254.

General Plant Infomation

Buildings. The colIPany pertOl'llS its entire production and cl.rical
functIons on the top noor of a 3O-y.aMld brick m'd concrete IIUltistor;y
building. The working area totals about 3,000 square teet., lIhich covers
roughly one-half of the noor space. Storage facilities are _1ntain.d in
the base.nt or the buUding and _terial hauling to and tro. the production
area is acct)mplished by _ans ot a singl. freight .l....tor.

Mach1Der;r. Th. _ch1nery used consiltl ot punch pres88s, ligJlt lathes,
dynudc biianc.rl, gr1nde~, and drill presses. Handtools ot ftrious typel
are us.d on the aSlembly bench.s. In general,J0nly a fev jigs and fixtur.s
are us.d. Th. two _in uses tor these jigs ar.: (1) to hold the IIOtor level
lIhU. brac.1 are welded to the trail., ~d (2) to grip the frame around the
stator core ti1"ll1y so that it can be velded. Materials .oring is by hand or
by u.ing 2- and 4-wh••l hand tlUcks.

EmploY!!lent and Wage Practice.

Ten Mlployees work in thil plant. About 10 percent of their time is
considered indirect labor and the remaining 90 percent is direct labor. Pa7
tor direct and indirect labor il on ~ hourly rat. basis. A new employe.
receiv.1 little tomal inltlUction, but usually receives on-the-job training,
which takes about 2 weeks in ord.r tor h1JIl to become productive. A training
prograa tor superri..orl il not necessary, lince the. owner is the sol. super
nsor.

Operat1n, Practice.

Variety ot Procl1cts. Besides the reported product, thil plant laftutao
tures otiiir1iitegral horsepow.r motorsJas well al direct current md alternat
lne. current conwl"ters and generators. Since thil COJllPAll7 operatel a. a job
BOP, chaps are readily _ell in the noral production s.quence to .-et the
particular specifications of the custo..r. HEM standards are tollowed in
the design of reported item.

SiH ot Runa. Sinc. plant E 1s geared to s_ll job lot DaIlutactureJit
• i. illPossl61e to obtain any r.alistic average size ot run tor the reported

ite.. In the 1 mnth covered by this report, 20 ot these IIIDtors w.re -.nu
tactured. Orden an accepted for a sinale IIIDtor,whether etandard,or ot

• epecial design.
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Professional Enfineering Services. In this p1ant,~hA owner-manager
devotes part or his JIll to assign and production engiDeering. Since the
company operates primarily as a job-shop, filling special requests, design en
gineering is of ..jor iJIportance. The owner-manager makes all drawings nec
essary for changes in product specifications. He is also responsible tor
plant 1qout and auy changes necessary in manufacturing .thods.

Production SCbedulinf and Control. Since this plant is primarily a job
shop, cuato.ur ap8ciflcaC Ons must 6e eu.m1ned and certain blueprints dra1lD
before production scheduling can take plaoe. After this step has been ae
colIP1ished, shop orders are issued by the coapany president, who is its chief
engineer, to the machine, winding, and uselllbly departlD8ntsJ to construct the
specitic IIOtor or aoton.

Kanu.t:aotUJ'iaa Process. MUlutacturing operations are not a8 hiihlY in
tegrated as Iii tbi other plants studied. The two 1'Ough iran casting end
covers ot the houaing are _chined to fit the stator frame, and holes are
drilled tor housing bo~t& and bearings. For the latter operation, sinal-
spindle drillS, 1d.th jigs attached tor locating holes, are used. The stator
rra- 11 purchased precut and rolled. It is IlIilchined to tit the end covers,
cleaned, and pcIliahed, and the purchased teet and braces are welded to the
trame.

Stator and rotor laminations are banked on open Dacx inclinable punch
presses at the rate ot 300 per hour. They are notched at the rate ot 150 per
hour. Stator colls are 1IDund, slotl innlated, c011a inserted into slotl,
and connectionl _de. The vound stator is dipped in 1JIpregnating _terial
and baked. All ineulating _ter1all are purchased.

Rotor bars and end ringl are cut and ton.d in the plant. Bars are in
serted into rotor slots and brazed to the end rings. The assembled rotor is
then turned to proper dta.ter and SJl)ot.hnesl, and dynaJdcally balanced.

fbe plant cuts and _chines its OVll shatt which takes 2 hours ot direct
labor per sbaft. The wntUating tan and Ima11 hardware &re purchased co..
p1.tely tinished. Final assembly is reported to require 2 hours ot diNct
labor per IIOtor. Handtoo1s are used in assambly.

The chiet n.r1ations in -.nutacture occur in the winding d.part.nt.l
where t.he _ch1nes are set to the required nUJlber at turns and shape at the
coil head. fbI stQping dies lIlLY have to be changed. .Allot thele chmges
are CO-.Dn and are charged al setup and handling, and &JIOUDt to about 10 per
cent ot the coat ot JIIU'lutacture.
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Table 2S. Housing fabrication and assembly, S-horsepower, induction motor: Direct an-hours re
quired per unit, and related data, by operation, plant E, U. S. A., 1951

2. Ass_bIe and machine stator • • •
frame ldlich is purchased precut
and preformed. Stack stator lam
inations, insert in frame, weld
frame seam, tack-weld 1alll1nations
to frame and veld feet and braces
to frame. Tum to fit end covers

~
UJ

Operation

Total direct man-hours to fab
ricate housing.

1. End covers (2 per IIJ)tor) ••

• • •

. . .

Direct man
hours per
motor !I

3.75

1.SO

2.2S

Machinery, tools,
and gages used

Single-spindle drill press, lo
cating jig for holes, lathe for
turning.

Handtools, special vise to
squeeze frame, milling machine,
lathe, jig to hold frame and
stator core assenbly while base
is welded to frame, welder.

Materiale
moving
device

Hand truck.

- Do -

1/ Derived by d1viding costs frolll cost records, by the hourly vage tor the particular
operarion.

't
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Table 26. stator t'abrication and assembly, S-horsepower, induction motor: Direct un-hours re
Quired per unit, and related data, by operation, plant E, U. S. A., 1951

Direct man- Machiner,v, tools, Material.-
Operation hours per moving

JllDtor!!
and gages used device

Total direct man-hours to fabri- • • ,.12
cate and assemble stator.

1. Blank laminations at a rate • • • y .25 Open back, inclinable punch Hand truck.
ot 300 per hour. press·

2. Notch laminations at a rate of•• y .62 Open back, inclinable notching -Do-
150 per hour. press.

3. Wind stator - wind coils, • • • • 4.00 <y> <y>
insulate slots, put paper be-
t.en wire and iron core, insert
stator colls, and make connec-
tions.

4. Dip and bake stator • • • • • • • .25 <y> <V>

1/
tlon.-

~

Deri'Y8d by dividing costs from cost recorda by the hourly wage for the particular opera

This is one-half actual. time. Remaining half has been charged to rotor fabrication.
Bot reported.
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Table 27. Rotor fabrication and assembly, S-horsepower, induction motor: Direct man-hours re
quired per unit, and related data, by operation, plant E, U. S. A., 1951

Direct man-
Machinery, tools I

Materials-
Operation hours per moving

motor '!I and gages used device

Total direct man-hours to fab- • • • 6.13
ricate and assemble rotor.

1. Blank laminations • • • • • • • • .25 Open back, inclinable punch Hand truck.
press •

2. Notch laminations • • • • • • • • •63 Open back, inclinable notch- -Do-
ing press.

3. Turn shatt to specified ••••• 2.00 Lathe -Do-
diameters.

4. S~ck rotor laminations I • • • • 1.50 :1anc.ltools -Do-
insert copper bars I assemble end
rings, braze bars to end rings,
and asse.ble to shatt.

5. Tum rotor to specified • • • • • .75 Lathe -Do-
diameter and slIDoth surface.

6. Balance rotor • • • • • • • • • • 1.00 Qynamic balancer -Do-

1/ Derived by dividing costs from cost records by the hourly wage for the particular
operation.
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fable 28. l1Da1 usembl7, >-horaepover, 1Dduction mtor: Direct lIan-hours required per unit, and
related data, by operation, plant E, U. S. A., 1951

Direct II&D- Machinery, tools, Material-
Operation hours per moving

motor y and gages used device

Total direct .an-hours tor 1'1nal ••• 2.00
asselllb17• -

1. Put bear1ngs on rotor shatt, •••
block 1 end bell onto stator true,
put Ian on shatt, and ass_ble
rotor to trame, block on 24-elld
bell, insert coyer bolts and

2.00 Handtools Hand truck.tighten nuts.

2. Test voltage, frequency, and cur-
rent - J phases. Check torque at
rated current.

!I Derived by dividing costs tro. cost records, by the hourly wage for the particular opera
tion•

..



Table 29. List of parts, ,-horsepower, induction motor/and ",lated data,
plant' E, U. S. A., 19,1

Name of part Manufactured
in plant Purchased

x
Purchase steel.
Cas t from com
pany's patterns.

x
x
x
x
x
x
x
x
x
x
x

x
x

Machine finished. . . .. . .
Rotor laminations •• • • • • • • • •
Stator laminations • • • • • • • • • •
Motor frame •••••••••••••
Shaft •••••••
End bell castings ••• • • • • • • •

Ball bearings ••••••••••••
Fan. •••••• • • • • • • • • • • •
Wire •••••••••••••••••
Insulation • • • • • • • • •
Varnish • • • • • • • ••
Sleeyag • • • • • • • • • • • • • • •
"r1ction tape ••••• • • • • • • •
Rag paper ••••••••••••
Feet on frame and braces • • • • • • •
Tie rods • • • • • • • • • •• • ••••.1
Nuts J miscellaneous •• • • • • ..
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OUTPUT PER MAN-HOUR AND "REAL" HOURLY
EARNINGS OF WORKERS IN MANUFACTURING

UNITED STATES, 191~.39
In••
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Productivity and Factory Performance

,-RCRDPOWIR, DDOCTIOlf I01'ORS

CHAPTER III: LABOR IN THE ELECTRICAL INWSTRIAL APPARATUS INDUSTRY

(NOTE: THIS CHAPTER IS NOT INTENDED TO BE A COWLETE STUor OF LABOR OR LABOR
ooNDITIONS IN THIS INWSTRY. IT IS PRESENTED PRIMt\RILY TO ILLUSTRATE
THAT mE UNITED STATES FACTORY WORKER HAS ACHIEVED A HIGH STANDARD OF
LIVING IN HIS HIGHLY PRODUCTIVE £ooNOI«.)

Labor Background

Workers' eamings, as veIl as the eamings of other groups in the
United States, have increased in real as well as in monetary terms along with
almost continuous bprcvements in productivity. The Bureau of Labor Statis
tics estimated that from 1909 to 1947, the average real weekly eamings of
facto1'1 workers mubled..whereas hours worked per week c;leclined a firth.
These substantial bptovements 1.q inCOJIIB coo.ld not haw been achieved except
tor increased output per man-hour-o?' WOrk_de possible by"aconstant1y inI
proving technology of production. The mass market created by the purchasing
power of the workers in tum encouraged adwnces in production techniques.
Although all workers have benefited fro~ greater productivity, workers in in
dustries with strong unions have generally been in the forefront in obtaining
a share of the gain from increased procl1ctivity• Besides greater weekly pay
and !horter hours per week, workers have also chosen to take some of the re
turns froll greater productivity in the fom of "fringe benents" -- paid
holidays, ftcations, pensions, and rest periods.

Despite the advantages arising from technological change, both organised
and UDorpnized labor have on uny OCCQsions in the past resisted the intro
duction of new _thods or machinery because ot the threat ot s~ort-run unem
p10yment, the devaluation of individual skills, and natural NsentlleDt to
change. EXUlPles ot how UIlage_nt and labor wrking together han succesl"
tully coped with this prob1ell ant given in appendix I.

The average earning. of workers in United States factories and in the
electrical industrial apparatus industry since 194~ are shown in table )0. In
table )l,an atturpt is mde to eliminate contusion arising troll ditterent
currencies b.J shovinK t~ cost ot common commodities in terms ot minutes ot
work required ot the awrage tactory wrker tor their purchase.

Average hourly eamings including overtiJne earnings, in the electrical
industrial apparatus industry. rose troll tl.)) in 1947 to tl.77 in 19S2, an
increase of )).) percent, and the average wotkweek increased 1.2 hours rais
ing weekly eamings frolll tS) .92 in 1947 to S·1) .99 in 19S2, an increase ot ) 7
percent. During the same period, the Conswnel'8' Price Index of the United
States Bureau ot Labor Statistics rose approxiJnately 18.7 percent.
289817 0 • 54 • 9
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- Electrical industrial

ConsUJlers.·
All manufacturing industries apparatus industry

Year Price Average Average Average Average Average A'Yerage
Index weekly weekly hourly weekly weekly hourly

earnings hours earnings earnings hours eamiDp

1947 .. 95.5 '49.91 40.4 $1.24 '53.92 40.6 '1.33
1950 .. 102.8 59.33 40.5 1.46 6).15 41.1 1.55
1951 .. 111.0 64.11 40.7 1.59 10.31 42.1 1.67
1952 .. 113.4 61.91 40.7 1.61 73.99 41.8 J..77

Table 30. Average hours and grOS8 earnings o~ production worker8, in all
lI&Ilufacturing industrieB and in the electrical induatrial
apparatuB industry 1/, U. S.A., selected yeara, 1947-52

1/ The full title of this industry 1s "electrical generating, trans
mission, distribution and industrial apparatus. n

Wage and Occupational Practices

Interp1ant variations in wage rates in this industry are influenced by
the size of establishment, geographic location, method of wage payment, and
extent of unionization.

According to a wage survey made by the Bureau of Labor Statistics in
1945, workers in large plants'(over 100 employees) Generally showed higher
avera~e eam1n~s than workers in small plants. Geographic location also had
an influence on the wage scale. Earnings of all plant workers in the Pacific
ret,ion, were 9 percen1; higher than in the next highest region, the Great Lakes
region.

Incentive pay lIEthods that directly relate eamings to workers output
have a considerable effect in this industry on average wage rates. In the
1945 survey, 2 of every 1 plants studied had an incentive system coverine at
least one-fourth of their plant workers. V These incentive plans were about
equally divided between piece rate and bonus systemsJand in the majority ot
cases, pay was related to the efforts of individuals rather than to groups ot
workers. Although incentive wage payments are certainly not a requisite tor
high earnings, the fact that many 'WOrkers in this indust17 are paid incentive
wages is one influence toward higher average eamings.

Average eamings in union plants in comparable key jobs were higher than
in nonunion establishments. In 1945, unien plant earnings in the Great Lakes
region vereJon the average,about 13 percent higher than those in nonunion
plants. In the Pacific region, the differential amounted to about 10 percent.

3/ Wage Structure, Electrical Generatint: and Distribution Equipment,
Bureau of Labor Statistics, 1945.
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!a'ble 31. AIIoaDt ot worktime required ot averace Allencan tactory vorker
am ot average electrical industrial apparatus tactor;y vorker,
to 'bQ' -.elected tood aDd clothing ite.s, 1947

UD1t ot
ATerap ATerag'e electrical
tactory apparatus tacto17

Iwa _allUl"e vorker vorker y
HOlrs Minutes lIours M1DUteli

I'oods
--.rn . • • • • • • • · . • · 1 liter 9 8

EIP • • • • • · . . · . • • 1 dozeD 34 31
Orap. • • • • • • • • • • 1 dozen 21 19
Wld:te t1cm" • • • • • • • • 1 ld1op-a 11 10
Wll1te ¥beat bread. • • • • • 1 IdIogram 13 12
...-tter •• • • • •• • • • • 1 Id10sra 1 28 1 21
S&1t pork • • • • · . . • • 1 ld.10grell 49 45
Potatoes • • • • • • • • · • 1 ld1ogr.. 7 6
cartee •• • • • •• · . · • 1 ld.1ograll 51 47

C1otlliq,
MeIlS

Bea..,. voo1 l1Iit • • • • • 1 36 43 33 45
Work .birt • · . • • • · · 1 1 19 1 12
Soca • • • • • · . . • • 1 pair 16 15
Street a'koe. • • · . . • • 1 pair 6 32 6 0
Work .boe•• · . . . . · · 1 pair 5 56 5 .27

Wc:.eB'
Wool coat · . . . . . · • 1 17 53 16 27
Street c1re.. . . . . . · • 1 8 20 7 40
Housedress • • • • • • · ~ 2 . 31 2 19
Rqon ad ~101l stockings 1 pair 53 !f9
street .hoe. . . . . . . • 1 pair 5 26 5 0

Source: '!'he Gift at Freedc., u. s. Dep'artment ot Labor, 1947, p. 23,
et Mq.

iJ 'fm tata 1B tla1s co1UIID obta1Ded by IIUltiPl.7ing ti_ data in pre
noa. col~ "b7 the ratio ot average bour1,. earnings, all JIIIUlutactUring,
($1.221), to aTerBp hourI,.. earniDgs, electrical apparatus anutacturing
($1.328) for tlle ,ear 1947. Eamiql data obtained trail HaIldbook ot Labor
Stati.tic., U. S. Depart_nt at Labor, 1947 and 1950 editionl•
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A written or otherwise generally reco;n1zed rate or scale of rates tor
each occupational group is the pattern for unionized plants. Man-power
management is aided by the use of these formalized rate structures, since all
UlPloyee8 know the paths of advancement. Promotion to a higher rated job is
usually govemed by seniority and merit. In contrast, a minority of s_ll non
union plants d.termine wa~e rates in.f'orJIBlly on an individual basis.

The major occupations in the production ot motors and generators are
thoso of assemblers, punch press operators, drill press operators, inspectora,
testers, painters, platers, lathe operators, and milling and grinding ..ch1De
operators. Occupations peculiar to the electrical motor industl'7 are wiring,
armature winding, and coil winding. In 1945, the Bureau of Labor Statistics
also found that almost one-fifth of all plant workers were asseri>lers, about
one-n1nth were engae;ed in the machinery operation classification, and one
twelfth were inspectors and testers. Five percent of all plant workers were
classified as winders and wirers.

In this 1ndustry',layout men, tool-and-die_kers, machiu:1sts, mechanics,
and setup men receive the highest pay. S~ed operators of special1sed
Mchines are the next highest paid group. AutoDBtic lathe operators rate the
highest aTerage wage followed by operators or engine ]athes, grinding _chines,
milling machines, screw _chines, turret ]athes, and welders. The largest
group of workers are a semiskilled group, including assemblers, painters, in
spectors, solderers, testers, wirers and Winders, who rece!ve less pay than
the skilled operators. The unskilled, such as janitors, helPers, and appren
tices, are employed at still lower wage rates. Table 32 giTeS a cCJllPlU'8.tin
analysis of the earnings of four classes or workers in the electrical indu
trial apparatus industry in Bridgeport, Conn.

Table 32. Average hourly earnings in electrical industrial apparatus iDdus
tl'7, by occupational groups, in Bridgeport, Conn., U. S. A., 1951

OCcupation

Tool-and-dienakers ,•••••
Machine-tool operators •••
Inspectors •••••••••
Janitors ••••••••••

Skill

Hi.g~ sld.lled
Skilled
Semiskilled
Unskilled

Stra1ght-~

aTerage hour:q earniDla

2.01
1.76
1.56
1.31

Fringe Beneti ts • American workers receive supple.nt&l 1Dc0Jl8 in the
tom of paid vacatIons, bonuses, paid lunch periods, paid .lek'leave, cO"'JV
paid insurance, pensions, an~ other services not mentioned here. lDUlIlI:h ••
this industry is hig~ unioni~~ed, it bas developed a strong program at wel
fare benetits.
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Extra compensation, usually 1-1/2 times the base rate, is paid tor all
hours worked per week over 40. In 1951, motor and generator workere aver
aged 42.1 ho\U"s per week. Plants in this industry pay e shift differential
ranging trom 1 to 15 percent for 8econd and third shitte, covering late
eTening and night hour8. Bonuses not directly related to output, are numer
ous in this industry and are paid in the form ot Christmas bonuses and prof
it sharing plane •

•, Paid lunch periods are uncolIIDon, but a tfIW plants include the lunch
hour a8 part of the werking time. A majorit,. of plants have formal vacation
provisions, including a vacation of 1 week for workers with 1 year of serv
ice, and longer vacatione tor longer service. Paid sick lesTe is a new
development and exists in relatively f_ plants.

Pendon Plans. As required by Federal law, Tirtu81ly "ery- worker in
the united States 8IlPloyed b7 business or industrial finns, receive. a pen
stOll at the age ot 65. To tinance this pension plan, (known ss Federsl Old
Age and Survivore' Insurance) .p1ayers are required to contribute periodi
cally an amount equal to 1-1!2percent ot each wage payment, and the 8mployee
contributes an equal amount.!f In addition, some States make extensive
payments to aged workers to supplement for Federal paymente.

Over and above these legally required pension plans, some elllPloyers,
often after negotiations'with the unions in their plants, have set up pension
funds to which the employers contribute all,or part of the cost. If all the
cost is not paid by the employer, the employees contribute the remainder. A
recent survey revealed that Jll)re than half of the establishments in this in
dustry contribute to the maintenance of such pension plans for plant workers.

Unions in the Industry

It 18 estimated that tour-fifths of the electric IlOtor and generator
manufacturing plants are unionized and that this is one of the important in
nuences resulting in the high industry wage level.V

The workers in the electrical machinery incmstry were represented, until
1949, by three major unions. These were the United Electrical, Radio and
Machine Workers of America (UE), which was affiliated with the Congress ot
Indust~ial Organizations(CIO); the International Brotherhood of Electrical
Workers (IBi1i) and the International Association of Machinists (IAH). The
latter two unions are affiliated with the .American Federation or Labor.

4/ The contributions will be progressively higher starting in 19S4. Fer
years'"1.9S4 to 1959, the contribution will be 2 percent and will eventually
reach a MX1Jnua ot 3-1/4 percent by 1970. Your Social Security. a pamphlet
describing Federal Old Age and Survivors' Insurance, u. s. GOvernment Printing
Ottice, Washington, D. C.

V Wage Structure, Electrical Generating and Distribution Equip.-nt,
Bureau of Labor Statis"tice, 1916.
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In November 1949, the national convention of the CIO expelled the UE ADd
chartered the Intemational Union of Electrical, Radio, and Machine Workers,
known as the IUE-CIO, to represent the workers in the electrical products in
dustries. The UE has aince been an unaffiliated union. A. substantial portion
of the former UE membership is now part of the IUE~IO.

!2iIuatllElnts to Technological Change

Labor and lIIllI1agement in the United States have always been faced with
problems arising from changes in processes and the introduction ot new a
chinery. The problems generally include detendnation of earnings, workload,
work schedules, dLaplacement of special skills by new _chinery and ..thOdl
and, in so_ cases, actual displacement of lIOncers. O'ftr the past 2S yean,
with IIOre rapid growth of labor unions, adjust.nts and solutions to theM
problems, in many instances, have been reached on a case-by-case balis a. a
result ot negotiations between the two parties. !he luccess of the solutioDs
and adjust_nts has depended almost entirely on the attitudes and procedures
with "hich labor and managelllBnt approached each case, and only incidentally on
the technical details ot the change itself.

Moreover, negotiations owr technological change in many fielda of -.nu
tact.uring indicate that the experience gained troll a case in one' incl1stl"1 i.
applicable to prob1811S of change in other industries. Consequently, the _th
ods and ideas developed in negotiations over technological change are uaed
in ma..ny industries besides the one in 1Ihich a problem first appeared. Tech
nical detaill concerning machines, processes, and conditions of 8IIplo;yMnt.J
still require agree_nt on a case basis within the framework ot ideas and
_thods handed down from past experience.

The exaaples of adJust..nt to technological change. that follow in
\' ~l'P8ndix I haw been selected because ot the techniques and procedures the7

Uluatrate, without regard to the 1DOlstry in which they occurred.
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case Study Data on
Productivity and Factory Performance

'-BCESE~, ~IfI(Jf MOl'ORS

APPENDIX I s CASE STUDIES OF ADJUSTMENTS TO TECHNOLOGICAL CHAmE

NOTE: '!HE CASE S'l'UDIES USED TO ILLUSTRATE ADJUSTMENTS TO TECH
NOLOGICAL CHANGE WERE NOT MADE IN THE 5-H~SER>WER MOTOR INDUS
TRY. THESE EXAMPLES WERE SELECTED BECAUSE OF THE TECHNIQUES AND
moCEDURES THEY DEMONSTRATE, WITHOUT REGARD TO THE INDUSTRY IN
wmCH THE! OCCUR.

Exa!lf?le A.W "1. The compaIJY discusses with the union proposed changes
in pro cess and introduction of nev JUch1nery. The company JllUSt keep pace
vithJand it possible, lead the vay in making changes in technology and proc
esses 1IIhich turn out cheaper and better glass. Accordingly, Libbey-<>vens-Ford
wants freedom to introduce new machines and processes, to shift work from less
efficient to more efficient plants, and to make IIIDre products with less man
power. If it is unable to achieve these objectifts at least in part, its
wry survival as a business is in jeopardy; the autollObile Ilanutacturers,
which use a large aJJX)unt of the glass produced by LOF, are I tough customers. I

The following case is an illustraticm of the union-unapment consultation
which usually precedes any technological change.

-A conftyor system vas to be installed in the laminated plant in Toledo.
The local president vas called in and told the company's plans. At tirst he
bit the ceilini. Uter he had calaed down he gave a dozen and ODe reasons
vhy'the plan would not 1IIOrk. By the tae a second meeting vas held vith tun
union co.m.ttee, JIlIDage_nt had altered its plans to meet several or the ob
jections raised by the local president and had answers read;y tor the others.
Again the union Mpresentatives told management why their plaDs would never
work, and again the coJIP~ adopted some suggestions and set forth its Nason.
for iDsilt1ng that the conveyor system be used. The conftyor SYltem vas then
installed, but in a v~ vhich .et lIIU1y of the unionls objections. The unionls
bigpst tear vas that earnings would be reduced, and in this respect the com
pany vas able to assure the I118n that they could keep up their bonus earnings
on the nev jobs. In this case the into~tion-ahar1ngprocess vas used
successfully as a .ans of iqJle.enting a Jlll.D&geJlent decision.

-2. ADOtber tiM the cOlipaDy laid a schedu11ni problem out on the table
for the unionI. coDI1derr.tion. Since the auto manutacturers vere short ot
steel the7 oould DOt un the glall they had ordered for the next nine-.anth

6/ The Libbe,-Owena-Ford Glass Collpllny and the Federation ot Glass,
Cerwc and SiUca Sand Workers ot America, Causes ot Industrial Peace Under
Collective Bar~n1!' Case Stud,. No.2, latiCiiil pliDnirig18soc1ition,
wuli1iiiiOa, b. ., ftllb.r 1, 1948.
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period. The company had tw alternatives. They could cut production dras
tically at once, lJly off a large number of men, and then rehire later to bring
production back up when the glass could be used at a faster rate. Or they
could gamble on the total aJ*>UDt t.hat would be needed for the entire nine
months and schedule the glass at a constant rate, laying off a few workers at
once but keeping all the remaining men at work over the entire nine-month
period. The company told the union to make the decision, since it felt that
the laYing off and rehiring of men was the most important consideration in
volved. As one might expect, the union decided to cut down as much as nec
essary for the entire period. Probably the company wanted the same thing
but recognized the advantage of having the union make the decision in a case
of this kind."

EJCaJlPle B. 7/ "Technological changes involving displacement. of workers
have been hiiidled with real care and with genuine concern for employee wel
fare. In 1945, a division of the company eJrq)loying 76 people was Jll)ved from
Canbridge to a new plant in another area in order to locate the nanutacturing
operation near the source of supply of raw nateria1s. For 6 to 8 months
prior to the move, consideration was given to the placement of the enployees
affected. Some were transferred to other jobs as nomal turnover created
openings. A crew of 35 operators was required right up to the last Jll)ment in
order to buUd up an inventory to supply customers during the transfer of
heavy equipment to the new plant. These workers were given a guarantee of
their regular hourly rates regardless of the job to which th~y might be trans
ferred. The guarantee was based on length of service: 1 month for each year
up to 12 months' guarantee. The length of service of these employees ranged
trom 1 year tor 2 people to 10 years or Jll)re for 8 people. Practically all
these employees were placed before their guarantees expired} on jobs carrying
rates at least as high as their fonner ones. None of the 76 was laid off,
but 2 men and 8 women resigned rather than accept transfer."

11 The Dewey and AlJv Chemical Company and the International CheJllical
Workers Union, Causes at Industrial Peace Un,der Collective BargaininJ' Ca••
Stuq Ho. J, Haiional PlanniDg Associitlon, washiriiton, b. C.,1lBce er 17,
1948.
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APPENDIX n: nmuSTR!' STATISTICS

Table IIa. General statistics for tbe electrical industrial apparatus in
dustry/and its majordiv1siana,U. S. 1..,1947

Bumber Percent
loo.ustry of e8- Mwaber Value of of total

tablish- of em- (l »roduct. indu.try
ments ployee. 000 <Bitted) product.

Electrical 1Ildustrial appara-
1,567tus, total ••••••••• 321,352 $2"771,019 100.0

Motors aDd &eDeratOl"l . . . . 256 127,012 1,007,186 36.3
Electrical ccmtrol app&t'atus • 324 72,330 628,108 22.7
Wiring devices and suppUes • 342 38,367 378,099 13.6
Transformers • • • • • • • • • 144 36,635 356,968 12.9
Electrical measurtng instrument. 154 20,926 153,380 5.5
Electrical welding apparatus • 108 7,265 103,712 3.7
Carbon and graphite products • 44 7,818 68,745 2.5
Electrical industrial appara-.

19'5 74,821 2.8tus (not elsewbere classified). 10,999

Source: U. S. Ce!UlUs of Manufactures, 1947

Table lIb. Humber or establishments, number ot wage ea.rners, w~ges })&id, and
value of products, in electrical motors and generator. jnduatry,
U. S. A. , selected years, 1939-51

----
Number of Percent

Year Number of production work- Total Value of vap.
establish- ers laverage for wage. »roduct. to value

ments year paid of product.

1939·· 132 ~ 44,423 $ 67,376,000 $ 264,196,000 25.50
1947 .. 256 rJ. 101,852 282,252,000 1,007,186,000 28.02
1950 .. (gJ) r/ 72,405 235,657,000 1,000,059,000 23.56
1951 .. ([I) Tjj 90,740 338,050,000 1,386,754,000 24.38

'!I. U. S. Ce!UlUl ot Manufactures, 1947.
fI.. tntormatlO11 nOt avalIable.
~ Annual Survey of Manufactures. 1949-50. u. S. Bureau ot CeD8Us.
!t Annual Survey of Manufactures. Advance Report. March 11, 1953.
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!PPENDIX III I OOLlECTIOH OF DATA

Introduction

The preparation ot data for this study required five steps: (1) librar"
research and personal contacts i" Washington to leam the background ot the
industry and the pneral l118Dutacturing process; (2) preparation ot a ques
tionnaire with the advice and co\olJ1sel or lI&nag8J11ent, labor, and trade associ
ationsJ 0) testing or the questionnai re in a rev cooperative conpanies and
later revision to contorm to actual conditions tound during these pilot
visits; (4) assignnmts ot the study to the field otfices of the Bureau or
Labor Statistici and gathering of data by personal conferences vith top offi
cials and froll coJIP&DY records; (S) finally, evaluation, selection, and ar
rangeJllent ot the data as presented in this report.

Derivation ot Man-Hour Data

Plant A. Total direct man-hours per JIIOtor were deri'f8d by dividiq COR
per .,tIOr for production ot 102 of the nport.ed IIOtora in 1 IIOnth by the ay
erage hourly rate ot par per worker. Total indirect labor per IIOtor .. COli
puted by apply1ng the ratio ot indi.rect p&11'Oll to direct pqroU to the 1IUl
hours ot direct labor as deriYed above. Both standard .n-hours, aa dewloped
br plant time stud;y engLneers, and adjusted .n-hour. are shown for 1nd1Y1cml
operations. The adjusted hoUl's are 10 all cases 70 percent or' reported .tanct.
ard hour. tor the operation. The adjustaent factor 11 siap],y the ratio ot
total direct aan-hours per IDOtor derived fro. cost records to total standard
MIl-houri per motor.

Plyt B. Total d1.rect labor per Jll)tor vas cOllPUted by dividing the ay
erage direct labor cost estiJllate per 1I0tor in the 2-lIOnth report1nc pe riod ~
the awrage hourly vap ot direct labor. The COlt estiate vaa based on
atandard labor tt. in the heavy IIOtor depal't..nt adjusted tor ftriance.
Total 1ncl1rect labor vas taken as 30 percent ot direct labor. Thil val the
rat10 the company vas using at the t1. ot the report to coapute its costs.
·Planned- cl1rect labor ti.es tor 1ndiv1cmal operat10M vere taken froll the
plant', recordsJ ·planned" direct houra are Itandarde developed from previoua
eJq)erience. The ratio dertved by dividing the sua ot the "planned" .-n-bourl
at all operations by total direct houri per IIOtor Iecured rl"O. costst. de
acribed abo.,.. vas applied to the "planned" t1llea to co.pute adjust. .u
houra at each operation. The total or adJusted ~-hour8 per aotor then 1a
equal to the total direct labor per _tor cOlIPuted tro. labor COltS.
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Yhil plant included 88 direct labor costs - .ach1aing, winding, a.lea
bU..., telt1Jlc, paiatial, iupec't1nl, P.D4 packaging. Indirect labor co.ts
i.club letup, 110_ te.tiDg, repairinl, 1aatruction on Job, overt1Jlle bonU8
an4 Ib1tt bOlla, lI&1atenl.llce, tool rooa, and. engineero' pay.

,.11e total direct ant 1ad.1rect II&D-hourl!l per motor are aTerages tor the
7'" IIOtorl iAcluded. Adjusted II&D-hours at IndiT14ual operations depend on &1l

aTer&88 adjuat.ent factor. Therefore, actual labor t1Jlle for any partIcular
1,.. IlOtor, or at 8D1' particular operation lIllY han been either higher or lover

than tile t:1.-s IhOVJl.

Plant C. Total direct labor per JlDtor was computed by elividing the
average direct labor cost estimate par motor in the reporting period by the
average hourly wage of direct labor. Total indirect labor wae derived by
applying the plantw1de ratio of indirect to direct labor to total direct
labor per unit.

Both standard t1Jles and adjusted Dan-hours are shown for indincbal op
erations. The adjusted hours for all operationa are derived by taking 92.4
percent ot reported standard houre tor the operation. This adjusting factor
is s1Jlply the ratio of total d1.rect lIIU1-hours per motor derived froll costs
recorda to total standard JIIIU1-hours per motor.

Plant D. Total direct lI&I1-hours per motor and man-hours at individual
opera'tions are actual average pertoJ'lUUlce tor the first 6 months ot 1951 de
v.loped tro. records. The JllDnth-to-month wriations which naturally occur are
nooth.d out by these averages. Indirect man-hours were derived by prorating
a tixed percentage ot total IIID-hours for the period.

Included under the category ot direct labor are the operations ot machin
ing, winding, a....bling, test1ng, veldlng, inspecting, and packing. Indirect
labor includes truckers, watchmen, elevator operators, building maintenance,
and toolroom ellPloy.ee.

Plat E. This plant .lntaiDlI no time standards, and dlrect an-hour
tigure. Charged to each operation vere obtained trom the cost records. Thill
val done by taking the labor co st per operation and dividing it by the wage
rate tor that operation.

IDdlrect labor .8 ..t_ted by the conpmy to be 10 percent ot the
c:tlrect hours per operation.

fbi. plant includes al direct labor alJ. vindiDg, _chiDing, Iheet.-aetal
lIOrk, and al••bly operations. Indirect labor il composed ot setup, _terlale
.ami, and lupen1sion.

,
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UNITED STATES D~ARMNT (I' LABOR
Bureau of Labor Statistics

Washington 25, D. C.

CONFI!@TIAL

PROIlOtTlfl'fY AIm J'AC'l'ORY P.lRPCIUWI':I

,-~, IIDJC'fiOl JOl'OIB

Name of company Addrel!ls _

Plant nBile Addrel!ls, _

Of'ficiall!l interviewed: Cr08l!l out word not applicable:

Name fitle (Ce.) (Plant)-------------- ---------
NUle Title CCo.) (Plant)

!be data wbll1tte4 on thi. aueat10nnaire ¥ill be seen only by nom employeel!l
or the Bureau ot Labor Statistics. '!'be data will not be releeeed in UIY' fnm
vbich »eraitl!l identification with any speciric company witbout vrltten per
1Ii••lem.

Survey made b7 ~D.te _

A. SPECIFICATIONS

List specifications of reported product: _

B. PRODUCTION: MAN-HOURS

1. Man-hours per reported~:

a. Select a recent period at least as long a8 the normal production
cycle, but In no case shorter than one week, in which production
operations were proceeding at an average level.

Period begins and ends----------
b. Total production of reported product during this period
c. Total factory man-hours on rep"rted product during this-pe--ri--oa----
d. Total direct man-hours on reported product during this period__-----
e. Total indirect man-hours on reported product during this periOd
f. List the labor classificationl!l included in the indirect man-hou~r--

figures given in (e) above: __
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g. Describe exact11 the procedure used to derive direct and indirect
man-hours in (d) and (e) abovel-----------------

C. PROmCTION SCHEDULING ~D INSPECTI~

• Production run per reported product:

a. Avera~e continuous run of reported product _
b. Smallest number in one continuous run
c. Largest number in one continuous run '-------------
d. Production method, line , job iot , other (descrI6e,_

e. Average actual production during reported period by ~h~t:

(1) Day .shift (2) 2d .,hift __(:n 3d shift _

2. Scheduling

a. Describe fully the methods used in production scheduling and control
for the reported product, paying particular attention to factors such
as planning for chargeover to this model, organization of flow of
materials or components, relative to 'product design, etc. _

b. CustOll production.
(1) Are variations of the reported product made to purchasers'

specification. Yes No •
(2) If output of such Tariations were included in B (1) b, give the

n1lllber ot such units produced •
0) What is the .allest order (in units) acceptable: For standard

models ot the reported prOduct ; for variations ot stand-
ard models J for special or custom made models •

c. Describe the ohangee Mde in normal product-ion·-C!r~nW-·\Jp9n~

introduction ot • run ot • variation of a standard model, or of a
special or custOlft lIade model, in terms of actual examples _

:3. DeSign and methods iJIlprOTement
a. Does this plant have a design department? (Check) Yes No • It

"no," does it contract tor the se"ices usually pertonnidbysuch a
department? (Check) Yes No •
Describe department- or se"lcee: ..;.. _

b. Row many are eaplored in design department? _
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c. Does this plant maintain an engineering (methods analysis, etc.)
department to improve plant layout, manlli'acturing methods, etc., or
make provisions for such activity? Yes No Describe __

d. How many are employed in this engineering department?--------e. Describe management's view of the effectiveness of this department in
reducing man-hour reqUirements for the reported model or related
models -------------------------------------f. How freq 11ently are operations analyzed to evaluate standard time, etc.
Describe methods used.------------------------------Standardization and Simplification

a. During the year prior to the reporting period, how many changes were
made in the design of the reported product in the interest of stand-
ardization (interchangeability of parts) ---

b. Describe fully a typical example of such change _

c. During the year prior to the reporting period, how many change!!l were
made in the design of the reported prod'lct in the interest of !!Iimpli
fication of prod11ction operations

-----~---------------d. Describe fully a typical example of such change: _

Inspection

a. Are any statistical quality control methods used in any of the manu-
fact 1Jring operations? Yes No • If yes, describe----

b. Other systems 1lsed: (Describe)-------------------
Jigs and Fixtures

Describe the extent to which jigs and fixtures are used in key opera
tions, f 1Jrnishing descriptions (and drawings) of several examples, if
possible. _

D. GENERAL PLANT nFORMATION

List major categories of plant production and vall]8 of shi;:men1aduring
1951:

Emplo~ent:

a. Number employed in plant during reported periodl
Total - all plant employees

Total - production and related employees

Total - direct production employees

Total - indirect production employees

Nonproduction employees

b. Average length or scheduled workweek (excluding overtime) during re-
ported period hours.
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Plant emPlo~ent by department, occupations, sex, and payment method during
reported per Cd. .

Number of List Key Method of Payment
Department Workere Occupations (Check)

Total Female Piece Rate Hourly

All Departments XXXXXXXXXX XXXXXXXXXX XXXXXX

Training programs:

a. Describe training program for production workers (1) on in-plant basis;
(2) using outside resources (schools, etc.)--------------b. Describe training program for supervisors--------------Plant buildings:

Use Sq. Ft. No. of
Age Type of Construction

Floors and Special Features

a. Were buildings designed originally for modern production techniques as
applied to this product?
Yes No----

b. "ere buildings modified for use of modem production techniques as ap·
plied to this product?
Yes No • If yes, describe:--------------

Secure the following, if availablet

a. Sales literature, catalogs, etc.
b. Pictures of products reported.
c. Floor plans and work-flow charts of plant if readily available.
d. Forms used :tn scheduline work, controlling inventory. etc.

Productivity Factorst

Describe the key factors which contributed most to achievement of the present
level of productivity in this plant.
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E. ~ALYSIS OF PARTS AND ASSEI&BLY
OPERATIONS

List of parts, materials and components for reported product

Part Name Uanu1'actured (Cheek) Used in Operation
In Plant Purchased !I Sequence No. V

-

1/ Cheek as purchased, items made in other plants of same company.
"1/ Enter operation sequence No. of sheet in which the part, material or

component is used in E. 2.

Analysis of manufacturing process

On the attached sheets, indicate operations performed in order of their
actual sequence in the plant. Indicate unit man-hours per operation in every
case: Actual man-hours wherever possible, and standard or estimated houre
otherwise. A.ttach time standards if available. In the space below describe
the method of deriving these man-hours and time standards and the time period

A

to which they relate.
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.,• .ANALYSIS or lWftJ'.A.C'rURIRG PROCJ3S

Raile of Plant Pari., IlAteri&1. and oomponent, 11IIed 1:1 _
OperatiCllll uqUllnoe naber _

Part or product produoe4 _

OPerationl Machine", uae4 zJ Materia11- t1D1t _D-
performed

NUll, lIIake, Capao1t7 lIoT1Jlg houri y
stop n,.ber (nature of

lIIodel, ~. per UDit devioe &Dd per opel'-
worit done driTI 3 tae delltiution at10ll or

in eaoh Ihop) pan

1/ If .ubal,elllbly of preTioUi operatiOD i. u.ed, identity by operatioll nu.ber.
~/ It po••ible, .eoure bla-pl'int. or drawiAg. ot ,plolal~ de.igned ..obln••,

111801&1 Jigs and fixture. &IIl1 attaall to operational .h.et.
3/ Hote -L- it liDe driT', -0- it UDit driTe, -G- it group clrbe.Y Aotual au-houri preferab17, .tudarcl tille otll.nrl•••

389117 0·54 - 10
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a. c.:

ASA:

Blanking:

Block:

Brite:

Center band or
stator frame:

Coil:

Core:

d. c.:

Direct labor:

Drawing:

End bell, end
cover} or end shield:

End ring:

Fanning:

GLOSSARY

Alternating current.

American Standards Association.

Stamping sheet metal to dimensions by use of a cutting
die in a ~ress.

To press wire coils into core slots.

Bright.

Frequently used as an abbreviation for center as in
C bore.

A cylinder of steel which supports the stator parts.
The center band also forms a part of the housing and
is fitted to the end bells.

An arrangement of one or more turns of wire.

Stac~~d and bound lami~ation8 which become part of •
magnetic c1rcuit when wire woUDd around the core 1s
energized with electricity.

Direct current.

Workers whose efforts can be identified as applying to
a particular product at a particular time. For example,
a machine operator or an assembler. See Indirect
Labor.

A cold-pressing operation to change the form of a piece
of metal from a flat blank to a circular or cylindrical
shape.

The end cover of an electric motor, particularly one
with a center band.

On a squirrel-cage, induction motor,an end ring is a
ring of conducting metal used to connect the rotor
bars at their ends.

A cold-pressing operation to change the shape or thick
ness of a piece of metal.
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.,
'Frame:

GLOSSARY~Continued

A frame is the ~~pporting structure for the stator
parts. In a direct-current machine the frame usually
forms a part of the magnetic circuit; it includes the
poles only when they form an integral part of it.
From ASA. Also called the center band, stator band,
or stator shell.

Indirect labor: Labor which is aUXiliary to the direct production
operations, e.g., shipping and receiving, plant main
tenance, materials moving, supervision, production
planning and control.

Induction motor: An induction motor is an induction machine which con
verts electric power delivered to the primary circuit
into mechanical power. The secondary circuit is
short circuited or closed through a suitable circuit.
--From ASA.

Lamination: A stamping of sheet steel shaped so that a number of
them can be s tacked and bound to form a core which
can be magnetized.

HEMA: National Electrical Manufacturers Association.

Rating, continuous: Continuous rating is the rating that defines the load
which can be carried for an indefinitely long ttme.-
From ASA.

Rntor: A rotor is the rotating member of a machine.--From
ASA.

Rotor core: The assembled laminations which form the magnetic
circuit of the rotor.

SleeTing: Insulation.

Slots: Trenches cut into the 1naer tace. ot .tator l..tna
t10D &D4 outer periphery ot rotor laa1Bat1onl 1ft
which the current carryiq rind1np are lIIbe44ecl
when lIeTera! l ..1natio•• ha.,.. been rlTete4 toaether •
to tora a core.

Squirrel-cage winding: A squirrel-cage winding is a permanently short-cir
cuited winding, usually uninsulated (chiefly used in
induction machines), having its conductors uniformly
distributed around the periphery of the machine and
joined by continuous end rings. From ASA.
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GLOSSARY--Continued

Stator: The stationar,y part of an electrical machine.

Stator band, stator See center band.
frame, or stator shell:

Stator core:

Tumbling I

Windings:

The assembled laminations which form the magnetic
circuit of a stator.

To polish by placing pieces in a closed turning con
tainer together with a suitable abrasive or wax.

The conductors, which when assembled into a core,
carr,y the electric current which sets up • magnetic
circuit.
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