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Equipame s = T da 0 eorpn o anal Lot iricg tranadaions for
passengcel cars, oL, farm o tracioars, clo., to= tha Brazilian rarkel as
well as other - - | [ils ruosoretired crac.ors and dafi actkl, e are
& subsidiary -7 (- Ceudrieat Cocoqy wath bome office i Tashanan,
Michigan, U.8.A. , ~*h seventesn manufacirine plants in the Mited JOtates
and Cansla, alss cirhtesn -anutact.ring srarationg in whden Clarit owns
betwern 25 per cont and 100 per cert eqiiiy ard trvemtvefive l'senseog all
ove.: the world i.ciudir sovcral in Lavtin Aweriea, Rerarding nterotive
prodacts in Latin forica, Clart ras Larze transmisgion manufacturing
facilities inm Brazil 1 Yexioco.

This stuay is prezented by Eguipementoa Clark 5.4, in Srazil where we
merufacture ~ar ov ‘ractor Lrans: Caziens ©.p Ooneral ik Lora. Favd evd
Chrysler, Alse “araw bractor “ransmissicas "o atsay Feppuson nd Valrmed
ar woli 38 a 2re-. viristy of wransmissions, 7.7.0.'s and reduced oF arop
boxes for severa® 7 risTasturers of srecial equirrent such ag erangs,
carpactors, ete. e furnisi all these CE rusiorers both with crirral vrdts
and spare parts. e alsu rave andeonnilent cLoiributors 811 cver the country
who Duy spare vart: ‘rom ug £3r recais

IT. TS FReil7

The product for the case study 13 auteorpt tve "ronamicsions®, I% is
an exemple ¢f a vehicle componer® which rejuires & larze machine teol
fnvestmint and, more impor-ant for the study, a largs ‘ooline investment in
dies, 53.5:, fixtures and rutting toels.

1. Delanition and fuc~tiors]

"Transmissicn” here will “e understood as a mechaniso which is part of
the power train of the vehicle, that receives power from the intermal
combustion enzine throush a friction cluteh, f_luid coupling or a torque
converter courliry - | irunsmits i% to a drive (traction) axle at a
mltiplicity o1 s,.ceu anu torque ratios,
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™e tyrical trarsricaion chosen for the case sty 49 o

- "constant mxzh counterstaft Cransmission”,

- mltispeed (3, 4 or § sveed) forvard and reverse wvith er-withewt
overirive,

~ different spesd =~atics seleeted for esch application,
Patic (averaps) ~overed: .
1.0 (direct) o 2.00 for & I=opeed tm:ém,
0.8 (overdrive) to 7.50 for & S-speed transmiseion,

- pAX, engine input torque range within 120 ft, 1b, te 390 £, 26

3.
T™he typical transdsaion chosen for ths case study ean b bYrehen dom

for sconamrical analysis into three grouts of parts:

*

(a) Castings, corprising mainly the case, cover and retaismers.

(v) Gear, stafts, bearings ami other quality parts made of stesl base
or steel forgings art that require machining end heat trestasnt
for mtufacturing,

(¢) Sammec parts frem sheet metal amd otler siscellonceus parte of
small unit value,

6. Amzoximte rercentual ya'us
Wo estimate that the aporoximate percenrtual value of & trensmiseien

referved to the total cost of a vehicle is as follows (taxes ant cotimnted

profit for both manufacturer and distributor dedusted fren selling pries of
vehicle):

(a) In a pessenger car: 4.4 per cemt
() 1Ina treek: 6.8 per cent
(¢) Ina tracter 9.0 per st

T™his average refers to the Braszilian mriket,

/I, STANDARDIRATION
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I1I. STAFNDARDIZATION (NO%'ALIZAT.CY)

1. The tranciicsisn ic a hivhly enrinesred ~echarism whose des.irn
is determinad bt~ ¢re ensine characteristics ard pre-established coniitions
of utiliszation of the vehicle along witl o*'er faciors. Thus, the
standardization of a transmission depenis baricully on the stantardization
of these determinan: factors,

Thir standardization is more easily attained in the truck market. In
the Brazilian raricet, for example, three basic transmissions are weed for
Sruck applications as fellows:

(s) 3 speed = 120 to 190 ft,1b, max. engine torque for uwp to 1 tom truek

(b) 4 speed - 130 to 250 f1.15. max. encine torque for 2) to 6 ton tresk

(c) 5 spoed - 280 to 350 £t.1d, max. engine torque for 5 to 8 ton tm;

Hithin a lim'ted range,each of these threc dasic mocels can be of fered
with different snecd retice by changing one or two sets of mating gears, The
opeed ratios available are such that they can satisly most of m ®razilian
resd, loading, ard usage conditions.

Only a few oarts such as ball bearinys, nectle bearings, edl seals,
retainers and fastensrs are stawtariized at the presemt tinme,

The gear and shaft desisms are a result of eowlex ngineering criteris
and snlculations and in many cases fenend also on available produetion tooling,
00 they may not be standardised for universal interchangeability,

Bfferts afe made by cur rroduet ensineering pscple to utilise the samw
goer end shaft in different tranemissions as mich as possidle. Bt this my
result 1n far fron ideal miltipurpose standard gear snd shaft desigme.

In addition to these basie difficulties we have the incompatidility
withia netriec and inch systew that would require two large groupe ¢f nen-
isterehangesdle parts,

Nost of steel and castings are spscified aymxm/ermm
Non=ferrous an nonemetilic materials are speeified by SAX standards.
Ball and roll bearings are specified by 150 metric standards.

The fasteners are specified by 3AL ard/or 150 metrie staniamds,

/IV. EAUPACTRIS
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T™he samufasturiag of the trensmiveion cheoen for csoe stuly imwmives
he fellewing operstions iaside ewr plamts
Neat Trestmsst :
Assenbling
(o) Dacsing . -
Moot gear ond shaft are ferged parts frem carten ont/er alley stend
. Ghtained in iapression or wpesttingdie, B
() Mshizias . ‘
Maskining can here %0 dofined oo & moshanical eposetion that wees
- anebdne teels that remsve mterial in the ferm of ehipe %o give o
plose or part mchkined opocifis ¢imsnsionsl telerences.
T™he mohining eperetions are esually divided iste W's gCoper
(1) Mackining of gresn sarts - stes) bars, «sot ant formd parts
© without or Jafary hest trestamt, sush as turning, silling,
érilling, bering, tagping, testh sutting, chanferiag end
shaviag; . .
(11) Machiniag of dard parts, $.0., stecd parte gfigr Moot toestmemt,
outd 00 grinting and hening. )
Moot stecl parte of the Sramsndisaion that are svhmitted o stress
ont/er wear are trested to Anpreve thelr physicsl cherecteristics,
@) Asembir , A ‘
As caeh part of the tranenission s mackined ond comtvelled withia
opesified dinsnsional telerenses, all matting parts een be obtained
without spesial selostion or odjustasat. In ether wards, 21l paste
are isterchangssble,
wmwmmnnnwmmtcm
MM‘&MM‘NNM
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2. Mtemal |
The typical transmission chosen for the case study presents the
felloving rav mterial bresidown’

e B

Castines 2% per comt weight
Cardea and alloy steel TN per cemt
Others ] per comt
The material unit averege conmmption of the trensedssion ist
Casting &0 g
Carbon and allay stesl 110 kg
‘Others b g

Y. PROOUCT OBSOLFSCINT

um:wtwmasuh“nmtmmnyddﬁdmm
200t years (unless yLu eonsider the automatic transmissica as & modification
widsh for the purpose of Latin Americs and partisdlarly for thiu case study
WO &r¢ eondidering as & different preduct), we ussume that the basie sedels
Gre Bot guing to be apprecisbly moedified during the next ten yesrs at least,
*mxntrﬁmlmsintbotmmmau.
But do not change besie designs, Thus, the produet lends itsel? to
standardisation throughout Latia Americs with the possitilities of one plamt
mmmmmﬁnﬁm@umm
sasufesturers throumout the reglon,

V1. 14D, WILDINCS, AND EQUIMGNT

Ressricticn
The trunsmission plant of Tquipanentos Clark 8.A. 1a Valinhes, SF,
Bresil, ws laid out for sn aversge production of 10,000 sssembled
Wctmtmudplumnmraw.mm.ha
vegalar tw shift opere’ion.
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~ The type of layout can be defined by the following distridution of

areas: .
. 1. Bulldings
Mamfacturing: machining - 39.6 per cent
forging 7.3 per cent
heat treat . 10.3 per cent
agssembly 6.6 per cent . |
Sub-total manufacturing 63.8. per cent
Shipping, receiving, and storage (covered ares) 8.3 por ot

Mamufacturing services (tool orid, tool room,

. maintenance, ete.) 10,7 par cont
Baployees® facilities ~ » 6.3 per cent
Muinistration offices , 40,8 _per gent

L . 00,0 per omt

2. lanl
Total property ares is 385,000 m2, From this ares only ? per cent is
oooupied by trensmission mnufacturing bmunp up to the present time,

New constructions and/or improvacents on existing tuildings can essily
%o made on the remsining uncovered land,

mm«ummmmmmummmnmx.m.wo.

mtmmunmmm.mmuuyww

(s) Rlectric energy : 750,000 Kw, hour

. (®) Puel 011 (heat treat and forging) 250,000 itres
() Lubricants and cutting ot1 . 2,000 1litres
(¢) L.P.C. for heat trest 47,000 kg
(¢) ‘ater ‘ ‘ 3,50 o
g |

wn.mummumc-mmmunmmum.
m.mthcwm.'m-tomhm-hﬂmlmuem
being built by the Brasilian government throughout the Seo Pamle
state (one of the world's largest hydroelectric projects:
2,413,000 kw). |

/(11) Petroleum
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(11) Petroleun refined wroducts and bwesroducts are becomdr.,
increasinely available from looal oreduction. Thus, we wvill ast
have any restriction on increased cowumntion of these needwsts
in the foreseeadle future,

(114) &mmmmmnnmmm&am-vu
facilities.

. Mashinerv and sowireest "
To nerform the mamufacture opersticns as deserided above, adegate
mmmmmmummwuuune

~(s) Mashintne -
lathes = Sutasatis, coovine, turret, multi-erdatle, ole.
Broach ’ « hole and surface droseh (horisents) ond vertie
beld’ = wridt, redial, mlti-eriintie
m « doudle o.d
. Mline = horisental, vertical, wniverssl, dwnlem, ote,
Orindine’ = interm], erternal, nlane surface, cemtrelese
ommuus'-mmm

. Gear shaving = rotatorv tvpe

Osar honing
Tooth chamferine
Others -wmwm.m.

(o) - Porgine ‘ |
2 Uvsettere - (A* ot &v)
1 Maxipress = 3,000 tens
2 Nesmers e 2,%C snd 4,000 vounde

1 Coining wrese = 400 tons

Purnace, wheslabtvater fersine clevsner, steam bellsr and cowmpessers,
(o) Hest treat

1mmmmm

& Allcase furnaces

1 Mish frequency indwstion machine (400,000 e.n.s.)

2 Fediun frequency induction machine (10,000 ¢.n.s.)

/A Nreiphtening
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L Strairttenine presses
2 Qque~chinr nrogges
1 Shet raenir - equinment
1 "%aolazrater (shot tlast ~leanine)
Pote: (1) "-a* nf ira marhing tools and euuirment are wniversal tve
' of rroiustion equipment. Thus thevy can overate for either
lore or srort job lots. )
(11) “achine tools for the mactiming of cast irem "bax tvee marts®,
euch ag cases and covers, are equinped with Jirs and fixtupes,
Total value ” the rachinery amd equiement involved can be egtimsted
at 883 9,500,707, About 5 ~er eent of this euirrent as orisinally bdeught
a8 & reduilr equirment ard act 1ese than 95 per cent was imoorte! free of
®ttone duties ir sccordance with the Presilian government's rationalisation
ol alant mor'ernization rro-rarmes. g

. ST OF THE SR0DUCT

The follawine i-"ormetion 18 based on & resl case of & vartioglar
Srenemission manufsctured in oup nlant. This is a five sneed svnchrenised
Sreresission for trucks des{med by Clart Equi~aent Co. {n the United Statess

. Eiurine eoat L
(Allev) stes 15,9
Castingg 15 b
RFU marte - 1ocal (N
RV varts - i'werted : 0.1
Pireet ladour : 3.1
Intirect ladour 3.0
Pavroll expenses Y )
Toeling amortisation 9.0%

Depreciation (equisment amt aiddings) &

Quality eontrol 2.15

Peel ant lubricams 2.9

Rlectricity 0.2

Kaintenance .9%
Wi‘:ﬁﬂﬂ@ cost m

MMates (1) Tde '

!
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Eote: (1) ™is =mmufacturin- -3t 2:* 3117 re-ceperts a~rovimately
7L mey comt 0F the total et of the tranamission after
¥idine admintieatrative ccgt w{ck {nelwies orocessin~ and
desirmine envinserine, nurctacirs, wignmi s ane rroduction
control, lersl, finmaneial, etc., zs vell as sales exvenses,
taxes ard technical assis’ nce feos,

(44) Zoct of rawmtorial st some ~ain murct1sed rartg - Locsd = I

Allov steel} 0.30/ke
Certen steel 0.27/xp
Castiny | 0.40/xe
Maindrive beerine 3.9
Srift lever 3.
Rod end elevis | 1.5
Bkl (a) Hormally we do not imoort anvthine as Brasil sroduces sl

that we need,

(b)halnmm»tmanmlvmumwca&ddﬁm.
we dxduet from the {nitisl cost of the part and consider the
total veid on sales as & detuciion fron ross sales.

VIII. IWESTIENT, DTPRETIATION AND ATRTIZATION

™he inves’sent in lem, “ulldines an! rachiner~ axd euirment was
siven befere. Resardine tesline, we have an invest-ent of sroum
U86 1,900,000, The desresistion and srortisation considere! in our nlant
for oguirmert are sround 15 ver cent. Bulldines are derrecistel at the rate
d&imm&mm“m%riihwm. Remrding tooline,
W amcrtise 40 follows: (a) Perishatle tools are er~enses as soon as thev are
requis itioned for rreduction; (b) Sed-perishabls toolins is amorised on the
Yeais of 1/12 of 1ts cost par morth after it 1s reqiisitioned for nrodeetions
and (¢) Non-serishable tesling is amortised on the basis of § years,

/1IX. WAPCER
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IX. MANPO'ER COST

Rerarding cost of labour in Brazil e can consider that an average
hourly cost for production semi-sicilled labour 1s around US$ 0.70 including
fringe benefits. From that voin: on vou have hirhly skilled labour,
en~ineers, sunervisors, and managers. The range moves quickly fron one
bracket to the other until it can reach easily around 1,500 to 2,000 dollars
oer month, for managers. The total ravroll cost is arcurd 25 ver cent of -
the anmual sales. ‘

X, WORKING CAPITAL

As mamufacturing transmissions in quantities require a lone leed
tine, the working capital needs are relativelv hieh in snite of the fact
that sales to OEM customers are normally on stort-term basis, we can
oonsider that our nesds for working canitel are around 3 million dollars,
T™his fisure revresents dvvraximetely 25 ver cent of the anmual net sales,

SALES EXPENSES

As 95 ner cent of our business is carried out with OBM customers,
Mmmucvmm:ﬁcomdom svend mach monev in
distritution, advertising, etc. The same amplies to transvort amt
warehousine costs. However, 4f it were possible to exnort, transnort amd
wmemmmmtommémamoMnm«wom.
devendine uoon destination,

SUMMARY

Thiuinmluthtnminhunmhmmmunh
the sctusl quantities to bs produced durine the vear. This problem needs to
hmurwmmmmofmmmmomumnumum
mtmrm.ammtodmmmduwm.. The result
, mmhmmmameutmmz,mzmmummm
Gometitive in the world markets.

/The solution

:.
3
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The solution could be obtained by creatins conditisms for a tlanc
in a certain country to concentrate on m: Jacturing certain oot ls fam s

A e - -~

oy

greater market, say, all Latin America or several ccunirics in Litin Az cica
and having other plants in other courtries concerirating in sthuey ~tels
with the basic idea of interchanging them, thaus offerine ror t'~ « 1, sla
manufacturers standardization in quantity transmiesisn in L) ceurt rler
involved and, of course, at the best possible price inasmuch as ¢ >
manufacturing facilities in the different comtries can b= utildzml at their
maximum =fficiency. Ths production conceniration will further allow
these manufasturing facilities to moderniz: the equirsert ana even to siaet
using more special semi-automatic and sophisticated equ'igx:em whih tcdaw
1s only used in highly industrializod courtries permitiing hi her .rcduction
at reduced cost,

The following chert using the actval fizures of the trerarissior chosen
for the case study will emphasize *ha effect of tha Quaniities on Lhe cosi:

v les voliie degreve.l on eqct

1,200 g/ 100

" 2,400 n 100 27.0
4,200 63 | 75 13.7
6,000 58 43 8.0
8,400 ' 55 46 5.2
10,800 53 29 3.6
13,800 5,5 28 2,9
1,000 - |

*8ee

. and .over g/

R S

8/  The current sales in Brazil of 1,200 urits was assumed as the Lase
volume to which correspondis the bage cost of 1N0,

b/  Total cost should be understood as selling price less profit, including
G& A, selling, interest, warehousing, and transport expenrses.

8/  Over 14,000 units sold per year, the cost reduction weuld not be
significant unless the sales volume increase iz in cuch 3 way that it
would require a revision and reorsanization of the producticn facilities,
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