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standurd gearbox, sy'ncumn-aed and hydramatic geurtoxes with
soupled transmissicns (auxiliary)
Fluid-drive geurboxes

(tmarboxes for earil-mov.ng squipment
Fosttinger tcrque Sonuerters

Ales

Lok=o-matich aiffereantiuis
Transmigsions for tractors ) A
Transnissions for hurvesters and other |¢lf—prop.11.ﬁ .mmw _
machinery

Reduplan transmissions

¥echanical steering gear

Kydraulic stezring gear

Lydrostatdc steering gear

Hydraulic punmps

LA

- Marine raversing gearocxes

Trensmissions for aercnaut ical uses
Elect.rm@ctmc clutches, hydraulic dise clutches, pnmm
~lutehes and mechanical clutchu
Transnissions for machines operating with electromagnetic clutches

The Brazillan subaidiary manufactures the following products on the

Standard gearboxes, synchronized with coupled tr(nninsim' (mailhﬂ")'
Hvdraulic steering gear. ' f :

Hydraulic pumps for hydraulic steering gear

Marine reversing gearboxas

Within the motor-vehicle industry, the company's prodmtn are wsed in

the following applications:

: .

/(a) a-u-w-
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(a) GCeurboxes for passenger curs, lorries, buses, agriaultural machinery,
earth-moving machines, excav:tors and hoists, and special vehicles

(b) Auxiliury transmissions for verious purpcces

(¢) Drive shafts ]

(d) Steering gears and steering systems

(e) Engines

(f) Differentials and clutches (torque convertors)

II. Jbe product

The product selected for the study was a gearbox with the following
specifications: - .

Pour-speed gearbax (see section 1II)

Weight of the standard version: 26.5 kg.

Maximum entry torque: 18 mkp

Gearshift lever, either direct-action or mounted on the

steering column '

All purts of the casing are mude of aluminium. The gearbox ray bdbe
expanded to five gears using virtually all the purts of a three-speed
gearvox produced on the same production line.

The standard version gecrbox is a four-speed gearbox with direct
gearshift, By eliminating scme paris, the sare geardox can be used with
a colum-mounted geurshift, It can be used in verious btypes of vehicles
by modifying the coupling system (more detuils on this ar: given in
section 1II). The gearbox is applicuble to uedium-cir passenger ears,
where it would account for about 5 per cent of the total cost of the
vehicle (e.g. Opola in Brasil and the Peugeot 404 and Torino in Argentina).

11

1. The standard gearbox san be adapted to various uses by adding parts
or changing components, This ylelds a high dogree of stundardization
but, nevertheless, a wide variety of possible mcdificaticns. The gearbox
forme part of a single line of production in which complete components
can be used in three-speed and five-speed gearboxes of the samo line,
both with a wide range of possible modificutions. The gearbox can
therefore be adupted to a grest many different applications. The cost of
adapting the gearbox is low and was not taken into account in the present
study. '

/2. The
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into groups or sub-groups in terms of their function, for purposes of
purchase and msnufacture. Tboycmdnhclmifidbym&mot
material of which the parts are mpde, as followss

Dxpe of materisl

0 = Castings

1ePorged parts

2 = Steel parts

3'8d~umtucturdpnﬂ.s

& = Yanufactured parts |

~s-smmm<m)nm ‘
. 9 = Inported parts

mmummmmnmchum«wwam,

utoum(mmz)a
mno- ap.m

" llzlpm- ,

" 289 parte

. 3-7p-m |

" unzp-m

» 5 =131 parte

"‘ 9= 8 parts .

. hmlﬁﬂthmﬁhuﬂrtwﬂu“&ﬁua
-mmdpmmmzmoua. All the cther parts sre
Wmmmmnm . ;
. mmwwmnqwmyo:wuumudmwmm-.
mmnmummue(mumm,z)umzmwmma
mmmmumuum
3. mmwsmmmmm. mnmmaln
standardised on & large scale, The same parts are also usually used in
other production lines within the caapany's manufucturing progremme,
wum«mmmm.m.m«;maw
mmumwnumum-mum. : .
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With regurd to production in the plants covered in the present study,
components made of materiuls types O to 3, plus assembly, were considered,
The following machining operations ure, requi:;ed for the manufacture of
these components:

1, Turning

1,1 Machining on automatic lathes

1.2 Mschining on turrst lathes

1.3 Machining on copying lathes

1.4 Machining on engine lathes
2+ Gear dllin;

3. Gear cutting
4. Angle worm-géar cutting (GleasontKlingeinberg systan)
5. Drilling . ‘

§,1 Bench drilling |

5,2 Multiple-spindle drilling

5.3 Special-purpose drilling

8.4, Multi-station drilling
6. Milling

6.1 Horisontal milling

6,2 Vertical milling

6.3 Groove milling
7. Rounding of edges
8, Gear shaving
9. Heat treatment

9.1 Annealing

9.2 Surface hardening

9.3 8urface hardening in circular oven, in chamber oven in oil

or in salt buth

9.4 Nitriding

9.5 High frequency induction quenching
10, Intemal grinding -
11, Bxternal grinding
12, Oroove grinding

/13. Flat

r
}
|
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13. Flat grinding |
u.rmmwwmm

- 15. Straightening

16. Angle worm-gear'honing (an mt-)
17. Noise check on test banch

This means thut the folloving machines are reguireds
3. lathes
1.1 Automstioe

1.2 Turret | o S
1.3 Copying A o
14 Mgl Do

2, Norm=gear milling machine

9. Heat treatamt M' ‘
' Ciroular oven
Salt bath
Chesber oven
Induction machines
10, Intermal grinder
11, External grinder
12, Groove grinder
13. Flat grinder
1A, Testh grinder
15, Streightening press
16. Honing machine
17. Test denches

mwamumwuawdu .

section VI,

/in the
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In the munufacture of the gearbox, the following amounts of raw
materials and finished products are required:

Percentage of total Percentage
value of complete Weight in kg - of total
gearbox weight
Aluminiun castings 15 6.5 - 25
Porged parts &0 13.0 L9
Steel bars h 2.5 9
Semi-manufuctured parts 2 0.3 i
Manufactured parts a 1.9 7
Standurdized parts (DIN) 7 1.7 b
Imported parts n 0.6 3
100 26.5 100

I B——

v

The volume of produstion was estublished on the basis of monthly
requirements of

3,000 units for Argentine

| | 2,000 units for Brazil .' ’
These quantities ulso mt the minimm aaounts necessary to

nuke manufacture of the gearbox econamically justifiuble, Depending on

the murket situation and competitiom, these figures may be adjusted

upwards. Downward adjustments were left out of account since they would

mean thut manufacture would no longer be economically feusible.
In these assumptions regurding quantities, it is of no importance

if the quantities given for a country are taken up by more than one

customer, because no account was taken of the cost of adaptation to

different spplications (see section III).
The figure of 5,000 units for Brasil end Argentina relates to a

stundard version gearbax without modifications which will not’ require

technical changes for five to eight yeurs owing to its extremely modern

design. It was therefore assumed that modificutions would only be made

if desired by the customer and that they could be left out of account because

of their great variety (see section III).

/V1 Since
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VI

Since the present study is designed to show the saving that oould be
achleved by separating production, i.e. mmufacturmg the gearbox in parts
in Brazil and Argentina, the cost of investment and manufacturo was
compared and studied with respect to the following alternatives:
A 1. independent manufacture of the geurbox in Argentina und Bragil
(given the present trade situation, this is very necessary);

A 2. Manufucture cf 5,000 complete gearboxes in the Brazilisn plant.

B.  Separate production of the 5,000 units in relation to the needs,
considering where advantage could be taken of the cheapest
sources of supply and the munufacturing possibilities of the
two countries. If the parts were to be exchanged between the
two countries, it was assumed as & basic principle that, for
‘each of the countries, the amount of spare parts exported in the
interchange would be equal to the amount imported. An important
point to bear in mind when distribnting production is the ideal
level of investment,

Under both basic alternatives A and B, it was assumed that both
eountries are in a position to manufacture the gearbox (our corpany in
Brasil, and in Argentina there are campanies operating under licence of
some other arrangement, with which we have established links), i.e., that
in neither of the two ulternatives would it be necessary to construct a
complete plant, the cost analysis being based on expansion of existing
mamufacturing capucity,

It was assumed thut only existing idle capucity would be used- to
manufacture the geurboxes, and no account was taken of the basic investment
required to set up a plant, Consideration was given, however, to the total
capacity required to carry out all the operations depending on the capacity
needed for ancillary sectors such as grinding, machining, etc,, and to the
total investment needed to carry out additional administrative tusks, etc,

In brief,the manufacture of the products under study is based on
existing plants in Brazil and Argentina whose production, we think, should
Do expanded equally in euch country to attain the end sought without using
any possible existing reserve capacity.

/8ince in
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Since in Brazil it is not possible tc¢ estubli:h the cost of and
conditions involved in setting up a plunt in Argentina to manufacture
3,000 gearboxes and 5,000 sets of comgcnerts (~iltem tivss A.l and B)
independently, the study was carried vut on ‘ie basic of the economie
conditions in Brazil. This would seem t< be a sufficicnt basis for
evalusting the economic advantage of joint manufeacture, since o reductiom
in costs - irrespective of the difference in econiciic conditions in the
two countries - would be achieved by the combinution of a grcater volume
of demand and production. .
Alternutive A 1

For a monthly output of 2,000 complete geurboies in Brazil, taking
account of the points mentioned in section VI regarding the expansion of
the Braziliun plant and on the basis of current costs, the sale price of
the complete gearbox in Brazil may be taken as index nunber 100,

According to the data (see annex 1), tie investrent recuired for
plaat expansion in order to munufacture at thi: rate would be aporoximately
18 million cruzeiros. Ainnex 1 shows now the inveciment would be useds
70 per cent would be needed for instailing ine production line and
purchusing the necessary muchines and equipment. The muchines would be
virtually all imported, and it w:s assumad timt it would be exempt from
customs daties. Some 3.8 million cruzeircs would e required for the
ancillury sections, while the renainder would e used for expanding
buildings wnd installations,

The expansion of the Bruzilian plart for the minuucture of 2,000
ocaplete gearboxes would yield an additional -~ . .cit; of approximately
16,400 machine-hours and 4,000 man-hours, plus the stalf rejuired for the
sncillary sections and for administrailve services,

The installations for the expx sion of the Argentine »lant for the
separate manufacture of the remaining 3,000 pgeartoxes would require, as
shown in amex 2, an estimated cupital investment of some 24 million cruseires,
based on conditions prevailing in Brazil,

The same cost fuctors can be taken into account in compiring monthly
outputs of 2,000 and 2,000 units respectively, since there is rc signifiesnt
cost reduction in increusing output from 2,000 to 3,0.0 units, owing to
the special features of gearbox manufacture,

/Additional monthly




Additional monthly capucity in the plant would be approximtely
24,400 machine-hours and 6,800 man-hours, plus the staff reguired for
the mem:ry sections and administrative n-vicea.

Alterpative B

To install two mrm pr«hcuan nnu, as under dm-un Ald,
in Brasil an® Argentina, the capital investment required would thus be
18 million plus 2, million cruseiros, or 42 million cruseiros, without
mmmmmtimhrcmtnmwm_wu‘oth
small volume of production. 1f the msoathly cutput of 5,000 gearboxes is
divided between the plants (slternative B), each plant, depending on its
lines of production could uchieve considersble cost reductions; and the
maximm investment required could be reduced to approx mately 15.9 million
cruseiros for the Brasilian plant (see anmnex 3) and 22,5 million for the
Argmtine plant (see amnex &), or a total of 38,4 million cruseiros -

3.6 million less than the figure given above. Under this alternative, the
unit price index mentioned in section wauld be reduced by 10 per cent to 90,
However, there would be additicnal oosts for trunsport by land

betwesn Sao Paulo and Buence Aires amounting to 15 eruseircs per set of

ocamponents or gearbox. These would represent 1.5 per cemt of the price of
mmmuomtm:mummmm
are more than 8 per cent under alternstive B, campared with alternstive 4 ),

If trade and politiec-cooncmie relations in Latin Americs were sush
that it was possidle to mamfasture all the amthly requirements of 5,000
gourboxes in & single plaat, and aports to the other ecuntry were éuty-free
and ¢id not involwve ecapensatory arrungments, this altermative should de
preferred, for it would yield sdvantages, noted wnder alternstive 3, namely

Leat reduatima oving to semanies of asale.
The volume of favestamt would be higher than thet givem for

 alternwtives A 1 sad B, owing to the installation of highly sutemsted
installstions, tat there would be cconcmies from stresmliaing in masufucture
and adninistrution videh might result ia a lower selling price.

~The actual ecsts of this altarnstive were not studied sinee it is net
fesgible given the curremt carist sitastion ia latin Amerieca.

/N1 ¢ X
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The cost analysis wts based on current Braziliun data, for want of
infomution o the situation in Argentina. all the data givea in the
prosent section relate to ulternative A 1 (see scction VI), under which
the Braziliun company would produce 2,000 gearboxos per month,

1. Cost of materials

The calculutions made show the cost of materiuls purchused from
outside suppliers to be gprroximately 30 per cent of the sale price. The
share of the vurious types of materiuls in the total cost has alreudy been
shown (see section IV), with raw muterials accounting for % per cent in

- relation to finished purts. :

Prices for “he most important raw materials used in the manufacture
of a goeurbox in Brazil are as follows:

Between § and 11 cruzeiros per kg. for cast aluninium (Alu Al Si Cu 3)

Between L and 4 cruzeiros per kg. for forged purts

Between 2 and 3 cruzeiros per kg. for steel tars,

These prices include 17 per cent Circulation.: of Goods Tax (ICM). Parts

not yst manufactured domestica:ly and hence impcrted acecount for 11 per cent
- of the materials usad in manufacture. |

2.  Mapufgcturing costy .

The cost of mamufacturing the gearbox (ercluding cost of muteriuls,
edles, administration, taxes und other iteus) represents 25 to 30 per cent
of the sale price and can be broken down as follows:

(a) Staff costs ]
1. Wag:s for staff directly angaged in munufarture ..ceoeee 9%

2. Wagse for stuff engagzed in ancillury sections and
maintensnce C00RCEP0 COPEENEED 20100000000 00s0eatactenss ﬁ

3. Compulsory and mluntary social welfare COSLS ....cseeeollf
Total staff costs 284

The compulsory social welfare ocosts included under item 3 anoum®
0 75 per cent of the basic wage (without overtime) and camprise the
folloving:

/Contritution to
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Contribution %o the National Institute of Social

Welfare (INPS). cecccoseccaccosscccsssssscsoncsssecsosscssces 8
Contribution to the National Industrial Apprenticeship

Service (SENAL) ...eeescesesesecosccsopessessacssscosseceseledh
Contribution %> the Industrial Social Welfare . _
Servi.ce (SESI) seeecscecssese ssnccsccccssssococsossossssse L%
Contribution tu National Institute for Agrariun

Development (IiDA) s.cceecesscocccscssoscssscosascscscssse Okl
Industriid accident insurance ...;..'.-.............‘........ .48
Pamily allOWanCes ceeecccessssaccascoocasesscscsssse snsese 4.3%
Education 21lOWGNCeS eseesecesccsesssesssssscsssesosscrsce 2ol 1.8.3

Sunday pay, including social welfure churges .............18.075
Holiday pay, including social welfare charges ceccecesess 5.5%
Vacation pay, mcluding social welfure Charges ccececcscce 9.0%
Justified absences, including social weifare charges .c... 1.0%
Work-agsociated illness and accidmts, including social

Welfure charges scecessecsrasenesecece cocrcssrcsteceiontce 2,08
Notice, including social welfare Charges cecececsossccioes 18 36.7%

Legal thirteenth month's wage, including social
welfare &87833 . .0.0000.;00000000000000‘000000000000..0001006’

L‘ngth of service guarantee fund (NTS) esse00s000ccssecese w
Over-all total cceseececccecccccecscsssescescsscssccece (7‘00”)

The company also pays other voluntary social welfare costs, such ui
Medical ca:e and hospitulisation '
Restaurant
0fficial transport
" “"Special clothing, etc, : '
\M.ch represent 25 per cent of \ugu and saluries. Total social welfare
charges represent 100 per cent of wages and salaries. /
(b) Expendjture on energy . - :
The Brazilian plant's expenditure on energy averages 0.03 cruseiros
per kilowatt, The sharc of energy costs in total manufaucturing costs is
about 3 5 pur cent, or approximately 135 kilowatts per unit.

/(¢) Ancther
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(¢) Another important component of manufacturing costs is the cost of
machining tools and equipment, including maintenance, whicn accounts
for close to 16 per cent of total manuracturing costs,

1n addition, the cost of the SpCCLal tools and equipment requiud
to start production amounts to 883,000 cruzeircs, as fellowss

Moulds for aluminium casting 350,000 cruzeiros
Moulds for forged parts 75,000 cruzeiros
Dies for stamped parts 85,000 cruzeiros
Equipment ’ 235,200 cruzeiros

Special tools for machining and assembly 138,000 cruzeiros
(d) Manufucturing costs also include expenditure for the maintcnance of
sachining equipment, including the necessary installations, which ’
represents about 8 per cent of the ilotal,
(2) Machinery is amortized over a period of € - 10 yeurs and reprosents
16 per cent of manufacturing cosis,
(f) Because of tne high standurds required in the manufacture of a
gearbox, and the many complicated operations involved in geur-making, &
great deal must be spent on quality control, representing approxinately
10 per cent of total manufacturing costs, “
(g) The other components of manufacturing costs include expenditure of
oomplementary muterials, plant maintenance, and technical duaminrnﬁen
such as industrial engineering (design and engiaeering of tools and
equipment) production and planning,
3.  General galeg costs

Based on experience in recent years, the cost of m:rketing,
including technicul assistance, represents 15 to 20 per cenl of the sale
price, Since gearboxes are delivered directly to the notor-vehicle '
- manufacturer, there is no need for a distribution network.

Ao Sales tax
The sales tax includes the 17 per cent Circulation of Goods Tax (1cu),

/X1 The
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7.1 million cruseiros, which covers immediately related needs such as
purchuses of rew materials and cther materials, produsction Mu
and the finmecing of sales. . ' :
Transport costs were ocmsidered under altermative B in section VI,
'rummuomoio«u, u'mmmwugmmmm
MoMua&ddﬂvmutanlmuumm
This does not exclude, for purposes of guarentesing delivery, the
mmm&accmmaaqnmm. However,
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) &% 12 920 40
1I.
2 24,0 000
1 260 000
280 000
111,
Scuare netias
Production 1 360 ‘
Heat treatamnt paly
Tools ' a0
Tool grinding Uo
Maintemance 200
Storage of rew mterials 90
Storage of parte for assambly 100
Assembly and oontrol 150
0{fice space ©
o 2 560 | 9é6 000
Installations 0900
fotel investawt 18 068 &0
19 mgust 190

quz.




Anmex 2
.00 seartoxns
L. Jechlngy for urodictdon - Total . 717 202 400
I,  Jachinery for snclllary ssotdons .
Tocls 3 220 000
Tool grinding 1 820 000 °
Muintenance _ 260 000
Il Joveatqent in tudldings.and lasilisiss
| Sqars miras
Production 1 820
Heat treatment - a0
Tocls ' m
Tool grinding 180
Muintenance .. 200
Storage of raw msterials - 100 -
Storage of parts for assemdtily - 300 _
Assmbly and control 150
Office epace . 80 S
310 3 120 000
" Installations -—A20.000
| Total investmmnt 24 032 400
19 August 1970
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Amex 3
5,900 &\ Sferant pacta
1. Mchipery for croduction - Total T 11492 60
Toole .. 1 988 000
Tool grinding ‘ 1 149 400
Maintenance 260 000
IIT,  Jnvestmsnt in bulldings snd Dacilitiss
Sclre mices
Production 120
Nest treatamt 20
Teole 220
Mintenance . 100
Storege of rew mterials 300
Sorege of parts for sssenbly 300
Assesbly and eontrol 150
. Office space ® ,
| 2 20 M 00
Installations 22900
Sotal iwvestmsmt 15 911 000
19 Mgust 190
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Tool grinding
Mointenance

Iovestment in bulddinsa and facilities

- AMare metres
Production

Heat treatment

Tools

Tool grinding

Maintenance

Storage of rew materials
Storage of parts for assambly
Assembly and control

Office space

[}
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Installations

19 August 1970









