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standard gearbox, synchronie and hydramatic gearbox« with 

;oupled transmissions (auxiliary) 

Fluid-drive gearboxes 
fk*&rboxes for eartl--moving équipaient   # 

Foettinger torque convertira . 

tolas 
»Lote-o-aatic« differentials 
transmissions for tractors . 
Transissions for harvatere «id other .•ìf-proptll*i Hl4«lltitftì 

machinery 
Keduplan transmission» . 

Mechanical steering g«*r 

Hydraulic steering gear 

üydroataUc steering g«ai  . • 

Hydrauaie puaps 

Marina reversing gearboxes 

Transmissions for aeronautical uses 

Electromagnetic clutcbea, hydraulic dit« clutches, put*»*« • 

«lutehea and mechanical clutches 
Transissions for machines operates with electwaainati« el«*«!** 

the BraaiUan subsidiary manufactures the following producta on tut 

"S ' Standard gearboxes, synchronised with coupled transatti« («udii«*) 

a.  Hydraulic steering gear. 

3. Hydraulic pumps for hydraulic »tearing gear 

4, Marine reversing gearboxes 

Within the «otor-vehìcle industry, «it coapany«* preset» are uaed la 

the follofidng applications $  

/<•> 
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(s) Gearboxes for passenger curs, lorries, buses, agricultural machinery, 

earth-moving machines, «eavî.tors and hoists, and special vehicle« 

(b) Auxiliary transmissions for various purposes 

(c) Drive shafts 
(d) Steering gears and steering systems 

(•) Engines 
(f)     Differentials and clutches (torque convertors) 

II,   Itlf product 

The product selected for the study was a gearbox with the following 

specifications» 
Four-speed gearbox (see section III) 

Weight of the standard versioni 26.5 kg. 

MSJdauB entry torques IS mkp 
Oearahift lever, either direct-action or mounted on the 

steering eolutm 
All P*rts of the easing are nade of aluminium.   The gearbox Kay be 

expanded to five gears using virtually all the parts of a throe-speed 

gearbox produced on the same production line. 
the standard version geerbox is a four-speed gearbox with direct 

gearshift.    By eliainsting some parts, the sarre gearbox can be used with 

S column-mounted gearshift. It can be used in various types of vehicles 

by Modifying the coupling system (more tìetidls on this ar? given in 
•action III).   The gearbox is applicable to medium-sir-u pasoenger ears, 

where it would account for about 5 per cent of the total cost of the 

««hiele (e.g. Opels in Brasil and the Peugeot 404 and Torino in Argentins), 

III 

Xm      The standard gearbox can be adapted to various uses by adding parts 

or »hg*g4"g scaponente.   This yields a high degree of standardisation 
but, nevertheless, s wide variety of possible modifications.   The gearbox 

forno part of a single line of production in which complete components 

oan be used in threes-speed and five-speed gearboxes of the same line, 
both with s wide range of possible modifications.   The gearbox can 
therefore be adapted to a greet 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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2*      tht gaarbox eompriooo opprodmotoiy UO purtt which MU bo divided 
into groupa or tub-group» in Unni of thoir function, for purpoooa of 
purchaaa and manufacturo.   Thoy eon also t» claaüf iad by tu« typ« ** 
natorla! of idHea too porto oro "fdo, M followoi 

foot of material 
0 • Cuttings 
1 - Fprfod parti 
2 - Stool parti 
3 • otaú-aanufacturod parti 
4 • Manufaoturod parti 
5 • Stondorditod (DIM) parti 
9 * Importo* parts 

Hit p»rU la Imo gtorbox eau than bo claaiifiod by typt of matorUl, 

M followt (too OOJMK 2)t -   ""'•   '  ." 
typo 0 •  • porto 

• 1 • 21 porta 
•    2 •  9 porta 

3 •  ? porto 
Op   ^^   MMbOO)    OW" "m* 

'•o   '5 «131 parti • 
• f »   0 porto 

too oroyinj ittalf lo raoponaiblo only for tho «anufaoturo or 
rt-H^-g of porto ocming undar typoo 0 to 3.   All tat othor porti oro 
poronoood fro« outaida ouppliari.  •      * 

too rooooa *ny too totol quantity of porto io considorably highor 
thorn tbo fifaro giran oorUor (oooUon HI, 2) ia that »oro than oni of 
tho MM port may bo uatd in o gtorto* 
3.       Too goarbox ccmponontt purchaatd from outiido wppUoro ort alo© 
atancVirditod on o lorgo toolo.   Too tomo porta oro olio utuolly uaod in 
etfeor promotion lineo *itnin too company «• manufacturing program». 
Standarda and opocifioationo «dot for porto manufacturad or machinad lor 
too company and porto purchaaad from outaida tupoliort. 

o 

<." ..'•< •» A?, HUB 

C'3 ' '• " 'ií 
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IV 

With regard to production in the plants covered in the present study, 
componenti made of materials types 0 to 3, plus assembly, wer© considered. 
The following aachining operations are, required for the manufacture of 

these cosponentst 
U Turning 

1.1 Machining on automatic lathes 

1.2 Machining on turret lathes 

1.3 Machining on copying lathes 

1.4 Machining on engine lathes 

2. Oear Billing 

3. Otar cutting 
4. Angle wona-glar cutting (OleasonfKlingelnberg system) 

$.1 Bench drilling 

5.2 Multiple-spindle drilling 
5.3 Special-purpose drilling 
5.4 Multi-station drilling 

è. Killing 
6.1 Horizontal Billing 
6.2 Vertical milling 
6.3 Groove milling 

7, Rounding of edges 
0. Oear shaving 
9. Heat treataent 

9.1   Annealing 
9*2 Surface hardening 
9J Surface hardening in circular oven, in chamber oven in oil 

or in salt bath 

9.4 Mitriding 

9.5 High frequency induction quenching 

10. Internal grinding 

11« External grinding 

12. Groove grinding 

/13. Flat 

r 
f 



13. Flat grindint 
14. TMti» grinding by Haag-Mlnarv» aáihwir aystam 
15. Straightaning 
16. Anglt wota-gaaraoniag (ttUtKmtKHnflnbrg tyatan) 
17. Noie« check « teat teñan 

Thii »tans tamt tat faUaéag aaahlnea art requiradi 

1. Lata« 
aa># •»      e^w* w^awäW» www 

1*2  Turret 
M  Copying 
1.4  feicin« 

I. Taath-outting mohína 
4. Angle-worn gaar nillinj 
5. Drilling «achinea 
6» Milling machinât 
7» saga rounaarv 
t. Oear eharing aaehlne 
% Heat traataant eqolpnenti 

Cirottlar ovan 
Salt bath 

Induetion maniata 
, .. .   . -  -. , 

10» Intarnal grinder 

la« Oroova grindar 
13. Flat grindar 

14* Taath grindar * 
15. Straightening nraaa 
16. Honing attentat 
17. Taat banohaa 

tha quantity of laMimy e** agiti punt required it dleouesed la 

eeetion TC. 

/In tha 



-7- 

In the manufacture of the gearbox, the following amounts of raw 
materials and finished products are required: 

Percentage of total 
valut of complete 

gearbox 

Percentage 
Weight in kg   of total 

weight 

Aluminium castings 15 6.5 25 

Porgad parts 40 13.0 ¿•9 

Steal bars 4 2.5 9 

Semi-manufactured parts 2 0.3 1 

Manufactured parts 21 1.9 7 

Standardised parts (OX» 7 1.7 6 

Imported parts 11 0.6 3 

100 26.5 100 

The volume of production «as established oa the basis of monthly 

raquiramants of 
3,000 units for Argentina 
2,000 units for Brazil 

Theee quantities also represent the minimum mounts necessary to 
make manufactura of tits gearbox economically justifiable.   Depending on 
the market situation and competition, these figures may be adjusted 
upwards.   Downward adjustments were left out of account since they would 
masii that manufacture would no longer be economically feasible. 

In these assumptions regarding quantities, it is of no importance 
if ths quantitias git« for s oountry ara taken up by more than ona 
customer, because no account was taken of the cost of adaptation to 
different applications (see section III). 

The figura of 5,000 units for Brasil and Argentina relates to a 
standard weion gearbox without modifications which will not require 
technical changas for fiva to eight years owing to its extremely modern 
design.   It was therefore assumed that modifications would only be made 
if desired by the customer and that they could be left out of account because 

of their great variety (see sacticn III). 
/ITI Sine« 
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VI 

Since the present study is designed to show the saving that could be 
achieved by separating production, i.e. manufacturing the gearbox in part» 
in Brazil and Argentina, the cost of investment and manufacture was 

compared and studied with respect to the following alternatives: 

A 1. Independent manufacture of the gearbox in Argentina and Bratil 

(given the present trade situation, this is viy necessary}} 
A 2. Manufacture cf 5,000 complete gearboxes in the Brazilian 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 manufacturing possibilities of the 
two countries.   If the parts were to be exchanged between the 
two countries, it was assumed as a 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 distributing production is the ideal 
level of investment. 

Under both basic alternatives A and B, it was assumed that both 
countries are in a position to manufacture the gearbox (our cocpany in 

Bratil, and in Argentina there are companies operating under licence of 
seme other arrangement, with which we have established links), i.e., that 

in neither of the two alternatives would it be necessary to construct a 
complete plant, the coat analysis   being based on expansion of existing 
manufacturing capacity. 

It was assumed that only existing idle capacity would be used to 

manufacture the gearboxes, 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 admiiiistrative tasks, etc. 

In brief,the manufacture of the products under study is based on 
existing plants in Brasil and Argentina whose production, we think, should 

be expanded equally in each country to attain the end sought without using 
any possible existing reserve capacity. 

/Since in 

j 
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Since in Brazil it is not possible to estábil** the ccst of and 

conditions involved in setting up a plant in Argentina to manufacture 

3,(XX) gearboxes and 5,000 seta of comçcner.ta (...iterr.^tiv^s A.1 and B) 

independently, the study was carried out en S%e oasis of the economic 

conditions in Brazil.   This would seem to be a sufficient basir» for 

evaluating the economic advantage of Joint manufacture,  siïice u reduction 

in costs - irrespective of the difference in economic conditions in the 

two countries - would be achieved by the combination of « greater volume 

of demand and production, 

^ornative ^ 1 

Por a monthly output of 2,000 complete gearboxes in Brazil, taking 

account of the points mentioned in section VI regarding the expwsion of 

the Brazilian plant and on the basis of current costs» the sale price of 

the complete gearbox in Brazil nay be taken as index nuwber 100. 

According to the data (see annex 1), the investment required for 

plant expansion in order to manufacture at th*s rate would bt approximttmly 

18 million cruzeiros.   Annex 1 shows how the investment .«ould be usedj 

70 per cent would be needed for installing ths production line and 

purchasing the necessary machines and equipment,    The rechines would be 

virtually all imported, and it WHS assumed labt it would be exaopt frca 

customs duties.    Some 3.Ô million cruzeiros i* mid be required for the 

ancillary »actions, while the remainder would bo used 1er expmdxug 

buildings and installations. 

The expansion of the Brazilian plart fcr the it-nu facture of 2,000 

ecaplete gearboxes would yield an additional -..;>•.< city :f approxtaately 

lé,400 machine-hours and 4,000 man-hours, plus the staif required for til« 

ancillary sections and for administrative services. 

The installations for the expa adon of the Argentine plant for the 

separate manufacture of the remaining 3,OCX) gearboxes would neutre, MM 

•bona in annex 2, an estimated capital investment of some 24 million cruzeiro«, 

based on conditions prevailing in Brazil. 

The same cost factors can be taken into account in comparing monthly 

outputs of 2,000 and 2,000 units respectively, since there is no significant 

cost reduction in increasing output from 2,000 to 3,0CO units, owing to 

the special features of gearbox manufacture. 
/Additional aontaly 
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Addltional aonthly capacity in tha plant would ba approxLaataly 
2i»,400 aachiaa-houra «ad 6,000 aan-aoura, pin« tha ataff required for 
tha ancillary taction» «id adainiatrativo terricea. 
Alt •mail va 8 

To install tuo aaparate production lineo, M unter alternatire A 1, 
in Bruii «V Argentina, the capital inveetaont required would thus b« 
18 adllion pitta 24 Million cruieiroe, or 42 Billion erusairœ, without 
thara Doing any particular acopo for streamlining nanufacture. beeauee of tat 
anali volita of production.   If tho aonthly output of 5,000 geerboxee it 
divided between iha planta (»ltemative 8)« each plant, dapanding on ita 
linaa of production oould aohleve ooneidereble ooat reductiona; and tha 
Boxiam iaveotaent required could b« raduead to apprataetely 15.9 «11110» 
cruaairoa for tha Bra&illan plant (ee* am« 3) and 22.5 Billion for tna 
Argantina plant (tee .annex 4)» or a total of 38.4 Billion crustirot * 
3.6 aiUion laaa than tha figura given aboya.   Ondar thia alternative, tat 
«nit prion index Bantionod in aaction would ba reduced by 10 par cant to 90, 

However,   thara would ba additional ooata for transport by land 
B^BjwBT^PaBaa)  ojseBBe*  ex eBBaanao'  Banana)  esBBBB>eweBji  MMBOVBOB»   BBBannanaaaa*aaBn   oja#  aej   **aT*a)ee^anaVav^^op   aWBai    BWHa   Wh 

eoaponente or gearbox« Thaaa would roar 00 ont 1.5 par cant of tna priée of 
tha gearbox, but tha ooat savings ani poaaibla aoononiaa fron st rotai 1n1ng 
aro BOTO than i par cant ander alternative 8, oeaparad with alternativo A 1« 

U tmda and polit lao esonoata rolaUona in UUa Aaorlca waro Mah 
that it «no poaaibla to aanaf aaUra «11 tha aonthly raojuirananta of 5,000 
gaarboxaa in a aingla plant, and asporto to tha other eouatry wara duty free 
and did not involve acap ant • tory arrangananta, thia alternative abould ho 
preferred, for it would jiald advantage», notai and ir alternative 8» aaatlv 

Tha veías» of inveetaont would ho highar toon that given for 
altenwtlree à 1 and 8» owing to th« tettali* ti on of highly 
installations, bat thara would ha •ooaoBln   fron atraamlining in 
and aealnletratlen whiah sight raanlt la a lowar aelliag arias« 

Tho actual ooata of thia alternative «art not studied aiaaa it ia not 
fanal M a ai van tha onrraat ^«a»» nttaatl «1 la i**.*» »^^^^p^»w^w^   ajp»^^^^   ^^^^m   ^^^»•,^^ww  ^^^mt^^v^   ap^^^^^waa^wai^PBa)   aaa»   ooau*a*eBMi 

/IH 11 



-11 - 

VII t X t XH 

The cost analysis wcs based on current Brazilian data, for want of 

infonation en the situation in Argentina.    AH the data given in the 

prisant section relate to alternative A 1 (see section VI), under which 

the Brazilian coaspany would produce 2,000 gearboxes per month. 

!•       Cost of materials 

The emulations made show the cost of jaaterUls purchased from 

outside suppliers to be approximately 30 per cent of the sale price. The 

•her« of the various types of materials in the total cost has already bean 

shown (see iteti on IV), with raw materials accounting for ó0 per cent in 

relation to finished ptrts. 

Prices for the most important raw materials used in th« manufactura 

of a gearbox in Brazil are at follows: 

Between 9 and 11 cruzeiros per kg. for ccst alujniniura (Alu Al SI Cu 3) 

Between 4 and 6 cruasiros per kg. for forged ptrts 

Between 2 and 3 cruaeiro© per kg. for steel tars. 

These prices include 17 per cent Circulation,   of Goods Tax (IC*i).   Parts 

set yet manufactured domestically and hence inserted account for 11 per cent 

of the saterials   usad in manufacture. 

*•       fltJUtfeeturinfi costs 

The coat of manufacturing the gearbox (excluding cost of materials! 

•ila«« administration, taxes ¿*nd other itess) represents 25 to 30 per cent 

of the sale price and can be broken down as follows: 

(a)     Staff costs 

1. Vag^s for staff directly sngaged in aanufalture % 

2. Vag te for staff engaged in anciiic.ry sections and 
BB>int en«*n• t ..*••..• •.«•««..••»«••«.....>..»•.»...<••.*« 50* 

3. Compulsory and  -olutitary social welfare costs ..........14JÉ 

Total staff costs 2tf 

lbs compulsory social welfare costs included under item 3 amount 

Is 75 par cent of the basic wage (without overtime) and comprise the 

fslXoadaat 

/Contribution to 
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Con tribut ion to the National Institute of Social 

Welfare (IÎÎPS)  &% 
Contribution to tne National Industrial Apprenticeship 

Service (SäNAI) • . !•& 
Contribution to the Industrial Social Welfare . 
Survice (¿ESI)  1.53* 

Contribution tu National Institute for Agrarian 

Development (¡ilDA)  •«.••••••••.•••*•••••••••••••••••• 0*4$ 
Industriati accident insurance •••«••••«••.••••.••••••••••• 1.4JÉ 

Family allowances .... •••••••• • ••..••••*•#••• 4.3% 
Education allowances ••••••••• •••...•••••••• ... 1*4$   18,2^ 

Sunday pay, including social welfare charges • 18.0£ 
Holiday pay, including social welfare charges ••..••...... ">•% 

Vacation pa¿*, including social welfare charges ••••••••••• 9.0# 

Justified absences, including social welfare charges ..... l.Oj» 
Work-associated illness and accidents, including social 

Welfare charges ........ .....•••.•••.. ..............t....« 2.0JÉ 
Notice, including social welfare charges ........ 1.2JÍ   36.7JI 

Legal thirteenth month*s wage, including social 

welfare charges . •••«••••• • •••••••••••10.6% 
Length of service guarantee fund (FGTS) 9.0* S19.6* 

Over-all total  (74.550 

The company also pays other voluntary social welfare costs, such ast 
Medicai care and hospitalisation 
Restaurant 

Official transport 

 Special clothing, etc« 
which represent 25 per cent of wage« ant salariée.   Total social welfare 

chargea represent 100 per cent of wages end salaries. / 

(b)     Expenditure on energy 

The Brazilian plant*s expenditure on energy averages 0*06 cruseiros 
per kilowatt.   The share of energy costs in total manufacturing costs is 

about 3.5 por cent, or approximately 135 kilowatts per unit. 

/(e) Another 
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(c)     Another important component of manufacturing costs is the cost of 

«chining tool» and equipment, including maintenance, whicn accounts 

for dose to 16 per cent of total manufacturing costs. 

In addition, the cost of the special tools and equipment required 

to start production amounts to 863,000 cruzeiros, as fellows i 
350,000 cruzeiros 

75,000 cruzeiros 

85,000 cruzeiros 

235,000 cruzeiros 

13ß,000 cruzeiros 

Moulds for aluminium easting 

Moulds for forged parts 

Dies for stamped parts 

Equipment 

Special tools for machining and assembly 

(d) Manufacturing costs also include expenditure for the maintenance sf 

machining équipaient, including the necessary installations, which 

represents about 8 per cent of the total. 
(e) Machinery is amortized over a period of 8 - 10 yearn and represents 

16 per cent of manufacturing coate. 
(f) Because of the high standards required in the manufacture of a 

gearbox   snd the many complicated operations involved in gear-eiaking, a 

great deal «ist be spent on quality control, representing approximately 

10 per cent of total manufacturing costs. 

(g) The other component» of manufacturing costs include expenditure e* 

©omplementary materials, plant iiaintenance, and technical administrât*©« 

such as industrial engineering (design and engineering of tools and 

equipment) production and planning. 

Based on experience in recant years, the cost of »¿.rketing, 

including technical assistance, represents 15 to 20 per cent of the »al» 

price.   Since gearboxes ar» delivered directly to the raotor-vehicle 

* «anufacturer, there is no need for a distribution network. 

A.      ftlfH« ,    . 
Ih» sales tax includes the 17 per cent Circulation of Goods Tax (ICH). 

fil Th» 
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-•*• m*mt of MoHdag ondUl roqpiroti for **• -Emittori of 
2 OC» OflOfOoto goorboxoo in «IM BMHUí» pl»t i» opprwciaotoly 
7¿ «Uli« cru.#lro., «hi* cor.r. i—dUfly rolotod n~d» web to 
puro*.», of ro* Mtaftolt ** «*"* -Util*, p«**Um ****** 
•nd tho financing of otlot. 

fMMport «otto «oro «wiáoro* «wto* tltomottiro • te oooUon «. 
Tâoro tro ito ttofogo ooott, oo inüoottd •*»• owtor gmmA oolot ootto. 
¿•ooofcly toho**oo ond 4oUvory 4ot«o oro fi«od o long tin in •owooo. 
Thi» do#t net «xeluâo, for porpoooo of gatrontoolJig doUwry» thf 
wlnunvx» in «took of o oorttüi ftoÉoor of ooofloto gofcfeoxoo.  Êmvm, 
th«*« oooto oro eovorot *a tí» oott tnolytlt tfcwo. 

PfUot « tuo 'UtamEtfeMl .tricot «ort not ttecUod, .ino. *i* 

.    • "i : i* 

;_•.'*- •"** «*• «. 

»   *; ** 
• J « • » i -,  •-, 

Ar «J^j^BPH^^i^^Pî   ^^P" 
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ATO«; 1 

I. 

IX. 

in. 

PflMP— *»* ^^^«» - ft** 

ffcgttotn ftr 
Tools 
Tool grinding 
ÄiBtaaanea 

Pi o auction 
Hut traatawst 
tool» 
Tool crinali« 
Maintomnc« 
atora«« of raw »tarlila 

atora*« oí parti «w 
Auanblyand oontrol 

Oííic« »paca 

InftaOlaUooa 

í^n»a«irot 

12 920 400 

2 2(0 000 
1 260 000 

2*0 000 

1360 
210 
240 

IAO 
200 
$0 

ico 
150 

2 560 

fb tal intatta«*      l* 06t 400 

946 000 

19 19f0 



22. 

tZXt 

-lé~ 

Amts 2 

ifrqftMiy ftr mmUsn - '»ta 

• 

17 202 400 

J 220 000 

•1 

Tocia i 

Tool grinding • liaoooo 1 

Miintenanc«                        
• • 

210 000 
1 

•....• 

1 

ÊÈÊÊÈMJÊ&BÊÊ- 

Production 1 #20 •-.' -. ; 

• 

Heat treatment 210 

f»ls J20 
tool gl'indi Tig 2§0 

Mtinten&ncs .  200 • * • 

Storage of raw ntttrlftlf - 100 • 

Storage of part» for âHMJHJy 100 

Aß*«Töly and control 150 • 

Of fie« apace •0 •   • •  . 

lièo 1120 000 

Installation« 4wm 
SB^AI lHMJfttMB% 24032400 

19 August 1970 

1 
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Am«c 3 

A* 

H« 
Xoolf 
fitti grinding 

ä    ïnnifffi in teiMlnit r* «*«*****- 

anni     •B^LSI^^B^HIK 

iiiwÉly «adi oootrol 

Gru rat roa 

21492 600 

1968 000 
1U9 400 

12» 
ad 
20 
110 
HO 
100 , 

100 
150 
19 

ano m ooo 

•jflytLXtt 

Iti IflVtCtMM i      15 ni ooo 

mo 

/àmvtk 

ì 
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Annex 4 

?iW ftfffTfnfc PHrtl 

I.       Machiner/ for nroduction - Tofra^ 

IX.       techinerr for ancillary sections 

Tools ".'. ...... ...'. 

Tool grinding 

ïfeintenance 

**I.       Investment in building» and fmilitiae 

nroduction 
Heat treatment 

Tools 
Tool grinding 

Maintenance 
Storage of raw materials' 

Storage of part» for asseabjjr 
Assembly and control 

Office space 

Installations 

1 840 
210 

320 
MO 

200 
100 

100 

no 
10 

3110 

fetal, investment 

Cruseiros 

16 175 600 

•2 600 000 
1 617 0C» 

290 000 

1120 000 

»àfflfl» 

22 482 600 

If arguti 1970 






