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Ao Zmplements and equipment

1, Internationai production o1 agricultural implements and equipment may be sub-
divided into two main ~ategories: (a) production of heavy self-prcopelled equipment;
and (b) production cf light-weight "non-powcred" equipment powered by an external
prir ¢ mover (pover tnkec'f), or powered ty stand rd small purchased sources such as a

frazctional horsepower electiric moior or small intermal combustion engine.

2. A few very large producers dominatc the heaevy equipment merket: International
Harvester, Massey-Ferguson, John Deere, J.I. Case are cxamples. In the second
category a large number o” small manufacturers can be tound in various countries -
ranufacturers of gimple hand tools, small trailers, -~onveyors, {am accessories and
thae like,

3. in the large-industry field . wide product line is the mile, based upon heavy
specialization and large volume component production such ag hydraulic controls, gear
tr2ins and engines. In *he light-weight equipment field specinlization is by oroduct,
or small product group, determined by 2 smnll combination of tools in a shop at a
specific location, In other words, larg: manufacturers generate variety in the pro-
duct line by us.ing components 1in varicus combinations; small manufacturers generate
variety by using tools ir various comhirations - a much more limiting and inefficient

moue of operation,

4, In both the large and small manufacturing classcs, there is a relatively high
percentage of purchased materials and parts. For example, although large firms such
as Intcrnational Harvester make bolts and fasteners, by-and-large such items, in
addrtion to plastir and rubber parts (tyres), some elcctrical parts (spark plugs),
and arious specialty metal rarts (bearings) ure purchascd. Large manufacturcrs
also distribute svecialized proaucts designed and conceived by smaller firms, with
the large Tirm acting as a component sup»niier and finished goods distributor, For
exampie; the Internution:l Harvester paylcader, a $19,000 sclf-propelled back-hoe
wideir uscd in light construction, is manufactired by the Frank G. Hough Co., an
International Harvester sibsidiary in Libertyville, Tllinois. Attachments for heavy
machinery such as specialized bulldozer btiadcs arc oi'ten supplied by small firms.

In most cases production of prime movers and tractors is restricted to very large

firms.

5 Volume component procduction or largc firms producing, for example, ignition
parts, engine blocks and hydr=zulic cylinders for control, benefits [rom highly
epecialized autonatcd methods. Such automated production is used internationally to
maintair quality standards, to limit the nced for skilled labour, and to prevert
waste 28 well as to crcatc volume production at low cost. Thus, it is not unusual to
find numerically controlled machine toole in @n international Harvester plant, evon

thoign that plant is remotely located from United States domestic operations.
p y
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5. Strategy aad producticr organisztion of large ay,ricultaral firms differs

markodly from thet of small firms. mo understand fully the extent of this difference,
as 1t relates to ploannigs for predustion, @ comparison ot 1he structure of resources
use in componcnt orvicuted Pirme und tasi vsed ir preduct ~riented FiTms will be

heneficial.

T In the component orientad Tirm, uhich ig ~is> a large-gcule operation, it is
typical to speak of nlevels” o usszonbly complexity, with components considered as
Level (0). In the scquence of cugunbly, cohponcnts are sombir..d to generate .ae
firgl sub-assesblics. There firs? sih-usgemblics wre then combined, in various ways,
to generate the second gLl rsemt liag (posaibly alse rcquiring the airect use of sgone
non- agsembled parte in adilitinmu te those alroacy combined in the first sub-assemblies).
This process continues dovn -nc lire -ntil the finei produst results. A simplified
four-level operaiion is rnomI Tpurc le

8.  As the number of leveis increases, the nunber of wiys that parts (and therefore
repnurces) can enter irto ne Jind ag-cnblies al:y inc.oeases rapidly. Bach possible
poth thot can to btoweed vvir thoe momponents, Leve! (C), to the Iinal products, four

in be caue of figere 1, rooaasents a Aigtinctly possibic lemand for pPaTri8e

R, Matrix cvalun®ion ov 11t Ao lion seae e

Ve The oxnel Teoonrse oot ooranents (ns well as the rcquirencents for output at inter-
medic *o stamzs, or love s i » we evalusted by straightiorward com utations. Althongh
S . Y &

there computations willy o cererily require much arithmetic, they are not difficult.

10, "™Mat s necded hetore any plann.ng computztiens can be dune, however, is a cet
of tables showing the exaat input/output requirements {or parts and sub—assemblies at
each 3toge of ussenbly, particular une such tatle fov each arrow in {igure 1. The
definition of each guch tuile is given below figure 1. With ruch titles in hand,

figuwe ¥ 1o a simpliticd eygmplc) onl- ma'.Tix maltiplication ¢ d acdition are required

1/

11. A final perts list can te developea in this way, as shown in figure 3, Similarly,

to devolop final resource requiremenis, glven 3 desircd list of final productes

a 113t of final orodict requircnents can te converted into a paris requirement list,
or 1 machine-hour requiTenent Lisl by spacifying the volume ou final products needed,
ag shown in fimire 4. Ry -~xtending the computations of figure 4 hackwards in stages

from ‘he finished product icver through the sub-agsemrbly stages to the parts and

-—— -

1/ lo essume the render ie fauiliar with these matrix dperation: and the stapndard
vomenclatuie used in descriling them. 1If not, consult zppeniix A of V.C. Hare,
Jr., Systems Anilvsis: » Diacnostic Appcoach, Harcourt, Brace & World, Inc., 1997,

.New: York, or other intrcductory texts.
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Figure 1

A four~level assembly process

(The letters in brackets refer to detailed data required,
as specitied below)

Resources Level !O! Level fl} Level §2! Level !}!

Machines and
purcnages (1) (2)

Parts Sub-assembly Sub-assembly Final
product

(E]

[A] (8] [c] (D)

[A]

(8]
(c]

(E]
[F]
(¢]

>q >0 »

[F]

L3

Input/Output tables required for detailed planning:

Machine hours and purchases required as inputs for the basic
parts or components list

Parts that go into sub-assembly (1) directly
Sub-assemblies (1) that go into sub-assemblies (2)
Sub-assemblies (2) that go into ihe final products
Parts that go directly into sub-assemblies (7)
Parts that go directly into the finished products

Sub~assemblies (1) that go directly into the finished products
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Figuia 2
Simplified planning problem for lour-level assembly

process with structure of figure 1

Parts sA(1)
Mach. 1 2 3 Parts 1 2 3
1 0.510.5 1 1 1
2 1.0] 0.5 > P |
3 0.4 J.0 3 1 1
[A] [B]

Hours per unit part Parts in SA(1l)

SA(2) . Final products
sa(1) 1 2 SA(2) 1 2 3
1 1 1 1 L 1
7 1 2 Z 2 J 1
b} !
[c] [D]
SA(1) in SA(2) SA(2) in final
products
SA(2) Final products
Parts 1 2 Parts 1 2 3
1 3 1 1 |1 ] O 4
2 10 ¢ 2 0 1 0
3 1 1 4 l i 0
(&) £
Direct parts Direct parts

to SA(2) to final products

Final products
sa(1) 1 °© 3
1 0 7 G

2 1 0 0

3 101 9 1

L6]
SA(1) Direct to
final products

[3



Figure 3

Evalyation of parts and machine requirements per

unit of finished product for data of
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Final parts
reauired perounit

timished product

Final mach. resource

Weq. {in hre)

1 5 3 4
=14 0 7
1 312
1 111
=15 1 3
1 2 01
20 131
00 6 1 3
01 2 01
31 T 4 4
13 W 2 7
A 332
Final
Part 1 7 3
5 3 41 |1 04 1 [13 0 ou)
D2 +«70 1 0 /AN LR
31 7 11 4 N AT
firal
Mach 1 ) {
13 1 8 1 mY5 S0 05
x |18 3/ 7 715 545 9.0
I 5 4 3 9.4 5.8 Y.k

Per unit of
finished product
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Fiqure 4

Extension of requirements fram per unit basis to requirements for a given production requirement
quire Q

et (P) be the tota! production required for the finished products:

Finished products
1 2 3
(P) =| 50 100 200 Units required

Then total parts required will be (final parts list) x (P)

Part Total need

13 7 8 50 11 2950
=118 3 7f{x|w00f- 2] 1650
75 4 200 31 1600

And total machine hours required will be

(Final machine resources required) x (P)

15.9 5.0 7.5 50
21.5 55 9.0 x| 100
9.4 5.8 56 200

!ggﬁ. lotal hrs. req.
1 [ w805
<2 | 360
3 | 23
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M chine-hour s'nge . ‘he oy ' qunhep of mene s of ennh fyps pes

e ch lavel. (7otal parts, or machine hours, will equal those “h+* go direc.l, o~

Inlirectly into each levelin arers i lons, )

12, TV 59 Aesemed thet narte, machnine howrs, or even b-~rsombl ae o1 wy lave?

car be purchr sed co opamafectrred aa coste and monafctiing tes 210 org

iy

clotata, Tre conomatation: in oo vy A fer. Purchised [ tene  poa cunpl o solin o

w

frow the "aunlogacn computation and decignaied purchire roihicr dhen w ke,

v

130 Thrus, it nav be Found cesireb.s o purchoce compenen’s rocher toun more om,

Al'bhoush the comulete Liat of comporent:,, manuf~otarasd rrad purcacsed woul l eppenr
in the Lesol (C) Mctile, or wnirieer LR0WLE dnmus to Mlenor AT : R
ealiuntiza of mechine hours necdel worlle bz recuricted to minuirciurod paAyTe op

[ T

i

(1t 15 arsumed 11 the exemple Wiy 1 no purchnsed parts cntsr he s~arpatot.ons o
figur.s 1 *o 4. In mos: gereril cnses purchased iteme coule smter ot my Loy

includine the sub--a3cembly levels. lloaever, this extensisn his boen ~voidai ya-

.

clariiy in the exomple mnwr, )

C. The levuls corcaept in process description

b ———— - a—

14, Toe parpoae of this digroeciorn hag been to show that exact plannin : 1~ por 1o
ir the mdti-level produciing crganization, but to do 5o » lorse amount o poeciae

desizn ~ad tngincering ¢n.i is recuired, Pucther, n torme of this iorm of o~ oo

s

- f . . . ’
tre cirpler momafacturing organizations deal with orly one l-ovel ot ngnerhly Toop

4

AN - p . a .
very iew; wrercas ile more corolex deal with many. (Up 'o 20 levels A 1. ty 2

just deccrived arc not ancommoa in large-acale manufacturing opernior; taceod o
componers specialization,) Nete ‘hat the planning trblor 117 uetyate ] i foi von
y

150 4 omy ho pummaeized o any ol the levals, ne was done for [iniched focd:

Prrin, and finisned goods ~nd aneninc hours, s»n it iz pos~ible to o fron 1. ¢+ .~

of firal sroduct :uouirements Lo the requilemen s o Aly rev o.our froum b

m

peerificotion of noed o any level to moachine hours, further, siven ‘he ;. lanoy
trhle:r relating roquirenorts ver urit av any level and aveilnble pesources nv pooo -

tae fenzihle ~na opiimim uix nf fip-1 produzt c.on he comnutod using l1in ar prn

groma.a;y wechaiguas,

15, Cue fundamental complication criers this planning picture. Unfertun~velyr,
~lihorgh i+ in indaad possible to pi-a extctly using the metiods “bove, that g
1o 5oy, o5 create part ang cut-agseembly counts, lond m.cailnes, or even oniimize
creduct niy ot ong stage of che process, it is not pcasibtle, 1n penertl, to

eirultunsously optimize inventory ccatrol and scheduling or saqiencing fperatiens

in such aystems.
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16. For examrle, to goin longer ,roduction runs and *to "decourle” the production
process between levels, 1. s ccmmon to irtroduce intermediite 1ln-process inventories
of parts, sub-assemblles, 1nd ever iinisnel goods in the yrocesc. Yhen such inven-
tories are vresent, ihe .mmedi:te reed Tor parts and sul-assembtlics may be evaluated
ag described in fig.res 1 o 4, tut it each level the actiual count to te produced (as
opposed to inveninry withdr.«:1ls) teccmes 2 tunction of inventory pelicy at each

stage of the iotil priduct:on yrocess.

17. In the sume way, il diflerert producticn sequences wre regulred on several
machines or assembly fix*ures, mucline intarfercnce created by a2 given production
plan, as medified by the itaventory policy, muy in effect recuce drustically effective

machine carpacily %Wy creating -:lterncte slack and cverlcad periods in time,

18, The result of thesc complicatiens is an interdependence among planning, inventory
policy, and scquencing which doec not permit an analytic optimization of the total
process in one step, but rather reruires a sequential approach in which a plan 1s
made, its effect on inventory lcvels is evaluated, and finally the effect cf sequence
interference checked. The result of this sequence may well be a modif.cation of the
original plan, and so on until a "satisfactory" set of total specifications has been

reached.

19, Several practical approaches to this totzl problem zrc used in industry. On the
one hand, 1t is possible to plan total production on a svts of parts basis by elimina-
ting inventory and building a1l parts and sub-asscmbl.es to order. This reduces
planning computations tc those illustrated in figures 1 to 4 by c¢liminating inventory
at intermecdiate levels and by reliance on sufficient over—capacity in toecling 1o
eliminate sequencing bottlenccks. On the other hand, it is possible to have large
inventories between gtames, sc that levels ire essentially uncourled over a short

time period, in which casc inventory ccntrel policics tend to dominate, and the plan-
ning operation, us illustrated, acts only 1is a data processing technique for.generating
a feasibility check on zvailatle stock levels before assembly starts. Various inter-

mediate mixtures of these extreme cimplifications can L¢ found 1n current practice.

20, Although it is 1ifficult to gencralize, the scts of parts approach is usually
employed for long-range rlanning urder the assumption that over the long haul problems
of capacity can te ironed out in o variciy of ways (purchaces, nvertime, more equipment,
shifts in loads over time, inventories, etc.) so that although it ie possible to use

the planning computation to comp.te a necessary minimum capacity it is generally

understood that this minimum must e supplemented tc obtzia a practical or sufficient

capacity to carry out a long-range programme. As a rule of thumb, an excess capacity




R S

R

. 'a.e"*”
of X "o 30 por cent 13 often required “bove ‘he minimum reguiremen: > hoadl e the

problems of mix irterference. Such rough rules permit prrcticnl planning to o

Lo

ahe d 1n 2 simplitfied ooy,

D. Componeirt specinliz:‘ion

"1, Turning once gaan to the -“gricultur:l implements field in particul 'r, the com-
ponent oriented zector of the inductry m:y be 1llus:ir-ied by the pictures oi fi,ureu
5 € and {, which show, respeciively, ever 1 "complex" ~gricul-ur.l producic -nd ‘he
outnut of one componen' ~upplier. ™e wrevalence of rert-1n repetlitively used come
ponents may be noted in theze dictures, ni the degrec of componen* gpecializ:ition

suggerted., The figure legends zive 1o 11,

22. The equipment sho'm 1n figares 5 ud o 15 of *he mul - 1-1-vel tvpe Just deseribed,
with mony sub-oasemblies nd common porta prevalling.  Bec usc of suca common 1ty,
mainuf-ciured cquipment of the type show 1+ af en srealzedl into component shops,

vhich ~s » gross level -ould innlude ‘he chopr deseribed below.

23. Engine shops: including ithe n chining s'ops recutred 1o ~nanvert -n ensine block

casting from *he rough form tn *he tinished 2n-inc paeluding wassembly ~nd teet or the
- [ ] 3 .

finished 1tems. Bouipmen: would include mil'ing, renming, grinding, drilling,
t~pping, honing, sub-zssembly rusembly, nd tin 1 'osemtly nd tost, often asing

At each stoge ~utom:ited equipmen' troncfer v chico, nd  uromited st stonda.
Electricnl and die—cast components, .o ~ell na rougn cngloe blocks, moy dr mny

not be rurchased or made by other dep .riments, fcpeuding apon the Jdeprce of
integrntion, In general, most ¢leetric-l, Tuel, ey, nd similir cpceiralized ~ube-

1gsemblies would be supplied bv cther <hups,

4. Ge~r shops: thesc shons ~re distinguished ty the speel lized michining nd
Liewt='re-ting oneritions required i goe T monuicture, nd by fhe degrec of procicion
£ . q s ' .

required in genr minuf~cturc ne opposcd to siher operation:.  Jigs bor: ad hoobing

+

mechines, ~s ell . s precision bre chiae m echinco, he * ‘re ting ovens, nd preciasior
mech nic~l quality control emupmcn® ncke up such shopa: higheosr skall 1 wochiiningy
are requircd of the labour forcc., Speci lized lloy. -nd other m tert:lo re wow Ll
emploved, such ns speciil cool 'ns nd Tucnching oner-..ions.  Lomw apeci, lou recged

gears mhy be cast, cither in thie ghep or oo ociued oo Ul onks trem othor departmen

or suppliers. High specd, high siress gors ro torgci ‘hen mochined; o i c1ther
i the gear chop or -g bhlaks from supplicrs., ‘te~omily At = re, hou 1, eluich
~ssemblies, -nd hvdriulic pawrts, together wi'h ‘asting of “he finsihced ub= noemblies

otenrs here.  In gener-l, this 1= ¢ jrocicion “hov, working to a1 few ten~thousandths

of “n inch - often the ha~rt of the complex prime mover,
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Sralloand large tractors CHlustrats oant o0 o -0 = yra gear haysiegs, frame parts, brake drums,
N . 1l . y .
cto ard stampiegs [eater Rous e, ter e e om0 e dayer cut, sheepsfoot earth packer s
rgtr, ted towelded forged part G 0 v prieed parts g0 Crts front end steering mecha-
cum [ R B )
T py teliw rdiigies w3t of
fargentor teat e ope gt ‘i«! S}'JNS
' Flowin 7ty af tieareing,
o giatr, e aise adiiated,
Co oy Lt s e e except
. ot P
;

o b ek ey ek yar s ard 708

t ot Cowdar sy e X'*‘y"’*’
R [OEEN S S rlad sugar,
' i e trey wark gt cetber b e inls
: tooe aradierg, sratrs T ands
PR R [
‘ . . e o Phractr car o oa job
¥ ::" 1 ;l' 1 4V ; ‘:’ "
. . + ~ o -~
Poyeoaet thet Oy U Sue T
$y ERs .y iy sther maL." t
MEEEREN Freeg s o tterept drgctrs
- . Lo Corpat ral fters M
St wy, ng attacbmar te el ek }.fts
v (O 4 L_' g “'m: '.‘:ry k [ ‘f
i . R IR Pl onew ram oyl
Yoo, g drop gttt reapte fir the arow-
L 3 . i
oy ar Witroyanr beoavaler o Uhances
H A M N H
[T tog oty Pty spC 1l nepds
. ¥ e -t N 3
: oy re trare tatk morey o Your dealer

Cwooard thresoyeae tiranciea hp g
creg paveerts g year durirg slack seasons,
© -asieg. Leasing with purcrase option,

S13est something . Hu warts by muke 3 deal!

« 1 intereattinal Harvester, from Rusiress Week,
Yap L 136, ppllue-TQu.




ID/Wi.10 s
Fage 11

international 500 craw!er laading tap so.

Special comporer o Lo e e L S SERRCR Y ¢
heavy—-duty @, iraaiis /.0 gerc o R T L O I N AT en s

counterwelght ‘o rear of tore Y
dardized power unit or all three,




ID/WG.13/5
Page 14
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25. Eleciric-l shops: supplied with winding m-.chines, often smull StanmpLT precaes

to manuficture luminations, = multitude of test ecquipment, ~nd with -n put of yire
(hirdly ever mide c«kcept by specinlists) and other multitudinous components, thius shop

nmrkes lyrition coils, distriburors, generators, simple clestirice controls, viriag
hornaesses, m gnctns, wud similor componentc. Smell cleetric motors ~ng feneretors
Moy 2lso ke made, usuclly rrom comporents, bosring, housings, ote, prriinlly supplicd

by otner shops or ou*ride vendors.

~E
S

t. iydrmulic shops: here, the hydr ulic contrel cylinders, vilves, hoscs, and other

fittings ~re moaufrstured nd ssembled ‘o the finished component s'~ta. The control
cylinder »nd valve opern:1aons, whick require prociginn m shining, resming, honing,
~nd fitting, "re the critic 1 gtepr. Jecause of tho volume of hvdroulic controls

~

used 10 currcent agricult.irs) eqilpment, much of (lisz mrchining 1s ~uwtom-tod in the
Iwrge shops; input from rough crgtings, exotic ~lloy supplicrs, other otcern:l
cources.  Iften pl-ting m~y be requiraed, iaputs of springs, cm:ll screw mhehine parts,
purchnsed tubing, pl-stics, Hydroulie testing cquipment {( for luxkn, pressure, fore..,

timing) ~lso m-y be required. Hydrwulic se ls ~re either purchwsed or monuf v tured

in .. sub~department of thig shop.

27. Stmping shop::  thore ghope nrc often groupcd becruss of the coplirl cost ot

basic equipment th+ must be utilized to - high degree tor cconomy. fowever, hanvy
nd light stompings c~n bhe ceparnted, genertlly by the size of the presces required,

and by the end-produci m-de.

(~) Hewvy stomping: Presses of 50 tons or morc c piwelly.  Typic:l output
is fenders, tirc rlms, stemped fromes, structur~l members or cqulpment
housing fr-mc: (With current techrolosy, hevy stampings cui often be
m~rde *to subs Vltutc for c- rtlnvs, with consequent decrerses in produclion
cost ~ad rcight -nd inerceses in volume of output pcr unit time. ‘This
is dbblgn subatlturion nossibility ofter cxploiicd in nevor prodiucta
without loss of relinbility or strensth. )

(b) Light « stompang:  Under 50 ton press cop oity, Typic-l oulput 15 fucl
tanks for smllcr unitq, smnll ~ssembly ports for clectric Lqupmunt

(if no* m-de 1n elentric-l shop), cauipmeat covers, ~ir filte
mscemblies, o1l filter assemblics  nd veorious uOh"lnFW To ronscrve
cost, o number of smnll perts mey b\ m.dc t onc silroke Ly the use of
lxrpc pressuvs thercby increcing volume ol outnut.

(c) Vari~tions: the hoovy stamping or press shop m~v 126 producc cold fleow
e figurc 7) nd con in courpmer:t, such g ¢ncecitlized cxtrugion
presses to produce, in 1 sub=depn weiment, ve.rious sh pec requircd for
lrter m~nufrecture,
28. The ligat st~mping or press depirtment mhy <lro contiin rolling coaLpment to
produce ligh' -~ngle tubing, nnd similer sh .pee reouired in light sub= csemblicn,
Some normally sta ~mped items my ofien be more cconomic- 117 produced hy » rolling

operntion (Yoder machine).
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27, Casting ond {orging shops:  thesce shops are groupced together because they provide

the bosic shapes for later noachining operations, Casting 1s basically a metal
melting ard pouring - yperation, in which metal is handled in molten form, Forging
starts with - golid maes, wouwlly hezted, then hammercd into shapce In cither case,
the lerge perte wre handled @5 scp.rate production items: sand casting, and manual

Yorging are examples, In the casc of smaller parts, dic casting and dic forging are

common (ror parts ar to approximately 40 to 60 pounds weight as a typical upper limit),

Typical die forged parts arce pisto connecting  rods und timing shafte; typicul dic
cagt parts ore small enging Llocks, carburcttor pirts and highly dctailed drim. Both
die forging and die ranting require large volume runs tc be Justified, bul when uscd
they can rut greatly moter: ) and machining cosis, In cither case the basic setup
cost ie in the produstion oi dies (as in the casc with st.mplng as opposcd to sand

casting),

30 Assunbly snepst  bagic subeusgsembly occurs in bhe cngine, gear, clectrical, and

hydricile shops, with Cinal assurkbly dealing with henvier framcs, covers, supporting
members, wnd the convergence of gub-assemt lies, Jsually 1in the agricultural industry,
e in the aotomotive industry, mujor investment in material handling equipment is
required, with overhcad -onveyors or cranes, pueed agsembly lines or semi-paced
assombly conveyors or gskids the rale. Tn cencral, large square footage areca is
roquireds.  Usually, some hcavy-duty welding cuipment is also required, particularly
tor “rame and 2ttachment assembly; many jigs and iixturcs are the rule to assurce
preeision cnd uniformity of output.  Spray painting, with or without baking, is the
usiial o oof finish, with prime cost8 for most cxposcd metal parts. [For scvere
cnvironments, cxiensive finishing may be performed at intermedizte sub-asscmbly
stages, with pickling, primc conting, and scmi-final coats applicd at inferior

departments or  shops,

3l. Variations of this gecnoral pattern will occur when the voiume of manufacturc
wurants:  tractsr lines, 1ift truck lines, and the like may be set up ecither per-
mencntly or temporarily in paralicl, or in sequence (using the samc facility for
dJitferent products at different times) depending apon the level of demand,

N

e Then volune 1s extreme, products may be asscmbled by grcups having common
charccteristies at dirferent locitions. Thus, power take-of f cquipment of the "wagon"
type sweh as manurc spreaders, narvesters and piskers may be assembled scparately
trom self-powered units, cr at least on a different parallel agsembly line, This
distinction is usuclly a function of geographical demand znd the material handling

equipment 1s requirced in either casc,

I
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33« This, then, is the picture of ihc large manufacturer o = widc predict line -

who also has special distribution and {inancing problions teo bo desoribed lotor,

34« Another "shop” or department that may be included iz the inventory-produrtion
control function, which, from obscrvaition of thc segmented cemponent shope becomes

mn esscntial control function in the ot manuf woterine funetion.

35 As thc agricultural implerment manuicturer incrcascs in s1z2¢y he can exrloit the
advantages of multi-level purchasing and nroduction osrganisntion. He can deal with
combinaticns of components rathcr than conbinotions of his existing machincs, therehy
giving him the world market for components us his source of regources., At the very
large volume extrome, the manufacturer in this industry wvill organize himeelt on -
product lin: basis, rathcr than on a work cenire or jot—shop basis. But, scldom is
volumc so great that this can be done for ull productg, 2s indicated above in the
discussion of shop types for large manufucturers,  There will thererore, bie some

intermcediatec organization und deecision-making ~long the way,

36. As a consequence at either cxtreme, the tunction of producticn plannine and
control will takc on paramount importance in vicw of the complexity of nost self-
powered agricultural cquipment design. Although the control funetion may lcan cither
to purchasing or co-ordinated manufacturc und supply from various internul sources,
it 1s clear that if many componcnts are required in asscmbly, congiderable central
control will bc required to ussure co-ordinated timcly assembly and shipment of the

finished product,

37. For various historical rcasons, the planning and distribution function his not
been co-ordinated with munufacturc in large firms, with consequert disasters. The
planning resource therefore should he considered n essentiai feature of the large

agricultural implement manufucturer in addition to the shops noted above,

E. Special problems of the agricuiturc industry (Lig ganufanturer)

38, Unlike many munufacturing industrics, the agriciltiral industry is plagued with

scveral speeial planning preblems, the most scricus ol them is the necd to make long-

range production fcorccasts under highly veriable dermand conditions.

39. TFor cxamplc, since much of the agricultural implement output consists of large
heavy end-products, the commitment to produce and disctribuic to various locations

must oftcn be made up to a year in advance of salc, Harvesters and special picking
michines are an extreme example, but heavy tractors and carth-moving equipment come

under the same category.
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40. Morcover, the agricultural implement industry has traditionally distributed its
products through local agencs, often very small in sizc, often carrying other manu-
faucturcrs’ cquipment. Tt his become a tradition in dealing with farmers to extend
scagonel credit so that payments crn b made after harvest, a practice that forces
large manufacturers to cerry cxtenegive nccourts rcccivable fron dealers, that is to

hnave large amounts ol finished inventory "on consignment®.

Al. It is not uncommon for large manuiccturers to have iwo to three thousand dealers,
many of whom arc pot financially solid. Since ngricultursl implements are often
stored outside, deteriorotion of dealer inventory that hos becn shipped 1s a major
gsource of distribution cost, zs wrc insolvent dealers. Many of the largest firms

have attempted to overcome such shortcomings by sctting up company-owned distributicn
outlets, but Ly-and-large, the distribution practices in the industry arc archaic by

consumcr goods stundards,

A2, ‘lcather and variable crop maturity dates are the source of the grecatest demand
variatility., This is so because many spccialized machines can be used only at pcok
harvest times, if that peak time is misscd by lack of field inventory for cxample,

the sule 1s lost until the next scason, Because of their bulk and weight, it is
generally not cconomical to tranship lorge agricultural units from onc location to
nnother to compensate for weather varictions., As a conscquence, the field inventories
necded to support sales arc considcerably more +han average, the probability of having
to corry inventory over from onec scuson to another is great with consequent deteriora-
tionj the possibility of customer, or dealer, insolvency over one or more bad scasons
13 higher than it would be in other forms of capital cquipment distribution. Most
large manufacturers have attempted to alleviale these scvere distribution problems
over the pust ten ycars by installation of better communication and control systene,
tighter inventory control and fuster shiprent, tighter co-ordination of wssembly

with local weather conditicns, ond more sclective dealer francnlscs.

43, It is also common teduy to scparate credit and financing operations from manufac-
turing and distribution operations. General liotors, for cxample, handles credit
throuzh the separate but company owned, General Motors Acceptance Gorporation.  Such
scpurition not only permits greater leverage in financing paper, but also provides an
auntomatic check on the uscquisition of poor-risk deulers and customers, as well as a

cacek on illogical distribution of inventory,

A4« Irom thec author's cxpericnce as o consultant to the J.I. Case Company and the
Invertignation of other agricultural manufacturcrs, it is probably safe to generaliz

that reorgonization of distribution and financing can have i more bencficial effect

S
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cn total company performance than changes in manufacturing methods. The distribulion
and financing operations of most agricultural impleinent makers not only represent the
greatest proportion of salcs cost, but also the greatest source of total financial

loss. This 18 timc for most manufacturcrs but the rotios -ro severely skewed towards

high distribution and finance costs wnd risks in the seerioultural Cicld.

45. In particular, clos~ co-ordinition oi distribution ;Janning’and‘manufucturing
planning becomes essential for the guccessful agricultural cyuipment moker of large
cquipment. Such co-ordination problems become cven more severe for crnoriors vho nust
be concerned with world-wide weather and credit vreblens.  Tor this rouson, large
manu{acturcers usually diversity their opcrations s;eozraphically, with duplication or

component and assembly operations ncar the ond consumer.

46+  From the author's cxpericnce it wac found thisi many agricultural supplicrs

carry on their books accounts receivable which are in {act inventory in dealers?
honds. This is inventory that is not actunlly sold on consignment, but which is sold
to dealers on extended credit. The decaler "owns" the equipment on pupcer, "ut docs

not have to pay for it until the scason's endy, or until it is solds In many cascs
this cquipment sales contract cannot be enforced becruse the dealer lacks Cinancing

on hig own; the inventory cannot be repossessed becanuse it has rusted nnd deteriorated
in the ficldamd shipment costes arc high. The net result is thot the manufaecturcr tends
to prolong his collection, support non-productive dealers, und tends to deccive the
mvestor in his stock by showing reccivebles that should he scvercly written down to
be realislics This situation is fairly well-known to industry accountznte und

expertes, tnt not to the general public,

Ale In short, the distribution, finuncing, the co-ordination problems described in

the last few poges arce - major orgument against thc proliferation of ginnts in the
gricultural industry in contrast to the manufac turing cfliciencics that cre inherent
in large-scile oneritions,  Small firms that hope for international distribution

shonld be mrde awnre of thesce wlmost insuperible distribution and financing protlems,
'nd should nct be cncoursged to enter the market without strong subsidiury support

from goVernment; co-operstive cgrecment with large manufucturers; or specialization

in a rere component, oguipnert type, or materizl and labour-scving procedurc thaot would

provide them with © noncpolistic advantage,

Fo Froduct spocinlization

48, Oprosing large-scalc component specialization and assembly usced ty the giants,
the other end of the spectrum contains the small volume and small organization custom
nmamifacturers of agricultural implements and produccrs of light-wcight tools and labour—

saving devices.
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49, Often the ratio of skill to capital tooling is greater in these specialty firms
than in the giant monufacturing operations, because personnel must be versatile,
tooling more general, and production runs shorter. Secme examples of thesc forms of

menuracture follow.

50. Custom manufncturc: in many speel:lized scgments of the agricultural industry,

special tools ~rc¢ roq.ired, or desired, but thc total mnrket potential avzilable is
at the gome tine smelis  In this market, 2 fcw machines of high cost and high inven-
tiveness are manufactured by general purposc shops, nsually under the direcction of
the cquipnent designer., Typicil nmachines of this type may be found in agricultural
hhrveeting, the most time-consuming phesce of agriculturce, In some developing coun-
tries up to 90 per cent of the population is engoged in cgriculiure; some mechaniza-
tion for harvesting would rclcase personnel [rom the soil for indusitri:l work.
Typical photographs of newly developed harvesting cquiprient of this typc may be found
in wn article by C.F. Kelly, "Mechanical Hervesting', Scicntific Amcrican, August,
19€7,y ppe5C-59

51. The general mechanical approach to harvesting machincs follows two lines. 1In
the first approach the mechanized device is a hauler with special mechanical con-
veyors scaled to the dimensions of crop rows., ‘'lorkers ride on thie device, rather
than walk but crops arc picked by hand and the output is deposited on a meoving con-
veyor and carried mcchanically to « truck, Harvesters of this type may be self-
propclled, or pulled by w© hauling truck. Pineapples, for cxample, are harvested in

this monner in many placcse

52« In this first approacn to mechanizotion equipment design consists of an assembly
of standard tractor, truck, and conveyor components, with 2 limited number of fixturcs
that can be munufactured by a small specialty shop. Skill in design and manufacture
is tied closcly to agricultural rcquircments, such as plant spacing ond ficld layout.
Cost of development and testing of equipment is high, however, nd the number of
machines needed i1n n given locality is low, beccausc of crop specizlization and the
high productivity of the machines, Nevertheless, a firm engaged in the development
and manufacture of proved machines of this type creates a smzll monopoly as new

buyers scek proved equipment, rather than go through new development cxpenses.

53. 'The sceond approach to harvesting sceks complete mechanization, Completely
nechanized cquipment for harvesting cotton, citrus fruit, cherries, tomatoes, lettuce
ond sinilar fragile vegetables is now availlable., The cfficiency of the latter machines
and thelr intricave design requires cven greater deveclopment and construction cost,

and erten ogricultural rescarch into new plant strains which show themsclves suiteble

for harvesting,
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54. For examplce, o ten~year period was required for the development ot the tomrto
harvester now in common use in California. The United Stotes Departnment ot Apricndture
and the University of Caxliforni-, in co-opcration with o sncll speci1ally monuretepen
undertook the project. A ncw tomato stroin os 1vell as - new no.chine wers devaloped.
The machine strips thie whole tom.to plant frem the ground U harvest tire, thon shokes
the ripe tomatocs onto 1 conveyor for deposit in o bin,  some 1dor of tho rroductivily
¢f this design - 20 well s the emall yrodiction runs oveilaile - mey to pevtherod?

from the fact that in 1907 only cight nundeed tenn to "eoubines™ o thn tvpe duseribad
iere in usc in Colisornic, but thesc cight hundred nachines harvested 3¢ per cent of

the state's tomato cropl

b5e Machimes of this type, designed nnd teetcd for o given cvop, provide a suf-
.f‘

cropo can te handled. Usanlly, » large number of purchoesed parts will be required,
bt enough local asgertly and {ixturc skills cin be odded to nidie such units

intercsting.

56. Small-run spcoinlity nonufacturing: . number of small weight end-products ond

component sub-nssenblics nlso provide notentinl for smell nunufacturers. Figure

shows twe products indicrtive of this classe The small aninal trop and the RO=HO
Gardncr both rcegiire simple production processcs ~nd onl; soni-skilled 1abour,

Small conveyor belte, ottochments (or pewer cquipment :nd sneil corts cnd trailers
also come under this cotegory. Orien simple sheot metol nand cnsting  or forging
operations will produce the essenticl desiem parts, wnich, vhcn combined with » Jow
purchased parts such as bearinge, wi 1 prodvce tic cnd product,  Since the competition
cmong snall nmonufacturers of this type con be sc/ere, grent carc ig nceded to develop
» product design thet can be protected by pitenty, r thot f1lls on ohvious "lceal"
need that con he cxploited. Often snall component specioliz-tion is introductory
roste tu development tor nanufacturers of this clnsse  Such cuiaponent nnd sub-tssembly
cipplicrs often ciaster geogrophically near 2 nojor wgscnbly operation, or in the

cosC oy light-ucight component ond sub-usscerblics (c.¢. electironics) may be locrtod

some distonce Iror the wescnbly point,

Go Mirkeline versis production ability

Ule Host smell roanad oturers o the type just deseribed sutter from alternctc prins
of murketing and production dirfienlty. Pirst asscenbly of -ulficient tools ig the
initial problem, then sales of the product becomes a mejor concern. As sales pro-
sress, production expansion and associated difficultiec ar:se, zo the cycle , oes.

For thic rcason an anticipation of marketin: problems 11 wdvance of their realization

is often a worthwhile pursuit for the prospectiive small marufacturer.
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Figure 8
Specialty manufacturi
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The RO-HO device, in modified form, is described as a "Rice Paddy Cultivator"
in Report IR18370 PR February 1358 of the International Co-operation
Administration's Office of Inlustrial Resources Technical Inquiry Service.
The reported manufactur:ny cost in this report 1s over $US 13.00, almost the

retail price of the RO-HO, clearly an overestimate. The design modifications,
however, are of interest.
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amount of copitui that cnata Le muiaed ool Lexty oooorver wog made of loeal
industry as 5o jurchosing o erntc! rnecus whe *h .- rc then bein durchased 1o "foreg)

gtates", In fech, .n wesudinig i3 €T LR vovit, e product lecieion Las ma'e until
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after some marie.i.iy vors ho heci. conduc.ced. “he ~rodutt celected wan not apricnd=
turel, but wee related tc losal .oxtile jlerts .n the arca that were purchasing
zippers ir the iew Vor. market. lreood on the ~prurent volume of zipper demand, the

product selec*ed was “unished . 217 Ders,

59, S-udente ol the Universily o0 Denncssce Engineering School assisted in the design
of rroductive feciliitice Lo be 1u%To el i1n stages, and a ~raduatc was proposed for
plart supervisor. With thesc plens ta hand, stock wws soid tn local residentc to
reise the recquired capital for development and cxpansion ip %0 the original budget
estimote. Operations started with a supervisor -und one worker, who engaged in
assamtly-to-order of various lengthe of -ippers from stock purchased in New York

“he zipper manufacturing machires vcere purchascd, so thet fower and fewer purchased
part. would be required. [nally, with an ircrense of workers and iustallation of
machirces completely seif-ccutaincd manufacturiy, was po sitle. The prosression of
staps alwaye shoncd a prefi® and a fcerme 1; depressed community becamc e substantial
cource of industrial cmployment, Similar accomplishmerts in other ficlde have also
beer. brought about Ly this approaci, which has resulted in 1ncrcased vxports from the
state. Producte containing the zipper component are «old throughout the United States

and the world,

60. “wo factors helpcd to briny atout thu succcse of this czp riment: firet, the
sclection of a produst to b¢ made 7as btesed upon zctual demand, seccond, substantial
engineering and management skiils were vrou-ht 1nic the operation at iis outsct

¢ven though local personncl iould operate it cventually. In many unsuccessful cascs
ot manufactaring introduction a rovercc procedure has heen used, namely tooling up

on 1 large scale before proved markete have boon determined, cortact:d, and convinced

to tuy or rapid development without recuired enginecring and management skills.

61. A similar set of probtlermc and proccaural LCrlenCes affcets the agricultural
implement maker, as cxemplificd ty the tomatc “comL.nct duvelopment oxample erven
carlicr. In most cases of *h. cmal -rur parufzcturer, sutulss appears to rest upon o
btlead of marketing, cngincering, nd manz, cmont ckille - «g opposcd to cxotic production
tooiing at the tcginning of opcrat.nns Thic 1o particularly o vhun a blend of tech-

1cal expertise, such e avriculsural ard mcohanical, 1o romuired.




L2, Ve hmve ecen that agricultural o~uipment manufacturcrs range from large-scalce
srtorrated manefacturcre specializing in componert and ascemlly of heavy and relatively
corrler finrshed produsi: to sm.lier custom menufacturers and short-run manufacturers
cl Vo b farm oLcuipmont. Yoo nav nluse soor conc of the difforences in approach uscd

1 vacn "Nase.

G, Tor laréc ponudcturers, co-orl.retion wol phiannn, recurremonts become ceverce 1if

whe beacfit of enmmon paris 10 to booxpinl.cdl owever, when sich planning is carried

[$)

ovt, ‘ne larpe manufa -urer his tuc aniiicy 4o enwgc irn 2 wide rang. of subsidiary
peoduct salee, oftzn supplying ©om. ~omponents to . specialty firm, then distributing
it “1rished output., Sich an associat.or for a developing emcll marufacturer usually
provides much fre tor oapttal rusnurcos, waoder markets, wnd betior technical and
nosesen it ski.le than he could achiwve zwifti; on his own, 'or thirs rcason, licence
a2 reencnte, jolnt vorsarcs, and similar cc-operat.ve arrangements are popular among
3amesit manufacturcrs, wnd arc often esscrniial te obtain repid nroqrces in developing
~miomg, Throwshout the worid the most advanced iooling, planning, and markcting

mcthods are cmploycd oy fimms tha® hove mude such zo-operat.ve arrangements.,

‘7, Custom manufacturs of spenialized products ofter requires less investment in

e .y and lees tooling specialization but nlso requires greater devclopment cost and
v uivher depree of invoniilvenoess the co—operative route in this instance is often
oty o government g orcy or L verc: bty rescarch department.  The smell-run manu-
fact irer alro finds advance co-cperation with his prospective customers a definite
aeaet tnopromoting orderly sind prof.table [ rowth.

i

65.  The planncr who sceks ta sclect a ;1ven form of manufacturing for the agricul-

cure Dield faces cach of thege alicrmatives, ~nd thoir various combinations. The

orret;s of cdlternatives open to him ts so srct tnad he carnot within reasonable

cxroroe hope to onnsider 2il of them 1o detail. If k2 is to gct on with the job of
reaotfeturing he cannet devete 2ll of his resources and time to investigation, but

must ouse sumplificd orocedurce at first so that o sciccted list of feasible possibilities
tooovaluated later.

~

ofe In othor words gross scanc of all products that might be feasible cannot, with
civer simitoed resources, produce the detall of cvaluation remuired to come to a
votoene !l oneleation of ong, or a group, of products to b uanufactured in oa given
oo ticrn. lome scereenin, ruies must Lo applied to narrow down the list, rules or

~

fFatder that cannet be speiled out, tut which must, reverthcless, be used,




7. The author's ronclusion, ~u . r_guit of “fioo ot oaus RS TR STl moet

appealing rulce that ~ar bo wprniicd for ceroining oo 4o irv.ec. 4. obvieus neods ar

rm

the agricultural ficld, then conzertrate attoniiorn or *he me-nc of nrnufrcture to fill

Base

thosc ncads.

68. The opposite approach, wnich sccke to wvilunte ~11 preducts thet could be modoe
vwith cxasting facilitics appenrs o cuoernte too maiy wiboertat oves te Lo handl. d.

Althowh this ~=ppro:ch hac src-~* “heorciicnl 2Pppe L bosnuse L optinunm ool ction of

e 54

products and manufacturin orsornizat »no Lo nog.d 1or, ine ¢ns. nd ‘1ie reuired for

¢

Tiontios ldeulntions, offsct

-

such » g¢rond s~on, vhien rnuct e 1anl.ded o th ~pt

.
]

minor gains that mioht resdt Jrom ‘lrnc-cheic. nothod: Ty ‘nort, .t mey not be as
importont to mak. Aan ophirnigt choio. ag srocsly wouinto cporec, vithin | roesly
defined conetraints,

69. If this conclusion 1g ruc, =na it sopears o bte oo for o filid ao wide no that

of agricultural 1mpluments ~nd —cooct:tod preducts, then 1t would - ppunr neocooary

to 1nvectigate the common ~prriculturel neode of “ricus ro oLore to duevelop 1 small

list of the most urgently needed implements and mrchinee.  Such o inveetigation need
not bo very extcnsive for cach repiorn. DUrom this cound tagiy, detniled engincering and
marufacturing investicntion ~rd plonning cal procced 1 2 realistic way towards the

manufacture and distribution of products for both the domestic ~nd ¢xport markcts.









