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FAC X1

The basic kit, containing
approx. 2.400 parts,

Size: 0x3¥x7.5 em
Weight: approx. 13 kg

FAC X2

The industrial kit, cantaining
agpprox. 4.700 parts.

Size: S0x3Fx1T1 cm
Weight: approx. 20 kg

All FAC parts are available as individual items
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Cap. 1

Principles of FAC

The fundamental concept of FAC iz the limited number of simple but versatile,
high-quality standard components, allowing innumerable combinations due to their
logical dimensioning and design.

The backbone of FAC structures is the round steel Rod, fig. 101, selected because
of its mechanical qualities. It has the same bending moment in all directions and is
easily cut to any desired length. — Rods may be joined by Couplers, i. e. small
grooved plates, which are screwed together in pairs to held the Rods rigidly.

Besides the Plain Rods there are Threaded Rods. Their center section is similar
to that of o Red, but the ends are cut down in diameter and threaded. These
threads mate with Tapped Sleeves of the same outside diameter as the plain middle
part, fig. 102.

Fig. 10 " G

The Rod diameter is designated by the symbel [r| and the thread diameter by
the symbal [s]. Both measurements are fundamental in the FAC system.
Twe Rods may be coupled together by means of Clamps, fig. 103. The distance

batween Rod centerlines, designated by the symbol m| is then determined by the

sum of the Serew diameter [ s| and the Red diameter |, thus
=+ [7)
E symbeolizes the FAC module, the common dimensienal denominator
for all measurements raelating to tha interchangeability and versatility
of FAC components.

Fig. 103

When screw holes appear in pairs on Couplers and on other parts, the distance
between hole centers generally is 2 ‘ml. The reason for choosing this measurement
is illustrated in fig. 104, where the distance between the centerlines of two
adjacent Rods is [ml. :

Cross and T-couplers permit the joining of Rods at right angles to each other
in the same plane, see figs. 105 and 106. Two identical Couplers have been placed
face-to-face with the ends of the Rods meeting at the crossing centerpoint.

Fig. 105

If the positions of the Cross Coupler and the T-Coupler are reversed on the
opposite (nut) side, as indicated in fig. 107, two parallel Rods may be jcined fo a
single Rod at right angles, with all three Rods in the same plane.




The distance, center-to-center, between the two parallel Rods is the same as
petween bwo screw holes, i.e. 2 m. Beams, fig. 108, may be regarded as a
development of two parallel Rods into a single constructional element. The funetion
of the Rods is taken by the Beam flanges, formed frem the web material.
Accordingly, the distance between beam flange centers is 2 [m

The Beam web is perforated with slots along its center line. f Screws are
placed in opposite ends of a slot, the distance between their cenfers is 2 [m|, as is
the center distance between two Screws placed in the adjoining ends of two
neighbouring slots.

The slot width corresponds to the Screw thread diameter. As the Rod diameter
is bigger, the slots are drilled in the middle to permit the passage of a Rod, or
of a Shaft of the same nominal diameter as the Rod.

Flates are perforated with staggered rows of slots, identical te those in the Beam
webs, The fransverse distance between neighbouring rows of slots equals [m], the
longitudinal spacing is the same as in a Beam, fig. 109, %5

Fig. 109 I - -I |——

Plates are used as needed together with Bods and Beam Sections. When a

platform is desired, Plates may he simply butted together with Rods ploced between
the edges. The sequence of holes will then be unbroken and the module distances
continued from FPlate to Plate. Flanged Plates butt direct against each other flange-

to-flange with the same result. The examples shown will demonstrate the unlimited
versatility of FAC.
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Cap. 2

FAC standard dimensions

A number of carefully chosen measurements and manufacturing tolerances are
standardized. They are used in dimensianing all FAC parts to obtain a maximum
of simplicity, versatility and interchangeability.

In the FAC parts drawings, pp. 58-75, these standard measurements ond
tolerances are designated by symbols, which simplify comparisons between parts
and make the drawings easy to read. FAC parts are designed and manufactured
according to the metric system and the dimensional unit is thus the millimeter,
abbreviated mm. For your convenience all dimensions are given both in mm
and in inches.

Certain typical measurements and design details recurring in several FAC
components are discussed below. For the soke of clarity they are generally not
repeated in the port drawings.

The FAC module

In »Principles of FACs the background of the FAC module was described. It is
represented by the symbol m| denofing a nominal measure of 7 mm = appr. .28 in.

A majority of part linear dimensions are derived from this module by simple
multiplication, so that the module is @ commen dimensional denominator.

The Rod diameter

For Rods and parts with the same outer diameter as Reods, as well as
for holes oand grooves designed to toke Rods, o common diameter symbol r_|
is used, denoting a nominal diometer of 4 mm = appr. .16 in, Actual rod and hole
diameters in manufactured parts are modified to obtain a suitable running fit.

The screw thread and screw hole diameter

Threads and holes designed to toke threaded parts as well as tapped
holes share a common diameter symbal: "s| = 3 mm = appr. .12 in. This symbal
denctes the nominal outer diameter of the metric thread used. Actual hole dia-
meters in manfactured parts are modified to obtain a suitable easy fit.

In the parts drawings screw hole diameters are not given, except when needed
for clarity. Holes without diameter indication are always = s,
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Clearances

When a Screw is placed in the end slot of a Beam or adjacent to a plate edge,
the distance from the Screw center to the edge is 5 mm = appr.
in figs. 201 and 202,

Plate edges are undercut at the corners, giving space for Couplers in girder
constructions. The size of the undercut, referring te fig. 201, is: zbz = 1 mm =
= appr. .04 in., and sex = 9 mm = appr. .34 in.

Between the pair of Couplers in a joint there is a clearance =za=», fig. 203, of
1 mm = appr. .04 in., to take o Beam web or a thin Plate. The slight elastic
deformation occuring in the Couplers when the Screws are tightened gives a
lacknut effect, holding the Muls securely even wnder strong vibration.

20 in., »as

il o

Circular screw hole series

Certain wheels and wheel parts carry one or two circular series of evenly spaced
screw holes. The linear distance between neighbouring hole centers is 2 [m].
Fig. 204 shows the typical hole spacing.
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Centering diameters

Parts designed to fit together concentrically, such as a Bearing in a Bearing
Housing or a Wheel Center on a Wheel Disc, are manufnc'rur&d to I of four
standard centering diameters, designated by the symbols (v, (w), (x), (¥), (=)

(¥y= 8 mm=appr. .3135in, 4 ¥I=19 mm = appr. .75 in.
fﬁ = &3.3 mm = appr. 2.49 in. "j= 7 mm = appr. .28 in.
“f. =21 mm = appr. .83 in.

These are nominal dimensions only; actual dimensions are meodified to obtain
a suitable fit.

The hub in fig. 205 is used for Wheels with screw hole circles and has an outer
centering diameter (x), which is the same for all hubs of this type even if the
symbol (x) is not entered.

If g hub is to be locked to a shaft with a Roll Fin, which is recommended when
the torque is considerable, a drill of 1.5 to 1.6 mm, or 1/1& in. gauge, should be
usad in the drill-starter hole to make a seat for the pin.

Tolerances

ShaMs and parts dasigned to fit shafts, such as Wheel and Gear Wheel
Hubs, Bushes and Ball Bearings, are manufactured to closer telerances than those
mentioned akove — see table on poge 74.
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Fig. 207. — Bridge crone model built
lergely with clamped connections,

10

Cloze-up of laifice.

Cap. 3

Assembly methods

Two methods of assembly are used in FAC, i. e. by clamping, or by screwing the
varicus parts together, OFf these, the clamping method makes use of a variety of
Couplers — which incidentally rely on screws and nuts for their locking effect —
and is the one most generally employed when building frameworks. Screwed
connections, on the other hand, with or without the use of spacer elements, find
application for various subassemblies in supporting structures and for building
moving mechanisms. — This very general classification of the vses of clamped
and screwed connections is, however, by no means o strict rule,

Clamp connections

Clamp connections dare made with a system of Couplers and Clips which are
locked around Rods and Beams. They have the advantage that they can be moved
along the Rods, or Beams, until the best position has been established, and need
only then be pulled tight.

The illustrations on the following pages show some examples of Rod and Beam
systems and connections made with Couplers and Beam Jloining Plates.

Fig, 30Z, == Qveroll view of crane.







Screwed connections

In structures built with screwed instead of clamped connections, the need for
adjustment is satistied through the use of spacer elements of fixed lengths which
can be combined accoarding to the same principle as gouge blocks to produce
well defined distances with very close telerances, The advantage of this method
of construction 1s self-evident.

The differentiation of measurements in the FAC system — 3 mm Threaded Parts:
4 mm Rods; 4 and & mm Spacer Elements — makes possible the building of 4
great variety of built-up framework subassemblies, bearings, brackets efe.

As o generdl rule it may be said that, where the choice is between the use of
Clamp Couplers, on cne hand, and Threaded Parts in cembination with Spacer
Elements, on the other, the latter method is generally the one to be adopted. This
applies in particular for meost shaft and piston-red bearings, linkages, crank
mechanisms, and the like.

£5.05 A3-30 A5.03 Ad-12

Threaded Rad fitted with Topped 3Slecves to reduce the free threoded length of one end by 5 mm,
and previding an int=rnal thread — Sleeve 4512 — ot the other end.
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Fig. 348

Examples of the wse of Washers T5-03, Sleeves H4-, and Rings H3-04 in order to obfain any
desired spocing,

Fig. 349

The left-hand PE':I‘I.'FB shows o Plate and an intended shofd center which hos been dzlibcrnl‘z]y F1=]
chasen that the construction methed of fig. 348 cannet be empleyed. — The right-hand figure shows
the salutien of the problem, invelving the vse of Eye Serews T3-12, Tapped Sleeves AS—O05, an other
spacer elements.
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Fig. 350 = Fig. 351

Examples of beoring brockels constructed from threaded parts plus spacers; inf gi. 332, Eve Screws
Tz2-12 ferm heqringa for shafts with o ceatrelinge distance of 112 mm, suitahble for a pm'r of F1-14 gears.

Fig. 353 U

Using the censtruction mtheds shown in figs, 352—3%4, bearing brocket: may be arranged for a shaft
centreline in any desired location outside a structure.
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Cap. 4

Rigid structures

The basis of all FAC designs is the rigid structure in which the meoving parts are
assembled. The construction principle employed in the FAC system corresponds to,

and simulates, the conventional riveted, welded, and cast structures of full-scale
engineering.

Whereas these methods of conshruction invariakly call for very careful planning
down to the smallest detail, FAC designs allow considerable leeway in all
directions, It is quite pessible to build a workable FAC framework from enly
rough or vague sketch or to interpret an idea direct in terms of available FAC
structural material,

In this case, it is good procedure to leave some of the clamp connections loose,
until all the various parts of the framework hove been installed and adjusted to
their correct final positions; only then are the clamps pulled tight.

Despite its close adherence to strict design principles, FAC allows se many and
infinitely varied solutions and practices that we must restrict ourselves to giving

a few examples anly of characteristic designs for various purposes and degrees
of loading.

Lattice structures

The lightest and most space-saving structural element in FAC is the Tie Rod.
Its wses are manifeld, but we are here interested in it mainly os a building element
for light latice structures. '

T¥sE il
i) iz

2 R 7
Fig. 401 Fig. 402 Fig. 400
The Tie Rod is available in a number of lengths which spring from the side

relationships of the three 90 deg. triangles illustrated in figs, 401-403. Of these,
fig. 401 shows a half-square, fig. 403 a half equilateral triangle.

17



Fig. 404 Fig, 404

V3

Fig. 404

Fig. 407 Fig. 408

F'lgs. A04-408. — Thesa figurc_:.s show somg c:::g:rnph:: of truss
elements for lattice structures, censisting of statically delermined
isosceles fropezes which may be bwilt in variows sizes through
appropriate selaction of Tie Rods from the table,

The figlur{.-; uppc-:lring at the sides of the ‘|r]n:l|'l5|{:5 denote the
Jcngllu af the sides reforred to the |-e1re3t]1 of the shorlest clement
in the Tie REod system — which is, in foc!, not o Tie Rod proper

Fig. 40% — Lattiee built ex-
1;||.l=5=.'e|=_.f will Tie Reds,
Threoded Rods, and Tapped

but the Three-Hale Link. — Tie Rod lengths and the carre:ponding Sleeves.
designaticns are listed below.
1 .02 2 | Cl-20 4 L1 -dik 3 1-80
v 2 D1-12 2\ /2 D1-22 4y/2 D1-42 8y/2 D1-82
V2 B1-13 24/3 | D123 4y/3 D1-42

Fig. 410. — Laftice structure mode from Rod:s Al- mounted on a boseplote C%17. Despile the
slander type of construclion, the loltice hos greal sirength and rigidity, and lends itself well to
Larrying vorious pieces of mechonism ond to toking vp mechanical forces of mederate size.
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Plate constructions

Flates in the FAC system come in two thicknesses, The thinner plates are mainly
intended as reinforcing elements to be mounted between the Rods or Beams of
frameworks where they take the place of diagonal members by taking up all forces
contained in their plane and, at the same time, providing mounting points for
other members stressed in the same plane,

If the plates are to take up forces not contained in their plane, or support loads,
the heavier gouge plates must be uted, and the type of construction will be
differant. If the forces or loads are considerable, the Plate may be reinforced by
locking Rods against the Plate by means of Saddle Couplers A5-01, as shown
in fig. 411,

Fig. 411. — Plate reinforced with Rods,

If the forces and loads are not too great, a thin Flate may be used in the
sOmMe Manner.

The uses of plates are otherwise so varied as to escape a general formulation
in words, and are best described by referring to the illustrations in this Handbook.

Fig. 412 — shows the mast ef a itraveling crane, the foot of which ho: been transformed into o
strong box-type foundation threugh the inclusion of thin plafes between the carner rods; above the
plates, the framework has the aspect of a light lottice structure with Tie Red diogonals.

20
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Heavy-duty framework

For machine models containing o high percentage of moving parts, and where
stability of the supporting structures is an indispensable requirement, a combination
of Beams and Plates with Threaded Parts and Spacer Elements predeminates in
framework design. The problem iz to achieve maximum strength and rigidity
coupled with the greatest peossible number of mounting points for the various
bearings, brackets, guides etc. which support the moving mechanisms, often very

closely spoced.

Fig. 413

A5-17

ST5.0%

-

Th-1%

LA

A parficularly wseful struclhural member fram which highly versotile
designs con be Buwilt is the Twin Beam shewn obeve. Four Beam
edges provide seots for clomping additienal fromewsrk parks,
bearings etc.; morcover, poris moy be screwed 1o the Twin Beam
by vsing the holes in the Beaom webs, or mounted belween 1he two
Eeams. Figs. 418 ond 419 show compesite Chonnel ond Box Type
Beams, respechvely.

Fig. 430, — “When Flanged Plates CF-17 are vied a: o foundalien — as in this section of a printing
press — Twin Baom: moy often bBe used to advantege by plocing them horizontally on the Plotes
where they oot both as reinforcing ribs ond os supports for warious wertical fromework poris which
can then be moved aleng the entire length of the Beams for adjusiment.

22
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Fig. 421. — Llong-time lesting
mackineg for ball-point pens.
Serraled rubker rells 5 pull a
papear sirip over o toble where
twa pens are fracing figure-
af-eights on the poper. The
pans are mounted on a cam-
pound slide orrangement 4,
with one slide on lep af the
gther; the recipracaling mave-
ments of the two slidesr ore
preducted by Iwa crank mecha-
nisms 1 and & ab right angles
ta each other. The pans rotale
during the test, driven by o
franzmissien.  beginning with
worm geor 2 and ending wp
with flexible shaft 3I.

Fig. 422, — This picture shows the foundalion
plate and bed of the testing maochine before
aitembling the mowing parts; Twin Beams 7 and
8§ constitute the backbone of the svpporting
irueture.

F Y

Fig. 423. — Anather view of the ball-writer tesfing
machine. The following consfructional features
ar= warthy of note;

— PFivating bearing ¢ fer pen drive shaft is ad-
justable anleng the fransomof

— Supperting frestle 10, which iz a typical light-
weight censlruction embedying Tie Rods and

Threaded Rods with spacers.

— Rocker 11 supperis the bearings for pen
rolation.

— Self-aligning bearings 12 suppert the two
slides.

25
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Fig. 424, — Gang sow model built with FAC
parfs and having all the function: of a full-scala
machine. The model provides a good example
of a relatively simple Twin Beam structure capable
of taking up considerable mechanizal stress and
vibration. It also serves ta illustrate the high
degrec of conceniration of moving parts proctic-
able in @ siructure of Ehiz kind.

Chng column of the mochine frame carrie: fhe
feed mechanism B which iz driven froem  the
crank system in the [awer part of the machina
fraome. A friction and chaim-ond-spreckel frans-
missian drives the feed rolls 4 ond 5 af o specd
swited 1o the quality of "limber” being cul, and
fo the number aond cutting power of the saw-
blades,

The vpper feed roll howsing 3, with feed rall 4
of serrated ruvbber fubing, is odjustable for
height by means of hondwheel 2: sprockefs 7
which fransmit the mation to the uvpper feed roll,
then move along drive chain &

Fig. 425 — Upper 'Fi_:m:l rell hauvsing 3 opened
out to show inside orrongement of fesd roll 4 on
spring-londed rocker 17,

When closed, housing 3 is locked by cperaoting
lewer 10 which shosts bolt 9 behind vertical rod
164. The hausing is roised and lowered by lurning
handwheel 2 which operates gear 11 in engoge-
ment with rack 13. — Tha howsing swings on
verfical shaft 12,

The loose frame 15 in which the saw-blades are
mounted, is onother exomple of a strong light-
waight movable sirugture made of Twin Beams
and Threeded Rods reinfereed by Tubwlar Shafts
Gr-. The frame is driven by the underlying
crank mechanism  and  slides on  pockenholz
shoos 16 — specially made — aleng guides 14.
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Fig., 428, — Swuppaorting struclere mode up of Rods Al- ond Threoded Rods A3- on o Boseplate —

an eqsy-te-build, rigid design.

Thae ball bn:i::rir'g boxes con he adjusted '-'I:'r'ﬁ-\:-:‘:l"y a6 hn:hri:-:hrll‘n”}' te a froction of o millimetre, Mol
frea acoess from all sides of the struclure.

The insct draowing shows the assembly methoed employed, viing Eye Scrows.

Fig. 427, — A specimen of svbassembly building wsing Plates and Corner Plates, — The unit comprises
twa independent gear frcins and crank mechanizms which drive a rack-ond-gear type differential
whese sulput movement reproduces the sum of the two crank moticns. — The unit iz part af the
guilleche machine of fig. 431,

s 0
o

ol

Fig. 428, — Framework built with Plates and
Beams and capable of supperting very heawvy | =
—= loods.

Chassis

The word chassis is used in thit context in the "auvtomotive™ sense to denofe
all types of frames as commonly used in wagons, trucks, trolleys, pivets, slides etc.
In chassis construction, the problem generclly is to build maximum strengih into
minimum size and weight of the structure, but apart from this no general rules
can be formulated. The chassis type of structure is perhaps best illustrated by a
selection of practical examples, fig. 429 below, which shows various designs far
a railway bogie, and similar equipment, :

Fig. 429.




Fig. 420. — Railcar bogie with front ond rear oxles arranged for automatic tracking in curves, by
means of Mylen buffers — Bearing Inserts — in the bogie and car frame.

Fig. 431. — This guilloche machine provides an insfructive exomple of o0 machine where most structural
design principles are represented. It alse includes o chossis, or trolley 2, oftached to the twin cronk
mechanism 1, corrying the stylus that fraces the guilloche ornoments en the rewolving table 3. The
inset paftern clearly demonstrates the ocevracy aftainoble with FAC designs.

Cap. 5

Rotary movements

Bearing arrangements

There are four types of shofts in FAC: 4 and & mm 3olid 3hafts, G4- and
Gé&-  : the Tubular Shaft, G7- ; and the Grooved Shaft, GB- «, which is
used with the Sliding Dog, H8-01. All of these shafts are furnished in lengths
to be cut off as required.

Several parts in FAC may be used as bearings for shafts, although their names
may indicate other main vses, e. g. the Eye Screw which often provides a good

bearing for 4 mm shafts when the speed is not excessive, fig. £421.

SOs

Fig. 501 Fig. 502

18-

ﬁ.sszmb“r‘lg a p|n:|Fr| beur’iﬁg pi”ﬁw Black an ane, ar fwa, Rad: ar Beam edges.

Lg.02 R 1 LE. 05 L¥-£0

The use of Ball Ecorings is o direct development of the plain beoring arrangement. The Boll Bearing
fits o & mm shoft; fo vse it with o 4 mm shaft, install a &4 mm Mylon Bearing Insert batween shaft
and beoring inner ring. = The Bearing is protected ageinst grit and dust by a plostic cover.
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! Fig. 504, — A wvoriety of bearings mounted in a simple, yet sturdy framawerk of coupled Rods,
[ Threaded Rods, ond Beoms, which permits practically vnlimited veriation in ewery direclion.

a single Beam edge,
groave apen.

Fig. 505. — Ball Bearing Box riding

leaving one

Fig. 5048. — 3Spring-loaded  Boll Beoring Box.
The box it mounted on fwo Beams in the uswal
manner, but the screws are nol pulled tight,
allowing 1he box to move along the beam edges.

Fig, 807, — Zpring loaded plain beoring  can-
sisting of @ bronze Shaft Head fitted with a
Tapped 3leeve AS5.D5 which slides in the cenber
hale of @ Three-Hole Link Ul-0Z fe keap the
bearing in line.

Fig. 508. — A bearing arrengement  similor
fo that in fig. 507, but with the wpper 3hof
Head rigid. The ralls are mode of serrated
rubber tubing.




Wheels

Several types of wheels may be built from the FAC wheel parts, and can be
combined in a number of ways; various measures have been taken in manufacture
in order to ensure perfect matching hetween all wheel parts for minimum runout
of the assembled wheels,

g T e TR

A

——

wd LI el e e,

Fig. 30%. — This type of assembled wheel is wsed o5 a flot-ball pulley in the ball-pen feiting
machine of fig. 41%, ond also in the crank mechanism section of the gang sew, fig. &01. Because of
the greal mechonicol forces enceuntered in the lotter cose, both of the Flanged Rims are reinforced
by Dise Webs M3-01 ond Disc Hubs M7-44,

The zome type of wheel build-up, although with enly ene Flanged Rim per wheel, will be s=en in
the railcor Bogie, fig., 4300

The pressed Wheel Discs, N1-01 and MN1-02, and the Flanged Wheel W1-05,
have dished portions around the center hole, intended to accommodate a Ball
Bearing L3-06 or o Shaft Head H2-04, or H2-05.

34
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Fig. 211, — Railwheel with
Ball Bearing.

Fig. 513, — Assembled pulley
with Ball Bearing.

%
T

]
k]
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2

Fig. 510, — Aszsembled pulley
for o 4 mm shofi.

Fig. 514, — Samea pul'le::':,r
lecked on o & mm shaft.

Fig., 312, — Railwheal
plain Bearing, Bushing L1-0&,

with

Fig. 515, — 3ame pulley with
ottached Crown ‘Whesl.
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Ratchet mechanisms

The Ratchet Pawl, U7-01, was designed te work with the Spur Gears in FAC.
It the Pawl is mounted in one of the standard hele circles, it can be used enly
with Gears P1-16, -24, and -64; by arranging it in a framework, it can be
combined with all of the Spur Gears. — Te achieve a calch motion in the cpposite

sense of rotation, the Ratchet Spring is turned and placed on the outside of the
Pawl.

Fig. 518. == Rotchcl mechanism with
Goar F1-14 or Fl-24; will @coms-
madate iwa Powls if required.

Fig. 517, — Ratchet mechanism with Spur Gear P1-584.

Gear transmissions

which praperly belong under the heading, Rotary Movements, are discussed in a
chapter of their own, Cap. 7.
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Cap. 6

Reciprocating movements

Cranks

The simplest form of crank is obtained by using one hele in a standard hole
circle, as illustrated in figs. 601 and &05. The stroke of the crank is then equal
to the pitch diameter of the hole circle. — To obtain another length of stroke, e. g.
when tests must be carried out before deciding on an optimum value, various forms
of adjustakle cranks are possible, as shown in figs, 402-604.

R
Ty
¥ kT

b g Ry

—

Fig. 401. — Crank mechan-
ism of gang saw, fig. 422, Tha
crank pin is a shor! Threaded
Fod reinforced by o piece
of Twbular Shaft: the counter-
weight is a lead essting
speciolly maode far the
machine. — Maote the sprocket
shaft supports,. — For o
description of the cronk wheel,
see fig. SOF.




Fig. &0%. — Adjustable

crank.
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Fig. 803, — Adjustable
Terg Wpwards.

crank,

variable

frem

Fig. 404. — Cronk with varioble offset of the type
shawn in fig. 802, os vied in o testing machine
similiar to that in fig. 41%.

Fig. 805. — Simple cronk wheel ond connecting
red with pivaled big-end bearing.

%

ALY A
J&=




Connecting rods

The pictures ond drawings in the preceding section en crank mechanisms show
some simple types of connecting rods. Another useful type of rod, the forked

connecting rod, is illusirated in fig. 404,
A5-05 HZ-04

Lo /

AS-05

A5 12

T3-1%2 T AS.05

H4-05  U1-02 T5.08

Fig. &04. — Forked connecting rod, as vsed in fig. S09.

In certain kinds of crank mechanisms it is sometimes an advantage if the length
of the connecting rod can be varied within certain limits without going to the

necessity of dismantling the red.

H2-04

AS-05 £5.035 A7 A5 05

A3

A% 1E
f

L&. 02
1
| |

.__@@g_
G SR o=
il \edud)

A5:1F UT-0%

:

Ha-17 1].03 GI-

Fig. &07. — The length of this cennecting red is adjusted by moving the bearing at the forked end
aleng the twa Rods, with the help of the end Muts, until the correct length has been found, and then

pulling the bearing clamp screws fight.

T&-0% T3-12 .-’-.Sl;".'l:'.- -‘-.II.E-ES A&;?E .ﬁ.ﬁnl-l.'.'ﬁ .I"il-
P ! | |
4 / | | |
_____ — ] | |
e e e f
i ] |
= L. 'E'__
it |
-
|
i [ \ Fig. 608, — Cennecting rod end with
H2-04  H4-12 Uil-00 AS5-12 Wb-02  TE-03 pivoted bearing occording to fig. S05.
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Guides

Some measure must generally be taken to guide elements; of reciprocating
mechanisms; one instance of this is illustrated in fig. 425 which shows a methed

of guiding the loose frame of the gang sow.

Ga-  HI.pd AG-0% TE.05

Fig. 409, Guiding o piston red in beo Shoft
Heads, one on sither side of the crosshead.

4 Fig. &10. — Crosshead, detail of fig. 609.

TE-1
s A
et
S, _ce.
B - 04
Fig. 811. — To secure a perfecily parallel movement of reciprocating tobles, and the like, which
might have a tendency to grip unless well guided, a system of Geors ond Rocks may be vsed,

preferably supplemented by a system of YWheels ond Rods fo suppaort the weight of the taoble.

4



Flg. &15 — Campular Fer izlvieg differential equations, censisting of infearstor wnifs A and B, selar waif .
and curve tekle 0,

Fig. 612, — Clese-vp view of o prinfing press loble supported by o guide arrongement of the
typa shown in fig. &11, Eee also incida fronk covar,

T

Fig. 613. — Detail showing guide mechanism
in fig, 612,
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Fig. &17. — In ihe tergue muliipl=, the ende of
gracved shaft & ond sulput shaff 1 carry wire holders
3 and 4 betscen which wires ore svspended ond ooil-
wd arownd spedially made plaibie pullay: lackad to the
hubi of Gears T and which are driven by the mafor
arnd rodate in sppesite diresiisns,

When the wire halder an the Inpui shaft from fhe Sric-
tiam dise rebetes, the wire iz sheacked baul; i) aacircla
fthe pulley that rotetes in the same direction, and pulls
tha alkes wire Bolder — an 1he eulpul shafl —with It
The powser delivered by the mofor is thus framsfsrred
theauwgh the fiicdizn Balwosn wire ond pullews direct
ta thae auwvtput shoft, while maointoining thes vasialisns
sf 1he ralatisn of the friciien disc.

Il’

Figs. &18, #1%, — Twa vanlan: of the forgue multi-
plicr. The left-hamd drawing is the varsien shown in
Fig., 417, and vies Angle Links U105 mounied on fhe
shofts by Eye Screws T3-12, — The right-hand type
ampleys Sirap Couvplers F1-01 and Tappers Slewvar AS-12,
The arm: holding the wired are mode fram Rods Al
and Threaded Rods AZcut to length ond dreilled far the
wirss,

Fig. 620, — In the curee fable, [ in Fig. 415, Bhras
Load Scrows ars asrenged ab right onales, swppaording
the stylug ever fthe diagram popsr. The enkire machan-
ism can be lifted when fhe diagraes poper is to be
rhamged. The drowing shows how the trovelling scree is
driven by a Grooved Shalt G5-40 ond Bevel Gears.

Fig. &1&. — The iategraber capiiili af
a rotafing takle 5 ond a fricticn whaesl
4, bath speciolly mode from plasiic
sheet moterial, The whasl it moved by
a pair of Lead Screws from the pariph-
ery of the foble ever the cemtre whero
it chongss iy sente of rotaficon,
Sprimg-loaded sepporfing ars In ke bed
strecturs bBeld the toble pressed sgainit
fhe disc; the gressure I3 obsorbed by
{he Lecd Screws ze that no forde oglz
on Grooved EShaff 3 aleng which tha
dige maves, The imall ferove generched
by the friction disc is amplified by
tarque multiplier | befare bBelng trons-
mil=d ta the aubput thafl,

Fig. 421, — Rear end of the roilcar bogie, fig. 430, vnderside view. — The :hnss_i:- -:n:nns._im of
a frame 3 mode of Corner Plates reinforced with Reds. The differential &, built according lo fig. 712
and running in Ball Bearings 4, drives the Wheels 1 vio Shofts # fitted with Universal Joints, The
wheels are mounted on wishbone orms 7 built from Tie Reds ond fited with bwo Springs - per
sot of wishbones. Boll Bearing Box 8 lies in the plana of the wheel proper.
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Fig. 701. — WWarm pgearsel.

When it is not possible to achieve a desired geor ratio by combining gears
without a setscrew in the drawings.

according to the table, or when such @ gear train would be unnecessarily comp-

licated, the method suggested in figs. 715 and 716 may be employed.
. B. — All gears which are not locked on their respective shafts, are shown

The gear ratios obtainable with simple pairs of FAC Spur Gears are listed in the
table on page 47, together with the corresponding mounting distances between

the sheafts,

Gear trains

Cap. 7




Gearboxes

Gearboxes for speed selection can, of course, be arranged in a number of
ways; our illustrations show twe forms with the power input and take-off shafts
in-line, and consequently suitable for self-propelled vehicles of various kinds.

H2-0& H4- 20

LY -54 ] H1-0& - (RCT |

7 i - \
Ge- . HE-01 S5y He.07 2 G-
H i o |
HE- (s AS5.05 H%-1 H4-12

IM"Tl..li:al..||-:|r Plastic Heusiing

H%.12 H4-12 H4-3)

e e i, e, B, P, e, =, A,
Fig. 702, — Gearbax with twa forward and one reverse speed, reduction ratios 1:1, 4:9, ond

8:27, respectively. In designing this gearbox, use hos been mode of the faet that the center
distance bebween Gears PI1-146 and P1.24 is EIFI;, [.& agual fo the radius of the Inner hole circle
of Wheel Parts, sa that the ends of the gearbax can be made from Wheel Dizes and Flanged ¥hasls.
The input ond output shofts can then be orranged in Ball Bearings; countershaft and backshaft run
on Tapped Sleaves AS-0F mounted in the hole circles.

The end of the input shaft, G4- , comies o Fixed Dog HE-02 locked with a Collar H1-06 which
serves as a pilot bearing for oviput shaoft G8- |, on which Sliding Dog HB-01 with altached
Gear PI1-24 is movnted.

The shaft shewn at the bottem of the drowing is the reverse shoft which is jeurnalled en Topped
Bleeves in the same manner ad the counfershaft,

The georbox is surreunded by a plostic tube — net & standard FAC part — making it passible I
fill the box with gil level with the lowes! free hales in the hale cireles.

M. B. — 3plit Sleeve H3-12 used in this gearbox hos been discontinved; it is superseded by Split
Sleava HS-10.
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Fig. 703, — Georboex with three forward speeds
and ene reverse, with redections 1:1, 112, 1:4,
ond reverse 1:8, wsing Gears P1-18, -24, and
A% Twe coeuntershafts cre employed; Plates
C1-52 are vsed as end plates,

Fig., 7i4. — Shaft arrangement of the gearbox
in fig., 703, Qnly the inpul and output shafts
are through shaffs, carried in Three-Hele Links.
The center distance between all shofis is 2.4 m,
and the supparts of all other shafts must therefare
be constrected. The countershafts are installed
hetween Three-Hale Llinks, ond tha reverse
countershaft by means of Eye Serew supporks.
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Planetary gearing

The relationship between the rotational speeds of the three components of a
planetary gearset is given by the formula,

ring gear rpm  —  planet rpm ne. of teeth, ring gear

planet rpm =  sun gear rpm  no. of teeth, sun gear

I ane of the three systems is stationary, the possible speed reductions will be,
using the symbol N as above,

sun o ring - 1:H with planet system stationary
sun to planet 1 :(N+1] with ring gear stationary
planet to ring M:IN4+1} with sun gear stationary

The negative sign indicates a reversal of the sense of rotation.

H4-05 HI-0& F3-54
4

} -
Fl.74 i H4-03 1317 H3-04  T5.0B  HI-0¢  HE-05  TI1:15

Fig. 705 — Planstary gear esnsisting

of sun gear Fl-14, bvo satellites P1-24, P1. 14 =: ‘ fﬁf

and ring geor P3.64, with Disc Hub s "gﬂ' " Fig. 70¥. — This planefary gear is built with @ sun gear P1-32, two satellites F1-14&, and

HF-44 oz sabelliie corricr. Pl-'s-s.\ FE a ring gear P3-44, Az the orbit of the soteliife-shofts does not coincide with the standard
A o, hele circle of the supporting gear — in this cose g Spur Gear P1-84 — the shofts have

bgen mounfed in E:,rq: Ccrews o5 shown on the righl.

oA b

AL AR A e A R e R S

Fer the planctary geor of figs. 705 and 704, the
ahowve formulos gi'n: a reduclion of <1:4 from sum
o ring Ecnr,wil‘h satellibe carrier slcll:in:hn-ur'yl. and 1:5

from sun geor io planet system, with ring gear
immabilized.

Fig. 708, — Photo of plonetary geor

Fig. Fb, — Photo of the gear of fig, F05; of fig. 7O7.

note extremely close mounfing possible,




Differentials

A differenfial may be considered a farm of p||:|neh:ir':.r dear where the gears
are all bevel gears, and the sun and ring gears, here colled side gears, are
generally of the same size. In this differential, the speed of the satellite carrier
shaft is clways the arithmetic mean of the speeds of the two side shafts,

G-

P

ng. TP, — Differential  with  faur
Beval Geors R1-13, The bwe Seticrews
in the 3hoft Heod ore lengthened
inte a satellite shaft by screwing on
Tapped Slecves AS-12, on which the
iatelliles are running on  Bushings
made aof Sleeves H4-12, Power is
faken off fram 1he side gear shafis
by means of Spur Gears |lecked on
the same Sleeve: H4.20, ar Tubular
Shaofts GF- - the side gears.

Hg. F10. — Differenticl of the frpe
shown in fig. 709 mounted on Baoll
Beorings in o rack.

*.
)
Fig. 711. — Bevel gear drive and differential svitable for self-prepelled vehicles, oz used im the
railcar hugie af Fig:. 430 and &18.
B30 . HI.04 G-
z : i _

Hi- 04 I

Fig. F12. = Ta build the differential in fig. 1, begin by agssembling Wheel Dises HI-01 and Shaft
Head HZ-08&; then install four Screws T1-15 fitted with Topped Sleeves AS.05, and uvse Sleeyves H4-05
and Rings H3-04 a5 spoces between Wheel and Crown Geor. Teke care that the wheel s correctly
maounied on the shaft ond does not webbkle, Then mount Crown Gear complete with sotellite shafts.
The satellites are fitted with o 3leeve H4-05 cnd three Rings H3-04 aach, serving =5 bushings. When
mouvnting the Eye Screws helding the sotellite shafts, check that the Topped Slesves AS-05 do not
touch the geors,
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F1-30 R3-a0 H2 04 Ri.18 Fl.%s

GF.

1 N N AT 0 R

B

A CEREL S LR TR 1R R ENERE T HT {]

1503 e B Gé. HEZ-04

Fig. 713, — Differential arrongement comprising twoe bevel gear sels with 1:1 and 1:3 reduction,
respeclively, Driving the Tuvbular 3haft on the left in the drowing, the cenfral Bevel Gear ET-T18
drives the sotellite shaft with Bevel Geor E3-20 al ene end meshing with Crown Gear B3-50 which
is mounted on frec-wheeling $pur Geor P1-50.

If the sctellite shaft is immekilized, i. e. Spur Geor F1-25 held stotionory, a reduection of 1:3 win
chigin hetween input shaft end Gear FI1-80,

If Gear F1-80 is prevenled from rototing, Spur Gear P1-%8 will instead rolate ab 1 :4 redeced speca.

Fig. 714, — Phala af the differential.

Special gear ratios

When facing the task of building a gear train with @ reduction fatio unobtainable
with FAC Spur Gears, or when the resulting gear train would be unnecessarily
complicated, the problem can be solved by using a differential to split the desired
reduction ratio in two terms, both of which may be readily achieved by means of
available spur gears. — Two examples will serve to illustrate the procedure.

Suppose that a gear ratie of 11:24 iz desired. The numerater 11 is 9 prime number and cannet
be achieved in the normal manner with the spur gears evaileble except by o long drown oul
process of approximalion which will s8ill not yield an exect resuvll

u 1 -u 1 : ﬁ I-a-.- —: .F| . E'II_
mo Ty TR (12'12) f {3-' 4}

Hc-n-e;l:.. if we reduce fhe 5F|e-ad af inpl,:l‘ shaft 1 in 'Fig. Fi5 I:l-':r' means of on= 2:3 gear frain,
geors 2 ond 5, and one 1:4 froin, gears 4 ond 3, ond wse the twe reduced speeds to drive fhe
side gears of differential 4, the satellite carrier ouiput shatt 7 will rotale abf the desired 11 :24
reduchion rofio,

We con wrile, hgw»:'fq::,

® B ®
Fig. 715. — Special reduction gearseh.

IR MO mome annn o s Z 3 4 5
ks, af lasth ... ... 2 a4 14 45
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Anather possibility of cplitting the desired ralio would be,
S el o .{l_‘_]
2% T e

In this case, one side gear shaft con he used as input shaft without reduction, and the ather side
gear coupled fo if via o 1:1% geor frain which must alse reverse the sense of rolation, & q.
two stoges with reduction 1:3 and 1:4 plus an idler gear.

Te take ancther exomple, let vs design a georsel to give a 1:1275 speed reduction. In Fhis
COLE W may wrih:.. amaong other pn:-ssibiliﬁ{::.

51 48 3 3
1275 ="= - [— 4+ =y =15 . [+ =
3 (? ?) la ( ?)

i. & the pr:-‘..'nlem discalval ipla cc-r'u.lrucling fway gear train: af 1:34 and %:3 reduckion, rcspc:!ivd‘:ﬁ
and hoving the same direction of retalian.

® ©® - ®

Fig, 71& — Gearna. ... .. .. .. 11 12 13 14 13 14 18 Z0
HMo. of teath ... _ .. 14 &4 48 48 &4 14 3% 3z

The proclical solution of this gearset is shown in fig. 718 The differential 19 splits the input
rpm of shafl 17 in bwe; the speod of the left side gear is reduced via gears: 18113 = 1112 - 1815
50 thal gear 18 makes 24 full turns to coch revolution of output shoft 21, The right side gear
connects with the swiput shoft throvgh gear fraoin 0014, giving @ ¥:3 reduchion.

By using a differential in combination with conventional spur gears in the

manner described above, practically any desired gear ratic may be realized with
a resonable number of gears.
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PARTS DRAWINGS

and

TABLES

M.B. — The manufacterer reserves all righls
to chonge dimensions, toleranees or material
of FAC parts withaut preliminary notice, —
FAC is @ living system in the sense that parts
may be discantinued or replaced, and new ones

cdded when required. _
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Drawn in szale 1:1
Dimensions in eaillimeders Disaaniians in inches
i me
Part Ma. Pari mAame = b . 4 = b = | a
C8—I17 | Flanged Flata 257 232 13 1 Q.92 &9 .50 D4
a2
p1—12 | Tis Red 19.8 3 2.5 A ] 12 L) a
C1—13| Tle Red 214.3 3 2.5 N JES i 10 0
01—30 | Tie Rod 8.0 3 2.5 B 1.102 12 o u ]
01—i2 | Tie Reod 7.6 3 2.5 .E 1.55% A2 .o ]
D1—23| Tie Rod 4B. 5 3 2.5 B 1.70% o s 0 0%
.0
Di—40 | Tie Rod 5.0 3 2.5 .B T.705 o I A
D1—42 | Tie Rod 7R3 3 2.5 B 3117 Az 14 A0
01—42 | Tie Rod e7.0 3 2.5 B 3.81% 11 .10 ik
01—=20 | Tie Rod 112.0 3 2.5 - 4.409 12 L0 ik ]
p1—aid | Tie Rod 1584 3 & | L. 235 o A0 Hiks

Materialy sfecl.
Fm tymabeli Ir I
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| (=) (Y] Qﬂ and dimensianal tolercnces see poas 7.
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F1—01 F—02 Al—03
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Fi—o1 FI—09 Fe—03 Fo_03
Drawn in icale 1:1
L i cen b Dimangiani im millimetars Dimsnsians in inchas
Part MHa. Part nome .
Dimeniians in millimakard Dimansicns in inches | o b | -] | ]
Fort Mo, Part name Sl
a b | a b
FE—01 | Saddls Couplar 3 21 83 g1
F1—01 | Strap Coupler Fy ¥ 8% 35 F7—01 | Short Clamp ¢ 13 35 51
F1—02 "':-Eﬂul::lﬁr : 21 138 53 .53 FF—02 | Long Clamp 21 13 .63 51
F1—33 rois Louvpler 21 21 X o7
i - | Fa—01 | Plain Clip 0 138 g vy
Fi—01 | Inslde Angle 21 1o .83 40 F#—02 [ End Clip 23 135 RO 53
F3—02 | Outslde Angle 24 11 B3 Al Fr—03 | Joiat Clip 27 1.08
Materialn sleal, thicknses 1 =m [L0O4 in.]. Maotericl: stesl, thicknets 1 mm {04 is.],
!— I_.-—-\._ I_-_‘-._I _.-_-\.\,h $oTm o, = * 1 |"- T gy ! i
Es symbals L _i-_ IE' ht.-' ":f-' '.]f.-' I"-I) |x.:_-_] ond dimensicnal foloramces sea poge F&, Pa symhbals El EI EI u,_'f,.-' |.__"':“"__.| @ @ E} and dimansional telerances ses poge 74.
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SHAFT ACCESSORIES

crour H
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Drawn in s<ale 1:1
i Bimcensions in millimalars Dimensians in inches
Part Ma. Fart name
a b [ d a b [ - |
H1—D4 | Collar 4[H?] 11 L L1581 433 AL
H1—0& | Collar &IHZ] 11 L] L334E 433 R
H2—04 | Shal Head 4[H?] 10.8 LR 7 15410 A5 2390 JETS
H1—0& | Shaft Head &[H9] 103 e 7 i .1 AR JA%0 ETE
Hi3—04 | R ng A[H11] & ] 5 230 .0ag
H3—14 | Ring 4[H11] B 1 23R 315 LTS
Hi—15] Sleave 5 & £ 196 235 A5
Hi==12]| Sleava 17 a 4 -] s L 152
Hi—20 | Sleave 19.8 & 4 TED 235 159
H5—10]| Split Sleeve, stecl ] &[h8] 4[H81 1 T L2350 A5G .04
HE—O1 | Sliding Dag, steel s £[h2] 4[HE] 8§ Fa7 3358 STE ]
HE—03 | Fixed Dog , stecl 12 &[h8]1 4[HE] AT JIasz 578
He—04 | Unlvarsal Jelnk, stes s[H%] 1 13 2385 433 .52
Matarlal: brenzs unleis clharwise ihated.
Ea tymbols |ﬂ E E |:£:| ::16-:! L?I @ .;a and dimensicnal fclerances iea page T4
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BEARINGS
BEARING ACCES5SORIES

Groue L
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Drawn in seale 1:1
Dimantians in millimsters Dimensigns in inches
Port no. Pare name —
a ] [ d a o | d
Li—i4 | Bushing, brenze 4[E2] 12 B 15389 472 315
Li—1é& | Bushing, bronze H(ER) 12 ¥ 2374 472 J15
L3—04 | Ball Bearing & 4 e LY L334
steel, SEF, internat. standaord dim.
L5—04 | Red End, bronze 7 il 4 5 JEE 433 VRS B EF)
Li—0l | Bushing Clamp, single rod [21.5 17 85 AT
cteel, thickmess 1 mm {04 in.]
1i—02 | Bushing Clamp, twin rod 235 0 a3 73
stepl, thickmess 1.2 me (.05 in.)

Matericl: oz stabed.
m| [v) (w) (=) {y) (2]
En | oy e Y S

Ra tvmbals T
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z | ond dimensicnal felerarces ses page T8,
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4 BEARING ACCESSORIES

crour L

Le—0d !

L —&i{r

Ly —da

Drawn in scale 1:1

Dimanzians in millimetsrs Dimansions in inches
Poark Ma. Farl noama
a b < d a b d
L¥—0d4 | Ball Baaring Box 3% 23 12,4 7 A3 87 L
brenza or alumirum
L¢—id | Baaring Box Cover 20 a.d 6.2 4.2 i) A1 AT
callulare azelaie
Lé—id | Ball Bearing lnesrt, aylen 13 & 4 40 237

Maotaricl; ae jlaled,

B oot [T T e B o s o f o : :
& symbols i_l'_ | i_ .I'I'l M.'f-" H‘:r.-' ._:I:‘...-_, I"_!:I .__E.__I and dimensicnal telerances ses poge 74.
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WHEEL PARTS

crour N

WHEEL PARTS

N3—03 g k==

Drawn in zeale 1:2
Dimsension: in millimeters Dimenslons in Inches

Fari Mo, Farf nams et
] b £ d a W B

H1=—01 | Wheal Disc 41.5 2.4 1.67 o

M1—=02| Wheel Spake Disc 42,5 2.4 1.67 A0

H1—05 | Flanged heal L L¥ ] 8.5 .25 2.3 Lok

tlanl 1.2 mm (05 in.)
MI—01 | Disc Wabk
HE=03 ) Flanged Rim #1 ETE 7B 44.2 3.58 3,44 ] | 1.83

Materiol: sfeel, thickness 1 mm [.04 in.) unless atherwise stated.

Fo symboely _|.'-. :.. :F |i1.r:| |"';‘| fi;xhl I'}-:J "-:.-l"u ond dimensional folerances sec poge Fé.
== B | iy 2 o SR i e, T L

&8

—

N3—Q5

——————

Ik

|
N7—4a& |-:-|

M8—4T

HW3I—0&
HY—&3 2
Drown in scals 1:7
Dimandians i millimerars Dimensicns In inches
Part Me., Part name
[ b e | 4 & b ] B AL |
H3—0% | Slawing Ring 142 104 7.a 5.59 417 a1
stmml, 1 mm [.04 in.)
ME—04 | Loosa Pulley, brenza L[H?] 15.4 5 581 6] JdRE
H5—04 | Fixed Pullay, banaze A4[HE] 15.4 5 2368 6] ARG
Hi=—44 | Dize Hub 46,2 4 B s[Ha] | 1.818 581 315 L2344
NE—47 | Cam Blank 42 1 1.554 0374
HP—43 | Hondwheel &3 11 12.5 Z.48 AF AR

Malerial: steel, thickness 2 mm (.08 in.)] unless otherwise siabed,

== - - = = ; :
Re symbels | F | | 8| |rr|| I\.;} ':';:' .“:x i ﬁ ::] and dimeniiane| talarences see poge 4.
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b b | '. - A SPUR GEARS
l“ Al‘ SPUR GEARS Grour P I‘ Alj RACK Group P
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Drawn in s<ale 1:1.5
Drawn 15 i<ala 1:1.5
Dimensions im millimeters Dimensigns in inches | - 5 = : e 3 o A
Parf A, Part nome | B 7 r - b - d ety e el Dimension: in millimelars Dimeamsiens A ingkat
Yo l"jl';- a | € a | e : ) a b £ d o b c d
Lo 37 i
Fl—id4 | Spur Geaar, 16 tasth 12.6 11.2 2 4 [HE] AvE AL0P s 2 B ErL
F1—24 | Spur Gear, 24 teeth ‘I',:; 18.2 168 7 &MHSl| 7170 .e614 3GL 2365 F1—%é | Spur Gear, 946 tasth fines Lttt L LI fereatd o BEE catts e ottt
F1—22 | Spur Gear, 31 testh g 23.8 i2.4 ? & [HZ] Bk 2319 254 L2366 Fi—ad | Int 1 Spur Gaar 43.4 44.8 3 1. 709 17432 118
Fl—<2 | Spur Gaar, 48 tearh .’ 350 336§ & [HE]| 1,378 13238 354 L2366 AT i :
Fl—#£| Spwr Goar, 64 toath Vi 46,2 448 2 & [H2]]| 1.31% 1.7433 wrind i P T
Fl—a0 | Spwr Gaar, 80 teeth a7 .d 55.0 9 & [HE]| 2.2 3.0047 wiizd E3Ed | F5—35 | Rack, 35 tacsth 7 58 11,8 4 pllul . e i 485 157
Material: stecl. ) Moteriol: stesl,
Modula: .7 = BP34 app ﬂ:}- F" 1 Madula: 0.7 = DF3I§ oppra.
Pressura angle: 20°. Gear focth widlh 3 men {,118 ia.]. Fressore engle; 20°, Geor Pesth width 2 mm 118 in.).
o ol - - - — = o L= L e it = _ L
Fe symbols L |_5.1' .ml |‘-..-:. [1;‘, l.iliﬁl :\_T_:' x?-' ond dimansional telaranoes tee pege 79, Eo 1ymbely L- _;._ E_ '-._T_.-: n...-}l :;_:, __'?r_._. xlj ond dimensicnal folerances ses pogs 7.
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WORM GEARS
BEVEL GEARS

crour Q
Grour R

R1—18 RI=20
Drawn in s<ale 1:1.5
Faet, Me S Dirsensions in millimakare Dimensions in inches
a b £ d a | b C d
Q1—02| Worm, R.H. douvble thread, | 14 12 14 & [HE]} .55 F4E 551 J234G
wl@al
Qql=—L0} Worm Gear, 40 reeath 28 w 5 & [HE1) 1.102 54 97 e F.1)
fabric boto lasinaie with thesl huk
Ri—18 | Bavel Gear, 18 teath, bressa | 155 137 4 [H2] Y A (2354
g1—20 | Bavel Gear, 20 tgeth, brenze | 17.5 208 11,4 &[H8]| .29 1.17 A5 2366
pi—sn | Bavel Gear, 80 teeth, broonre | 8.5 2980 114 2 1.21 117 ¥ 104
Motsrial: o stafed.
Worm Gears: Fresswre ongle 20®. Module) 0.7 = DP3I4 opprox.
Bevel Geors: Moduwle: 3.0 — DPEX appres.
Re symbols |Z| E E ""_I.IT ":-..E“') i-;r,:' I"';"l I'?‘:I and dimansional felerances tee poge Fé.
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CHAIN SPROCKETS
SCREWS NUTS ETC.

GROUP S
Grour T

1 [eEeeee—

[

51—

51-14

Brown im dcale 1:1.5

Dirown in scole 1:1

51—28

L

Dimensicns in millimetors Dimenzicns in inches
Fart Mo, Fart nome
a b c d (e [ e R d
21— | Chalm, 1 = [40 in.) d.5d & TS 0.9 A7 27 kL
51—14 | Sprocket, 14 tasth 4.3 G 2 & [H3]1] - .¥8 a2 08 ZEG6G
81— | Sprocket, 28 teath d4.3 g 1 & [H3] 1.76 32 .08 ZEEE
Ti—04 | Screw; cheosa head & i
Ti—0% | Screw, cheeio head g .35
Ti—15 | Screw, checie head 15 B
Tle=24 | Screw; cheeic heod 24 R
T2—12 | Eya Screw 12 4 3 AT AL a2
T4—02 | Myt thickmess 2 men {09 in.] & 34
TE—04 | Wasther, 8 B |
thidkn=ss .E mm {.33 im.]
T4—03 | Seticrew, Allem type 275 = |
Té—05 | Setscrew, Allen ivpa 5 L
T7—03 | Setscrew, ilaiicd 1vpe 275 b
T7—05 | Setscrow, ilatied Ivpa 5 i
T—07 | Reall Pin o 1.7 a5 .oF
T—12z | Rell Pin iz 1.7 AT .ar
Matarialy skesl,
Fa 1ymbelr I E E I:E"} I:'EE:I I::;l ‘_.:I '::3 and dimensional tolerances ses poge Fé.
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MISCELLANEOUS PARTS

crour U

ACCESSORIES AND TOOLS

crour W

m—ao1

Drawn in soale 1:1

uUl=05

Dirsgmsicns in millimeiors

Dimensions in inches

Parf P, Farl noma -
a B | ¢ d a B < o
Uul—o1 | Two Hole Link 12.5 1.2 A7 S5
W1—01 | Three Hole Link bl ) FF A5
UW1—05| Angle Link 21.8 & 5 1.2 Rala) et Beln| ik
Ui—01 | Hoeak 22.5 2 g S
Us—01 | Thrust Spring 15 o o 30 M S0F
Ui—oi| Spring Seat 12 10 7 AT A9 a2
us—05 | Tenslan Spring 273 4 11 157
ends mar be formed oz shown
uF—ia1 | Ratcheat Fawl 19.2 by Bt Joe
ur—a2| Ratchet Spring, shepher bronze

Magerial: steel, unlesi afbarwize slaine,

- B 2
Ro symbals | rl |8 [ml vl

A ] e
74

"| [If'] :f:.} ard dimensionol taleronces see page Fé.
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Wil—02
m i R
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We—01
frrret ;
ik S | |
PP JI I a
T b T
|
B ie R il
Wo 032 We—03
Drawn in scale 1:2
Dimensions in millirseters Dimensions in inches
Park Mo, Fart name = = i Pl O
a b L; d a b [ d
WwWi1—0i | Rubbear Tire, vehicle {yp= 26 12.5 7.5 1.0 .50 30
fits NE5—04 gr HE—04
wWi—32 | Rubber Tire, vehicls typs 1 aF 11 Z.40 1.50 A5
file @ pair of N1—01 &r MH1—02
Wi1—0F Rubber Tire, vehicle bype 1014 3.5 15 20 4.10 2.10 1.00 40
fidy pair af M1—035
Wil | Socker Wreanch
Wie—011 Open End Wrench 1105 £.10
steql, thiskness 7 mm (08 in,)
Wie—0d [ Allen Wrench 43 L& 1.27 1.70 A i
HMaotericl: as stoted.
Em symbols i r g 'I‘ni :v ';n;:! E ; "'}":' !j ond dimensicnal folerancss ses pogs 7o
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Table of tolerances

shafts and parts designed to fit shafts, such as Wheel and Gear Wheel Hubs,
Bushes and Ball Bearings, dre manufactured to very close tolerances. Two nominal
shaft diameters are vsed for such parts.

Taleronee | Moaimium aad Minieadm Diamedsrs
| kit . Hotes
gwmbe] | midlli mebard imehai
4 [ha] R 571 + 0004 Shoft diamaler
—0.018
4 [Ha 4 + 003 J578 4 L0004
LHE]) — o000 =+
4 [H3] at Ao A581 & L0008
7 ':-'I.G;I:I Hela diasslar
4 [E% 4 +0 1559 0008
] 4 G020 TF
4 [H11 4 T 0.0975 A% 4+ o1
[H11] e 5% £ L0004
& [hE] i 2358 0004 Shaft diamatar
: + 0.018 5
& [H&1 R e 2366 =+ 0004
& [HF] SRl 2FED = 0ODS
“ E'IIJJL'-' Halg dicmabar
q L] e
& [E¥] § T ao3n 2376 = 0006
+ A.075 3
& [H11) o B e 238 = .0014

List of symbols

()= 8 mm=appr. .315i0n.
I£| = 7 mm=appr. .28in. f:v_:“‘ = &63.3 mm = appr. 2.49 in.
iy K - (x)= 21 mm = appr. .B4in.
[3 4 mm = oppr. .14 in. G215 mmiiee St
[¢]= 3 mm =appr. .12in. (2= 7 mm = appr. .28 in,

These are nominal dimensions only; actual dimensions are modified to obtain
a suitable fit,
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