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(54) Slide rules

(57) A slide rule for selecting bearing materials comprises a first slide (4) showing bearing surface pressure
and a second slide (b) showing sliding speeds. To set the rule, a given bearing surface pressure and a
given sliding speed are each aligned with a fixed index line {2a) on the body (2} of the slide rule, and the
required properties, marked on scales on the second slide, may be read off against a cursor line (3a) on a
transparent cursor (3) attached to the first slide and overlying the second. The properties may include PV
values, bearing lifetimes, re-greasing intervals and safety limits.
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- SPEED SPECIFIC TO DRY BEARINGS.
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MEMORANDUM ON DRY BEARINGS USAGE:

pu HIGH LUAD, LuW SPEED TYPE BEST SELLER DRY BEARING

DAIBEST B LOW LUAD,HIGH SPEED TYPE OLEO ACETAL WITH BACKING METAL

DAIBEST S LOW LOAD, LUW SPEED TYPE OLEO ACETAL SOLID,WITH SPECIAL
SHAPE OPTIONS

DX HIGH LOAD, HIGH SPEED TYPE FOR INITIAL GREASING
LUBRICATION
DEVA HIGH LUOAD,LOUW SPEED TYPE USABLE AT HIGH AND LuW

TEMPERATURES IN POLLLUTED ENVIRUNMENTS, SUBSTANTIAL
SHAPABILITY FREE FROM BEARING PROBLEMS
NOTE:
THE ABOVE CLASSIFICATION IS BASED ON PRTICULAR RANGES OF LUAD AND

| . MOVE THE FIRST SLIDING RULER TO MAKE THE APPLIED BEARING SURFACE
PRESSURE P (LOAD kg/SHAFT DIAMETER cm/BEARING WIDTH cm) TO THE FIXED
CURSOR LIRKE.

2. MOVE THE SECOND SLIDING RULER TO MAKE THE APPLIED SLIDING SPEED (
% SHAFT DIAMETER mm x ROTATIONAL SPEED rpm/600) CORRESPONDING TO THE
FIYED CURSOR LINE.

3. "DU" INDICATES A LIFETIME IN A NORMAL TEMPERATURE ENVIRONMENT
(MULTIPLIED BY CORRECTION FACTORS AT HIGH TEMPERATURES). "DX"
INDICATES A PERIOD OF TIME FOR REGREASING. “DAIBEST™ AND "DEVA"
INDICATE USABLE OR UNUSABLE STATE.

4. TEMPERATURE ZONES INDICATE AVAILABLE RANGES OF BEARINGS.
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SPECIFICATION

Slide rule for selecting material for con-
structing a bearing

The present invention relates to means for se-
lecting an appropriate material for constructing
a bearing.

Traditionally, bearing materials have been
selected by considering the conditions in
which the bearing is to operate and then by
referring to individual catalogues in which
these conditions are specified.

There are, however, problems in the con-
ventional process of selecting bearing ma-
terials as follows.

(a) It is not possible to study various aspects
of the bearing materials available, so that it is
not possible to ascertain the best material for
forming a particular bearing.

(b) It is a laborious task to select a bearing
material.

(c) A great deal of time is required of the
manufacturers of bearing materials, etc. if they
are to make their products known to the pub-
lic.

{d) It is difficult for persons having no exper-
tise or ready access to designers to select the
most suitable material for a bearing.

it is an object of the present invention to
provide a slide rule suitable for use for select-
ing bearing materials and which eliminates the
above-described problems in the conventional
process of selecting bearing materials.

According to a first aspect of the invention,
a slide rule for selecting bearing materials
comprises a first scale-bearing member having
a logarithmic scale of bearing surface pres-
sure, and a second scale-bearing member hav-
ing a first logarithmic scale of sliding speeds
and a second scale of bearing lifetimes for
various bearing materials, the slide rule being
arranged for mutual sliding movement of the
members and for setting by bringing a given
bearing surface pressure into alignment with a
given sliding speed, the bearing lifetime for a
selected material being read off adjacent a
fixed point on the first member.

According to a second aspect of the pre-
sent invention, a slide rule for selecting bear-
ing materials comprises a display portion hav-
ing graduations indicating bearing tempera-
tures, against which are indicated correction
factors in respect of other bearing temper-
tures.

Two further aspects are as follows:

(a) A slide rule for selecting bearing materials,
comprising a base plate, a fixed cursor having
first, second and third portions spaced apart
from one another and fixedly attached to the
base plate, a first sliding rule slidably mounted
between the first and second portions of the
fixed cursor, and indicator cursor having an
indicator cursor line and fixed to the first slid-
ing rule, and a second sliding rule slidably
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mounted between the second and third por-
tions of the fixed cursor, the second portion
of the fixed cursor having a fixed cursor line
in the vicinity of its left end, the first sliding
ruler having logarithmic graduations which indi-
cate levels of bearing surface pressure, and
the second sliding ruler having logarithmic
graudations which indicate sliding speeds, PV
values and periods of lifetime of various bear-
ing materials.

(b) A slide rule for selecting bearing materials,
comprsising a base plate, a fixed cursor hav-
ing first, second and third portions spaced
apart from one another and fixedly attached to
the base plate, a first sliding ruler, slidably
mounted between the first and second por-
tions of the fixed cursor, and indicator cursor
having an indicator cursor line and fixed to the
first sliding ruler, a second sliding ruler, sli-
dably mounted between the second and third
portions of the base plate, and a fixed ruler
mounted on the opposite side to the second
sliding ruler with the third portion of the fixed
cursor interposed therebetween, the fixed cur-
sor having a fixed cursor line in the vicinity of
its left end, the first sliding ruler having loga-
rithmic graduations which indicate levels of
bearing surface pressure, the second sliding
ruler having logarithmic graduations which indi-
cate sliding speeds, PV values and periods of
lifetime of various bearing materials, and the
fixed ruler having graduations which indicate
bearing temperatures and on which correction
factors in respect of bearing temperatures and
information on various bearing materials are
indicated.

The invention may be carried into practice in
a number of ways and one specific embodi-
ment will now be described, by way of
example, with reference to the drawings in
which .

Figure 1 is a plan view of a slide rule for
selecting bearing materials, comprising an em-
bodiment of the present invention; and

Figures 2 to 8 are plan views illustrating on
an enlarged scale various views of the slide
rule of figure 1, in use. {(Some characters and
marks are partially omitted).

Figure 1 shows a slide rule 10 for selecting
bearing materials which is an embodiment of
the present invention. This slide rule is formed
mainly of a transparent synthetic resin and
comprises a base plate 1, a fixed cursor 2, a
first sliding rule 4, an indicator cursor 3 fixed
to the first sliding rule, and a second sliding
rule 5. The fixed cursor 2 includes first, sec-
ond and third portions 2b, 2¢ and 2d, respec-
tively, fixed to the base plate. A fixed cursor
line 2a is enscribed near the left end of the
second portion 2c. The first slding ruler 4 is
slidably mounted between the first and second
portions 2b and 2c of the fixed cursor, and
the second sliding rule 5 is slidably mounted
between the second and third portions 2¢ and
2d of the fixed cursor.
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The indicator cursor 3 is formed of a tran-
sparent synthetic resin and has an indicator
cursor line 3a enscribed thereon. A groove
may be formed in the indicator cursor 3,
coated with red paint, to form this indicator
cursor line. The first sliding rule 4 has loga-
rithmic graduations which indicate the levels of
bearing surface pressure P (kg/cm?). The sec-
ond sliding rule 5 has scales including logarith-
mic graduations or characters for indicating
sliding speeds (or peripheral speed) {(cm/sec),
PV values (kg/cm2.cm/sec) and items 6 of
various bearing materials. The material given
on the scale may include DU, Daibest, and
DEVA. The lifetimes, the safety limits, the test
limits, the regrease intervals of these materials
are indicated by the graduations. A fixed rule
7 is integrally formed on the base plate 1
such that the third portion 2d of the fixed
cursor is interposed between this fixed ruler 7
and the second sliding ruler 5. The fixed rule
7 indicates the ranges of bearing lubricating
temperature applied to various bearing ma-
terials and correction factors corresponding to
bearing material temperature (in degrees); or it
has graduations indicating these ranges and
factors. The fixed rule 7 also has notes in-
scribed thereon with respect to various bear-
ing materials and the usages thereof. The gra-
duation on the fixed rule 7 which indicate
temperatures do not form a logarithmic scale.
They are determined on the basis of the tem-
peratures at which bearings are actually used.
The correction factors are those commonly
applied to the above-mentioned bearing ma-
terials. The respective areas in which tempera-
tures, notes and usage are inscribed are inde-
pendent of the graduations of the cursor, the
first and second sliding rules, and represent
the correction factors for obtaining a correct
lifetime.

A DU dry bearing is a high-performance
PTFE bearing. It is made by sintering porous
bronze onto a backing metal (steel or bronze),
and permeating a mixture of PTFE and Pb
through this, and coating the mixture thereon.
These materials are thereafter baked. Daibest
Solid (DBS) is made by melting; naturally cool-
ing, solidifying and pulverizing a composition
having a main component consisting of a syn-
thetic resin such as polyacetal, additives con-
sisting of a lubricating oil and fibres having an
affinity for oil, and metallic soap and/or a
solid-state lubricating agent added to it as de-
sired, and thereafter forming the bearing into a
desired shape. Daibest with backing metal
(DBB) is made by permeating the above com-
position of Daibest Solid into pores of a po-
rous metal layer formed on the surface of the
backing metal, coating this layer with the
same composition, and thereafter baking the
resulting product. A DX bearing is a polyacetal
pre-lubricating bearing which is made by add-
ing a wear-resisting agent to the polyacetal
resin instead of the PTFE and PB of the
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above-described dry bearing. A DEVA metal is
a graphic high-temperature dry bearing which
contains graphite of 4 to 14 weight percent
{three times higher than this involometric per-
cent) which is made by special sintering with
bronze (Fe, Ni, etc.) used as a base. [t is
mainly formed as a solid, or may be formed
with a backing metal. The above-mentioned
DU and DX are registered trade marks of Gla-
cia Metal, U.K., Daibest is a registered trade
mark of Daido Metal Kogyo K.K., and DEVA is
a trade mark of Defenterwerke Gesellschaft
mit Petshlenter Haftung, West Germany.

By employing the slide rule in accordance
with the present invention, the PV value and
the lifetime etc. of a sliding bearing can be
obtained from a given bearing surface pres-
sure (also called bearing load pressure or
bearing load) and a given sliding speed. The
method of operation of the slide rule (in which
the first and second sliding rules are used) will
be described below with reference to figures
2 to 8. For the purpose of clarity, in the
drawings the characters and marks on the
slide rule 10 are partially omitted and the slide
rule is shown to an enlarged scale.

If the bearing surface pressure is 10 kg/cm?
and the sliding speed is 1 cm/sec, the PV
value and the lifetime can be found in the
following manner. As shown in figure 2, the
first sliding rule 4 is slid to the left, a scale
mark of this rule corresponding to a value 10
is aligned with the fixed cursor line 2a of the
fixed cursor 2, and the ““1"* scale mark of the
logarithmic scale of sliding speed shown on
the second sliding rule 5 is also aligned with
the fixed cursor line 2a. The PV value and the
bearing lifetime may then be read off from the

- scale 5 at the position of the indicator cursor
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3. As may be seen, the relevant PV value is
10 kg/cm2.cm/sec. If the material is a DU
bearing, a lifetime of 656000 hours is found for
the case of the shaft rotation type, while a
lifetime of 130000 hours is found for the case
of the bush rotation type. It is thus found that
the lifetime of the bearing is within safety lim-
its. If the material of the bearing is DX or
DEVA, it is also found that the lifetime of the
bearing is within safety limits. These values
for the lifetime are for normal temperatures.
They may bé multiplied by correction factors
to correspond to the working temperature of
the bearing.

Referring now to figure 3, by operating the
first and second sliding rulers as in the man-
ner shown in figure 2, if the sliding speed is 2
cm/sec and the bearing surface pressure is 10
kg/cm?, it is found that the PV value is 20
kg/cm2.cm/sec and the lifetime is not more
than one half of that found in the case shown
in figure 1. In this case also, the bearing life-
time and the bearing working temperature of
the bearing material are within safety limits.

Referring to figure 4, the first and second
sliding rules are shown for a sliding speed of
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5 cm/sec and a bearing surface pressure of
10 kg/cm?2. The PV value thereby found is 50
kg/cm?.cm/sec, and the lifetime of the bearing
is found not to be more than two fifths than
that found in the case shown in figure 2. If
the bearing material is DU or DX, the bearing
lifetime and the bearing working temperature
are within safety limits. However, if the bear-
ing material is Daibest with backing metal
(DBB) or DEVA, the bearing working tempera-
ture and the bearing lifetime are at the upper
limit of the safety range. If the bearing ma-
terial is Daibest Solid (DBS), the bearing work-
ing temperature and the bearing lifetime are
beyond safety limits, thereby indicating a dan-
gerous condition. It is therefore necessary to
carry out a lifetime test for the bearing.

Referring to figure 5, the first and second
sliding rules are shown for a sliding speed of
10 cm/sec and a bearing surface pressure of
10 kg/cm?2. The PV value thereby found is
100 kg/cm2.cm/sec. When the PV value is
above 100 kg/cm2.cm/sec, the bearing life-
time is 6000 hours in the case of a shaft
rotation type DU dry bearing, and it is 12000
hours in the case of the bush rotation type.
They are found not to be more than one half
that found in the case shown in figure 4. If
the bearing material is Daibest with backing
metal (DBB) or Daibest solid (DBS), the slide
rule shows that it is necessary to carry out
the lifetime test. If the bearing material is DX,
the slide rule shows that it is necessary for
the bearing to be greased at intervals. If the
bearing material is DEVA metal, the slide rule
shows that it is necessary to select a more
appropriate DEVA metal different from the
standard DEVA metal shown in figures 2 to 4.

Referring to figure 6, it is found that the PV
value is 600 kg/cm?.cm/sec for a sliding
speed of 50 cm/sec and a bearing surface
pressure of 10 kg/cm?.cm/sec. The lifetime of
the DU bearing in the case of the shaft rota-
tion type is 900 hours, which is comparatively
short. The slide rule shows that it is neces-
sary to select fluid lubrication such as oil lubri-
cation instead of non-lubrication. The lifetime
of the DU bearing in the case of the bush
rotation type is 1800 hours, which is compar-
atively short compared with the values ob-
tained in the cases shown in figures 2 to 5.
With respect to Daibest with backing metal
(DBB) and Daibest solid (DBS), the slide rule
shows that it is necessary to carry out the
lifetime tests. With respect to the DX bearing,
the slide rule shows that it is necessary to
carry out re-greasing at intervals. If the bear-
ing material is DEVA metal, the slide rule
shows that the lifetime of the bearing is short
and it is necessary to employ fluid lubrication
instead of non-lubrication.

Referring to figure 7, it is found that the PV
value is 1000 kg/cm2.cm/sec if the sliding
speed is 100 cm/sec and the bearing surface
pressure is 10 kg/cm?.cm/sec. The slide rule
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shows that, under this severe service condi-
tion of low load and high sliding speed, the
lifetime of each of the DU, Daibest, DX and
DEVA dry bearings is short, and that the time
interval for regreasing of the DX bearing is
980 hours. It shows that it is not desirable
for these dry bearings to be used without lu-
brication, and that oil lubrication is advised.

Figure 8 shows a PV value of 1000
kg/cm2.cm/sec equal to that found in the case
shown in figure 7, while in this case, P =
500 kg/cm2 and V = 2 cm/sec. The slide
rule shows that, under this severe condition of
high load and low speed, the lifetime of each
of the DU, Daibest DX and DEVA dry bearings
is short, and that the time interval for re-
greasing the DX bearing is 980 hours. It also
shows that it is necessary for the various
bearings to employ fluid lubrication such as oil
lubrication instead of non-lubrication.

In the cases shown in figures 3 to 8, the
bearing working temperatures are shown as
normal temperatures, as in the case shown in
figure 2. These values may be corrected by
multiplying them by correction factors appro-
priate to the actual temperatures.

In this embodiment, oil-free type DU, Dai-
best, DX and DEVA dry bearings are selected
to exemplify the bearing materials. Other types
of dry bearing or various types of fluid-lubri-
cated or oil-lubricated bearings other than dry
bearings may also be adopted, with the values
of bearing lifetime and logarithmic graduations
being inscribed on the slide rule. The slide rule
of the present invention for selecting bearing
materials is not limited to the above-described
material in the above embodiment and may be
applied to other different types of sliding ma-
terials.

It is considerably troublesome even for
skilled people to select various bearing or slid-
ing materials. There is also a risk of making
an error. However, by making use of the slide
rule of the invention of selecting bearing ma-
terials, even a person who has no expertise
can easily find information required in use,
such as PV value of a bearing, lifetime of a
bearing material, regreasing time, danger lim-
its, attention limits, safety limits and so forth
if values of bearing surface pressure and slid-
ing speeds are given. The slide rule of the
invention for selecting bearing materials is
very useful to salesmen of bearing materials
and designers.

CLAIMS

1. A slide rule for selecting bearing ma-
terials comprising a first scale-bearing member
having a logarithmic scale of bearing surface
pressure, and a second scale-bearing member
having a first logarithmic scale of sliding
speeds and a second scale of bearing life-
times for various bearing materials, the slide
rule being arranged for mutual sliding move-
ment of the members and for setting by
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bringing a given bearing surface pressure into
alignment with a given sliding speed, the bear-
ing lifetime for a selected material being read
off adjacent a fixed point on the first member.

2. A slide rule as claimed in claim 1 in
which the scales of bearing pressure and slid-
ing speeds run in opposite directions.

3. A slide rule as claimed in claim 1 or
claim 2 in which the second member has an
additional scale of PV values, the PV value for
the given bearing surface pressure and sliding
speed being read off adjacent the fixed point.

4. A slide rule as claimed in any one of
claims 1 to 3 in which the second member
has an additional scale of re-greasing intervals,
the re-greasing interval for a given bearing
surface pressure and sliding speed being read
off adjacent the fixed point.

5. A slide rule as claimed in any one of
claims 1 to 4 in which the second member
has an additional scale indicating suitable and
unsuitable ranges for various bearing materials,
an indication of whether a selected material is
suitable for use at the given bearing surface
pressure and sliding speed being read off ad-
jacent the fixed point.

6. A slide rule as claimed in any one of the
preceding claims including a cursor fixedly at-
tached to the first member and at least par-
tially overlying the second member, the bear-
ing lifetime, PV value, re-greasing interval or
indication of suitability being read off against
an indicating line on the cursor.

7. A slide rule as claimed in claim 6 in
which the indicating line is on a transparent
portion of the cursor.

8. A slide rule as claimed in any one of the
preceding claims in which the first and second
members are slides mounted on a slide rule
body, the body having a fixed index mark
against which both the given bearing surface
pressure and the given sliding speed can be
brought into alignment.

9. A slide rule as claimed in claim 8 in
which the fixed index mark is on a part of the
body extending between the first end second
members.

10. A slide rule as claimed in claim 9 in
which the body comprises a base portion hav-
ing first, second and third upstanding elongate
portions thereon, the first member being
mounted for sliding movement between the
first and second portions and the second
member being mounted for sliding movement
between the second and third portions.

11. A slide rule as claimed in any one of
the preceding claims including a display por-
tion having graduations indicating bearing tem-
peratures, against which are indicated correc-
tion factors in respect of other bearing tem-
peratures.

12. A slide rule for selecting bearing ma-
terials comprising a base plate having first,
second and third upstanding elongate portions
spaced apart from one another, a first sliding
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rule slidably mounted between the first and
second portions, an indicator cursor having an
indicator cursor line and fixed to the first slid-
ing rule, a second sliding rule slidably mounted
between the second and third portions, the
second portion having a fixed index mark ther-
eon; the first sliding rule having logarithmic
graduations which indicate levels of bearing
surface pressure, and the second sliding rule
having logarithmic graduations which indicate
sliding speeds and scales which indicate PV
values and lifetimes of various bearing ma-
terials.

13. A slide rule for selecting bearing ma-
terials substantially as specifically described.
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