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“Upper Scales”, The unper scale on the rule is called “A*” and the similar one on the glide is “B”, The

other pair of adjoining scales on the slide and rule, which are graduated from 1 1o 10, are the “Lower
Scales”; that on the slide is “C” and on the rule “D™.

The scales are graduated with lengths proportional to the logarithms of the numbers marked on
them, and the principle of their operation is similar {0 that of logarithms, excepi, of course, that the
answer is read directly in natural numbers, Multiplication and division may be equally well worked on
the upper or lower scales. On the upper scales the length from 1 to 10 i egual to that from 10 1o 100,
and the whole lenglh from 1 to 100 is equal to the length from 1 to 10 an the lower scales. Owing
to the wider spacing thus obtained on the lower scales, a more exact reading is possible than on A
and B. The upper scales are to bhe mainly used when great accuracy is not reguired.

Two numbers are multiplied together by adding the lengths represeniing the numbers on the rule
and slide,

2.5 ' 7.5
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Example (Fig.1.) 253 = 7.5.

4 E | e
v i T J_"-'!—l—
¥ /I & 5 b 7 & %9

Fig. 1

Set 1 on the slide (B 1) under 2.5 on the upper rule scale (A 25), put the cursor line over 3 on the
upper slide scale (B 3), and read the product, 75, on the upper scale (A 7-53) under the eursor line.
On the lower scales the procedure is similar.

Muflii-
plication
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Example (Fig.2). 2:45 X 3 = 7-35.

Set 1 on the lower slide secale _ e
(C1l) to D 2.5, place the cursor line
over 2 on the lower slide secale (C3), 1 ; ] i
and read the product, 7-35, on the B 1] I | 1 | I | o I
lower rule scale D 7-35 under the T 3 : 4 : & N T
cursor line.

| |
245 7.3

When the upper scales are used the procedure is exactly as in Fig. 1, but if the lower scales are
employed it may sometimes happen that the second factor is beyond the end of the D scale and so the
product cannot be read. In this case set C 10 over the first factor. Tor instance:

4-8
LY
Example (Fig. 3). 7-5X4-8 = 36. : 7
Set C10 over D 7-5, bring the cursor line over \
C 4.9 and read the answer, 36, on D under the \
= Y 4 . [ T ] ] L]
cursor line. ,I = T , } | |
z Iﬁ.-_.l;lil. H H T 4d 9 1
’ l
i |
34 7.5
Fig. 3

From these two examples, we see that it is immaterial whether the setting is made with the left
or right hand end of the slide; it only has influence on the position of the decimal point in the resull

4
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[t follows from these examples that continued maultiplication —i. e., multiplication with more than two
factors— is easily carried out, as no intermediate products need be read. Set the cursor line over the
second factor, bring one end of the slide scale to i{he cursor line, move the cursor over the third
factor, and read the answer on the rule scale, or if there are more factors, again bring the end of ihe
slide scale to the cursor line and continue as before,

Division is carried out by subtracting the lenrlh corrcsponding to the divisor on the slide scale from
the length corresponding to the dividend on the rule scale.

2.5

Example (Fig.4). 9-85 -+ 2-5 = 3-84. )

Place the cursor line over D 985, 4 s ey el
bring €25 under it and read the
answer on I} under 1 on C. g .

i
11
0l
_.;-E-‘
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- Fig. 4

Should thizs be calculated on the upper scales, the cursor is put over 985 on A, 25 on B is brought
under it, and the result, 3 94, is read on A over 1 cn B.

Calculations combining multiplication and division can be very easily worked on the slide rule,
intermediate results, when not otherwise required, need not be read off, If is convenient fto commence
with a division followed by 2 multiplication, then a division, and again a multiplication, and so on,

To calculate guickly and with certainty on the slide rule reguires, naturally, a longer {ime for prac-
tice. Primarily, it is necessary to become familiar with the wvarious graduations on the scales, parti-
cularly, of course, with those which are not indicated by flgures. The estimation of those wvalues that are
not shown on the scales should be done with care; 1h2 operator must learn to regard the spaces between

neighbouring division lines as decimal places. After some practice, the necessary confidence will be
acquired and it will be found that these estimates are not at all so difficult as they appeared in the first

moment.

Division

Readingw
and
Decimal
Poinis
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The operator must himself affix the decimal point; in almost all practical problems the position
of this will be known in adwvance, so that rules for the position of the point are not needed. With
purely theoretical problems, when a doubt about the number of figures in the answer is possible, a rough
estiimate with round numbers can be made.

Sgnares and From the arrangemenis of the scales, and because the lengith from 1 fo 10 on the lower scales

SquareRools equals that from 1 to 100 on the upper scales, it follows that over each number on the lower scale
the sguare will be found on the upper. Conversely, under each number on the upper scale stands the
sguare root on the lower. .

9
Example (Fig.5), 3*= 9.
1 £ . 3 % S ey oo T oy Ay, o 1
Set the cursor line over D3 = N ' e = PR e
and read the sqguare, 9, on & under el =2 ]
the cursor line. j
| e | - D
Fig. 5 -
A
Example (Fig.6). V81 =29
i
Place the cursor line over A 8l
and read the sguare roof, 3, on D =¢====‘===‘==H
under the cursor line.
[ ! '. ! ST I e s r ]
E & ? a L] 41
Fig. 6 9
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The method used in raising a number to

the third power or in exiracting the cube root can best Cunbes and
be explained by means of examples.

Cube Roois
- 1.95 1-25
Example (Fiz.7). 1-25* = 1.83. -, ;
' e
Set C1 over D 1-25,bring the cursor line over ' . l:- T e 0
B 125 and read the answer, 1-95, under the cur- e L] li e T p
sor line on A (see Fig. 7). : TR ST E S :
- | -—!_
= [ 1] ! I -
L L i 1 - W T TR A S T T 3 [ ] 5
= l e 7
1.25
Fig. 7
5 Z-2% 12
Example (Fig.8). V12 — 2.99 \ "
faa -Iilll-
Set the cursor line over 12 on A, reverse 2 . ] TIT * 5 'I'I T
the slide, set €1 under the cursor line, ., e s
move the cursor frame uniil the same two e e Ay : “g : £
numbers appear under the cursor line on @ 1 I |h=4'--'|"'|T'| S
scales B and D. (In this case 2-29). D L zﬂ ' : K
k =
£
.27
Fig. &
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1. Torning

Instructions for the Use of Dr. Winkel’s Special Scales

With this slide rule the time for all machine shop operations can be ascertained. For {hat purpose,
besides the known dimensions of the work, a supposilion about the cutling speed and feed is necessary:
this ean be found on the table on the back of the rule.

The calculations are done in the following manner;

Scl the slide so that the selected cutting speed on the lower slide scale, which is  marked “Cutting
Speed”, is in line with the graduation “Turning” on ithe lower portion of the rule, move the cursor
over the diameter of the work —i e., over the diameler of the piece to be machined— this will be
found on the upper slide scale which ;
15 marked “Working Diameter or
Stroke” (for faper turning or flat
facing take the mean ciameter), then
move the slide under the siationary
cursor until the selected feed on the
lower scale corresponds with ihe
:.:urmr line, place the cursor over the s 7 .h e o L TS
‘Feed Path” —i, e.- the lenzth, or o ___?'3' i ottt e A T Ao
in the case of g flat surface. J1_'1‘1':'5: 'f é’l E'""r'!“ﬁ'?'—‘i‘llgksm'mﬂy]r“mw—l{lﬁ iﬂllj_;l I. E'JIM ,‘".':&' II Iir”].'lh;
breadth of the surface to be turned === ; T R T
(the feed path is on the uppesr slide |

9 lir rece

il nul-‘

B ERRR RN
R E

1 gyt
|‘.'||'.1 r.;] n i II|1u

b a

scale). ©Ower thiz last graduation 7
read fhe result on the upper rule -
. - 2 z g 5 6 7 B 910 12 m IB1820 noud
scale in minutes or hours, _ b 7OELIGTD0. R < s | kol eto b cpd seo g
. = I.Fm fﬂ“;' I]I:Illll Illl‘l I m Ll i J : L] Iil IJ.II 11 II! 4 1TILs |!||
Example 1. A cylindrical steel

roller, which is 25" in diameter and
131/s" long, is to rough turned in

'h.',..-"' 2, 2 49518 BoSSWR 3y e cﬁu?" 355 4
'5 lﬁl'|||fni!rlll|1il'lngllll|Ilaﬁllrhllﬂﬂuhlui‘n-|I’1|J||1 ‘

el - 1 I T (T H £l r'1:'r-.|"m-.-|:uI, gl
a medium-weight lathe. 35 "Ha  5p ep mewemenin 3 4 j
-g.l,..lma,.wmwwmmm.'! e Bl Bm iR iiliil
& 3 2 1 ao0m 07 o6 o5 o4 o o
¢ d Fig. 9
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On the table at the back of the rule the cutting speed for steel of medium hardness is about 50 feet
per minute, and the feed for a medium-duty lathe is about 1/32 inch approximately. Set the cutting speed,
50, on the lower slide scale over the graduation marked “Turning” (Fig. 9 position a), move the cursor
over 25”. working diameter, on the upper slide scale(Fig. 9 position b), bring Ys", the feed, on the lower
glide seale under the cursor (Fig. 9 position ¢), move the cursor over the feed path, the length of the
work wiz 132" (Fig.9 position d), on the upper slide scale. The machining time, 56 minutes, will now be
found on the upper rule scale under the cursor line.

With a heavier depth of cut than Y4 inch, a second cut will be required; a finishing cut at 60 feet
per minute and Ya inch feed may be selected for calculation.

Example 2. The side of the rim of a cast-iron wheel is to be faced with one roughing cut in a
heavy duty lathe. The rim is 51 inches external diameter and 34 inches internal diameter.
al + 34 ; 51—34
} _; = 421/s Inches. The breadth of surface to be machined =———

d

The mean diameter = = /s inches.

The cutting speed is 60 feet per minute and the feed is Y1 inch (per revolution). Set 60’ cutting speed
over the graduation “Turring”, put the cursor over 421" working diameter, bring YY" feed under the
cursor line, put the cursor over 8!/2" feed path. The answer is 25'/s minutes.

Example 3. A pgun-metal nut, which iz 6 inches long, is to have a 1%/s inch thread cut inside it for
the full length.

The cutting speed selected is 20 feet per minute, feed = pitch = 7 threads per incn = 1/; inch per revo-
lution. To find the time required, we set the cursor over the graduation *“Turning’, bring 20' cutting
speed under it, put the cursor over 14" working diameter, bring '/+" (lying between '/s and %3:") feed
under the cursor, and place the cursor over 6" feed path, The required time is 0-7 minute. On account
of the weakness of the tool-holder é&c., only about 0003 inch can be selected for depth of cut, so at

(063
003
time is., therefore, 21 X 0.7 = about 15 minutes. To this must be added, depending on ihe arrangement

of the machine, from half to full cutling time for ihe return feed of the tool, setiing up, gauging, rounding
off with the chaser, & c.

e inch = 0.063" approximately depth of thread

= 21 cuts will be necessary. The actual working

The above is only approximate.
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The last calculation may be undertaken on the slide rule with the scale for working diameter and
feed path; or, on the ftop row of graduations om the back of the slide. The cursor stands on T minutes,
put under it 0003 (which may be 3, 30, or 300), on the upper scale of the inverted slide, and move the
cursor over 0083 (which is also 63, 63 or 630) on the same row of the slide scale. Reading against the
nearest graduation, we find the answer, 15 minutes. The position of the decimal point may be roughly

estimated.
- 2. Boring Ont Calculate exactly as turning.
3. Milling The caleulation is as for turning, except that the working diameter is the diameter of the milling

cutters or cutter heads, and the feed depends on the revolutions of the cuiters.

If, for estimating, the feed is considered in inches per minute, then we must set the slide scale
with the selected feed to the graduation “Milling” (this is the same as “Turning”), move the cursor over
the feed path and read the answer above. In this case the assumption of a definite cuiter diameter and
speed is not required. The feed path has to be lengthened to provide for the eniry and exit of the
cutler.

Example. The surface of a cast-steel body, which is 11*4 inches long and 3': inches wide, is t0 be
milled in one oneration.

This requires a stronger face cutter or cutter head of about 4!/ inches in diameter, or a eylindrical
cutter at least 4 inches long. The selected cutting speed is 40 feet per minute, feed 1/4; inch per revo-
iution {a little less for a cylindrical cutter).

We set 40° cutting speed over the graduation “Milling”, put the cursor over 4'/:” working diameter,
bring Ya:" feed under the cursor, and move the cursor over approximately 16" feed path (about one-
half the working diameter being thus added for the commencement and end of the cut; for a cylindrical
cutter this is somewhat less). The answer is 15 minules.

Simplified average calculation: Selected feed: 1'/4" per minute. Put 1'/4" over the graduation “Milling™;
the working time over 16" feed path will now be found to be about 13 minutes.

Ciear wheel milling is, after i{he spacing operation, considered as usual milling; the feed path is the
sum of the lengths of all the tooth spaces, including the eniry and exit of the cutter, or it equals

(the width of tooth + half cutter diameter) X number of teeth.

The feed may be taken either per minute or per revolution of the cutier. In the latter case the cutter

diameter and cutting speed must be selected accordingly.

10
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In gear-wheel hobbing, the feed path is again
(the width of tooth + half diameter of hob) X number of teeth.

Proceed as in Paragraph 7 to delermine the revolutions per minute of the hob. Set the feed path on
the slide to the rewvolutions per minute of the wheel (not thz revolutions of the hob), about twice the
normal cutier feed can be selected, and put the cursor over the beforementioned feed path, Over this
will be found the answer.

The method of calculating is as for turning. The working diameter is the diameter of the hole, and 4. Drilling
the feed path is the depth of the hole.

If the drilling-machine is used for tapwping, it is necessary to note that: for 9 or more threads per
inch one tap is required, for 6—8 threads two taps, for 4'/:—5 threads three tans, 2%:+—<4 threads four
taps, and for 3—3': five taps.

In circular grinding ecalculate as for turning; the working diameter iz the diameter of the worlk, &, Grinding
the cutting speed is the peripheral speed of the work, the feed is the traverse movement of the work
past the wheel, or vice versa, which iz taken at so much per revolution of the work.

1

Surface grinding when the work rotates is considered like circular grinding.

Example. The diameter of a bolt, which Is 3 inches long and 1Y/ inch diameter is to he reduced
by '/s:" or Y/u"™ = 015 inch on the radius. Because of the over-run, the grinding length (i. e. the travel
of the work) may be taken at 4Y/s inches., Selected peripheral speed of worlk 40 feet per minute;
feed 4 inch per revoluticn of work, depth of cut 0-0005 inch.

Set 40’ cutling speed to “Grirding” (not “Plane Grinding™), put the cursor over 1/=" working diameter,
bring /4" feed under the cursor line, put the cursor cver 41/," teed path; the tme for one iraversing move-
ment of the table is 0-17 minutes, This multiplied by the ratio that the amount to be ground off is to the

O-015
depih of cut—that is, W

usual manner. The time is about 5 minutes,

which may be calulated on the upper scales with the slide inverted in the

In plane grinding (surface grinding), it is preferable to have the feed in inches per second. Place this
against the mark that is indicated by “Plane Grinding”, move the cursor over the feed path (the length or
breadth of the surface to be ground measured in the direction—relative—of the movement of the grinding-

11
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wheel) and read above it the time for one traverse, which then, in the manner before described, must be
excess of radius
denth of cut

Example. A surface 10 inches long is to be ground so as to remove -02 inch depth of metal. The feed

iz Yz inch, and the denth of cut is 0 0005 inch.
Set 15" feed to the mark “Plarne Grinding®. put the cursor over 107 - over-run
time iz 0-38 minutes for one traverse. The tolal time is then

multiplied by the ratio
= 11" feed path; the

ey o mlnut&sl
(VELTHEL A

Surface grinding on a planing machine for long work with lateral feed is calculated like planing

(Paragraph B6).

#. Planing Depending on whether the speed of the returnisequal to, 1'/2times, double, or 3 times, that of the cutting
and ctroke. we use the graduation 1, 1'%s, 2 or 3 times, The remaining calculation isas for turning: place the selected
Slotfing ,iiins speed over the suitable graduation for the forwvard and return stroke ratio, put the cursor on the

stroke for the work (with which has to be considered the entry and exit of the tool, as well as the lowered
speed at the end of the stroke:; the latter must be taken from 10 inches to 20 inches longer than the
surface of the work, according to the size of the work), now bring the feed under the cursor and put the
cursor on the feed path - the width of the planer. Ovwer this will be found the answer.

Example, Four cast-iron moulding boxes, 16" X 24”, which are clamped in a row, to be planed on a
medium-duty machine, The boxes are rough castings only slightly cleaned, and their walls are not stif-

fened.
Assume that the boxes are attached to each other by their long sides, and are spaced 1':” with

their surfaces apart to allow room for the clamps add 10” for over-run and diminished speed at the

ends of travel.
The travel of work = 4X16-+3X1'/:+10=T81/s inches,

In view of the possibility of slight chipping of the castings, the following will be selected: cutt_ing speed
25 feet per minute, and feed !/y» inch. The planer has double return speed. Over the graduat_mn 2 for
“Planing"” set 25' cutting speed, put the cursor over 78 '/z" siroke, set '/s" feed under the cursor line. Then

over 24” feed path will be found the time, 300 minutes = 5 hours,

12
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if it was desirable to calculate the number of revolulions per minute which correspond to the cut-
ting speed and the diameter of the work, it can eas ly be found on the lowest scale of the rule. Set the

cutling speed over the graduation “Twrning, Milling, #te.”, put the cursor over the diameter of the work,
‘then under the cursor line read the number of revolutions on the lowest scale of the rule.

Example. At how many revolutions per minute must a lathe spindle run in order that the periphery
. of a wheel which is 12 inches in diameter may be machined at a cutting spe-d of 40 fzet per m'nuie?

Set 40° cutting speed over the graduation “Tarning”, put the cursor over 12” (or 19 working diameter;
the cursor is then over 12.7 revolutions per minute on the lowest scale. It must be noted that this scale,
which is marked “Revolutions or doxble (Working and Retwrn) Strokes per minute”, is graduated from right to
leit.kﬂnnﬂmrsaly, the cuiting speed may be found from the revolufinus per minute and the diameter of the
work.

Example. A milling cutter of 2': inches diameter runs at 50 R. P. M. What is the cutting speed?

Set the cursor over 50 R. P. M., bring 2Y/+” diameter under it, then on the lowest slide scale read 33
cutting speed, over the mark “Milling®.

When the diameter of the work is very large it is more convenient, instead of the revolutions, per
minute, to take the time of one revolution in seconds or m nutes.

Example. At what cutting speed will the rim of a fly-wheel of 80 inches diameter be machined when
the lathe gpindle makes one revolution in 25 seconds?

Place the cursor over 25 seconds per revolution on the short seale graduated along 1he lower right

hand half of the rule (the left hand end of this scale from 10 to 60 gives seconds per revolution, and the
right hand portion is for minutes per revolution), bring 80” working diameter under it, and over the
mark “Tarning” read 50, the required cutting speed.
. In the same manner, with planing and slotting machines, the double strokes per minute can be found
from the cuiting speed and length of stroke, or vice versa. The length of stroke has to be increased from
1?1- t; 20 inches, according to the size of the machine, because of the diminished speeds at the end of the
stroke,

From the number of revolutions (or the number of strokes), feed, and feed path, the machining time can
be calculated in a simpler way.
Example. A lathe, or a planer, makes 30 revolutions, or double strokes, per minute, and the feed is

/32 inch per revolution, or per double stroke. In what time w.ll a picce of 40 inches length be turned, or
of 40 inches width be planed?

Set the cursor over 30 double strokes, or revolutions, per minute; bring /=" feed under it; put the
cursor over 40% feed path and read the time 42.5 minuates,

13
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£. Ceneral Working diameter, or stroke, and feed path have to be taken many times larger than the dimensions
on the drawing indicate; the aquantity of material to be removed and possible irregularities of the surface,
which prevents the tool cutting evenly, have to be faken into consideration, as well as the backlash in
the machine,
If the work is being done on machines whose revolutiong, or double strokes, and feeds are known, an
exact machining time calculation can be determind in a simple way by checking the setting of the slide,
after thz first calculation, with the aid of the lowest scale. This will be understood from the following

example,
Example. The roller of Example 1 is to be turned in a lathe which has the [ollowing speeds and feeds:
Revolutions of the headstock 2 55 H 14 &e,
Feeds (per revolution) 0,004% 5™ s " B gy ™

Set the cutting speed, 50°, to the mark “Twrming”, put the cursor over the working diameter, 25”; the
cursor line is now over 7-6 revolutions on the lowest scale of the rule,

The settings are corrected according to the foregoing working conditions by moving the cursor over
the neighbouring revolution graduation, 8, and bringing the actual feed, Va" under it. Now over 131/:"
feed path, the time for this machine is seen to be 54 minutes. Likewise, during the execution of the remain-
der of the calculation, the correction can be conveniently carried out by bearing in mind the actual
working conditions. s

The number of ecuts depend, of course, on the thickness of material to be removed and the normal
depth of cut given in the table.

9. Caleulation For a convenient method n:a_I determining the weights of round, hexagonal, and square sectioned bars
of Weights three marks have been added to the lower slide scale (these will Ye found on the normal scale with the
of Steel Bars Slide inverted). Setthe corresponding mark over the diimeter, length of side, or width across flats on the
lower slide scale and find over the length, which has to be taken on the- upper slide scale (B), the weight

on scale A,
Example. Determine the weight of a smooth roll of 2'/: inches diameter and 9 ft. 2 in. (110 in.) long,

Set the round mark to 25 on the lower rule scale, D, and read, over 11 on the upper slide scale, B, the
weight, 153 1bs., on scale A.

The decimal point may be fixed by rough estimate.

Find the weight of a hexagonal bar which is 2 inches across flats and 8 ft. 9 in. (105 inches) long.
We proceed as before with the hexagonal mark and find the answer 104 lbs.

Find the weight of a square bar 1% = 1,75 in. length of side and 10 ft. = 120 in. long.

Use the sguare mark and read 104 lbs.

14
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372 AW FABER-CHASTELL,

COLOR Thin Lead Coleured Pancils

"Castell-Color” has a firm and thin lead in
the normal hardness of a lead pencil. The
range of colours comprises 24 poison-iree
shades of particular purity and brillianee.
“Castell-Celor” is the ideal pencil for tech-
nical and architect's drawings, for statistical
and administrative use, and is equally

applicable for artistical work.

Colouring with “Castell-Color” pencils can
also be done by the wet method, using

water as a solution.

572 AWFABER-LCRSTELL
POLYCHROMOS Coloured Crayon Pencils

The “Castell-Polychromos” Coloured Pencil
Meo. 2201 is a drawing and paintling pencil of
the highest quality. It is used by the artist,

.designer, architect, interior decorator and

photographer, and has proved to be of
great value to school and art students.

The colour range of “Castell-Polychromos”
comprises 64 brilliant shades, thus amply
covering the requirements of all artistic
colouring work.

The writing and ' drawing requisites manu-
factured and periected by A. W. Faber-
Castell over nedrly 200 years have reached
their highest quality in the trademark
“Castell”. The nome “Castell’ is the symbol
for a writing and drawing material perfect
in every respect.
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s+ AWFABER-CASTELL |52 AWFABER-CASTELL

DRAWING PENCILS g
COPYING PENCILS

In professional life;, In civil M e variting Hr. dagres kiliris
life and school the pencil is . _
used in numerous ways for | giqn | s black | 9606 | soft dull black

manifold purposes. In order |
to meet thesa damands in a '?'l[.'!'ﬂ”z I'HEﬂ‘l‘Um Mﬂfk ?hn? hard dull black
correct and nppmpriut? man- 9101 | hard Black | 0408 | medium :1"2 ﬁd

ner the “Castell” Pencil in g /2 blue

range of 18 constant degrees, 0114 | exira soft| violel | %609 | medium | red
is at the disposal of all.
ik

911t | solt violet | 9610 | medium | blue
The range of degrees in lhe |

“Castell” Pencils No. 2000: — 91102 medivm |  violet 9611 | medium | dark green

Degrees for artistic drawing 9110 | hard violet | 0505 | medium
28 1o 7B 9116 | mediom | hlack '

light green

Degrees for constructive draw- Coping | Bk | Iy on
ing ZH to ?H 9122 | medivm | black 9613 | medium | carmine
Degrees for nrdinur',rB w:imz‘a copyig | blue R e | e
= 9117 |esirahard| black .
This wide gossoriment com- #0613 | medium | brown
: : 0121 |extraextra| black .
prises pencils for all purposes. e _ 9615 | medium | dull blue

.o
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