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CHAPTER II

FRECISION 1

l. QCeneral Statements

Precision in machining is understood |to mean the degree of correspordence of

the manufactured part to the theoretical dimensions, form, and mechanical and physi-
cal properties.
In cases of individual production, dimensional stability and preéision of form

is obtained by the trial-pass method, and in cases of series and mass production by

the method of automatically obtaining measurements. . )
In machining a part by the trial-pass method, the worker adjusts the tool ™o
dimension™ after each pass, and then proceleds to the machining of a small section of

I
the part. The dimension obtained is checked, and after this the entire surface is

machined. In precision work, the tool is adjusted o dimension® after iws or
trial passes. The trial~pass method is not very productive; highly skilled workmen
are required for the machining of parts by this method which, for this reason, is
used ;:hieﬂy in cases of individual production.

In work dons by the automatic me'ohod,l the necessary dimensions of the part are

_Jobtained by a preliminary adjusting of the machine (preliminary tooling), or by the
use of suitable tools and devices. As examples of the automatic obtainment of di-

N I
Wehin&gmﬁmtic—mch&esﬂﬂm&htheaw

1 Mndjxmhmme-—%k—dom—by!-the method-of—automatically—obtaining-di=
STAT]|
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mensions can be carried out by less skilled workmen. The use of the automatic meth-
od_ohliges the technologist_to make a mor _careful analyais of the causes of errors

in machining, and consequently to make a more careful calculation of the precision

of the technological processes.

2. Sources of Production Errors in Machining

Discrepancies betweer the dimensions and form of the part under machining and
jts theoretical dimensions and form, which are due to production-technology causes,
are referred to as production errors; all discrepancies between the actual techno-
logical process and the ideal technologic%l process are referred to as primary

orrors.

Let us examine the basic primary errors.

Theoretical errors, due to the use of an approximate machining diagram. These

errors occur as a result of the conscious juse of an approximate machining diagram
instead of an exact one, or as a result off the conscious use of a tool with an ap-
proximate profile. As an example of theoretical errors we may cite the cutting of

thread on a screw-cutting lathe without th:e necessary change-gear wheels. " As we

_lknow, in such a case these gear wheels a.mi replaced by others which permit only the
36_

—lapproximate obtainment of the set pitch on the part being threaded. As a second ex-

38— L
—ample we may use the cutting of teeth by tl e generating method. . As a result of the
40__

_lfinite number of cutting edges, the procesPs of 'pwoi'ile forming is interrupted, and
42_

|
:E:r this reason, instead of an involute profile on the gear wheel which is being cut]
44 i

obtain a broken straight line which benlds into an involute curve. The use of an
|

45:‘
jppaﬁmte machining diagram may be Justﬂid only in.cases where the technological
48
—process is simplified and the set precision is obtained.
50—

2: Inaccuracies in equipment. Machines in actual use have 2 lower degree of pre—
5
54"‘cision in their work as a result of wear. | However the degree of inaccuracy in the

s6 ] cution of the machine gives no indication of its influence on the accuracy of the

STAT
__2 -
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machined part. To solve this problem, a gpecial calculation must be made for each

lconcretea_case,

For example, in the cutting of thread on a thread-cutting machine, the inaccura~

cy of the machine results in a skew in the axis of the tap relative to the axis of
the aperture being threaded, and this, as the analytical calculations by N.N.Ushakov

(MAI) have shown, leads to oval threads.

] Ineccuracies in the cutting tool and a.ttac&ments. In working with a measuring
14

or a profile tool, precision in machining is directly dependent upon the precision
16 —

__lof the cutting instrumente. Precision in the execution of a nonxeasuring tool (cylin-
18 _}

drical milling cutters, pass cutters, etc.) has an indirect effect upon precision in
202

_imachining. For example, when a milling cutter is ground incorrectly, its teeth will
22

_ltake off a chip of unequal thickness, and lhis will lead to a change in dimensions
24

_land a distortion of the fornm of the surfacL.

26 ] . L
—_ Errors in the execution of attachment's also have an effect upon precision in
28 .

_.Lma.chining. As an example we may use the errsr which occurs in boring as a result of
30

—inaccuracy An -the- dasion of the Jig bea.rings as a result of the distance between th*

32
.la.xss of these bearings, and as a result or other causes.

34
3 ¥ear of the t00l. In the process of Lork:ing, a tool wears out. We may estimt?
36

l
;E@h that the wear of a tool is in proportion to the length of the path traveled
3
t

he tool bhde. Wear also depends upon the material and the geometry of the tool;

40
42———‘prcm the material under machining, etc. |

|
Deformation of the elastic system machine Parb-Tool* Under the action of the

44

16# orce of cutting and other forces brought ‘;bo bear on themachine-part~tool system, a

ia——‘deformtion is produced in it; as a result: of this, the form and dimensicns obtained
50—‘ the part are different from those which migat have been obtained if the system

rigid.
52—

54 gical—factor‘irmmmed—in-detaﬂrh—the—paper-br-ﬁozr——
56 r .3 (D3RI

AP OAXOTOVON DIVLed-je
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The rigidity j of the elastic system|is the usual name for the ratio of the com

.pmnmuhmco_of_cuttmiyithisxcmmnmbm_dnmuww
is normal for the surface which is being machined) to the displacement y of the tool

blade relative to the part, this displacement being reckoned in the sams direction:

e o o e v e - Bme e e

-
j=£;— Kg/ mm. | (2.1)

The rigidity of an elastic system depends upon the rigidity of all its links.

The rigidity of the part under machining may in many cases be determined by. calcula-
tions on the basis of the formlas for the material strength. For example, to deter<
mine the rigidity of a cylinder which is under center machining, Prof. A.P.Sokolov—

skiy recommends using the formula for the flexure of a beam freely supported at two
ends.

; Yy : : y
Fig.l -~ Types of Load Curves

The rigidity of the joints of a machine is determined by experimenting. To do
40

40 | :
j1'.his, the joint of the machine is subjected to a definite force, correspording im dl-
42

l
—rection and point of application to the stress exerted under the normal operating
44 i

|
100nditions _of the machine, and then the deformation of the joint in the directlon
46
48_]
S(}qbained, the dependence P = f(y) is set up, where P is the load. The experiment )

hormal for the surface being machined is measured. On the basis of the data ob-

s z:ﬂhm that the rigidity characteristics may differ (Fig.l)e In some cases, j =

|
54 . const and the characteristic is rectilinear; in other cases, the rigidity falls as
24

sé—bhe load is increased (see curve a); f:l.na.lllly, in still other cases, the rigidity may
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increase with an increass in load (curve ¥). The total effect of the gaps is char-

2 —

lacterized by the "break of the _characteriztic!,_h_gﬂ.by_the.displumnt_z_nf-m—

E

joint, determined at the smallest points of the diagram urder a load equal to zero

(Fig.2). The "rigidity of the joint™ and ithe "break of the characteristic™ are the

basic values which determine the guality of the assenbly of a joint.

Thermal stresses. In the process of working, the operating temperature of the

machine-part-tocl system changes. As a result of this it is difficult to determine
14 .
— by analytical means the effect

16 —

of the deformation of a part, caused by the action of

18_

204

heat, upon precision in production. At th
a substantial effect upon precision in mac

nological processes one must provide for ¢

e sams time, temperature strains may have

hining. For this reason, in planning techs
onditions which will weaken the effect of

22_1
temperature on precision in machining.

Internal strains. Internal strains nLy crop up as a result of cast shrinkage,

uneven plastic deformation, heat treatment (hardening) and other causes.

The effect of internal strains may be considerably reduced by creating a ration+
al design for the part, by perfecting methods of machining, and by introducing into
the technological process special opera.tic:ns to remove internal strains (ageing, for
example).

Other errors. In this last class bel’long errors which depend divectly upon the
worker, for example fluctuations in clampiilng pressure, unevenness of supply, etc.,

and also vibra‘bic;ns in cutting®* errors connected with the action of the toolfs cut-

ting edge, etc.

3, Methods of Precision Analysis and Computation of the Technological Processes_\TAT
" S
t

i
For precision computation of the technological processes, two methods are used:

I t—————

2—% Vibrations in the cutting process are rleﬂected chiefly in the

smoothness of the

. (
54 Jmfaccf—{his—mbim&s—mnﬂned-ﬂn—cmpber II¥,—For-a detailed—analysis;—ses—

5]

o7 & N W )
Wiwddd

FN
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e et a s ot i s nmm A i & o s il o i 1o et s

1) the calculatory-analytical and
____2) the_experimental-statistical.

In the calculatory-analytical msthod, the causes of production errors are ex-

posed, and analytical relationships between the production errors amd their causes
are established.

The calculatory-analytical method is the

progressive method, since it permits direct in-

tervention in the technological processes.

lI-Icvivnsver at the present time the problem of

dete the total error can hardly be

solved, in practice, on the basis of analytical
Fig.3 ~ Effect of Vertical Dis-

. calculations alone, since for the time being we
placement of the Center upon the
still lack the exhaustive calculatory and ex-

Precision of Diametrical Di-

perimental data which would permit us to deter-
mensions
mine [the influence exerted by all primary err-

ors upon the precision.

The calculatory-analytical method is fused chiefly to analyzs the technological

process with a view toward establishing tlée effect of basic production-technology

factors upon the production errors. To determine the total (resultant) error, the
experimental-statistical method is used.
Iet us examine some examples of the use of the experimental-statistical method#*
Example. To def.erm:lne the effect upcln the precision in machining caused by the

T |
displacement of the center of rotation of a part dus to the action of the tangential

component of the force of cut,
If the center of rotation O (Fig.3) of a part is displaced by As in a vertical
direction and occupies position 0y, the error of the radius r will be

*—Phe-examples-are-borrowed—fromBiti3s

e . g i . » n
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—_— Az
Ar=0'C—OC=VY riths — r=r(Vl +—;.— -— l)= ]

. 9\ %
The expression (1 + ?;2 ) may be expfli.nded into a series. If, in this expan-

sion, we restrict ourselves to two terms we obtain

—— e — = - ey

i
1 o
(7

Substituting this into the original tion we obtain

!
'
1

Example. To determine the effect of ithe form and dimensions of a blank upon

the accuracy {precision) of machining the part on an automatic longitudinal lathe,
’ l

and I’y the center of the rod is

As a result of the action of the components Py

displaced from point O to point Of (Pig.h)e
[, ! Tt is evident that 00! is equal to half

l .

f the ‘ga.p between the rod and the rest bearing.
i

l Disregarding the vertical displacement,

we éa.n determine the increase in the radius of

the I]aa:x'r. by the formula

i 4
Ar=00'=—§- cos ¢,

l

A
thore g is the gap between the rod and the rest bearing.

5 °
IfmtakePy-O.hP‘, then tan ¢ = 2.5 and ¢ = 68 .

———Consequently;
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Ar=-;— c0s 68°=0, 1852

— e = -

ior_the diamstral error isAd = 0,37z,

The experimental-statistical method is based on the theses of the theory of

probabilities., From the point of view of ithe theory of probabilities an error which
occurs in machining is an accidental quantity which depends upon a large number of
produétion—-technology factors.
If we execute a number of parts under a practically unchanging technological
process, all the measurements of the machined parts will differ. This phenomenon is

called diffusion of measurements.

An error which has no constant numerical value may be characterized by a distris
bution curve (or by the corresponding Table). Determining the diffusion of errors

with the help of distribution curves con-

Jists in the following: Let us assums that,

some established technological process,

b) we have machined a number of parts, which
!

we have measured with ; universal measuring

0 -60 -50 -40-30 ’gg -0 0 +me20 X 1 tlool. As a result of the measuring, it is

e‘stablished that the error x is character-
Fig.5 - Distribution Curve I
ized by a certain combination of numerical
a) Readings of the measuring instru-

values which represent its deviations from
ment in microns; b) Frequency |
tlhe nominal dimensions. Let us write the
resultant deviations in a decreasing order; of their absolute values. Then let us
break down the series of deviations into intervals (the smaller these intervals, the
|
more éxact the construction of the curve) and count the number of parts in each in-
terval. On the basis of the data obt.ained.| let us compile a Table according to the
followingform:—In-the-first column;—let-us show the-intervals-ofthe-deviations—im]
| .

56 ——fnﬂhmebera—{or—hr—microns };-in-the- second‘; ~the-absolute frequency m,i:—es; the nmum
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ber of deviations in a given interval; and in the third, the relative frequency %,

i. e., the relationship of the absolute quency..of_a measurement_to_the overall
humber of measured parts (see Table 1).

On the basis of the data of Table 1, let us construct a distribution curve

(Fig.5)s To do this, let us lay off
Table 1

the values of the errors along the ax-

is x, and the absolute or the relative

frequency of a measurement along the

axis y. The resultant broken line is
transformed into a smooth curve when
the nunber of intervals is increased

limitlessly, and this is called the

curve of distribution.

1,000

The outstanding Russian mathema-

" tician A.M.Iyapunov (1857 - 1918) has
a) Intervals in deviations in microns;

demonstrated that, if an independent
b) Absolute frequency m; c) Relative i .
freaquency ;—; d) Total |

—'erous as one chooses, this quantity, as soon as certain additional conditions are

quantity is the sum of accidental in-

dependent quantities which are as rum-

3
g’_‘lsa.t.:i.txfied, will follow the law of normal distribution as accurately as one chooses.

40 |
j The factors which have an effect upon precision in machining on metal-cutting

— machines, "and which are brought out in the works of N.A.Borodachev (Bibl.h), 4,B.
44

akhin (Bibl.5), and other authors, show tlhat the basic condition of Lyapunov?'s theo-

46
:Lem (mltiplicity of factors in machining on metal-cutting machines) is satisfied.
43

In addjtion, a great deal of experimental research, whose results have been
50

:Lystematized in the above-mentioned papers by N.A.Borodachev, has established the
52—

’—fact that the distribution curves of errors (dimensions) in parts under machining,
54

56—0n machine tools, obey the law of normal distribution.
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The equation for the curve of the noTnal distribution law has the form

1 _(x—;r!)' |
— —— |
y P V’i—' € ? l (2.2)

where y is the deviation frequency, correlponding to the abscissa x3

e is the basis of natural logarithms (2.718l...)3
n is a constant quantity (3¢lk...); '
¢ is the mean-square deviation

0 X2 X33 X4 X

-Fig.6 - The Effect of X upon the Position of the

Distributlion Curve

where N is the overall number of dcviation!a;
!
ny is the frequency in the ith interval (1 =1, 2, 3,ceek)e

Xpean 18 the arithmetic mean of all ﬁuantities x, determined by the formla

. 1

I nky |

X XM +Xoftyt.. . Xalty __ _1=1 |
N m+ng4...mp N - ° }

1 A

A study of the equation of normal distribution shwws that the curve is symmet-

(2.4)

ric with respect to the axis passing through the point Xy ™ Xpean? in which the

STAT
10
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curve maximm is located. The inflection lpoints are located at a distance of to

from the_center..-On both sides, the.curve asyoptotically approaches the axis X.
The equation of the curve depends upon the two parameters Xpaan and o

¥When X ean is changed, the curve preserves its form but moves along the axis X

(Fig.6). When o is changed, the curve changes its form (Fig.7). The probability

Fig.7 - Effect of o upon the Slope ' Fig.8 - Probability of Obtaining

of the Distributicn Curve j Parts with a Deviation of 1x

_‘that the errors will not differ from the mean value by more than +x, (Fig.8), is
304

—equal to
32

—

34} .

— i p * . (2-5)
36
38|

— The value of the adduced integral is denoted by $ (z) and is determined by the .

relationship
[
2 == -i.;- H
o |

In Appendix 3 we are giving the numerical values of the adduced integra.l, as a

i
ction of z. Using this Table, it is easy to determine & (z) a.nd, consequently, to
etermine the maximum deviation from the man value.

As an example, let us determine the ma:d.nmm deviation x, with a probability of

t
STAT

:6——?0%, it being known that the distribution of errors obeys the law of normal distribu-
v t
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tion’ and that o = 0.02.

! VWhen $(z).=.0.90, we find from the Tables (see Apperdix 3) that

| _ X o

—d

or % = 1.65 x 0,02 = 0.033 e l
When x, = 30, we have z = 3 and 3(z) = 0.997, i. e., the probability of ob-
taining parts with deviations from the mean value within the limits of: 30 is 99.73%

l
'With a probability of practically 100%, we may assume that the maximm deviation of
!

errors from the mean value is equal to 30, under the normal law of distribution.
The full field (or base) of diffusion Ap will be

| " a,=6a. | (2.6)

|

The experimental-statistical method ia widely used for analyzing the technolog-

—tical process. When the technologist wishes to establish the degree of the effect of]

28
j some factor upon the precision in ma.chining he makes as accurate a comparison as
30

i
— possible of the distribution curves constructed on the basis of measuring two groups
32
_tof parts produced under conditions where the action of the factor of interest here

34_4

—Iwas different in both cases, but the rema.ining conditions were the same. For in-
stance, in a study of the effect of a given type of coolant upon the precision, we
mst produce two groups of parts on the sal'.mz machine, under the same cutting condi-
tions, with the same material, etc., changing only the type of coolant. To obtain
a reliable distribution curve we recomnent; making approximately 100 to 200 meas-
urings. |

The nunber of parts, which must be measured in order to determine the mean-
square deviation, depends upon the accuracly with which we want to determine this

|
deviation. i

However, in practice, sufficiently reliable results may be obtained when the

number of measurings is equal to approximately 100.
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From mathematical statistics it is evident that the mean error in determining

the_mean-square_deviation is equal to .4 (_7_2.(__1_) _and in determining the mean
. n-— |

arithmetic deviation, to :t— s where n is ‘l'ihe number of measurings.

Thus, in order to obtain o with an accuracy of i+5% we must measure the follow-
ing number of parts:

0,056 =

whence we obtain n = 200,

In order to obtain the mean-square deviation with an accuracy of 104 we must

measure 50 parts, etc.

In cases where the number of parts is less than 25, we must evaluate the c}egrop
of accuracy and relisbility of x.,, and 0i , obtained as a result of measuring these
parts. The indicated problem is solved :Lr; courses of mathematical statistics in the
following manner:

Let the arithmetic mean, obtained on :the basis of the measuring of n parts, be

equal to , and let the mean-square deviation be equal to 0. Further, let us de-
| Xnean

jﬁ.ne the accuracy & with which we want to determine the arithmetic mean, and let us

i
find the reliability o depending upon the number of measured parts ne
36_] i

— he reliability « is equal to the probability that the real arithmetic mean a
38

— fourd within the limits of
49_J

42__

—

| Ko & ”‘d "nn+.’ %

e e R

The accuracy € is determined in a.ccor;da.nce with the following formla (see

‘Bibl.6):
|

—_ _t
l'Q

e=—.

YR |

)

Knowing n and £, we can find ty and, usi.ng Table 2%, we can determine a.

*—A-more--complete Table-is -given in Bibl*.l6:— -
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Exemple. To determine with an accuracy of 0.5cthe reliability of the value of

l
x , obtained on the basis of measuring four parts.

mean

Iet us find tlz

el S

According to Table 2 we find that the probability P of values of t; which are

i
numerically not less than 1, is equal to 0.391 for n - 1=3. Conseqnently? the
probability of the opposite inequality will be whatever mst be added to the preced-
42_ling inequality to make 1, 1. e. will be equ.al tol-P:

14 S U N ——

— a=1—0,391=0, 609

46 —— - IR

—

48

In evaluating the accuracy and reliability of 0, we must determine the probabils:

50—ity of the fact that o will be confined within the limits c — € and 0 + €, This

|
""j probability is equal to the difference Py ~ Py, where P, and Pp are the probabili-.

Sh- ties determined according to Table 3 and correspom.jng to the values

56 '

!
|

1
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e e vma = nemmame om o it = atan mis e o~ o e At wnte o @ st =

I A

(n—1e _(a—1ne (2.7
== and xz (3—_— ‘), __J A3

0,8013 | 0, 0,9626 | 0,9856 | 0,9948
0,5124 | 0,7: 0,8491 | 0,9197 | 0,9598
0,2615 | 0, 0,5494 | 0,6767 | 0,7798
0,1116 | O, 0,3062 | 0,4232 | 0,5398
0,0460 | 0, 0,1562 | 0,2381 { 0,3326
0,0186 | O, 0,0752 | 0,1247 | 0,1886
0,0074 | O, 0,0348 | 0,6620 | 0,1006
0,0029 | O, 0,0156 | 0,0296 ; 0,0512 | 0,

- -

Exemple. To determine with an accur:lcy of 0.50 the reliability of the value of

the mean-square deviation, obtained on the basis of measuring ‘ronr partss

(- 1)a , (=N '
177 (040, Sa)* =1,33; 2~ (s —0,5q)* 12 '

Purther, according to Table 3, for n'= 1 = 3 and for the values we have found

-

for 12, we calculate

|
Py=0, 7871and Py=0,0074, !
|
P=0,7871 — 0 0074—0 797. ,

R

By using the stated method we can ea.s:uy determine the accuracy and reliability
of the basic sta.tistical indexes X .an and o depending upon the number of measured
partl. ‘

541 Jet-us—consider—some examples of the use of the experimental-statistical method;

~'6“‘—-———“z:.‘zn:.axr.rnle;-——'I‘o determine the amount of the total error occurring in the cutting ™
i STAT
| .

|
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o .
:iof M 1.5, x 0.3 thread on a screw-cutting machine.
2

| As_a result.of measuring 180 parts, we. have_established the deviations from the}
4.._(grea.test. value of the mean diameter. The:{e deviations are graphically represented
g ¢

':Ln Fig.5 and Table 1. l
8—: Let us determine the value of the arithmtic mean in accordance with eqe(2.4)

g 55.2—45.5— 35.9—25.35—15-50—5- 57+5- ’3_—1461
" 180

o e e e e e _‘__._.__._ e

In order-to determine the mean-—squaré deviation, let us draw up Table L.

Table 4

Deviation in microns

x;— %" n(5 -
Srom to

-60 - ~—50 —40,39 1631,35 3262,70
—40 —30,39 923,55 4617,76
—30 —20,39 415,75 3741,77
—20 ' —10,39 107,95 3778,25
—10 -0,39 0,15 8,97

[} +9.51 92,35 "5263,95
+10 : +19,61 384,55 4999,15

E 25672,55 11.95 m
n; (x; — X, )1 =25672,55; o= 10— microns.

|
i
Consequently, the greatest deviation i‘rom the mean value is equal to 30 =13 x

—x 11.95 = +35.85 microns. Assuming that the distribution obeys the law of normal

46-—*d:is‘lzribut:!.cm, we can reckon that the total error is equal to 60, i. e. 71.7 microns.
48-—-Under these conditions, the probability of' determining the zone of diffusion (1. e
s0——6(;) constitutes, as has been shown above, 0.9973, i. e. practically 100%.
N ‘ Example. To determine the percentage. of su_itable_parts in the machining of
54 -

——icylinclers with a diameter of 20 g 1 = (Fig.9).

56

-
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, -~ On the basis of measuring it has been established that the curve of distribu-
! . 2:- tion obeya_the law of normal distribution with_a_mean-squars deviation of 0=
1 4-:‘- 0.025 mm, the apex of the curve being d:isplaced 0.03 m from the center of the
| ) 6: field of tolerance toward the go-side of ?.hc gage.
J - The probability of obtaining suitable parts is
7 e J!--_._,_ o
12 L w=eEote@. |
14: where
| — T Tk omrems T
{7 - N e R
| B e S SR
T 22 _ According to the Table of adduced integrals (Appendix 3) we find that$ (z,) =

24_J = 0,499, and$ (2g) = 0.288,

1 26 — . W=0,499+0,288=0,787~T9%,
| 28
: 30 = The probability of obtaining dimensions
e = —_— !
2 32_ a) ! greater than the measurement of the go-gage
] — — : | :
34__ \ / (corrected defect) is oqual teo
36_] S
] NN T 0.5—@(Z;)=0,5—0,2880,212m21,2%. |
58— i - T Tt T T
—] | & "“L‘: ~—
40_ \ s — -Example. To determine the correctness of aJ
- L o -
. 42_ setup on the basis of measuring certaln test
] — Fig.9 - Probability of |
44 parts,
— Obtaining Suitable Parts |
: 46| It is evident that there will be no defects
E — a) Center of the field of |
4 43— in machining if the arithmetic mean of the en-
1 — tolerance : ,
50---T tire group of machined parts I, .. is to be
] |
52— found within the limits (Fig.10). !
: ] !
o 54 PR, - . R — — e -~
1 L. +3°<Ih~n< L,y —3s. i
s ! 56 -

— | . STA‘!’
-1 - ]
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EXE_SAEE 5 L L ST

j The problem, consequently, boils down to judging the position of Ih ean B the
2
_!basis of measuring a_small number of parts.

4

In the example analyzed above we ha.vl‘ shown that if x can is reckoned on the
m

6_1F -
:l‘baeia of the measuring of four parts, i. é. with a probability equal to 0,609, we
8
—. may expect that x will not differ from L more than 10.50.
10 ) mean l mean

— e - i I£ the mmber of parts is increased to
12

_ ’ nine, the probability will rise to 0.83.
14

' Thus, by increasing the number of meas-

ured parts, we raise the probability of obtains

o :'mg!x cap ¥With @ given accuracye
Fig.10 - Extreme Positions of the "

In conclusion we should note that in the
Curves of Distribution when

|
statistical methods of analysis it is important
5>120 '

to know with what degree of approximation the
i
empirical curve of distribution, characterizing some technological process, may be
taken for a curve of normal distribution.! This problem is examined in detail in
specialized literature. ‘
Lo Conditions and Probabilities of Obtaining Set Tolerances in the Production of
Parts

Maling use of the statements set forth above, let us examine the conditions and
possibility of obtaining set tolerances ixi the production of parts¥,

All the causes of the errors which a:le possible in machine operations conducted
in accordance with the principle of the ax;.toma.tic obtainment of measurements, are
divided into three groupst
1) those which depend upon the type of machining;

2) errors in the set-up;

3) errors in the basing. v

To the first group belong errors which occur as a result of fluctuation in the

P —————————

55-;*—Here-we-aet——forth--the method proposed by Prof.A.B.Yakhins

il
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PRI -SSP SIS C A

Y mechanical rroperties of the material, in'the chemical composition, in the amount o
 allowance, etc.

A notion of errors in set-up may be obtained from the following example.

.

]
e

pw—— A’

.-.——-4’0 ‘——o—

Y

Fig.ll - Setting on Fig.12 ~ Change of Position Fig.l3 - Setting on

a Plane without Error 6: the Curve of Distribution & Plane which Causes
22

— in Basing Depending upon the Set-up an Error in Basing
241 . i

26 :‘ Let us assume that we have machined a group of parts with a single milling cut-
29_lter and without under-tooling the machine \(Fig.1l). Having measured the machined

parts according to the measurement a, let us find-the error, which depends upon the

l

type of machining, aud let us construct the curve of distribution (Fig.l2). Then
let us effect the set-up a second time, and execute a group of parts. It is evident
that the curve of distribution of the measurements of the second group of parts will

— |
38—differ by Ay from the curve of distribution of the first group of parts (Fig.l2),

' 40:‘311100 it is impossible to accomplish a set-up with complete accuracy.

——

42__

A conception of an error in the basing may be obtained from the following ex—

44-:-8.111}119 (Fig.l3). \
45

Tn milling a ledge (Fig.13) we mst keep a measurement L, reckoned from the

|
45—plane A, It is evident that the accuracy obtained in the measurement L will deperd
50—-¢upon the accuracy of measurement M, \

52- Keeping the measurements of all the machined parts within the limits of. toler-

54-]&3,—13 -possible only on condition-that
Z I
56 )

—
3
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—— —

A+ 8,4 4,8,

where 5_is the_tolerance indicated in the blueprint of the part;

]
Ap is the base of diffusion depending upon the type of machining;

Ag is the error in the sst-up and

Ay is the base of diffusion caused by the error in the basing.

Iet us examine in greater detail each of the errors which enter into the in-

«

equation.
1) Causes which depend upon the type of machining.

In order to obtain data on the causes which depend upon the type of machining,
we must establish a law of distribution of ciimensions (of errors), i. e. machine
ja group of parts under unchanginé productf;on conditions and use an attachment scheme
in which errors in the basing would equal !.zcro.

As has already been shown, the law of distribution of errors in work done by

the metiiod of the automatic obtainment of dimensions . obeys the law of normal dis-

!
tribution. In this case the basic parameter characterizing the diffusion of the

_ | dimensions is the mean-square deviation. .l

Keeping the dimensions of all the ;;a.rts within the limits of tolerance is pos-

sible only on the condition that

L <. | (2.9)

. e e e e ——————— e ———————

This cendition is necessary, but still insufficient.

!

Under the law of normal distribution,‘_ we may, with a probability of 0.9973, as

Kknow (2.6), take it that !

Consequently,
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If this inequation is not observed, it is necessary to go over the technologica]
2 — .
— process_or_to introduce additional machining of some of the parta#

2) An Frror in the Set-up is a constil.nt quantity, and is caused by inaccuracy

Tin the set-up of the machine, by ir;.ccuraéy in the cutting tool or attachment.

3) An Error in the Basing is not a constant quantity, and depends upon the posii

tion of the base of departure. The base J,r departure is our name for the element of

& blank relative to which the dimension .obtained in a given operation must be kept
14
Base dimensions. is our name for the dimensions of a blank upon which the

16 —
—|position of the base of departure depends

18 |
— For the case shown in Fig.ll, the dimension D is the base dimension, and

20_4

—lthe point A is the base of departure. Cox:mequently, an error caused by fluctuations

in the position of the base of departure may be called an error in the basing.

In iorder to resolve the problem of the suit-

!

ability ‘of one or another basing schems, we must

determ:h%a the actual value of the error in basing

i and compare it with the permissible value.
i :

) o Let us examine the usual method of determin-
Fig.l, - Scheme of Setting !
ing the permissible ambunt of error in the basing.
on a Prism i

If we hold that inaccurscies caused by the

-
type of machining and setting are accidental, and that an error due to an inaccuracy

| )
in the set-up is a constant quantity, then on the basis of the law of the addition
42__|

—of accidental quantities we may write
44 |

46 : 8> A+ kgAg+k;Ag,' . (2.11)

e o h e — 2T

P

48]
—where kp and ky are coefficients which depend upon the laws of distribution..

t
Resolving the inequation in relation ito By, we obtain

-#-—The-number -of parts -subject to additio'nal machining is -determined-by-the-method—

S6_ stated-aboves

STAT
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V"n A‘)’—k’A
] - _

The right member of this inequ&tion determines the permissible amount of error

[
'.
!
— — _

in the basing, and the left member determines the actual amount of error in the

basing.
Thus the accepted scheme of the setting of a part in an attachment may be per-

mitted only if the actual amount of error'in the basing is less than the permissible

amount .

The values of the coefficients lﬂ; a.ncL k, which enter into the inequation depend
upon the law of the distribution of errora, and were defined by N.A.Borodachev

(Bibl.7). For the law of normal distri’bution k, k = 1., Consequently, in this

1 case computation of the .actual amount of errors in the basing may be made sccording
26 {

ito the following formmla:

28]

a, <V @G—Ap—a i (2.3)

. T -
An error in machining which occurs as a result of an inaccuracy in the execu-

tion of the attachment is a constant Wity and is taken into account by the
|

term 84 which enters into the basic equation.
i

Taking k = 1 and substituting into formula (2.12) we obtain

1

; ' a—-}/A,,-i-k,A,

[JSREETREEN - - -

i (2.11)

e e — T

i
The attachment may be considered acceptable if the actual value of the adduced
; }

inaccuracy in the attachment is less than ‘the permissible valus.
The actual value of the adduced inaccuracy in the attachment, Ay, is determined

according to the scheme of the attachment and by the base dimensions.

an example of the computation of the. actual amount of error in the basing

Ss—let us examine the case of a setting alon.g a cylindrical surface (see Fig.lh).
i R =

STAT
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The dimension. h mst be kept.

As_is_clear from the drawing _(F:Lg.lSL ,-the error in dimension _h__u_equal_——

to C'C‘Lo
From triangle c'k'o we have

0 c‘. _ cr

=
- -— s 2

o

where ¢ is the prism angle;
the blanke.
Dpay is the diameter of the

- Pri
Fig.15 - Setting on & - h"om triangle c"™ we have

Which Causes an Error in the | g
oc'= ¢ =

In— 2sin—

Sﬂzi_ su3

» D min

where Ay is the actual amount of error in :the basing.

Let us assums that ‘

~ h—%0% 0,08, D=60_0s, a=90°, 5,=001, A=002.
0,2
Ay=7%0,10m

- . — i ‘

~ 0,14 mm.

- !
The permissible error is determined by jnequation (2.13)

l

3% (0.T6—0,02F —(6-001) = 0,12 mn.

- A 1

The inequation is not satisfied, and ‘consequently such a scheme of setting is

msuitable.

The actual amount of error in the basing may be decreased by:

541 a)-decreasing-the-tolerance in the -diameter-60-to the extent deter:ined-by—thc:-w

56__equation—

STAT
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(8p=2.0,12-0701 0,16 mm (instead f 0,20);

b) changing the prism angle

—— e e ——— —

—_—
0

Tiz.0 = 08 and 5 =55% I

PE——-

¢) changing the method of setting (Fig.16);
In this case Ay = 0,

| 30-0] 25402} -

TTIITITII7

Fig.l6 - Setting on a Prism Fig.1l7

without an Error in the Basing

' I
Examining a large number of examples I:i.as inexpedient, since in all cases the

problem boils down to finding interdependences between the error in the basing and
Yhe deviations in the base dimensions, |

— Let us examine t:'ht method of compuhing the basis dimensions in the following

example.
+0.2

Let us assume that in a given operation the dimensions 30_g 5 and 20 mst

e kept (Fig.17).
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In relation to the dimension 20,

ttte base dimension is 50.

Consequently
_boils_down.to establiahing-snch.;.tolemncc_tor_m_dimnaim_sa.that—
the dimension 20 will be obtained automati

the _problem

cally. The dimension which is obtained
irmediately in a given operation will be referred to as the base dimension.-

Let us express the produced dimension (20) as a function of the base dimen-
sion (30) and the base dimension (50):

T - '2'0-'—-"5‘0—_3_(_). |

In composing the equation we mst see to it that the produced dimension will be
in the left-hand member.

In computing to maximm and minimum we obtain:

Consequently,

50, =20, +30..=20,2+299=50,1 mm, —_1!
0= 30, =200+30,0=500 ‘

Thus the base dimension will be eqvlml to

| T 50,054-0,05.

We have computed to maximum and minimum, i. e. without taking into account the
dimensional scattering. .

If the dimensional scattering obeys the law of normal distribution and the cen-
ter of the field of tolerance coincides wjzth the mean arithmetic value, we may write

the following equations: ‘

S - - |
20" =50 — 30, » -

e =y

50, =20, 3Q,.= 20,1 4 29,95="50,05 mm,

850 = 530——%0*—*0,17 mm,
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The base dimension will be equal to

50,050,085, '

S

i. e. the mean value has remained the sams as it was in computation to maximm and

minimm, but the tolerance has been extended by 0.07 mm.

Computation of the base dimensions, while taking diffusion into account, may be

accomplished only when a great number of s are made. In doing this, it mmst be
established that the laws of the distribution of the ba:sic , the produced, and the
base dimensions are close to the law of normal distribution. It must be remembered
that in this method of computation the pcssibility of defect is not excluded, but
the probability of such defect is slight.
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CHAPTER V

ALLOWANCES AND INTERMEDIATE DIMENSIONS

1. General Principles

22: An allowance for machining is a layer of material which is subject to removal
|

24'in machining, A distinction must be made between general and intermediate allow-

6 — ances for machining. i

A layer of material, which is the difference between the dimensions of a blank
and the dimensions of a completely machined part, is called a general allowance for
miachining. : ‘ ‘

A layer of material which is taken of'f in the completion of one or another
stage of the operation is called an intern;ediate machining allowance.

In instrument design, in the construc‘tion of small parts, the weight of the al-
lowance is often greater than the weight olf the finished part; in addition, the parts
are made of nonferrous metals and their a:liloys, so that reduction of the allowances
—!is a very important task. An increase in ithe allowance leads to an increase in the

—

45__cutting forces and this, in the machining fof parts which are not very rigid, may

48—cause a considerable increase in the deformation cf the parts and a reduction in the

!

SO:{acc;uracy of their execution. On the other hand, a reduction in the allowance makes |
53:?.t jmpossible for us to obtain the required degree of accuracy and surface smooth-

54 _hens of-the -parts - ’ -

—

56 Professor V.M.Kovan-was the first to 1ay the-scientific groundwork-for -2 -method;

i
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_for determining the amount of allowance. Further work in this direction was done

| T.B.Plotkin (Bibl.1 and 2).

_..!’ However characteristic this work may be for general machine construction, in
6 .

| aircraft instrument design it needs. additional experimental checking and correcting,

iy
_! although the general method of calculating is preserved. -
10—

2. Method for Determining the Amount of .mmm.nco

A blank obtained by casting or forging will still contain surface roughnesses

in the form of casting skin or slag; in aJceel blanks, a decarbonized surface lajer

20

_ | pemains. It is evident that, in this ca.s‘e, the cutting tool must take off a layer

_| of chip which mst be of a greater thickmlass than the casting skin or slag, and whi
22

—{ must be deeper than the irregularities; otherwise the resistance will be very low,
24 _1

_| even at moderate cutting speeds. In the process of machining, irregularities in thw

1 form of tiny ridges remain on the smrface of the part being machined; in additien,
28 i

the surface layer of the metal of the pa.rL being machined differs in structure from
30

—_—_! the structure of the remaining sectione
32

1
1

—_—— - _— —
2 g
* . . o
. 1.

//////

m.69

a) Defective surface layer; b) Normal structure of the material
|
i

To eliminate surface irregularities énd the defective surface layer (the layer
i

—! of different structure), in every 3uhsequexrb stage (operation) the minimm interme-

A {dia.te machining allowance mst not be less than an a.mouxrb which is the sum of the

“—-*Ir greatest height of the irregularities (ridges) and. the grea.test depth of the defect~

o e ey = ———— —

STAT
28

s

1
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_Bn_ia.the_greatest_height of_the. surface._1
greatest depth of the defective surface

ive surface layor. The surface layer is schematically répresented in Pig.69, where

layer.

mgu]mﬁies-(ﬁdges)_,_m_rris.thc———

unilaterally, is

— arrangement

=S
49 11 as an error in the bs.a.m,gAy - none

—tolerance,
44

The minimm intermediate ma.chix;i.ng allowance, when the allowance is arranged

of the elements of a part, eccentricity, nonperperdicularity, etc., as

and therefore mst be considered separately in cases where such errors

- ———— ——— - _——— . 1
12 z...,.>H +T . | (5.1)
14— —-mm Ty T T —
— In the case of a symmstrical arrangement of allowances, for example in machin-
16 —
_ling external cylindrical surfaces and apertures, the minimum intermediate allowance
18 .
_|is equal to
20
22_] 2 i = 275, > 2(He +Ta) ; (5.2)
24_] !
— In determining the amount of machining allowance, we mst get a tolerance & for
26 i
_lexecution in accordance with the jntermediate dimensions. The tolerance 5 is the
28 |
:‘total error composed of dimensional scattering, error in setups, and possible errors
30 § : .
_lof a systematic character, proper to a given method of machining.
32
Errors in form (ellipticity, conicity, nonparallelism, etc.) lie within the
34
26 1imits of the dimensional tolerance, which mst be taken into account in establish-
3 —!ing the machining allowa.nce. However, any disturbance in the accuracy of the mitual

of these are connected with the dimensional
{

i occur.
45 ] The maximum intermediate machining allowance, when the allowance is arranged
So—unilaterally, will be equal to
1 (__—-.—-_‘.‘._—_--‘___.__ ——— — —
52 ! =3 +zm+a (5.3)
54
ss—whero bp is the tolerance in the preceding operation (stage);

Py
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Table 9

Type of Surface

Stage of Machining

Being Machined

Ha

External cylindrical,

conical, and profile
turning surfaces

Lapping

Fine turning
Grinding
Smooth turning i
Rough turning
Cold~drawn steel
Rolling
Drop-forging

i
{
!
!
!
:

0.05 - 0.5
1-5
1.7 -15
5-45
15 - 100
25 - 100
100 - 225
100 - 225

L - 11
8 - 25
10 - 40
50 - 200

100 - 400
70 - 340

500 — 1600

14,00 - 1000

Cylindrical apertures

Lapping

Fine boring
Breaking with a
Broaching

Grinding
Smooth boring |
Smooth reaming
Rough reaming
Rough boring
Turning out
Jig drilling
Drilling without
Drop-forging

0.05 - 0.5
l1-5
1-5

1.7 - 8.5

1.7 - 15
3-25
15 - 45
25 -~ 100
25 - 225
25 - 225
L5 - 225
L5 - 225

100 - 225

4-13
15 - 25
12 - 18
18 - 30
15 - 35
100 - 200
20 - 80
40 - 150
200 - 350
140 - 300
70 - 300
120 - 350
600 - 1000

Lapping
Grinding
Smooth milling
Rough milling
Planing
Rolling
Drop-forging

0.05 - 0.5

1.7 - 1.5
5 =45

15 - 100

15 - 100

100 - 225

100 - 225

4L -15
10 - 50
25 - 100
70 - 200
80 - 200
500 - 1600
300 - 1000

[N
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5 is the tolerance in the given operétion (stage).
____Vhen the arrangement. is bilateral, tke allowance will be —

e

The values Hp, T, and & deperd upon the method of machining and are determined

experimertally.
Table 9 gives the values of H , Tm’ and & for the methods of machining most

(5.8)

often used in instrument making¥.

3. Calculation of Intermediate Dimensions

In the working drawing of a part being machined, only the final dimensions are
indicated. The technologist indicates the' intermodiate dimensions (or, as they are |.
sometimes called, the inter-operational dii.mensions) in the operation drawing. These
dimensions mst take into account the intérmed.iate allowances for subsequent
mashining,

Calculation of the intermediate dimensions must be made from the last operation
based on the dimensions and tolerances spscified in the working drawing.

The intermédiate dimensions in ma.chixiing are determined from the following e.x-—-

pressions:

for external cylindrical surfaces (Fig.70)

for cylindrical apertures (Fig.71)

r == ]

Ar =4 z . —5.

min min~ “min P

T R

for planes (Fig.72) 1

L.

|
54— %-- Por-a more detailed treatment see Biblele

56
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S e

——

yhera AP is the_dimension maintained in the.preceding machining;

A is the dimension maintained in the given operation;
z? is the allowance for the given oiera‘bion, based on Hy and T, for the pre-
ceding operation (according to Table 9);

bp is the tolerance for the prec operation.

—— e -

% e

Fig.70 - Diagram of the Distribution . Fig.7l - Diagram of the Distribution
of Dimensions and Tolerances in an of Dimensions and Tolerances in an

l
External Cylindrical Surface Internal Cylindrical Surface

Let us cite some examples for the use of the above formmlas in calculating the
42_)

“:— intermediate dimensions.

— Example. To determine the allcwance la.nd intermediate dimensions in the machin-
46

|
—Y4ng of a shaft (Fig.73) from a cold-drawn steel bar.

48
soj The order of machining for a diameter of 9:8833 is as follows:
- i .

o 1) Smooth turning on a lathe with a clamp in the chuck;

- 2) Grinding on a centerless grirding machine;

54

56— * 3) Grinding on a base of cones, which may have an eccentricity of 0.0l mm rel&-i

i
- STAT
32

[ I
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i e s e et . e o et

tive. to the diamster under ma.chining,' on & circular grinding machine.
L We begin calculation of.the intermediate dimensions with the-last operation,—
i. e., grinding on a circular grinding machine (the preceding operation is center-
less grinding).

The minimmm allowance for diameter ma-
- |

clhin:lng in the final operation is

3

b Lo
ARNNNCONS

|
LI .//—_f ll
I

il

— e e —

] 2 =2 (Hut T, . -

Taking the mean values of Hy, and T,

ccording to Table 9, where

— e —————— —i—

Fig.72 — Diagram of the Distribution Hopy==8micr.and Tpy=20 miceons,

of Dimensions and Tolerances in a

we will have
Plane Surface

Tz Mm—! (8+20)-56 microns.

The eccentricity of the cones in relation to the diameter under machining will

—cause an error in the basing o.fAy = 10 microns, and for this reason the allowance
34 )

—mst be increased by 10 micronl
361 -

38| ! 4 z m|n+Ay=56+10—66 mcrons _ **__]I

D

The dimensions of the shaft, after centerless grinding, will be equal to

|

e e ————— e ———

. A:mr -Am'i' m+;r f

According to Table 9, the mean value of ép for grinding is 25 microns. Finally,

—we will have
50

— ) —9 034+o 066 +o 025=9,125. :
50| _ M .

54l _Jet—us-determine the intermediate dimensions of the shaft; obtained after——

" 56_gmooth-turning-on-the-lathe.

[
i
|
i
1
!
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The minimm ailowance for diameter miachining in grinding is

} zn‘-n =2 (H.'*' T.\.

Taking, in accordance with Tabie 9, the mean values

e imme = e -

P .MT.-SS micvons,

—we will have Znu-—2 (25+35)=120 m-am. ——l

The dimensions of the shaft, after smooth turn-
|

According to Table 9, the mean value of 6p for

| .
smooth turning is 125 microns.

In the end, we will have

A:q,, =9, 125+_o 120+0 _1_2-5—)-19 AT, |

!

Now let us determine the dimensions or{' the blank, i. e., f.he diameter of the

I

l
|

The minimum allowance for diameter machining in smooth turning on a lathe is

I

'=2(H..+r.). -

44 Taking, in accordance with Table 9, the mean values for a bianiz of cold-drawm

46—steel as ~
48— : f{;.;ﬁ()m'a-ﬂT,.;go mictont, - ___5

L e e -

(e

’ - _:‘.‘ . l
Tcresmens |

-~ - —
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0 .
— The bar is fastered in the chuck, which may have a pulsation of 0.02 mm; this
2
—iwill cause_a basing error of Ay_-_o.ol.m,-am_for_this_raaaon-_the_ninimm-w
' 4__‘
‘ _mst be increased by 10 microns
6 .
8: ; - ;::m— mu+A7'—'300+lo 310 microns. ! .
106
—] The dimensions of the shaft, after centerless grinding, will be equal to
12 ]
147 _ - A
16 W

i — The tolerance for OST 7128 cold-drawn steel bars is 6p = 100 microns. In the
; 18 _
1 —jend, ws will have

20
, 22 _ AT, =9, 310-+0, 310+0 160;5_:1& I
} - S . et e e e
24 )
— In sorting, we take the next highest measurement 9.8 _0.1°
26 1
— Example. To determine the allcwa.nt:tssl and intermediate dimensions in the machin-
28 - I
b —ling of an aperture with a diameter of 6"’0‘0?'5 rm. The order of machining the aper-
30 :
—ture is as follows:
32| |
iy 1) Drilling; |
' _ 2) Smooth boring;
36
38—
— Let us determine the intermediate dimensions which the aperture should have aft-
40_
—er smooth boring.
42
' _ The minimm allowance for reaming is
; 44 |
i — Y SO
: 46— ! Zmin=2 (HutTa)- y
| B vl . e
’ 48] |
-— . Taking, in accordance with Table 9, tPe mean values of H, and T
50— 1 _ ;
52 o H,=;4,.u,,..r_=as:.‘;z,:.;;"‘ |
} i 54 R ' N I
—we will have |
56 '
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gl =2(14435)=08 micrens.

R L

-

The dimensions of the aperture, aften _nmoth_borjng,_ui'l]_buqual to

R |
A:\;,.=Amin—szn—x?' vJ

—_— — e e e ———————— - —— =

In accordance with Table 9, we take tlhe value § p- 100 microns for smooth bor-

ing. In the end, we will have

T A" —6 0,098 — 0,100= 5802...5 8. _l

T e B ——

Let us determine the intermediate dimensions which the é.perture should have aft-
29 __ler drilling.

The minimm allowance for boring is '

z;,,;,,-:z (H +r..) ‘

—_— e —— ]

Taking the mean values of H and T according to Table 9

e ——t e ——— —

Hm=-135 m'ulMT,;=55 mcnns, ) !
—we will have J

36_]

— . =2 (-135;--55;).-.»—_-3-80-10\&?0“. i
38 e - -—m;l c-
40_ The dimsnsions of the aperture after drilling will be equal to

— |
42_| Ll . :

. . -

—_— A:fn-—-Amfh—gﬁl;ﬁ_BP' ; .
44| - ST - —
46_] According to Table 9, we take a value' of 6p = 120 microns for drilling.
48 — S— _

| ! =120 mictons - |

50— - ' ‘ ‘ ' T

— In the end, we will have
52—

— |

54 - A,‘:‘;;=580—038 0,120=5,30.

56

N
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CHAPTER XI

PARTS OF TOOTH GEARINGS

1. General Principles

Designations

In instrument construction, four basic types of geared transmissions are used
(Fig.180):

1) straight-toothed cylindrical gear wheels or spur gears (Fig.180a);
2) screw-toothed cylindrical wheels or helical gears (Fig.120b);

3) straight-toothed cone wheels or bevel gears (Fig.180c);

!
L) worm wheels or worm gears (Pig.180d).

38 —Specifications for Parts of Tooth Gearings

et

s0_]

— The basic requirements applying to tooth gearings in instrument constructiom
42__] .

—ars as follows:
44 ]

— a) Smoothness in transmission;
46

] b) Accuracy of center-to-center dista
43

— ¢) Low angular error;
50

— d) Resistance to corrosion.
52—

54

g

56

|
|
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Particularities of Tooth Gearings in Instxlument Construction

Among the peculiarities of tooth gearings ares

_The use of a transmission with hiph gear ratios (1021, 20_2 1) in one_pair,

1To realize such high gear ratios in instnlmen’c construction special parts are used.

—-
|

a - Spur gears; b - Helical gears; c - Bevel gears; d — Worm gears

__One wheel (of a pair of wheels) with 10 to 12 teeth is executed integral with its
' |

_'axis and is known as the driving gear; the other wheel of the pair has 200 - 300
|
38 _teeth and is called a sector; teeth are cut only into a definite part of its periph-
|
40_lery, Placing such transmissions in an instrument of comparatively small bulk is

41’jmade possible by the use of small modules ‘(up to 0.5 mm).

44 ! Involute gearing with 20° angle. At 'one time, cycloidal gearing was used simml:

‘Sjtmemsly with involute gearing in a.ircraft instrument construction. Cycloidal gear
’8—1ng permits a reduction in the number of teeth of the driving gear (the wheel) to
50—/six when the period of gearing is more than unity. When the profile is cycloidal,
S2—the wear of the teeth is not as great as wlhen it is involute. One shortcoming of
54_'cycloidal-gearing is-the fact that it is impossible to cut-the teeth by-the roiling—

thod+—In-addition;- cycloidal gear whee]@ require a higher degree of accuracy im ]

-
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center-to-center distance (otharwise there will be irregularity in rotation).
| At _present, cycloidal gearing is .prmtmmm_mcmﬁ_inatmnt—

construction.

Involute gearing does not have the s!'lxortcomings of cycloidal gearing. The grea!

advantage of involute gearing lies in the;fa.ct that it is possible to cut the teeth
by the rolling method. In addition, uhee]i.s with involute gearing permit, in assem-
bling, a variation in the center-to—center distances of the wheels, without disturb-

ing the regularity of their rotation.

—|Methods of Machining Gear Wheels

The various methods of manufacturing !gear wheels for aircraft instruments may
be divided into two groupe:

1. Making the gear wheels by chip-lremving processes;

2, Making the gear wheels without }chip removal (stamping, rolling, pressure

casting, and drawing). Machining clf gear wheels with chip removal is the

most widely used method. )
Stamping is used for making fine gear wheels, at m > 0.5 mme In aircraft in-
strument construction, such a method finds’ very limited application. Rolling is used
for gear wheels with a module of 0.3 - 1 n|m. This method is still used in the ao-

ceptance stage. Pressure casting and drawing are also seldom used.

|

!
In instrument construction, gear wheels are usually made of steel, brass,

‘ Mat Qri@l‘ .

‘bronze, etc. Decisive factors in the choice of material are cost of machining, re-

—sistance to wear, and high corrosion resistance. To reduce wear different materials

50— |

m-'mst be used, as far as possible, for a single pair of gear wheels, such as steel
J t

s;jaxxi brass, bronze of different types, and the like.

— For low-speed gear transmissions, we generally use 1S59 brass. This is pre-
|

4

_Lo_

56
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ferred over steel since brass is easily machined and subject to little corrosion.
J2A_steel and U1OA_ n_eel_are_msth_used-jlmkins_pi.niona_:nd_xoms._m;mu_ﬂf___

their small dimensions, these parts wear cqut sooner, and for this reason they must

be subjected to heat treatment. Bronze of Al0 and AMts9-2 types is used in making

worm gears where high requirements as to resistance to wear are made. Textolite is

also used as material for gear wheels.

T y—

g—0-

a) Ellipticity of diameter O. —0.0L* ‘not more than 0.12;

b) Taper 1:50; ¢) Material U7AV steel red-hot B, 50 - 55

Technology of Executing Typical Parts of Tooth Gearings

Driving Gears

The technological process of m&chini!ig driving gears consists of a series of
operations: 1) preparatory operations; 2); teeth-cutting operations; 3) heat-
treatment operations (these may be omitted‘l); ard L) finishing operations.

Let us examine the standard technological process of machining a driving gear

(Fig.181). The preliminary operations consist in preparing the bars (straightening

and cutting) and turning. The turning is 'usuany done on automatic longitudinal

lathes or on turret lathes. In choosing a turret lathe or an automatic turret
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chucking machine, and in ﬁﬁdng the sequence of stages, the specifications given in

the Chapter "Axles and Shafts™, must be_followed, since the blank for a driving gear
mst be treated as an axle. .

Tooth-cutting is done by the dup]d.caiing method (since driving gears usually
" have less than 17 teeth).

‘ The disk gear cutter (Fig.182) is used as

the ' cutting tool in gear-cutting. From the

theory of meshing of gear wheels we know that,

for every number of testh, there is a special

profile. Thus, in order to obtain the exact
Fig.182 - Disk Gear Cutter |

profile in cutting by the duplicating method,
‘each number of testh must have its own cutter. Special cutters are made only in

cases of large-scale or mass production. Usually we use gangs of 3, 8, 15, or 2

i
l

cutters, each of which is designed to cut ‘a gear wheel with a definite number of

Fig.183 - Schematic Sketch of Milling Fig.18L -~ Setting of Cutters on
|
of a Pinion Tooth in Three Passes Arbor in Milling in Three Passes

teeth (Table 28).

In connection with the neceasit& of qbtaining a high degree of accuracy amd
i8__smoothness in the profile of a tooth, the f;nachining mist be done in several passes
—‘(:ln our case, three). Depending upon the 'type of machine, this may be done in ei-
ther of the following ways:

_____3)-Each-pess -is-carried out-by a separate cutter (Fig.183).--In-this method;——

—ILanuttor&m4ot~ on-the arbor (Fig.lBL). The first is the usual-splined-cutter;

STAT
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the sécond 1s near the final profile in nsions and form (allowance of
0.1 -~ 0,2 rm);._the_third has the final pr file.__In the beginning the first cutter
goes into action. After it has cut all ttlxe teeth through, the cutter carriage is

isplaced, and the second cutter-is sst into working position (a worn cutter may be
used for the second one).
After the carriage is shifiad again,the third cutter is in operating positiome.
_ 2) A1l the passes are done by a sing-
le cutter. In this method, one cutter is
set on the arbor of the spindle; in the

|
|

o — —— -

) : first pass it is not lowered to the full
Fig.185 - Schematic Sketch of a

'depth of the tooth, and only rough cutting| .
Pinion Mounted Conically at the !
' 'is done. After all teeth are cut, the cuty

Driving Center |
ter is lowered farther into the part.

One shortcoming of the first method is the inaccuracy in the setting of the cutA
ters relative to the axis of the part beirlg machined; at the negligible allowances

left for the smoothing passes, this may lead to the formation of bare spots.

a)

«W////f//'-'

Z
/////////////‘/‘

F;g.187 ~ Construction of the
by the Driving Center, Set in the End Driving Center
of the Pinion ‘ a) View from A

a) Journal; b) End

A shortcoming of the second method is the increased wear of the cutter.

. In-precent - times; -industrial plants have been using special devices-to-sst—the—

56 _cutter-accurately-with-respect to the center of the part being machined;—as—a result,
STAT

. )
Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

ratd 28
Sets of Cutters and Number of Teeth Being Cat

i
2) b) c)

1) &)

1
1Yy
2
2,
2/,
3
31s
3's
By
4
4
41/,
484
26—29 5
51/,
30—34 51y
584
3541 6
6'/4
42--54 6'/g
684
55—79 7
‘ T T4
80—134 T/s
™,

8 |135andmore] 8 135andmere | 8

B [ E —

—- -

l
\
|

) si ' * 6 outl

s utterss d) Set of 26 ou
utterss b) Set of 8 cutters; c) _Set_of 15 cutters; d) S
Foras o) %ﬁgi—e%;‘c'r)- Number of teeth on wheel being cut; g) No.of cutter
’ v

| STAT
e

X,

AN . T PR WRBEBRSEES £
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Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

the first method must be considered supej:r, since it permits the cutter to operate

| for a longer period without being reshar

Setting and attaching the pinions being machined, is accomplished with the help

of two stocks. If the journal of the pinion is sufficiently rigid, the fastening is
done by the driving center, notched (Fig.185) and set in the headstock. If one of
the journals is insufficiently rigid, the driving center is set in the end (Fig.186)

The construction of the driving centeér used on gear-cutting machines (of type
0ZPO) is shown in Fig.187. The driving center has a conical aperture with notching.
The angle of the cone of the notched aperture is 30 - 50°, The number of teeth (of
the notching) is usually 16.

Fig.188 - Structure of ithe Center Inserted in

the Indexing Head

The structure of the center for the t|ails’cock is shown.in Fig.188, After the
teeth have been cut, stesl pinions (in the majority of cases) are subjected to heat
treatment. The heat treatment consists in hardening and subsequent tempering. Heats

l
ing for the hardening is done in a special tube furnace, in a neutral medium. The

!
neutral medium is prepared by dissociation of ammonia with partial liquefaction of

hydrogene. 1
The usual composition for the neutrali medium iss

l
H;—75%0and N3 —259%/s. !

T T

Heating in a gaseous medium (neutral) for pinions of UBA and UlOA steel is

‘done-at-temperatures up to 780 - eoo°c, with subsequent quenching in-oilsi—After—

56 s —the- s-are-subjected to tempering by heating to-200 —250°C; with sub=
| STAT
_z,;s. -
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sequent quenching in oil (at 30 - 40 C). |Pinions herdened in this mammer have a

 smooth _surface,. Mm_ommmmwwmuw_m
removing after machining.

l . -
To eliminate roughnesses resulting fiom tooth-cutting, additional finishing
(polishing) is required, which is done on special tooth-polishing machines or on
clock lathes rigged with special attac

o e e e

"._-.
O Ty
Y (it
N

Fig.189 - Diagram of Polishing 'Fig.190 - Design of.the Prop for

of Pinion Teeth the Pinion

The tool for polishing the teeth is a polisher made of wood (boxwood, palm,

34_'basswood) or of soft lead alloys, having a screw thread of the given module on a

36 _teylindrical surface. The disk revolves at a speed of 15 m/sec, entraining the pin-

38jon., In addition to rotation, the pinion performs a reciprocating motion at a speed

l

Ojof 180 - 200 strokes per minute (Fig.lB9) GOI paste is used as abrasive in po]i:h—
42_ling, In the process of polishing, the pinion is placed on a prop (Fig.190) which is
'“fj.a disk with several grooves cut into its peri;hery, for support. As the grooves
46_lyear out the disk is turned around. To pcflish the journals of the pinions, a sleeve

48—of hard a‘lioy is used (see Chapter X, "Axles and Shafts™).

5‘3 After cutting the tooth, the profile and pitch of the tooth are checked on a

| . .
projector which enlarges 50 - 100 times. In checking, the pinion is set in the cen-

54 !4 eps—and-isTrevolved by hand until the tooth profile coincides with the screems—Im
56

~can -also be-checked. A special screen is used for‘this,—-onvhich‘!
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a series of parallel lines is etched at aldistance of 1 mm. The outer diameter of

,tha_pinion_coipcidesjith_one of_the_lines_on the_screen. Wobbling can be determined
by turning the pinion. ‘
The outer diamster of the pinion is checked by special calipers (Fig.191). The

no-go side of the gage dno is distinguisheéd from the go side dgo by a special cut-

out. After the journals have been polished, they are checked for out-of-round with
the help of an indicator with special jaws
‘Fig.192).

YK i TS | Out~of-round is determined in the fol-
Zlowing mermer: By pushing the butten (1),
tihe moving bit (2) is pushed aside. The
pinion journal is inserted in the gap
i
formed between the moving bit (2) and the
1
dtationary bit (3)e Then the button (1) is

Fig.191 ~ Ring Gage for Checking |
released, and the reading of the indicator
the Outer Diameter of a Pinlon ,
® is noted. By rotating the pinion, any de-

:flection of the pointer, indicating out—of-round of the journal, will be noted.

Sectors

Let us examine the standard technological process for the production of a sec—
. |

tor gear of the type shown in Fig.193. This technological process is characteristic
I

not only of the production of sectors or racks but also of gear wheels made of sheet

I
material. Notching the blank is done on elccentric presses with subsequent straight-

46

l
is——'ening. This is followed by trimming, countersinking the aperture, and turning the

|
”“laector on the outer diameter (turning is not always. done). Cutting the teeth 1is
|

5
Sﬂjusuany done by the rolling method on "Komsomolets™ machines or by the indexing
i

method on OZFO type machines. |

Cutting the teeth by the rolling method has the following advantagess
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1) Greater accuracy. This is exphﬁmed by the fact that in the case of invo-

_with-an—
 Jute gearing the. cutter_has a rectmnear..;n'orﬂn_(iheiomxf_a_trapezm

s and easy to
angle of & = 20°, Fig.194). A form such as this is easy to produce

Fig.192 ; Control Device for Fig.193 - Sector

Checking Out-of-Round the a) Along entire circumference; b) Coun-
Pinion Journal tersink to ¢2+°'25; ¢) Involute gearing

a = 20°; d) Eccentricity ¢2.5 Ag; e) Relf

l\ ative to the center, not more than 0.01

‘ index~-
check. In addition, when teeth are cut by the rolling method, errors in the

|
40_ling mechanism of the machine have no effect on the accuracy of the angle. On the
] i
19_'hasis of research done by S.V.Tarasov (of the MVTU imeni Bauman), it has been estab-
‘ th
44_1ished that in cutting a tooth by the duplicating method, the thickness of the too
o ll . hod
-"-5:J-‘may be maintained with a tolerance of 0.02 mm, and in cutting by the rolling method,
43_\dth a tolerance of 0.0l mm.
-
50

2) Considerable increase in productivity. The machine time in working with the

|
52—duplicating method 1is determined by the formula

IR N
i — ,

Iz , Lz, .1 :
i L e

—

re
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where T is the time for machining one paia, in ming
| 1.is the_length of the cutier pass equal to_the J.ength_ot_a_tooth_p]ns_thO—

cut and the run (rated length), in mm;

¢ is the number of teeth of the sector (or wheel)s;
8y is the feed per power stroks, in mm/ming
ox 18 the speed of backward motion of the table, in mm/min;

1 is the time needed for one turn of the sector (or wheel), in ming

k is the number of wheels (sectors) simltaneously set on the chucks (with
‘the ends of the wheels touching).
The depth of cut is computed by the

‘\f\f formula
mlmlh

ummuﬂumnmlhm e o = s I
VIV VYV [ —=coseVi(d— L (1.
llt‘@%\#\%\& v Y=oy td—e, . (1.2

where y is the cut, in mm;

F:Lg.l% ~ Worm Cutter
d is the diameter of the cutter,

1

in mmg

t is the cutting depth, in xm;
| .
@ is the angle of inclination of ‘hhe'I tooth, in degrees.
In a case where a straight tooth is t;eing cut, 9 = O.
!

|
Machining time when working with the rolling method is determined by the

formla . ‘I

L__ To=mi’ | @)

—vhere T is the machine time for one pass, in ming

45

L is the length of the cutter pass,‘ equal to the length of a tooth plus the

cut and the run (rated length), i‘n mm;

z is the number of teeth on the entire circumference;

s is the feed for one turn of the cutter, in mmj

—A’i9—
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n is the number of twrns of the cui.ter, per minute;

4 is_the mumber of cutter setiings

The extent of the cut is com;i:tod by the formula

R S .
y=cos$Vt(d—t)+1,5tg'_8(mV;+t),

where t is the depth of milling, in mm;

d is the diameter of the cuiter, in|mm;

B is the angle of the cutter setting, in degrees;

m is the module of the wheel being cl:ut, in nm;

2 is the number of teeth of the wheell being cute.
In work done by the rolling method, éreater productivity is reached, 1. e,
less time{is spent on the return stroke and on turn~
ing the pal.rt in the process of gutting the teeth.

' 3) Ltiéss tools required. To cut a vheel of a

definite xizadule, only one worm cutter is required,
regardless of the number of teeth of the wheel,

Despite the obvious advantages of the rolling

u
|
|

o
|
l

l
method, the duplicating method mst be employed in

some cases of instrument constructionm, for examples
Fig. 195 - Design of a ‘
a) In cutting ratchet wheels;
Sector Whose Teeth Can- i
1) In cutting sectors (rolling method may be
not Bs Cut by the Roll-
uneconomical because of excessive idle motion)s
ing Method \
¢) In cutting teeth in special perts, where

a> R (Fig.195); |
4) In cutting wheels with a small number of teeth.

Inspection of the sector after tooth cutting consists in checking the profile

—on a projector and measuring the outside radius of the segment by means of special
—gages (Fig.196). |
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Cylindrical Gear Wheels

let us examine the technological proéess for the production of the wheel de-

.pj.cigd_imf‘ig.ml.__ﬁachining_the _blank on _a lathe, preparat ory_to cutting of the

" -- teeth, is usually done on turret lathes or

; ,-d::q ° H automatic lathes. The tooth cutting is done

1
!
i
T

on|machines operating on the rolling method.

|
! d Inltooth cutting, the blank of the wheel is
£

# set in the arbor and clamped by & mut or by

[ 7

thl running center. To secure the necessary
Fig.196 - Gage for Measuring

accéuracy in the tooth cutting, the technolog-
the Outer Radius of a Sector

ical process mst be so laid out that tne pre;

I
paratory operations, which precede the cutting, assure a sufficient degree of accu~

) ‘76_racy in the basing surfaces (in our case, the apertures and ends) As a rule the
ﬁs_i‘ aperture mst be machined to 2nd class accuracy. Arbors for gear—cutting machines
30— '

32_1 - - LT

341

36

38

40__

f
— . Fig.198 - Insta‘l.lation of (Adjuatablo)
42__

] Arbor
44 1 .

45:l~are prepared on the go side of the operating gage, to assure seating of the blank

43 )yith a mininmum of clearance.

In view of the high reqﬁirements for accuracy in the gear, a set of arbors is
!

used. For example, if the gear wheel has a 6A aperture, three arbors are made,

'‘their-working-parts having- the-following- dimnaiona‘

|
i
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 For_this, the blanks into which teeth will be. cnt_mat_bn_a,mns&_intn_smupa_hh_
forehand.

The accuracy of the gear cutting is also increased by the use of built-in ar-
bors (Fig.198). The base of the arbc;r (1) is immovably fastened to the table of the
machine. With the help of four bolts, the transition collar (2) is screwed to the
base. The bolts pass through the apertures in the transition collar with a clear-
ance, which permits the collar (2) to be displaced relative to the base (1) The

|
collar position is checked with the help of the usual indicator gage.

o et gt

Fig.199 - Diagram of Running-in Fig.200 - Diagram of Generating
of Teeth of Teeth on the Blank with Three
Standard Wheels

2) Blank

In cases where the above measures do not lead to the desired results, an addi-

|
tional operation is required, involving the machining of the aperture after the
(

!
teeth have been cut. For this, we must provide a tolerance for machining the aper-

1

ture, and mst machine it in a special devi.'ico.

5’:]- The- technology- for machining of wheels-with screw teeth differs-1ittl ——

6 _lthat—for-machining of-wheels with straight teeth.—-In cases-where the—teeth-are-cut—
STAT
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with a disk gear cutter by the indexing me'.thod, the cutter is selected for a fictitij

 ous_nurher of teeth in accordance with-ths formila

(11.5)

where z is the number of teeth of the whesl being cut;
z; is the fictitious number of teeth
a is the angle of inclination of the teeth.
If the teeth are being cut by the ro]'.ling method with a worm cutter, the angle
]!of inclination of the cutter axis is de-

lf:i.ned as the algebraic sum of the angle of

'Fnc].‘ination of the cutter helix and the

angle of inclination of a tooth relative

'
|
1

to the axis of the gear wheel, i. e., when

!the direction of the helixes (on the wheel

|ami on the cutter) is the sams, the angles
Fig.201 - Diagram of Generating of ‘

'are added up; when it is different, the
Teeth in the Blank with One

angle of inclination of the cutter helix
Standard Wheel

l

iis deducted from the angle of inclination
a) Blank; b) Standard '

.of the wheel tooth.

In some cases, finishing operations aire applied after cutting the teeth, in or-

der to increase accuracy and smoothness. |
i

Let us examine the basic finishing oéerations used in the execution of cylin-
i
drical toothed wheels.

Running-in. This method consists in placing two coupled gear wheels in a speci
|
al device and making them revolve (Fig.199). With this method, no noticeable im-
!

S;brovement in the quality of :t.he tooth prof'ile and smoothness is observed. This meth-

]
5 od does not provide for interchangeability of the parts of tooth gearings.

56

— Generating. The generating method is distinguished from running-in by the fact

l ' STAT

s
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that, in this case, the generating of the|gear wheel which is being machined is done
‘with three_ tempered standard wheels,. execu:bed._with_the_gneateat_accummr_(ﬁ.g.mo),_

or else with a standard wheel and two idlelr wheels which force the gear wheel agains

the standard (Pig.201). Under the :L;fluex;zce of the pressure created between the
|
standard and the blank (the gear wheel being machined), in the process of their ro-

tation, the gear wheel is machined. This method is suitable only for non-dry gear

_j|wheels. The surface of the teeth after machining is noticeably improved.
14 ]

e}

o ™

| £

Fig.202 - Diagram of the Rack Fig.203 ~ Diagram of the Wheel

Shaver : Shaver

Shaving. To increase productivity and to obtain better quality in finishing
365'the teeth, shaving is used.

The essence of finishing the teeth of non-dry gear wheels by shaving consists
in scraping off a hair-thin chip from the side surface of the tooth with the help of
_'a special tool (the shaver) which is desiglned in the form of a rack (Fig.202) or in
the form of a toothed wheel (Fig.203). Fo;r finishing straight-toothed gear wheels,
a rack with oblique teeth is used (Fig.204); for machining helical-toothed wheels,
the teeth on the rack are straight. This Iis necessary to amplify the slipping mo-
tion of the teeth and to secure uniform wear of the teeth. The rack exscutes a re- ;

| :
‘ciprocating motion which revolves the wheel being machined, and the wheel is drawn

54 _lonto-the-rack under-soms- pressure.- The wheel, during this process,- 4s-gradually——

56_'shifted-along- its-axis (for uniform wear of the rack).- As a result of the-inten-—
STAT

—5il»
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_igified slipping motion of the coupled teeth, the cutting notches of the tool will

__scraps thin chips off the tooth surface being machined. The basic drawback of shav-

4
—iing is the complex design of the tool (1‘.}1l shaver).
. 6 y -
] The "Komsomolets™ factory produces michines in which the cutting tool is a
8-_ .

- ) .shaver representing a toothed

----- : - - e wheel with transverse notches.

In this case, the axes of the

llii
Ui /5

Wik

=

wheel being machined and of the

shaver intersect (Fig.205). The

process of cutting is analogous

to that described above. The

29 _| Fig.20} - Diagram Fig.205 - Diagram
— : . ; . shaver revolves, while the wheel
24 of Operation of of Operation'of i
. - being machined moves horizentally
26 the Rack Shaver the Wheel Shaver

(axial motion) and vertically to

to insure its being drawn toward the shaver, As practice has shown, shaving done by

this method can assure good surface finish and can provide the necessary accuracy:

8 microns in the profile, 8 microns in the pitch, 5 microns in the eccentricity.
34:1
For shaving fine-module wheels, a apecial machine design is in existence, in

ssqwhich the axis of the round shaver and the axis of the wheel being machined are
’ —placed parallel to each other in a horizoxltal plane. The ZSh-1 machine (of NII MSP
40__and MATI design) belongs to this type (seel, Bibl.l).
4j: Lapping. The lapping method consists: of machining the gear w.heels by means of
T artificial intensified wear of the teeth, with the help of a lap (usually made of
46__ fine-grain cast iron) and an abrasive.
48: On "Komsomolets™ machines (model 573)’ lapping is done in the following manner
Sf))———(F'ig.Z(l)é). The two laps (1) and (2) have llhelical teeth which, in touching the !
z;:lstraight teeth of the wheel being ma.chineci (4), created a worm-type transmission

—which is conducive to uniform wea.r, profile—wise » of the teeths The wheel revolves
56 e ——— e

—
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in engagement with three laps; the axes of the first two laps intersect in apacé
with the axis_of the wheel, while the axis oLt.ha_t.hind_JAp_(a)_in_pa.naJJ.el_tn_it._

The wheel being machined, in addition to rotating, has a reciprocating motion. The

Taps are entrained toward the wheel under

Fig.206 - Diagram of Tooth Lapping Fig.207 - Diagram of Tooth
on a "Komsomolets™-type Machine Lapping

In other machines (Fig.207), slow revolution of the lap and of the toothed

03 !wheel and rapid reciprocating motion of tlje lap (up and down) and of the wheel in a

radial direction are used.
According to tae data of experiments conducted in the ENIMS, lapping assures

the following accuracy:

:anobbling 00000000000-000001-00031“[

:l.npitch. ..-...."......0.0lm

inprofile ..............0.005-0.01011!1

|
After lapping, the side surface is highly polished, with a mirror-like sheenj;

its quality is mch superior to that of a 'ground surface. One drawback of lapping
is the presence of abrasive grains on the l:surfacts of the teeth, which cannot be re-
moved by washing and which cause premature} wear of the teeth.

Grinding. The tooth-grinding method j in spite of'many advantages (formation of
a theoretically correct profile with greatf accuracy, high~quality surface finish),

{
lis-not-used-in-aircraft- instrument construction in view of the-fact-that-a-great——

}mmbor_-otupa.rts,okaircraft jnstruments are made of nonferrous metals.—-In-additiony

|
l STA"I'
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because of the small modules and the smail bulk of the gear wheels, this msthod is

relatively unproductive.

Rolling of gear wheels. Recently, 'T have started using a new method for pro-

ducing cylindrical gear wheels, namely a i-o]ling process (Fig.208).
The blanks of the wheels being machined (1) are placed on the arbor a few at a

time, and the arbor is mounted to the
centers of a moving chuck (2). The

T F | 39_-:‘ : i index plate (3) is set on the same
1 .
— arbor. When the chuck is moved hori-

gontally, the index plate engages the

operating shafts (4), which, on fur-

ther travel of the chuck, come into

contact with the 'blanlé and perform

the rolling yprocess. The operating

shafts are gear wheels with a correct-

ed tooth profile and are equipped

with a tapered intake at one end.

i The shafts are forced to rotate
- U -9
' in one and the same direction and are
Fig.208 - Diagram for Tooth Production
| spaced at a definite distance, corre-

by the Rolling Method |

-
wheel being machined. ‘

sponding to the dimensions of the

] The tooth-rolling method can be used iin producing gear wheels with a module of
46__]

|
—0¢3 = 1 mm, including gear wheels of bra.ss‘, bronze, hard aluminum, ardi steel, In

48j
,"[the latter cass, the blanks mist be hea.ted: to t = 600 - 700°C.

]
52: The tooth-rolling method assures high productivity.
— !

54

—

56_

i

I

i

!
—
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Bevel Gears

e ——————

f
The production of blanks for cutting|of testh is analogous to the production o

wman,planm_tm-f-hﬂ——
,blanka.for_cﬂ.inlrical_geanxheela.. _Gear! cutting is don

rolling methode On a machine of such

type, gear planing is done by two- cut—
ters (Pig.209), simltaneously on both

sides. The wheel being cut is con-

= stantly engaged with an imaginary flat
Fig.209 - Gutter for Gusting T“th wheel and, executing a rotary motion
on a Bevel Wheel

about the axis of the flat wheel, si-
mltaneously rotates about its own axis. ‘In this way, for each double =wing of the

. The time for ma~
ngwing bolster™, the tooth is machined on both sides (Fig.210)

Position 3 Position & : yoo ] TI77777777 7777 /777777

Lo —m - - -

Fig.210 ~ Diagram of Machining of Fig.21l - Device for Checking

1s
a Bevel Wheel on a Gear Planer Bevel Whee

1, miltiplied by the
chining the wheel is equal to the number olr teeth of the wheel, pld

|

! - N
” S
ime for one double swing of the "swing bolster™ of the machin i‘

On the average, we can assume that the tims for machining one tooth of a small-

|
s STAT
—518— i
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module wheel is 2 -~ 10 sec.

| In bevel wheels, as_in gear wheels, ho,chiet_clements_detcmdning_tha_quﬂitj_
of the gearing are pitch, profile, and cor‘mentricity of the teeth.

In large-scale production, checking the gear wheel, meshing with standard
wheels, is done on a special device (Fig.211). The arbor (2) whose center is pro-
vided with teeth forming a rack, is set 11!1 the body of the device (1). The rack

| meshes with a gear|wheel (4) which, through the rotation of

the flywheel (5) raises or lowers the arbor (2) and the stand|
ard gear wheel (3)| The gear wheel (8) which is being

checked is mounted |on the shaft (7) in the stand (6). Hold

the wheel (3) with!one hand, we turn the wheel (8)e The dif-

ference in the readings of the indicator dial (9) shows the

|
amount of play in 'FThe side.

There are aevélral other instruments in existence for
checking bevel wheels (Bibl.2).

Worm Gears (fig.212)

Blanks for tooth cutting are u~ually ’Ipreparod on turret or turning lathes.

Gear cutting is done on gear-cutting !'lmachines which operate on the rolling
rrinciple.

Unlike the hobbing cutters used for cutting cylindrical gears, the profile of
the hobbing cutter used for cutting worm g!ea.ra mst accurately correspond to the
profile and dimensions of the worm, which !mns’c. be coupled with the worm gear with
allowance for additional play at the top of the thread. For this reason the outside
diameter of the hobbing cutter is 0.32 mod];ule larger than the outside diameter of
—!the worm. In this way, the overall heighé of the cutter tooth will be equal to

2.16 module., When the tooth has this heiéht , the cutter will also remove a chip

from the tops of the worm wheel teeth. This is done to keep the periphery of the

]
t

STAT
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worm wheel strictly concentric with its o:l[-iginal circumference. This method is also

 often used for the_ parts discussed .above.. pinions, sectors, gears).

The machine time in cutting worm gears is computed in accordance with the

formla

(11.6)

where T, is the machine time, in min;

m is the module Ar the wheel b‘einglcut

z is the number of teeth of the whe‘:el being cut;

s is the radial transmission, in m:}i, for one revolution of the wheel;
n is the rpm of the cutter;

i is the number of settings.

|  The cutter path during the machining of

a 'worm gear is determined from the following

|
data: The normal height of a tooth is equal

to 2,166 m; the amount of mnotching done by
the cutter, which in this case depends on

‘ .
thle different curvatiure in the radii of the

outside and inside diameters of the hobbing
Fig.2A43 - Diagram of the Notching |
cutter (Fig.213), makes up 25% of the height
by a Hobbing Cutter |
of the tooth. Consequently, the length of

the cutter path, counting the notching, isll equal to 2.7 m. In addition, after the
cutter has penetrated to the rated depth, Iwhen the radial transmission is discon-
nected, the worm gear being machined must be rotated through one or two full turns;
then, the cutter path can be assumed as eéual to~3 m.

After gear cutting, the worm gears a.:l-e checked for wobble and mshing The

accuracy of meshing is checked on special devices, by coupling the gear with a model

WOXTe
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Yoncircular Gear ¥heels

Noncircular (cylindrical) gear wheels are used for transmitting rotary motion
Thetween_parallel axes with variable gem;l-ntio,__nntil_ne_cgntlg,_nn_mrﬁnimﬂw_n&: '
3.-!1iable and simple methods for cutting teeth into noncircular wheels were available,

—

10 —iwhich greatly interfered with their widespread use in instrument construction. By

12 _!now, several methods for cutting noncircular gear wheels have been worked out -

14: (Bibl.3). let us examine the method of cutting noncircular wheels on the "Linotype™|
machine (Fig.2l4). This method is used for producing wheels with a small module and
short tooth lengths. The ring cutter (5),! rotated by an electric motor, is used as
the tool. The noncircular former (1) and /the plane former (2) are linked by a steel
band. By means of the handle (7), the nox}circular former can rotate about its

axis Ox0, and, together with the clest (8)', about the axis 00.

Fig.Zl), — Diagram of Machine for Cutting Teeth into

|
Noncircular Gear Wheels

When the former (1) rotates, the steel tape unwinds, and the plane former (2)

moves in the direction of the axis of the 'r:lng cutter (5). The counterpoise (9) en-
|

s —'sures continuous contact of the formers (i) and (2). When the plane former (2) is

54""{moving, it entrains the axis Og of the pantograph (3). The stationary axis O of

—lthe pantograph is mounted to the hollow shaft 6).

56 _|

STAT
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0
- Yhen the former (2) is moving, by mesns of the axis 0y of the pantograph, the
2 —
j.a.xial_displa.cemnts-a.reiranmnitted_to_the_shart_(lo).ot_the_ring.cuttu:.—lﬁze_rgtc_
4 l
_lof displacement of this shaft to that of f[he plane former (2) is at the same ratio
6
.las the rates of displacement of the pantograph?s arms 030, and 0505 The former (1)
8
—lis designed in accordance with the curve t‘,ransformed according to the ratio of the
104
—|wheel to the centroid (4). The transformed curve is obtained from the centroid, on
12
! mltiplying the radii by the constant quantity M. The axes of the blank (1) and the
14
1 former (2) are linked by a band and disks lor different diameters. Consequently,
16 |
_luhen the former (1) rotates about the axis O,, the blank (1) rotates about the axis
18 _
20__ 0y with the same angular velocity. At the same tims, the blank (4) rotates about |
_lthe axis O, together with the cleat (8), so that
22 ]
24 0% _ u. '
] . % < T R
26 — i
] !
28— The relative motion of the former (1) consists in rolling along the plane of

38— Let us examine the basic errors in the production of toothed gearings.
40_

42—Eccentricitz in the Teeth

4b— The error of eccentricity causes the gear wheel to rotate, in production, about
48_pirst one is the amount of eccentricity. In addition to angular error, eccentricity

52—intensity. This phenomenon is most typical of high-speed gear transmissions (for
54 ' example;—gear-transmission of a tachometer)s

30__lthe former (2). The relative motion of tlte wheel being cut must be a rolling motion)
——due to its centroid, along the genetrix of the dividing cylinder of the ring cutter.
34 =

_13. Analysis for Accuracy in the Production of Toothed Gearings

45_lone center while the mechanism works aboutl: another center whose distance from the

S0—4n the wheel causes a pulsating noise with periodically decreasing and increasing

Fecentricity-in-gear is-caused by the following technologicalfactors:———

_ 5'2_ . STA‘;’

— e .- e —— R et e thand
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a) Wobble in the arbor or the driv:ﬂng centers on which the gear wheel (pinion
is being cut;

b) Play between the fitting diameteir of the arbor and the aperture in the
wheel;

¢) Deformation of the machine - part - %ool flexible system, etc.
Exemple. In cutting a gear wheel on an arbor, determine the maximum possible
lamount of eccentricity produced by the presence of play between the fitting diameter
—lof the arbor.and the aperture in the wheel. .
Given:
e — _.__.__..__1

duy=28_og0i  dym2,81000

e —————— e - -

It is quite obvious that thne maximum amount of eccentricity is equal to one

—half the play:
26 —

28—

._—.there e is the eccentricity;
32

— Spay 18 the maximum amount of play;
34_

36 T T T To,810 -2, 796

Cmax™
- t

2
38—

401 It is evident from the example that the amount of eccentricity in the teeth can
— !
42__be diminished by:

4 a) Yore rigid tolerance along the inside diameter of the wheel blank;

———

46 b) Using a set of arbors;

—

—

50 -
—End Wobble
st

54

¢) More rigid tolerance for the production of arbors.

— ——The-error-of—end -wobble of teeth results from the fact that -the axis-of-the—

56_ pperture-at-whose-base-the testh are-cut is not perpendicular-to the support—Lace—of-

| STAT]
6? .
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the arbor. This skewing may be the result of imaccuracies in the production of the
wheel and arbor blanks.

ofile Error

In addition to angular error in the wheel, a profile error in the cutter teeth

causes rapid wear and rough transmission. | The basic technological causes of profile

error are:

a) Theoretical errors jnherent in the tooth cutting method;
b) Inaccuracy in execution of the cutter profile;
¢) Wobble in the cutter;
d) Nonradial front face, etc.
let us examine some of these errors iln more detail.

In cutting with a module cutter, an e‘rror in profile may be caused by the fact

that the cutier number does not correspond: to the number of teeth on the wheel being
|
cut. This error may be classified as thearetical, since it is the result of the in-

tentional use of an approximated schems ol machininge.

34_

_ it is convenient to use the data worked out by Cand. of Tech. Sci. VeA.Shishkov
36 .

—I(Bibl.h)e
38—

40— Since, as a rule, only pinions with up to 20 or 22 teeth are cut by the dupli-
— l

s jca‘bing method, we have given the values of coeffici:ents up to that number.
2

44 — ‘;
—] | 171 1819|2022 §
N 1

For calculating the maximum tooth~profile error when & set of cutters is used,
| .

e e~ — £ e ——

46
u 35 | 55 g7 |10 |122 {133 | 42
48] ‘ . e

50_—_ l
oo The greatest profile error AT (in mic"rons) is determined according to the
t

—formla !
54

— Ar=m (85 —AL)
56 . ' e
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where m is the wheel module, in mm;

____A;I_is the tabular.coefficient . corresponding to_the number of teeth of the wheel,
being cuts

A§2 is the tabular coefficient ;:orres-aoxﬂing to the number of teeth for which

the cutter is accurately proﬁ.lod}

. ]
An error due to inaccuracy in the module cutter profile is copied in full (with
a reversed sign) on the teeth of the wheel being cut.

In first approximation, we can estimate that the probable total error A, in the

A b (a.e)
______ A

where 85; is the tolerance for the profile of the cutter teeth.

. We must note that irradiality in the'itront face will cause an additional error
.26

_14n the involute section of the tooth prof‘llo.

28— :

—1 In cutting teeth with a hobbing cutter, theoretical errors result from the fact
30

__!that the cutter-profiling process is interrupted. 4s a result, the profile of the
321 o

tooth, in the erd face, Tepresents a broken line which osculates the theoretical in-
34

—Jvolute curve.
36

— The number of straight-line sections is equal to (Bivl.5)
38

P

40 _

|
| .
42_ b -

4-4——_JLethere € is the duration of meshing;

£6 k is the number of cutter teeth;

48— %4 is the number of cutter settings.

The length of these sections (Fig.215) is equal to P¥, where p is the radius of

52—

|
curvature at a given point of the ideal profile.
- !

—  The-imiting value-is determined (Fig.216) as-follows:-
- i
_6115_

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

Here it is assumed that, within the limits of the angle y, the curvature of the
involute curve remains constant,'i. e., p|= const. This assumption results in a

negligible error.
Expanding the value cos —;— into a series, and restricting the calculation to

the gero and first members of the series, we will obtain

]

a) Theoretical profile; b) Actual

profile

Substituting the value of the cosine into the formula for the height of the

ridge, we will obtain

l

| y=—tg—

I b
o -

| With-an-accuracy to.within 0.02% we may-assume-that

‘ :

|

Y

l

—

-
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(11.9)

The maximm err.or will be along the ([,ircumrerence of the protusions. The value

where the subscript e is the point of the
protusions.

Consequently,

a : o __ ?COCO‘
cos '—R" z2+2

T i S

‘ ®
In the above equations, z is the nunber of teeth of the wheel being milled;
« is the profile angle of the initial contour.
Wobble in the module and hobbing cutter also leads to distortion in the profile

l

In the rolling method, .as a result of wobble, the axis of rotation of the hobb-

of the gear.

I
if there are
ing cutter will intersect the axis of its Iha.se cy'lin:ler. In this case,

|
\ ced from their
no other inaccuracies in the tool, the cutlting faces will be displa‘.e.
correct position on the gearing line. Depending on the angle of rotation of the

cutter, these displacements vary in accordance with the sine law. The extent of

-~

—'displacement (Af) is determined by the formula
6 |

1
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—Af= Al;sin a‘siﬁ 9}. _

_.thene_A_li_is__the_parallel_diaplacemant_ o:_lhe _axis _of the base cylinder relative fo
the axis of rotation of the cutter;
4 is the angle of rotation of the ter,

The displacement of the cutter varies within the 1imits

Af prax = 4 Al; slnad and Afm,‘ - —hl sina,.

Consequently, the error in profile is equal to ‘the algebraic difference

} af_ A fmx —Afmm— 2Al; sin ad _E (11.13)

An error in the fo_rming of teeth is caused by incorrect setting of the cutter
and by end wobble of the cutter. '

The correct setting of the cutter de;laends to a large extent on the experience
of the adjuster. End wobble of the cuttex‘l- depends chiefly on the accuracy of the )
cutter construction. For first-class hobl‘?ing cutters, the end wobble must not ex-

ceed 0,005 mm.

Pitch Error

Pitch error is mostly caused by ldnen;atic inaccuracies in the machine. The ac~

|
curacy of a machine working on the duplica.ting principle is determined by the accu~

racy of execution of the angular pitch of a dividing disk, by the concentricity of

46jits £it on the spindle, and also by the wobble of the front drive center.
|

The accuracy in manufacturing the d.iv;iding disk should be such that the total

—error in the wheel being cut will be within the limits of 5 min on the full revolu- !

l
59

52—tion of the wheel, and that the error in the individual pitch lies within the ]jndtui

' |

perate on the rolhng principle, the grea.test -inaccuracies—
STAT,
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L2 e e iR

are of the kinematic type which cause a &isrupbion in the correlation of the magni-
_ltude_of motion, or rate of motion, of the!component _1inks of a machine, 1. €., &

1ack of coordination of the reciprocal movemsnts of the parts of a machine. In the

rolling method, the angular inaccuracy is{30 - 50%.

Tnaccuracies which depend on the rigidity of the machine have large magnitules.
Special research (e. g., see Bibl.5) has li:een devoted to establishing analytical de-
pendences which express the effect of inaccuracy in individual parts o;'. a machine on
the accuracy of execution of the wheels being cut. We must note that, in the roll-
ing method, any iraccuracy in the cutter profile causes a quite definite error in
the pitch of the wheel being cut. -

. From Fig.216 it follows that the e {r in pitch of the wheel being cut will be
equal to l

e | S

: Aty=nm [cos a,—cos [CEYHES + xmAad sin 18- (11.12)

In conclusion, let us note that in this Section only some basic technological
causes of production error in machining were discussed. In addition, the technolog-
ical process of assembly causes several other, no less important errors. These

problems are examined below¥.
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.*—-:See—ehapter--XVII ,~Technology of the -Pééduction -of Special Parts;-and—Assembly-of-

i
|

56 _'tnatruments-with-Flexible-Pickup- Elementss
STAT
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CHAPTER XVIII

TECHNOLOGY FOR THE PRODUC‘II'ION OF SPECIAL PARTS AND
ASSEMBLY OF GYROSCOPIC INSTRUMENTS

l. General Principles .

The most widespread gyroscopic aircraft instruments include the gyro turn in-

— |
dicator, the gyro horizon, the directional gyro and the gyromagnetic compass.

Gyroscopic instruments operate underfdifricult corditions; vibrations reach 80
cycles, with an amplitude of up to O.15 mn; when the aircraft is landing, the in-
struments are subject to considerable impacts and jars; the temperature range at
which an instrument must operate extends 1;'rom +50 to —60°C.

The following requirements apply to glyroscopic instruments:

a) Accuracy of readings in rec.tilixllea.r flight;
b) Stability in maneuvers of the rafts

c) Reliability in constant use.

2. Characteristics of Some Gyroscopic Instruments

The basic part of all gyroscopic :Lnsf;nments is a rapidly rotating rotor mount-

|
ed on gimbals., Rotation of the rotor is accomplished pneumatically or electrically.
. |

Pneumatic gyro instruments operate at a pressure variation of 40 - 50 mm Hg

t—.(gyro-turn-indicator)-and 80— 90 mm Hg (gyro horizon, -gyromagnetic compass;—auto-—

matic-pilot)s.—Depending-upon-what instrument -is being used, -the-air-consumption—
STAT
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jva.ries within considerably wide limits. Tor example, in some series-produced instruj
2

_|ments_the_air consumption is 18 - 20. 1tr/min for min for the gyro turn indicator, —
L0 - 60 ltr/min for the gyromagnetic compass, and 60 - 65 ltr/min for the gyro

horizon.

The moment of inertia of the gyro rotor for each of these instruments is as fold
lows: J = 0.6 gm-cm-sec2 for the gyro turn indicator: J = 0.7 gm-cm-azec::2 for the di-
rectional gyro; J = 0.9 gm-cm-sec2 for the gyro horizon, and J =] g,m-cm—se<=2 for the
gyromagnetic compass.

The rate of rotation of tim gyro rotor is n = 6000 - 8000 rpm for the gyro turn

indicator; n = 10,000 - 12,000 rpm for the directional gyro and the gyromagnetic comr

pass; and n = 10,000 - 15,000 rpm for the'gyro horizon. In electric gyroscopic in-
22 _

24:4 struments the rotor speed is as high as 2??,000 or 23,500 rpm.
— There are high requirements as to quality of°the bearings of gyroscopic instru-
26:men'c.es. The moment of friction in the bea.t'lings of the gimbals of a gyro horizon must
28____.‘1101‘, exceed 0.3 - 0.5 gm-cm; 1:1' the directional gyro it must not axceed
30___1 0¢2 - 0.3 gm-cme
321

— The dead angle in the instruments (gyro turn indicator, gyro horizon armd gyro-
34 .

!

megnetic compass) must not exceed +1°,
36

— The rotor of gyroscopic instruments must be statically and dymnrlcally well
38—

—{balanced.
40

42— The axes of the gimbal assembly must intersect in one point at a 90° angle,

l
— The individual units of gyroscopic instrunonts must be balanced in relation to

the axes of rotation of the instruments.
The housings and air ducts must be airtight.

In the case of electric gyroscopic :in‘stmments, special attention is given to

the insulation resistance and to the relial‘bility of current feed.

i
54—‘ Accuracy of operation of gyroscopic instruments is largely determined by the

—quality of production of the gimbal assembly (coaxiality of the gimbal parts, mini-

56

STA;I'
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mum friction in the supports, and balance of units and parts relative to the axis of]
 rotation)._..In_the_following, we will examine _the_technological processes for making

the basic parts and units and for assembling the gyroscopic instruments.

3. Axles and Cups of Bearings

Accuracy of instrument readings and mechanical strength of the instrument de-
_!pend to a large extent on the quality of manufacture axles and cups of the bearings.
At overloads, the forces of inertia are absorbed directly by the instrument axles
and ball bearings; for this reason, higher requirements as to resistance apply to

these parts.

Tables Ll and L5 show several types of axles and cups for bearings of gyro-

scopic instruments as well as the corresponding requirements.
The basic indexes of the quality of aixles and cups are:

1) Accuracy of dimensions;

2) Correctness of geomstric form;

3) Smoothness of working and fitt surfaces;

L) Mechanical strength;

5) Basic structure of the ma.teriall.
Brand ShEKhl5 steel is used as material for axles and cups.
The basic structure of ShEKhl5 steel n|xust be fine-grain pearlite, with evenly
distributed fine carbides. ' The structure l'nnxst be uniform. When the structure 1s
irregular, the mechanical strength of the "worldng surface after heat-treatment will
vary, resulting in rapid wear of the axleeil and cups. The permissible content of
nonmetal elements and carbide liquations i’s indicated in the technological specifi-
cations. Carbide particles possess great ‘hardness and brittleness (800 Brinell
—tunits). In the process of machining, the ;carbides may bloom to the working surface;

'1ike nonmetal elements, carbides stain easily, and like them, create centers of de-

struction in the working surface and increase friction. At uniform structure, the

T !
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_Basic_Requirements

1., Wobble in the thread relative to

surface d not more than 0.05 mn

‘////4{ 2. Out-of-round of d, not more than

O.CX'TI, mm

3, End wobble, not more than 0.0l mm

1. Wobble in the cone relative to
I
the 'thread, not more than 0.05

2, Out-of-true of the cone, not mor®

|

than 0.02

\ 3. Tight thread

IS5 /WW’WW,;/ ' | 1, Cone wobble relative to D, not ;

|
more‘ than 0.01 mm

wx8
- S—

I
' 2, Out-of-true of cone, not more

|

1, Wobble of the ball race R relative
wS5 [, wWwNiZ/
to D, not more than 0.02 mm
vl R

‘ |
. . ‘ 2. Out-of-round of the profile of the
3

{race, not more than 0.003 mm
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_Basic Requirements

1., End wobble ab relative to D, not

oI/ I, 2/ more than 0.015 mm

2. Conewobble relative to D, not more

3 0002

3., Out-of-true of the cone, not more
0,02 mm

s/ W,/
' 1. Wobble of the surface d relative

ATaVaVa"4/ S

to the surface D, not more than 0.0012 mm

|
| 2, End wcbble ab relative to d, not

morﬂ than 0.0l ma

Table L‘S
i

E Basic Requirements

i
| 1. Wobble of the surface d relative
o w5 /wmeewy/ |

to the surface D, not more than 0.03 mm
! |
g ¥ ’ 2. Out—-of-round of surface d, not
- - L] )
% {
77

TR 12 more‘ than 0.06 mm

b

3. End wobble ab relative to the axis

of ﬁhe part, not more than 0.01l5 mm

-

’
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__Basic Requirements

1, Wobble of the surface d relative

), not more than 0.006 mm

wS /W8, w12Z) 2., Out—of-round of the surface d,

d

2 more than 0.003 mm

.

3, Outer end wobble relative to D,

more than 0.0l mm

L. Side wobble cf the surface d, not

more.lp than 0,025 ma

: 5, Taper of the surface D, not more

I

than 0.003 mm

1, Wobble of the surface d relative

to the cone, not more than 0.0l5 mm

|

g w5/ w8, w12/ l
‘ 2. Out~of-round of the surface d,

not ‘more than 0.005 am

! 3, End wobble ab relative to the
|

cone, not more than 0.02 mm

l

. Lo Side wobble of the surface d, not

moj than 0.0l ma
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Basic Requirements

1. Wobble of the surface d relative

to lg, not more than 0.0l mm
2, Out-of-round of d, not more than

3. End wobble relative to D, not

hardness of the axles and cups should be 62 - 65 R,e

The temperature of heating for hardening of Shkh 15 steel is 825 - 81,0°G, and
quenching is. done in oil. After hardening, the steel must be tempered to eliminate
internal stresses. The best procedure fox]‘ tempering is heating to 150°C with aging
for 2 - L hrs. l

To obtain stable dimensions and to eliminate waste due to deformation of axles
and cups, artificial aging at‘ a temperature of 125 - 130°C, with holding for 10 hrs
is used. -

In electric gyro instruments, bearings with inner ﬁces are used; for this rea-
son axles for these instruments differ scnfxzwhat from axles for pneumatic instruments.

Table L6 lists _séveral types of a.xlel‘ for electric gyroscopic instruments. Th
basic distinction between these axles a.ndithe axles examined above (see Table L)
lies in the fact that they do not touch t}ixe bearing balls but are joined to its in-
Jternal ring. This group of axles is ma.deifrom EZhl, steel and is not subjected to
heat treatment. In electric gyroscopic instruments, the frames have thin walls,

. !
due—to-the-absence-of-air ducts; for this reason, fixation of -the-axles;—except—for

|
56 Jthe-diamster—is-done-also-by the -ends.— In this cormection, the base ends of-the—
i : STAT

|
-
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___Axles of Flectric Instruments __Basic Requirements

1. Wobble of the surface D relative

I’ 'u’ to d, not more than 0.005 ma

2. End wobble AA relative to the

axle, not more than 0.0l m

1., Wobble of the surface D relative

to d;, not more than 0.005 mn

' 2, Wobble of d2 relative to d;, not

more than 0,1 mm

3, Wobble of the cone relative to

dl, not more than 0.01 mm
L. End wobble AA relative to the
axle, not more than 0.0l ma

1., Wobble of the surface dl relative

to 42, not more than 0.02 m -

|
1 2, Wobble of d3 relative to d2’ not

-more!, than 0.0, mm

l

. 3. End wobble AA and BB relative to

the ‘axle, not more than 0,02 m

l
L. Part surfaces in contact with
! i

wires mst be coated with a layer of BF-IL

|
—adhesive

I

!
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axles mst be strictly perpendicular to the gecmetric axis of the part. Since the
| working surfaces_of these. axles do.not fi racewaya_for_the_balls,_zoth_loww-—.

requirements for smoothness in machining apply to them. Some axles have apertures

for current leads. In this case, the a.xle surfaces in contact with the current

leads, are coated with a layer of BF-} adhesive, for better insulation.

Machining the Axle of the Gyro Rotor for Pneumatic Gyro Instruments

The axle of a gyro rotor is turned ol turret lathes or on automatic horizontal

jathes. After turning, the rotor is subjected to heat-treatment and then to grind-
ing. The grinding must be done with special ‘care; rough grain, burnms, ellipticity, ‘
and conicity are not permissible.

- _- ________!__—._ e e - —— s e !
Fig.3,7 - Axle of the Gyro Rotor

a) Dull to RO.2; b) Finish to a glasslike surface

In gr:lndi.ng the cylindrical surface of an .axle on a base of honed cones, the
center of the back face must not touch the part at points of the raceway, which

might result in damage to the pa.rt.s.

Grinding the ends may be done on a ciircular grinding machine, or on a surface
50—grinding machine. In the htt.,er case, thel process is considerably more productive,
53:r.nd no special devices are required. |

54 1 mo-obtain-the-required surface smoothness of an axle -cone; polishing-is—useds—]

55_!pelishing-does not-eliminate the inaccuraéies in geometric form which -had--occurred ]
o | STAT
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in the previous machining process but on]J improves the smoothness of the surface.

Polishing the_axles_is.done_on.a_drilling imachine, with a special lap (Fig.348)e
The lap is made of brass; the working suréa.ces of the lap are clad with a layer of

tin.

In polishing an axle, wobbling of the machine spindle must be avoided; the ma~
chine table must be perpendicular to the spindle. A recipro-
cating motion, witqin the limits of elasticity of the split

end, is transmitted to the lap; at this, the rotational speed

of the spindle is equal to 1400 - 1600 rrm. The polishing is
done with GOI pastJ. After polishing, the surface should cor-
respord to. 7Y 12, Checking the surface is done on a

Linnick microinterf'erometer. With it, the follovdxlg defects

can be discovered: l

a) Scratches' produced by dirt dropping into the paste;
b) Nonuniform width of polishing in the raceway,

caused by noncoaxiality and skew of the Ep;

¢) Excessive undulation as a result of using a burnt,
Fig.3,8 ~ Lap for b
hardened abrasive.
the Gyro Rotor
After the fina]l machining the parts should be lubricated
Axle
with nonacid oil to! protect them from corrosion.

Machining the Bearing Cup l

‘ L]

Bearing cups are rolled (Fig.349) on turning or automatic turret lathes. Grind+

—'ing the ends may be done on a lapping machine or on surface-grinding machines. For
48 b

—grinding along the outside diameter, cente'rless grinding machines are used, while
50 f

—internal grinding of the raceway is done on a special spherical grinding machine.

=

s4 In grinding the raceway, the bearing cup is clamped in a special diaphragm

ss—chuck, shown in Fig.350.

i
|
! _STAT
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The flange of the chuck body (1) carries the diaphragm (2) with three soldered

.hosses_(3.).,ato_which_thnee_clamping_cama.-.{.s)_m_iastened__with_the_acma_(k),_By__

means of the rod (6) passing through the nollow spindle of the stock, the diaphragm

can be bent; in this position, the cams will separate (see the lower projection in

Fig.350), and the part to be machined ca.nlbe easily insertgd into the chuck. When
the rod is pulled back, the diaphragm strelli@tens , the can;s make contact and clamp
the cup being machined. The working surfaces of the cams of this chuck are ground
after the chuck is placed on the machine, lwhich results in concentricity of the race
way with respect to the outside diameter.

VS (WVE vvvi2)

54,
i $6.5A,

e— $ /0.82 405 —
0006

2 5Wle—— ¢ 134
N f/r_,m (34, —

— G 16—

Fig.34,9 - The Bearing Cup
a) Polish; b) Finish to a glasslike surface; ¢) Facet 0.2 x 45%;
d) Dull to R = 0.1 4 o3 e)Ma.x:h:'mm erd wobble relative to ¢ 165G
‘nnlst be 0.01 -

The raceways in a bearing cup are poli‘shed on a lathe with the special lap il-
lustrated in Fig.351. A tinned lap and 60t - 120t emery powder are used for prelim-

|
inary polishing; machine oil is used as the lubricating fluid.

|
A palm lap and GOI paste are used for burnishing, with kerosene as lubricant.

The profile of the raceway is checked from an impression, taken by pouring a fusible
|
alloy into the raceway; the checking is done on a projector which enlarges 100 timesi

L. Botors
|

The rotor is one of the basic parts of gyroscopic instruments. In producing

1
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the rotor, extra care is required, since even insignificant imperfection in its bal-}

_anua_génenatea -an_auxiliary. centrifugal._ﬁ‘)rce_which_p].acea_a_heavy_lmd_nn_the

|

Fig.350 - Diaphragm Chuck for Fig.351 - Lap for Polishing

the Bearing Cup the Béa.ring Cup

The material for the rotor mist be uniform, without blowholes {a condition nec~-
essary for good balance), sufficiently tough to withstand the considerable centri-
fugal forces which develop at high rota.ticinal speeds, and resistant to corrosion; it
mist have a rather high specific gravity, l‘t',o'obi'.adt.n a high moment of inertia despite
small dimensions.

Rotors are usually made of 1S59-1 brel.ss, aluminium-nickel bronze, and stainless
steel (the latter is rarely used, since it is difficult to machine).

|
Technological Process for Rotor Manufacture

X | .
————1555-1-steel—is -used in manufacturing rotors (Fig.352)+ The blank for -the ro="

’ STAT
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tor is obtained by drop-forging.

| To_eliminate_internal stresses which:may subsequently cause warping of the ro--

tor and lead to destruction of its balance, the forged blank is subjected to anneal-

ing, and then to etching and washing.

i - U S R
; 240, \vav/ Jivavav/ 8.W5,V3)
1 03

et @44 50, ——>

Fig.352 ~ The Rotor Viewed from the Axle

Machining the rotor on a lathe consists of three stages and is done to obtain
minimm wobble of the outside diameter with respect to the inside diameter. In the
first stage, the basic allowance is remov;d, and the aperture is drilled. In machin
ing, the rotor blank is clamped in the ust;lal three-cam chuck. In the second stage
of machining, in order to obtain high concentricity, the part is clamped in special
cams which are fastened on the usual cams lo‘f the chuck and are bored in situ.
Clarping in such cams does not deform the ipa.rt to be machined, The aperture is
bored simltaneously with the external rol;.ling, which ensures its concentricity.

To obtain the necessary accuracyir and optimum surface smoothness of the ap-
erture, the aperture is reamed. To preveqt the reamer from breaking the aperture,

50
s z—:ithe reamer is fastened in the chuck of the machine, while the rotor is held by hand l

54"iand fed to the reamer. After this, the minimm allewance is ground off the axtemal‘

56—;suri’ace. The rolling is done on a precision lathe. In this case, the rotor is ma~
| .
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chined in one operation. The rotor is mounted to a smooth arbor. To prevent wobble

.of the arbor, it mmst_be bored on the _spot. Concentricity in the design of the ro-—

tor is checked in the centers with an :!ndil.cator gage. After the final lathing, the

holes are milled on a vertical milli-ng ma%hine, with a special cutter. In mun.ting
the rotor to the arbor, the same base is &sed as in lathing, which process ensures
concentricity in the distribution of the llxoles. The holes must have the same dimen-
sions in depth and pitch, in order to avoid vibrations of the rotor when it is oper-
ating in the instrument. To obtain holes'of the same dimensions, the cutter must
rotate for three to five seconds without feed after the feed has stopped. In mill-

ing the holes, burrs are formed which are|removed by rolling on the same machine and

.

in the same arbor as in the final lathing

After this, the remaining negligible burrs of the holes are removed with a
scraper. This completes the machining of‘the rotore.

In “ransporting rotors, extreme ca.re'is required since even small scratches are

difficult to smoothen, due to the fact that the allowances removed in the last lath-
30

:ling operation are negligible. For this reason, special packings with a separate
32

—compartment for each part should be provided for storing and transporting rotors.-
34| :

— After press-fitting the axle, the rotor may be nonconcentric relative to the
36

8—_—]worldng taper of the axle. For this reason, the rotor is again bored along the en-
3

—tire surface, after press-fitting of the axle.

Technology of the Rotor Construction

The above-~described rotor is being replaced at present by a more perfect de-

—sign in which the rotor is integral with its axle (Fig.353). The ends of this axle

43
Seihave cut-outs into which, during assemb]y, a ball is inserted which replaces the

|
So—taper ends and raceway of the steel axle in the design of the first variant.

1 . .
" Such a rotor design resulis in great accuracy of balance and has several tech-
p G—mological advantages: Assenbly is simplified, since a spherical support is less

b

~83-
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sensitive to skews; repair is simplified, |since all that is required is exchange of
the ball; in machining, expensive operatfons. for machining the taper ends of the ro-|
tor axle are eliminated. Thus, this kind of rotor is more economical to produce.

The technological process of manufacturing a rotor of the second variant does
not differ in principle from manufacturing a rotor of the first variant; it is just
that machining an aperture for the steel

| o
f V6 (9, IV4,93)

axle is replaced by machining the cone
250, 5°a2 i flanges. The basing in the final lath~-

7%
AT ing is also simplified, since instead

of a specially prepared arbor for each
_ part, the machining is done in the cen-

ters. Producing a rotor of the second

| PN

AT

variant is more economicai, since there

is no need for a steel axle, !%r assem~

bling it with the axle, or for boring

the rotor after it has been shrink-

A

fitted to the axle.

1 1 .
! 2920 ) - To increase the rotor efficiency,

the nunber of holes in the second vari-
Fig.353 - The Rotor with Axle

ant is increased from 2 to 42, and

their form is changed. The new form of the holes requires the use of special index
- |
heads (Fig.354). The index plate (2) with 42 divisions, and the worm wheel (3) with
] .

L2 teeth are mounted to the spindle (1) of the head. The housing () is mounted to
the spindle by the index pin (5)., The ind‘ex pin (5) is moved away from the index:

; plate (2) by the lever (6) and the handle :(7). When the lever (6) rotates, the

S
5

0 1
z—:—jsliding bar (8) and the pawl (9) start moving; as soon as the index pin (5) is no
4

l
longer engaged with the index plate, the worm wheel turns the spindle one division.

1
Sé_lWhen pressure is released from the handle, the spring (10) returns the sliding

—84
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bar (8) and the pawl to their original pogition and at the same time, through the

lever (6),-acts_on the index pin ( 5),_£ogcing_it_against_tha_index.plata.__mmin&_

this, the housing (4) of the index pin reilts on the stop (11).

The feed in this device is supplied Yy lifting the handle (7). This causes the
housing () of the index pin, together wiflh the spindle (since this is connected
with it through the pin) to move away from the stop (11)- and drop by the required

angle, until the adjustable stop screw (12) rests against the stop (13).

RaAtlRTRRRRNR
Y Yy |

|
* ' |
|

s-vﬂ-mﬂ .

§u TR \\\\

10

ve
LA 11

T

s

Fig.35l - Index Head for Milling the Holes of a Rotor

5. The Frames of the Gimbals

The frames of gyroscopic instruments :must satisfy rigid requirements with re-
:;pect to accuracy in the execution of the I:’bores'z and in their distribution. Check
tests mst be made, after the frame has been machined, to determine whether

a) the two opposite bores are coaxial;
b) the two intersecting axes are located in one plane;
c) the two axes interset;t at an angle of 90°;

|
d) the base ends are perpendicular to the basic axes of the frame (especially]

L —3n-the-case of electric gyroscopic '{nstruments)s

_____ In-machining-the-frames -of- pneumatic ':Lnstruments ; we-mst -provide- for-hermetic—
!

STAT
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- - N - ~

sealing of the internal air ducts, and there mst be no blowholes or brit?le spots
 in _the material. _This is obtained by pre parj.ng_the_hhnk_oi_th,a_.frames_hy_chﬂl-——

casting or pressure-casting. (The frames|of electric gyroscopic instruments need

not satisfy any requirements as to hermetic seal.)

e —

E @164
| ~ y
|

o3

1M * 7 aevinkL 120t depth 05

N
nosc,

. Fig.BSs !— Frams

Aluminium alloy is used in the production of the frames. ATS and A108 alloys
are used for chill-casting; brand AL3 alloy is used for pressure-casting. ILet us
study the typical example of a technologi:lzal process for producing the frames of the
gyro horizon (Fige355). N

The blank of the frame is chill-cast ,‘ after which the cast gate;a’.re cut off.
Aging is used to eliminate internal streséles. Internal stresses may cause warping
of the frame and loss of the accuracy atta}ined in machining.

After aging, the bores are subjected to preliminary drilling, which allows bor-

ing with a smaller set of instruments. Subsequent operations are: sandblasting,

‘. . . STAT
_86
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washing in‘ gasoline, drying, and sealing the air duct with special gaskets, The

gaaketa_are_set_mmthanolic- adhesive. _This is _followed_by_caxﬂ.ld.ng—the_duct.bead.,
and drying for 2, hrs. After completion, {the frames are checked for hermetic seal

under a pressure of 200 mm Hg. \

One of the basic stages in ma.chining‘a frame is the preparation of the base

plane, in referenc_e to which the holes m.ll.l be bored. In machining the base plane,
the frame clamped in the device must not t:‘mdergo elastic deformations, since it may
_|1ater straighten on removal of the clamping force, resulting in warping of the cor-
rectly machined base plane. Fixation and 'clamping to an uneven plane will eause the

same phenomena in the boring of holes.

After preparing the base plane, the basic bores of the frame are made at a 90°
angle, If the frame is subjected to elastic deformation under clamping, then even.
in accurately executed bores the accuracyl'w:lll be canceled as a result of warping of
the part after it is taken from the device.
Let us show on a typical example the inaccuracies which may occur when the
frame is clamped incorrectly. In a device for milling a frame, the supporting sur-
- faces AA of the frame and the direction of: action of the clamping force P are shown
schematically in Fig.356.

If we consider the frame as 2 beam sulpporbed freely at two points, the angle of
rotation of the walls, in which the a.pertufres are bored under the action of the ap-
plied load, may be determined from the f.oxl,nmh

radians ,
!

e e e

48_'where P is the clamping force;

L is the distance between the supporlta-

E is the modulus of elasticity; 1

|
v I-ie—the -moment—of- inertia-of:-the - sections

The-numerical-value-of this error my be judged-from the following-examples—
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For simplicity of calculation, let :I assums that the cross sections of the

| flexible walls of the frame are. rect ;_bl.z.é_m_and_.h_-_i’.s.m_in_each-uﬂl,—

making in all, b = 12 mm and h = 25 mm. e clamping force is P = 200 kg; the dis-

tance between the supports is L = 100 mm.| The modulus of elasticity for aluminum is
taken as equal to E = 72 x 10% kg/cn®. Under these conditions,

200-10*

= = =0,001 radi
? 16E1 16.72-104.1,56 »_ radiansg ,

—|{whichi corresponds to 0.001 x 3,38 = 3.&3?[:: 3.} min.

D

'

[~.

\
7§.

b)

Figi356
a) Frame clamped on the device; b) Frame taken off the device

A skew of 3., min in a length of 50 mm will be 0.05 mm, while the permissible
skew is 0.03 mm in a length of 50 mm.

Such an error in machining the bores in frames cannot be allowed; consequently,

54_)in-devices for—preparing the base plane and boring the- apertures, moments-of-flexure
i

JG—-‘from—the—clamping -forces-mst be prevented from acting
l .

on the frames— Thircan*hc*—';
1
' STAT
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avoided if the action of the clamping forge is directed against the supports.
| Boring the holes_in the frams_is done on_a universal milling machine or on.an—

aggregate machine. In machining on a ‘ machine, the frame is attached to the

table, and the replacement tools are inse:“'tod in the spindle of the machine. For

undercutting the ends, a special arbor wﬁ%h knives is used. For boring the aper-
tures we use a special chuck jnserted in the spindle of the machine and carrying the
boring cutter. This chuck provides for movement of the cutter in a radial direction
with the help of a micromster screw. For‘;n-eliminary machining of blind holes we
use special end mills which, unlike d.rills‘, do not lead off the aperture; this is

imporiant to obtain an even allowance for

Fig.357 - Diagram of an Aggi'regate Machine for Boring

{
Apertures in a Frame

|

Machining apertures in the frame of the gimbals on an aggregate machine is more

productive than on a milling machine. A diagram of such a machine is shown in

Fige357. The machining is done in two operations from two settings. Advance of the

STAlT
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tool is produced by each spindle in turn, |since this operation is done by hand by a

_single worker.
Fixation of the frams in the second Tett:l.ng is done in accordance with the pre-

bored apertures. Apertures in the frame t'?f the ginbals may also be bored on semi-
automatic machine groups, in this case feld for the power heads is supplied automat-
jcally. Correct distribution of the aperTures is checked on special devicés. The
device simplest in design is the following: A special large frame with accurately
placed apertures is prepared; the frame tl be checked is placed inside this frame;
through four pairs of apertures in both fra.mes , plugs are inserted; if the apertures
of these frames coincide these plugs sho drop in readily. If a plug does-not
pass through a certain pair of apertures, the frame is rejected. A device of this
type cannot check the distribution of the apertures within any definite tolerances,
since this will be affected by the tolerances of the apertures themselves, by inac-
curacy in the distribution of the a.perturels, and by elasticity of the frame. This
method is not objective, since the plugs may be inserted with varying degrees of ef-
fort. The most perfect method of checkingx the distribution of apertures in the
frame is with an indicator gage. To do tl‘xis, we insert into the apertures of the
frame special pluga;, with center apertures !:which are strictly concentric with the rit
ting diameters. There is a set of such p{ugs, down to 0,005 mm, for every aperture,
which simp]ifies selection of the plugs aécording to the diameter of the aperture,
which may vary within the limits of ‘the tolerance. The selected plugs are.inserted
into the a.pert.ures in a tight fit. The coaao.a.lity of two opposite apertures is
checked by setting the frame, with the insler'bed plugs, on the centers (Fig.358).

Checking the perpendicularity of the axle apertures is done on vertical centers
(Fig.359).

Correct distribution of axle apertures in one plane is checked in the fo].'l.ouiné

1
manner: Four plugs with the 8ame size necks are inserted into the frame. The gen-

eratrixes of the necks of these plugs should lie in one plane; this is checked on a

| l
_éo_ STAT

| |
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special plate, with which the necks of thT plugs, with their generatrixes, should
| coincide.

The correct distribution of aperture% in a frame should bes checked with great

care, but should be checked only once. Wien repeated measurements are taken, the
plugs must be reinserted into the apertures. Measuring two or three times may bring
the dimensions outside the limits of the 't!,olerance, since the frame material is plas;

tic 8o that the size of the aperture may easily enlarge.

i
1
i
i
1
i
i
i

—

Fig.358 - Diagram for Checking the’ Fig.359 — Diagram for Checking
Coaxiality of Frames on Horizontal . the Perpendicularity of Axial
Centers Frames on Vertical Centers

Subssquent operations are: turning the bead to scale, which is done on the base
I

—of the bored apertures; drilling the apertures; threading; and milling the recess in

4
.2_1

44 the air duct from the bored aperture erd. | Threading for a center screw is done by
-—__:La.nd, with a special tap having a guide whiich moves through a collar inserte;i in the

opposite aperture, )

After the final machining, the frame }shqﬁl:l be carefully cleaned of chip and

s Z:f"“hed in kerosene. No trace of chip or dirt must remain in the air ducts of the

!
s4""F‘ra.mes. In the process of operating an instrument, a chip may fall out of a duct

56—‘and drop into the bearings, which will disrupt normal operation, cause additional

|
-
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friction, and early failure.

_.____In_‘hhe_pnncess_nf_machining_and._in_ atoning.tha_frama_pminr_i.o_gasgmbly,_thﬂx—— ’

should be kept in special packings to pro'iect them from scratches and dust.

6. Assgmbly of the Bearing Unit

The ball bearings of gyroscopic instruments operate under difficult conditions;
they are subject to vibration and impactsj the rotor rotates at a high rotational
speed (l"p to 23,500 rpm); the temperature varies from +50 to -60°C. For these rea~
__isons, the bearings must meet rigid requirements as to accuracy of geometric dimen—~
__! sions, surface finish, hardness, minimm friction, failure-free operation over a
guaranteed period, resistance to corrosion, and smoth‘running at high rotational
speeds,

Two types of bearings are distinguis‘z‘lted in gyroscopic instruments.

|
Bearings which provide for free rotation of the rotor relative to the principal

iaxis of the gyroscope are ‘called principal supports, while those which provide for

30:\
_ ! pree rotation of the gimbal suspension are called suspension supportse The rotor

32
ﬂaxle, resting on the pu*incipa.l supports, rotates at an angular velocity which is
34__

__'many times greater than the rotational speed of the outer and inner frames of the
36
suspension.
38— ’

— This constitutes the basic difference betweencthe principal supports and the
40__

%

suspension supporis.

42__

I
—_ Tn setting the bearings in the instrument, proper clearance mst be maintained.
44 !

_!A large clearance in the bearings leads to a shift in the center of gravity, which
46

_lcauses precession. A small clearance causes an increase in friction. The moment of
48 '

|
_'friction in the principal bearings has an effect only on the power consumed in ro-

50

i
B —!'tating the rotor, while the moments of friction in the suspension bearings of a gyro-
S ]
!
54—- scope cause precession of its axis. }|

i let us examine the effect on the sta‘ﬁility of a gyroscope having a weight P and

|
l o STAT

_%2-
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-

a horizontal axis, by a shift of its centjr of gravity along each axis of coordinate

A shift of the _center_of gravity alongth ntica.l.axia_produces.no_mment.__(!on-—-

versely, a shift of the center of gravity (along the horizontal axis, perpendicular

to the principal axis of the gyroscope, generates a moment relative to the principal
axis - a moment which will be absorbed by !the outer ring of the gyroscope. In dis-
placing the center of gravity along the i'.ncipal axis of the gyroscope, directed
horizontally, a moment equal to P, and corresponding to the axial cleara.nc'e te in
the principal supports is produced; this causes a precession with an angular ﬁlow
ity of

. Pc |
=425, -
o=t 5 (18.1)

e e = — ———

——

From this we may conclude that an a.xi.al clearance in the suspension supports of
a gyroscope with a horizontal axis of rot:a".tion, from this point of view, is imper-
missible. However, for proper assembly sé_ch a clearance is necessary; therefore, it
should be reduced to the minimum possible %size , which is determined chiefly by the
correlation between the temperature coeffi'cient.s of linear expansion of the rotor
body and axle. The principal supports of !a gyroscope should have maximum accuracy,
since the rotor fotates at high speed. Wh;en the shape of the principal bearings is
distorted (skew, ellipticity, etc.), even an jdeally balanced rotor will cause dynam
ic forces which may lead to failure of the! instrument.
Thus the following rec;uirements apply‘ to the supports of a gyroscope:
a) Principal supports:

1) accuracy in execution;

2) minimum permissible axial clearance.
b) Suspension supports:

1) accuracy in execution;

2) minimum friction.

Ball bearings used in gyroscbpic inst.rumnts are divided into three types ac-

STAT
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cording to their design:

1) Radial (built-in) bearings with a metal separator;

2) Magnetic (dismountable) bearings with a mstal or a textolite separator;

3) "Thrust™ bearings without inner|ring and separator (the tapered axle which

enters the bearing, or the ball which replaces this axle, directly touch the
10

balls of the bearing itself).

12

— Radial and magnetic ball bearings widely used in electric gyroscopic in-
14

_ struments since, despite the fact that they have the same bulk as Mthrust™ bearings,
16 —

__'they have a considerably larger inside diameter. This permits their use on hollow

18
_‘ shafts of comparatively large diameter - axles or shafts accomodating current feeds.
20|

_ Magnetic ball bearings may be taken apart -and washed before final assembly of
22 _]

_!the instrument, and in the process of use- this is their advantage over radial ball
24

jbearings. For the principal supports we use ball bearings with a textolite separa-
T 26

! tor, which ensures best lubrication; this'is very important under conditions of highs
28

_!speed rotation. For the ginbal supports, lwhere it is important that.friction be
30 <

1 kept to a minimmum, bearings with a metal éeparator are used,
32

— The technology for producing the individual parts of a "step" bearing (axles
34_]

, _and bearing cups) was examined above.
6__1

— Balls for M™hrust™ ball bearings are cbtained ready-made from the factories.
38—

— ShEh 6 steel (OST 3426) serves as the material for the balls.
40__

— The dimensions and out-of-round of the balls are checked on a vertical tele-
42__|

|
—'scope caliper. The surface smoothness is ,checked expediently on a microinterfero-
A4

—'meter, Pits, scratches, burrs, motuberaAces , blowholes, and traces of corrosion

_cannot be allowed.
48]

— The balls should have no uneven tempering or burnt spots. The hardness of the
50

: 2_iba:l.ls should be within the limits of 61 - 65 R,. The quality of the balls is la.rgo-‘

” '—ly responsible for the service life. In storage , the balls should be lubricated

ss]uith acid-free grease after preliminary washﬁng, and should be packed in boxes ]_’mod.

|
STAT
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with oiled paper.
| Balls which do_not _satisfy the_speci Eic.mqﬂmme.nta_and_which_hau_an_a]lm&‘

ance are subjected to additional machining - honing on a lapping machine.

Smooth Running

The assembled bearing should provideismooth and even running, without jerks and
starts, for the rotor and the gimbal ringé The bearings should cause no vibra.tion
of the gyro asserbly and should not set up much noise in operation. The smooth run-
ning of the bearings is checked sepa.rate];l' as well as i.n the gyro assembly. The
bearing is calibrated with a standard gage in-
sert a in a special frame together with the ro-
tor. ‘In the bearings the rotor should rotate
smootll;Jy and noiselessly. Poor quality of the
bea.rixi;g balls is determined by a characteristic

sound |caused by uneverprunning; when this is

discovered the balls must be replaced.
|
Minimum Friction

|

The moment of friction causes precession or

Fig.360
sets up a zone of stagnation. For the suspen-

sion supports of pneumatic instruments, the moment of friction should not exceed
|

0.3 - 0.5 gm-cm; for the suspension supports of electric gyroscopic instruments,
i
I

0.5 - 0,7 gm-cm; and for principal supports, 0.6 - 0.9 gm-cm.

For normal operation of a Mhrust™ ball bearing there should be clearances
|

along the raceway between the balls of thc% bearing. In these bearings, the sum of
the intervals between.the balls, when the latter are in contact with the raceway, is

called the total clearance. ‘

The total clearance may be determined from the geometric dimensions of the

|
|
STAT |
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bearing. The schematic distribution of the balls is shovn in Fig.360. We must find

| the interrelation of the_values:

S, the total clearance between the!balls in the bearing;

R, the radius of the bearing-cup rrceway;

r, the radius of a ball;

n,'the number of balls.
From Fig.360 it follows that

« _ r T
sin — = =2ar sln N
sin -~ or a=2arc R—r : I

(n—l)a_2 (n—l) arc sin R—

2-:—(n—1) «,

-- - —_——— 7

e = =
Q=2n—‘2(n——1)arcsln&_r

—;- =¢r—(n—l) arcsin

. %
R_r . ‘
_‘;_= R—7)sin 7 =(R—n)sin [-: —(n—1)arc sm

—(R-—r) sin [(n——l) arcsinR r].

- o e = e - e

.t cr——

a=3$§ :

S=2(R— rSsi_r;[(:— l)arcsinR_']—er l

(38.2)

S=2{(R—r) sin [(n—l)arcsinR:

!
!
. By-this-formmla-we may allo, in selective assenbly, determine the-dimensions—of|

.
|
!
_

—'the-balls—for-a-given-radius-of the bea.r:big—cup raceway ory on-the-other hand;~de=]
1 STAT

—96-
|
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termine the radius of the ra.:eway for a given dimension of the balls, when the val-
nes of S are also given,

The amount of clearance is measured \tdth a clearance gagee.

The total clearance between the balls depends upon the dimensions of the balls
and the diameter of the bearing-cup racewaye. When the dimension chain is computed
we may find that full interchangeability cannot be obtained in assembly. To provide
for the required clearances, selective assembly should be used.

Before being set in the bearing, the'balls are serted @4nto groups. Jhe palls
in a single beawing should be of the sams wize, with permissible deviations of
0.002 mm.

As ®esearch has shown, the moment of fridction in bearings increases during a
period of 25 - 50 hrs after the instrumem!f starts ¢o operate. If, after this period
the bearing is taken apart and washed, th; moment of friction returns to its origin-
al value and does not increase during theisu'bsequent operation of the instrument.
This is explained by the fact that the baJi.ls run-in to the raceway, during which
process a thin chip is removed; thié fouls the bearing. For this reason, the bear-

ings should be subjected to running-in before they are set in the instrument.

Checking the Moment of Friction in Ball Bearings

The moment of friction in Mthrust™ bearings is checked on the setup depicted in

I
Fig.361%, by a method of checking the moment of displacement, i. e., the moment nec-

essary to displace the lever which is set Eon the bearing,.

The setup consists of a pedestal (1) ‘:on which the beafing (2) which is being
checked is set. In the bearing is set an la.:cle (3), to which is attached a lever (1)
On one end, the lever carries a cup (5) vh;ich is acted upon by a stream of air; on

the other end is a counterpoise (6), to maintain equilibrium. The stream of air is

released from the mains by gradually opening the valve (7), until the pressure of

- i
#-The-setup-was—proposed—by -Enge—S.A .Kon:lrlatyuk:

STA‘T )
|
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Fig.361 - Schematic Drawing of the Setup for Checking the Moment of

Friction in Thrust Bea.ringei. Constructed by Eng. S.A.Kondratyuk

|
i
|
1
i
i
1
f
|

L ——

Fig.362 ~ Setup for Checking the Moment of Friction in
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the air issuing from the nozzle (9) overcdmes the moment of friction and makes the
letez._(a).mtate._At_that_mmnt,_a;c

ation is made from a water gage (8), which
is calibrated directly in units of the monlzent of friction.

i

The moment of friction in built-in bt%ar:l.ngs is checked on the setup depicted in
Fig.362, This method of checking has peexi adopted in ball-bearing factories and is
oalled checking by the angle of deviation

The setup consists of an electric motor with reduction gear, which rotates the
spindle (1) at a speed of 20 rpm. By means of @ change-over randrel, the bearing (2
is fitted tightly onto the spindle by memls of the internal ring. By means of the
spring-filled lathe dog (3), the pointer () with the weight (5) is fitted to the
outer ring of the ball bearing. ZThe pointer moves across the scale (6) which is
divided into degrees. As the spindle is made to xrotate, the .pointer and weight are
entrained by the outer ring of the bearing until the moment of friction in the bear-
ing balances the moment set up by the mig!ht. The rotation of the -spindle may be
reversed by means of the lever (7), which permits checking the moment of friction in
both directions.

If we know the magnitude of the weight G, the radius r at which it is placed,
and the angle of deviation a calculated ﬁ|~om the pointer position on the scale, it
is easy to determine the moment of friction

Mpp=Gr siln %o - (18.3)

0]

Lubrication of the Bearings

When the rotor bearings are :insu.fficil.ently lubricated, its operating surfaces

So—jwea.r rapidly, and when operating in a humid medium, corrosion takes place. When the
I
59—— lubrication is excessive, the number of revolutions of the gyrowheel is reduced

t
54 ‘whenever the instrument operates at low temperatures (freezing weather), due to a

56— sharp rise in the viscosity of the oil (the lubricant thickens and increases the

STAT
-9

- e mm e - e . — —— - e — -

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

friction).
| Special types_of oil are used. for_hbricating_tha_hearings.__'ma;npecjﬁc_grm
ity of the oil is 0.868 - 0.875. The pour point is -57°C. When t = 50°C, the vis-

cosity is equal to 1.5 Engler.
The oil should be clean and transparent. Two or three drops of oil from a

small eye—dropper are put on each bearingd
The felt stuffing boxes, installed into the bearings are soaked to saturation
with oil.

As research has shown, lubrication of ball bearings in the supports of the gim-

bal suspension increases the friction, especially at low temperatures. For this
reason, the use of lubricants for the supports of the gimbals is Justified only by
the necessity of protecting the supports firom corrosion.

A ball bearing installed in an instrument should be demagnetized, since magnet-
ic forces will increase the frictionm.
Ba]i bearings which have been lubricated with oil should be kept in closed Jars
Before assembly, all parts of the bearing'are washed in gasoline and re-lubricated.
The service life of the bearings of gyroscopic instruments is about

320 - 350 hrs.

7. Assembly of the Gyroscope Unit

Let us discuss the assembly of the gyroscope unit, using the assenbly of a gyro
horizon as example (Fig.363).
The process of assembly siarts with assembling the housing of the rotor (1)

with plugs which close off the apertures in the external wall, apertures which are

48_
50

— The plugs are set into nitrocellulose adhesive; the adhesive must be prevented
52— |

’ i
—from flowing into the nozzle apertures. A check is made by measuring the air con-
54 .

necessary for the nozzle cut-outs.

—lsumption; the amount of air, according to technical specifications, is between 49 and
—]

STAT
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°3 55 1tr/min on the unit when there is a préssure variation of 90 mm Hg. In checking,
: _.the..honsing is_clamped. eﬁuise_to_ambei_wt._mwm_mwm—
= g 2z g3
6_’% \ \\ 1 =
_ 0 SN 4
. :=u '
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38— oy 4
40_ Fig.363 - Overall View of a Gyro Horizon
| * |
42 1 — Rotor housing; 2 - Cover; 3,4 - Axles; 5 - Rotor; 6 - Step bearing;
44: 7 - Balancing screw; 8 - Cover; 9 _I Spring washer; 10 - Bearing cup;
46 11 - Gaskets; 12 - Felt washer; 13‘— Housing of stabilizer; 1l — Shut-
45 ters; 15 - Shutter axles; 16 - Gaskets- 17 - Weight; 18 — Frame;
50 19 - Axle; 20 - Bearing cup; 21 - Axle screw; 22 — Scale; 23 — Gaskets;
52 : 2, - Frame plug
- I
4 [
2 _lgide and cleaned underneath, together with the rotor housing. The next step is lap-
56 .
|
!
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ping the lower end of the housing on a spécial cast-iron rotating disk, and lapping

 the upper-end on- a_cast-iron plate._.utm:_this,-the_hom.nnit_is.washed_in_gawa

1ine and dried.

Assembling the rotor housing (1) with the cover (2) is done by the selective
method. The cover should go into the housing without axy play, and should closely
adjoin the ends. If a clear gap is detected between the ende, additional lapping 1s

necessary. Once they are selected, the rotor housing and the cover are marked, the

screw? are backed off, and filed from the out—

side in., The air consumption is checked under

the same conditions as in the preceding opera~

tion. Press fitting of the axle (3) of the ro-

tor housing is done on a special device. Before

press fi’oting, the aperture and the air duct

must 'be carefully cleaned and blown out with com
pressed air. The strength of the shrink fit is

checked on a special device by applying a torque

Fig.36l - Device for Checking :
of 25 kg-cm; the axle should not revolve under
the Strength of the Shrink Fit }
this force.
of the Rotor Axle Housing
The device for checking the strength of

press fitting (Fig.36L) consists of two llvers (1) ad (2), hinge-joined by means of

a spring (3). The collar (1,) of the device has an aperture by which it is centered

|
—Jalong the axle. The collar contains joint pins (5) which drop into the aperturesof

44_j
the axle for passage of air; by these the device is connected with the axle. The

46
48—4\ long lever (2) sits freely on the collar, while the short lever (1) is rigidly con-

50 nected with the collar. In.checking, the 1ong lever pivots to the support (6); it

¢ —' gtpetches the spring (3) and through the ahort lever sets up the necessary torque
7/:\on the collar

z 1
|

- The accuracy of the press £it is checked with an indicator gage, by turning the

56
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rotor housing on the base of the cone of the axle and the opposite aperture under
_| the bearing.__The_indicator. gage, _placed_along_t.he_diamster.of_the_axle,_should_not_

show a deviation of more than 0,015 mm. ;f this is not the case, straightening is

required, with a sutsequent check of the torque. The air consumption is checked un-
! der the same conditions as in the preceding operations.

Shrink fitting the axle () to the rotor (5) (Fig.263) is done on a hand press;
12
then the rotor is rolled on all sides in order to eliminate any eccentricity which

—
14

_'might occur in the process of press fitting. The operation is done in the back cen-
1 : ters which are generously lubricated with.grease. After the rotor has been machineclr
18: the cones are checked through a magnifying glass vwhich enlarges thirty times; after
ZZ: this we proceed to balancing of the rotor.

94 _1Balancing the Rotor

In the production of the rotor, some 'eccentricity relative to the axis of ro-
tation is unavoidable; in assenbling the rotor w;th the axle, this eccentricity may
~l4increase still more, as a result of the eccentricity of the axle itself.

When the rotational speed is high, an unbalanced rotor causes considerable dy-
pnamic reactions in the bearings and leads llto early failure of the latter.

Apart from eccentricity, nonuni formity of the material also causes unbalance of
the rotor.

VWhen the rotor rotates, unbalance will cause vibration. Apart from improper
42_1

l
_'balance of the rotor itself, vibration ma.y result from axial and radial wobble of

44
—§ the bearings, gaps, different diameters o% the balls, a skew in the bearing cups,

45 __‘
ina.ccuracy and roughness of the working surfaces , and the like. Axial wobble of the
48

0—-supports causes a reciprocating motion of the rotor along its axis; this sets up dy-

5 —'namic reactions in an axial direction.

” Radial wobble causes dyna.nﬂ.c reactions, just as a statically unbalanced rotor

56-—!does. Radial gaps lead to a shift in the center of gravity.

1.
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Different dimensions of the balls and inaccuracy of the working surfaces (out—

_of-true, granular raceweys.of.the .bearing!cups and_grain formation on the working —

surfaces of the rotor axle) lead to a sh:i.i%t of the geometric axis of the rotor and

cause dynamic reactions. Dynamic réactiox‘ns may also result from a deformation in
the rotor axle, a defect in the power supply for the gyroscope unit, a change in temj
perature conditions, and wear of the supports during operation.

The greatest dynamic reactions caused by improper balance of the rotor vary, in

the selected radial direction, in accordance with a harmonic lawe. This basic dynam-
ic reaction is superposed by oscillationsl differing in amplitude, frequency, and

phase, which produced by the numerous ca.u:Les mentioned above.

|

Balancing is divided into static balancing and dynamic balancing. Static bal-
é.ncing. is present vhen the rotor is not rc%tating; its aim is to bring the r;tor into
indifferent equilibrium, relative to its :%Jd.s of rotation. Static balancing is pre-
gsent in devices with bearings into which ‘t:,he rotor is set. The bearings may be ball
bearings (the same kind as in the instrument) or knife bearings, which are used for

a rotor with a pressed-steel axle,

To determine unbalance in static balance, the rotor is inserted in the bearings

|
of the device, and the working clearances of these bearings are checked. An unbal-

anced rotor will tip dowmsard with that pa‘.rb of the rim on which there is an excess

of material. For correction, a small plasticine ball is pressed on the upper part
of the rim, The size of the ball is selecited from calculations intended to bring
the rotor into a state of indifferent equi'Jibrium.

After this, a hole is drilled into thl‘e rim of the wx;owheel in a spot opposite
the place where the ball was added. The h“ole is so calculated that the reduction in
the moment of force due to the weight of tihe removed material corresponds to the mo-
ment set up by the weight of the plasticine ball. Then, after the ball has been re-!

moved, the rotor is again placed into the device, and the balancing is checked; if

there is insufficient equilibrium, the baiancing is rechecked. It is important to

] I
8 305,

-
]

|

b
H

me e 3T el

per STt savpme e mire mmw memme e e Sem e o

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

have as fer holes as possible on the rim gf the rotor, since they increase the air

 friction on the rotor.

Static balancing cannot fully eliminate unbalance of the rotor duve to the mo-

ment of friction Mp, in the bea.ringe: of the device; because of this, it is impossi-

ble to define the moment developed by unbalance of the rotor Munb < Mgp.

Let us assume that the moment of friction Mp. in the bearings in which the ro-
tor was balanced is equal to 0.3 gm-cm. s does not allor determination of the moq
ment of unbalance M,.p < 0.3 gmn-cCile Let lus determine what eccentricity e the mo-

ment of unbalance will correspond to if the weight of the gyrowheel is G = 500 gnm,

Py My 0.3 AR k
Mvn)= Ge<Mﬁ. whence e<—é'=£=0;0006 cm. | (18.1)
l
When the rotor is rotating at a speed of 15,000 rpm, a dynamic load P will re-

main on the bearings of the rotor. This load may be determined by the following

For our example we will obtain 1

36._ — oo e

| P59 1c702.0,006 =
= P $20-1570°-0,006 =753 4m-

|

38 |

—

40 In addition, by means of static balancing, we can balance the rotor relative to

42_34ts axle only in such a way that the centers of gravity of the two halves of the ro-

|
44-—Lor will generate the same moment with respect to the axis of rotation, but will be

ocated in different cross sections of thelI rotor. In this case, during the rotation

&
45_h moment is generated in the plane of the axis of rotation, and this too will cause

50—dynamic reactions in the bearings.

! .
52 Dynamic balancing, realized while the rotor is rotating, permits us to balance |

i
54 —3t-dynamically,—In-addition, -as a more- sensitive-method;-dynamic balancing-allows—
i

56 _spotting-of-unbalance-which -cannot-be detected -in-static-balancing-because-of-the—

ro
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presence of a moment of friction in the b
;_Static_balancjng_is_ done .before_dynamic Jbalancing and is necessary for detect-_
ing and eliminating coarse inequilibrium.

Dynamic balancing may be done on hand devices or in special setups.

Fig.365 - Devic% for Balancing

The device for balancing (Fig.365) cénsists of a frame (1) whose apertures con-
tain two rods (2) on a single axis. The r‘ods may be moved in an axial direction;
this is necessary for setting the rotor and for regulating the clearance between the
rotor axle and the bearings (3). After re!gula.ting, the rods are fixed by means of
the lathe dog () and the screw (5). The srod has knockout die (6) for removing the
bearing when it is to be exchanged. When Iin operatiocn, the device is placed in the
hands of the operator. The rotor in the device is made to rotate by an air jet or
by mechanical means. ‘

At first the rotor picks up a slight speed; this is then increased to the speed
s —required by the technical conditions. If,i at low speeds, the device begins to vi-
Zjbra:t.e violently in the hands of tr‘xe operat'or, the rotor is stopped, since a further

increase in speed may lead to destruction 'of the bearings. After the rotor is start.

STAT

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

ed, the operator, holding the device in h.fs hand, will feel the vibration. Then the
rotor_is _stopped and a_plasticine.ball_is_pressed_on_tha_end.of.the_wheel_rm,_whenn

the greatest vibration occurs.

If, on re-starting the rotor, the vitiration increases, the ball is moved along

the rim until a place is found where the pall will produce the least vibration. At

the same time the size of the ball is selected, i. e., the quantity of plasticine
which will produce the least vibration. V(nen the desired results are obtained on
one end of the rim, the entire process is repeated in the same sequence on the other
erd of the rim. If, in balancing, an increase in vibration of the device at the op-
posite end of the rotor is observed, plasticine balls must be placed on both endse
When the vibrations are no longer felt,
i the rotor is removed from the device.
l—é}" l Then, on the opposite end, in a direction
' | Qiametrically opposite to the ball, a

l

hole is drilled, just as in static balancs

Fig.366 - Special Device for Pro-

! ing. Finally the rotor is checked at a
speed somewhat exceeding the operating
tecting the Bearings from Falling . ‘
Spwo
Chip in Drilling

Such balancing of the rotor is based

on the subjective evaluation by the operator and depends to a large extent upon his
!

experience and his ability to detect insignificant vibrations. In addition, the pro-

|
cedure is laborious, since the balls are pasted on by guess work at first; the place

|
selected for attaching the ball can be defined as Mincorrect™ only after the rotor

has been started.
If their axles are elliptical or if they have unevenly milled holes, some ro-

tors do not, in general, yield to balancing. For this reason the axles of a rotor,

as well as the rotor itself, must satisfy 'stiff requirements as to accuracy in their

execution.
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In balancing a rotor, smoothness of the bearings is highly importante After

| several rotors_have.been_balanced,.the_bearings-are _washed..and-lubricated with-oil.-

4
The axle cones are rubbed with cotton wasle, then with tissue papsr. Clamping the

6

axles when regulating the clearance is no’? allowed. After balancing, the cones of
o the rotor axle are examined and polished.

To eliminate the possibility of chip:dropping into the bearing, a special de-
vice is used with the drilling machine; it consists of a fixture, an oil filter, and)
a vacuum pump. A diagram of such an ar-

rangement is shown in Fig.366.
The end of the spindle of the drill-

'ing machine is mounted to hollow casing (1

‘of the fixture, in which the movable col~

lar (2) slides. The drill (3), attached
v . o l

Fig.367 - Special Setup for |
‘througi the inside of the collar. The

to the spindle of the machine, passes

Static and Dynamic Balancing
spring (4) forces the collar against the

rotor, thus reducing the excess clearance. Through the socket (5), a hose is con-

nected to the hollow cylinder; the other %nd is connected with the receiving stud (6

of the oil filter (10). The air, passing 'through the chamber (8) with its oil and

strainers (9), is cleaned of chips and dust. The vacuum pump (11) is connected to
the outlet tube (7) of the oil filter. Tkle vacuum pump is started simltaneously

—with the machine, and all the chip and metal dust is sucked from under the drill in-
. to the oil filter. For static and dynamic balancing, a special setup is used; a di-
—Jagram of it is shown in Fig.367. The setup consists of a frame (1) which is able to
rotate on a pivot about the axis OX. |

In the vertical position, i. e., in a position of equilibrium, the frame is
|

sépfixed by two springs (2). The lower end of the frame is connected with a mirror (5)
|

. hrough a lever (3) and a rod (4). 'l‘urning of the frame about the axis OX causes

- s
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the mirror to turn. Vhen an unbalanced rs“)tor rotates, it will set up a moment about
_i;he_axis_ox,ﬂa-moment_which.x-rﬂl_.change_in_v,a]ne_and.d:lrect:i.on_with_a..periodxqual—

to the periocd of rotation of the rotor. J\t the same time it will cause swinging of

=

54

the frams, and consequently of the mirrors A ray of light incident on the mirror

from the lamp (6) will be reflected from it and, in the form of a pinpoint of light,
' will fall on the frosted~glass scale (7).
When the mirror oscillates, the light spot
'will change into a line. For high sensi-
tivity of the setup, the period of oscil-

Yations of the swing system should coin-

cide with the period of rotation of the

rotor, so that the phenomenon of resonance

|
|

'OCCUrSe

To determine the dynamic unbalance,

the rotor is fastened in the frame in the -

'position (a) since, in this position, the.
|

® moment of the forces of unbalance ac‘c;s on
Fig.368 - Diagram of the Setup for |

) the springs alternately in both directions]
Balancing the Gyroscope Rotors by

| To determine the static-unbalance,

the Method of Acad. A.N.Krylov !

:bhe rotor is attached in the frame in the
position (b); in this position, the dynanﬁic unbalance will not be noticeable. The
balancing principle is the -same as in the 'position (a)e It is impossible to define
the spots which have an excess or a defici;ency of mass on this setupe. The device is
useful only for determining the amount of iunba.lance from the length of the diffuse
track of the light spot. At present; balalncing machines are used which permit not
only a determination of the amount of equi!librium, but also the spots which have an

excess or a deficiency of mass.

56

Declassified

oo —— e e - . -

in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

Sctup for Balancing a Rotor by the Direct |Measuring Method

This method of balancing rotors was {.’irst reported by Academician AN Krylov in

1935, . ‘

The setup for balancing the rotor is shovm schematically in Fig.368. The end
face of the rotor (1) is marked with two black dots (2) staggered at a 90° angle.
Oscillations due to reactions in the suppcil:rts are transmitted through the flexible
system to the pickups (3). In the pickupt!f, whose principle of action is based on
the excitation of an electromotive force in the turns of the coil, an emf is induced
__{when the permanent magnet in this coil is shifted. The frequency of this emf is
equal to the oscillation frequency of the supports, and its amplitude is proportion—

al to the amount of the reactions.

Across the integrating circuit (4) and the amplifier (5), the emf induced in
the pickup is fed to the vertical scanniné disks (6) of the oscillograph tube (6a).
To determine the oscillations of the suppcirts from the time or from the angular po-
sition of the rotor wt, voltage from the special generator (8) is supplied to the
horizontal scanning disks (7) of the osciJ;].ograph tube. On the screen of the oscil-

lograph tube we will obtain a sinusoidal curve vhose amplitude will characterize the

amount of unbalance. The sinusoid is obtained on filtering the component oscilla-

tions of higher harmonics.

The position of the unbalance is determined in the following manuers: A ray of
1ight, reflected from the end face of the !rotor with its black marks (2), is directel
onto the photoelectric ell (9). The light oscmz.ztions, transformed into electric
_lsignals, pass through the electronic amplifier (10) onto the screen (11) of the os-
cillosgraph tube.

These signals will stop the flow of electrons (a) at the instant when one of

|
52—the black mark enters the field of the photocell.
|

54j-4n_thi&way,—for— one turn of the rotor, the screen of the oscillograph-will———

56__i ve_a_sinusoidel curve with two-small- gaﬁs.
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The position of the gaps on the curva cherzcterizes the distribution of the

morks_on the rotor_and the direction of_the_unbalance.

The ordinates 71 and Y2 1will coincide with the components of unbal=nce along dis

ameters drawn through the marks on t:he ends of the rotor.
The direct measuring method @s the most nearly perfect and the most progressive
[

method, in comparison with all otherse.
® .

Assembling the Rotor Case with the Covep and the Step-Bearing Housing
% =

The housing of the step bearing (6) (lFig.363) should move in the aperture with-
_lout friction produced by the spring washer. ;I'he fit of the step-bearing housing in
_|the rotor case corresponds, according to the blueprint, to a sliding fit of Class 2
_laccuracy. The aperture has a tolerance ofl' +0,023 mm; the shaft has a talerance of
~-0,01 mm. The maximum clearance possiblé is 0.037 mm, but according to technical
specifications it is limited to within 0.0%2 mi. The 0.02 mm clearance r=y be ob-
taineﬁ in two ways.

When the first method is used, the manufacturing accuracy is considerazbly in-
creased as a result of the fact that the éla.ss of accuracy of the fit is raised; how-
ever, this makes production considerably niore expensive and requires more accurate

equipment. With a method such as this, machining the parts becomes uneccnomical and

leven unfeasible with the equipment we now have.
i

The second method retains the great.er' tolerance as economically acceptable for
42

® !
production, but in this case selective assembly rmust be used. Selective assembly

44:LB

_may be done by direct selection or by preliminary sorting of the parts into groups.

46
: In subsequent operations, the balancing screw (7) is screwed into the rotor

48 '

. case with sléella.c and is safetied with the‘ nut (8); then the guide pin is shrink-
50 l

_lfitted and the spring gasket (9), lubricated with oil, is. inserted (Fig.363).
52— ‘

— - Checking the quality of the asseubly 5.3 done by exerting finger pressure on the
54

. 56—51ousing of the step bearing; under the effect of the spring, the housing should move

STAT
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without rubbing.

__IPress-Fitting the Bearings

The bearing is taken apart end washed. Then a check is mzde to see if the bear-

ing cup (10) (Fig.363) goes into the aperture. Under hand pressure, the cup should
go into the aperture to %- % of its length. If the above conditions are observed
and the cup does not fit into the aperturd, it is reamed to the necessary size. Afte
er this, the gasket impregnated with MVP oil is put in its socket. Press~-fitting
the cup m:-iy be done by hand, with light blows by a watch hammer, or else on a press.
After this, the press fit of the cup js checked for end wobble. Permissible

wobble is 0.015 mm. After scavenging the icup with dry filtered air, we proceed %o

assembling and lubricating the bearing. 1.0 keep the bearing from becoming fouled in
the process of assembly, tissue paper 1s ;;laced under the washer of the bearing.
Press-fitting of all the other bearings 4s done by the same method. In press
£itting the upper bearing, it is impermissible to increase the diameter of the hous-
ing of the step bearing. This housing should move freely; the permissible clearance

|
|

is not more than 0,02 mm.

Final Assembly of the Gyro Unit

The gaskets (Fig.363) and the elastie washer (9) are placed into the cover (2)

of the housing. Then the felt washers (12), impregnated with oil, are set in the
42__]

44|
__the housing. A gasket, lubricated with oil, is also put on each bearing. After
46
_'this, the rotor (5) with its axle (4) is inserted in the housing (1) The axial
48

_Jelearance is regulated by the gaskets (11), and is set within the limits of 0.04 -
50

|
—'housing of the step bearing (6); after this, the step bearing is set in the cover of

—0.07 mm. The amount of clearance is stipulatéd, on the one hand, by the requirement
5 b

i .
; —f’f keeping the shift in center of gravity to a minimum and on the other hand by the
4 S

se——necessity of assuring normal cperation of :bﬁ:e instrument at subzero temperatures.
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The amount of axial clearance is checked T‘x a special device yith an indicator gagee

| A_schematic_sketch of the device-is. givenlin Fig.BéQ...Thexotor_.(l)_isJJﬁedmby._-

means of the counterpoise (2) which acts <]wn the rotor over the lever (3). The coun-

!terpoise is lowered and raised, s;”::hat the axial clearance can be determined from

o

N i
¥ (@@

%J%
B A% |

Fige369 « Device for Checking Axial Clearance

observation of the pointere After the axial clearance agrees with the technica.lv
specifications for the unit, the following points are checked:
1. Ajr consumption, which should be within the limits of 46 - 54 ltr/min at a
pressure of 90 mm Hg.
2, Operation of the rotor when the jet is small. Instead of the usual pres-
l
sure of 80 -~ 90 mm Hg, we establish a pressure of 10 mm Hg and check the wear of the
—rotor a’é, each hole. By this method, the bearing and the quality of balancing are
42_1
- ‘regula.ted.
44
— 3, Smoothness of rotation of the rotor. The rotor is run for 4 - 5 min; at a

46 .
—ipressure of 80 mm Hg it should run smoothly, without impact or vibrations.

0

50—

|
L. The rotor ru;-out, regulated by checking the rotor travel at inertia. The

rotor is run for 5 min at a pressure of 70. mm Hge Technical corditions have estab-

52— , )
—13ished the inertia run-out of a rotor at a temperature of 18 - 20°C as lasting not
J - . -

54 7
:]Tless than 8 min and not more than 22 min. An upper limit is set because a high run-
56

b

STAT
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out means a large clearance.

 peratures_is estimated at 2 - 2.5 min.

The normal :?.nertia travel of a rotor at subzero tem-

After inspection, the rotor is disass

embled, and the working parts of the bear-

ings are examined under a mgrﬁiyiné__g]ass

A rotor vhich meets all requirements is re

the same sequence (on the first four point

raceways is allowed. In checking the rotor, it is measured with a standard calipere.

A slight rolling of the balls along the

~assembled and is checked a second time in

s)e

14

15

18

Measuring the Rotational Speced of the Rotor

—_ The rotational speed of the rotor can be measured with a stroboscope (Fig.370)«
204
_|The stroboscope is a disk (3) which revolves rapidly at constant speed; its rotationt

22_

—

al speed can be measured with a tachometer (4). A mark (2), in the form of a spiral;

Fig.370 = Stroboscope

is made on the rotor (1). If the rotor rotates evenly at n revolutions per minute,
|

then while observing the rotor through ‘l;heI slots in the rotating disk, the rotation-
|

al speed of the disk can be so regulated that the mark on the rotor will seem sta-

tionary. Evidently, this will be the case! only if the rpm of the rotor is equal to

!
or a mltiple of the frequency of its appe'a.rance in the slots in the stroboscope

If the number of slots is P, we will have the relation

L

disk.

- n=_k1—vp; g

H

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

where N is the rpm of the stroboscops disﬂ:;

ol _k is any.whole. number indicating how many full revolutions the rotor has comm--

pleted in the time between two consecutive appearances in the slots of the

stroboscope disk,. -

It is clear that, by merely calculating N, it is impossible to determine the
number of revolutions n of the rotor, since the value of k is unknovm. For this rear
son, the rotational speed of the disk is il,ncreased or diminished until the marks on
the rotor again seem stationary under observation through the slots. This will oc-
cur when the number k is decreased or increased by one unit. Arter defining, from

—|the tachometer pointer, the corresponding|rotational speed N; of the disk we will
obtain

3 ‘nk—-1)NP. (18.7)

1

Excluding k from ¢hese two equations, we will obtain -*

|

b

8, Assembly of the Damping Unit

The faces of the stabilizer housing (13) (Fig.363) on which the flaps (14) will

l
—be installed should be lapped for greater surface smoothness and everness. To ob-
44 !

j‘bain a good hermetic seal, the upper end oif the housing is also lapped. The flaps

46

—are weighed and paired; according to technical specifications the difference in
48

—weight in one pair should not exceed 20 mg. Different weights lead to the displace-
50 i

—ment ¢’ the center of gravity of the pair of flaps, making it impossible to install
5 :

_4"the flaps symetrically along the openings. Assembling the flap axles (15) with the
s} —

—housing is done by the fitting method, since it is important that a small radial
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clearance of 0.05 to 0.03 mm is left, vhich is difficult to obtain by the fu]_'l. inter-

nhangeabiﬁty_mathcd._me amrture_jn_the.d,ampsr.housjng.is_neamedmtjl_the_mnper_

surface smoothness and the required clearache are obtained. The clearence is checked

by eetting the axis of a flap in the apgr!'.?.xre. Asserbling the flaps with their axis

is done in the following manner: The ﬂap‘ is shrink-fitted on one end of the axle.
10—
In doing this, bending of the axle mst be avoid—

ed. The end of the axle should protrude 1 - 2 mm

from the flap. Then the gasket (16), 0.13 mm in

thickness, is put onj after this, the axle is in-
troduce;’l into the apsrture in the housing. On the
other side the same kind of gasket is put on and
the sec‘::nd shutter is shrink-fitted. FPlates of

0.13 x::; thickness are placed under the ends of the

flaps. ! The flaps are levelled and the required

axial clearance (0.01 - 0.025 mm) is estazblished.

ol —»

The cleerance betweén the flap and the hous-
Fig.371
ing should be preserved along the entire length

I .
of the flap, no matter what position the dz:a.mper is in. Then the overlap of the flap
!

__bver the openings is checked. When the dampér housing is suspended in a horizontal
33

40—-[)14a.ne, the flaps should half overlap the opanings After the flaps are installed,
:bhey are soldered to the axle. The strc-mgth of the soldering is checked for torque
which, according to the technical srcmcétions, should be not less than 1 k.g-cm.
After final assembly of the unit, the overlap of the openings, the radial a.nd axial
slearances, and the clearances and fricticlx in the flap supports are all checked ac-

cording to the technical specifications. 1

-

Accuracy in the vertical jnstallation of the flap determines the accuracy of the

Instrument operation. Friction in a flap axis of rotation causes an angle of stag-

 ation. As is seen in Fig.371, the flap misses reaching the vertical by an anglea,

i
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at which the moment of the force of graviﬂy Pl sin ¢ balances the moment of fric-

tion Hira

- |

Plsina=Ppr or sina~a= -"Iﬁ- 1 (18.9).

Vo e .. mee—— !

(Since the angle is small, we treat sin « L.s equal to ¢). Consequently, the angle

of stagnation due to friction in the flap -ta.xlo will be expressed as

o oo .
! Gt =_!17f_, ! ’ (18010)

{ o ‘ |

__|lwhere B is the coefficient of friction in the axis of rotation of the flap;

— r is the radius of the aperture in the £lap;
20 1 is the distance between the center of gravity and the axis of rotation of

the flap. .
The dimensions r and 1 are indicated lI:»y the designer so that tﬁe technologist
can reduce the angle of s:c.agm.tion of the Iflap, chiefly by decrcasing the coefficient

of friction p, which depends on the smoothness of machining of the friction surfaces

To reduce the force of friction F in assembly,'the necessary clearance should be es-
tablished not only in the radial directioq but also in the axial direction. In ad-
dition, we mst see to it that the apertuzle and the axle of the flaps are correct in
form, so that there is contact along the largest possible surface area. If, in as-
sexbly, the axle of the flaps is bent, incorrect positioning of the axle in the bea.r]

ing and rubbing at variocus points will result.

|

9., Assembly of Gyroscopic Instruments ‘

!
Let us examine the general problem of assembly, as before, with the assembly of
|
a single gyroscopic instrument, namely the gyro horizon (Fig.363), as typical
example.

[X1

e aalinad e g g = § TR R Y TSI T 2 e T T - o - e e e i ey o
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0 b
—|Balancing the Gyroscops Unit (vith Damper

Balancing a gyro unit is done to indifferent equilibrium within the limits of
tl'm_anglo_of siing_of the_pendulum flaps. .Ihe_balancing_is_dane_in_tm.steps,(tha_.
first in the vertical plane and the second in the horizonbal).

|

o |
Fig.372 - Device for BaJ.a.nlcing the Gyro Unit in the

Vertical Plane

By balancing in the vertical plane, the center of gravity of the unit is shift-
ed to the vertical plane which passes through the axis of rotation of the rotor cas-
_!3ng. This operation is done on a special |device (Fig.372) in which the gyro unit is
placed in the bearing. The bearing (1) is connected with the axle of the rotor cas-

ing, and the bearing of this casing is connected with the axle (2). Rotation in the
2

50 earings should be regulated to compensate axial movement of the rod (3), so as to |
| |
52—ensure free rotation of the gyro unit without noticeable radial play. After this

—F-egule.ting, .the-rod-is fastened by means of the mit (L)<~ The regulating screws—(5)—-

56 _check-the-device-so- that-the axis of rotatlion of the gyro unit-is-horizontals—"

118 STAT
] .

v e e e s e
e m meeemges 4 memeT s ——-
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To obtain the necessary belance, small pieces of lead are cut off the balancing

weights which are fastened on both sides_of the.rotor-casing-(1) (Fig.363)e—The————

gyroscope essembly is brought to a positicin at which the pendulum flaps (1) halfr

overlap the slots in the damper housing (13).

Balancing in the horizontal plane is ‘done after the gyro unit has been balanced
in the vertical plane, i. e., when the cer‘xter of gravity is already located in the
vertical plane which passes through the axis of rotation of the rotor casing, but
may still be located above or below this s. This balancing must make the center
of gravity coincide with the axis of rotat‘l.ion of the rotor casing. The gyro unit
should be located in an indifferent position within the limits of the angle of swing
of the pendulun flaps. The operation is d!one on the same device, by moving the
weight (17) (¥:g.363) along the balancingtscrew (7) until the gyro unit, within the
limits of the angle of swing of the penduilum flaps, will remain in any of the preset
positions.

In the process of balancing, the gyroscope assembly may occupy various
positions.

1. The gyroscope assembly remains in the extreme position of inclination when

!
it is tilted to one side, and returns from such inclination, moving to a horizontal

—position, when it is tilted to the opposite side.
38— !

[
— Reason: One weight, attached on one 'side, is heavier than the opposite one.
40 i
_JlAs a remedy, this part of the weight is cut off.
42__

|
] 2, The gyroscope assembly remains in the extreme positions of inclination and
44 I

2 e

moves to these positions when the angles oF deviation from the vertical are small.

— Reason: The center of gravity is loc‘ated above the axis of rotation; the bal-
48

—lancing washers - the weight (17) (Fig.363) —~ are too high. The weight must be low-

50 ‘
5Q’jered. or, if this is not enough, the number of washers must be reduced.

547— 3. The gyroscope assembly leaves the inclined position and occupies a vertical

. ss—or near-vertical position.

S8
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Reascn: The center of gravity is located belcw the axis of rotation. The bal-

| eneing wmehers (17)_mmst_be_raised or their number increased.

The ba.la.nc:mg-is considered completejas soon as the gyroscopsaggregate remains

in any preset position, within the limits|of the angle of swing of the pendulum
flaps.

After the weight is bazlanced, the screw heads and the balancing washers are
coated with black spirit varnish.

Assembiing the Frams with the Parts

The axle (19) and the bearing cup (20) are press-fitted in the frame (18), and

- the weights are screwed in., The conditioxlxs for shrink-fitting are the sams as in

I

AN
@E//;,”, ]
2

N/

——— - - -

Fig.373 - Device for Balancln_ng the Gimbal Unit in the
Vertical Plane
the preceding units. After the frame has Leen assembled with all parts, it is bal-

- !
52—anced on the device shown in Fig.373. In design, this device is analogous to the
1

54 device-depicted-in-Fig.372; except -that it is somewhat larger in size and has-a-duct
f
56 _l3n-the-rod—for-supplying air in-the process of regulating.—(A description of -the—]

S8

o2 - e e apks
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regulating process is given below.) The #f.rocess of balancing the frams consists in
bringing it _to a state of indifferent. equ 1ibrivm yrith respect to the axis of rotee

o oo b st 1 e o 8 KB

tion; this is done by cutting down the balencing weights.

Assembling the Gyroscops Unit with the Frima

In assembly, the friction and clearances in the axles of the gimbals should be

such that, when the gyroscope unit is inclined to the limit opsrating angle, the num-

ber of free semioscillations of the gyroscops unit will not be less than four and
not more than seven. For this, the framejis set in a horizontal l;osition. A lower
number of oscillations signifies that thejclearance is too small, i. e., the axle
screw (21) (Fig.363) has been firmly tightened. If, in checking, it is found that
the clearance is normal but the number of oscillations is iess than four, this sig-
nifies that the moment of friction is too|high. The pitehing scale (22) is mounted
in such a way that the zero division of the scale coincides with the center of the

axis of the immature airplane.

Balancing the Gimbal Unit

Balancing the gimbal unit consists in bringing it to a state of indifferent in-

equilibrium about the axis of rotation of {the frame, within the limits of the angle

of swing of the pendulum flaps of the dam%r. The balancing is done by shifting the

gyroscope unit along its axis of rotation, cha:xging the total thickness of the gas-
kets (23) (Fig.363) under the frame plug %2&).
For the balancing, a device (Fig.373) with ball bearings which have normal
operating clearanpes is used.
The frame and the gyroscope unit are :given different angles of inclination,

while observing the behavior of the unit. | When the device is tapped with a wooden

mallet, a correctly balanced unit will not alter the position it has been given

within the 1imits of the angle of swing of, the pendulum flaps.
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Vhen the unit rotates spontaneously, fthe direction of this rotation mist be de-
termined from the angle of deviationg thid -demonstrates the necessity of decreasing .
and increasing the total thickness of the gaskets under the frame plug.

Regulating the Instrument

Regulating an instrument consists in |checking the correct agsenbly of a sensi-
tive part of the instrument and determining whether its characteristics correspond
—ito the technical conditions,

— In checking, the following technical [requirements and conditions must be ob~

18 __|

—|served:

20

1. The time it takes for the miniature airplane to right itself should be not

more than 2.5 min at normal temperature,
2. The instrument angle of stagnation should not exceed +1 mm at normal tem-

perature. A check is made no sooner than |5 min after the feed has been connected by

tilting the gyroscope to the right, to the left, up~sard, and downward; in this obserd

vation, the ‘amount by which the airplane image misses reaching normal position is
|

established., The error is determined for |ea.c:h individual case,

3. The speed at which the gyro leavels the displaced state can be checked no
sooner than 8 min after it has started operating. The groscope unit is deflected
by an angle of 30° upward and dowmward, and then to the right and to the left. The
time it takes for the miniature airplane to right itself from any 30° deflection
should not exceed 6 min., The difference i'n time required for it to right itself up-

44;
46

o] For regulating an instrument, a device (Fig.373) mounted on a rotary table is

So—used. The horizontal position of the t;acis xx is checked with a level., Air at a

ward and domward, or to the right and left, should not exceed 2 min.

sz_prressure of 90 mm Hg.is supplied to the device through the aperture in the rod., A

54 sighting frame, in reference to which the displacement of the aircraft image is ob-

. !
ss—served, is set on the rotary table. The failure of the instrument to correspord to

58 |
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the tolerances and the technical conditiot will show up during the original start-

|ing of the gyroscope as well as in the ch king_process. Defects_in the balancing -

and assembly of the units (not discoverediat the proper time and detected only when

the gyroscope was opera.ting) mst be eliminated by regulating.

Checking Stagnation in the Instrument

Friction in the gimbal bearing and in the axles of the pendulous vanes will
have an effect upon stagnation in the instrument. Iet us examine the angle of stag-‘
nation due to friction in the gimbal ‘bearings.

The moment of friction Mp, in the g:LTbal bearings always acts in a direction
opposite to that of the motion, and recovery will take place in the rotor axle until
the correcting moment M and the moment of friction Mg, are in equilibrium and

corr

the rate of precession returns to zero:

Mccrr "Mjr=0. . ll
n (18.11)

The restoring moment of the air jet, I1-:}1ich depends on the extent to which the

aperture is open, is directly proportional to the angle of aperture of the flaps

M =M a,

corr

—_—- e m e e

where M, is the maximum restoring moment of the jet when the aperture is fully open;

¢, is the angle of deviation of the iflap, corresponding to.a fully open
aperture;

@ is the angle of deviation of the flap, depending on the degree of opening
of the aperture. ®

Stagnation will occur when
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- - —)

Consequently, the angle of stagnation due to friction in the bearings can be

expressed by

-- M - '
ast =-M~‘:a°. -? (J‘B.M)

The angle of stagnation due to friction in the axles of ‘the flaps was deter-
mined by examining the assembly of the damper housing. It is expressed by

Asgt. , = -

Let us determine the value of the e of stagnation, proceeding from the fol-
lowing quantities, Friction in the gimbal bearings Hfr = 0.} gm-cm.

The maximum restoring moment is M, =13.5 gm-cm.

The angle of deviation pf@the flap, dorresponding to a fully open aperture is

®
ay = 2.59.

The coefficient of friction in the axis of rotation of the flap is u = 0,1,
The radius of a flap axle is r = 0.5 jmm,
The distance between the center of gravity of a flap and its axis of rotation

is l = 7.5 M

S
—a°=:—:—;2,5=0,29°.
=0,0067 rad .=0,38°.
Tt max =@ ., .+a st., =0.29+_0,38:—-0,6_7‘f. _
The rotor axle may miss reaching the 'vertical by this angle., This corresponds
to the linear value of 0.42 mm on the AGP scale for a 1 mm tolerance for t.he angle

of stagnation.

e e vy se o ¢ o Al
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Checldnez the Instrument for Return of the :Gyroscops from a Dip

It is generally knovm that the tims :iIt takes to return from a 30° tilt should
1ie_between_the 1imits of 2 = 6 _min._The difference in time required for the minie=
ture airplane to right itself upsard and downwerd or to the right and left, should
not exceed 2 min.

The rate of precession ® depends upon the correcting moment M. set up by the

reaction of the air jets

| o ) o C TR T T T
i o=Meorr L (18.15)

oo

The reaction of the air Jets varies within the limits of a 2.5% angle from the
vertical position to full opening of the aperture. Beyond the limits of this angle,

the correctiné moment will preserve a constant value so that the rate of precession

l
will also be constant and the angle of righting in this interval will be expressed

by the formmla

(18.16)

A different righting time t at the saIme angle of tilt, ‘which is 30°, will sig-

nify that there are differentd Testoring mo'ments M.oppe This may be expressed by the
E'elationship

& _ Moo, L @san
o Moo, |

It is necessary that t; = t, within the limits of the tolerance.
A different rate of precession ie explained by different moments of the reac-

so—tive jets; these may occur as a result of uneven distribution of ¢he nozzles, dif-

sz:ferent size nozzles, surface roughness, different clearances between the damper
54—housing and the flaps, and the like. ;

56 ] When the parts are accurately e.xecuteld and the assembling is correctly done,

e

58
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the difference in the time it takes the g%-roscope to rignt itself after a tilt lies

where the difference in the time it takes|the gyroscope to right jtself does not lie

Lyithin the tolerances .stipulated-in-the .Tchnical—specﬁications.-—ln—some—cases,——

within the limits of the tolerance, the following method of eliminating this defect
can be used under workshop corditions. If the rate of precession w, on one end ex-
ceeds the rate of precession wj on the other end to the same extent as the differ-
ence in the time of precession exceeds 2 min, then the rate of precession can be
compensated by e.dding a weight to the frame; the weight is so calculated that, as a
result of the moment of inequilibrium, it will equalize the rates of precession.
Rather than adding a weight, howsver, this amount is cut off from the opposite side.

o)
The moments Moorpe 1 ad M, .. 2 set up the rates of precession Wy and w,; since

Wy is less than w,, Meorr 1 <¥oorr 2° Vhen the weight on the frame is cut to the
|

extent of P, the frame is unbalanced to the extent of the moment Pt which is added

to Meorr 1
As the axle of the gyroscope approaches the vertical, this moment Pl will re~

main and will set up a precession which ¥ incline the axis of the gyroscope; the

miniature airplane will ‘be tilted through an angle of d. Once the rates of preces-
sion are equalized, a.nother error will occur, @ tilt of the miniature airplane.
This tilt is eliminated by soldering tin <!>n the faaps. The small weight of this
solder will change the position of the flap and will return the ajrcraft image to a
horizontal position. But in this case the system becomes unbalanced. Because oof

| :
this, inertia errors will occur vhen the airplane goes into a turn. Such a method

l
of eliminating this defect cannot be considered correct. To avoid the possibility
of a defect involving the difference in the time it takes the gyroscope to right it—

self, the required accuracy in the execution of parts and in assembly mst be strict-

1y maintained.

D m— . -
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Errors Due to Tnecuilibrium in the Gimbal

Rings

If the center of gravity of a frame (or of a rotor casing) is shifted and a mo-
_ment_of unbalance H .. acting about._the_axle_is created, the rotor casing (or the

frame) must be made to precess until the correcting moment

Hcorr’ increasing as a
result of this inclination, compares with

the moment of unbalance M, v.
As a result, the unbalance in the frame will cause the casing to deflect

through an angle B, which is determined from the condition of unbalance

M

b

_ (18.18)

By analogy, if the casing is unbalanced to the extent of M, the frame will
deviate by an angle of .

B = T

. '
M, °

| (18.19)

If one of the moments H\mb 1 or M

b 2 is greater than l{o, there can be no
equilibrium and the rotor will be ™ylocked™, since the correcting moment will not be

|
able to equalize the moment of unbalance and the precession will not cease,

Errors Due to Oscillation of the Pendulous

Vanes

The period of natural oscillation of the flaps is
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where | [="F _‘I is the moment of the pendulum inertia relative to the axis of swing;

o mis the mass.of_the. shank;

—% is the distance between the center of gravity and the axis of swing;

 is the length of a flap.

Taking ! = 20 and substituting the m.merical values, we will obtain

|

!

| .B/ 31g—
L”V o - n

Under the actlon of the correcting moment , the rotor axle will oscillate Jjust
as the flap does, with the same period of 0.23 sec.

Let us find the amplitude of these os!cillations P = W, ;;-, on"the supposition
that one aperture is fully open in the firtst half of the period and that the rate of
precession is constant y o = const = 6°/'nn'_n. Substituting the numerical values, we

will get

| - "'“MH_QMJ

In comparison with the 1 mm tolera.nce for the oscillation of the aircraft image,
the error is insignificant; in reality it ;wjll be still smaller since, at@first s the
aperture will be partialiy open and since, in calculating, we have assumed that the

rate of precession will be at the maximum ‘i‘or the entire time.

Errors Due to leakage

The assembled instrument should be he:rmetically sealed; this ensures reliabil-
l

ity in operation. Jets of air which penetrate inside the instrument when the her-

metic seal is not tight will set up moments of external forces which will cancel the

—accuracy of the instrument readings. The ikxermet:i.c seal is checfced by producing a

s4"‘pressure of 500 mm water colum in the instrument » after which the hose is clamped

sé—off. The time it takes for the pressure tp drop to zero should be not less than

58|

128

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4

20 sec.

. _Hermetic .seal_is ensured. by

a) Using castings without blowholes ?r cracks;

b) Care in machining the contact faces of the parts;
|

I
¢) Iuvbricating the spots where the parts are joined, with a special lubricant;

d) Installing some parts with gaskets or adhesives.

Dimensional Analysis

In view of the complexity of gyroscopic instruments, special emphasis must be
placed on dimensional analysis in planning the processes of their assembly; such an
analysis permits a more correct solution of
th‘? problems of selecting the most rational
me"bhods of .assembly.

|
{ A1l this can be demonstrated on the ex-

nle of dimensional analysis during final

assenbly of the gyro horizon; this is done to

obtain the correct positioning of the lathe

|
dog relative to the prong; by meane of thess,

|
the rotation of the rotor casing is transmit-

|
—-L._ ted to the miniature airplane.
y e

4

!
| To do this, we must determine the posi-

ti&|?n of the cylindrical tip of the lathe dog

relative to the thickness of the prong emd;

i .
this position is determined by the two dimensions « and B (Fige37h)e

|
The dimensions a and B are the termitlzal 1inks in the two dimensional chainse.

. Let us mske an analysis of the tolerances for a concrete example (Ta.bie LT)e

|
‘The calculation to maximum and minimh is

ot W~ - o v - e
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Table

Computation

- — e -

a) ®)

d)

Frame
with
gaskets

Plate

t
!

a) Name; b) Dimensions; ¢) Conventional sign; d) Nominal;

e) Tolerance;

f) Limit dimensions; g) max,; h) min. 3 1) Mean size; j) Half tolerance
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b
=g+h—s+ptb—t—x—dtm—ct+y—r;

B, =41,5+45—0,6 +1,842,47—0,7—1,6—33,13 +
+3,66— 18,72+ 7,36 — 2,5 =4,04;
B...=41,34+4,42—08+1,68+2,41—0,8—1,2—
 —33,33+3,5—194+7—35=091.

Thus the tolerance for B - &g = 3.13 will be

a=d—’1n+c;:—g—k+s—p—b-f-t—i-x—n;
a, ., =333—35+4+19—41,3—4,424+0,8—1,68—
—2,41 40,8 +2—0,26 =233;
2 . =33,13—3,66+18,72—41,5—4,54+0,6 —1,8 —
. —2,47+07+1,6—03=052.

Consequently, the tolerance fora - 6; = 1,81,
Let us define the tolerances by anot}lmer method of dimensional analysis, a meth-
od based on the theory of probabilities [:-'zcoording to eq.(16.12)].

¥hen no data are available ®n the scattering of ®he dimensions, it can be as-

sumed that the -scattering follows the law of equal probability, according to whi'ch

‘

In this case,

B=A, 48, =(g+ktp+b+mty)—(s+t+xt+d+ct+nt
+ 3/ £1,73%32 = (60,8 — 58,325) +1,731/0,3842 =2,475 +- 1,075.
By =2355; Bin=14.The toenance for 2 —7;=2,15.
am Ay i =(d+ e+ s+E+x)—(m+g+k+ptbtn) £} E173%=
= (55,325 — 53,9)+1,73V/0,1022 = 1,425 + 0,555;
2, = 1,98; @, =0,87. The foerance for a — &, =1,11.

As the analysis of tolerances shows, .at tolerances of 63 >3.13 and 54 > 1.81
i
‘+the—assenbling may-be—done-bythe method-of-full -interchangeability;—as—is evident—
-
—from-the—calculation—to maximmm—and

-
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At tolerances of 6g = 2.5 and 5, = 1.5, the assembling cannot be done by the

method of full interchangeability; in this case, it mst be_done by the method of |
— partial interchangeability, which is basec} on making use of the theory of probabil-

—lities (1. e., for a small percentage the ﬁolerances of the closing links will go be-
8‘—‘

—iyond the required limits 8g = 2.5 and 6y l 1.5).
10—

— At tolerances of 5g = 1.5and 6, = 0,5 in the practical example, the dimension-
12: al chains cannot be solved by either the method of full interchangeability or the
M method of partial interchangeability, since the percentage of ¥ejects will be con~
siderable. In such a case the dimensional analysis can be done by other methods (by
_{matching, by selective assembly, by fitting, etc.).

In this Chapter, we have examined the technology for producing special parts
and the assembly of pneumatic gyroscopic %nstruments. As far as basic parts and
tnits are conceraed, the technology for eiectric gyroscopic ind¥ruments is analogous
to the above-described assembly, with the lexception of the electric motor, the cor-
recting mechanism, the current feeds, and |some other special parts and units.

From the point of view of technology, the manufacture of electric motors is of

|
extreme significance and interest. This problem is examined ip the next Chapter.
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