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TEXHIYHI HAYKU

YOK 621.81/.85

CALCULATION AND CHOICE OF
TRANSITIONAL LANDINGS

H. Ivanov, Candidate of Technical Sciences, associate professor
P. Polyanskiy, Candidate of Economic Sciences, associate professoror
Mykolayiv National Agrarian University

Calculation and a choice of transitional landings are important for
fixed, but portable units and for more exact centring of details. Character
of landings is determined by the probability of creation in them pulls and

gaps.

Calculations of pulls and gaps probability are the base on normal
details sizes’ distribution during their production. Distribution of pulls and
gaps in this case is also done according to the normal law, and probability
of their creation is determined by means of probability integral function.
At the credible calculation we determine a mean of value and dispersion
of gap or pull. At the installation and at the fixing of details both fixer and
machine-operator keep near to the safe limits. For the opening hole it is
the least and for the shaft are the maximum size limits. As a result, there
is some asymmetry in the distribution of sizes’ deviations.

Key words: transitional landings, gap, pull, mean of gap value (pull
value), a credible dispersion, the most and the least of credible gaps and
pulls, Laplace’s function, standard of deviations, maximum and credible
gaps, landing’s admittance.

Introduction. Calculation and selection of transitional
landings are important for fixed but portable units and for more
accurate parts alignment.

Analysis of recent research and publications. Some
examples of transitional landings calculation are given in [1-5].

Problem. In the transitional landings we need to define
probability of a gap appearance connections and probability
of connections with a pull appearance. Here can be two
maximum cases. The first case, when in the transitional landing

| S |>|N, ... |, and the second case, when [S  _ [>[N, |.

p max ax p max
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In the first case we determine a probability of connections
with a pull appearance. Probability of connections with a gap
appearance in this case is P(S)=1-P(N).

In second case we determine a probability of connections with
a gap appearance is P(S). Probability of connections with a pull
appearance is P(N)=1-P(S).

Results and discussion. The transitional landings are
intended for fixed, but portable units and for more exact centring
of the details. They provide both gaps and pulls, but a value of
gaps or pulls is relatively small. The real estate of connection in
the transitional landings is arrived by the additional fastening (by
the keys, posts, spirally and others things like that). The choice
of the transitional landings comes true upon settlement or after
recommendations of standard (by analogy). For indemnification
of errors (a location and forms of the united details surface,
crumpling of surfaces, wear of details — increase the radial beating
that determines exactness of centring), and also creation of supply
of exactness a most possible gap in connection is determined by
the formula:

Sy = F./ K, (1)

max

where S__ is the most possible gap, mkm; F, is radial beating,
mkm; K is coefficient of exactness supply.

Condition of landing choice: S, < S_ .

The character of landings is determined by probability of
creation in them pulls and gaps. Calculations of pulls and gaps
probability are the base of normal sizes details distribution during
their production. Distribution of pulls and gaps in this case also
inferior to the normal law, and probability of their creation is
determined by the means of probability integral function. At a
credible calculation we determine a mean of value and gap or pull
dispersion.

For installation and for fixing of details both fixer and machine
operator keep near to the safe limits. A smaller hole is for this
and a shaft is for more size limits. As a result, there is some
asymmetry of distribution of sizes’ deviations.

Medium value of gap (to the pull):
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S (N J=e +0,1(TD+Td)-E_,. (2)

Credible dispersion (an index is in denotation of gap-pull):
tp=(1/ Kz NID' +Td (3
In formulas (2.126) 1 (2.127) E__ and e__ are value deviations

of opening sizes and shalft; coefficient of relative dispersion of gap-
pull; as a rule KZ=1, then it will be

Iy, =~TD?+Td" (4)

The largest and smallest possible gaps and pulls:
in landings with a gap

Spmax=Smed+0’ 5t2_p’ Spmin=Smed_O’ 5t2_p’ (5)
in the transitional landings
S e meaTO Ot ;N =N, -0,5¢ , (6)

pm

in landings with a pull
N =N oat0,56 N =N -0,5t .  (7)

pmax
In the following text are examples of calculation gaps and
pulls for some planting holes in the system.
Landings with a gap. At the Fig. 1 you can see scheme of
the field tolerance hole and shaft dimensions location (a) and

boundary scattering gap (b):
t.=S, S

min (8)
where S 1 S, - most and the least maximum gaps; ¢ - is
credible dispersion of gaps that is determined by the formula (4);
Symae @nd S — are the most and the least credible gaps.

Transitional landings. Set out on the fields of opening sizes
chart and shaft admittances, and also graphic arts of gaps and
pulls dispersion, all this is shown on the Fig. 2.

Landings are with a pull. Set out on the fields of opening
chart and shaft admittances, and also graphic arts of these sizes
and pulls dispersion, all this is shown on the Fig. 3.

Probability of gaps and pulls appearance in the set interval of
sizes. It is sometimes needed to know, what part from all party of
connections has a gap or pull in the set interval. For this purpose

use the tables of function of Laplace (table. B.1 [6]).
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Intervals of values x - b —a = 60,_occupies 0,9973 area of curve
(Fig. 4).

Shaft Hole L 53 o
_e/\ es E:‘/\ ES | - Lo -
L emed__ 2 _Emed L
Tc; & 'TD 0
= - 2 g :.Sm'”:-
a) B Sl -
L Smed
E Spm;ix "
- Sﬂ’)éi.l’ >
6)

Fig. 1. Location of admittances fields hole and shaft
dimensions boarding with a gap.

In the table B.1 [3] the meaning of z and suitable to them
meaning of functions are shown @®(z). Meanings of function r
@d(z) epresent a probability of a variable random x in this interval.
It is simultaneously a share of connections which are in a given
interval.

The probability of finding value x in the interval of x, for d x,
., €termine by the formula:

Pl = ®z,,) - P(z).  (9)

For example, determine the probability of finding value in the
range of z, = 1,10 for z,= 1,34 (Fig. 5). Then by the table. B. 1 [10]
it will be @(z ) = 0,3643, P(z,) = 0,4099, and P(x) = 0,4099 - 0,3643
= 0,0456 .

Shaft opening Hole med

Because a function is symmetric, at negative values a
calculation is conducted by the module. For example, by z,=-0,7
and z,=-1,5 (Fig. 5) probability of size being z in the given interval
P(x) = 0,4332 -0,2580 = 0,1752.

To use the table of Laplace function, it should be mentioned
x,and x,, , with size, converted to dimensionless z and z,,. To do
this, determine the mean square deviations:

for landings with a gap
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o=(S, -S )/6 (10)

pmax pmin
for transitional landings
ox - (Spmax - Npmin)/6 (1 1)

for landings with a pull
0.=(N, 0 N, 7/6:(12)

Then given intervals x, and x,,, replace sizes
Zi - [Si_ Smed(Nmed)] /ox ’
Zi+1 - [Si+1 - Smed(Nmed)] /ox ' (13)

Here S (N __)is mean value of gap-pull for the select landing
by the formula(2) or

Smed(N

med

=0,5[S

pmax

(N

pmax’

)+ S

p

minNpid I (14)

s

Shaft Hole - i
2 tsp =

ASmed
TD N‘)n!ﬂx Spnlu:

poan N 5

Td i g
d—h-l !‘Vma_{ s Snmx
-

-

A

Fig. 2. Location of the admittances fields of opening sizes
chart and shaft in the transitional landing.

Example 1. On the drawing set a landing 963H8 /e8 .Define
the most and the least maximum and credible gaps.
At the table .14 i I".17 [3] for set size and landing (mkm):

ES=+46,El=0,E_  =+23,TD = 46

es =-60, ei=-106,e  =-83, Td =46

By the formulas (2.6 1 2.7) the least and the most maximum
gaps:

S . =El-es =0-(-60) =60 mkm

S =ES-ei=+46-(-106) = 152 mkm

max
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Maximum dispersion of gap is by a formula (7): t. = 152 - 60
= 92 mkm.

t
Hole Shaft - £ o
tsp

Nin
N pmin

Nmed
N, prmax

N max

Fig. 3. Locaton of the opening sizes chart and shaft
admittances fields in landing with a pull.

P

L o

a

&

b

Fig. 4. Gaussian function. Fig. 5. Gaussian function.

A mean value of gap is by a formula (2): S =23 - (-83) -

0,1(46+46) = 96,8 mkm

d

Credible dispersion of gap by a formula (4):

ty =467 +467 =63 05 mim

The most and the least credible gaps by a formula (5):
S =96,8+0,56505=129,33 mkm

pmax

S . =96,8-0,565,05=64,27 mkm

pmin
Example 2. On the drawing set a landing @60H7 /k6 . Define
the most and the least maximum and credible gaps and pulls in

connection.
At the table . 13 iT. 15 [3] for set size and landing (mkm):

ES=+30,E[=0,E,_ =+15, TD = 30;
= +11,5, Td = 19.

d

es=+2],ei=+2, e
med

202 Bicnux acpapnoi nayku Ilpuuoprnomop ’a. — 2015. — Bun. 3.



The most maximum gap: S _=ES-ei=+30-2 =28 mkm.
The most maximum pull: N =es-El=+21-0 =21 mkm.
Maximum dispersion of gap-pull is after a formula (7):

t. =S, ™ Spn =28 — (-21) = 49 mkm.

Mean value of gap-pull by a formula (2):

S 4N J)=15-11,5-0,1(30+19) =-1,4 mkm

Credible dispersion of gap-pull by a formula (4):

tp =307 +19" =355 mkm.
The most credible gaps and pulls by a formula (5) :

S, e = —1,4 + 0,5:35,5 = 16,35 mkm;
N .=14+05355=1915mkm.

Example 3. On the drawing set a landing @60H7 /s6 . Define
the most and the least maximum and credible pulls in connection.
At the table I'.13 i I". 15 [3] for set size and landing (mkm):

ES=+30,E[=0,E,_, =+15, TD = 30;
= +62,5, Td = 19.

d

es=+72,ei=+53, e
med

The least and most maximum pulls:
N =ei—ES=(53-30) =23 mkm,
N =es—El=(+72-0)= 72 mkm.

Maximum dispersion of pull by a formula (7):
t.=N_ .~ N, =72-23=49 mkm. .

Mean of value and credible dispersion of pull by formulas(2)
and (7):
N . =625+0,130+19)- 15 = 52,4 mkm;

me

tp =307 +197 =355 mbm.

The most and the least credible gaps are by a formula (7):
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N =52,4+0,5355=70,15mkm;

pmax

N —=52,4-0,5355=34,65mkm.

pmin
Example 4. For landing 971H7 /e8 (mkm):
ES=+30,EI=0,E_, =+15, TD = 30;

es =60, ei=-106, e =-83, Td = 46,

S .. =15-(-83)-0,1(30+46) = 90,4 mkm.

tp=nl46" +46" = 54,92,

S = 90,4 + 0,5-54,92 = 117,86 mkm;

pmax

S . =90,4-0,554,92 = 62,94 mkm.

pmin
By a formula (10):
0.=(117,86 -62,94)/6 = 9,15 mkm.

Define probability of connections appearance with a gap, for
example, in an interval from x, = 95 mkm to x, = 110 mkm (fig. 6)

S
N\
62,8 X¢ X3 | X1 X2 +x 116,6 X1 X2 +X
Y _ 1548
L 117.9 N L 180 Al
192,98 N
a) 6)

Fig. 6. For determination of connections with a gap (a)
and with a pull probability appearance (6).

Then by a formula (13)
z,=(95-90,4)/6,15= 0,5
z,=(110-90,4)/9,15=2,14 .

According to the table B.1 [2]: &(z,) = 0,1915, P(z,) = 0,4838
and probability
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P(S) = 0,4838 - 0,1915 = 0,2923.

Probability of connections with a gap appearance of in an
interval from x, = 85 mkm to x, = 172 mkm (pic. 6) determined
thus

z, =(85-90,4)/9,15 = -0,5;

z,=(72 - 90,4)/9,15 = -2,01.

Then we get:

P(S)=0,4778 - 0,2224 = 0,2554 .

Example 5. In landing 9110HS8 /u8 (mkm):
ES=+54,EI=0,E,_ = 27;

TD =27, es =+198, ei=+144, e =+171, Td = 54,

ed

N .=171+0,1(54 +34)- 15 = 154,8 mkm.

me

t, =~34° +54° =76,38 mkm ;

p.
N =154,8 + 0,5-76,38 = 192,98 mkm;

pmax

N, . =154,8-0,576,38 = 116,62 mkm.
By a formulas (2.134):
0.=(196,8-116,62)/6 = 12,73 mkm.

We need to define probability of connections with a pull
appearance, for example, in an interval from x, = 154,8 mkm to x,
= 180 mkm (fig. 6, 6). Then it wil be

x, = (154,8 - 154,8)/ 12,73 = 0;
x,=(180-154,8)/12,73 = 1,98 .
We get P(N) = 0,4761 — 0 = 0,4761.

In the transitional landings it is mostly needed to define
probability of connections a gap appearance and probability of
connections with a pull appearance. Here can be two maximum
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cases. Infirst case, whenin the transitionallanding [ S [>[N |
(pic. 7, a), and in second, when |S  _ |<|N, | (fig. 7, 0).

In first case we determine the probability of connections
with a pull appearance P(N) (the shaded area is on the Fig. 7, a).
Probability of connections with a gap appearance is in this case
P(S) = 1 — P(N).

In the second case we determine probability of connections
with a gap appearance P(S) (the shaded area is on the Fig. 7, 6).
Probability of connections is with a pull appearance P(N) = 1 — P(S).

Thus, for example, landing H7/js6 refers to the first case, and
landing H7/ k6 to the second case.

Example 6. In landing 945H7 /js6 (mkm):

ES=+25El=0,E__ =+125, TD = 25;
,=0,Td=16
S . =12,5-0-0,1(25+16) = 8,4 mkm;

es=+8, ei=-§ e_

rg=n125° +16° =29,68 mim :
S, e = 8,4 +0,5:29,68 = 23,24 mkm;

0 = (23,24 + 6,44)/6 = 4,95 mkm.

Meaning x, and x,, which is chopped off area of connections
with a pull: x, = 0 and x, = -6,44 mkm. Then

z,=(0-84)/4,95=~1,7
z, = (~6,44 — 8,4)/4,95 = -3

Using the table B.1 [3], find, that probability of connections
with a pull is P(N) = 0,4986 — 0,4554 = 0,0432, and probability of
connections with a gap appearance is P(S) = 1 — 0,0432 = 0,9568.

Example 7. For landing ©945H7 /k6 (mkm):

ES=25El=0,E,, =12,5 TD = 25;
N . =12,5-10-0,1(25+16) =—1,6 mkm;

rg =125 +16° =29,68 mkm .
b

S =-1,6 + 0,5:29,68 = 13,24 mkm;

pmax
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N =16+0,52968=1644 mkm

pm

0.=29,68/6 =4,95 mkm.

Meanings x, and x,, which is a limited area of connections

with a gap: x,= 0, x,= 13,24 . Then
z, = [0~ (-1,6)]/4,95 = 0,32
z,=[13,24- (-1,6)]/4,95 =3

From the data of the table B.1 [3] we find a probability of
connections with a gap appearance

P(S) = 0,4986 - 0,1255 = 0,3731 .

Probability of connections with a pull appearance is P(N) =
1-0,3731 = 0,6269.

Example 8. In landing O45H7 /mé6 :

S = 6,24 mkm, N =23,44 mkm, N . =-8,6 mkm,

pmax pm me

o, = 4,95 mkm.

We need to define a probability of a connections with a pull
appearance, for example, in an interval from x, = -5 mkm to x, =
4,95 mkm.

Then

z,=[-5-(-8,4)]/4,95=0,72;

z, = [-15-(=8,6)]/4,95 = -1,29;

z, = [-8,6- (-8,6)]/4,95 = 0.

Probabilities of connections appearance are in intervals:
X,... x, P(N)= 0,2642 - 0 = 0,2642;

X,... X, P(N)= 0,4015-0 = 0,4015

x,... x, P(N)= 0,2642 + 0,4015 = 0,6657

={+6,00)

Example 9. The connection is given O 60—'_(—q). A pull can be
6 7o

in the borders of from 0 to 30 mkm, gap of from O to 19 mkm.
Admittance of landing, equal to the sum of admittances of opening
hole and shaft, presents 49 mkm. Take into account that the
dispersion of opening sizes and shaft, and also gaps (pulls)
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submits to the law of normal distribution and dispersion details
equals the field admittance, that is, T = 60. Taking into account
the accepted terms, we have:

o, =TD/6 =30/6 =5 mkm;, o, = 19/6 =3,17.

) a)///\ . 5)/\

X2 X=0

Xm Ade

Npmax Spmax Npmax = ASpmax

i
¥
i

- -

Fig. 7. Before determination of connections with a gap appearance
probability and connections with a pull appearance probability

Standard deviation: &,,, :\/ 6L +02 =57 +3,177 =6 mbm.

At the middle sizes of opening and shaft have a pull of
5,5 mkm. Take it into account probability of that a value of pull -
is in the limits of from O to 5,5 mkm, that is we will find an area,
which is limited to the line of curved symmetry and ordinate that
is located in the distance of 5,5 mkm from the line of symmetry.

For this example x = 5,5 mkm, z=x/0,__ = 5,5/6 = 0,91

In the table B.1 [3] we find &©(0,91) = 0,3186 . Probability of
pulls receipt in connection is : P, = 0,5 + &d(z) = 0,5 + 0,3186 =
0,8186 or 81,86 %.

Probability of gaps receipt in connection is:

P.=1-P=1-0,8186=0,1814or 18,14 %.

Credible pull will be

-5,5-30=-55-3:6 =-23,5 mkm.

And gap -5,5 + 30 = -5,5 + 3:6 = 12,5 mkm is almost the
maximum.
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G. O. Ivanova i V. S. Shebanina - K. : Agrarna osvita, 2010. - 503 s.

5. Vzajemozaminnistj, standartyzacija ta tekhnichni vymirjuvannja. Kursove proek-tuvannja
: navch. posib. dlja stud. vyshh. navch. zakl. osvity / [Gh. O. Ivanov, V. S. Shebanin,
D. V. Babenko ta in. ; za red. Gh. O. Ivanova i V. S. Shebanina]. - K. : Aghrarna osvita,
2010. - 291 s.

6. Systema konstruktorsjkoji dokumentaciji. Terminy ta vyznachennja osnovnykh ponjatj:
DSTU 3321:2006. - [Chinnij vid 2006-10-01]. - Vydannja oficijne. K. : Derzhstandart
Ukrajiny, 2006. - 51 s. — (Nacionaljnyj standart Ukrajiny).

7.Vzajemozaminnistj, standartyzacija i tekhnichni vymirjuvannja. Navchaljno-metodychnyj
kompleks : navch. posib. dlja stud. vyshh. navch. zakl. osvity / [Gh. O. Ivanoy,
V. S. Shebanin, D. V. Babenko ta in. ; za red. Gh. O. Ivanova, V.S. Shebanina i
I. M. Bendery]. - Mykolajiv : 2014. - 576 s.

I. A. BaHos, Il. H. lNonsHckui. PacdeT n BbI6op nepexogHbIX MOCagqoK

Pacuyer u Bbl6Op repexoAHbIX MOCafOK UMMEET BaxXHoe 3HadyeHue [AJi8
HEenoABUXHBbIX, HO Pa3beMHbIX COEAUHEHUI U A1 60/1e€ TOYHOIro LEHTPUPOBAHMS
JeTtasiei. Xapaktep nocagoK OrnpeAessaeTcs BEPOSATHOCTbIO MOAB/IEHNSA B HUX Ha-
TSroB v 3a30pOB.

PacyeTbl BEpOATHOCTU HATSArOB M 3a30POB OCHOBbLIBAOTCA Ha HOPMAasibHOM pa-
cripesesieHun pa3mMepoB AeTaseil npu M3roToBiaeHun. PacripegesieHne HaTsaros u
3a30p0OB B 3TOM CJly4ae Takxe rnoAgYNHAETCS HOPpMasbHOMY 3aKOHY, @ BEPOATHOCTb
UX MOSB/IEHNSA ONPEAEsISeTCSa C MOMOLbI UHTErPaabHON (YyHKLUUMN BEPOSTHOCTH.
[lpy BEpOSATHOCTHOM pacyeTe OnpeaAesisioT CPEAHEE 3HAYEHNE U PACCEMBAHME 3a-
30pa mamn Hatsara. Kak npu HacTposike, Tak u npm obpaboTke AeTasiei Hanaguuk m
CTaHOYHUK MPUAEPKMNBAIOTCA 6/IMxKe K 6€30MacHbIM rpaHuuamM. [asa oTBepCcTus 370
HauMeHbLNi, a 4718 Basia — Hanbo/bLUni rpeaesibHble pa3mMepsl. Bcaeacreme 4yero
BO3HUKAET HEKOTOPAas acCMMMETPUS PacrpenesieHNs OTKIOHEHMI pa3Mepos.

KnroueBble cnoBa: riepexodHble ocagku, 3a3op, HaTSXKEeHUE, CpeAHEE 3Ha-
YeHue 3a30pa (HaTsaXEHWs]), BEPOATHO PACCEAHUSA, HaubOsIbLLINE U HAUMEHbLINE
BO3MOXXHbIE 3a30pbl M HaTSXeHUs, (yHKUMA Jlannaca, cpeaHee KBaApaTUYECKOE
OTKJIOHEHME, MPEAETIbHbIE M BEPOSATHbIE 3a30pPbl, AOMYCK MOCaAKM.
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I. O. IBaHoB, 1. M. lNonsiHCbKkni. Po3paxyHOK i BU6ip nepexigHnXx Nnocagok

Po3paxyHok i Bubip nepexigHux rnocasok Ma€ Bax/imBe 3Ha4YeHHS 4/15 HEPyXo-
Mux, ase po3HIMHUX 3'€qHaHb i 415 6i/1bl TOYHOIrO UEHTPYBAHHS AeTasien. Xapakrep
nocagoK BU3Ha4Ya€ETbCsl MMOBIPHICTIO 10sIBU B HUX HATSAIB i 3a30piB.

Po3paxyHKu IMOBIPHOCTI HaTsIriB i 3a30piB rPyHTYKTLCS Ha HOPMasibHOMY PO3-
rnoAgini po3mipis gerasnaen rpy BUroToBJIEHHI. P03rogisn HaTsrisB i 3a30piB B LUbOMY
BUNagKy Takox nigrnopsgKkoBy€ETbCS HOPMasibHOMY 3aKOHY, a@ MMOBIPHICTb iX rnosiBu
BM3HAYaETbCS 3a 4OMOMOror iHTerpasbHoOIi QyHKUIT iMOBIPpHOCTI. pu iMOBIpHICHOMY
pO3paxyHKy BU3Ha4yaroTb CEPEAHE 3HAYEHHS | pO3CitoBaHHS 3a30py abo Hatsry. Sk
npu HanawTyBaHHI, Tak i npu obpobui geTanein HanagunmKk i BepCTaTHUK JOTPUMY-
toTbCs 61mKYe 40 6e3rnedyHuxX KopAoHiB. [/ OTBOPY e — HarMeHLnH, a 4/15 Basa
- HanbinbLUNI rpaHuU4YHi po3mipu. BHac/1igoK 4Ooro BUHUKAE AesiKka acuMeTpisi po3ro-
Ainy BiaxnsieHb po3MipiB.

KnroyoBi cnoBa: riepexigHi nocagku, 3a3op, HaTsr, cepeaHeE 3HaqyeHHs 3a-
30py (Hartsry), MMOBIPHO pPO3CitOBaHHS, HavbibLi | HalWMEHLLUI MOX/INBI 3a3opu |
HaTsary, yHkuis Jlannaca, cepeaHi KBaapaTndHi BiAXWUIEHHS, TPaHUYHI i HMOBIpHI
3a3opu, A0NycK rnocagxku.
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