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ТЕХНІЧНІ НАУКИ

УДК 621.81/.85
1CALCULATION 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 
fi xed, 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 fi xing of details both fi xer 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  xed 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 de ne 
probability of a gap appearance connections and probability 
of connections with a pull appearance. Here can be two 
maximum cases. The  rst case, when in the transitional landing 
|Sp max|>|Np max|, and the second case, when |Sp max|>|Np max|. 

© Ivanov H., Polyanskiy P., 2015
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In the  rst 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  xed, 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 indemni cation 
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:

Smax = Fr / K,            (1)

where Smax is the most possible gap, mkm; Fr is radial beating, 
mkm; К is coef cient of exactness supply.

Condition of landing choice: Smax.ст ≤  Smax.
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  xing of details both  xer 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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 Smed (Nmed)=emed+0,1(TD+Td)-Ecth.        (2)

Credible dispersion (an index is in denotation of gap-pull):

 .      (3)
In formulas (2.126) і (2.127) Emed and emed are value deviations 

of opening sizes and shaft; coef cient of relative dispersion of gap-
pull; as a rule K∑=1, then it will be

.          (4)
The largest and smallest possible gaps and pulls:
in landings with a gap

Spmax=Smed+0,5t∑p;Spmin=Smed-0,5t∑p,      (5)
in the transitional landings

Spmax=Smed+0,5t∑p;Npmin=Nmed-0,5t∑p ,      (6)
in landings with a pull

Npmax=Nmed+0,5t∑p;Npmin=Nmed-0,5t∑p .     (7)
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  eld tolerance hole and shaft dimensions location (a) and 
boundary scattering gap (b):

t∑ = Smax- Smin,              (8)
where Smax  і Smin – most and the least maximum gaps; t∑p– is 
credible dispersion of gaps that is determined by the formula (4); 
Spmax  and Spmin – are the most and the least credible gaps.

Transitional landings. Set out on the  elds 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  elds 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. В.1 [6]). 
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Intervals of values x ∙ b – a = 6σx occupies 0,9973 area of curve 
(Fig. 4).

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

In the table В.1 [3] the meaning of z and suitable to them 
meaning of functions are shown Ф(z). Meanings of function   r 
Ф(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  nding value x in the interval of xi for   d xi 

+1 etermine by the formula:
P(x) = Ф(zi+1) – Ф(zi) .       (9)

For example, determine the probability of  nding value in the 
range of z1 = 1,10 for z2 = 1,34  (Fig. 5). Then by the table. В. 1 [10] 
it will be Ф(z1) = 0,3643, Ф(z2) = 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 z3 = –0,7 
and z2 = –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  
xi and xi+1 , with size, converted to dimensionless zi and zi+1. To do 
this, determine the mean square deviations:

for landings with a gap
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 σx = (Spmax  – Spmin)/6           (10)
for transitional landings

 σx = (Spmax  – Npmin)/6          (11)
for landings with a pull
σx = (Npmax  – Npmin) /6.(12)
Then given іntervals xi and xi+1 replace sizes

zi = [Si – Smed(Nmed)] /σx ;                 

zi+1 = [Si+1 – Smed(Nmed)] /σx .            (13)

Here Smed(Nmed) is mean value of gap-pull for the select landing 
by the formula(2) or

Smed(Nmed) = 0,5 [ Spmax (Npmax) + Spmin(Npmin) ].      (14)

Examples of solving problems

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

Example 1. On the drawing set a landing Ǿ63H8 /e8 .De ne 
the most and the least maximum and credible gaps.

At the table Г.14 і Г.17 [3] for set size and landing (mkm):

ES = +46, EI = 0, Emed = +23, TD = 46 

es = –60, ei = –106, emed = –83, Td = 46 
By the formulas (2.6 і 2.7) the least and the most maximum 

gaps:

Smin = EI – es = 0 – (–60) = 60 mkm 

Smax = ES – ei = +46 – (–106) = 152 mkm 
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Maximum dispersion of gap is by a formula (7): t∑ = 152 – 60 
= 92 mkm.

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

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

A mean value of gap is by a formula (2): Smed = 23 – (–83) – 
0,1(46+46) = 96,8 mkm 

Credible dispersion of gap by a formula (4): 

.
The most and the least credible gaps by a formula (5):

 Spmax = 96,8 + 0,5∙65,05 = 129,33 mkm

Spmin = 96,8 – 0,5∙65,05 = 64,27 mkm

Example 2. On the drawing set a landing Ǿ60H7 /k6 . De ne 
the most and the least maximum and credible gaps and pulls in 
connection.

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

ES = +30, EI = 0, Emed = +15, TD = 30;

es = +21, ei = +2, emed = +11,5, Td = 19.
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The most maximum gap:  Smax = ES – ei = +30 – 2 = 28 mkm.

The most maximum pull:  Nmax = es – EI = +21 – 0 = 21 mkm.

Maximum dispersion of gap-pull is after a formula (7): 

t∑ = Smax – Smin =28 – (–21) = 49 mkm.

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

Smed(Nmed) = 15 – 11,5 - 0,1(30+19) = –1,4 mkm

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

.

The most credible gaps and pulls  by a formula (5) :

Spmax = –1,4 + 0,5∙35,5 = 16,35 mkm;

Npmax = 1,4 + 0,5∙35,5 = 19,15 mkm.

Example 3. On the drawing set a landing Ǿ60H7 /s6 . De ne 
the most and the least maximum and credible pulls in connection.

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

ES = +30, EI = 0, Emed = +15, TD = 30;

es = +72, ei = +53, emed = +62,5, Td = 19. 

The least and most maximum pulls:

Nmin = ei – ES = (53 – 30) = 23 mkm;

Nmax = es – EI = (+72 – 0 ) = 72 mkm.

 Maximum dispersion of pull by a formula (7):

t∑ = Nmax – Nmin =72 – 23 = 49 mkm. .

Mean of value and credible dispersion of pull by formulas(2) 
and (7):

 Nmed = 62,5 + 0,1(30+19) – 15 = 52,4 mkm;
 .

The most and the least credible gaps are by a formula (7):
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 Npmax = 52,4 + 0,5∙35,5 = 70,15 mkm;

Npmin = 52,4 – 0,5∙35,5 = 34,65 mkm.

Example 4. For landing Ǿ71H7 /e8 (mkm):  

ES = +30, EI = 0, Emed = +15, TD = 30;

es = –60, ei = –106, emed = –83, Td = 46,

Smed = 15 – (–83) – 0,1(30+46) = 90,4 mkm.

  54,92. 

 Spmax = 90,4 + 0,5∙54,92 = 117,86 mkm;

Spmin = 90,4 – 0,5∙54,92 = 62,94 mkm.

By a formula (10):

σx = (117,86 – 62,94)/6 = 9,15 mkm.

De ne probability of connections appearance with a gap, for 
example, in an interval from x1 = 95 mkm to x2 = 110 mkm ( g. 6)

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

Then by a formula (13)

z1 = (95 – 90,4)/6,15 = 0,5 

z2 = (110 – 90,4)/9,15 = 2,14 .

According to the table В.1 [2]: Ф(z1) = 0,1915, Ф(z2) = 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 x3 = 85 mkm to x4 = 172 mkm (рiс. 6) determined 
thus

z3 =(85 - 90,4)/9,15 = –0,5;

z4 =(72 - 90,4)/9,15 = –2,01.

Then we get: 

P(S) = 0,4778 – 0,2224 = 0,2554 .

Example 5. In landing Ǿ110H8 /u8 (mkm):  

ES = +54, EI = 0, Ecep = 27;

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

Nmed = 171 + 0,1(54 + 34) – 15 = 154,8 mkm.

; 

Npmax = 154,8 + 0,5∙76,38 = 192,98 mkm;

Npmin = 154,8 – 0,5∙76,38 = 116,62 mkm.

By a formulas (2.134):

σx = (196,8 – 116,62)/6 = 12,73 mkm. 

We need to de ne probability of connections with a pull 
appearance, for example, in an interval from x1 = 154,8 mkm to x2 
= 180 mkm ( g. 6, б). Then it wil be

x1 = (154,8 – 154,8)/12,73 = 0; 

x2 = (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 de ne 
probability of connections a gap appearance and probability of 
connections with a pull appearance. Here can be two maximum 
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cases. In  rst case, when in the transitional landing |Spmax|>|Npmax| 
(рiс. 7, а), and in second, when |Spmax|<|Npmax| ( g. 7, б). 

In  rst case we determine the probability of connections 
with a pull appearance P(N)  (the shaded area is on the Fig. 7, а). 
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, б). 
Probability of connections is with a pull appearance P(N) = 1 – P(S).

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

Example 6. In landing Ǿ45H7 /js6 (mkm): 

ES = +25, EI = 0, Emed = +12,5, TD = 25;

es = +8, ei = –8, emed = 0, Td = 16

Smed = 12,5 – 0 – 0,1(25+16) = 8,4 mkm;

; 

Spmax = 8,4 + 0,5∙29,68 = 23,24 mkm;

σx = (23,24 + 6,44)/6 = 4,95 mkm.

 Meaning x1 and x2, which is chopped off area of connections 
with a pull: x1 = 0 and x2 = –6,44 mkm. Then 

z1 = (0 – 8,4)/4,95 = –1,7 

z2 = (–6,44 – 8,4)/4,95 = –3 

 Using the table В.1 [3],  nd, 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 Ǿ45H7 /k6 (mkm):

ES = 25, EI = 0, Emed = 12,5, TD = 25;

Nmed = 12,5 – 10 – 0,1(25+16) = –1,6 mkm;

; 

Spmax = –1,6 + 0,5∙29,68 = 13,24 mkm;
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Npmax = 1,6 + 0,5∙29,68 = 16,44 mkm
σx = 29,68/6 = 4,95 mkm. 

Meanings x1  and x2 , which is a limited area of connections 
with a gap: x1 = 0, x2 = 13,24 . Тhen

z1 = [0 – (–1,6)]/4,95 = 0,32 

z2 = [13,24– (–1,6)]/4,95 = 3 

From the data of the table В.1 [3] we  nd 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 Ǿ45H7 /m6 :

Spmax = 6,24 mkm, Npmax = 23,44 mkm, Nmed = –8,6 mkm, 
σS = 4,95 mkm. 

We need to de ne a probability of a connections with a pull 
appearance, for example, in an interval from x1 = –5 mkm to x2 = 
4,95 mkm.

Тhen

z1 = [–5 – (–8,4)]/4,95 = 0,72; 

z2 = [–15– (–8,6)]/4,95 = –1,29;

z3 = [–8,6– (–8,6)]/4,95 = 0. 

Probabilities of connections appearance are in intervals: 

x3... x1 P(N)= 0,2642 – 0 = 0,2642;

x3... x2 P(N)= 0,4015 – 0 = 0,4015

x1... x2 P(N)= 0,2642 + 0,4015 = 0,6657 

Example 9. The connection is given Ǿ . A pull can be 

in the borders of from 0 to 30 mkm, gap of from 0 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  eld admittance, that is, T = 6σ. Taking into account 
the accepted terms, we have: 

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

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

Standard deviation: 
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 0 to 5,5 mkm, that is we will  nd 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/σпос = 5,5/6 = 0,91
In the table В.1 [3] we  nd Ф(0,91) = 0,3186 . Probability of 

pulls receipt  in connection is : PN = 0,5 + Ф(z) = 0,5 + 0,3186 = 
0,8186 or 81,86 %.

Probability of gaps receipt in connection is:
PS = 1 – PN= 1 – 0,8186 = 0,1814 or 18,14 %.  
Credible pull will be
–5,5 – 3σ = –5,5 – 3∙6 = –23,5 mkm.
And gap –5,5 + 3σ = –5,5 + 3∙6 = 12,5 mkm is almost the 

maximum.
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Г. А. Иванов, П. Н. Полянский. Расчет и выбор переходных посадок

Расчет и выбор переходных посадок имеет важное значение для 
неподвижных, но разъемных соединений и для более точного центрирования 
деталей. Характер посадок определяется вероятностью появления в них на-
тягов и зазоров. 

Расчеты вероятности натягов и зазоров основываются на нормальном ра-
спределении размеров деталей при изготовлении. Распределение натягов и 
зазоров в этом случае также подчиняется нормальному закону, а вероятность 
их появления определяется с помощью интегральной функции вероятности. 
При вероятностном расчете определяют среднее значение и рассеивание за-
зора или натяга. Как при настройке, так и при обработке деталей наладчик и 
станочник придерживаются ближе к безопасным границам. Для отверстия это 
наименьший, а для вала – наибольший предельные размеры. Вследствие чего 
возникает некоторая асимметрия распределения отклонений размеров.

Ключевые слова: переходные посадки, зазор, натяжение, среднее зна-
чение зазора (натяжения), вероятно рассеяния, наибольшие и наименьшие 
возможные зазоры и натяжения, функция Лапласа, среднее квадратическое 
отклонение, предельные и вероятные зазоры, допуск посадки.
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Г. О. Іванов, П. М. Полянський. Розрахунок і вибір перехідних посадок

Розрахунок і вибір перехідних посадок має важливе значення для нерухо-
мих, але рознімних з'єднань і для більш точного центрування деталей. Характер 
посадок визначається ймовірністю появи в них натягів і зазорів.

Розрахунки ймовірності натягів і зазорів ґрунтуються на нормальному роз-
поділі розмірів деталей при виготовленні. Розподіл натягів і зазорів в цьому 
випадку також підпорядковується нормальному закону, а ймовірність їх появи 
визначається за допомогою інтегральної функції ймовірності. При імовірнісному 
розрахунку визначають середнє значення і розсіювання зазору або натягу. Як 
при налаштуванні, так і при обробці деталей наладчик і верстатник дотриму-
ються ближче до безпечних кордонів. Для отвору це — найменший, а для вала 
- найбільший граничні розміри. Внаслідок чого виникає деяка асиметрія розпо-
ділу відхилень розмірів.

Ключові слова: перехідні посадки, зазор, натяг, середнє значення за-
зору (натягу), ймовірно розсіювання, найбільші і найменші можливі зазори і 
натягу, функція Лапласа, середні квадратичні відхилення, граничні і ймовірні 
зазори, допуск посадки.
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