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Abstract. The article discusses the method for interchangeability method.
To reduce the volume of work in progress, the design of a fixed combined
compensator is developed, which provides stepwise regulation. The article
reducing the work in progress by stepwise regulation in multilink
dimension chains when assembled using the group proposes a rational
technology for the use of combined compensator, taking into account the
peculiarities of the group interchangeability method. In order to reduce the
work in progress during assembly using the group interchangeability
method, two ways of using the combined compensator have been
developed: 1 - the inclusion of a compensator in each dimensional chain
collected by the group interchangeability method; 2-application of the
compensator only at the stage of formation of work in progress during
group assembly by replacing one of the parts with it. The peculiarity of the
methods is the use of the informational advantage of group assembly —
information about the actual dimensions necessary for sorting parts into
groups. This eliminates the step of measuring the closing link during
assembly and simplifies the design of the compensator, reducing the
number of control steps.

1 Introduction
One of the most important tasks of improving the method of group interchangeability when
assembling machine components is to reduce the volume of work in progress [1-10,15].
The main methods of reducing the volume of work in progress when using the method of
group interchangeability include the method of intergroup interchangeability, the method of
individual selection of parts and the method of stepwise regulation using compensators.
The intergroup interchangeability method developed in the 70s of the last century
provides dividing the tolerance range of coupling sizes into smaller selective intervals. In
this connection, additional sorting kits are formed, passing through one selection group
[16,17]. Significant disadvantages of this method include:
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1) with the method of tolerances of the same quality, picking is possible only with
partial compensation for work in progress, as there are different acquisition intervals for
parts of the increasing and decreasing links;
2) compared with the group interchangeability method, the number of sorting operations
increases significantly; This method is rational to use only in dimensional chains with two
component links;
3) the use of the intergroup interchangeability method is rational with the possibility of
breaking down the smallest group tolerances taking into account the measurement error;
4) the high complexity of parts sets control and the complexity of the automatic in-line
assembly organization due to the additional acquisition of adjacent groups.
The method of individual selection of parts takes into account various errors and
parameters of the mating parts when acquisition of assembly units [11-14]. Acquisition
takes place with the help of automated control devices taking into account the selection of
the best sorting option. The criteria for the effective application of this method can act as a
decrease in the volume of work in progress, and the achievement of other specified
characteristics of the assembly. The disadvantages of this method are high complexity of
acquisition, the inability to use when a big number of links in the dimensional chain, and
the need for specialized tools to determine the parameters of the mating parts. In order to
reduce the disadvantages of these methods, stepwise regulation is used for multilink
dimension chains [18-24].

2 Ways to reduce the volume of work in progress by stepwise
regulation during assembly using the method of group
interchangeability.
Figure 1 shows a general view of the developed precast compensator, which provides stepby-step adjustment of the size of the closing link.

a)

b)

Fig. 1. Compensator: a) ring (1) with measuring groove (2); b) ring (1) with identical protrusions (2)

If the number of parts in the respective groups is the same when assembling dimension
chains using the group interchangeability method, no compensation is needed. Work in
progress is absent. In the case where the number of parts in the respective groups is
different when dividing into groups, work-in-progress occurs and compensation is
necessary to reduce or eliminate it. At the same time, there are two ways to apply stepwise
regulation using fixed compensators:
1) the inclusion of a compensator in each dimensional chain, built by the method of
group interchangeability;
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2) the use of a compensator only at the stage of formation of work in progress during
group assembly by replacing one of the parts with it. The first method involves the initial
replacement of one of the parts on the combined compensator, which is also divided into
groups by the size between the outer end surfaces. In this case, the design becomes merely
complicated, but the production in progress is completely absent. It is useful to apply the
method in small-scale production or when a single batch is made.
The second method involves the use of a compensator only at the stage of production in
progress. In this case, the compensator replaces one of the parts, the most suitable in form.
Work in progress takes place in the form of the remaining parts replaced by the
compensator. But in the manufacture of the following batches of parts, this can be taken
into account. The right amount of compensators is also known. It corresponds to the
number of products that remain unassembled by the classical method of group
interchangeability. It should be noted that stepwise regulation in the implementation of
these methods is used in combination with the group interchangeability method. As a result
there is a significant informational advantage — the actual dimensions of the parts are
known, according to which they were divided into groups. A combination of actual
dimensions in a particular dimensional chain or the worst and best combination of the
actual dimensions of parts at the stage of work in progress is known. It is the information
that should be used to select the appropriate compensation stage when implementing the
first method and to determine the compensation stages when implementing the second one.
Since the actual dimensions of the parts in a particular chain are known, then the
calculation (and not measurement) determines the desired level (slot size) when assembling
the compensator.

3 An example of reducing the volume of work in progress by
stepwise regulation during assembly method of group
interchangeability
The combination of the method of group interchangeability and regulation will be
considered with a definite example.
The first way:
A sketch of the assembled structure is shown in Figure 2. Maximum and minimum and
clearance (closing link) A Δmax = S max = 0.24 mm, A Δmin = S min = 0.12 mm. The сlearance
tolerance TS=0.12 mm.
The nominal dimensions of the links of the dimensional chain: A 1 = 22 mm, A 2 = 16
mm, A 3 = 22 mm, A 4 = 60 mm.
If we use the method of complete interchangeability during assembly, then the average
tolerance for the manufacture of links TAi = 0.025 mm, which is economically inefficient,
in this regard, extended tolerances are assigned: TA 4 = 0.24 mm; TA 3 = 0.08 mm; TA 2 =
0.08 mm; TA 1 = 0.08 mm. When assembling it is rationally to apply the method of group
interchangeability. Ensuring the accuracy of the assembly method of group
interchangeability TD = Td = 0.24 mm.
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Fig. 2. Sketch of the design of the sharpening mechanism: 1 - assembly unit - compensator; 2 - guide
ring; 3 - grinder; 4 - axis; 5 – body; 6 nut.

Find a group admission T gr (1):
Tgr = TS / 2 =

S max − S min 0.12
=
= 0.06mm,
2
2

(1)

the number of groups n = TD/T gr = 0.24/0.06 = 4, the equality of the sums of the tolerances
of the increasing and decreasing links is checked: TD = Td = 0.24 mm, the upper and lower
deviations are calculated according to the recurrent formulas 2.3 for increasing and 4.5 for
reducing links.
for increasing link (Eq.2,3):
ES A4 (i ) = TD (1 −

i −1
),
n

i
ES A4 (i ) = TD (1 − ),
n

(2)
(3)

where i = 1,2 ... n is the current variable characterizing the groups number.
1−1
2 −1
ES A4 (1) = 0.24(1 −
) = 0.24mm, ES A4 (2) = 0,24(1 −
) = 0,18mm,
4
4
ES A4 (3) = 0,12; ES A4 (4) = 0,06mm, EI A4 (1) = 0.24(1 − 1 ) = 0.18mm,
4
2
EI A4 (2) = 0.24(1 − ) = 0.12mm, EI A4 (2) = 0.06mm, EI A4 (2) = 0mm.
4

for reducing links (Eq.4,5):

П km=2 (k − j ) Td ⋅ (i − 1) ,
(4)
−
mred !
mred ⋅ n
П m (k − j ) Td ⋅ (i ) ,
(5)
ei A(i, j ) = (Td − Td − S min ) k =2
−
n
mred !
mred ⋅ n
where j = 1.2 ... m; k = 2.3 ... m red - the current variables corresponding to the component
links number (m≥2).
es A(i, j ) = (Td − Td − S min )
n

red

red

es A(1.1) = (0.24 − 0,24 − 0.12)
4

(2 − 1)(3 − 1)(4 − 1) 0.24 ⋅ (1 − 1)
−
= 0.06mm,
3 ⋅ 2 ⋅1
3⋅ 4

es A(2,1) = 0,04mm, es A(3.1) = 0.02mm, es A(4,1) = 0 etc.
The remaining data are summarized in table 1.
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Table 1. Results of solving the dimensional chain (mm)
Group
1
2
3
4

es

А 3 =22

0
-0.02
-0.04
-0.06

А 2 =16

ei

es

-0.02
-0.04
-0.06
-0.08

0
-0.02
-0.04
-0.06

А 1 =22
ei

ei

es

-0.02
-0.04
-0.06
-0.08

0.06
0.04
0.02
0

0.04
0.02
0
-0.02

А 4 =60
ES
EI
0.24
0.18
0.12
0.06

0.18
0.12
0.06
0

Clearance
S min S max

TS

0.24
0.24
0.24
0.24

0.12
0.12
0.12
0.12

0.12
0.12
0.12
0.12

The layout of tolerances is shown in Figure 3.

Fig. 3. The layout of tolerances

4 Projecting the compensator design
a) the compensation value is determined using the regulation method and formulas 6 and 7,
derived depending on the size of the upper and lower deviations of the dimension chain
links (Eq. 6,7):
m

m

i =1

i =1

K max = ∑ Ainc (max) − ∑ Areg (min) − S max ,
m

m

i =1

i =1

K min = ∑ Ainc (min) − ∑ Areg (max) − S max ,

(6)
(7)

where A inc - increasing link, A reg - reducing link.
K max =60.24-(21.98+15.92+21.92)-0.24=0.18 mm; K min =60-(22.06+16+22)-0.12=0.18 mm;
b) the number of compensation steps (slots) is determined (Eq.8):
n1 = ( K max − K min ) / S min + 1, n
(8)

n 1 = (0.18+ 0.18)/0.12+1 = 4
c) the compensation change (from the zero initial position) of the dimensions of the
stages and the dimensions of the li jumpers of the compensator are calculated (Figure 3): 0
0.02
stage: Δ k0 = 0; 𝑙𝑙𝑙𝑙0 = 50.02
−0.02 mm; 1 stage: Δ k1 = +0.18 mm; 𝑙𝑙𝑙𝑙1 = 5.18−0.02 mm; 2 stage:
0.02
Δ k2 =+0.06 mm; 𝑙𝑙𝑙𝑙2 = 5.06−0.02mm; 3 stage: Δ k3 = - 0.06 mm; 𝑙𝑙𝑙𝑙3 = 4.940.02
−0.02 mm; 4 stage:
mm.
Δ k4 = - 0.18 mm; 𝑙𝑙𝑙𝑙4 = 4.820.02
−0.02
The size from the end of the compensator ring to the protrusion is equal to lв = 17 +
0.04 mm
d) develop the design of the compensator (Figure 4).
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Fig. 4. Flat pattern of a compensator design with compensation steps

Sorting parts. The parts are sorted into containers for clarity and validation of the
compensator design. 13 parts for each link are taken, sorted into 4 groups, indicated by dots
(Figure 5 a, b).

a)

b)

Fig. 5. Model of the location of parts in the sorting container: a - the ideal case (the number of parts in
the respective groups is the same, 100% assemblability, work in progress is absent), b - the real case
(with work in progress).

It should be noted that in each dimensional chain there is an assembly unit as a link - a
compensator, which is between the end surfaces of the rings А 1 =220.06
−0.02 , is also sorted into
groups. In this case, the zero position of the rings is realized (see Figure 4).

5 Assemblability check is performed for the ideal and real case
of sorting
а) the assemblability of the ideal case is considered on the example of the group I:
assemblability condition (Eq.9):
S min ≤ A Δi ≤ S max ,

(9)

where A Δi – clearance after assembly (Eq.10,11):
m

n

A ∆max = ∑i =1 Aув (max) − ∑ j =1 Aум (min) ,
m

n

A ∆min = ∑i =1 Aув (min) − ∑ j =1 Aум (max) ,

(10)
(11)

where: m is the number of increasing links in the dimensional chain (counter i); n is the
number of reducing links in the dimensional chain (counter j),
A Δmax = 60.24-21.98-15.98-22.04=0.24 mm;
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A Δmin =60.18- 22-16-22.06=0.12 mm;
The condition A Δmax and A Δmin is satisfied, after the assembly of the product no sets
remain in the container In the container sets does not remain.
b) assemblability for an arbitrary real case is considered (Figure 6).
A Δmax and A Δmin are calculated according to formula 10, 11:
A Δmax =60.24-21,96- 15,92- 22,04 = 0.32 mm;
A Δmin =60.18- 21.98- 15.94- 22.06 = 0.2 mm;
Thus, there is a probability of non-compliance with the condition of assembly (9) in the
case when the actual size of the closing link is in the range of 0.24 mm < A Δд ≤ 0.32 mm

Fig. 6. Combination of groups of parts remaining after the group assembly

If, in order to eliminate work in progress and ensure the tolerance of the closing link, the
size of the compensator is set on the first compensation stage, the link A1 will increase by
0.18 mm. If the actual size of the closing link is in the range of 0.30 mm ≤ AΔд ≤ 0.32 mm,
then the condition of assembly is fulfilled. If the actual size of the closing link is in the
range of 0.2 mm ≤ AΔд <0.30 mm, then the condition of assembly is not fulfilled. In this
case, it is necessary to use information about the known actual sizes of the links, which is
obtained by dividing them into groups.
The second way involves the use of the designed compensator only at the stage of
formation of work in progress during group assembly. In this case, the compensator
replaces one of the parts, the most suitable in form. In the design of Figure 1, when
implementing the group interchangeability method, the compensator is not initially used, a
sleeve similar to part 1 is made instead of it. When work in progress appears, production
and installation of a combined compensator is assumed as a link A 1 instead of the sleeve.

6 Conclusion
1. A technology to apply a compensator during assembly using the group
interchangeability method has been developed. It is implemented in two ways: the inclusion
of a compensator into each dimensional chain collected by the group interchangeability
method; the use of a compensator only at the stage of formation of work in progress during
group assembly by replacing one of the parts with it.
2. When implementing the methods, the information advantage of the selective
assembly is used - information about the actual dimensions of the parts (links) necessary to
sort the parts into groups. This eliminates the step of measuring the closing link during
assembly and simplifies the design of the compensator, reducing the number of control
steps.
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