MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
National Aerospace University named after M. Ye. Zhukovsky

“Kharkiv Aviation Institute”

INTERCHANGEABILITY AND STANDARDISATION.

INSTRUCTIONS FOR PERFORMANCE
OF CALCULATION-GRAPHIC PAPER

Kharkiv “KhAI” 2017



UDC 621.002: 006.015.3: 621.713 (075.8)
BBL 34.65173

164

HaBegeHO OCHOBHI BM3HAYeHHS €4AMHOT CUCTEMI AOMYCKIB i Nocagok. BuknageHo
(hopMynn Ans po3paxyHKiB rnagkux 3’efHaHb Bany i 0TBOPY, PO3MipiB Kanibpis, aHai-
3y 3’eflHaHb Ha OCHOBI 3aKOHY [faycca. [lofaHo NpuKnaay BUKOHaHHSA 3aBfaHb po3pa-
XYHKOBO-rpapiyHOi poboTn, a TaKoX (hparMeHTW CTaHAapTiB I pekoMeHdauil oo
NPoBefEeHHSA Po3paxyHKiB i No3Ha4YeHb NapameTpiB Ha ecKi3ax JeTanei.

[N CTyAeHTIB MexaHiYHUX creyiasibHOCTeR, SKi BUBYalOTb AMCUMNIIHY «B3ae-
MO3aMIHHICTb | CTaHAapTU3aLis».

Multiple authors:
M. K. Knyazyev, M. O. Kurin, K. A. Danko, Yu. O. Neveshkin, M. Yu. Kalinichenko

Reviewers: V. M. Dolya, Candidate of Engineering Science, Associate Professor;
M. F. Savchenko, Candidate of Engineering Science, Associate Professor

Interchangeability and Standardisation. Instructions for Performance of Calcula-

164 tion-Graphic Paper / M. K. Knyazyev, M. O. Kurin, K. A. Danko et al. — Kharkiv:
National Aerospace University named after M. Ye. Zhukovsky “Kharkiv Aviation
Institute”, 2017. — 60 p.

ISBN 978-966-662-528-4

Basic definitions of Unified System of Tolerances and Fits are submitted. Formu-
las for calculations of slick joints of shaft and hole, gauges dimensions, analysis of
joints with Gauss law are derived. Examples for performance of tasks of Calculation-
Graphic Paper are submitted, as well as fragments of Standards and recommendations
for calculations and designations of parameters in drawings of parts.

These instructions are for students of mechanical engineering specialties studying
discipline “Interchangeability and Standardisation”.

Figures 21. Tables 3. Bibliogr.: 8 references

UDC 621.002: 006.015.3: 621.713 (075.8)
BBL 34.6573

© Composite authors, 2017
© National Aerospace University named
after M. Ye. Zhukovsky
ISBN 978-966-662-528-4 “Kharkiv Aviation Institute”, 2017



INTRODUCTION

The purpose of this Calculation-Graphic Paper (CGP) is to obtain practical
knowledge and competences in applications of Unified System of Tolerances and Fits
(USTF), method of inspection with fixed gauges, statistical methods for analysis of
slick joins.

The knowledge obtained in performance of this Paper will be useful for students
learning the disciplines “Machines Parts”, “Designing of Aircraft Engines”, “Designing
of Airplanes and Helicopters”, “Manufacturing Technologies for Engines and Power
Plants”, “Manufacturing Technologies for Airplanes and Helicopters” and other design-
ing and manufacturing disciplines in educational direction of mechanical engineering.

The graphic part of the Paper is recommended to perform on the standard for-
mats A3. Only the CGP graphic part with calculations results is submitted to a teacher.

1. UNIFIED SYSTEM OF TOLERANCES AND FITS

The USTF standard DSTU 2500-94 (ISO 286) states the definitions for three types
of elements of machines parts.

Shaft is any external element of an item including not round (the first group).

Hole is any internal element of an item including not round (the second group).

There are also other elements not relating to shafts and holes (the third group).

Dimensions (sizes) of the first group (shafts) include dimensions of external
(male) surfaces. Dimensions of the second group (holes) include dimensions of internal
(female) surfaces. Dimensions of the third group (neither shafts nor holes) include di-
mensions coordinating positions of various elements (features) relative to other fea-
tures: steps and flat spots (position of one flat surface relative to another flat surface);
holes depths; slots depths; bosses heights; dimensions coordinating starts and ends of
threaded, conical, curvilinear surfaces; positions of axes and planes of symmetry for
holes, slots, ribs, etc.; dimensions of rounding radii, fillets, chamfers, etc. Feature is
any point, line or surface. Examples of main elements are shown in Fig. 1.1.

Thus, according to the USTF, shaft is an external element that can be created by
one or several surfaces. For example, dimension (size) of external element — cylindrical
surface d (ref. Fig. 1.1, i). Here the design element is created by segment of one surface
having diametrical dimension. In another case — dimension | (ref. Fig. 1.1, ii) — the de-
sign element “bead” is created by three features: two flat surfaces (faces) and segment
of cylindrical surface, located between two faces. Dimensions d and | are related to the
bodies of rotation. In prismatic bodies shaft-type elements are ribs, beads, etc. with
width dimension b (ref. Fig. 1.1, iii). In this case the design element is created by two
faces and one flat surface located between the faces.

According to the USTF hole can be created by one or several surfaces, for exam-
ple, internal element — cylindrical surface of diameter D (ref. Fig. 1.1, iv). Here the de-
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Fig. 1.1. Design elements and their dimensions

sign element is created by segment of one surface having diametrical dimension. In an-
other case — design element “groove” of dimension L (ref. Fig. 1.1, v) — is created by
three features: two flat surfaces (faces) and segment of cylindrical surface, located be-
tween two faces. In the case of design element “slot” of dimension B (ref. Fig. 1.1, vi)
Is created by two faces and segment of flat surface located between the faces.

Design elements of the third group (elements not relating to “shafts” and “holes”)
are: steps, elements of inclined surfaces, rounding radii, chamfers, elements with axes
of symmetry, elements with holes axes, etc.

By their essence the design dimensions of the third group are dimensions-
coordinates, because they determine positions (coordinates) of one features relative to
others: one surface relative to another (ref. Fig. 1.1, vii and 1.1, viii), one or several sur-
faces relative to axis (ref. Fig. 1.1, xi and 1.1, ix), several axes relative to another one
(ref. Fig. 1.1, x), point of beginning or finish of inclined surface relative to another sur-
face, line or point (ref. Fig. 1.1, xi, dimension cx45°), etc.

Two limit dimensions (maximum and minimum) of element are specified in the
form of nominal dimension (basic size) and two limit deviations — upper and lower.
Symbols applied for various types of elements are: capital letters for holes

D =Dyomgy ; small letters for shafts d =d,omS; capital or small letters for other ele-

ments b =bpom Bf'. Frequently in the USTF standards nominal dimension symbol is
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written without subscript “nom”: Dnom as simple D; dnom as simple d; bnom as simple b.

The USTF standard DSTU 2500-94 introduces term “basic deviation”.

Basic deviation (fundamental deviation) is one of two limit deviations (upper or
lower), which determines position of tolerance band relative to zero line. Basic devia-
tion is a deviation nearest to zero line.

Positions of tolerance bands are determined by standardised values of 28 basic de-
viations for shafts and 28 basic deviations for holes, which are designated by Roman
letters (Fig. 1.2):

- Small letters from a to zc for shafts;

- Capital letters from A to ZC for holes.

Zero line shows zero deviations from nominal dimension. Hence, position of zero
line is determined by nominal dimension value.

Basic deviations and tolerances are standardised (Appendix 1). In the standard
DSTU 2500-94 each letter symbol of basic deviation has numerical value depending on
nominal dimension value.

For nominal dimensions 20 accuracy (tolerance) grades are established for differ-
ent required levels of accuracy. They are designated by numbers increasing with toler-
ance value increase: 01; 0; 1; 2; 3... 17; 18 (ref. Appendix 1). Tolerance value is speci-
fied by letters IT and number of grade, for example: IT6, 1T12.

Combination of symbol for basic deviation and number of accuracy grade creates
tolerance band (zone, class). Tolerance band shows positions of tolerance and limit de-
viations relative to zero line (nominal dimension) and thus determining maximum and
minimum limit dimensions. Example of specifying the dimension with tolerance band:

#1656,
where @ — diameter symbol; 16 — nominal value of dimension; s — basic deviation;
6 — accuracy grade; s6 — tolerance band (class).

Tolerance is numerical value of tolerance band, which can be assigned by selec-
tion of suitable accuracy grade 1Tn and determined from the standard DSTU 2500-94
(ref. Appendix 1). But tolerance itself does not give full information to calculate maxi-
mum and minimum limit dimensions.

Tolerance band includes the basic deviation and tolerance value; therefore it can
give information about upper and lower limit deviations. In combination with nominal
dimension the tolerance band gives satisfactory data to calculate maximum and mini-
mum limit dimensions (limits of size).

In manufacturing engineering nominal dimensions, tolerances and limit devia-
tions are not standardised, because of economical reasons. When developing a manu-
facturing process documentation, production engineer specifies operation (executive)
dimensions in sketches for manufacturing operations to be performed by workers.

Executive dimensions (Fig. 1.3) are dimensions, which are specified in technolog-
ical manufacturing documentation.
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Fig. 1.2. Diagram for positions of basic deviations and their letter symbols

For holes executive dimension is a minimum limit dimension with positive upper

T

deviation equal to the tolerance D = Dmin+oD and lower deviation being zero, that cor-

responds to H basic deviation (ref. Fig. 1.3, a). For shafts executive dimension is a
maximum limit dimension with negative lower deviation equal to the tolerance

d=d
m

ax -T

and upper deviation being zero, that corresponds to h basic deviation

d
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Fig. 1.3. Diagram of positions of tolerance bands for specifying the executive (manu-

facturing) dimensions: a — for hole type parts (basic hole dimension); b — for shaft type

parts (basic shaft dimension); c¢ — for elements of parts not relating to holes and shafts
(dimension with symmetric deviations)

(ref. Fig. 1.3, b). That is, in technological sketches deviations are specified “into body”
of workpiece (into metal) that ensures maximum material condition for manufacture
and higher probability of quality items. And for the elements of the third group execu-
tive dimensions are specified with symmetric (positive and negative) limit deviations

b =b _T2 where bm = (bmax + bmin)/2, that corresponds to js basic deviation (ref.

Fig. 1.3, c).
! The )USTF establishes fits in the system of hole and in the system of shaft
(Fig. 1.4).

In the system of hole (hole-basis system of fits) the required clearances and interfer-
ences of fits are formed by combination of various tolerance bands of shafts with toler-
ance band of basic hole (H).

In the system of shaft (shaft-basis system of fits) the required clearances and inter-
ferences of fits are formed by combination of various tolerance bands of holes with toler-
ance band of basic shaft (h).

In a fit hole typically has lower accuracy (larger grade number 1T,) and shaft has

higher accuracy (smaller grade number 1Tn_;), for example, ®90ﬂ QlG%

g6 h9
System of hole and system of shaft are formally equal. But system of hole is pref-

erable in the most of cases. It is more economically sound, because shafts are easier
and cheaper for production as compared with holes of the same accuracy grade. For
machining of shafts mainly versatile cutting tools are applied, access to work surfaces
(outside open surfaces) is convenient. For machining of holes more complicated and
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Fig. 1.4. Diagram of positions of tolerance bands in system of hole and system of

shaft to create clearance, transition and interference fits: a — fits in system of hole with

tolerance bands of representative Shaft 1, Shaft 2 and Shaft 3 respectively according to

Fig. 1.2; b — fits in system of shaft with tolerance bands of representative Hole 1,
Hole 2 and Hole 3 respectively according to Fig. 1.2

precise cutting tools (drills, core drills, reamers, broaches, cutting tools fixed on boring
bars) are applied, access to work surfaces (internal semi-closed surfaces) is restricted.
These precision cutting tools are produced in a great amount for machining of H holes
(basic holes).

But in some cases the system of shaft is more preferable — cheaper and technically
more reasonable.

2. STUDY OF USTF SYSTEM (CGP Sheet 1)

Sheet 1 of Calculation-Graphic Paper contains three tasks: study of recommended
fits in graphic form; calculations of clearances and interferences values of various fits;
methods for specifying the design and manufacturing (executive) dimensions in draw-
ings and operation sketches. Also students obtain habit in selection of upper and lower
limit deviations by tolerance band and nominal dimension from the standards.

2.1. Standard GOST 25347-82 contains tables with recommended fits in the sys-
tem of hole and in the system of shaft (Appendix 2, Tables A.2.3 and A.2.4). For this
task basic hole H7 of accuracy grade IT7 and basic shaft h6 of accuracy grade IT6 are
selected for study of fits in both systems respectively. Basic hole H7 and basic shaft h6
are common data for all the tasks given to students. The distinctive value will be only
nominal diameter value. These features are shown in the title of Sheet 1, as well as the
basic interval of dimensions selected from the standard according to a student’s task
and limits of middle range for linear dimensions 1 to 500 mm. For example the title for



student’s task @160H7/k6 is shown in Fig. 2.1. In this example the basic hole H7, rec-
ommended for study of fits, coincided with the symbol H7 in this task.

Liagram for location of recommended folerance bands for fifs in system of hole
al accuracy grage (77 and i sysitem of shaff af 176
of basic inferval of dmensions of 120 fo 180 mm
i1 mddte range of =500 mm

Fig. 2.1. Example of the Sheet 1 Title for @160

2.2. Plot diagram with all recommended fits in system of hole H7 and system of
shaft h6 (Fig. 2.2) according to the standard GOST 25347-82 (ref. Appendix 2).

Among recommended fits the standard GOST 25347-82 contains preferred fits.
Tolerance bands of preferred shafts and holes for joints with basic hole and basic shaft
are shown by thick-line frames.

2.3. Use the diameter value, specified in student’s task, for determination of di-
mensions interval, basic deviations and tolerances from the standard DSTU 2500-94
(Appendix 1: Table A.1.1 — Tolerances, Table A.1.2 — Basic deviations for shafts, Ta-
ble A.1.3 — Basic deviations for holes). Specify boundaries of different fits types with
vertical lines and writings.

Basic (fundamental) deviation is one of two limit deviations nearest to zero line
(ref. Fig. 1.2). Second (non-basic) deviation of tolerance band is determined with help
of basic deviation and tolerance:

- For shafts (ref. Fig. 1.2 and Fig. 2.2)

- basic deviation from a to h (upper limit deviation es)

ei =es—Tyq, (2.1)
- basic deviation from k to zc (lower limit deviation ei)
es=ei+ Tg; (2.2)

- For holes (ref. Fig. 1.2 and Fig. 2.2)
- basic deviation from A to H (lower limit deviation EI)

ES=EI + Tp, (2.3)
- basic deviation from K to ZC (upper limit deviation ES)
El =ES - To. (2.4)

Symmetric limit deviations of Js holes and js shafts are found from the expression
+ 1Tn/2, where ITn is tolerance value by n-th accuracy grade.

For example, for shaft @160c8, the c basic deviation is upper limit deviation (ref.
Fig. 2.2). According to the standard DSTU 2500-94 and nominal dimension @160 its
numerical value equals es = — 210 um (ref. Appendix 1, Table A.1.2). Tolerance ac-
cording to the 8" accuracy grade is Tq = 63 pm (ref. Appendix 1, Table A.1.1). Hence,
from the formula (2.1) lower limit deviation is ei = (- 210) — 63 = — 273 um.

For shaft @160j6 (ref. Fig. 2.2) symmetric limit deviations are: the upper
es =+I1T6/2 = +25/2 = +12.5 pum; the lower el = - 1T6/2 = - 25/2 = - 12.5 um.
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For shaft @160p6, the p basic deviation is lower limit deviation (ref. Fig. 2.2) and
according to the standard DSTU 2500-94 and nominal dimension @160 its numerical
value equals ei = + 43 um (ref. Appendix 1, Table A.1.2). Tolerance according to the
6™ accuracy grade is Tq = 25 um (ref. Appendix 1, Table A.1.1). Hence, from the for-
mula (2.2) upper limit deviation is es = (+ 43) + 25 = + 68 um.

For example, for hole @160F8, the F basic deviation is lower limit deviation (ref.
Fig. 2.2) and according to the standard DSTU 2500-94 and nominal dimension @160
its numerical value is EI = + 43 um (ref. Appendix 1, Table A.1.3). Tolerance accord-
ing to the 8" accuracy grade is To = 63 um (ref. Appendix 1, Table A.1.1). Hence, from
the formula (2.3) upper limit deviation is ES = (+ 43) + 63 = + 106 um.

For hole @160N7, the N basic deviation is upper limit deviation ES = - 27 + A
(ref. Appendix 1, Table A1.3), where A = 15 (the special rule) for 7" accuracy grade.
Hence, upper limit deviation ES = - 27 + 15 = - 12 pum. Tolerance is Tp = 40 um (ref.
Appendix 1, Table A.1.1). From the formula (2.4) lower limit deviation is
El = (-12) - 40 = - 52 um (ref. Fig. 2.2).

Check the correctness of upper and lower deviations with the GOST 25347-82
standard (ref. Appendix 2).

Limit deviations for other tolerance bands are selected from the GOST 25347-82
standard and written down in the Sheet 1 diagram (ref. Fig. 2.2).

2.4. Select arbitrary per any 3 fits in system of hole (Fig. 2.3) and in system of
shaft (Fig. 2.4) including clearance fits, transition fits and interference fits. Calculate
maximum, mean and minimum dimensions, tolerances, clearances and interferences
from the formulas (here D is Dnom and d is dnom):

- Maximum hole diameter Dmax = D + ES; (2.5)
- Minimum hole diameter Dmin = D + El; (2.6)
- Mean hole diameter Dm = (Dmax + Dmin)/2 = D + EM, where EM = (ES + EI)/2; (2.7)
- Tolerance of hole diameter Tp = Dmax — Dmin = ES — El,; (2.8)
- Maximum shaft diameter dmax = d + €s; (2.9)
- Minimum shaft diameter dmin = d + ei; (2.10)
- Mean shaft diameter dm = (dmax + dmin)/2 = d + em, where em = (es + ei)/2; (2.11)
- Tolerance of shaft diameter Ty = dmax — dmin = €S — €li; (2.12)
- Maximum and minimum clearances of fit
Smax= Dmax— Gmin=ES —€i;  Smin= Dmin— dmax= EI —es; (2.13)
- Mean clearance of fit
Sm =Dm—-dn=EM -em,; (2.14)
- Maximum and minimum interferences of fit
Nmax = Omax— Dmin=€S — El;  Nmin = dmin— Dmax = €1 — ES; (215)
- Mean interference of fit
Nm =dm— Dm=em - EM,; (2.16)
- Fit tolerance (variation of fit) Ts=Tp + Tq. (2.17)
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Pay attention to transition fits. They have only maximum clearance Smax and
maximum interference Nmax (N0 minimum clearance and no minimum interference) and
mean clearance or mean interference depending on what is larger, mean-diameter shaft
or mean-diameter hole.

The calculation results for the fits presented in Fig. 2.3 and Fig.2.4 are submitted
in the Sheet 1 Table (Table 2.1).

Example of calculations for the clearance fit @160H7/c8 is submitted below.
Here it should be taken into account that deviations are given in micrometres (pm) and
their converting to millimetres (mm) is needed (1 pm = 0.001 mm).

Parameters of basic hole @160H7 are from the formulas (2.5), (2.6), (2.7), (2.8)
(ref. Fig. 2.3 and Table 2.1):

Dmax = D + ES =160 + (+0.040) = 160.040;
Dmin =D + EIl =160 + 0 = 160;
Dm = (Dmax + Dmin)/2 = (160.040 + 160)/2 = 160.020;
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EM = (ES + EI)/2 = (+40 + 0)/2 = +20 pm = +0.020 mm;
Dm =D + EM = 160 + (+0.020) = 160.020;

Tb = Dimax — Dimin = 160.040 — 160 = 0.040;

To = ES — EI = (+40) — 0 = 40 pm = 0.040 mm.

Parameters of shaft @160c8 are from the formulas (2.9), (2.10), (2.11), (2.12):

dmax = d + es = 160 + (-0.210) = 159.790;

dmin = d + ei = 160 + (-0.273) = 159.727;

dm = (dmax + dmin)/2 = (159.790 + 159.727) /2 = 159.7585;

em = (es + ei)/2 = ((-210) + (-273))/2 = -241.5 pm = - 0.2415 mm;
dm =d +em =160 + (- 0.2415) = 159.7585;

Td = dmax — dmin = 159.790 — 159.727 = 0.063;

Tg=es—ei =(-210) — (-273) = 63 um = 0.063 mm.
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Table 2.1. Calculations results for fits in the system of hole and system of shaft

System of hole System of shaft
Basic hole H7 (EI = 0) Basic shaft h6 (es = 0)

D, Dmax, Dm, Dmin, TD, d, dmax, dm, dmin, Td,
mm mm mm mm mm mm mm mm mm mm
160 | 160.040 | 160.020 | 160 0.040 || 160 160 | 159.9875 | 159.975 | 0.025
Fits clearance| transition |interference|| Fits clearance | transition |interference
Shafts c8 |S6 p6 Holes F8 N7 S7

max [(159.790 |160.0125 | 160.068 max |160.106 | 159.988 | 159.915

d |mean|159.7585 [160.000 160.0555 || D [mean|160.0745 | 159.968 | 159.895

min |[159.727 |159.9875 | 160.043 min |160.043 |[159.948 | 159.875
+0.0525 +0.013

+S max | +0.313 _0.0125 —0.068 +S max | +0.131 _0.052 -0.125

—N |mean| +0.2615 | +0.020 —-0.0355 [|—N |mean| +0.087 —0.0195 | —-0.0925

min | +0.210 e —0.003 min | +0.043 _ —0.060

Td, mm 0.063 0.025 0.025 Tp, mm 0.063 0.040 0.040

Ts=Tp+Ta| 0.103 0.065 0.065 Ts=Tp+Ta| 0.088 0.065 0.065

Parameters of the clearance fit @160H7/c8 (ref. Fig. 2.2) are calculated from the
formulas (2.13), (2.14) and (2.17) (ref. Fig. 2.3 and Table 2.1):
Smax= Dmax— dmin = 160.040 — 159.727 = 0.313 (with assigned “+” for clearances);
Smax= ES —ei = (+40) — (-273) = 313 pm = 0.313 mm;
Smin= Dmin— Omax= 160 — 159.790 = 0.210 (with assigned “+” for clearances);
Smin = El —es =0 - (-210) = 210 pum = 0.210 mm;
Sm = Dm—-dm=160.020 — 159.7585 = 0.2615 (with assigned “+” for clearances);
Sm =EM-em = (+20) — (-241.5) = 261.5 um = 0.2615 mm;
Ts=Tp+ Tq=0.040 + 0.063 = 0.103.
Example of calculations for the interference fit @160H7/p6 is submitted below.
Parameters of basic hole @160H7 are calculated from the formulas (2.5), (2.6),
(2.7), (2.8) and submitted above and in Fig. 2.3 and Table 2.1.
Parameters of shaft @160p6 are from the formulas (2.9), (2.10), (2.11), (2.12):
dmax = d + es = 160 + (+0.068) = 160.068;
dmin = d + ei = 160 + (+0.043) = 160.043;
dm = (dmax + dmin)/2 = (160.068 + 160.043) /2 = 160.0555;
em = (es + ei)/2 = ((+68) + (+43))/2 = +55.5 pym = +0.0555 mm;
dm =d + em =160 + (+0.0555) = 160.0555;
Td = dmax — dmin = 160.068 — 160.043 = 0.025;
Ta=es—ei =(+68) — (+43) = 25 um = 0.025 mm.
Parameters of the interference fit @160H7/p6 (ref. Fig. 2.2) are calculated from
the formulas (2.15), (2.16) and (2.17) (ref. Fig. 2.3 and Table 2.1):
Nmax = Omax— Dmin = 160.068 — 160 = 0.068 (with assigned “~" for interferences);
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Nmax = €s — El = (+68) — 0 = 68 um = 0.068 mm;

Nmin = Omin— Dmax = 160.043 — 160.040 = 0.003 (with assigned “-” for interferences);
Nmin = el — ES = +43 — (+40) = 3 um = 0.003 mm;

Nm = dm— Dm=160.0555 — 160.020 = 0.0355 (with assigned “-” for interferences);
Nm =em - EM = (+55.5) — (+20) = 35.5 pm = 0.0355 mm;

Ts=Tp+ Tq=0.040 + 0.025 = 0.065.

Example of calculations for the transition fit @160H7/js6 is submitted below.

Parameters of basic hole @160H7 are calculated from the formulas (2.5), (2.6),
(2.7), (2.8) and submitted above and in Fig. 2.3 and Table 2.1.

Parameters of shaft @160js6 are from the formulas (2.9), (2.10), (2.11), (2.12):
dmax = d + es = 160 + (+0.0125) = 160.0125;
dmin = d + ei = 160 + (-0.0125) = 159.9875;

dm = (dmax + dmin)/2 = (160.0125 + 159.9875) /2 = 160.0;

em = (es + ei)/2 = ((+12.5) + (-12.5))/2 = 0;
m=d+em =160 + 0 = 160.0;

T4 = dmax — dmin = 160.0125 — 159.9875 = 0.025;

Tg=es—ei=(+12.5) — (-12.5) = 25 pm = 0.025 mm.

Parameters of the transition fit @160H7/js6 (ref. Fig. 2.2) are calculated from the
formulas (2.13), (2.15), (2.14) and (2.17) (ref. Fig. 2.3 and Table 2.1):

Nmax = Omax— Dmin = 160.0125 — 160 = 0.0125 (with assigned “~" for interferences);
Nmax=es—El = (+12.5) - 0 =12.5 pm = 0.0125 mm;

Smax= Dmax— dmin = 160.040 — 159.9875 = 0.0525 (with assigned “+” for clearances);
Smax= ES — el = (+40) — (-12.5) = 52.5 pm = 0.0525 mm.

Formula (2.14) for mean clearance Sy is selected because mean-diameter hole is
larger than mean-diameter shaft Dm > dm, that corresponds to EM > em:

Sm = Dm—-dm=160.020 — 160.0 = 0.020 (with assigned “+” for clearances);
Sm =EM -em = (+20) - 0 =20 um = 0.020 mm;
Ts=Tp+ Tq=0.040 + 0.025 = 0.065.

Calculations of parameters for the fits in system of shaft are produced with the
same formulas (2.5) to (2.17). The only difference is that parameters of basic shaft (for
example, @160h6) are calculated one time for all the holes in respective fits (ref.
Fig. 2.4 and Table 2.1).

2.5. Draw the sketches of hole, shaft and slick joint of hole and shaft (Fig. 2.5).
Specify various types of design dimensions for your personal task: 1) with tolerance
band (@160H7, @160k6); 2) with limit deviations (216077, @16015-928); 3)in

combined form — both with tolerance band and limit deviations (®160H7(+0'O4),
@160k6 (10928 )) (ref. Fig. 2.5, , b, d, €).
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Fig. 2.5. Specifying dimensions in drawings and operation sketches for holes (a, d),
shafts (b, ) and for assembly units (c, f) in system of hole and in system of shaft

Also specify executive (manufacturing) dimensions for hole and shaft (tolerance
is directed into “body of part”): for hole D = Dmin'™ (2160 %% and @160.043 *0-063

in Fig. 2.5, a and Fig. 2.5, d, respectively) and for shaft d = dmaX-Td (8160.028 _, o5

and @160_ o5 in Fig. 2.5, b and Fig. 2.5, e, respectively).

With this purpose calculate the needed values from the formulas:
- Minimum hole diameter Dmin = Dnom + EIl. For example, Dmin = 160 + 0 = 160 (ref.
Fig. 2.5, a) and Dmin = 160 + (+0.043) = 160.043 (ref. Fig. 2.5, d);
- Tolerance of hole diameter Tp = ES — EI. For example, Tp = (+0.040) — 0 = 0.040
(ref. Fig. 2.5, a) and Tp = (+0.106) — (+0.043) = 0.063 (ref. Fig. 2.5, d);
- Maximum shaft diameter dmax = dnom + €S. For example, dmax = 160 + (+0.028) =
= 160.028 (ref. Fig. 2.5, b) and dmax = 160 + 0 = 160 (ref. Fig. 2.5, e);
- Tolerance of shaft diameter Tq = es — ei. For example, Tq = (+0.028) — (+0.003) =
= 0.025 (ref. Fig. 2.5, b) and Tq = 0 — (-=0.025) = 0.025 (ref. Fig. 2.5, €)

Show three types of design dimensions for the fit in similar manner in the joint of
hole and shaft parts (ref. Fig. 2.5, ¢ and Fig. 2.5, f).
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3. STUDY OF FIXED GAUGES (CGP Sheet 2)

The similarity principle is a basis for check of parts with fixed gauges.

According to the similarity principle fixed gauge should imitate that item, which
will be in contact with a checked part. Hole is checked by shaft-gauge (plug gauge),
and shaft is checked by hole-gauge (ring gauge and snap gauge).

Maximum limit dimension of shaft dmax and minimum limit dimension of hole
Dmin are checked with GO-gauges. These limits are called maximum material limits
(Fig. 3.1). Minimum limit dimension of shaft dmin and maximum limit dimension of
hole Dmax are checked with NOT-GO gauges and respectively the limits are called min-
imum material limits.

Fixed gauges are high accuracy parts produced under the requirements of the
GOST 24853-81 standard. The standard states tolerances for work and reference gaug-
es (H — for plug gauges, H; — for snap gauges, Hp — for reference plug gauges), wear
limits y for plug gauges and y; for snap gauges depending on accuracy and nominal di-
mensions of hole and shaft parts (Figs. 3.2 and 3.3). According to the standard the nom-
inal dimensions of GO gauges are displaced at values Z and Z; relative to maximum
material limits of parts. Nominal dimensions of gauges equal mean values (dm, Dm) and
therefore design dimensions are written with basic deviation Js (symmetrical upper and

lower limit deviations): for work plug gauges dp = dpm % %; for work snap gauges Ds =

Dsmz %; for reference plug gauges dr = drm* H—ZP (ref. Appendix 3, Table A.3.1).

Minimum | Dmax >
- Maximum material p———
Mm'm_um material limit NOT-GO
material limit Xy f—=r
it y=| reclaimable reject waste [ —+—7
' GO
77 7 N7 Maximum .
o MA - material '=D'='
(ID el —-——=——-- fall ||m|t < min ;TD<:_
AR 2z = NI\
©
Z y |shaft y= \ F\ : :%%
hole] 1 NN
NOT-GO snap gauge GO snap gauge - Xir >
reclaimable reject
a b

Fig. 3.1. Diagram for check of ashaft with snap gauges (a) and check of a hole
with plug gauges (b)
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Fig. 3.2. Diagram for calculations of dimensions of work plug gauges for check of
hole part

Executive (manufacturing) dimensions are rounded off according to the rules:

1) dimensions of work gauges are rounded off to the value divisible by 0.5 um
(0.0005 mm) — the fourth digit after decimal point should be 5 or 0;

2) Dimensions of gauges are rounded off in such a manner that rounded dimen-
sions are displaced inward of manufacturing tolerance to the mean deviation EM (or
em) for the part (hole or shaft) — see Figs. 3.2 and 3.3;

Wear limit ¢ =BT g

s >k 1 N Ve 5[ &
— ~~
/ I Hl a| T dr-Wmin o g g
A A ’\TA T T Jc Z| 2
vV | = =——=—-1 N A ———==%Fr - OI|T
Sg | TS0 _Ivx Rounded  Lgaoo it A
o5 | | | =-=-==-= - A= o .

o 8‘1": em X L x & c
- c s —T1T—-T7T————"——— &T g gl gl g =

[«B] o (@) — O gl = (O] : o
= ‘= ol ® T O 9| § o| x| o _x
°co |Ala 3l o ol ©| ol ©
l_ g - - - - - - D D(D - —— i —— e — —
/ A A

. A !N_C)I'_G_O N _4_)\_ _ 1 R;N.QT_ .I A \

€l = X MRounded cLT A
I

é @ c 3| %
=] E Snaps 3l | £ Plugs E| gl E| &
: 5 ElE|E 5| 8 5| 5

Z Z| =z
© a) of of 2 z z
Zl =z Z x | o

Fig. 3.3. Diagram for calculations of dimensions of work snap and ring gauges for
check of hole part and reference plug gauges for check of work gauges
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3) in a drawing the deviations of executive dimensions of gauges are specified “in-
0 :
to body” of gauge — for plugs d = dmaX'Td (basic shaft h, es = 0) and for snaps
D= Dmin+gD (basic hole H, EI = 0).

Dimensions of work plug gauges are calculated from the formulas compiled from

Fig. 3.2:
- GO gauge dimensions:
- mean (nominal) dimension dcom = Dmin + Z; (3.1)
- maximum limit dimension deomax = deom + H/2; (3.2)
- minimum limit dimension dcomin = deom — H/2; (3.3
- wear limit dimension deow = Dmin = Y; (3.4)
- NOT-GO gauge dimensions:
- mean (nominal) dimension dnotm = Dmax; (3.5)
- maximum limit dimension dnoTmax = dnoTm + H/2; (3.6)
- minimum limit dimension dnotmin = dnotm — H/2. (3.7)

Executive (manufacturing) dimensions of plug gauges are rounded off (shown by
dotted lines in Fig. 3.2) according to the rounding rules and specified in the form of
basic shaft dimension (es = 0):

- GO plug gauge deo = dgomax R _?_| ; (3.8)
- NOT-GO plug gauge dnot = d NOT max R -?—| : (3.9)

Also the GOST 24853-81 standard states parameters of work (snap and ring) gauges
for check of shaft parts and reference plug gauges for check of work gauges (ref. Fig. 3.3).

Dimensions of work snap gauges are calculated from the formulas compiled from
Fig. 3.3 (see also Appendix 3, Table A.3.1):

- GO gauge dimensions:

- mean (nominal) dimension Dcom = dmax — Z1; (3.10)
- maximum limit dimension Dcomax = Deom + H1/2; (3.11)
- minimum limit dimension Dgomin = Deom — H1/2; (3.12)
- wear limit dimension Dgow = Omax + Y7, (3.13)
- NOT-GO gauge dimensions:
- mean (nominal) dimension Dnotm = dmin; (3.14)
- maximum limit dimension DnoTmax = Dnotm + H1/2; (3.15)
- minimum limit dimension Dnotmin = Dnotm — H1/2. (3.16)

Executive (manufacturing) dimensions of snap gauges are rounded off (shown by
dotted lines in Fig. 3.3) according to the rounding rules and specified in the form of
basic hole dimension (EI = 0):
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+H,

- GO snap gauge Dco = DgominR 0 ; (3.17)
- NOT-GO snap gauge Dnot = DNOT min R ;Hl. (3.18)
Dimensions of reference plug gauges are calculated from the formulas compiled
from Fig. 3.3:
- R-GO reference gauge dimensions:
- mean (nominal) dimension dr-com = Dcom; (3.19)
- maximum limit dimension dr-comax = dr-com + Hp/2; (3.20)
- minimum limit dimension dr-comin = dr-com — Hp/2; (3.21)
- R-W reference gauge dimensions:
- mean (nominal) dimension dr-wm = Dcow; (3.22)
- maximum limit dimension dr-wmax = dr-wm + Hp/2; (3.23)
- minimum limit dimension dr-wmin = dr-wm — Hp/2; (3.24)
- R-NOT reference gauge dimensions:
- mean (nominal) dimension dr-notm = DnoTm = dmin; (3.25)
- maximum limit dimension dr-noTmax = dr-NoTm + Hp /2; (3.26)
- minimum limit dimension dr-noTmin = dr-noTm — Hp /2. (3.27)

Executive (manufacturing) dimensions of reference plug gauges are rounded off
(shown by dotted lines in Fig. 3.3) according to the rounding rules and specified in the
form of basic shaft dimension (es = 0):

- R-GO reference gauge dr-co = dR- GOmaxR ?_l ; (3.28)
-HAp
- R-W reference gauge dr-w = dR_\W max R ?_I ; (3.29)
-Hp

- R-NOT reference gauge dr-not = dR. NOT max R (3.30)

- HP

3.1. When performing the CGP Sheet 2, plot diagram of tolerance bands for hole,
shaft and fixed gauges for indiviadual task (example submitted in Fig. 3.4). Use the
GOST 24853-81 standard (ref. Appendix 3) to plot tolerance bands of work GO gauges
relative to maximum material limit (minimum limit dimension Dmin Of hole part and
maximum limit dimension dmax Of shaft part) and NOT-GO gauges relative to minimum
material limit (maximum limit dimension Dmax Of hole part and minimum limit dimen-
sion dmin Of shaft part). Select numerical values of parameters of tolerance bands for
gauges: H; Z; Y; Hi; Z1; Yi; Hp. Write down them in diagram and in the Sheet 2 Table
(Table 3.1). Pay attention that parameters of tolerance bands are given in the standard
in  micrometres (um) and their converting to millimetres (mm) is needed
(1 pm =0.001 mm) when performing the calculations.
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Fig. 3.4. Example of diagram for calculations of dimensions for work and reference

gauges

Table 3.1. Calculations results of dimensions for fixed gauges for hole @160H7 and

shaft @160k6
H Dimensions
Gauge Zzl Hi ;(1 limit executive
Hp max min (rounded off)
@ |GOnew | 6 — | 160.010 160.002 160.010-0.008
% GO warn | — — 4 - 159.996 -
it NOT-GO | — 8 — | 160.044 160.036 160.044 9.008
GOnew | 6 8 — | 160.026 160.018 160.018+0-008
_ | GOwarn | — — 4 | 160.032 — -
qf_—j NOT-GO | — 8 — | 160.007 159.999 159.999+0-008
E R-GO 6 | 3.5 | — | 160.02375 | 160.02025 | 160.0235_0.0035
R-W — | 35| 4 | 160.03375 | 160.03025 | 160.0335-0.0035
R-NOT - | 35| — | 160.00475 | 160.00125 | 160.0050-0.0035
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3.2. Perform calculations of dimensions of plugs (for hole) and snaps (for shaft) ac-
cording to the diagrams and formulas above and write down the results into Table 3.1.

i . . . . 0
Specify executive dimensions for gauges as for basic shaft d = dmaX'Td (plugs)

. + . . .
or for basic hole D = Dyin gD (snaps). If necessary, round off executive dimensions

according to the rules.
Example of calculations of dimensions with formulas (3.1) to (3.9) for work

plug gauges for check of hole part @160H7 is the following:
- GO plug gauge dimensions:
- mean (nominal) dimension deom = Dmin + Z = 160 + 0.006 = 160.006;
- maximum limit dimension decomax = deom + H/2 = 160.006 + 0.004 = 160.010;
- minimum limit dimension deomin = deom — H/2 = 160.006 — 0.004 = 160.002;
- wear limit dimension deow = Dmin — Y = 160 — 0.004 = 159.996;
- NOT-GO plug gauge dimensions:
- mean (nominal) dimension dnotm = Dmax = 160.040;
- maximum limit dimension dnotmax = dnoTtm + H/2 = 160.040 + 0.004 = 160.044;
- minimum limit dimension dnotmin = dnotm — H/2 = 160.040 — 0.004 = 160.036;
- executive (manufacturing) dimensions of plug gauges (no rounding off needed):

- GO plug gauge deo = dgo max _‘:I = 160.010_0.008;

- NOT-GO plug gauge dnot = d NOT max _?_I = 160.044_0.00s.

Example of calculations of dimensions with formulas (3.10) to (3.18) for work
snap gauges for check of shaft part @160k6 is the following:
- GO snap gauge dimensions:
- mean (nominal) dimension Deom = dmax — Z1 = 160.028 — 0.006 = 160.022;
- maximum limit dimension Deomax = Deom + H1/2 = 160.022 + 0.004 = 160.026;
- minimum limit dimension Dcomin = Deom — H1/2 = 160.022 — 0.004 = 160.018;
- wear limit dimension Deow = dmax + Y1 = 160.028 + 0.004 = 160.032;
- NOT-GO snap gauge dimensions:
- mean (nominal) dimension Dnotm = dmin = 160.003;
- maximum limit dimension Dnotmax = Dnotm + H1/2 = 160.003 + 0.004 = 160.007;
- minimum limit dimension Dnotmin = Dnotm — H1/2 = 160.003 — 0.004 = 159.999;
- executive (manufacturing) dimensions of snap gauges (no rounding off needed):

- GO snap gauge Deo = Dgomin ng = 160.018*0-008:

- NOT-GO snap gauge Dnot = DnoTmin T2 = 159.99970-008,
0
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Example of calculations of dimensions with formulas (3.19) to (3.30) for refer-
ence plug gauges for check of work snap gauges is the following:
- R-GO reference gauge dimensions:
- mean (nominal) dimension dr-com = Deom = 160.022;
- maximum limit dimension dr-comax = dr-com + He/2 = 160.022 + 0.00175 = 160.02375;
- minimum limit dimension dr-comin = dr-com — He/2 = 160.022 — 0.00175 = 160.02025;
- R-W reference gauge dimensions:
- mean (nominal) dimension dr-wm = Deow = 160.032;
- maximum limit dimension dr-wmax = dr-wm + He/2 = 160.032 + 0.00175 = 160.03375;
- minimum limit dimension dr-wmin = dr-wm — Hp/2 = 160.032 — 0.00175 = 160.03025;
- R-NOT reference gauge dimensions:
- mean (nominal) dimension dr-notm = Dnotm = dmin = 160.003;
- maximum limit dimension dr-notmax = dr-notm + Hp/2 = 160.003 + 0.00175 = 160.00475;
- minimum limit dimension dr-notmin = dr-notm — He /2 = 160.003 — 0.00175 = 160.00125;
- executive (manufacturing) dimensions of reference plug gauges are rounded off:

- R-GO reference gauge dr-co = dR- GOmax R ?_I = 160.0235-0.0035;
-Hp

- R-W reference gauge drw = dR-\W max R ?_l = 160.0335-0.0035;
- HAp

- R-NOT reference gauge dr-not = dR. NOT max R ?_I = 160.0050-0.0035.
-Hp

3.3. Draw sketches of gauges: work plug gauges (Fig. 3.5) and work snap gauges
(Fig. 3.6). Write down special information related to parts dimensions to be checked.
Specify executive dimensions in gauges sketches. Specify requirements for form accu-
racy and roughness on work surfaces of gauges according to the recommendations
submitted in the Appendix 4.

O aoos A 0005
\/Ralk /Ra0® y
i
S —ft—-—H-—T-GO-0040 #160H7 G0 O+—H—-—-H—
2 SOT— , S
f SR RRIRHRARKKRN 2
I
Fig. 3.5. Example of sketch for double-end double-limit plug gauge for check of

hole part @160H7
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Fig. 3.6. Example of sketch for single-end double-limit snap gauge for check of
shaft part @160k6

4  ANALYSIS OF FITS FOR SLICK JOINTS (CGP Sheet 3)

4.1. Write down initial data in the right top corner of the CGP Sheet 3 (Fig. 4.1),
for example @160H7/k6.

4.2. Plot diagram of tolerance bands for hole and shaft parts according to the fit
specified in your task (ref. Fig. 4.1). Calculate maximum and minimum clearances
and/or interferences with selecting proper formulas applied to your type of fit (clear-
ance, transition or interference):

Smax= ES — e|, Smin=EIl - €s,

Nmaxz es — EI, Nmin = el - ES
In the considered example for transition fit

Smax= ES —ei = +40 — (+3) = 37 um;

Nmax=e€s— El = +28 — 0 =28 um.
Specify the calculated values in the diagram with dimension lines (ref. Fig. 4.1).
Also write down mean deviations of tolerance bands of hole and shaft:

ES + ElI es+ei
- em=
2 2

EM =
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ES =+40 N A

Initial data: 7 )
@160H7/k6
n = 1000 joints es =+28 Nmax = 28
w =60 S0 A ) 7 Y
Pa=00973 |9 EM=+201| & A .
] N : =+15.5| 10 7 3
Pp = 0.27% ! IR e %/ c
£ 5 O
+T =l | HY = ko ke ///; 8
- Ll PHTY
0 ei = +3 0HA—H4 <Q
1 A EI=0 k6|
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J3S S| 8 S
= g2 3| @ =
Q Q Q| S I
l—
Y
S Vsmax =37

Fig. 4.1. Example of tolerance bands for hole, shaft, fit and their parameters for
transition fit @160H7/k6

In the considered example:

EM :% = +20 pm; em:(+ 28)+(+3)

=+15.5 pm.

4.3. Plot diagram of tolerance band for the fit (ref. Fig. 4.1). Axes for clearance S
and interference N are directed in opposite sides. Portion of interferences is hatched,
portion of clearances is clear (without hatching).

4.4. Calculate the tolerances and standard deviations in micrometres (um) from
the formulas:

-Forhole To=ES-EIl;, 0p=Tbp/6;

- For shaft Tq = es — ei; 0d=Tq/6;

-ForfitTs=To+Ta, Sa=ySo+S..

Here it is assumed for theoretical analysis of fits that tolerances of parts are T = 60.
In the considered example the calculations are:

- For hole: Tp = (+40) — 0 = 40 um; op =40/ 6 =6.667 pum;

- For shaft: Tq = (+28) — (+3) =25 um; 04 =25/6=4.167 um;

- For fiit: Ty = Tp+ Ta = 40 + 25 = 65 um; 0y =6.6672 + 41672 = 7.862 ym.
Write down the results of calculations into Table 4.1.
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Table 4.1. Calculations results for plotting Gauss curves for hole, shaft and fit

A160H7/k6
To Td Ts OD Od Oy
40 25 65 6.667 4.167 7.862
z 0 0.5 1.0 1.5 2.0 3.0 4.0
t(z) 0.3989|0.3521|0.2420| 0.1295| 0.0540 | 0.0044 | 0.00013

yo=(t /op)x10° | 59.83 | 52.81 | 36.30 | 19.42 | 8.10 | 0.66 -
yao=(t /0q)x10° | 95.73 | 84.50 | 84.50 | 58.08 | 31.08 | 12.96 -
ys=(t /oa)x10% | 50.74 | 44.79 | 30.78 | 16.47 | 6.87 | 056 | 0.02
Ax=zxoy | 0.00 | 393 | 7.86 | 11.79 | 15.72 | 23.59 | 31.45

4.5. Select t values of Laplace function from the t(z) table for z equals 0, 0.5, 1.0,
1.5, 2.0, 3.0, 4.0 (Appendix 5). Calculate probability density yo for hole, yq for shaft, y=
for fit and absolute deviation Ax values from the formulas respectively

t t t
= —x 103 = —x 103 = —x 103 AX =7 X Oy,
yo 0o Yd 04 y= Os 3
where 10 is a scale coefficient for plotting y curves; t — normalised distribution density.

Write down the results into the Table 4.1.

4.6. Use these data for plotting distribution curves for hole and shaft actual di-
mensions (Fig. 4.2). It is convenient to plot curves of y(Ax) function with y and Ax val-
ues expressed in millimetres with specifying numbers of o.

From the middle point of the tolerance band draw axis y. Put the y(Ax) values as
points at Ax equal to 0, £0.505, *loy, £1.505, 205, £305 (ref. Table 4.1). Connect
points with a smooth line to obtain Gaussian distribution curves y(Ax).

X o

o

N J| ES=+40 X
I +30 I <A

A o g 'L
= +20 ) es = +28 —

Yb { 59.83

| +30 — ™
+0 H7 EM V +2G" A B
0 1 em +0 1 o
5 +20 § k6 | o
M15.5 -o g 3
—201 _20-£\,
V\ﬁ_so- —-30 —

EI=0 ei=+3

+

]

0

Fig. 4.2. Example of plotting Gaussian curves for hole @160H7 and shaft @160k6
tolerance bands
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Calculate mean-probability value of clearance or of interference from the perti-

nent formula
Sw"=EM-em or Nm’=em-EM.

Specify the calculated value in the sketch (ref. Fig. 4.2).

Selection of proper formula depends on the larger value of mean dimension of
hole Dm (respectively EM) or mean dimension of shaft dm (respectively em).

In the considered example (ref. Fig. 4.2) the mean-diameter hole is larger than
mean-diameter shaft (EM > em) and so this mean-probabilistic fit will be with clear-
ance. Hence, the selected formula is

SmP = EM —em = (+20) — (+15.5) = 4.5 pm.

4.7. Plot the distribution curve for clearances and/or interferences in the joint
(Fig. 4.3). Start from axes Ax and z. Select arbitrary, but proper scale, for example, scale
for Ax could be 2 millimetre per 1 micrometre from Table 4.1 (like in this example).

From zero point draw vertical axis y. Put the y(Ax) values as points at Ax equals 0,
+0.505, 1oy, £1.505, £205, 305, +405. Connect points with a smooth line to obtain
Gaussian distribution curve. Write down values of fit tolerance Ts and confidence in-
terval for fit w = 605 at the sketch (ref. Fig. 4.3).

Determine extreme points of the fit tolerance Ty in portions of deviation oy:

AXmax = Zmax * Oy, Where Zmax = —S;
20'8

AXmin = Zmin - O3, Where Zmin = - Zmax -
In the considered example (ref. Fig. 4.3) the calculations are:
Z = TS =
X 204 27 7.862
AXmax = Zmax + Oy = + 4.13405; AXmin = Zmin - 0y = — 4.13405.
Write down the results along the axes Ax and z (ref. Fig. 4.3).

Calculate the difference between extreme points of the fit tolerance band Ty and
confidence interval w in portions of deviation os:

ATs = (Ts — w)/2 = (8.26805 — 605)/2 = 1.134a5,

~+4.134; Zmin = —Zmax = — 4.134;

where:
- fit tolerance Ty = (Zmax — Zmin)0y = (+4.134 — (-4.134))0s = 8.26805 = 65 pum;
- confidence interval w = 605 =6 x 7.862 = 47.17 um.

In the considered example (ref. Fig. 4.3) this value equals

ATs = (65 -47.17)/2 = 8.915 pm, ATy = 1.13405 = 8.915 pm.

Write down the calculated value in portions of gy and in micrometres in the sketch
symmetrically (ref. Fig. 4.3).

For limit deviations of confidence interval (£30s) the probabilistic values of
maximum and minimum values of clearance and interference are calculated from:
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Ts=Tp+ Ta=40 +25 =65

Y

ATz =1.1340:=8

A

‘=605 =6x7.862=47.17

915

= 1.1340; = 8.915

Ps=0.71435
Pn =0.28295
Ps=0.27 % \
0.02
A
=T \ N~ X
—-4.1305 —30s —20s—-0s| 0 +0;s +20;s +30;s +4.1303
Z
—-4.13 —|3 -2 -1 0O +1 +2 +3 +4.13
zZsn = —0.57
\
N H7/k6 S
Nmax = 28 0 m = 4.5 Smax = 37

Nmax” = 19.085

Smax = 28.085

Fig. 4.3. Example of plotting Gaussian curve for tolerance band of transition fit

ed values in the diag

@160H7/k6 and respective parameters

Smax = Smax — ATy,

NmaxP = Nmax — ATZ;

ram (ref. Fig. 4.3).

Smin” = Smin + ATy,

Nmin” = Nmin + ATs.
Select proper formulas for the individual task (type of fit) and specify the calculat-

4.8. Below the Gaussian curve and axis z draw the fit tolerance band along axis
S—N. Specify maximum theoretical clearance Smax and maximum theoretical interfer-
ence Nmax for a transition fit (ref. Fig. 4.3), or maximum Nmax and minimum Nmin val-
ues for interference fit (Fig. 4.4), or maximum Smax and minimum Smin Values for clear-

ance fit (Fig. 4.5).

28



Ts=Tp+ Ta=40 +25 =65
W= 60; =6 x 7.862 = 47.17\

Y

A

=1.1340: = 8.915

AT = 1.13405 = 8.9

Pn=Pqa=0.9973

Ps=0.27 % \
0.02
A
-1 AN \ Em— )X
—4.130s —30s —20:;—0s (Q +0s +20;3+30;:+4.1303
z

413 -3 -2 -1 0O +1 +2 +3 +4.13

s o NN -

l

1

Nmin = 3 m =35.5 Nmax = 68
Nminp =11.915 Nmaxp =59.085

Fig. 4.4. Example of plotting Gaussian curve for tolerance band of interference fit
@160H7/p6 and respective parameters (ref. Fig. 2.3 and Table 2.1)

For the example of interference fit @160H7/p6 in Fig. 4.4 (for deviations see
Fig. 2.3) the calculations are:
- Nmax = €s — El = (+68) — 0 = 68 um; Nmin=ei — ES = (+43) — (+40) = 3 pm;
em_ES*El_(+40)+0 i em— €€ _(+68)+(+43) _ . m:

2 2 2 2

- For hole: Tp = (+40) — 0 =40 um; op =40/ 6=6.667 pm;
- For shaft: Tq = (+68) — (+43) =25 uym; 04 =25/6=4.167 pum;
- For fit: Ty = Tp + Ta = 40 + 25 = 65 pm;

Oy =102 +6% =1/6.6672 +4.1672 = 7.862 um;
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Ts=Tp+ Tyg=63 +25 =88
W= 60 =6 x 11.297 = 67.8\

A
Y

ATs =0.90; = 10.11

N

ATs =0.905: = 10.11

11.46

Ps =Pq=0.9973 4.78

P =0.27 %

-3.90; -303; —20:-0s (0 +0;3 +20sz+30; +3.90:

Z
-39 -3 -2 -1 0O +1 +2 +3 +3.9
N o F8/h6 S
] -
| >
Smin =43 m’ = 87 Smax = 131
Smin” =53.11 Smax” = 120.89

Fig. 4.5. Example of plotting Gaussian curve for tolerance band of clearance fit
@160F8/h6 and respective parameters (ref. Fig. 2.4 and Table 2.1)

- NmP =em — EM = +55.5 — (+20) = 35.5 pm;
_Ts _

X 204 27 7.862

- AXmax = Zmax * Oy = + 4.13405; AXmin = Zmin * Oy = — 4.1340y;

- Ts = (Zmax — Zmin)05 = (+4.134 — (-4.134))05 = 8.26805 = 65 um;

-wW=605=6x%7.862=47.17 ym;

-ATs =(Ty —w)/2 =(65-47.17)/2 =8.915 ym; ATy = 1.13405 = 8.915 ym;

- Nmin® = Nmin + ATy =3+ 8.915 = 11.915 pm;

- Nmax® = Nmax — ATy = 68 — 8.915 = 59.085 pm.
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Specify the calculated values in the sketch (ref. Fig. 4.4).

For the example of clearance fit @160F8/h6 in Fig. 4.5 (for deviations see
Fig. 2.4) the calculations are:
- Smax= ES — ei = (+106) — (-25) = 131 pum; Smin= El —es = (+43) — 0 = 43 um;

ES +El _ (+106)+(+43) Ces+ei 0+(-25)

-EM = =+74.5; em= =
2 2 2

- For hole: Tp = (+106) — (+43) =63 um; op =63/ 6 = 10.5 pm;
- For shaft: T¢=0 - (-25) =25 um; 0q=25/6=4.167 pm;
- For fit: Ty = Tp + Ta = 63 + 25 = 88 um,

o5 0% +62 =110.52 +4.1672 = 11207 ym

- SmP = EM —em = (+74.5) — (-12.5) = 87 pm;
-z =T2 = 58 = +3.895;, Zmin =—Z = — 3.895;
MaX 20y 2x11297 ~ T TN T Tmax T s
- AXmax = Zmax * Oy = + 3.89505; AXmin = Zmin * 0y = — 3.89507;
- Ts = (Zmax — Zmin)05 = (+3.895 — (-3.895))05 = 7.7905 = 88 pm;
-W=60y=6x%11.297 =67.78 um;
-ATs =(Ty —w)/2=(88-67.78)/2=10.11 ym; ATs = 0.89505 = 10.11 ym
- Smin® = Smin + ATy =43 + 10.11 = 53.11 pm;
- Smax® = Smax — ATy = 131 -10.11 = 120.89 pm.

Specify the calculated values in the sketch (ref. Fig. 4.5).

For interference and clearance fits the values NmP or SwP along axis S—N coincide
with “0” value along axes Ax and z. Also in these two cases probability of interference
fits or clearance fits is equal to probability of event Py = 0.9973 in confidence interval
w = 605 (ref. Fig. 4.4 and Fig. 4.5).

4.9. For transition fits calculate the coordinate zsy for mean-probability value of
clearance (or interference)

Zsn =—SmPlos  or  zsn =+ NwP/0Os.
These formulas are valid for the given directions of axes N and S (ref. Fig. 4.3).
For the considered fit @160H7/k6

Zsn = — SmPloy =—-4.5/7.862 = - 0.57.

Plot vertical line (starting from coordinate 0 along axis S—-N and coordinate zsn
along axis z) on the Gaussian distribution with coordinate Axsn = zsn X 0y to divide area
under the curve into 2 portions (ref. Fig. 4.3).

4.10. For transition fits calculate probabilities (quantities) of clearance fits and in-
terference fits (Fig. 4.6) from the formulas for the directions of axes shown in Fig. 4.3:

- Probability of interference fits Pn = ®o(3) — ®Po(zsn);
- Probability of clearance fits Ps = ®o(3) + ®o(zsn).
The ®o(z) values are from the table of Laplace integral function (ref. Appendix 5).

=-12.5 pm;
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t )
®o(3) minus ®o(0.57) equals /PN
YA YA YA

T
-0.57 0 30570
a

t t t
®o(3) olus Po(0.57) equals Ps
z z z

t
0
T 0
0 3 —-0.57 0 X —0.57 3

-3

Fig. 4.6. Graphic illustration for calculations of quantities of interference Pn (a) and
clearance Ps (b) joints for transition fit @160H7/k6 with boundary coordinate
between clearances and interferences zsn = — 0.57

The formulas above are valid for the considered fit H7/k6. If necessary modify
these formulas for your individual task taking into account the following.

According to the properties of Laplace function it is odd function and hence
®o(-2) = —Do(z) at some definite z value.

On the other hand, the integral Laplace function ®o(z) is considered as an area
under the curve of normalised function t(z) in definite range of z argument (ref.
Fig. 4.6). In this sense the area ®o(z) will be always positive even at negative value of
argument z. Thus, in the range from 0 to +z the function ®o(z) value is positive

yA

®o(z) = [1(z)dz = Do(2) |6 = Po(z) — Do(0) = Do(z) — 0 = Do(2)
0

and in the range from —z to 0 ®o(z) is also positive
0

do(-2) = [1(2)dz = @y(2) |92 = ©(0) — Po(-2) = 0 + Do (z) = Do(2)
-Z

That is, in the sense of areas under the curve ®q(-z) = ®o(z) (see Fig. 4.6).

Write down the calculated values Pn and Ps in the sketch (ref. Fig. 4.3).

4.11. Check the calculations results and plotted diagrams along all sheets, put
number of group, name and signature on each sheet. Submit the CGP to teacher.
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Appendix 1
DSTU 2500-94. Basic norms of interchangeability. Unified system of tolerances
and fits. Terms and definitions. Designations and general norms (fragment)

Tables A.1.1, A.1.2 and A.1.3 contain numerical values of tolerances and basic
deviations for dimensions up to 500 mm.

These data allow to apply the system without formulas and rules used for their de-
termination.

The second deviation is calculated with aid of the basic deviation from the formulas:

- Forshafts ei=es—I1Tores=ei+IT
-Forholes ES=El+ITorEI=ES-IT.

Notes:

1. Shafts “js” and holes “Js” have no basic deviations. Both limit deviations are
determined only from the tolerance IT for a certain accuracy grade.

2. Values of basic deviations are determined from the Tables A.1.2 and A.1.3.

3. Values of basic deviations for holes K, M, N from the 5" up to the 8" accuracy
grade including and for holes from P to ZC from the 5" up to the 7*" accuracy grade in-
cluding for dimensions more than 3 mm are determined as specified in the Table A1.3,
by adding of the A value submitted in the column of respective accuracy grade for the
considered dimension interval. The value A is submitted in the right-hand columns of
the Table Al1.3. The value A is equal to difference (ITn — ITn-1) between tolerance of
considered accuracy grade and tolerance of the nearest more precise accuracy grade.

Table A.1.1. Tolerance values, micrometer (fragment)

/18] 9 10]11 |12 13| 14 | 15 | 16
1014 | 25 | 40 | 60 | 100|140 | 250 | 400 | 600

12118 | 30 | 48 | 75 | 120|180 | 300 | 480 | 750
1522 36 | 58 | 90 | 150 |220| 360 | 580 | 900
11/18|27| 43 | 70 | 110|180 270| 430 | 700 | 1100
13121|33| 52 | 84 | 130|210 330| 520 | 840 | 1300
30 to 50 1116|2539 62 | 100 | 160 | 250 | 390 | 620 | 1000 | 1600
50 to 80 1319|3046 74 | 120 | 190 | 300 | 460 | 740 | 1200 | 1900
80 to 120 1015|122 |35|54| 87 | 140|220 | 350 | 540 | 870 | 1400 | 2200
120t0 180 |12 /18|25 /40|63|100 | 160 | 250 | 400 | 630 | 1000 | 1600 | 2500
180t0 250 |14 /20|29 46|72|115|185|290 460|720 1150 1850 2900
250t0 315 |16(23|32/52|81|130| 210|320 |520|810| 1300 | 2100 | 3200
315t0400 |18|25|36/57|89|140| 230|360 | 570|890 | 1400 | 2300 | 3600
400t0 500 |20|27|40|63|97|155|250|400 630|970 | 1550 | 2500 | 4000

Notes. 1. For dimensions less than 1 mm the accuracy grades from 14 to 18 are not ap-
plied. 2. Accuracy grades 01, 0, 1, 2, 3, 17 and 18 are not shown.

Accuracy grade | 4 | 5
Upto3 3
3to6 4
6to 10 4
10to 18 5
6
7
8

O | 00 O o

18 to 30

For dimension intervals, mm (above — up to)
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Table A.1.2. Values of basic deviations for shafts, micrometer

180 -200| —660 |-340|-240
200-225| -740 |-380|-260| — |-170|-100| — |-50| — |-15/0 -13 |-21| -
225-250| -820 |-420|-280

S| Letter Upper deviation es
g symbol | 3 | p | c|cd| d | e |ef| f|fg g h|js j
D Accura-
Al ¢y All accuracy grades 56/ 7 |8
grade
Upto3 | —270 |-140| —60 |-34| 20 | -14 |-10| -6 |-4| -2 | 0 2 | -4|-6
3-6 —270 |-140| —70 |-46| -30 | —20 |-14|-10| 6| —4 |0 2| -4 -
6-10 —280 |-150 | -80 |-56| —40 | —25 |-18/-13|-8| -5 | 0 2| 5| -
10 - 14
—290 |-150| 95| - | -50 | -32 | - |-16| - | 6|0 3|6 -
14 - 18
218 - 24
. -300 |-160|-110 — | 65| —40 | — |-20| - | -7 | O 4 | -8 -
35|24 -30
(&]
S[30-40 | -310 |[-170-120
S - | -80|-50| - |25/ -|-910 5 [-10| —
£|40-50 | -320 |-180 |-130
7/50-65 | -340 |-190|-140 ™
o — |-100| -60 | — |-30| — |-10|0 | =| -7 |-12]| -
$65-80 | -360 | -200 |-150 —~
2/80-100 | -380 |-220|-170 o
— —- |-120| -72 | - |-36| - |-12|0| 5| -9 |-15| -
§100-120 —410 |-240 -180 =
51120 -140| 460 |-260 |-200 é
$1140-160| —520 |-280|-210| — |-145 -85 | — |-43| — |-14|0 £ |-11]-18] -
£/160-180| 580 | -310 |-230 3
c
S
2
[¢B]
£
=
S
LL

250 -280| 920 |-480|-300

- |-190-110| - |-56| — |-17|0 -16 |-26 | —
280 —315| -1050 | -540|-330
315 -355| -1200 | -600 |-360

- |-210|-125| - |-62| — |-18| 0 -18 | -28| -
355 -400| -1350 | -680 |-400
400 — 450 | —1500 | —760 |—-440

- |-230-135| - |68 — |-20| 0 -20|-32| -

450 - 500 | -1650 | -840 |-480

Note. * Symmetric deviations = IT/2 for js of accuracy grades from 7 to 11 can be
rounded off, if the IT value is odd. Substitution is performed with the nearest smaller
even number.
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Table A.1.2, continued

Lower deviation ei

Letter

symbol| o Imin|{p|r|s|t|u|v x|y | z|za]|z]|z

Acau- | 419010

racy |10 | ove All accuracy grades

grade | 7| 7

Upto3 |0 O |+2|+4|+6|+10|+14| - |+18| - |+20| - | +26 | +32 | +40 | +60

3-6 +1 0 | +4 |+8|+12|+15|+19| — |+23| — |[+28| — | +35 | +42 | +50 | 480

6-10 |+1] O | +6 +10+15/+19 | +23| — |+28| — |+34| — | +42 | 452 | +67 | +97

10-14 - |+40| - | +50 | +64 | +90 |+130
+1| 0 | +7 |[+12/+18|+23 | +28 | - |+33

14-18 +39 |+45| - | +60 | +77 | +108 | +150

18-24 — | +41| +47 |+54| +63 | +73 | +98 | +136|+188
+2) 0 | +8 |+15[+22| +28 | +35

24 - 30 +41 | +48 | +55 | +64 | +75 | +88 | +118|+160 | +218

30-40 +48 | +60 | +68 | +80| +94 | +112 | +148 | +200 | +274
+2| 0 | +9 |+17|+26| +34 | +43

40-50 +54 | +70 | 481 |+97 | +114 | +136 | +180 | +242 | +325

50 -65 +41 | 453 | +66 | +87 |+102+122| +144 | +172 | +226 | +300 | +405
+2| 0 |+11+20{+32

65— 80 +43| +59 | +75 |+102|+120{+146| +174 | +210 | +274 | +360 | +480

80 -100 +51| +71 | +91 |+124|+146{+178| +214 | +258 | +335 | +445 | +585
+3| 0 |[+13+23[+37

100-120 +54 | +79 |+104|+144|+172+210| +254 | +310 | +400 | +525 | +690

120-140 +63 | +92 [+122|+170|+202+248| +300 | +365 | +470 | +620 | +800

140-160|+3| O |+15[+27(+43| +65 [+100|+134|+199+228+280| +340 | +415 | +535 | +700 | +900

160-180 +68 |+108|+146|+210|+252+310| +380 | +465 | +600 | +780 +1000

180-200 +77 |+122|+166|+236|+284[+350( +425 | +520 | +670 | +880 (+1150

200-225|+4| 0 |+17+31]+50| +80 |+130/+180|+258(+310+385| +470 | +575 | +740 | +960 [+1250

225-250 +84 |+140(+196 |+284|+340[+425| +520 | +640 | +820 |+1050+1350

250-280 +94 |+158(+218|+315|+385+475| +580 | +710 | +920 |+1200+1550
+4| 0 |+20|+34/+56

280-315 +98 |+170(+240|+350|+425[+525| +650 | +790 |+1000{+1300+1700

315-355 +108/+190/+268|+390|+475+590| +730 | +900 |+1150/+1500+1900
+4) 0 |+21+37[+62

355-400 +114/+208|+294 |+435|+530(+660| +820 [+1000(+1300[+1650+2100

400-450 +126|+232|+330|+490(+595+740| +920 |+1100|+1450+1850[+2400
+5| 0 |+23/+40/+68

450-500 +132|+252|+360(+540(+660+820/+1000|+1250|+1600(+2100{+2600
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Table A.1.3. Values of basic deviations for holes, micrometer

L etter Lower deviation EI Upper deviation ES
Slsymboll A | B | CcD D | E |EF| F FG G |[H|3s*| J K
b
c A
21 Accu- Up |b
A | racy All accuracy grades 6|7 |8 to 3

grade 8 |e

8
Upto3 | +270 |+140| +60 |+34 +20 | +14 |+10| +6 |+4| +2 |0 +2 | +4|+6| 0 |0
3-6 +270 |+140| +70 |+46| +30 | +20 |+14|+10|+6| +4 | 0 +5 | +6 | +10|-1+A| -
6-10 +280 |+150| +80 |+56| +40 | +25 |+18|+13|+8| +5 |0 +5 | 48 |+12|-1+A| -
10 - 14
+290 |+150| +95 | — | +50 | +32 | — |+16| — | +6 |0 +6 [+10|+15|-1+A| -
14-18
18 - 24
24— 30 +300 |+160(+110| — | +65 | +40 | — [+20| — [ +7 | O +8 | +12(+20 | -2+A| -

30-40 | +310 |[+170|+120
40-50 | +320 |+180|+130
50-65 | +340 |+190|+140
65-80 | +360 |+200{+150
80 —-100 | +380 |+220|+170
100-120 | +410 |+240|+180
120-140 | +460 |+260|+200
140-160 | +520 |+280|+210| — [+145| +85 | — |+43| — |+14|0
160-180 | +580 |+310|+230
180-200 | +660 |+340|+240
200-225 | +740 (+380|+260| — |+170|+100| — |+50| — |+15|0 +22|+30|+47 |-4+A| -
225-250 | +820 |+420(+280
250-280 | +920 |+480(+300
280-315 | +1050 | +540(+330
315-355 | +1200 | +600|+360
355-400 | +1350|+680|+400
400-450 |+1500 |+760 | +440
450-500 |+1650 |+840|+480

- | +80 | +50 | — |+25/ - | +9 |0 +10|+14 | +24 | -2+A| -

- |+100| +60 | — |+30| — [+10| 0 +13[+18|+28 | -2+A| -

- |+120| +72 | - |+36| - |+12|0 +16|+22|+34 |-3+A| -

+18|+26|+41|-3+A| -

Limit deviations = IT/ 2

For dimension intervals, mm (above — up to including)

— |+190|+110| — |+56| — [+17|0 +25(+36|+55 | —4+A| -

- |+210|+125| - |+62| — |+18|0 +29|+39|+60 |—4+A| -

— |+230|+135| — |+68| — [+20| 0 +33|+43|+66 |-5+A| -

Note. * Symmetric deviations £ IT/2 for Js of accuracy grades from 7 to 11 can be
rounded off, if the IT value is odd. Substitution is performed with the nearest smaller
even number.
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Table A.1.3, continued

Upper deviation ES
Letter
symbol M N P to ZC N
Accuracy | Upto |Above| Upto |Above
orade 3 3 3 8 Upto7 |3 | 4|5 |6 |78
Upto3 -2 -2 —4 —4 0
3-6 4+ 4 | —8+A 0 115/ 13|46
6-10 —6+A —6 | —10+A 0 < 1115/ 23|67
10-14 =
—7+A 7 | —12+A 0 = 112,313 |709
14 - 18 5
18-24 =
—_8+A -8 | —15+A 0 S |15/ 2|3 |4 |8]|12
24 - 30 N~
30 - 40 S
—9+A -9 | —17+A 0 8 |15/3 |4 5|9 14
40 -50 <
50 — 65 @
~11+A | -11 | —20+A 0 & 2 1 3/5|6 (1116
65— 80 >
>
80 — 100 9
—13+A | -13 | —23+A 0 = 2 145 |7 (1319
100-120 3
120-140 g
140-160 | —15+A | =15 | —27+A 0 0 3|46 |7/|15/23
o
160-180 =
180-200 g
200-225 | —174+A | =17 | =31+A 0 ! 3|46 |9 |17|26
225-250 g
250-280 | —20** s
20 | -34+A 0 2 4 |41 7|191]20/29
280-315 +A S
315-355 214A | =21 | =37+A | 0O g 45| 7112132
355-400 o
400-450
—23+A | =23 | —40+A 0 5|5 |7 13|23 34
450-500

Notes: ** Particular case: for M6, K8 ES = -9 (but not —11) for dimensions of 250 to 315 mm.
*** For ES calculations of K, M, N up to accuracy grade 8 and of P to ZC up to accuracy grade 7 the values
A are selected from the right-hand columns. For example, for P7 from 18 to 30 mm A = 8, hence ES = -14.
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Table A.1.3, continued

Upper deviation ES

Letter

symbol |\ p| R | S |T|U|V|X|Y ]| Z]|zA]|ZzB]| zC
A;?:ézcy Above 7

Upto3 | -6|-10|-14| — |-18| — |-20| - | —26 | =32 | —40 | —60
3-6 |-12|-15|-19| - |-23| — | 28| — | —35 | —42 | 50 | —80
6-10 |-15/-19|-23| — | 28| — | 34| — | 42 | 52 | 67 | —97
10— 14 ~ | —40| - | 50 | 64 | —90 | -130
-1 | 9T B e s | 60 | 77 | —108 | 150
18 — 24 ~ | 41| -47| 54| 63| —73 | —98 | -136 | —188
24-30 | 227 741 48| 55 44| 75 | 88 | 118 | 160 | 218
30 — 40 48| 60 | —68 | 80 | —94 | —112 | 148 | 200 | 274
20-50 | 2| ™ 5y 70 81| 07 | 114| 136 | 180 | 242 | 325
50 — 65 41 | -53 | —66 | 87 |-102|-122| 144 | -172 | —226 | =300 | —405
6580 | 0| 43| 59 | 75 |-102|-120|—146| 174| 210 | —274 | 360 | 480
80 — 100 51 | 71|91 |-124|-146|-178| —214 | —258 | —335 | —445 | 585
100120 | °'| 54 | 79 104144 172 —210| ~254| —310 | 400 | 525 | 690
120-140 63 | —92 |-122|-170|-202|-248| ~300 | 365 | -470 | =620 | —800
140-160 |—-43| —65 |~100|~134|-190|-228|-280| —340 | —415 | 535 | =700 | ~900
160-180 68 |~108|-146|-210|~252|~310| 380 | -465 | —600 | —780 |~1000
180-200 77 |-122|-166|-236|-284|-350| -425 | -520 | —670 | 880 |~1150
200-225 |-50| —80 |~130|~180 —258|~310|~385| —470| —575 | ~740 | ~960 |-1250
225250 84 |~140|-196|—284|-340|-425| —520| —640 | -820 |-1050|-1350
250-280 94 |-158|-218|~315|-385|-475| -580 | ~710 | 920 |~1200|~1550
280-315 | | _98 |-170|-240/-350 —425 —525| 650 | 790 | 1000 ~1300| 1700
315-355 ~108|-190|-268| -390 |~475|-590| 730 | —900 |~1500|-1500|-1900
355400 | 7| _114|-208 294|435 530|660 —820 1000 1300/ ~1650| 2100
400-450 ~126|-232|-330|-490|~595|~740 | -920 | -1100|~1450|~1850| ~2400
450500 | 0| 132|252 -360| 540 —660| 820 10001250 1600 2100|2600




Appendix 2
GOST 25347-82. Basic norms of interchangeability. USTF. Tolerance bands and recommended
fits (fragment)
Table A.2.1. Tolerance bands of shafts for nominal dimensions from 1 to 500 mm
Accuracy grade 6

~Dimension Tolerance bands
Anterval,mim: | 6 [ g6 | h6 | js6 [ k6 |[m6[n6 | p6 | 6 | s6 | t6
including Limit deviations, micrometer
From 1 up to 3 -6 -2 Ol +3.0| +6| +8|+10| +12 +16 +20 3
b 12| -8| -6| -30| 0| +2| +4| +6| +10| +14
Above 3 Ub 1o 6 -10 -4 O| +40| +9|+12 | +16| +20 +23 +27 3
P -18 | -12 -8| 40| +1| +4| +8| +12 +15 +19
6—10 -13 -5 O| +45| +10 | +15 | +19 | +24 +28 +32 3
-12 | -14 -9| -45| +1| +6|+10| +15 +19 +23
10 -14 -16 —6 0| 455 | +12 | +18 | +23 | +29 +34 +39 _
14 - 18 27| =17 | -11| -55| +1| +7|+12| +18 +23 +28
18— 24 20| =7| 0| +65|+15|+21 | +28| +35 +dl| +48|
24 — 30 -33| 20| -13| 65| +2| +8|+15| +22 +28 +35 +a1
+64
30 - 40 25| —o| 0| +8.0|+18|+25|+33| +42| +50| +59| +48
40 — 50 41| -25| -16| -8.0| +2| +9|+17| +26 +34 +43 +70
+54
50 — 65 +60 | +72| +85
-30| -10 O| +95|+21 | +30 | +39| +51 +41 +53 +66
65 — 80 49| -29| -19| 95| +2|+11|+20| +32 +62 +78 +94
+43 +59 +75
80 — 100 +73 +93 | +113
-36 | -12 0|+11.0| +25 | +35 | +45 | +59 +51 +71 +91
100 — 120 58| -34| -22|-11.0| +3|+13|+23| +37 +76 | +101 | +126
+54 +79 | +104
+88 | +117 | +147
120-140 +63| +92| +122
140 — 160 -43 | =14 0|+125| +28 | +40 | +52 | +68 +90 | +125| +159
68| -39| -25|-125| +3|+15|+27| +43 +65 | +100 | +134
+93 | +133| +171
160 - 180 +68 | +108 | +146
+106 | +151 | +195
180 - 200 +77 | +122 | +166
200 — 225 =50 | -15 0|+145 | +33 | +46 | +60 | +79 | +109| +159 | +209
79| 44| -29 |-145| +4 | +17 |+31| +50 +80 | +130 | +180
+113 | +169 | +225
225 — 250 +84 | +140 | +196
+126 | +190 | +250
250 - 280 -56 | -17 0|+16.0| +36 | +52 | +66 | +88 +94 | +158 | +218
280 — 315 -88| —49| -32|-16.0| +4 | +20|+34| +56| +130| +202 | +272
+98 | +170| +240
+144 | 4226 | +304
315-3%5 62| 18| 0 |+18.0 | +40 | +57 | +73| +98| +108| +190 | +268
355 _ 400 98| 54| -36 |-18.0| +4 |+21 | +37| +62 | +150| +244 | +330
+114 | +208 | +294
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Accuracy grade 7 Table A.2.1, continued

_ Dimension Tolerance bands
et | er | 7 | h7 st | k7 | m7 | n7 | s7 | w7
including Limit deviations, micrometer
From 1 ub to 3 -14 -6 0 +5 | +10 _ +14 +24 +28
P 24 | -16 | -10 | -5 0 +4 +14 +18
Above 3 Up 1o 6 -20 | -10 0 +6 | +13 | +16 | +20 +31 +35
P 32| 22| -12| -6| +1| +4| +8 +19 +23
6 — 10 -25 -13 0 +7 +16 +21 +25 +38 +43
-40 | -28 | -15 -7 +1 +6 | +10 +23 +28
10 — 14 -32 | -16 0 +9 | +19 25 | +30 +46 +51
14 — 18 -50 | -34 | -18 -9 +1 +7 | +12 +28 +33
+62
18-24 -40 | -20 0| +10 | +23 | +29 | +36 +56 +41
24 — 30 —61 -41 | =21 -10 +2 +8 +15 +35 +69
+48
+85
30-40 -50 | -25 0| +12 | +27 | +34 | +42 +68 +60
40 — 50 —-75 -50 | =25 =12 +2 +9 +17 +43 +95
+70
+83 +117
50-65 -60 | —-30 0| +15 | +32 | +41 | +50 +53 +87
65 — 80 90| -60 | =30 | -15 +2 | +11 | +20 +89 +132
+59 +102
+106 +159
80 -100 -72 | -36 0| +17 | +38 | +48 | +58 +71 +124
-107 | -71 | =35 | -17 +3 | +13 | +23 | +114 +179
100 - 120 +79 | +144
+132 +210
120 -140 +92 +170
140 — 160 -85 | -43 0| +20 | +43 | +55 | +67 +140 +230
-125 -83 | —40 -20 +3 +15 +27 +100 +190
+148 +250
160 - 180 +108 +210
+168 +282
180 - 200 +122 | +236
200 — 295 -100 -50 0 +23 +50 +63 +77 +176 +304
-146 -96 | —46 -23 +4 +17 +31 +130 +258
+186 +330
225-250 +140 | +284
+210 +367
250 - 280 -110 | -56 0| +26 | +56 | +72 | +86 | +158 +315
-162 | -108 | -52 | -26 +4 | 420 | +34 | +222 +402
280 - 315 +170 | +350
+247 +447
315-355 -125 | -62 0| +28 | +61 | +78 | +94 | +190 +390
-182 | -119 | -57 | -28 +4 | 421 | +37 +265 +492
355 - 400 +208 | +435
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Accuracy grades 8 and 9

Table A.2.1, continued

Tolerance bands

. Dimension
ag‘g\e,;"f'hm: c8 | d8 | e8 | f8 |h8|js8*| u8 | x8 | z8 | d9 | e9 | f9 | h9 |js9*
including Limit deviations, micrometer

From 1 —60] —20] —14] —6| 0| +7] +32] +34] +40] —20] —14] —6|] o0]+12
up to 3 _74| —34| —28| —20l-14| —7| +18| +20| +26| —45| —39| —31| —25|-12
Above 3 —70] —30] —20] —10| o] +9| +41| +46| +53| —30| —20| —10| O0[+15
up to 6 _88| —48| —38| —28/-18| —9| +23| +28| +35| —60| —50| —40| —30|-15
6_ 10 —80| —40| —25| —13| o|+11| +50| +56| +64| —40| —25| —-13| 0[+18
~102| —62| —47| —35/-22| 11| +28| +34| +42| —76| —61| —49| —36/-18

10-14 +67| +77
95| 50| —32| —16| 0|+13| +60| +40| +50| —50| —32| —-16| O0|+21
1418 _122| —77| -59| —431-27|-13| +33| +72| +87| —93| —75| —59| —43|-21

+45| +60

18— 24 +74 +87|+106
-110| —65| —40| —20| 0|+16| +41| +54| +73| —65| —40| —20| 0|+26
o4 _ 30 ~143| —98| —73| -531-33| 16| +81| +97|+121-117| —92| —72| -52|-26

+48| +64| +88

30— 40 —120 +99[+119/+151
_159| -80| -50| —-25| 0|+19| +60| +80|+112| —80| —50| —25| 0|+31
40 — 50 —130|-119| —89| —64-39|—19[+109/+136|+175-142|-112| -87| —62|-31

-169 +70| +97(+136

065 —140 +133/+168/+218
~186/-100| —60| —30| 0|+23| +87+122|+172|-100| —60| —30| 0|+37
65 _ 80 —150|-146|-106| —76-46| —23[+148/+192|+256 -174|-134|-104| —74|-37

~196 +102+146|+210

80_100 |70 +178/+232/+312
_224|-120| -72| —36| 0|+27|+124+178|+258/-120| —72| —36| 0|+43
100120 |-180|-174|-126 —00-54| —27|+198[+264|+364|-207|-159|-123| -87|-43

—234 +144+210|+310

—200 +233/+311]+428

120-140 | 563 +170+248|+365
140 160 |-210|-145| -85/ —43| 0|+31|+253/+343|+478|-145 -85/ —43  0|+50
—273|-208|-148|-106-63| —31|+190 [+280|+415 —245 |-185|-143|-100|-50

—230 +273+373/+528

160-180 | 593 +210/+310|+465

—240 +308+422|+592

180-200 | 595 +236/+350|+520
00 _ 225 | ~260|~170|-100| 50| 0| +36|+330[+457|+647-170|-100) —50|  0|+57
—332|-242|-172|-122-72| -36|+258+385|+575 |-285|-215|-165|-115|-57

—280 +366 +497 |+712

225-250 | 555 +284/+425|+640

050 _o0gg | 300 +396 +556|+791
—381|-190|-110| -56| 0| +40|+315[+475|+710-190|-110| -56| 0|+65
080 _ 315 |—330|-271|-191|-137|-81| 40| +431[+606 +871|-320 240|186 ~130|-65

—411 +350+525|+790
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Accuracy grades from 10 to 12

Table A.2.1, continued

Tolerance bands

_ Dimension
hove o' d10 h10 |js10*| all | b1l |c1l|d1l|h11|js11¥| b12 |h12 js12"
to, including Limit deviations, micrometer
From 1 —20] o +20[ —270] —140] —60[ —20] o +30[ —140| 0] +50
up to 3 —60| —40| —20| —330| —200/-120| —80| —60| —30| —240|-100| —50
Above 3 —30| 0| +24| —270| —140| —70| —30| 0| +37| —140| 0| +60
up to 6 _78| —48| —24| —345| —215/-145|-105| —75| —37| —260|-120| —60
56— 10 —40| 0| +29| —280| -150| —80| —40| 0| +45| —150| 0| +75
—98| -58| —29| —370| —240/-170|-130| —90| -45| —300|-150| —75
10 — 14 50| 0| +35| —290| -150| —95| —50| 0| +55| —150| 0| +90
1418 _120| —70| -35| —400| —260|—205|-160/-110| -55| —330/-180 —-90
18 — 24 —65| 0| +42| —300| -160/-110| —65| 0| +65| —160| 0|+105
24— 30 _149| —84| -42| —430| —290|-240|-195/-130| -65| —370/-210/-105
30 _ 40 —310| -170|-120 ~170
80/ 0| +50| —470| —330|-280| -80| 0| +80 —-420 0|+125
40 — 50 ~180|-100| -50| —320| —180|-130|-240|-160| —-80| —180|-250|-125
_480| -340|-290 —430
50 65 —340| —-190|-140 ~190
~100| 0| +60| —530| —380|-330/-100| 0| +95| —490| 0/+150
65 _ 80 _220|-120| -60| —360| —200|-150|-290|-190| —95| —200|-300|-150
_550| —390|-340 ~500
80 — 100 —380| —220|-170 —220
~120| 0| +70| -600| —440/-390|-120| 0| +110| -570, 0|+175
100 120 |—260|-140| —70| —410| —240|-180|-340|-220| ~110| —240|-350|-175
—630| —460|-400 ~590
—460| —260|-200 —260
120140 —710| -610|-450 —660
140160 |-145| 0| +80| —520| -280|-210|-145| 0| +125/ -280  0|+200
_305/-160| -80| —770| —530|—460|-395/—250| —125| —680/—400|—200
580 —310|-230 ~310
160 - 180 —830| -560|-480 -710
—660| —340|—-240 —340
180 - 200 ~950| —-630|-530 800
000 _ 205 |~170| O +92| —740| —380|-260|-170| 0| +145 —380|  0|+230
_355/-185| -92|-1030 —670| —550|—460|—290| —145| —840|—460|—230
—820| —420|-280 —420
225-250 ~1110| -710|-570 880
250 _ 280 —920| —480|-300 —480
~190| 0| —105|-1240| -800|-620|-190| 0| +160|-1000,  0|+260
080315 |—400|—210] —105/-1050| —540|-330|-510|—-320| ~160| —540|-520|-260
_1370| —860|—650 ~1060
315 _ 355 —1200| —600|—360 —600
—210| 0| —115/|-1560| —960|—720|-210| 0| +180|-1170, 0|+285
355 _ 400 |—440|-230| -115/-1350| —680|—-400|-570|—-360| —180| 680|570 -285
~1710|-1040| —760 ~1250
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Accuracy grades from 13 to 17 Table A.2.1, continued

Dimension Tolerance bands
interval, mm, ] ] ) ] ]
above —up | N13*|js13*| h14* |js14%| h15*| js15* | h16* | js16* | h17* | js17"
to, including Limit deviations, micrometer
From 1 0] +70 0] +125 0| +200 0] +300 0] +500
up to 3 —-140 | -70| -250|-125| —400| -200| —-600| -300|-1000| -500
Above 3 0| +90 0| +150 0| +240 0| +375 0| +600
up to 6 180 | —-90| —300|-150| —480| -240| —750| -375|-1200| —600
610 0| +110 0| +180 0| +290 0| +450 0| +750
220 | -110| —360|-180| -580| -290| —900| -450|-1500| -750
10-14 0| +135 0| +215 0| +350 0| +550 0| +900
14 — 18 270 | -135| —430|+215| —700| -350|-1100| -550|-1800| —900
18 -24 0| +165 0| +260 0| +420 0| +650 0| +1050
24 — 30 330 | -165| -520|-260| —840| —420|-1300| —650 | —2100 | —1050
30-40 0| +195 0| +310 0| +500 0| +800 0| +1250
40 — 50 -390 | -195 | —620 | -310 1000 | -500 | -1600| —800 | —2500 | —1250
50 - 65 0| +230 0| +370 0| +600 0| +950 0| +1500
65 — 80 —460 | =230 | —740 | —370 -1200| —600 | —1900| —950 | —3000 | —1500
80 — 100 0| +270 0| +435 0| +700 0| +1100 0| +1750
100 — 120 | —-540|-270| —870|-435 |-1400| -700 | —2200 | —1100 | —3500 | —1750
120 — 140
140 — 160 0| +315 0 | +500 0| +800 0| +1250 0 | +2000
—630 | —315 | —=1000 | -500 1600 | —800 | —2500 | —1250 | —4000 | —2000
160 — 180
180 — 200
200 — 225 0 | +360 0| +575 0 +925 0| +1450 0 | +2300
—720 | =360 | 1150 | -575 -1850 | —925 | —2900 | —1450 | —4600 | —2300
225 — 250
250 — 280 0| +405 0| +650 0| +1050 0| +1600 0| +2600
280 — 315 |—810 | —405 | -1300 | 650 -2100 | —1050 | 3200 | —1600 | -5200 | —2600
315-355 0 | +445 0| +700 0| +1150 0| +1800 0| +2850
355_400 |—890 | -445 | —1400 | —700 -2300 | —1150 | —3600 | —1800 | 5700 | —2850
400 - 450 0 | +485 0| +775 0| +1250 0 | +2000 0| +3150
450 —500 | —-970 | —485 | 1550 | =775 |-2500 | —1250 | —4000 | —2000 | —-6300 | —3150
Notes:
1. — preferred tolerance bands (their designations are given in the rectangular

frames).
2. * —tolerance bands are not assigned for fits, as a rule.
Table A2.2. Tolerance bands of holes for nominal dimensions from 1 to 500 mm
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Accuracy grades 5 and 6

Dimension Tolerance bands
interval
abowe  up to,| G5 | H5 | Js5 | K5 | M5 | N5 | G6 | H6 | Js6 | K6 M6| N6 | P6
including Limit deviations, micrometer
From 1 +6 | +4 +2.0 o -2 4 +8| +6 | +3.0 0| 2| 4| -6
up to 3 +2 0| 20| -4| —6| =8| +2| ol| —3.0/| -6| -8 |-10|-12
Above 3 +9| +5| +25| o —3| —7|+12| +8| +40| +2| -1| 5| -9
up to 6 +4| 0| —25| 5| —8|-12| +4| ol -40| -6| -9 |-13|-17
6 10 +11| +6| +3.0| +1| —4| —8|+14| +9| +45| +2| 3| —7|-12
+5| 0| -30| -5|-10|-14| +5| 0| -45| —7|-12 |-16|-21
10-14 +14 | +8| +4.0| +2| -4| —9| +17|+11| +55| +2| -4 | -9 |-15
14-18 +6| 0| -40| -6|-12|-17| +6| 0| -55| —9|-15|-20|-26
18 -24 +16 | +9| +45| +1| -5|-12| +20 |+13| +6.5| +2 | -4 |-11 |-18
24— 30 +7| 0| -45| -8|-14|-21| +7| 0| —65|-11|-17 |-24|-31
30-40 +20|+11| +55| +2| —-5|-13| +25|+16| +8.0| +3| -4 |-12 |-21
40 — 50 +9| 0| 55| —9|-16|-24| +9| 0| -8.0|-13|-20|-28|-37
50 -65 +23|+13| +65| +3| —6|-15| +29 |+19 | +95| +4 | -5 |-14 |-26
65 — 80 +10| 0| -65|-10|-19|-28| +10| 0| —9.5|-15 |-24 |-33 |-45
80 - 100 +27 |+15| +75| +2| —8|-18| +34 |+22 |+11.0| +4 | -6 |-16 |-30
100 — 120 +12| 0| -75|-13|-23|-33| +12| 0/-11.0|-18 |-28 |-38 |-52
120 — 140
140 — 160 +32 |+18 | +9.0| +3| —9|-21| +39 |+25 |+12.5| +4 | -8 |20 |-36
+14| 0| -9.0|-15|-27|-39| +14| 0|=12.5|-21 |-33 |-45 |-61
160 — 180
180 — 200
200 — 225 +35 |+20 | +10.0 | +2 | =11 | —25 | +44 |+29 |+14.5 | +5| -8 |—22 |-41
+15| 0| -10.0|-18|-31|-45| +15| 0 |-14.5 |-24 |-37 |-51 |-70
225 — 250
250 — 280 +40 | +23 | +11.5| +3| —13| 27| +49 |+32 |+16.0| +5| —9 |-25 |-47
280 — 315 +17| 0| -115|-20|-36|-50| +17| 0|=16.0 |-27 |-41 |57 |-79
315-355 +43 |+25 | +12.5| +3| —14 | —-30 | +54 |+36 |+18.0 | +7 |-10 |-26 |-51
355 — 400 +18| 0| -125|-22|-39|-55| +18| 0 |-18.0 |-29 |-46 |-62 |-87
400 — 450 +47 |+27 | +135| +2 | —16 | =33 | +60 | +40 | +20.0 | +8 |-10 | =27 |-55
450 — 500 +20| 0| -135|-25|-43|-60| +20| 0 |-20.0 |-32 |-50 |-67 |-95
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Accuracy grade 7 Table A.2.2, continued

Dimension Tolerance bands
interval, mm, | 2\ o7 | {7 | 37 [ K7 [ M7 N7 | P7T | R7 | S7 | T7
above —up to,
including Limit deviations, micrometer
From 1 +16| +12| +10| +5] 0| -2| -4| -6| -10| -14| _
up to 3 +6| +2| 0| -5|-10| -12| -14| —16| —20| -24
Above 3 +22 | +16 | +12| +6| +3 0| 4| 8| 11| -15,
up to 6 +10| +4| o] -6| -9| —12| —16| —20| —23| —27
5 10 28| +20| +15| +7| +5| 0| -4| -9| —13| -17| _
+13| +5| 0| -7|-10| -15| —19| —24| —28| —-32
10— 14 +34| +24| +18| +9| +6| 0| -5|-11| -16| -21| _
14-18 +16| +6| 0| -9|-12| -18| —23| —29| -34| -39
18 =24 +41| +28| +21| +10| 46| 0| -7 -14| 20 -27| .
24— 30 +20| +7| 0| -10| -15| -21 | -28 -35| -41| -48| oo
~39
30-40 +50 | +34| +25| +12| +7| 0| -8| -17| -25| -34| -64
40— 50 +25| +9| o] -12| -18| —25| —33| —42| -50| -59| —45
~70
30| —42| -55
50-65 +60| +40| +30| +15| +9| o0| -9 —21| -60| -72| -85
ot 80 +30| +10| 0| -15| —21| -30| —39| -51 | —32| —48| —64
62| -78| -94
38| 58| -78
80 - 100 +71| +47| +35| +17| +10| O -10| —24| -73| -93|-113
+36| +12| 0| -17| —25| -35| —45| —59 | —41| —66| —o1
100 - 120 76| —101 | —126
—48| —77| —107
120 - 140 88| —117 | —147
140 - 160 +83| +54| +40| +20| +12| o —12| —28| —50| -85 -119
+43| +14| 0| —20| —28| —40| —52| —68| —90 | —125| -159
53| -93 | -131
160 - 180 93| 133 | -171
260 | —105 | —149
180 - 200 106 | —151 | —195
200 225 +06 | +61| +46| +23| +13| 0| —14| -33 | —63 | —113 | -163
+50| +15| 0| -23| —33| -46| 60| —79 | —109 | 159 | —209
67 | —123 | —179
225-250 _113 | 169 | —225
—74 | —138 | —198
250 — 280 +108 | +69 | +52 | +26| +16| 0| -14| —36 | —126 | —190 | —250
456 | +17| 0| -26| -36| -52 | —66| —88 | —78 | —150 | —220
280 -315 _130 | —202 | —272
—87 | —169 | —247
315-355 +119 | +75| +57 | +28 | +17| 0| -16| —41 | —144 | —226 | —304
+62| +18| 0| -28| —40| 57| —73| —98 | —93 | —187 | —273
355 - 400 _150 | —244 | —330
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Accuracy grades 8 and 9

Table A.2.2, continued

Dimension Tolerance bands
aggsg&'gggg: D8 | E8 | F8 |H8|Js8| K8 [M8| N8| U8 | D9 | E9 | FO | HY |Jso
including Limit deviations, micrometer
From 1 +34| +28| +20|+14| +7 0 4| -18| +45| +39| +31| +25(+12
up to 3 +20| +14| +6| 0| —7|-14| | -18] -32| +20| +14| +6 0/-12
Above 3 +48| +38| +28|+18| +9| +5| +2| -2| -23| +60| +50| +40| +30(+15
upto 6 +30| +20| +10| O| -9|-13|-16|-20| -41| +30| +20| +10 0|-15
6 — 10 +62| +47| +35|+22|+11| +6| +1| -3| -—-28| +76| +61| +49| +36|+18
+40| +25| +13| 0|-11|-16|-21|-25| -50| +40| +25| +13 0|-18
10-14 +77| +59| +43|+27|+13| +8| +2| -3| -33| +93| +75| +59| +43|+21
14 — 18 +50| +32| +16| 0|-13|-19|-25|-30| —-60| +50| +32| +16 0|-21
18— 24 —41
+98| +73| +53|+33|+16|+10| +4| -3| —-74+117| +92| +72| +52|+26
+65| +40| +20| O0|-16|-23|-29|-36| —-48| +65| +40| +20 0|-26
24 — 30 _81
30— 40 —60
+119| +89| +64|+39|+19| +12| +5| -3| —-99+142| +112| +87| +62|+31
+80| +50| +25| 0|-19| -27|-34|-42| —70| +80| +50| +25/  0|-31
40 - 50
-109
50 — 65 87
+146| +106| +76(+46|+23|+14| +5| -4| -133|+174| +134|+104| +74|+37
+100| +60| +30| 0|-23|-32|-41|-50| -102|+100| +60| +30 0|-37
65 - 80
-148
80 — 100 —124
+174| +126| +90(+54|+27|+16| +6| -4 -178(+207| 159|+123| +87|+43
+120| +72| +36| 0|-27|-38|-48|-58| -144|+120, +72| +36 0|-43
100 - 120
-198
-170
120 - 140 _533
140 — 160 +208| +148|+106|+63|+31| +20| +8| —-4|-190(+245| +185|+143|+100|+50
+145| +85| +43| 0|-31|-43|-55|-67| —253|+145| +85| +43 0|-50
=210
160 — 180 _273
—236
180 — 200 _308
200 — 295 +242| +172|+122|+72|+36| +22| +9| -5 -258(+285| +215|+165|+115|+57
+170| +100| +50| 0|-36|-50/-63|—-77| -330|+170| +100| +50 0|-57
—-284
225 - 250 _356
250 — 280 —315
+271| +191|+137|+81|+40| +25| +9| -5| -396(+320| +240/+186|+130|+65
+190| +110| +56| 0| 40| -56|-72|—-86| -=350|+190| +110| +56 0|-65
280 — 315
-431
315 — 355 —390
+299| +214|+151(+89|+44| +28|+11| -5 —479|+350| +265|+202|+140|+70
355 _ 400 +210| +125| +62| 0|-44|-61|-78|-94| —435+210| +125| +62 0|-70

—524
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Accuracy grades from 10 to 12

Table A.2.2, continued

Tolerance bands

Dimension
interval, mm,
above - up | D10|H10|Js10¥ A1l | B11 | C11 |D11[H11|Js11% B12 |H12Js12"
to, including Limit deviations, micrometer
From 1 +60| +40| +20| +330| +200| +120| +80| +60| +30| +240|+100| +50
upto 3 +20 0| -20| +270| +140| +60| +20 0/ =30/ +140 0l -50
Above 3 +78| +48| +24| +345| +215| +145|+105| +75| +37| +260|+120| +60
upto 6 +30 0| —-24| +270| +140, +70| +30 0 -37| +140 0 -60
6 — 10 +98| +58| +29| +370| +240| +170(+130| +90| +45| +300|+150| +75
+40 0| -29| +280| +150| +80| +40 0| -45| +150 0l =75
10-14 +120| +70| +35| +400| +260| +205|+160+110| +55| +330|+180| +90
14 — 18 +50 0| =35/ +290| +150| +95| +50 0| -55| +150 0] -90
18 - 24 +149| +84| +42| +430| +290| +240(+195|+130| +65| +370|+210| +105
24 — 30 +65 0l -—-42| +300| +160| +110| +65 0| —-65| +160 0| -105
30 — 40 +470| +330| +280 +420
+180(+100| +50| +310| +170| +120|+240|+160| +80| +170|+250|+125
40 — 50 +80 0/ -50| +480| +340| +290| +80 0| -80| +430 0| -125
+320| +180| +130 +180
50 — 65 +530| +380| +330 +490
+220(+120| +60| +340| +190| +140|+290|+190| +95| +190|+300| +150
65 — 80 +100 0/ -60| +550| +390| +340|+100 0| -95| +500 0| -150
+360| +200| +150 +200
80 — 100 +600| +440| +390 +570
+260(+140| +70| +380| +220| +170|+340|+220| +110| +220|+350| +175
100 — 120 +120 0l =70/ +630| +460| +400|+120 0| =110, +590 0|-175
+410| +240| +180 +240
+710| +510| +450 +660
120-140 +460| +260| +200 +260
140 — 160 +305(+160| +80| +770| +530| +460|+395|+250| +125| +680|+400| +200
+145 0| =80/ +520| +280| +210|+145 0] =125| +280 0| =200
+830| +560| +480 +710
160 - 180 +580| +310| +230 +310
+950| +630| +530 +800
180 - 200 +660| +340| +240 +340
200 — 295 +355(+185| +92|+1030| +670| +550|+460|+290| +145| +840|+460| +230
+170 0| -92| +740| +380| +260|+170 0| -145| +380 0] -230
+1110| +710| +570 +880
225-250 +820| +420| +280 +420
250 — 280 +1240| +800| +620 +1000
+400(+210| +105| +920| +480| +300|+510|+320| +160| +480|+520| +260
280 — 315 +190 0l -105/+1370| +860| +650|+190 0| -160|+1060 0| =260
+1050| +540| +330 +540
315 — 355 +1560| +960| +720 +1170
+440(+230| +115|+1200| +600| +360|+570|+360| +180| +600|+570| +285
355 _ 400 +210 0| -115/+1710|+1040| +760|+210 0| —-180|+1250 0| -285
+1350| +680| +400 +680
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Accuracy grades from 13 to 17 Table A.2.2, continued

Dimension Tolerance bands
interval, mm,
above — up to,| H13*|Js13*| H14* |Js14*| H15* | Js15% | H16* | Js16* | H17* | Js17"
including Limit deviations, micrometer
From 1 +140| +70| +250| +125| +400| +200| +600 | +300 [+1000 | +500
up to 3 0| =70 0| -125 0| —200 0| —-300 0| -500
Above 3 +180| +90| +300| +150| +480| +240| +750| +375 |[+1200 | +600
up to 6 0| -90 0| -150 0| —240 0| =375 0| —-600
6—10 +220 | +110| +360| +180| +580 | +290| +900 | +450 |[+1500 | +750
0| -110 0| -180 0| —290 0| —-450 0| -750
10-14 +270 | +135 | +430 | +215| +700| +350 |+1100 | +550 |+1800 | +900
14 — 18 0| -135 0| -215 0| —-350 0| -550 0| —900
18-24 +330 | +165 | +520 | +260 | +840 | +420 |+1300| +650 |+2100 |+1050
24 — 30 0| -165 0| —260 0| -420 0| —650 0 |-1050
30 -40 +390 | +195 | +620 | +310 |+1000 | +500 |+1600 | +800 |+2500 |+1250
40 — 50 0| -195 0| -310 0| -500 0| —-800 0|-1250
50 - 65 +460 | 4230 | +740 | +370 |+1200 | +600 |+1900 | +950 [+3000 |+1500
65 — 80 0| -230 0| -370 0| —-600 0| —950 0 |-1500
80 - 100 +540 | +270 | +870 | +435 [+1400 | +700 |+2200 |+1100 |+3500 |+1750
100 — 120 0| -270 0| -435 0| -700 0 |-1100 0|-1750
120 — 140
140 — 160 +630 | +315 [+1000 | +500 |+1600 | +800 |+2500 |+1250 |+4000 |+2000
0| -315 0| -500 0| -800 0 |-1250 0 |-2000
160 — 180
180 — 200
200 — 225 +720 | +360 [+1150 | +575 |+1850 | +925 |+2900 |+1450 |+4600 |+2300
0| —-360 0| -575 0| —-925 0 |-1450 0 |-2300
225 — 250
250 - 280 +810 | +405 |+1300 | +650 |+2100 |+1050 |+3200 | +1600 |+5200 | +2600
280 — 315 0| —405 0| -650 0 |-1050 0 |-1600 0 |-2600
315-355 +890 | +445 |+1400 | +700 | +2300 | +1150 |+3600 | +1800 |+5700 | +2850
355 — 400 0| —-445 0| —700 0 |-1150 0 | -1800 0 |-2850
400 - 450 +970 | +485 |+1550 | +775 | +2500 | +1250 |+4000 | +2000 |+6300 | +3150
450 — 500 0| -485 0| =775 0 |-1250 0 |-2000 0 [-3150
Notes:
1. — preferred tolerance bands (their designations are given in the rectangular
frames)

2. *—tolerance bands are not assigned for fits, as a rule.
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Appendix 3

GOST 24853-81. Plain gauges for dimensions of up to 500 mm. Tolerances

(fragment)

A.3.1. Designations

D,d - nominal dimension of part
Dhmin, dmin — minimum limit dimension of part
Dmax, dmax — maximum limit dimension of part

1
H
Hi
Hp
Z

Z1
Y

Y1

— tolerance of part

— tolerance for manufacture of work gauges hole

— tolerance for manufacture of work gauges for shaft

— tolerance for manufacture of reference gauge for snap gauge

— deviation of tolerance band middle for manufacture of go-gauge for hole relative
to minimum limit dimension of part

— deviation of tolerance band middle for manufacture of go-gauge for shaft relative
to maximum limit dimension of part

— permissible exceeding of dimension of worn go-gauge for hole over limit of part
tolerance band

— permissible exceeding of dimension of worn go-gauge for shaft over limit of part
tolerance band

A.3.2. Diagrams of gauges tolerance bands

Gauge tolerance bands and deviations relative to tolerance bands of parts for holes

of accuracy grades from 6 to 17 are shown in Fig. A.3.1.

Gauge tolerance bands and deviations relative to tolerance bands of parts for

shafts of accuracy grades from 6 to 17 are shown in Fig. A.3.2.

\1, m—L NOT-GO end

A A o~ N
T T IT
(a)
) 2 =
lI m GO end
¥ ﬂ N T SN A ¢
x 0 T > Wear limit
£ c
| = T
a

Fig. A.3.1. Tolerance bands of gauges for hole part
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Fig. A.3.2. Tolerance bands of gauges for shaft part
A.3.3. Formulas for determination of executive dimensions of gauges
Table A.3.1
Nominal dimension of part, mm
Up to 180
Gauge Work gauge Reference gauge
Nominal . Nominal .
. . Deviations . . Deviations
dimension dimension
GO new Dmin +Z + H - _
@ 2
o
<!  GOworn Dmin — Y - _ _
i H
NOT-GO Dmax + > - -
H
GO new dmax - Zl i —1 dmax - Zl ii
£ 2 2
& H
2 GO worn dmax + Yl - dmax + Yl i7p
o
LL
H
NOT-GO drmin =1 i i%

Note. When calculating the executive dimensions of gauges it is necessary to apply the
following rule for rounding-off:
- Rounding-off work gauges nominal dimensions (the maximum for holes and the min-
imum for shafts) for parts of 15 to 17 accuracy grades should be performed till round
micrometer;
- For parts of 6 to 14 accuracy grades and for all reference gauges the gauge executive
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dimensions should be rounded off till the values divisible by 0.5 pm with keeping the
same value of gauge tolerance;

- Executive dimensions, which end in 0.25 and 0.75 um, are rounded off to the values
divisible by 0.5 um with decrease of manufacture tolerance for a part.

A.3.4. Tolerances and deviations of gauges

Table A.3.2
Dimensions are in micrometers
Dimension interval, mm, above — up to, including Toler-
Accu- : o | ance
racy Desig- ™ [ce) o o o < 3 for
grade | nation | | o | Q| T | @ | © | © | |
of part o 1 A sl A A A g | gauge
D ™ © — — 1) o o — | form
Z 1 | 15|15 2 2 | 25|25 | 3 4
Y 1 1 1 |15 15| 2 2 3 3
Z1 15| 2 2 |25 3 |35 4 5 6
6 Y1 15|15 |15 | 2 3 3 3 4 4
H 12 15,15 2 | 25|25 ] 3 4 5 IT1
Hi 2 | 25|25 | 3 4 4 5 6 8 IT2
Hp 08| 1 1 |12 |15 |15| 2 | 25|35 | IT1
Z,Z1 | 15| 2 2 |25 3 |35 4 5 6
7 Y,Y1 | 1515 15| 2 3 3 3 4 4
HH, | 2 | 25|25 | 3 4 4 5 6 8 IT2
Hp 08 | 1 1 | 12|15 |15] 2 2 | 35| IT1
Z,Z1 2 3 3 4 5 6 7 8 9
Y, Y1 3 3 3 4 4 5 5 6 6
8 H 2 | 25|25 | 3 4 4 5 6 8 IT2
Hi 3 4 4 5 6 7 8 10 | 12 IT3
Hp 12 |15|15| 2 | 25|25 | 3 4 5 IT1
Z,71 5 6 7 8 9 11 | 13 | 15 | 18
Y, Y1 0 0 0 0 0 0 0 0 0
9,10 H 2 | 25|25 | 3 4 4 5 6 8 IT2
Hi 3 4 4 5 6 7 8 10 | 12 IT3
Hp 12 15|15 2 | 25|25 | 3 4 5 IT1
Z,Z1 | 10 | 12 | 14 | 16 | 19 | 22 | 25 | 28 | 32
11 12 Y, Y1 0 0 0 0 0 0 0 0 0
’ HH | 4 5 6 8 9 11 | 13 | 15 | 18 IT4
Hp 12 15|15 2 | 25|25 | 3 4 5 IT1
Z,Z1 | 20 | 24 | 28 | 32 | 36 | 42 | 48 | 54 | 60
13 14 Y, Y1 0 0 0 0 0 0 0 0 0
’ HH, | 10 | 12 | 15 | 18 | 21 | 25 | 30 | 35 | 40 ITS
Hp 2 | 25|25 3 4 4 5 6 8 IT2
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RECOMMENDATIONS
for selection of tolerances for form deviations and roughness
for work surfaces of fixed gauges

Appendix 4

Table A.4.1. Tolerances for form deviations of fixed gauges

Accuracy grade of checked part
: : 6 7 8-10 11-12 6-12
Dimension
intervals, Tolerance of gauge
mm H Hi | H Hi H Hi H | H: Hp
Tolerance of gauge form, micrometre
Above | Upto IT1 IT2 IT3 IT4 IT1
3 0.8 1.2 2 3 0.8
3 - 10 1 1.5 2.5 4 1
10 - 18 1.2 2 3 5 1.2
18 - 3 15 25 4 0 15
30 - 50 7
50 - 80 2 3 5 8 2
80 - 120 2.5 4 6 10 2.5
120 - 180 3.5 5 8 12 3.5

Table A.4.2. Numerical values of roughness parameter Ra for work surfaces of gauges

Ra, micrometre, for dimensions
Gauge Accuracy grade of
g checked part From 0.1 Above 100
up to 100 mm up to 360 mm
6 0.04 0.08
lug GO; NOT-GO =9 0.08 0.16
Piug ’ 1012 0.16 '
13 and above 0.32 0.32
6+9 0.08
0.16
- snap GO; NOT-GO 10 =12 0.16
13 and above 0.32 0.32
Reference plugs 6+9 0.04 0.08
R-GO, R-W,
R-NOT-GO 10 and above 0.08 0.16
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Appendix 5

Numerical values of Laplace integral function ®o(z) and t(z) normalised function

Z -

2

z

2

1 2. __ 12
Ddp(z)= 2 (()'ﬁ dz: t(z)—@e
z t(2) Do(2) z t(2) Do(2) z t(2) Do(2)
0.00 | 0.39894 | 0.0000 | 0.29 | 0.3825 | 0.1141 | 0.58 | 0.3372 | 0.2190
0.01 | 0.39892 | 0.0040 | 0.30 | 0.3814 | 0.1179 | 0.59 | 0.3352 | 0.2224
0.02 | 0.39886 | 0.0080 | 0.31 | 0.3802 | 0.1217 | 0.60 | 0.3332 | 0.2257
0.03 | 0.39876 | 0.0120 | 0.32 | 0.3790 | 0.1255 | 0.61 | 0.3312 | 0.2291
0.04 | 0.39862 | 0.0160 | 0.33 | 0.3778 | 0.1293 | 0.62 | 0.3292 | 0.2324
0.05 | 0.39844 | 0.0199 | 0.34 | 0.3765 | 0.1331 | 0.63 | 0.3271 | 0.2257
0.06 | 0.39822 | 0.0239 | 0.35 | 0.3752 | 0.1368 | 0.64 | 0.3251 | 0.2389
0.07 | 0.39797 | 0.0279 | 0.36 | 0.3739 | 0.1406 | 0.65 | 0.3230 | 0.2422
0.08 | 0.39767 | 0.0319 | 0.37 | 0.3725 | 0.1443 | 0.66 | 0.3209 | 0.2454
0.09 | 0.39733 | 0.0359 | 0.38 | 0.3712 | 0.1480 | 0.67 | 0.3187 | 0.2486
0.10 | 0.3970 | 0.0398 | 0.39 | 0.3697 | 0.1517 | 0.68 | 0.3166 | 0.2517
0.11 | 0.3965 | 0.0438 | 0.40 | 0.3683 | 0.1554 | 0.69 | 0.3144 | 0.2549
0.12 | 0.3961 | 0.0478 | 0.41 | 0.3668 | 0.1591 | 0.70 | 0.3123 | 0.2580
0.13 | 0.3956 | 0.0517 | 0.42 | 0.3653 | 0.1628 | 0.71 | 0.3101 | 0.2611
0.14 | 0.3951 | 0.0557 | 0.43 | 0.3637 | 0.1664 | 0.72 | 0.3079 | 0.2642
0.15 | 0.3949 | 0.0596 | 0.44 | 0.3621 | 0.1700 | 0.73 | 0.3056 | 0.2673
0.16 | 0.3939 | 0.0636 | 0.45 | 0.3605 | 0.1736 | 0.74 | 0.3034 | 0.2703
0.17 | 0.3932 | 0.0675 | 0.46 | 0.3589 | 0.1772 | 0.75 | 0.3011 | 0.2734
0.18 | 0.3925 | 0.0714 | 0.47 | 0.3572 | 0.1808 | 0.76 | 0.2989 | 0.2764
0.19 | 0.3918 | 0.0753 | 0.48 | 0.3555 | 0.1844 | 0.77 | 0.2966 | 0.2794
0.20 | 0.3910 | 0.0793 | 0.49 | 0.3538 | 0.1879 | 0.78 | 0.2943 | 0.2823
0.21 | 0.3902 | 0.0832 | 0.50 | 0.3521 | 0.1915 | 0.79 | 0.2920 | 0.2852
0.22 | 0.3894 | 0.0871 | 0.51 | 0.3503 | 0.1950 | 0.80 | 0.2897 | 0.2881
0.23 | 0.3885 | 0.0910 | 0.52 | 0.3485 | 0.1985 | 0.81 | 0.2874 | 0.2910
0.24 | 0.3876 | 0.0948 | 0.53 | 0.3467 | 0.2019 | 0.82 | 0.2850 | 0.2939
0.25 | 0.3867 | 0.0987 | 0.54 | 0.3448 | 0.2054 | 0.83 | 0.2827 | 0.2967
0.26 | 0.3857 | 0.1026 | 0.55 | 0.3429 | 0.2088 | 0.84 | 0.2803 | 0.2995
0.27 | 0.3847 | 0.1064 | 0.56 | 0.3410 | 0.2123 | 0.85 | 0.2780 | 0.3023
0.28 | 0.3836 | 0.1103 | 0.57 | 0.3391 | 0.2157 | 0.86 | 0.2756 | 0.3051
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Appendix 5, continued

z t(z) Po(2) z t(z) Po(2) z t(z) Po(2)

0.87 | 0.2732 | 0.3078 | 1.19 | 0.1965 | 0.3830 | 1.51 | 0.1276 | 0.4345

0.88 | 0.2709 | 0.3106 | 1.20 | 0.1942 | 0.3849 | 1.52 | 0.1257 | 0.4357

089 | 0.2685 | 0.3133 | 1.21 | 0.1919 | 0.3869 | 1.53 | 0.1238 | 0.4370

0.90 | 0.2661 | 0.3159 | 1.22 | 0.1895 | 0.3888 | 1.54 | 0.1219 | 0.4382

091 | 0.2639 | 0.3186 | 1.23 | 0.1872 | 0.3907 | 1.55 | 0.1200 | 0.4394

092 | 0.2613 | 0.3212 | 1.24 | 0.1849 | 0.3925 | 1.56 | 0.1182 | 0.4406

093 | 0.2589 | 0.3238 | 1.25 | 0.1826 | 0.3944 | 1.57 | 0.1163 | 0.4418

094 | 0.2565 | 0.3264 | 1.26 | 0.1804 | 0.3962 | 1.58 | 0.1145 | 0.4429

095 | 0.2541 | 0.3289 | 1.27 | 0.1781 | 0.3980 | 1.59 | 0.1127 | 0.4441

096 | 0.2516 | 0.3315 | 1.28 | 0.1758 | 0.3997 | 1.60 | 0.1109 | 0.4452

097 | 0.2492 | 0.3340 | 1.29 | 0.1736 | 0.4015| 1.61 | 0.1092 | 0.4463

098 | 0.2468 | 0.3365 | 1.30 | 0.17/14 | 0.4032 | 1.62 | 0.1074 | 0.447/4

099 | 0.2444 | 0.3389 | 1.31 | 0.1691 | 0.4049 | 1.63 | 0.1057 | 0.4484

1.00 | 0.2420 | 0.3413 | 1.32 | 0.1669 | 0.4066 | 1.64 | 0.1040 | 0.4495

1.01 | 0.2396 | 0.3438 | 1.33 | 0.1647 | 0.4082 | 1.65 | 0.1023 | 0.4505

1.02 | 0.2371 | 0.3461 | 134 | 0.1626 | 0.4099 | 1.66 | 0.1006 | 0.4515

1.03 | 0.2347 | 0.3485 | 135 | 0.1604 | 0.4115 | 1.67 | 0.0989 | 0.4525

1.04 | 0.2323 | 0.3508 | 1.36 | 0.1582 | 0.4131 | 1.68 | 0.0973 | 0.4535

1.05 | 0.2299 | 0.3531 | 1.37 | 0.1561 | 0.4147 | 1.69 | 0.0957 | 0.4545

1.06 | 0.2275 | 0.3554 | 1.38 | 0.1539 | 0.4162 | 1.70 | 0.0940 | 0.4554

1.07 | 0.2251 | 0.3577 | 139 | 0.1518 | 0.41/7 | 1.71 | 0.0925 | 0.4561

1.08 | 0.2227 | 0.3599 | 140 | 0.1497 | 0.4192 | 1.72 | 0.0909 | 0.4573

1.09 | 0.2203 | 0.3621 | 141 | 0.1476 | 0.4207 | 1.73 | 0.0893 | 0.4582

1.10 | 0.2179 | 0.3643 | 142 | 0.1456 | 0.4222 | 1.74 | 0.0878 | 0.4591

1.11 | 0.2155 | 0.3665 | 143 | 0.1435 | 0.4236 | 1.75 | 0.0863 | 0.4599

1.12 | 0.2131 | 0.3686 | 144 | 0.1415 0.4251 | 1.76 | 0.0848 | 0.4608

1.13 | 0.2108 | 0.3708 | 145 | 0.1394 | 0.4265 | 1.77 | 0.0833 | 0.4616

1.14 | 0.2083 | 0.3729 | 146 | 0.1374 | 0.42/9 | 1.78 | 0.0818 | 0.4625

1.15 | 0.2059 | 0.3794 | 147 | 0.1354 | 0.4292 | 1.79 | 0.0804 | 0.4633

1.16 | 0.2036 | 0.3770 | 148 | 0.1334 | 0.4306 | 1.80 | 0.0790 | 0.4641

1.17 | 0.2012 | 0.3790 | 149 | 0.1315 | 04319 | 1.81 | 0.0775 | 0.4649

1.18 | 0.1989 | 0.3810 | 150 | 0.1295 | 0.4332 | 1.82 | 0.07/61 | 0.4656
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Appendix 5, continued

z t(z) Po(2) 4 t(z) Do(2) 4 t(z) Do(2)

1.83 | 0.0748 | 0.4664 | 2.16 | 0.0387 | 0.4846 | 2.66 0.0116 0.4961

1.84 | 0.0734 | 0.4671| 2.18 | 0.0371 | 0.4854 | 2.68 0.0110 0.4963

1.85 | 0.0721 | 0.46/8 | 2.20 | 0.0355 | 0.4861 | 2.70 0.0104 0.4965

1.86 | 0.0707 | 0.4686 | 2.22 | 0.0339 | 0.4868 | 2.72 0.0099 0.4967

1.87 | 0.0694 | 0.4693 | 2.24 | 0.0325 | 0.4875 | 2.74 0.0093 0.4969

1.88 | 0.0691 | 0.4699 | 2.26 | 0.0310 | 0.4881 | 2.76 0.0088 0.4971

1.89 | 0.0669 | 0.4706 | 2.28 | 0.0297 | 0.4887 | 2.78 0.0084 0.4973

1.90 | 0.0656 | 0.4713 | 2.30 | 0.0283 | 0.4893 | 2.80 0.0079 0.4974

191 | 0.0644 | 0.4719| 2.32 | 0.0270 | 0.4898 | 2.82 0.0075 0.4976

1.92 | 0.0632 | 0.4726 | 2.34 | 0.0258 | 0.4904 | 2.84 0.0071 0.4977

1.93 | 0.0620 | 0.4732 | 2.36 | 0.0246 | 0.4909 | 2.86 0.0067 0.4979

1.94 | 0.0608 | 0.4738 | 2.38 | 0.0235 | 0.4913 | 2.88 0.0063 0.4980

1.95 | 0.0596 | 0.4744 | 2.40 | 0.0224 | 0.4918 | 2.90 0.0060 0.4981

1.96 | 0.0584 | 0.4750 | 2.42 | 0.0213 | 0.4922 | 2.92 0.0056 0.4982

1.97 | 0.0573 | 0.4756 | 2.44 | 0.0203 | 0.4927 | 2.94 0.0053 0.4984

198 | 0.0562 | 0.4761 | 2.46 | 0.0194 | 0.4931 | 2.96 0.0050 0.4985

1.99 | 0.0551 | 0.4767 | 2.48 | 0.0184 | 0.4934 | 2.98 0.0047 0.4986

2.00 | 0.0540 | 0.4772| 250 |0.0175|0.4938 | 3.00 0.0044 0.49865

202 | 0519 | 0.4783| 252 |0.0167 | 0.4941 | 3.20 0.0024 0.49931

2.04 |0.0498 | 0.4793 | 2.54 | 0.0158 | 0.4945 | 3.40 0.0012 0.49966

2.06 | 0.0478 | 0.4803 | 2.56 |0.0151 | 0.4948  3.60 0.0006 | 0.499841

2.08 | 0.0459 | 0.4812| 2.58 |0.0143 | 0.4951  3.80 0.0003 | 0.499928

2.10 | 0.0440 | 0.4821 | 2.60 | 0.0136 | 0.4953 | 4.00 0.00013 | 0.499968

2.12 | 0.0422 | 0.4830 | 2.62 | 0.0129 | 0.4956 | 4.50 | 0.000016 | 0.499997

2.14 | 0.0404 | 0.4838 | 2.64 |0.0122 | 0.4959 | 5.00 | 0.0000015 | 0.499997
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