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FOREWORD

American National Standards Committee B27 for the standardization of plain and lock washers was
organized in March 1926, as Sectional Committee B27 under the aegis of the American Standards Associa-
tion (later the United States of America Standards Institute and, as of October 6, 1969, the American
National Standards Institute Inc.), with the Society of Automotive Engineers and The American Society of
Mechanical Engineers as joint secretariats. In 1950, this Committee has been designated responsibility for
standardization of washers and machine rings.

At a meeting of ANSI B27 Standards Committee held on February 4, 1971 it was recommended to the
secretariats (ASME and SAE) that subcommittee 1, 2 and 4 on washers be merged into ANSI B18 Stan-
dards Committee and that Subcommittee 3 on retaining rings become a separate Standards Committee re-
taining the B27 designation. This change was subsequently approved by ANSI.

Formation of Subcommittee 1 on tapered and reduced section retaining rings was authorized by Stan-
dards Committee B27 at its meeting on October 15, 1974. At this meeting, it was decided that no further
effort should be expended on inch dimensional products and Subcommittee 1 was assigned the respon-
sibility of preparing American metric standards for tapered and reduced section retaining rings.

Subcommittee 1 prepared a draft proposal, General Purpose Tapered and Reduced Cross Section Retain-
ing Rings which was balloted on June 16, 1975. At a subcommittee meeting held on February 17, 1976
results from the letter ballot was reviewed. The proposal was accepted by the subcommittee and presented
to the B27 Standards Committee at its May 7, 1976 meeting. At that meeting a letter ballot of the entire
committee was authorized. The Standard was duly approved by the committee and its sponsors and sub-
mitted to the American National Standards Institute for designation as an American Standard. This was
granted on October 20, 1977.

iii

M pajj0suooun “paniwiad s uonnguisip 1o uononpoudal Jayuny oN “Iasn AlSIaAIUN pIoJuRIS AQ 0T0Z-S0-190 UO papeojumop ‘(L1027 183.11SUy291 MMM) 1NUSIOS Uoswoyl Aq AlISIaAlUn PIOJUB]S 01 Pasusdl| [euarew paiybuidoD



AMERICAN NATIONAL STANDARDS COMMITTEE B27
Standardization of Retaining Rings, Retaining Clips and Similar Devices

(The following is the roster of the Committee at the time of approval of this standard)

OFFICERS
J. B. Levy, Chairman R. L. Berkbigler, Vice-Chairman
Kurt Wessely, Secretary

COMMITTEE PERSONNEL

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, THE
J. B. Levy, General Electric Company, Schenectady, New York
E. R. Friesth, alternate, Deere & Company, Moline, Illinois

ASSOCIATION OF AMERICAN RAILROADS
J. H. Bean, Association of American Railroads, Chicago, Illinois

FARM & INDUSTRIAL EQUIPMENT INSTITUTE
A. G. Nauta, International Harvester Company, Hinsdale, Illinois

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION
F. V. Kupchak, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania
J. B. Levy, General Electric Corporation, Schenectady, New York
R. L. Mancini, alternate, National Electrical Manufacturers Association, New York, New York

SOCIETY OF AUTOMOTIVE ENGINEERS
R. L. Berkbigler, Ramsey Corporation, St. Louis, Missouri
J. Long, General Motors Technical Center, Warren, Michigan

SPRING MANUFACTURERS ASSOCIATION, INC.
W. L. Abrams, Precision Spring Corporation, Detroit, Michigan

U.S. DEPARTMENT OF THE ARMY
R. C. Englemann, Liaison, Rock Island Arsenal, Rock Island, Illinois
0. M. Kelley, alternate, Rock Island Arsenal, Rock Island, Illinois

U.S. DEPARTMENT OF THE NAVY
J. R. Ruff, Department of the Navy, Naval Ship Systems Command, Washington, D.C.

INDIVIDUAL COMPANIES
B. G. Allen, Pitney Bowes, Stamford, Connecticut
Joseph Altman, Waldes Kohinoor, Incorporated, Long Island City, New York
P. W. Dulk, The Singer Company, Elizabeth, New Jersey
John Hiddlestone, Anderton Darby, Incorporated, Clifton, New Jersey
Daniel Frailly, Eaton Corporation, Massillon, Ohio
P. M. Gladstone, The National Lock Washer Company, North Branch, New Jersey
H. Greenhill, Smalley Steel Ring Company, Wheeling, Illinois
G. A. Moos, Gordon Moos Associates Corporation, Washington, D.C.
W. L. Scott, Massey-Ferguson Ltd., Toronto, Canada
Robert Slass, Rotor Clip Company, Incorporated, Somerset, New Jersey
V. A. Stabile, Industrial Retaining Ring Company, Irvington, New Jersey

INDIVIDUAL MEMBER
E. D. Cowlin, Canton, Ohio

iv

W pajj0juooun ‘pamwIad SI uonNgLISIp 40 uonanpoidal Jaylny oN “18sn AlSIBAIUN plojuels Ad 0T0Z-G0-100 U0 papeojumop ‘(Li027198.41SU98]) MMM) JIIIUBIOS Uoswoyl Ag AlISISAIUN pIojuRlS 0] pasuadl| [eusrew pajyblikdod



SUBCOMMITTEE 1

GENERAL PURPOSE TAPERED AND REDUCED SECTION RETAINING RINGS

PERSONNEL

Joseph Altman, Chairman, Waldes K ohinoor, Incorporated, Long Island City, New York
B. C. Allen, Pitney Bowes, Stamford, Connecticut

V. Stabile, Industrial Retaining Ring Company, Irvington, New Jersey

D. A. Clever, Deere & Company, Moline, Illinois

P. D’Anza, alternate, International Harvester Company, Hinsdale, Illinois

Phil Dulk, Singer Manufacturing Company, Elizabeth, New Jersey

John Hiddlestone, Anderton Darby, Incorporated, Clifton, New Jersey

James Jen, alternate, Rotor Clip Company, Incorporated, Somerset, New Jersey

John Long, General Motors Corporation, Warren, Michigan

Melvin Millheiser, alternate, Waldes Kohinoor, Incorporate, Long Island City, New York
A. G. Nauta, International Harvester Company, Hinsdale, Illinois

Robert Slass, Rotor Clip Company, Incorporated, Somerset, New Jersey

Roger Swajger, alternate, Industrial Retaining Ring Company, Irvington, New Jersey

M pa||011uodun “paniwiad SI uonnguIsIp 1o uononpoidal Jayuny oN “1asn AUSIBAIUN plojurlS AQ 0TOZ-S0-190 U0 PapeojuMOp ‘(W0 18981SYd8) MAMM) JIJUSIDS UOSWOLL AQ AlISISAIUN PIOJURIS 0] Pasuadl| [euarew paybuidod



CONTENTS
1. Introduction NOtes . . . . . . ittt i i i e e e e e e e e
2. General Data . .. ... .. . e
3. Material ... ... e e
4. Hardness Testing Procedure . .. .. ... ... ... . . . . . .
5. Permanent Set LIMits . . .. ... .. ittt e
6. Irregularity Limitations . . .. .. .. ... ... .. . . e
ILLUSTRATIONS
Figure 1 Permanent Set Measurements for Type 3AMIRings ..................
Figure 2 Permanent Set Measurements for Type.3BM1 Rings . .................
Figure 3 Dish For Type 3AM1, Type 3BM1 & Type 3CM1Rings . . . .............
Figure 4 Pitch for Type 3AM1, Type 3BM1 and Type 3CM1 Rings ..............
TABLES
1. Hardness Ranges for Tapered and Reduced Cross Section Retaining Rings . . ... ...
2. Dish Limitations for Tapered and Reduced Section Retaining Rings . .. .........
3. Pitch Limitations for Tapered and Reduced Section Retaining Rings ...........
4. BasicExternal ... ... ... ... e
5. BasicInternal . . ... ... ... .. . e
6. E-RingExternal . .. .. .. .. .. ... e
APPENDIX
A. Basic External Series 3AMI . .. ... .. e e e e
B. BasicInternal Series 3BM1 . . . ... .. ... e
C. E-Ring External Series 3CM1 . . .. .. ... it i e

vi

bW W,

O ON W AW

M pajjonuodun ‘paniwiad si uonnguisip 1o uononpolidal Jayuny oN “1asn AlsIaAluN piojuelS AQ 0T0Z-G0-190 U0 PapeojuMop ‘(LU02719211SYd8]) MAMM) J1JIIUSBIDS UOSWOoL L Agq AISISAIUN plojuels 0] pasuadl| [euarew paiybuidod



ANSI| B27.7-1977

AMERICAN NATIONAL STANDARD

TAPERED AND REDUCED CROSS SECTION RETAINING RINGS
(External Type—-3AM1; Internal Type—3BM1; E-Ring Type—3CM1)

1. INTRODUCTORY NOTES

1.1 Scope

This standard is intended to cover complete general
and dimensional data for three series of general pur-
pose tapered and reduced cross section retaining rings
which may be used with the nominal size shafts and
housings listed and in grooves of the recommended
dimensions listed. Also included are formulas and tol-
erances on which dimensional data are based. Three
appendixes include guidance for assembly and recom-
mended standard drawing formats.

The inclusion of dimensional data in this standard
is not intended to imply that all of the products de-
scribed are stock production sizes. Consumers should
consult with manufacturers concerning lists of stock
production sizes.

1.2 Ring Types

1.2.1 External Rings. Dimensions of basic external
retaining rings, and grooves for various shaft sizes are
given in Table 4.

1.2.2 Internal Rings. Dimensions for basic internal
retaining rings, and grooves for various housing sizes
are given in Table 5.

1.2.3 External E-Rings. Dimensions of E-Type ex-
ternal retaining rings, and grooves for various shaft
sizes are given in Table 6.

1.2.4 Designations. It is recommended that the pre-
ferred type designations be used to identify these
rings on drawings, parts list, and other engineering
documentation. The basic external rings in this stan-
dard are Type 3AM1. The basic internal rings in this
standard are Type 3BM1. The E-Type extemal rings
in this standard are Type 3CM1.

1.3 Applicability

The rings denoted in this standard are intended
primarily for use with the shaft, housing, and groove

sizes recommended; however, in certain cases these
diameters may be altered somewhat to suit the re-
quirements of a particular design. When such changes
are made, care should be taken to not alter the shaft
or housing size to such an extent that the ring will
take enough permanent set to allow a loose fit after
the ring has been assembled into the groove. Neither
should the groove diameter be altered to the extent
to permit the ring to fit loosely.

1.4 Dimensions

All dimensions in this standard are in millimetres
unless otherwise stated.

1.5 Supplementary Information

Allowable loads, maximum radii and chamfers,
clearance dimensions, gaging diameters and rpm limits
for all 3 ring series are included in Appendix A, B and
C.

2. GENERAL DATA

2.1 Basic Retaining Rings

Type 3AM1 retaining rings covered by this standard
are spread over a shaft by means of a pliers or special
tool and allowed to relax and seat in a circumferential
groove, thereby providing an external protruding
shoulder which can be used for locating and retaining
a part on the shaft.

Type 3BM1 retaining rings covered by this standard
are compressed into a housing by means of a pliers or
special tool and allowed to relax and seat in a circum-
ferential groove, thereby providing an internal pro-
truding shoulder which can be used for locating and
retaining a part contained inside of the housing.

In both cases, the rings have a tapered section to
provide a more uniform distribution of stresses during
expansion or compression.
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AMERICAN NATIONAL STANDARD

TAPERED AND REDUCED CROSS SECTION RETAINING RINGS

2.2 E-Type Retaining Rings
Type 3CM1 retaining rings covered by this standard

contain 3 prongs connected by a reduced section-

bridge to provide greater resilience during installation.
The rings are installed radially, usually by means of
an applicator, and provide a high shoulder for abut-
ment by a retained part.

3. MATERIAL

Standard materials used in the manufacture of the
retaining rings shall be carbon spring steel, corrosion
resistant steel, or beryllium copper.

3.1 Carbon Spring Steel

Retaining rings made from carbon spring steel shall
conform to the chemical composition of SAE 1060
to 1090 or AISI 1060 to 1090 or equivalent and have
the following physical properties:

3.1.1 Heat Treatment. The retaining rings should be
heat treated by austempering to the Rockwell C hard-
ness values as specified in Table 1.

Table 1 Hardness Ranges for Tapered and Reduced
Cross Section Retaining Rings

3AM1 " 3BM1

Ring Size Rockwell C

7 through 12 51-55
13 through 26 49-53
27 through 85 48-52
88 through 100 47-51

Ring Size Rockwelt C

8 through 13 51-55
14 through 20 50-54
21 through 26 49-53
27 through 250 | 48-52

3cm1
Ring Size Rockwell C
2 through 8 49-53

9 through 25 48-52

3.1.2 Surface Treatment. All retaining rings shall be
available with the following protective finishes:

3.1.2.1 Phosphate Coating. Finish shall consist of
basic phosphate treatment, and subsequent protective
coating of any protective compound other than paint
type. Parts furnished to this specification shall show
no rust on significant surfaces when exposed to a salt
spray resistance test for a period of 2 hours, mini-
mum.

3.1.2.2 Cadmium or Zinc Plating. Basic require-
ments for plated finishes of either cadmium or zinc
shall be a plated finish of 0.005 mm minimum thick-

ANSI B27.7-1977

ness, treated to withstand 32 hours neutral salt spray
test without evidence of white corrosion products.
Basis metal corrosion should not exceed one spot per
645 square millimetres of significant surface, and such
spots should be visible to the naked eye and should
not exceed 1.5 millimetres in any dimension.

3.1.2.3 Black Oxide. Finish shall be essentially a
black iron oxide of the magnetite type produced by
conversion of the metal surface during immersion of
the part in a hot alkaline salt solution or in a mixed
salt fusion bath. The degree of pitting or metal loss
shall be as specified by the purchaser, but in no case
shall this be an amount detrimental to the perfor-
mance of the part. The finish shall be black in color
and lusterous in appearance.

3.1.2.4 Where plated or coated rings are subject to
hydrogen embrittlement they shall be baked for three
hours at 375°F (190°C), or other suitable times and
temperatures, as soon as possible after the plating or
coating operation to obviate such embrittlement.

3.2 Corrosion Resistant Steel

Retaining rings made from corrosion resistant steel
shall conform to the chemical composition of PH
15-7Mo or equivalent (AISI 632-AMS 5520) and
have the following physical properties:

3.2.1 Heat Treatment. The retaining rings should be
heat treated to the Rockwell C hardness values within
the range of 44-51.

3.2.2 Surface Treatment. Retaining rings shall be
cleaned free of scale, grease, oil and other foreign ma-
terial. Surfaces shall be finished completely before
passivation and no operations shall be performed after
passivating which will disturb the passivated surface
film. The entire surface of the retaining rings shall be
effectively passivated.

3.3 Beryllium Copper

Retaining rings made from beryllium copper shall
conform to the chemical composition of Alloy 25,
CDA 172 or equivalent (UNSC 17200) and have the
following physical properties:

3.3.1 Heat Treatment. The retaining rings should be
heat treated to the Rockwell C hardness values with-
in the range of 37-43,

3.3.2 Surface Treatment. Retaining rings shall be
cleaned to remove oxide formed as a result of the
heat treating process. Since these rings have extremely
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AMERICAN NATIONAL STANDARD

TAPERED AND REDUCED CROSS SECTION RETAINING RINGS

high resistance to most types of atmospheric corro-
sion, further protective finishes are usually not re-
quired.

4. HARDNESS TESTING PROCEDURE

The surfaces of both sides of each sample retaining
ring shall be prepared for hardness testing by removal
of all plating and other surface conditions which may
affect the hardness reading. The load shall be applied
perpendicular to the surface being tested within 7
degrees. Rockwell C Scale shall be used on prepared
samples having a thickness of 1.3 mm or greater.
Rockwell A Scale, or Rockwell superficial 45N, 30N,
or 15N Scales shall be used on samples having lesser
thickness and readings coverted to Rockwell C. Pre-
pared samples shall be sufficiently wide to prevent
bulging of the sides by the penetrator.

5. PERMANENT SET LIMITS

The following procedures should be used for deter-
mining if the permanent set of the ring is within the
allowable limits:

5.1 Basic External (3AM1) Retaining Rings

1. Expand the ring with a plier until it just fits over
a shaft 1% larger than the nominal shaft diameter.
Repeat this procedure 4 more times with the same
ring. The ring shall not crack during this procedure.

2. Measure the ring diameter (D) in the three places
shown in Figure 1.

FIGURE 1 PERMANENT SET MEASUREMENTS FOR
TYPE 3AM1 RINGS

3. Compute the average of the 3 diameters and
compare it to the minimum groove diameter listed in
the Data Chart for that ring. In all cases the average
diameter after permanent set should be less than the
groove diameter to insure that the ring will seat

tightly.

ANSI B27.7-1977

5.2 Basic Internal (3BM1)} Retaining Rings

1. Compress the ring with a plier until the lugs
abut each other. Repeat this procedure 4 more times
during this procedure.

2. Measure the ring diameter (D) in the three places
shown in Figure 2.

D, D,

FIGURE 2 PERMANENT SET MEASUREMENTS FOR
TYPE 3BM1 RINGS

3. Compute the average of the 3 diameters and
compare it to the maximum groove diameter listed in
the Data Chart for the ring. in all cases the average
diameter after permanent set should be greater than
the groove diameter to insure that the ring will seat

tightly.
5.3 E-Type (3CM1) External Retaining Rings

The rings shall, upon beinginstalled in the minimum
groove diameter by an applicator or similar tool, grip
the minimum groove diameter and shall have no less
than 3 point contact. ’

6. IRREGULARITY LIMITATIONS

6.1 Dish

Dish limitations of tapered and reduced section re-
taining rings as shown in Figure 3 shall not exceed the
dimensions specified in Table 2 for the applicable ring
series thickness.

Table 2 Dish Limitations for Tapered and Reduced
Section Retaining Rings

Types 3AM1 & 3BM1 Type 3CM1

Ring Permissible Ring Permissible
Thickness Dish Thickness Dish
0.25-04 0.05 0.25-0.4 0.05
0.6 -0.9 0.08 06 -09 0.08
1.1 -24 0.13 1.1 -16 0.13
28 -3.2 0.25
40 48 0.40
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AMERICAN NATIONAL STANDARD

TAPERED AND REDUCED CROSS SECTION RETAINING RINGS

i DISH

—"F

3AM1 and 3BM1 Rings
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r DISH

— "

3CM1 Rings

FIGURE 3 DISH FOR TYPE 3AM1, TYPE 3BM1 AND
TYPE 3CM1 RINGS

Overall Pitch —}7

3AM1 and 3BM1 Rings

T—-

Overall Pitch 1

3 j

3CM1 Rings

FIGURE 4 PITCH FOR TYPE 3AM1, TYPE 3BM1 AND
TYPE 3CM1 RINGS

6.2 Pitch

Pitch limitations of tapered and reduced section re-
taining rings as shown in Figure 4 shall not exceed the
dimensions specified in Table 3 for the applicable ring
series thickness.

Table 3 Pitch Limitations for Tapered and Reduced
Section Retaining Rings

Types 3AM1 & 3BM1 Type 3CM1
Ring Size Overall Pitch Ring Size Overall Pitch
mm Maximum mm Maximum
All sizes 3T 1 through 13 15T
15 through 25 2T

Workmanship
Wofkmanshfp shall be in accordance with high

grade commercial practice. Rings shall be free from

rust, loose scale, hanging burrs, cracks and any other
defects that might affect their functioning.
Additional Information

Consult with manufacturers for additional informa-
tion not included in standard.
Dimensional Data

Dimensional data and performance information on
rings and grooves for tapered and reduced cross section
retaining rings are tabulated in Tables 4, 5 and 6.
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TAPERED AND REDUCED CROSS SECTION RETAINING RINGS ANS| B27.7-1977
BASIC external series ’ Wl g
3AM1 X gl =
- s Detall of Groove
"MAX. BOTTOM RAOI
[ p Ring Sizes R
Lug Contiguration :‘; ::’5 :?8 801“9
for sizes -4, -5 and -6 19 thru 30 02
L. . R 32 thru -50 03
F.I.M. (full indicator movement) is the maximum allowable 52 thiu 100 04
deviation of concentricity between groove and shaft.
Table 4 Basic External
*Sizes -4, ~5 and -6 are available in beryllium copper only.
Shaft Dia. Ring Dimensions {(mm)} Groove Dimensicns (mm)
Approx.
mass
Ring Thickness per
Equiv. | Series & Free All materials | Hole Large | Small | 1000 Groove Groove | Edge
mm inch Size No. Diameter and finishes dia. Lug ( Secti Pcs. Groove Diameter Width Depth |Margin
S s 3AM1 D tot t tol P min | B nom | E nom | J nom kg G tol FIM w tol dref | Z min
4 | 0.157 |3AM1-4* 3.60 | +0.05 -0.10 0.25 | :0.05 0.6 1.35 0.65 0.40 0017 | 3.80 ( -0.08 | 0.03 0.32 | +0.05 | 0.1 03
5 | 0.197 -5* 455 | +0.05 -0.10 0.4 +0.06 0.6 1.40 0.65 0.40 0029 | 475 ( -0.08 | 0.03 0.5 +0.10 ( 0.13 04
6 { 0.236 -6* 545 | +0.056 -0.10 0.4 +0.06 0.6 1.40 0.75 0.50 0.040| 5.70 [ -0.08 | 0.03 05 +0.10 | 0.15 0.5
7 0.275 -7 635 | +0.05 -0.15 06 +0.06 1.0 2.05 0.90 0.60 0.10 660 | -0.10 | 0.05 0.7 +0.16 | 0.20 0.6
8 | 0315 -8 7.15 | +0.05 -0.15 0.6 +0.06 1.0 2.20 | #.00 0.65 0.12 7.50 | -0.10 | 0.05 0.7 +0.16 | 0.25 08
9| 0354 -9 8.15 | +0.05 -0.15 0.6 +0.06 1.0 2.20 1.15 0.75 0.15 845} -0.10 | 0.05 0.7 +0.15 | 0.28 0.8
10 | 0.393 -10 9.00 | +0.05 -0.15 0.6 +0.06 1.0 2.20 1.30 0.80 0.19 940 ( -0.10 | 0.05 0.7 +0.16 | 0.30 09
1" 0.433 -1 10.00 [ +0.05 -0.15 0.6 +0.06 1.0 2.20 1.40 0.85 0.23 (1035| -0.12 | 0.05 0.7 +0.15 | 0.33 1.0
12 | 0472 -12 | 10.85 | +0.05 -0.15 06 +0.06 1.0 2.20 1.50 0.90 024 (1135 -0.12 | 0.05 0.7 +0.15 | 0.33 1.0
13 | 0512 -13 | 11.90 | +0.15 -0.25 0.8 +0.06 1.2 2.80 1.60 0.95 0.44 (1230 -~0.12 | 01 10 +0.16 | 035 1.0
14 0.551 -14 | 12,90 | +0.15 -0.26 0.9 +0.06 1.2 2.80 1.70 1.00 049 |13.25( -0.12 | 0.1 1.0 +0.15| 038 1.2
15 | 0.591 -15 | 13.80 | +0.15 -0.25 09 +0.06 1.2 2.80 1.80 1.05 054 (1415 | -0.12 | 0.1 1.0 +0.15 | 0.43 1.3
16 0.630 -16 | 14.70 | +0.15 -0.25 0.9 +0.06 1.2 2.80 2.05 115 059 |15.10 | -0.15 | 0.t 1.0 +0.15 | 0.45 14
17 | 0.669 -17 | 15.75 | +0.15 -0.25 09 +0.06 1.2 2.80 2.10 1.15 064 |16.10{ -0.156 | 0.1 1.0 +0.15 | 045 1.4
18 | 0.708 -18 | 16,65 | +0.15 -0.25 1.1 +0.06 .3 3.45 2.2% 1.25 092 |17.00 | -0.15 ] 0.1 1.2 +0.15 | 0.50 1.5
19 | 0.748 -19 | 17.60 | +0.15 -0.25 1.1 +0.06 13 3.45 2.35 1.30 095 |1795| -0.15 | 0. 1.2 +0.15 | 0.53 1.6
20 | 0.787 -20 |} 18.35 | +0.15 -0.25 1.1 +0.06 13 3.45 2.40 1.36 1.00 | 1885 | -0.15 | 0.1 1.2 +0.15 | 0.58 1.7
2 0.826 -21 19.40 | +0.15 -0.25 11 +0.06 1.3 3.45 2.50 1.40 11 1980 | -0.15 | 01 1.2 +0.15 | 0.60 1.8
22 | 0.866 -22 | 2030 | +0.15 -0.25 11 +0.06 1.3 3.45 270 1.50 1.3 20.70 | -015 | 0.1 1.2 +0.156 | 0.65 19
23 0.905 -23 | 21.25 | +0.15 -0.25 11 +0.06 1.3 3.45 2.80 1.60 14 2165 | -0.15 | 0.1 1.2 +0.15 | 0.67 20
24 | 0.945 -24 | 22.20 | +0.15 -0.25 1.1 +0.06 19 4.2 29 1.6 1.5 2260 | -0.15 | 0.1 1.2 +0.15 | 0.70 21
25 | 0984 -25 | 23.10 | +0.15 -0.25 1.1 +0.06 19 4.2 2.9 1.7 1.6 2350} -0.15 | 0.1 1.2 +0.15 | 0.75 23
26 1.023 -26 | 24.05 | +0.15 -0.25 1.1 +0.06 19 4.2 3.0 1.7 1.8 2450 | -0.15 | 0.1 1.2 +0.15| 0.76 23
27 1.063 -27 | 2495 | +0.256 -0.40 13 +0.06 1.9 46 3.1 1.8 2.2 2545 | -0.20 | 0.4 14 +0.15 | 0.78 23
28 1102 -28 | 25.80 | +0.25 -0.40 1.3 +0.06 19 4.6 3.2 18 23 26.40 | -0.20 | 0.1 1.4 +0.15 | 0.80 24
30 1.181 -30 | 27.90 | +0.25 -0.40 1.3 +0.06 1.9 4.6 3.3 1.8 25 28351 -0.20 | 0.15 1.4 +0.16 | 0.83 2.5
32 1.260 -32 | 29.60 | +0.25 -0.40 1.3 +0.06 1.9 46 3.6 19 28 30.20 | -0.20 | 0.15 1.4 +0.16 ! 0.80 2.7
34 1.339 -34 | 3140 | +0.25 -0.40 1.3 +0.06 1.9 46 38 20 3.1 3200 | -0.20 | 0.15 14 +0.15 | 1.00 30
35 1.378 -35 | 3230 | +0.25 -0.40 1.3 +0.06 19 4.6 39 21 3.3 3290 | -0.20 | 0.15 1.4 +0.15 | 1.05 3.1
36 1417 -36 | 33.25 | +0.256 -0.40 1.3 +0.06 1.9 5.4 4.1 2.2 3.6 3385 020 | 0.15 14 +0.15 | 1.06 3.2
38 1.496 -38 | 35.20 | +0.25 -0.40 1.3 +0.06 341 54 43 23 4.0 358 -0.30 | 0.16 14 +0.15| 1.10 3.3
40 1575 -40 | 36.75 | +0.35 -0.50 16 +0.08 3.1 6.0 4.4 23 5.6 37.7 -030 | 015 175 | 4020 | 115 3.4
42 | 1.654 -42 | 3880 | +0.35 -0.50 1.6 10.08 3.1 6.0 4.6 24 6.3 39.6 -0.30 | 0.15 1.75 | +0.20 | 1.20 3.6
43 1.683 -43 | 39.65 | +0.35 -0.50 16 +0.08 3.1 6.0 4.7 25 6.7 40.5 -0.30 | 0.15 1.75 | +0.20 | 1.25 3.8
45 1.772 -45 | 4160 [ +0.35 -0.50 1.6 +0.08 31 6.0 48 26 7.0 424 ~0.30{ 0.15 175 | +0.20| 1.30 3.9
46 1.811 -46 | 4255 | +0.35 -0.50 16 +0.08 341 6.0 4.9 26 73 433 -0.30 | 0.16 1.75 | +0.20| 1.35 4.0
48 1.890 -48 | 4440 | +0.35 -0.50 1.6 +0.08 3.1 6.2 5.0 26 7.7 45.2 -0.30 { 0.15 1.76 | +0.20 | 1.40 4.2
50 1.969 -50 | 46.20 | +0.35 -0.50 1.6 +0.08 31 6.2 6.1 27 8.2 47.2 -0.30 | 0.15 1.76 | +0.20 | 1.40 4.2
52 2.047 -52 | 4840 | +0.35 -0.65 2.0 +0.08 3.1 6.8 5.3 28 113 49.1 -0.30 | 0.15 215 | +0.20 | 145 4.3
54 2,126 ~-54 | 49.9 +0.35 -0.65 20 +0.08 3.1 6.8 5.4 29 118 51.0 -030 | 0.15 215 | +0.20 | 1.50 4.5
55 | 2.165 -55 | 50.6 +0.35 -0.65 20 +0.08 3.1 6.8 5.4 29 11.9 51. -0.30 [ 0.15 215 | 40.20 | 1.60 48
57 2.244 -57 | 52.9 +0.35 -0.65 2.0 +0.08 3.1 6.8 6.6 3.0 125 53.8 -0.240 | 0.20 2.15 | +0.20 | 1.60 4.8
58 2.283 -58 | 53.6 +0.35 -0.65 2.0 +0.08 3.1 6.8 5.6 3.0 12,6 54.7 -040 | 0.20 2.15 | 40.20{ 1.65 48
60 | 2.362 -60 | 55.8 +0.35 -0.65 2.0 +0.08 3.1 6.8 5.7 3.0 13.2 6.7 -040 | 0.20 215 | +0.20| 1.65 4.9
62 | 2.441 -62 | 67.3 +0.35 -0.65 2.0 ':0.08 31 6.8 5.8 3.0 134 58.6 -0.40 | 0.20 215 | +0.20 | 1.70 5.1
65 | 2.559 -65 | 60.4 +0.50 -0.7% 20 +0.08 3.1 68 6.0 3.1 15.4 616 -0.40 | 0.20 2.15 | +0.20 | 1.70 5.1
68 | 2.677 -68 | 63.1 +0.50 -0.75 2.0 +0.08 3.1 6.8 6.2 3.3 16.3 64.5 -040 | 0.20 2.15 | +0.20 | 1.75 6.3
70 | 2.756 -70 | 64.6 +0.50 -0.75 24 +0.08 31 7.8 6.3 3.3 19.3 66.4 -0.40 | 0.20 255 | +0.20 | 1.80 5.4
72 | 2.835 -72 | 666 +0.50 -0.75 24 +0.08 31 7.8 6.4 3.3 20.6 68.3 -040 | 0.20 255 | +0.20| 1.85 5.5
75 2.953 -75 | 69.0 +0.50 -0.75 24 +0.08 31 78 6.6 3.4 226 71.2 -040 | 0.20 255 | +0.20 | 1.80 6.7
78 | 3.071 -78 | 72.0 +0.50 -0.75 24 +0.08 3.1 7.8 6.6 34 215 74.0 -0.40 | 0.20 255 | +0.20{ 2.00 6.0
80 | 3.150 -80 | 74.2 +0.50 -0.7% 24 +0.08 31 7.8 7.0 386 26.8 75.9 ~-0.40 | 0.20 285 | +0.20 | 2.05 6.1
82 | 3.228 82 | 764 +0.50 -0.75 24 +0.08 31 7.8 7.1 3.7 281 77.8 =040 | 0.20 255 | +0.20 | 2.10 6.3
85 | 3.346 -85 | 786 +0.50 -0.75 24 +0.08 31 7.8 7.3 38 29.0 80.6 -0.40 | 0.20 255 | +0.20 2.20 6.6
.
88 | 3.464 -88 | 81.4 +0.50 -0.75 28 +0.08 3.1 84 7.5 3.9 32.2 83.5 -040 | 0.20 295 | +0.20 | 2.25 6.7
90 | 3.543 -90 | 83.2 +0.50 -0.75 2.8 +0.08 31 84 7.5 39 331 854 -040 | 0.20 295 | +0.20 | 2.30 6.9
95 | 3.740 -95 | 88.1 +0.50 -0.75 28 +0.08 3.1 8.4 79 a1 376 80.2 -040 | 0.20 295 | +0.20 | 2.40 7.2
100 | 3.937 [3AM1-100| 925 +0.50 -0.75 2.8 +0.08 3.1 8.7 8.0 4.1 431 95.0 -0.40 | 0.20 295 | +0.20 [ 2.50 7.5
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AMERICAN NATIONAL STANDARD
TAPERED AND REDUCED CROSS SECTION RETAINING RINGS ANSI B27.7-1977

BASIC internal series
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Detail of Groove
[ -1l G
MAX. BOTTOM RADN
U Ring Sizes R
Lug Confi { 8 thru % g;
for sizes -52 thru -250 -18 thru - :
o 32t 55 03
-56 thru -250 0.4
F.1.M. (full indicator movement) is the maximum allowable
deviation of concentricity between groove and bore.
Table 5 Basic Internal
Bore Dia. Ring Dimensions {mm) Groove Dimensions (mm)
Approx.
mass
Ring Thickness per
Equiv. | Series & Free All materials Hole Large | Small | 1000 Groove Groove | Edge
mm inch | Size No. Diameter and finishes dia. Lug [Section|Section| Pecs. Groove Diameter Width Depth |Margin
S S 38M1 D tol t tol P min{ B nom | E nom | J nom kg G tol FIM w tol dref |Z min
8 0.315 [3BM1-8 8.80 | +0.26 -0.13 0.4 +0.06 0.8 1.7 0.85 045 0.05 8.40 | +0.06 | 0.03 0.5 +0.10 | 0.2 0.6
9 0.354 -9 10.00 | +0.25 -0.13 0.6 +0.06 1.0 2.1 1.25 0.65 0.11 9.45 | +0.06 | 0.03 0.7 +0.16 | 0.23 0.7
10 0.393 -10 {11.10 | 4+0.25 -0.13 0.6 +0.06 1.0 2.1 1.30 0.70 0.14 {10.50 | +0.10 | 0.03 0.7 +0.15 | 0.25 0.8
it 0.433 -11 {12.20 | +0.25 -0.13 06 +0.06 10 25 1.30 0.70 0.17 | 11.60 | +0.10 | 0.05 0.7 +0.15 | 0.3 0.9
12 0.472 -12 {13.30 | +0.25 -0.13 0.6 +0.06 1.0 2.5 1.35 0.75 0.19 [ 12.65 | +0.10 | 0.05 0.7 +0.15 | 0.33 1.0
13 0.512 -13 | 14.25 | +0.25 -0.13 09 +0.06 1.2 2.9 1.35 0.90 0.35 (13.70 | +0.10 | 0.05 1.0 +0.15 | 0.35 1.1
14 0.551 -14 {1545 | +0.256 -0.13 0.9 +0.06 1.2 33 1.60 0.90 0.39 (1480 | +0.10 | 0.05 1.0 +0.15 | 0.40 1.2
15 0.591 -15 { 16.60 | +0.25 -0.13 09 +0.06 1.5 3.3 1.65 0.95 042 (1585 | +0.10 | 0.05 1.0 +0.15 | 0.43 1.3
16 0.630 -16 | 17.70 | +0.256 -0.13 09 +0.06 1.5 34 1.70 0.95 0.47 [ 16.90 | +0.10 | 0.1 1.0 +0.15 | 045 1.4
17 0.669 -17 {1890 | +0.26 -0.13 0.9 +0.06 1.5 34 1.70 0.95 0.52 | 18.00 | +0.10 | 0.1 1.0 +0.15 | 0.50 1.5
18 | 0.708 -18 | 20.05 | +0.25 -0.13 09 |:006 | 15 3.6 1.8 1.0 0.58 | 19.05 | +0.10 | 0.1 1.0 +0.15 | 0.53 1.6
19 0.748 -19 {2110 | +0.26 -0.13 0.9 +0.06 1.5 3.6 18 1.0 0.59 |20.10 | +0.15 | 0.1 1.0 +0.15 | 055 1.7
20 0.787 -20 {2225 | +0.25 -0.13 09 +0.06 15 40 2.0 11 0.70 | 21.15 | +0.15 | 0.1 1.0 +0.15 | 0.57 1.7
21 0.826 -21 | 23.30 | +0.40 -0.25 09 +0.06 15 4.0 21 1.2 082 | 22.20 | +0.15 | 0.1 1.0 +0.15 { 0.60 18
22 0.866 -22 | 24.40 | +0.40 -0.25 1.1 +0.06 1.5 40 21 1.2 0.90 | 2330 | +0.15 | 041 1.2 +0.15 | 0.65 19
23 0.905 -23 {2545 | 4040 -0.25 1.1 +0.06 1.5 4.0 2.2 1.2 1.00 | 24.35 | +0.15 | 0.1 1.2 +0.15 | 0.67 2.0
24 0.945 -24 | 26.55 | +0.40 -0.25 1.1 +0.06 1.5 40 23 1.3 1.09 {254 +0.15 | 0.1 1.2 +..15 | 0.70 2.1
25 0.984 -25 | 27.75 | 1040 -0.25 1.1 +0.06 15 40 26 1.3 1.26 | 26.6 +0.15 | 0.1 1.2 +0.15 | 0.80 24
26 1.023 -26 {28.85 | +0.40 -0.25 11 +0.06 15 4.0 2.7 14 1.3 27.7 +0.15 | 0.15 1.2 +0.15 | 0.85 26
27 1.063 -27 | 2995 | +0.65 -0.50 13 +0.06 19 4.6‘ 28 1.4 1.7 28.8 +0.15 | 0.15 14 +0.15 | 0.90 2.7
28 1.102 -28 | 31.10 | +0.65 -0.50 1.3 £0.06 19 46 29 15 1.8 29.8 +0.15 | 0.15 14 +0.15 | 0.90 2.7
30 1.181 -30 | 33.40 | +0.65 -0.50 13 +0.06 19 4.6 3.0 1.5 2.0 31.9 +0.20 | 0.15 14 +0.15 | 0.95 29
32 1.260 -32 [ 3535 | +0.65 -0.50 1.3 +0.06 1.9 46 31 1.6 2.2 339 +0.20 | G.15 14 +0.15 | 0.95 29
34 1.339 -34 | 37.75 | +0.65 -0.50 13 +0.06 1.9 4.6 3.2 1.6 23 36.1 +0.20 | 0.15 14 +0.15 | 1.05 3.2
35 1.378 -35 | 38.75 | +0.65 -0.50 1.3 +0.06 1.9 46 3.3 16 23 37.2 +0.20 | 0.1 14 +0.15{ 1.10 3.3
36 1.417 -36 | 40.00 | +0.65 -0.50 1.3 +0.06 19 4.6 34 1.7 2.6 38.3 +0.20 | 0.15 14 +0.15 | 1.156 3.5
37 1467 -37 | 41.05 | +0.65 -0.50 1.3 +0.06 19 4.6 34 1.7 29 393 +0.20 | 0.156 1.4 +0.15 | 1.15 3.5
38 1.496 -38 | 42.15 | +0.65 -0.50 13 +0.06 1.9 46 3.4 1.7 3.0 |404 +0.20 | 0.15 14 +0.15 | 1.20 3.6
40 1.575 -40 | 44.25 | +0.90 -0.65 16 +0.08 19 5.1 4.0 20 4.0 |424 +0.20 | 0.15 1.7 | +0.20 | 1.20 3.6
42 1.654 -42 | 46.60 | +0.90 -0.65 1.6 +0.08 1.9 5.8 4.2 21 4.7 44.5 +0.20 | 0.15 1.75 | +0.20 | 1.25 3.7
a5 1.772 -45 | 4995 | +0.90 -0.65 1.6 +0.08 19 6.0 4.3 2.1 5.1 47.6 +0.20 | 0.156 1.75 | +0.20 | 1.30 3.9
48 1.811 -46 | 61.05 | +0.90 -0.65 1.6 +0.08 2.3 6.0 43 21 5.2 48.7 +0.20 | 0.2 1.75 | +0.20 | 1.35 40
47 1.850 -47 | 52.15 | +0.90 -0.65 1.6 +0.08 2.3 6.0 43 2.2 5.8 49.8 +0.20 | 0.2 1.75 | +0.20 j 1.40 4.2
48 1.890 -48 | 63.30 | +0.90 -0.65 1.6 +0.08 23 6.0 45 23 6.1 50.9 +0.20 | 0.2 1.75 | +0.20 | 1.45 4.3
50 1.969 ~50 | 65.35 | +0.90 -0.65 16 +0.08 23 6.0 46 23 6.2 53.1 +0.20 | 0.2 1.75 | +0.20 | 1.55 46
652 2.047 -52 | 67.90 | +1.00 -0.75 2.0 +0.08 23 6.4 4.7 2.3 8.1 65.3 +0.30 | 0.2 215 | +0.20 | 1.65 5.0
55 2.165 ~55 1 61.10 | +1.00 -0.75 2.0 +0.08 2.3 6.7 5.1 2.5 8.9 58.4 +0.30 | 0.2 2,15 | +0.20 1.70 5.1
57 2.244 -57 163.26 | +1.00 -0.75 2.0 +0.08 23 6.9 5.2 25 9.9 60.5 +0.30 | 0.2 215 [ +0.20 | 1.75 5.3
58 2.283 -58 |1 644 +1.00 -0.75 2.0 +0.08 23 6.9 5.3 26 10.1 616 +0.30 | 0.2 215 | +0.20 | 1.80 54
60 2.362 -60 | 66.8 +1.00 -0.75 2.0 +0.08 23 6.9 5.3 2.6 10.5 63.8 +0.30 | 0.2 215 | +0.20 | 1.90 5.7
62 244 -62 | 68.6 +1.00 -0.75 2.0 +0.08 2.7 71 53 26 115 65.8 +0.30 | 0.2 2.15 | +0.20 | 1.90 5.7
63 2.480 -63 | 69.9 +1.00 -0.75 2.0 +0.08 2.7 7.1 5.4 2.7 11.6 66.9 +0.30 | 0.2 215 | 40.20 | 1.95 5.9
65 2.559 [3BM1-65 { 72.2 +1.00 -0.75 24 +0.08 2.7 74 5.6 2.8 154 69.0 +0.30 | 0.2 2.55 | +0.20 2.00 6.0

Additional sizes appear on page 7.
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AMERICAN NATIONAL STANDARD
TAPERED AND REDUCED CROSS SECTION RETAINING RINGS ANSI B27.7-1977

BASIC internal series

_.1 W e P
N i °
—sf R
Detalil of Groove
_1[ Hi| 6
MAX. BOTTOM RADN
Ring Sizes R
Lu? Cont ! 8 thry :13(7) 0.;'
for sizes -52 thru -250 -18 thru - 0.
-32 thru -85 03
-56 thru -250 04
F.1.M. (full indicator movement) is the maximum allowable
deviation of concentricity between groove and bore.
Table 5 Basic Internal (Continued) .
Bore Dia. Ring Dimensions (mm) Groove Dimensions (mm)
|[Approx.
mass
Ring Thickness per
Equiv. | Series & Free All materials | Hole Large | Small | 1000 Groove Groove( Edge
mm inch Size No. Diameter and finishes dia. Lug |[Secti i Pcs. Groove Diameter Width Depth | Margin
S S 3BM1 D tol t tol P min | B nom | E nom | J nom kg G tol FIM w tol dref | Z min
68 | 2.677 [3BM1-68 76.7 | +1.00 -0.76 24 | :008| 27 7.6 5.8 2.9 15.9 | 722 +0.30| 0.2 255 | +0.20| 2.10 6.3
70 | 2.756 -70 775 | +1.00 -0.75 24 +0.08 27 7.6 5. 29 16.1 744 | +0.30 [ 0.2 255 | +0.20| 2.20 6.6
72 | 2.835 -72 796 | +1.00 -0.76 24 +0.08 27 7.6 5.8 29 16.3 765 | +0.30 | 0.2 255 | +0.20| 226 6.7
75 | 2.953 -75 83.3 | +1.00 -0.75 24 +0.08 2.7 7.9 6.2 3.1 19.3 79.7 { +0.30 | 0.2 255 | +0.20| 235 71
78 | 3.071 -78 868 | +1.40 -1.40 2.8 +0.08 31 7.9 65 3.2 240 828 +0.30 | 0.2 295 | +0.20 | 240 7.2
80 | 3.150 -80 89.1 [ +1.40 -1.40 28 +0.08 31 7.9 6.7 3.3 258 850 +0.30 | 0.2 295 | +0.20| 250 7.5
82 | 3.228 -82 91.1 | +1.40 -1.40 28 +0.08 31 8.7 69 34 27.2 87.2} +0.30 | 0.25 295 | +0.20{ 2.60 7.8
85 | 3.346 -85 944 | +1.40 -1.40 28 +0.08 31 8.7 7.0 3.6 29.5 804 | +0.30 | 0.26 295 | +0.20| 2.70 8.1
88 | 3.464 -88 979 +1.40 -140 2.8 +0.08 31 8.7 7.3 386 31.3 93.6 | +0.30 | 0.25 295 | +0.20| 2.80 84
90 | 3.543 -90 | 100.0 | +1.40 -1.40 2.80 | +0.08 31 8.7 7.4 36 326 95.7 | +0.30 | 0.25 295 | 40.20 | 285 8.6
92 | 3.622 -92 | 102.2 | +1.40 -1.40 2.8 +0.08 3.1 8.7 7.6 38 33.1 878 | +0.30} 0.25 295 | +0.20 290 8.7
95 | 3.740 -95 | 1056 | +1.65 -1.65 28 +0.08 3.1 8.7 7.8 39 354 [ 1010 | +030 | 0.25 295 | +0.201 3.00 9.0
98 3.858 -98 109.0 | +1.65 -1.65 2.8 +0.08 3.1 9.4 8.1 4.1 394 | 104.2 ( +0.30 | 0.25 295 | +0.20}] 3.10 9.3
100 | 3.937 -100| 110.7 | +1.65 -1.65 28 +0.08 31 94 8.2 4.1 39.9 | 106.3 | +0.40 | 0.25 2.95 | +0.20] 3.15 9.5
102 | 4.016 -102| 1124 | +1.65 -1.65 28 +0.08 3.1 9.4 8.4 4.2 42,2 | 1084 | 4040 | 0.25 295 | 4+0.20( 3.20 9.6
105 | 4.134 -105/ 1168 | +1.65 -1.65 28 +0.08 31 94 84 43 440 | 1115 +040 | 0.25 2.95 | +0.20 | 3.256 9.8
108 | 4.252 -108| 119.2 | +1.65 -1.65 2.8 +0.08 3.1 94 8.5 46 458 | 1146 | +0.40 | 0.26 295 | +0.20| 3.30 9.9
110 | 4.331 -110| 1208 | +1.65 -1.65 2.8 +0.08 38 10.3 8.7 4.6 476 [ 116.7 | +040 | 0.25 295 | +0.20 | 3.35 10.1
116 | 4528 -115] 126.0 | +1.65 -1.65 28 +0.08| 38 103 8.9 46 503 | 1219 | +0.40{ 0.25 295 | +0.20 345 104
120 | 4.724 -120| 1324 | +165 -1.65 28 +0.08| 38 103 9.4 4.6 56.2 | 127.0| +0.40 | 0.25 295 | +0.20| 3.50 105
125 | 4.921 -125| 137.1 ] +1.65 -1.65 28 +0.08 3.8 103 95 47 60.0 | 1321 | +0.40 | 0.25 295 | +0.20| 3.55 10.7
130 | 5.118 -130} 1425 | +165 -1.65 28 +0.08( 3.8 103 9.8 49 635 [137.2| +040 | 0.25 295 | +0.20| 3.60 10.8
1356 | 5315 -135| 148.5| +1.65 -1.65 3.2 +0.10 38 16 104 5.0 79 1423 +0.40| 025 340 | +0.25| 3.65 11.0
140 | 5512 -140| 154.1 | +1.65 -1.65 3.2 +0.10 3.8 116 10.4 5.0 83 1474 +0.40 | 0.25 340 | +0.25| 3.70 11
145 | 5.709 -145| 1595 +1.65 -1.65 3.2 +0.10| 38 116 106 5.3 87 1625 | +0.40 | 0.25 340 | +0.26| 3.75 113
150 | 5.906 -150| 1645 +1.65 -1.65 3.2 +0.10| 3.8 116 108 54 89 1576 | +0.40 | 0.25 | 340 | +0.25| 3.80 1.4
155 6.102 -155| 168.8 | +1.65 -1.65 3.2 +0.10 3.8 116 10.8 54 9 162.7 | 4040 | 03 3.40 | +0.25| 3.85 11.6
160 6.299 -160| 175.1 | +2.05 42.05 4.0 +0.12 46 123 10.9 5.4 2 167.81 +0.40 | 0.3 425 | +0.25( 3.90 1.7
165 | 6.496 -165| 1803 ( +2.06 -2.05 4.0 +0.12 46 123 1. 5.6 127 1729 | +050| 03 425 | +0.25( 3.95 1.8
170 | 6.693 -170| 1866 +2.05 -2.05 4.0 +0.12 46 123 114 5.6 138 1780 | +0.50| 0.3 425 | +0.256( 4.00 12.0
175 | 6.890 -175| 1913 | +2.05 -2.05 40 +0.12 46 135 11.6 5.7 147 183.2| +0.50 | 0.3 426 | +0.26( 4.10 12.3
180 7.087 -180| 196.6 | +2.05 -2.05 4.0 +0.12 4.6 135 12.0 5.9 156 1884 | +0.50| 0.3 4,25 | +0.26( 4.20 12.6
185 7.283 -185| 202.7 | +2.30 -2.30 4.8 +0.12 4.6 14.2 124 6.0 194 1936 | +0.650| 03 6.10 | +0.25| 4.30 129
190 | 7.480 -190| 207.7 | +2.30 -2.30 48 +0.12 46 14.2 129 6.3 220 198.8 | +0.50{ 0.3 6.10 | +0.25| 4.40 13.2
200 | 7.874 -200| 217.8| +2.30 -2.30 48 +0.12 46 14.2 133 6.5 235 209.0 ( +0.50| 0.3 510 | +0.25| 4.50 13.5
210 | 8.268 -210| 2303 | +2.30 -2.30 48 +0.12 4.6 15.2 14.2 69 275 2194 ( +050| 03 510 | +0.25} 4.70 14.1
220 | 8.661 -220| 240.5| +2.30 -2.30 4.8 10,12 4.6 16.8 150 7.3 285 2300 ( +050| 0.3 5.10 | +0.26] 5.00 15.0
230 | 9.055 -230| 2514 | +2.30 -2.30 48 +0.12 46 16.8 15.56 7.5 330 2406 +050| 0.3 5.10 | +0.256| 5.30 15.9
240 | 9.449 -240| 262.3 | +2.30 -2.30 438 +0.12 4.6 18.7 16.3 7.7 365 2510 4050 0.3 510 | +0.25| 5.50 16.5
250 | 9.843|3BM1-250( 273.3 | +2.30 -2.30 48 +0.12 46 18.7 16.7 7.8 375 2614 ] +050| 03 5.10 | +0.25| 5.70 171
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AMERICAN NATIONAL STANDARD
TAPERED AND REDUCED CROSS SECTION RETAINING RINGS ANSI B27.7-1977

E-RING external series
3CM1

G Detail of Groove
- S
MAX. BOTTOM RADI
Ring Sizes R
— -t and -2 0.05
-3 thru 7 0.15
8 thru -13 025
-15 thru -25 04

F.I.M. (full indicator movement) is the maximum allowable
deviation of concentricity between groove and shaft.

Table 6 E-Ring External

*Size ~1 is available in beryllium copper only.

Shaft Dia. Ring Dimensions (mm) ] Groove Dimensions {(mm)
Approx.
mass
Ring Thickness per
Equiv. | Series & Free All materials | Outer 1000 Groove Groove | Edge
mm inch Size No. Diameter and finishes Dia. |{Bridge| Pes. Groove Diameter Width Depth |Margin
S S 3cm1 D tol t tol Y nom |E nom kg G tol FIM w tol dref | Z min
1 0.039 | 3CM-1* | 0.64 | +0.03 -0.08 | 0.25 | +0.05 20 | 030 | 0004 | 072 | ~0.05 | 0.04 | 032 |+0.05 | 0.14 0.3
2 0.079 -2 1.30 [ +0.03 -0.08 | 0.25 | +0.05 40 | 055 | 0,014 145 | -0.05 | 0.04 | 0.32 |+0.05 | 0.28 0.6
3 0.118 -3 2.10 | 40.03 -0.08 } 0.4 +0.06 56 | 065 | 0.036 | 230 {-0.08 | 0.04 | 05 +0.10 | 0.35 0.7
4 0.157 -4 290 | +0.03 -0.08 | 0.6 +0.06 7.2 0.85 | 0.095 3.10 | -0.08 | 0.05 0.7 +0.156 | 0.45 0.9
5 0.197 -5 3.70 | +0.03 -0.08 | 0.6 +0.06 8.5 0.90 | 0.13 3.90 | -0.08 | 0.05 0.7 +0.15 | 0.55 1.1
6 0.236 -6 4.70 | +0.03 ~0.08 | 0.6 $0.06 | 111 115 | 0.21 485 | -0.08 0.05 0.7 - [+0.15 | 0.58 1.2
7 0.275 -7 5.26 | +0.03 -0.08 | 0.6 +0.06 | 134 14 0.34 655 -0.10 | 0.08 | 0.7 +0.15 | 0.73 1.5
8 0315 -8 6.16 | +0.05 -0.10 | 0.6 +0.06 | 146 14 0.35 640 | -0.10 | 0.08 | 0.7 +0.15 | 0.8C 16
9 0.354 -8 6.80 | +0.05 -0.10 | 0.9 +0.06 | 158 15 0.58 7.20 | -0.10 | 0.08 1.0 +0.15 | 0.90 1.8
4 0.393 -10 | 7.60 | +0.05 -0.10 | 0.9 +0.06 | 168 15 0.68 8.00 { ~0.10 | 0.08 1.0 +0.15 | 1.00 20
11 0433 -1 8.55 | +0.05 -0.10 | 0.9 +0.06 | 174 16 0.68 890 | -0.10 | 0.10 1.0 +0.15 | 1.05 2.1
12 0472 -12 § 9.20 | +0.05 -0.10 | 1.1 +0.06 | 186 1.8 1.00 9.60 | -0.15 | 0.10 1.2 +0.15 | 1.20 24
13 0.512 -13 9.95 | +0.05 -0.10 | 1.1 +0.06 | 20.3 2.0 1.13 1030 | -0.15 | 0.10 1.2 +0.15 | 1.35 2.7
15 0.591 ~15 1 11.40 | +0.10 -0.15 | 1.1 +0.06 | 228 | 2.1 1.40 11.80 | -0.15 | 0.10 1.2 +0.15 { 1.60 3.2
16 0.630 -16 | 12.16 | +0.10 -0.15 | 1.1 +0.06 | 238 | 23 1.45 1250 | ~0.16 | 0.10 1.2 +0.15 | 1.75 3.5
18 0.708 -18 |1 13.90 { +0.10 -0.15 | 1.3 +0.06 | 27.2 | 25 23 1430} -0.16 | 010 | 1.4 +0.15 | 1.85 3.7
20 0.787 -20 | 156.60 | +0.10 -0.15 | 1.3 +0.06 | 300 | 2.8 2.8 16.00 | -0.20 | 0.10 1.4 +0.15 | 2.00 4.0
22 0.866 -22 {17.00 | +0.10 -0.15 | 1.3 +0.06 | 330 | 3.0 34 17.40 | -0.20 | 0.10 | 1.4 +0.15 | 2.30 4.6
25 0.984 [3CM1-26 | 19.50 | 40.10 -0.15 | 1.3 +0.06 | 371 3.3 4.2 20.00 | -0.20 | 0.10 | 1.4 +0.15 | 2.50 5.0
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Pr—The values listed below apply to rings
made from SAE 1060-1090 and PH 15-
7 Mo stainless steel except sizes -4, -5
and -6, which are supplied in beryllium
copper only.* Py values for other sizes
made from beryllium copper can be cal-
cutated by multiplying listed values by
0.75.

Safety Factors—P, and P

BASIC external series
3AM1

Max. Allowable Radius
of Retained Part

Chmn.

Ring Expanded Ring Seated The allowable thrust load values listed in-
over Shaft . in Groove clude the following safety factors:
r 4 Pg: 2
Max. Allowable Chamfer
of Retained Part
APPENDIX A
Clearance Gaging Allowable Thrust Loads
Diameter Diameter Sharp corner abutment
SAE 1060-
1090 and All
stainless standard Maximum Maximum
For steel rings rings allowable allowable | Calculated
Ring Ring Ring checking used on used on corner radii assembly allowable
Series expanded seated ring when hardened |low carbon and chamfers load assembly
and over in seated shafts steel of retained with Rmax rpm
Size No. shaft groove in groove | Rc 50 min. shafts parts or Chypmax | (steel rings)
3AM1 C, C, K max Py (kN) Pg (kN} Rmax | Chmax P’y (kN) rpm
3AM1-4* 7.0 6.8 4.90 0.6 0.2 0.35 0.25 0.2 70 000
-5* 8.2 7.9 5.85 1.1 0.3 0.35 0.25 0.5 70 000
-6° 9.1 8.8 6.95 1.4 0.4 0.35 0.25 0.5 70 000
-7 12.3 11.8 8.05 2.6 0.7 0.45 0.3 2.1 60 000
-8 13.6 13.0 9.15 3.1 1.0 0.5 0.35 2.1 55 000
-9 14.5 13.8 10.35 3.5 1.2 0.6 0.356 2.1 48 000
-10 15.5 14.7 11.60 3.9 1.5 0.7 0.4 2.1 42 000
-1 16.4 156.6 12.60 43 1.8 0.75 0.45 2.1 38 000
-12 17.4 16.6 13.80 4.7 2.0 0.8 0.45 2.1 34 000
-13 19.7 18.8 15.05 7.5 2.2 0.8 0.5 4.0 31 000
-14 20.7 19.7 156.60 8.1 2.6 0.9 0.5 4.0 28 000
-186 21.7 20.6 17.20 8.7 3.2 1.0 0.6 4.0 27 000
-16 22.7 21.6 18.35 9.3 3.5 1.1 0.6 4.0 25 000
-17 23.7 22.6 19.35 9.9 4.0 1.1 0.6 4.0 24 000
-18 26.2 25.0 20.60 16.0 4.4 1.2 0.7 6.0 23 000
-19 27.2 25.9 21.70 16.9 4.9 1.2 0.7 6.0 21 500
-20 28.2 26.8 22.65 17.8 5.7 1.2 0.7 6.0 20 000
~21 29.2 27.7 23.80 18.6 6.2 1.3 0.7 6.0 19 000
~22 30.3 28.7 24.90 19.6 7.0 1.3 0.8 6.0 18 500
-23 31.3 29.6 26.00 20.5 7.6 1.3 0.8 6.0 18 000
-24 34.1 324 27.15 21.4 8.2 1.4 0.8 6.0 17 500
-25 35.1 33.3 28.10 22.3 9.2 1.4 0.8 6.0 17 000
-26 36.0 34.2 29.25 23.2 9.6 1.5 0.9 6.0 16 500
-27 37.8 356.9 30.35 28.4 10.3 1.5 0.9 8.6 16 300
~-28 38.8 36.9 31.45 28.4 11.0 1.6 1.0 8.6 15 800
-30 40.8 38.8 33.6 31.6 12.3 1.6 1.0 8.6 15 000
-32 42.8 40.7 35.9 33.6 14.1 1.7 1.0 8.6 14 800
-34 44.9 42.5 37.9 36 16.7 1.7 1.1 8.6 14 000
-36 45.9 43.4 39.0 37 18.1 1.8 1.1 8.6 13 500
-36 48.6 46.1 40.2 38 18.9 1.9 1.2 8.6 13 300
-38 50.6 48.0 42.5 40 20.5 2.0 1.2 8.6 12 700
-40 54.0 51.3 44.5 52 22.6 2.1 1.2 13.2 12 000
-42 56.0 53.2 46.9 54 24.8 2.2 1.3 13.2 11 000
~-43 57.0 54.0 47.9 55 26.4 2.3 1.4 13.2 10 800
-45 59.0 56.9 50.0 58 28.8 23 1.4 13.2 10 000
-46 60.0 56.8 50.9 59 30.4 2.4 1.4 13.2 9 500

M pajjouooun "paniwiad si uonnguasip 1o uononpoidal 1ayuny oN “lasn Alslaniun plojuels Aq 0T0Z-G0-190 UO papeojumop ‘(Wo09°198.1SYyd8) MMM) J1IUBI0S uoswoy ] Aq AlsIaAiun pIojuelS 01 pasuadl| [euarew paybuidod



BASIC external series
3AM1

Pr—The values listed below apply to rings
made from SAE 1060-1090 and PH 16-
7 Mo stainless steel except sizes -4, -5
and -6, which are supplied in beryllium
copper only.* P, values for other sizes
made from beryllium copper can be cal-
culated by multiplying listed values by

0.75.*

‘Safety Factors—P; and P

The allowable thrust load values listed in-
clude the following safety factors:

Rmax.

Max. Allowable Radius
of Retained Part

v gt
Max. Allowable Chamfer
of Retained Part
APPENDIX A {Continued)
Clearance Gaging Allowable Thrust Loads
Diameter " Diameter Sharp corner abutment
SAE 1060-
1090 and All
stainless standard Maximum Maximum
For steel rings rings allowable allowable Calculated
Ring Ring Ring checking used on used on corner radii assembly aliowable
Series expanded seated ring when hardened |low carbon and chamfers load assembly
and over in seated shafts steel of retained with Rmax mm
Size No. shaft groove in groove | Rc 50 min. shafts parts or Chpmax | (steel rings)
3AM1 C, C, K max P (kN) Pg {kN) Rmax | Chmax P’y (kN) rpm
-48 62.4 59.1 53.0 62 33. 2.4 1.4 13.2 8 800
-50 64.4 61.1 55.2 64 35 2.4 1.4 13.2 8 000
-52 67.6 64.1 57.4 84 37 2.5 1.6 22.0 7 700
-54 69.6 66.1 59.5 87 40 2.5 1.5 22.0 7 500
-55 70.6 66.9 60.4 89 44 2.5 1.6 22.0 7 400
-67 72.6 68.9 62.7 91 45 26 1.5 22.0 7 200
-58 73.6 69.8 63.6 93 46 26 1.6 22.0 7 100
-60 75.6 71.8 65.8 97 49 2.6 1.6 22.0 7 000
-62 77.6 73.6 67.9 100 52 2.7 1.6 22.0 6 900
-65 80.6 76.6 71.2 105 54 2.8 1.7 22.0 6 700
-68 83.6 79.5 74.5 110 58 2.9 1.7 22.0 6 500
-70 88.1 83.9 76.4 136 62 2.9 1.7 32 6 400
-72 90.1 85.8 78.5 140 65 2.9 1.7 32 6 200
-75 93.1 88.7 81.7 147 69 3.0 1.8 32 6900
-78 95.4 92.1 84.6 151 76 3.0 1.8 32 5 600
-80 97.9 93.1 87.0 155 80 3.1 1.9 32 5 400
-82 100.0 95.1 89.0 159 84 3.2 1.9 32 5 200
-85 103.0 97.9 92.1 165 91 3.2 1.9 32 5 000
-88 107.0 100.8 95.1 199 97 3.2 1.9 47 4 800
-90 109.0 103.6 97.1 204 101 3.2 1.9 47 4 500
-95 114.0 108.6 102.7 215 112 3.4 21 47 4 350
3AM1-100 119.5 113.7 108.0 227 123 3.5 2.1 47 4 150
10
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0.75.
Safety Factors—P, and P

BASIC internal series
3BM1

P,.—The values listed below apply to rings
made from SAE 1060-1090 and PH 15-
7 Mo stainless steel. Py values for rings
made from beryllium copper can be cal-
culated by multiplying listed values by

The allowable thrust Iogad values listed in-
clude the following safety factors:

Ronax.

P

Max. Allowable Radius
ot Retained Part

g
Chmlx.

: Pq: 2
r g9
Ring Compressed Ring Seated
I Bore in Groove Max. Allowsble Chamfer
APPENDIX B
Clearance Gaging Allowable Thrust Loads
Diameter Diameter Sharp corner abutment
SAE 1060-
1090 and All
stainless standard Maximum Maximum
For steel rings rings allowable allowable
Ring Ring Ring checking used in used in corner radii assembly
Series compressed seated ring when hardened | low carbon and chamfers load
and in in seated bores steel of retained with Rmax
Size No. bore groove in groove | Rc 50 min. bores parts or Chmax
3BM1 C, C, A min P, (kN) Pg (kN) Rmax Chmax P’y (kN)
3MB1-8 4.4 4.8 1.40 2.4 1.0 0.4 0.3 0.8
-9 4.6 5.0 1.50 4.4 1.2 0.5 0.35 2.0
-10 5.5 6.0 1.85 4.9 1.5 0.5 0.35 2.0
-11 5.7 6.3 1.95 5.4 2.0 0.6 . 0.4 2.0
-12 6.7 7.3 2.25 5.8 2.4 0.6 0.4 2.0
-13 6.8 7.5 2.35 8.9 2.6 0.7 0.5 4.0
-14 6.9 7.7 2.65 9.7 3.2 0.7 0.5 4.0
-15 7.9 8.7 2.80 10.4 3.7 0.7 0.5 4.0
-16 8.8 9.7 2.80 11.0 4.2 0.7 0.5 4.0
-17 9.8 10.8 3.35 11.7 4.9 0.75 0.6 4.0
-18 10.3 113 3.40 12.3 5.5 0.75 0.6 4.0
-19 11.4 12.5 3.40 13.1 6.0 0.8 0.65 4.0
-20 11.6 12.7 3.8 13.7 6.6 0.9 0.7 4.0
-21 12.6 13.8 4.2 14.5 7.3 0.9 0.7 4.0
-22 13.5 14.8 4.3 225 8.3 0.9 0.7 7.4
-23 14.5 15.9 4.9 23.5 8.9 1.0 0.8 7.4
-24 15.5 16.9 5.2 24.8 9.7 1.0 0.8 7.4
-25 16.5 18.1 6.0 25.7 11.6 1.0 0.8 7.4
-26 17.5 19.2 5.7 26.8 12.7 1.2 1.0 7.4
-27 17.4 19.2 5.9 33 14.0 1.2 1.0 10.8
-28 18.2 20.0 6.0 34 14.6 1.2 1.0 10.8
-30 20.0 21.9 6.0 37 16.5 1.2 1.0 10.8
-32 22.0 23.9 7.3 39 17.6 1.2 1.0 10.8
-34 24.0 26.1 7.6 42 20.6 1.2 1.0 10.8
-35 25.0 27.2 8.0 43 22.3 1.2 1.0 10.8
-36 26.0 28.3 8.3 44 23.9 1.2 1.0 10.8
-37 27.0 29.3 8.4 a5 246 1.2 1.0 10.8
-38 28.0 30.4 8.6 46 26.4 1.2 1.0 10.8
40 29.2 31.6 9.7 62 27.7 1.7 1.3 17.4
42 29.7 32.2 9.0 65 30.2 1.7 1.3 17.4
45 32.3 34.9 9.6 69 33.8 1.7 1.3 17.4
46 33.3 36.0 9.7 71 36 1.7 1.3 17.4
47 34.3 37.1 10.0 72 38 1.7 1.3 17.4
-48 35.0 37.9 10.5 74 40 1.7 1.3 17.4
-50 36.9 40.0 12.1 77 45 1.7 1.3 17.4
-52 38.6 41.9 11.7 99 50 2.0 1.6 27.4
-565 40.8 44.2 1.9 105 54 2.0 1.6 27.4
-67 42,2 45.7 12.5 109 58 2.0 1.6 27.4
-58 43.2 46.8 13.0 111 60 2.0 1.6 27.4
-60 455 49.3 12.7 115 66 2.0 1.6 27.4
-62 47.0 50.8 14.0 119 68 2.0 1.6 27.4
-63 47.8 51.7 14.2 120 71 2.0 1.6 27.4
3BM1-65 49.4 53.4 14.2 149 75 2.0 1.6 42.0
11
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BASIC internal series

3BM1 O

Pr—The values listed below apply to rings
made from SAE 1060-1090 and PH 15~
7 Mo stainless steel. Py values for rings
made from beryllium copper can be cal-

culated by multiplying listed values b
0.75. v p ving v Max. Allowabls Radius
of Retained Part

Safaty Factors—P; and P
The allowable thrust lokd values listed in- 4
clude the following safety factors:

r:4 Pg: 2 Chymas

Max. Allowable Chamfer
of Retained Part

APPENDIX B (Continued)

Clearance Gaging Alicwable Thrust Loads
Diameter Diameter Sharp corner abutment
SAE 1060-
10980 and Al

stainjess standard Maximum Maximum

For steél rings rings sllowable allowable

Ring Ring Ring chacking used in .~ used in corner radii assembly
Series compreased ssated ring when hardensd | low carbon and chamfers load

and in in saated bores steel of retained with Rpax

Size No. bore groove in groove | Rc 50 min. bores i parts or Chppax

3agmM1 C, C, A min P, (kN) Pg (kN) Rmax | Chmax P’y (kN)
38M1-68 652.0 56.2 144 166 82 2.3 1.8 39
-70 53.8 58.2 16.1 161 88 23 1.8 39
-72 56.9 60.4 17.4 166 93 2.3 1.8 39
-76 58.2 62.9 16.8 172 101 2.3 1.8 54
-78 61.2 66.0 17.6 209 108 2.5 2.0 54
-80 83.0 68.0 17.2 215 116 2.5 2.0 654
82 63.5 68.7 18.8 220 122 2.6 2.1 54
-85 66.8 72.2 19.1 228 131 2.6 2.1 54
88 69.6 75.2 20.4 236 141 2.8 2.2 54
90 71.6 77.3 21.4 241 147 2.8 2.2 54
92 73.6 79.4 22.2 247 153 2.9 2.4 54
95 76.7 82.7 22.6 255 164 3.0 2.6 54
-98 78.3 84.5 22.6 263 174 3.0 2.5 54
-100 80.3 86.6 24.1 269 181 3.1 2.5 54
-102 82.2 88.6 25.5 273 187 3.2 2.6 54
-106 85.1 91.6 26.0 281 196 3.3 2.6 54
-108 88.1 94.7 26.4 290 205 3.5 2.7 54
-110 88.4 96.1 27.5 295 212 3.6 2.8 54
-116 93.2 100.1 29.4 309 227 3.7 2.9 54
-120 98.2 106.2 27.2 321 241 3.9- 3.1 54
-125 103.1 110.2 30.3 335 2565 4.0 3.2 54
-130 108.0 116.2 31.0 349 . 269 4.0 3.2 54
-1356 1104 1172.7 30.4 415 283 4.3 3.4 67
-140 116.3 122.7 304 429 298 4.3 3.4 67
-145 120.4 127.9 31.6 444 313 4.3 3.4 67
-150 126.3 132.9 33.5 460 327 4.3 3.4 67
-166 1304 138.1 37.0 475 343 4.3 34 67
-160 133.8 141. 35.0 613 3569 4.5 3.6 102
-1656 138.7 146.6 33.1 632 374 4.6 3.7 102
-170 143.6 151.6 38.2 651 390 4.6 3.7 102
-176 146.0 154.2 37.7 670 403 4.8 3.8 102
-180 151.4 169.8 39.0 690 434 6.0 4.0 102
-185 164.7 163.3 37.3 861 457 5.1 4.1 151
-190 159.6 168.3 35.0 873 480 5.3 4.3 151
-200 169.2 178.2 43.9 919 517 5.4 4.3 151
-210 177.6 186.9 40.6 965 566 5.8 4.6 151
-220 184.1 194.1 38.3 1000 608 6.1 4.9 151
-230 194.0 204.6 49.0 1060 686 6.3 5.1 1561
-240 200.4 211.4 45.4 1090 725 6.6 6.3 151
3BM1-260 | - 210.0 221.4 63.0 1150 808 6.7 5.4 161
12
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E-RING external series

3CM1

Py—The values listed beiow apply to rings R
made from SAE 1060-1090 and PH 15~ max
7 Mo stainless steel except size -1, which
is supplied in beryllium copper only.* P,-
values for other sizes made from beryl-
Hum copper can be calculated by mul-

tiplying listed values by 0.75. Max. Allowable Radis
Safety Factors—P; and P Chumar,
The allowable thrust load values listed in-
clude the following safety factors:
r: 3 g’ 2
Max. Allowable Chamfer
of Retained Part
APPENDIX C
Clearance Allowable Thrust Loads
Diameter Sharp corner abutment
SAE 1060-
1090 and All
stainless standard Maximum Maximum
steel rings rings allowable allowable Calculated
Ring Ring used on used on corner radii assembly sllowable
Series seated hardened low carbon and chamfers load assembly
and in shafts steel of retained with Rpnax mm
Size No. groove Rc 50 min. shafts parts or Chpmax (steel rings)
3cMm1 C, P, (kN) Py (kN) Rmax Chmax P’ (kN) rpm
3CM1-1* 2.2 0.06 0.02 0.4 0.25 0.06 40 000
-2 4.3 0.13 0.09 0.8 0.5 0.13 40 000
-3 6.0 0.3 0.17 1.1 0.7 0.3 34 000
4 7.6 0.7 0.3 1.6 1.2 0.7 31 000
-5 8.9 0.9 0.4 1.6 1.2 0.9 27 000
-6 11.5 1.1 0.6 1.6 1.2 1.1 25 000
-7 14.0 1.2 0.8 1.6 1.2 1.2 23 000
-8 15.1 1.4 1.0 1.7 1.3 1.4 21 500
-9 16.6 3.0 1.3 1.7 1.3 3.0 19 500
10 17.5 3.4 1.6 1.7 1.3 3.4 18 000
-11 18.0 3.7 1.9 1.7 1.3 3.7 16 500
-12 19.3 4.9 2.3 1.9 1.4 49 15 000
-13 21.0 5.4 2.9 2.0 1.5 5.4 13 000
-16 23.5 6.2 4.0 2.0 1.5 6.2 11 500
-16 24.5 6.6 4.5 2.0 1.5 6.6 10 000
-18 27.9 8.7 5.4 2.1 1.6 8.7 9 000
-20 30.7 9.8 6.5 2.2 1.7 9.8 8 000
-22 33.7 10.8 8.1 2.2 1.7 10.8 7 000
3CM1-256 37.9 12.2 10.1 24 1.9 12.2 5000

13
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