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P-6 PROPELLER SHAFTING SYSTEMS

Based on ABYC's assessment of the existing technology,
and the problems associated with achieving the goals of 
this standard, ABYC recommends compliance with this
standard for all boats, associated equipment, and systems 
manufactured after July 31, 2003.

6.1 PURPOSE

This standard is a guide for the design, construction and
materials for propeller shafts and struts, and the installation
of shaft bearings, stern bearings, struts, shaft seals, shaft
logs, shaft couplings, and propellers. 

6.2 SCOPE

This standard applies to all boats driven by propeller
shafting systems that penetrate the hull.

NOTE: This standard incorporates those dimensional
standards of the Society of Automotive Engineers (SAE)
that apply to propeller shaft couplings and ends used on 
propeller shafts that penetrate the hull.

6.3 REFERENCED ORGANIZATIONS

ABYC - American Boat & Yacht Council, Inc.,
3069 Solomons Island Road, Edgewater, MD  21037-1416.
Phone: (410) 956-1050. Fax: (410) 956-2737. Web site: 
www.abycinc.org.

ASTM International – American Society for Testing and 
Materials International, 100 Barr Harbor  Drive, West 
Conshohocken, PA  19428-2959. Phone: (610) 832-9585. 
Fax: (610) 832-9585. Web site: www.astm.org.

SAE - Society of Automotive Engineers - 400 
Commonwealth Drive, Warrendale, PA  15096-0001.
Phone: (724) 776-4841. Fax: (724) 776-5760. Website: 
www.sae.org.

6.4 DEFINITIONS

For the purposes of this standard, the following definitions
apply.

Shaft bearing spacing - The relative distance between the
bearings supporting the propeller shaft as measured center 
to center.

Shaft seal - A device placed around a shaft at the point of
entry into the hull to exclude the flow of water into the hull
while permitting the shaft to rotate about its own axis.  The 
stuffing box and packing gland constitute one common type
of shaft seal.

Yield strength in torsion - For copper base alloys, shall be 
computed as one-half the minimum tensile yield strength
determined at 0.5% offset under load by American Society
for Testing Materials International (ASTM International)

Designation E8, Tentative Methods of Tension Testing of 
Metallic Materials.

Yield strength in torsion - For nickel and steel alloys, shall
be computed as two-thirds the minimum tensile yield
strength determined at 0.2% offset by ASTM International
Designation E8, Tentative Methods of Tension Testing of 
Metallic Materials.

6.5 PROPELLER SHAFTS

6.5.1 Shaft diameter shall be selected with
consideration of the type of use for which the boat is 
intended.

NOTE: The accompanying graphs (i.e., Figures 1, 2, 3 
and 4), are computed using a design coefficient of two 
(2.0), based on minimum torsional yield stress for each
material. This design coefficient is recommended for 
shafts protected by skegs and for boats intended for light 
pleasure service. For more severe service, such as racing
crafts, work boats, and diesel boats, higher design 
coefficients should be chosen based on experience. For
example, commercial boats should consider design 
coefficients approaching ten, and diesel pleasure boats 
should consider design coefficients approaching five. 

6.5.2 Materials - TABLE I lists some shaft materials
with federal specifications and physical properties where 
available.

6.5.3 Design - The basic formula for shaft diameter is
as follows: 

D P Cd
St N

321 0003 ,

where: P   =  shaft horsepower
Cd = design coefficient (see P-6.5.1)
St  = yield strength, torsional shear lb./in.2 (see 

definition and material)
N  = shaft speed, RPM 
D  = shaft diameter, inches

For quick reference, the accompanying graphs (i.e., Figures
1, 2, 3 and 4), help select shaft sizes for the more common 
shafting materials).

6.5.4 Dimensional Standards and Specifications 

6.5.4.1 The dimensions and tolerances for propeller shaft
ends, propeller hubs, and shaft couplings shall be in
accordance with the latest versions of SAE standard J755, 
Marine Propeller Shaft Ends and Hubs, and J756, Marine 
Propeller Shaft Couplings, except that keyway fillet radii
are mandatory for all sizes of shafting, couplings and hubs.

6.5.4.1.1 The top corners of the keyways shall be rounded
to a radius half of that used at the bottom of the keyway.
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6.5.5.6 All components of shafting assembly, including
the propeller, shall be galvanically compatible or shall have 
cathodic protection as specified in ABYC E-2, Cathodic 
Protection.

An additional exception to the above SAE standards is the 
specification on the surface finish which is covered in
P-6.5.4 .

6.5.4.2 The permissible variations in straightness of 
precision straightened cold finish round rod and shafting as
determined by the departure from straightness (i.e., throw
in one revolution), shall not exceed the indicated values in

when supported on rollers at 42 in. (1.07 m)
intervals, or TABLE III or IV, as appropriate.

6.6 SHAFT BEARING SPACING

6.6.1 General - The shaft-bearing spacing formula is 
based on the formula for critical speed for a shaft having
fully flexible bearings at both ends. The most common
shaft installation for boats up to about 40 ft. (12.192 m) in 
length, consisting of a rigid shaft coupling on a rigid
mounting engine at the forward end and a strut bearing at 
the after end, may be considered to have two rigid bearings.
This permits increasing shaft-bearing spacing by 50% over
the values shown in the accompanying graphs (Figures 5, 6, 
7 and 8).  If the shaft seal is of the rigid type and is located
approximately at the midpoint of the shaft, bearing spacing 
may be twice the values shown in the graphs. 

TABLE II

6.5.4.3 Straightness tolerance methods consist of placing
roller supports at the ends of a bar and measuring the 
variation from straightness at the quarter points and center 
point. The permissible variation from straightness,
depending on the diameter and length of the bar, can be 
extracted from .TABLE III and IV

IV

6.5.4.4 Propeller shaft diameter shall not vary, at any
point, from the specified dimensions by more than the
amounts specified in Table . 6.6.2 Design - The formula for computing maximum 

shaft-bearing space is
6.5.4.5 Machined surfaces of the taper and keyways shall 
have a surface finish of 32 RMS (29 RA) maximum. 

L D
N

E
W

3 21
1

4.  for shafts with fully flexible

bearings.
6.5.5 Installation 

6.5.5.1 Transmission Coupling End - The coupling end
of the propeller shaft and/or the coupling shall be sized to a 
diameter that permits a maximum clearance of .001 in. 
(.025 mm). See Table IV and SAE Standard J756, Marine
Propeller Shaft Couplings, Tables 4 and 5. 

where: L = maximum unsupported length, feet
D = shaft diameter, inches
N = shaft speed, RPM 
E  =  modulus of elasticity of shaft material, in

tension, lbs./in.2.
W1 = weight of one cubic inch of shaft material,

pounds
6.5.5.2 If a non-conductive flexible coupling is used, an
alternative means of grounding the shaft must be provided.

NOTE: The minimum required spacing for rigid
bearings should exceed 20 shaft diameters when possible 
to facilitate alignment.

6.5.5.3 Bearings, shaft, and couplings shall be aligned to 
a tolerance of no more than .004 in. (.102 mm) measured
between the parallel flange of the coupling with the 
coupling bolts loose.

6.7 SHAFT SEALS AND SHAFT LOGS 
6.5.5.3.1 Alignment shall be accomplished with the boat
floating. 6.7.1 Shaft seals shall be readily accessible.

6.7.2 Shaft seals shall be constructed so that, if a
failure occurs, no more than two gallons of water per
minute can enter the hull with the shaft continuing to
operate at low speed.

NOTE: Wood and fiberglass vessels may require some 
time after launching to reach a point of equilibrium
whereby distortion induced by storage stresses have been
relieved.

6.7.3 If a shaft seal utilizing replaceable packing
material is installed in the boat, it shall have clearance
along the shaft line to permit replacement of the packing
without uncoupling the shaft or moving the engine.

6.5.5.4 The distance between the forward end of the
propeller hub and the aft end of the last strut bearing shall 
be limited to one shaft diameter.

EXCEPTION: When the last bearing is installed aft
of the propeller. NOTE: Face seal and lip seal types are not considered

replaceable within the context of this requirement.
6.5.5.5 A propeller installation shall be provided with a
positive locking system to prevent accidental loss of the 
propeller.

6.7.4 Graphite impregnated packing material shall not
be used because of the possibility of galvanic
incompatibility with the shaft material.

NOTE: One acceptable method is illustrated in
APPENDIX 1.

© 2002 American Boat & Yacht Council, Inc.
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6.8 BEARINGS For "I" struts Z = 126,000(SHP) (L) (S.F.)
  (RPM) (D) (SIAllow)

6.8.1 Tubular bearings shall be installed in the bearing
housing with a light press fit. For "V" struts Z = 63,000(SHP) (L) (S.F.)

  (RPM) (D) (SIAllow)
NOTE: In order to accommodate the requirement of a 
light press fit, TABLE V may be used as a guide. Where: SHP  = Shaft horsepower of the installed engine

L   = Strut length (see FIGURE 10)
6.8.1.1 A minimum of two radial set screws shall be 
used.

RPM = RPM of the propeller
D   = Propeller diameter
SIAllow  = Tensile yield strength from TABLE

VI ,6.8.1.1.1 The set screw material shall be harder, and
galvanically more noble, than the bearing shell. divided by 2.

S.F. = Safety factor chosen to be 1.25 for
6.8.1.1.2 Spot drills having the same tip angle as the set
screws shall be used to increase the grip of the set screws.

gas engines and 1.5 for diesel engines.

6.9.4  Dimension "A" in shall be selected to
produce the required section modulus and dimension "B" to 
suit the barrel length. 

FIGURE 10
NOTE: Set screws should be located 60° each side of the
bottom centerline of the strut or bearing housing (see 
FIGURE 9 ). An acceptable alternate location for the set
screws is opposite each other no higher than the propeller
shaft centerline.

NOTE: A strut cord/thickness ratio of 5:1 is a good 
starting point in the design process; however, this ratio
should not be less than 4.5:1 to avoid excessive drag or 
greater than 6.7:1 to ensure strength without excessive
cord length. 

6.8.2 A means shall be provided to insure the flow of 
water through the strut bearings.

6.9 STRUTS 6.9.5 Installation 

6.9.5.1 Where bolts are used to secure struts to the hull,
the bolt material shall be galvanically compatible with the 
strut material.

NOTE: Struts may be of the "V" or "I" type.

6.9.1 The length of the strut barrel or boss, which is
also the length of the bearing, shall be, at minimum, four 
times the diameter of the propeller shaft. 6.9.5.1.1  A means to insure positive locking of the nuts on

the strut bolts must be provided to prevent their loosening
in service.6.9.2 The thickness of the strut barrel or boss that holds

the bearing shall be, at minimum, one-fourth the diameter
of the propeller shaft. NOTE: Lock washers, lock nuts, and double nuts are 

examples of means for accomplishing this purpose. 
6.9.3 The section modulus (Z) required at the hull shall 
be determined from the following formula: 6.9.5.2 To distribute the stress into the hull structure,

local reinforcement of the hull or doubler plates shall be 
used.

© 2002 American Boat & Yacht Council, Inc.
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APPENDIX

TABLE I - EXAMPLES OF SHAFT MATERIALS

Material Specifications
Yield strength
torsion, PSI 

Modulus of 
elasticity,
tension,

PSI

Weight per 
cubic in.,

LB

ASTM Federal
naval brass B21 QQ-B-637 22,500 15,000,000 .304

nickel-copper B164 QQ-N-281 40,000 26,000,000 .319
ni-cu-al ------- QQ-N-286 3/4"-1", 73,333

1-1/8"-3", 66,666
26,000,000 .306

type 304 steel A276 QQ-S-763 20,000 28,000,000 .29
type 316 steel A276 QQ-S-763 20,000 28,000,000 .29

type 630 steel* A276 70,000 28,000,000 .28

*Similar types of martensitic age hardening stainless steel may be used if they meet the above mechanical properties.

NOTES: 1. Propeller Diameter vs. Shaft Diameter - The ratio of propeller diameter to shaft diameter should not exceed 15:1. 
Higher ratios may create excessive stresses and may shorten shaft life. High performance boats, such as racing boats, should
consider a ratio of 12:1. 

2. Table I provides yield strength and modulus of elasticity values for the specific materials and specifications listed.
Yield strength and modulus of elasticity may vary due to shaft diameter and material make-up. Contact shaft manufacturer
for these values.

TABLE II - STRAIGHTNESS TOLERANCES FOR SHAFT SUPPORTED AT 42 INCH INTERVALS

Commercial mill bar shafting and propeller shaft 
boat shaft standard 

Specified diameter permissible variation
inches (millimeters) inches (millimeters)

1/2 (12.7) to 15/16 (23.9) incl. .005 (.127)
Over 15/16 (23.9) to 1-15/16 (49.3) incl. .006 (.152)
Over 1-15/16 (49.3) to 2-1/2 (63.5) incl. .007 (.178)

Over 2-1/2 (63.5) to 4 (101.6) incl. .008 (.203)

NOTE: Taken from Table XI of specification QQ-N-281. 

© 2002 American Boat & Yacht Council, Inc.
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TABLE III - STRAIGHTNESS TOLERANCES

Specified diameter of shafting - over 15/16 inch (23.8 mm) to eight inch (203.2 mm) incl. 
Specified lengths of 20 ft. (6.0960 m) and less.
Supports placed at ends of bar.

Commercial Mill Bar Shafting Propeller Shaft Boat Shaft
Permissible Variations Permissible Variations 

[throw in one revolution from [throw in one revolution from
Specified length of bar - feet (meter) Straightness - inches (millimeters)] Straightness - inches

(millimeters)]

up to 3' (.9144) incl. 0.005 (.127) .0025 (.063)
over 3' (.9144) to 4' (1.2192) incl. 0.0065 (.1651) .0025 (.063)
over 4' (1.2192) to 5' (1.524) incl. 0.0080 (.2032) .003 (.075)
over 5' (1.524 to 6' (1.8288) incl. 0.0095 (.2413) .003 (.075)

over 6' (1.8288) to 7' (2.1136) incl. 0.0110 (.2794) .003 (.075)
over 7' (2.1136) to 8' (2.4384) incl. 0.0125 (.3175) .003 (.075)
over 8' (2.4384) to 9' (2.7432) incl. 0.0140 (.3556) .004 (.101)
over 9' (2.7432) to 10' (3.0480) incl. 0.0155 (.3937) .005 (.127)

over 10' (3.0480) to 11' (3.3528) incl. 0.0170 (.4318) .006 (.152)
over 11' (3.3528) to 12' (3.6576) incl. 0.0185 (.4699) .007 (.178)
over 12' (3.6576) to 13' (3.9624) incl. 0.0200 (.5080) .008 (.203)
over 13' (3.9624) to 14' (4.2672) incl. 0.0215 (.5461) .008 (.203)
over 14' (4.2672) to 15' (4.5720) incl. 0.0230 (.5842) .008 (.203)
over 15' (4.5720) to 16' (4.8768) incl. 0.0245 (.6223) .008 (.203)
over 16' (4.8768) to 17' (5.1816) incl. 0.0260 (.6604) .010 (.25)
over 17' (5.1816) to 18' (5.4864) incl. 0.0275 (.6985) .010 (.25)
over 18' (5.4864) to 19' (5.7912) incl. 0.0290 (.7366) .010 (.25)
over 19' (5.7912) to 20' (6.0960) incl. 0.0305 (.7747) .010 (.25)

© 2002 American Boat & Yacht Council, Inc.
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TABLE IV - DIAMETER TOLERANCES

Diameter Limits Permissible Variation
Inches (millimeters) Inches (millimeters)

Plus Minus Total
1/2 (12.7) to 15/16 (23.9) .001 (.025) .001 (.025) 0.002 (.051)

1 (25.4) to 1-1/2 (38.1) excl. .002 (.051) .001 (.025) 0.003 (.076)
1-1/2 (38.1) to 2 (50.8) incl. .003 (.076) .001 (.025) 0.004 (.102)

Over 2 (50.8) to 4 (101.6) incl. .005 (.127) .001 (.025) 0.006 (.152)
Over 4 to 4 1/2 .009 .001 0.010

Over 4 1/2 to 5 1/2 .011 .005 0.016

TABLE V - STRUT BEARING TOLERANCES

Shaft
Diameter Bearing OD 

Bearing Shell Tolerance
OD

Bearing Housing and Strut
Bore Interface 

Bearing to Shaft
Clearance

Inches
(millimeters)

Inches
(millimeters) Plus Minus Minimum Maximum Minimum Maximum

3/4 (19.05) 1-1/4(31.75) .001 (.025) .001 (.025) .0001 (.0025) .0007 (.0178) .003 (.076) .007 (.178)
1(25.4) 1-1/4 (31.75) - 2 (50.8) .001 (.025) .001 (.025) .0001 (.0025) .0009 (.0229) .003 (.076) .007 (.178)

1-1/4 (31.75) 1-1/2 (38.10) - 2-1/8 (53.98) .001 (.025) .001 (.025) .0001 (.0025) .0009 (.0229) .003 (.076 .007 (.178)
1-1/2 (38.10) 2 (50.8) - 2-3/8 (60.33) .002 (.051) .001 (.025) .0001 (.0025) .0011 (.0279) .004 (.102) .009 (.229)

2 (50.8) 2-5/8 (66.68) - 3 (76.2) .002 (.051) .001 (.025) .0001 (.0025) .0013 (.0330) .005 (.127) .010 (.254)
2-1/2 (63.50) 3-1/8 (79.38) - 3-3/8 (85.73) .002 (.051) .001 (.025) .0001 (.0025) .0014 (.0356) .005 (.127) .011 (.279)

3 (76.20) 3-3/4 (95.25) - 4 (101.6) .002 (.051) .001 (.025) .0001 (.0025) .0017 (.0432) .007 (.178) .014 (.356)
4 (101.6) 5 (127.) - 5-1/4 (133.35) .002 (.051) .001 (.025) .0001 (.0025) .0020 (.0508) .008 (.203) .015 (.381)

NOTES: 1. Replacement bearings may have to be selected in order to maintain a bearing housing or strut bore interference
fit.

2. It is essential that bearing to shaft clearance be as indicated in Table V. The installer should achieve this clearance
by selection of shaft bearings or machining of shaft bearings as necessary. 

© 2002 American Boat & Yacht Council, Inc.
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TABLE VI - TENSILE YIELD STRENGTHS

COMMERCIAL BRONZE 37,000 PSI 
NAVAL BRASS 57,000 PSI 

MANGANESE BRONZE: 
SAE NO. C86500 

SAE NO. C86200 (GrA) 
SAE NO. C86300 (GrB) 

25,000 PSI 
45,000 PSI 
67,000 PSI 

SILICON BRONZE 55,000 PSI 
STAINLESS (304) 30,000 PSI 

STAINLESS (CF8M) 42,000 PSI 

© 2002 American Boat & Yacht Council, Inc.
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FIGURE 9

FIGURE 10 

© 2002 American Boat & Yacht Council, Inc.
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FIGURE 11 - RECTANGULAR STRUT SECTION

© 2002 American Boat & Yacht Council, Inc.
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FIGURE 12 - EPH COMPOSITE STRUT SECTION

X/C Y/TMAX X/C Y/TMAX X/C Y/TMAX
0.010 0.1064 0.350 0.4902 0.750 0.3705
0.025 0.1669 0.400 0.4983 0.800 0.3260
0.050 0.2325 0.450 0.4997 0.850 0.2749
0.100 0.3186 0.500 0.4946 0.900 0.2170
0.150 0.3774 0.550 0.4830 0.950 0.1480
0.200 0.4204 0.600 0.4647 0.975 0.1027
0.250 0.4522 0.650 0.4399 0.990 0.0642
0.300 0.4750 0.700 0.4085 1.000 0.0000

RECOMMENDED FOR SPEEDS LESS THAN 30 KNOTS 

A  = 0.747CT 

IX  = 0.0449CT3

ZX = 0.0898CT2

© 2002 American Boat & Yacht Council, Inc.
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FIGURE  13 - NACA SERIES 16 STRUT SECTION

X/C Y/TMAX X/C Y/TMAX X/C Y/TMAX
0.0125 0.10765 0.1500 0.3446` 0.6000 0.48625
0.0250 0.1500 0.2000 0.38865 0.7000 0.4391
0.0500 0.2091 0.3000 0.4514 0.8000 0.3499
0.0750 0.25265 0.4000 0.4879 0.9000 0.20975
0.1000 0.2881 0.5000 0.5000 0.9500 0.1179

0.6000 0.48625 1.0000 0.0100
L.E. RADIUS - 0.011C

A  = 0.738CT 

IX  = 0.0445CT3

ZX = 0.0891CT2

© 2002 American Boat & Yacht Council, Inc.
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P-6 APPENDIX 1 -  MATERIALS, SIZE AND INSTALLATION OF PROPELLER SHAFTING SYSTEMS 

P-6.Ap.6.1 If the propeller shaft does not have sufficient flexibility to prevent overstressing the bearings at the marine
transmission, a flexible coupling or a floating section of shafting shall be installed with engines equipped with flexible mounting
systems.

P-6.Ap.6.2 If a double nut and key system is used, it should consist of the following components; 
a.  a straight key,
b.  jam nut (thin - identified as “W” in Figure 1 of SAE J755, Marine Propeller - Shaft Ends and Hubs),
c.  plain nut (thick - identified as “T” in Figure 1 of SAE J755, Marine Propeller - Shaft ends and Hubs), and 
d.  cotter pin. 

P-6.Ap.6.2.1 The length of the key should not exceed the dimension "x" minus one-quarter inch (6.35 mm) in SAE standard 
J755, Marine Propeller - Shaft Ends and Hubs. 

P-6.Ap.6.2.2 Install the propeller on the shaft taper first without a key, and mark its position with a non-graphite marker.

P-6.Ap.6.2.3 Then remove the propeller. The key should be placed in the keyway and the propeller installed so its position is at
the mark. Precaution should be taken to prevent the propeller from riding the key up the keyway end radius, forcing the propeller
off-center.

P-6.Ap.6.2.4 Install the first nut, and torque to seat the propeller. Then install and torque the second nut. 

P-6.Ap.6.2.5 Install the cotter pin. This pin will prevent the loss of the nuts if they should come loose in service.

P-6.Ap.6.2.6 Other positive locking systems may be used if they protect against accidental loss of the propeller.

© 2002 American Boat & Yacht Council, Inc.
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P-6 APPENDIX 2 
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*  *   *  *   * 

Origin and Development of ABYC P-6, Propeller Shafting Systems

ABYC P-6 first appeared in 1963 and was approved in 1964. This standard was revised in 1965, 1966, 1967, 1968, 1970, 1973,
1977 and 1992. The 2002 update is the work of the Engine and Powertrain Project Technical Committee.

*  *   *  *   *

ABYC technical board rules provide that all reports, including standards and technical information reports, are advisory only.
Their use is entirely voluntary. They are believed to represent, as of the date of publication, the consensus of knowledgeable
persons, currently active in the field of small craft, on performance objectives that contribute to small boat safety.

The American Boat  & Yacht Council assumes no responsibility whatsoever for the use of, or failure to use, standards or
technical information reports promulgated by it, their adaptation to any processes of a user, or any consequences flowing
therefrom.

Prospective users of the standards and technical information reports are responsible for protecting themselves against liability for
infringement of patents.

The American Boat  & Yacht Council standards and technical information reports are guides to achieving a specific level of 
design or performance and are not intended to preclude attainment of desired results by other means.


