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FOREWORD -

1. This military standard is approved for use by the Naval Sea Systems
Command,. Department of the Navy, and is available for use by all Departments
and Agenciés of the Department of Defense. ' : L

2. Beneficial comments (recommendations, additions, deletions) and any
. pertinent data that may be of use in improving this document should be .

' addressed to Commander, Naval Sea Systems® Command, SEA O3R42, 2531 Jefferson

" DPavis Hwy, Arlington, Va 22242-5160 by using the self-addressed B
Standardization Document Improvement Proposal (DD Form 1426) appearing at the
end of this document or by letter.. :

3. The design methods presented in this document were formerly presented
in a design data sheet (DDS) 243-1, but are now being published as part of a -
supporting séction of MIL-STD-2189(SH) to promote 'its wider availability
throughout the Department of Defense. S
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1. SCOPE

1.1 General. The procedures established by MIL-STD-2189(SH) are
applicable. This section and the basic standard are to be considered as an
integral single document.

1.2 Scope. This document applies to the propulsion shafting design of
all naval ships, surface and submarine, single- or multiple-shaft.
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2.  APPLICABLE DOCUMENTS
2.1 _Goverﬁménﬁ*dqdumenté. 4

2.1.1 Specifications and standards. The following specifications and

standards form a part of this document to the-extent specified herein.  Unless
' otherwise specified, the issues of these documents are those listed in the
“issue. of the Department of Defense -Index of Specifications and Standards
(DODISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS
. FEDERAL
”QQ—N—281 ' - Nickel-Copper Alloy Bar, Rod, Piate, Sheet,
: : Strip, Wire, Forgings, and Structural and
Special Shaped Sections - _
'QQ-N-286 - Nickel-Copper-Aluminum Alloy, Wrought
' o o - (UNS NOS5500) o
MILITARY - v
MIL-C-24615 -  Castings, Nickel-Chromium-Molybdenum-
o Columbium Alloy '
MIL-E-21562 - Electrodes and Rods - Welding, Bare, Nickel
- . Alloy o L o
MIL-E-22200 - Electrodes, Welding, Covered: General
T Specification for - '
'MIL-E-22200/3 - - Electrodes, Welding, Covered: Nickel -
o ' Base Alloy; and Cobalt Base Alloy.
MIL-S-23284 - . Steel Forgings, Carbon and Alloy, -
: for Shafts, Sleeves, Propeller Nuts,
Couplings, and Stocks (Rudders and Diving
Planes). o . o
MIL-S-24093 .. - Steel Forgings, Carbon and Alloy Heat
’ A : , Treated o . ;
~ STANDARD
| MILITARY |
| MIL-STD-167-2 -  Mechanical Vibrations of Shipboard

Equipment (Reciprocating Machinery and
Propulsion System and Shafting) Types III,
IV, and V. . ’ B

o (Unless - otherwise indicated; copies of federal and military
specifications, standards, and handbooks are available from the
Standardization Documents Order Desk, BLDG. 4D, 700 Robbins Avenue,
* Philadelphia, PA 19111-5094.) - - :

©2.1.2 Other Government documents, drawings. and publications. The
following other Government documents, drawings, and publications 'form a part
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of this document to the extent specified herein. Unless otherwise specified,
the issues are those cited in the solicitation.

DRAWING

‘Naval Sea Systems Command (NAVSEA)

.

NAVSHIPS 803-2145807 - Propulsion Shafting and Components.

(Application for copies should be addressed to: Commander, Portsmouth
Naval Shipyard, Code 202.2, Portsmouth, NH 03801.)

PUBLICATIONS
Naval Sea Systems Command

NAVSEA 0900-LP-090-3020 - Guidelines to
MIL-STD-167-2(SHIPS) Mechanical
Vibrations of Shipboard
Equipment.

(Applications for copies should be addressed to the Standardization
Documents Order Desk, BLDG. 4D, 700 Robbins Avenue, Philadelphia, PA
19111-5094.)

2.2 Non-Government publications. The following document(s) form a part
of this document to the extent specified herein. Unless otherwise specified,
the issues of the documents which are DOD adopted are those listed in the
issue of the DODISS cited in the solicitation. Unless otherwise specified,
the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).

American Society For Testing and Materials (ASTM)

B 138 - Standard Specification for Manganese Bronze Rod, Bar, and
Shapes. (DOD adopted)

B 150 - Standard Specification for Aluminum Bronze Rod, Bar, and
Shapes. (DOD adopted)

B 369 - Standard Specification for Copper-Nickel Alloy Castings.

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

Peterson, R. E., Stress Concentration Factors, John Wiley and Sons, New
York; 1974.

(Application for copies should be addressed to the publisher. A copy may
be consulted in the technical library of the Naval Sea Systems Command.)

(Non-Government standards and other publications are normally available
from the organizations that prepare or distribute the documents. These
documents also may be available in or through libraries or other informational

services.) .
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2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited-herein (except for related associated:
detail specifications, specifications, specification sheets or MS standards),
the text of this document takes precedence. Nothing in this "document,.
however, supersedes applicable laws and regulatlons unless a specific
exemption has been obtained. , , . . .
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3. DEFINITIONS

3.1 Usual meanings. Unless otherwise defined herein, the terms used
have their usual dictionary meanings appropriate to the context.

3.2 -Abbreviations and symbols. Abbreviations and symbols used in this -

document are listed here for convenient reference. .On occasion, the same
symbol is used with a different intended meaning from that listed. In that
event the symbol is specially annotated to make its meaning clear in the
particular application.

Symbol Meaning Units

A Cross-sectional area of shaft inch?

A Cross-sectional area of shaft » . inch?
base material

A, Bolt cross-sectional area at parting inch?
surface

A Cross-sectional area of clad weld inlay inch?

Al ' Aluminum

A, Largest area affected by hydrostatic inch?
pressure aft of the main shaft seal

Ags Largest area affected by hydrostatic inch?
pressure forward of the main shaft seal

A, Cross-sectional area of shaft at inch?
propeller nut shaft threads undercut :

. B, Effective length of key inch
b, Contact depth of keyway inch
Cb Columbium (also known as niobium, Nb)

Ch Key Chamfer inch

Cr Chromium

CcG Center of gravity inch

Cu Copper

D, Diameter of bolt ‘ inch

D,. Bolt circle diameter inch

D, Outside diameter of flange ' inch

D, Sleeve groove outside diameter at inch
bottom of groove

D, Diameter at midpoint of contact depth . inch
(b;) at midlength of B,

D, Diameter of shaft taper at midlength ' inch
of B,

D,; Outside diameter of propeller shaft ' inch
aft flange

D, OQutside diameter at small end of shaft . inch
propeller taper

D, Diameter of thrust collar inch

D, Diameter of undercut at propeller nut inch
shaft threads

d Propeller shaft reduced bore diameter ' inch

d, Outside diameter of propeller nut inch

den Outside diameter of shaft threads inch

E Shaft modulus of elasticity 1b/in?

E, Shaft base material modulus of elasticity 1b/in?

E,; Clad weld inlay material modulus of elasticity 1b/in?

E., Sleeve modulus of elasticity 1b/in?
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Meaning .

Effectlve horsepower o
Maximum push up force developed by '
propeller nut

Fatigue limit

~Fatigue limit of shaft base material

Fatigue limit of clad weld inlay
Fdctor of safety

“Factor of safety at weld-to-shaft base

material interface o

Factor of safety at outer diameter of .
clad weld inlay o -

Factor of safety at propeller nut .shaft
threads undercut ' ' o

Shaft shear modulus -

Shaft base material shear modulus

"Clad weld inlay material shear modulus

Sleeve shear modulus

Depth -of keyway at mldlength of B
(straight side plus corner radlus)

Area moment of inertia of shaft

Area moment of inertia of shaft base
materlal

Shaft inside diameter

Area moment. of inertia of sleeve
groove -

Area moment of 1nert1a of clad weld

inlay material
Polar moment of 1nert1a of shaft
Polar moment of inertia of shaft base
material

Polar moment of inertia of sleeve groove = -

Polar moment of inertia of clad weld ‘
inlay material
Stress concentration factor in bending

. Stress: concentration factor in tors1on

Distance between bearings

Distance from start of shaft taper to
midlength of B, :

Length of propeller nut

Distance from aft face of propeller

shaft flange to CG of propeller
Length of propeller shaft aft flange
Length of sleeve aft of design point at
‘aftermost bearing
Straight shaft length aft of de51gn

- -point at aftermost bearing

Length of shaft. taper.
Length of propeller nut shaft threads

" Maximum -

Gravity bending moment at-any shaft.
location

- Minimum .

Units

hp

pounds

~1b/in?
1b/in?

lb/in2

Ib/in?
1b/in?
1b/in®.
1b/in?
inch

- inch?
Ainch* -

inch
inch*

inch*® .

- inch®

inch*

inch?® -
inch*

. inch.

inch
‘inch
inch

inch
inch

inch

inch
inch

in-1b
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Meaning

Molybdenum

0ff-center bending moment

Gravity bending moment at aftermost
bearing support point.

Total bending moment ‘

Number of bolts (in shaft coupling)

Number of keys

Niobium (also known as columbium, Cb)

Nickel

Design nominal outside diameter of shaft
Outside diameter of shaft base material

Outside diameter of clad weld inlay

Outside diameter of sleeve '
Propulsive coefficient

Mean or steady full power torque

Total torque including all increases
required

Propeller rotational speed

Radius of flange fillet

Radius of sleeve groove fillet

Radius of keyway fillet

Radius of propeller shaft aft flange
fillet

Radius of thrust collar fillet

Resultant alternating stress

Resultant alternating stress at
interface of clad weld inlay and
shaft base material :

Resultant alternating stress at sleeve

. groove diameter

Resultant alternating stress at outer
surface of clad weld inlay

Alternating torsional shear stress

Alternating torsional shear stress at
interface of clad weld inlay and shaft
base material

Alternating shear stress at sleeve
groove diameter ]

Alternating torsional shear stress at
outer surface of clad weld inlay

Alternating bending stress ,

Alternating bending stress at interface
of clad weld inlay and shaft base
material ' :

Alternating bending stress at sleeve
groove diameter

Alternating bending stress at outer
surface of clad weld inlay C
Shear stress of shaft coupling bolts
Steady compressive stress

Steady compressive stress at interface of
clad weld inlay and shaft base material

7

Units

in-1b
in-1b

in-1b

inch
inch
inch
inch

in-1b
in-1b

r/min
inch

inch

inch

inch

inch

1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?
1b/in?

1b/in?
1b/in?
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Meaning . ' Units
Steady compressive stress at outer - - oo 1b/in?
surface of clad weld inlay’ ST
Allowable compressive 'stress of key ‘ o0 1byin?
Shaft horsepower . o I p
Steady shear stress . - 1b/in?
" Steady shear stress at interface of clad - 1b/in?
 weld inlay and shaft base material SR
Steady shear stress at outer surface C 1b/in?
of clad weld inlay : ‘
Allowable shearing stress of key S - 1b/in?
Resultant steady stress © . T 1b/in?
Resultant steady stress at lnterface;of E 1b/in?
. clad weld inlay and shaft base material o
Resultant steady stress at outer e lb/in2
" surface of clad weld inlay ’ R
Tensile stress. at propeller nut shaft ' ~.. 1b/in?
threads undercut e o ~
Propeller full power thrust , : pound
‘Shaft thrust due to submergence . I © pound
pressure aft . of main shaft seal - L
. Shaft thrust due ‘to submergence pressure "~ - pound
between main’ shaft seal and thrust collar :
Total. thrust . A o - .. - pound
Thrust deductlon factor S ‘
Shaft taper at inboard coupling - - in/ft
Shaft taper at propeller : - in/ft
Ultimate tensile strength _ o 1b/in?
Ship speed at full power o ' o knot
Volume of taper at propeller , . inch?
.Volume of bore at propeller taper ' - - inch?
Width of key - . ' inch
" Weight of propeller cap ‘ S - pound
Weight of shaft bore internal” components o " pound
-Weight of shaft component _ o pound
Weight of propeller nut ' o . pound
Weight. of propeller (hub blades, and - . pound
~ other components) _ .
. .Weight of propeller shaft aft flange pound
" "Weight of sleeve aft of de51gn p01nt at : © - pound
" aftermost bearing - ‘ ’
- Weight of shaft straight sectlon aft of .- pound
. design point at aftermost bearing ' . ‘
Weight of shaft propeller taper - oo pound
Weight of shaft threads B pound
. Weight per unit length of shaft ) 1b/in
. Moment arm from support. point of o inch

aftermost bearing to CG of propeller cap
"Moment arm from support point of’ ' inch
~ aftermost bearing to CG of shaft bore

~internal. components _ :
Moment arm of - shaft component . i inch
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Symbol Meaning. Units

X, Moment arm from support point of inch
aftermost bearing to CG of propeller nut .

X, Moment arm from support point of ' inch
aftermost bearing to CG of propeller

Xoe Moment arm from support point of inch

aftermost bearing to CG of propeller
shaft aft flange

X, Moment arm from support point of inch
aftermost bearing to CG of sleeve
Xoer Moment arm from support point of . inch

aftermost bearing to CG of straight
shaft length

X, Moment arm from support point of inch
‘ aftermost bearing to CG of shaft taper . :
X Moment arm from support point of inch

aftermost bearing to CG of propeller
nut threads

Yp Yield point of material 1b/in?

YP, Yield point of shaft base material . 1b/in?

YP; Yield point of weld inlay : 1b/in?

Y. Distance from start of shaft taper inch
to CG of shaft taper .

Y Distance from start of shaft taper : inch
to CG of shaft taper bore

Picw Density -of waterborne shaft bore 1b/in®

~ internal components : '
Pei Density of sleeve material A 1b/in?
Psez Density of steel material : 1b/in®

3.3 System of units. Unless otherwise stated or demanded by context,
the U.S. conventional gravitational system of units, commonly called the
foot-pound-second system (or inch-pound system) is used throughout this
document. In this system the pound is a unit of force, and the slug,
identically equal to one pound-second squared per foot, is the unit of mass.
Often, one or more other units of mass will be found more convenient. One
such unit is the pound mass, which is 0.45359237 kilogram exactly and 1/32.174
slug approximately. Another such mass unit is the pound second squared per
inch, which amounts to 12 slugs exactly. ' '
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4. - GENERAL REQUIREMENTS

4.1 Design requirements. Unless otherwise specifically approved, the
design of main propulsion shafting shall be in accordance with the methods -and
_ criteria described herein and in Navships Drawing No. 803-2145807, or as
modified in the ship specifications. B :

) 4.2 Material selection. Shafting materials shall be. selected on tlie
‘main considerations of fatigue -characteristics and strength. Table I lists
physical‘characteristicsHofﬂmaterials approved for use in main propulsion

shafting. o : ' o ‘ T

4.3 Waterborne -vs- line shafting. Shafting starting from the forward
end of the main shaft seal sleeve to the aftermost end of ‘the shafting system
shall be considered waterborne shafting. All shafting forward of this point
shall be considered dry or line shafting. - ‘ e ,

‘ ‘4.4 Solid df hollow shafts. Unless 6therwise specifiéd; shafts with an
~ outside diameter (OD) less than 6 inches shall be solid.. Shafting 6 inches in
_diameter and above shall be bored hollow.. . - ’ A

- 4.5 Hollow (bored) shafting. The inside diameter (ID) of bored shafting

" shall be 0.65 times the shaft nominal outside diameter (OD), unless o
specifically approved otherwise by NAVSEA. Where more than one design outside

“diameter exists within a shaft section, the 0.65 rule shall be based on the
‘smaller outside diameter. Rounding off the inside diameter dimension to the
nearest 1/8 inch is permitted. For controllable pitch propeller systems, the
inside diameter shall not be decreased from forward to aft.’ : '

_ 4.6 Shafts with multiple bores. ‘For'waterborné'shaftihg; where
different size inside diameters exist in a shafting section, calculated ,
stresses shall be based on the largest inside diameter regardless  of whether

the largest .inside diameter occurs. at the location being examined.

4.7 Design nominal ‘outside diameter of shafting. The design nominal

- outside diameter (0OD) of:shafting is the minimum diameter which is determined
by calculations using the methods described herein meeting all the criteria
specified. ' S - ‘ :

_ 4.8 Nominal outside diameter of waterborne shafting. The design nominal
~ outside diameter (0D) of the waterborne shafting shall be determined on the.
basis of the maximum combined stresses that exist in the 'waterborne shafting.
Stresses and factors of safety shall be calculated at all fillets, keyways,
and other discontinuity points; at bearing support points defined in 4.11; and
at locations of maximum moment peaks. Stress concentration factors (K, and
K.) shall be applied as required to determine the point of maximum stress.
Shaft sizes determined by these calculations.shall meet the maximum bending
. stress (K, x S;) and minimum factor of safety criteria specified herein.

10
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4.9 Nominal outside diameter of line shafting and thrust'shaftj ~The
design nominal outside diameter (OD) of the line shafting and thrust shaft - -
shall be determined on the basis of the maximum combined 'stresses that exist
‘in the line shaft and thrust shaft, respectively. - Stresses and factors of
safety shall be calculated at all fillets, keyways, and other discontinuity
points; at bearing support points; and at locations of maximum moment peaks.
Stress concentration factors (K, and K,) shall be applied as required to -
determine the point of maximum stress. Shaft sizes determined by these -
calculations shall meet the minimum factor of safety ¢riteria specified
‘herein. : ‘ ' T - o R

4.10 In-air and waterbofne conditions. The stress. analysis shall
include a tabulation or graph(s) of bending moments for the shafting system .
"for the straight-line condition in-air and’ for -all applicable waterborne. .-
conditions as specified in 5.4.2.1:1. The requirements for' maximum bending .
stress and minimum factor of safety specified herein shall. be satisfied for
both the in-air and waterborne conditioms.. For waterborne shafting, the
product of the bending stress times the stress concentration factor (X, X Sp):
shall not exceed 6,000 lb/in® (12,000 1b/in® for Ni-Cr-Mo-Cb alloy 625).

4.11 Bearing support points. For design purposes the aftermost bearing .
shall .be considered to act as a point support located at either one shaft
design 'hominal outside diameter (OD) forward from the aft end of the bearing
or at one-fourth of the bearing length forward from the aft end of ‘the '

“bearing, whichever is the greater. All other bearings shall each be

-considered to act as a'po;nt'support'at‘the-bearing center.

, 412 Design torque. Propulsion shafting‘design shall allow for full
' power plus an additional torque imposed by the slowing of the propeller when

-_,thefshiplmakes a turn at full power. Full power torque (Q) shall include
. other possible increases in torque that the propulsion shafting system may

_experience, such as thoseé caused by allowable variations in full power shaft
' RPM as specified for the propeller or prime mover:in a particular shipbuilding"
specification. The additional torque allowed for a ship making a. turn at full
power 'shall be: 20 percent of full power torque for both single and
multi-propeller ships, except that for ships with geared diesel engine
propulsion, 10 percent (instead of 20 percent) additional torque shall be
-used. .In addition, the design of shafting for ships driven by reciprocating
engines shall be checked in accordance with MIL-STD-167-2 and NAVSEA -0900-LP-
090-3020 for the itorsional -critical rotational speed at which vibratory ’
'vstressgs are greatest. . - . . . : :

. 4.13 Steddy and alternating stresses. When calculating stresses, the

~ steady stresses and the alternating stresses shall be calculated separately.
The resultant steady stress (S,) is due to the steady torqué and thrust. The
resultant alternating stress (S,) is due to the alternating torque and ‘

" bending (including bending due to off-center thrust for waterborne shafting).
The .effects .from other sources of bending in a particular-shafting design, .

. such as dental. or sound isolation couplings, shall also be included in the

‘calculations. Stress:.concentration factors (K, and K.), - where they exist, _
shall be applied to the alternating torsional shear (S,;) and bending stresses
(Sg). - - - S IR ‘ o

RASS A "High{ldcéliieHTStfésséé; ‘High{lbcAIizéd stresses shall be avoided"
by use. of generous fillets and by avoiding the drilling of holes into: the
shafting to secure such 'items as keys, sleeves, and oil baffles. For'the same

12



Downloaded from http://www.everyspec.com

MIL-STD-2189(SH)
SECTION 243-1

reason, welding is prohibited on shafting except where specifically
authorized. Inasmuch as only alternating stresses are multiplied by stress
concentration factors, prevention of regions of high localization of stress is
especially important where alternating stresses are large.

4.15 Alternating (vibratory) torsional shear stresses. Caution shall be
used in computation of alternating torsional shear stresses (S,.) particularly
those that are engine excited, as by diesel or reciprocating steam engines.
For these stresses, a more elaborate torsiomal analysis may be required. The
maximum torsional vibratory stresses determined from the vibratory analysis
required by MIL-STD-167-2 shall be compared with the alternating torsional
shear stress estimated by (Eq-12). If greater than the latter, they shall be
incorporated into a reiteration of the shafting design calculations.

4.16 Vibration. Three basic types of vibration shall be considered in
the main propulsion system: (a) torsional, (b) longitudinal, and (c) lateral.
Analyses of these types of shaft vibration shall be in accordance with
MIL-STD-167-2. Further information on performing these analyses is contained
in NAVSEA 0900-LP-090-3020. As the design process progresses to the final
design stage, calculations performed by computers become necessary to verify
the adequacy of the vibratory shaft characteristics. Iterative calculations
may be necessary if shaft stresses derived from the vibration analysis exceed
the alternating stress initially estimated from (Eq-12), (Eq-2la), or (Eq-
21b). The exact method of analysis is optional, provided it can be
demonstrated that the requirements of MIL-STD-167-2 have been met and all
supporting data requested therein have been furnished. Additional factors
shall be included in these analyses as follows:

(a) To account for entrained water, propeller mass and rotational
inertia ‘shall be increased, from their values in air, by the
following amounts:

1. For longitudinal vibration, increase propeller mass
by 50 percent.

2. For torsional vibration, increase polar moment of
inertia by 25 percent.

3. For lateral vibration, increase propeller mass by 25
percent.

(b) Propeller-excited longitudinal and torsional vibratory
responses shall be calculated for peak values at all speeds for
both the straight course and the maximum-rudder (full turns teo
port and starboard) conditions. MIL-STS-167-2 provides the
operational factors for propeller excitation for peak straight-
course and maximum-rudder conditions throughout the operating
speed range for surface ships. Although these operational
factors are defined in the longitudinal vibration section of
MIL-STD-167-2, they may be applied to propeller excited
_torsional vibration responses as well. Detailed propeller
excitation data, including these operational factors, usually
become available for each ship design during contract design.

13
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() Lateral vibration analyses shall allow for the stiffnesses of
' ' the bearing supports, including struts and other structures, as
appropriate. : B C : ‘ "

4.17 Gravity moments. The shafting alignment analysis shall be used to
determine the gravity moment (M,) at any location along the shafting length.
In addition, a separate detailed gravity moment calculation shall be provided
(with an accompanying sketch) at the point support at the aftermost bearing
(defined in 4.11), in air, to verify the moment obtained by the alignment
analysis at this critical design point. : ) : -

4.18 'Shaft bore components. 'Determination of gravity moments (M,) in
shafting shall take into account the weight distribution-of internal
components in the bore. These components include, as applicable, such items
as piping, control rods, oil, and sand. - R . :

4.19 Bending stresses and moments for waterborne shafting.  The bending .

~ stresses (S,) determined at all locations for waterborne shafting shall be

based on the combined moments of gravity (M,) and off-center thrust (M) (see
Table II). For the straight-line in-air condition, the moment due to off-
- center thrust shall be based on the overhung bending moment (M;) due to the
weight of the propeller assembly and shafting components in air at- the point
support of the aftermost bearing defined in 4.11. For waterborne conditions,
the moment due. to off-center thrust shall be based on the overhung bending '
‘moment dué to the weight of the propeller assembly and shafting components in
water at the point support of the aftermost bearing previously defined. " The
off-center moment shall be considered a constant value acting -along the entire
length of waterborne shafting and always additive to the gravity bending
“moment . : S o C o :

4.20  Shaft bending stress limit. In-no case shall. the product of
bending stress and stress concentration factor (X, x S,) exceed:6,000 1b/in?
for steel waterborne shaft material or 12,000 lb/in? for Ni-Cr-Mo-Cb alloy 625
-clad weld material. I ‘ . SR

‘ 4.21 TFactors of safety. Propulsion shafting designs shall meet the
factors of safety tabulated in Table III. - = o

4,22 Treatment of clad weld inlays. Shafting section areas that have

. been designed with a clad weld inlay, such-as the aftermost shaft flange
fillet for controllable pitch propeller installations, shall be treated as
nonhomogeneous.” When analyzing these areas of shafting, stresses and factors
of safety shall be calculated at the outer surface of the clad weld inlay and
.at the interface of the clad weld inlay and shaft base material (see 5.5).

7 . 4.23 Submarine shaft sleeve groove - resultant alternating stress limit.
This limit will depend on the material used (see-5.6.1). o

4,24 Propeller nut shaft threads undercut. For shafting systems using a
hydraulic propeller nut for installation of the propeller, the.tensile stress
at the undercut of the propeller nut shaft threads shall be determined. The
.factor .of safety, based on the ultimate tensile strength from Table I, shall
be ‘equal to or greater than the minimum waterborne shafting factor of safety.’

14
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Table II. Bending moments for surface ships and submarines ./

Surface Ships

Submarines
Strut- Nonstrut-
supported supported

shafting shafting :

Off-center thrust moment
for waterborne shafting (M) = M, 2M, 0

Total moment at
aftermost bearing (M, = M, + M) =
support point

|
)
=

34 M,

Total moment at any
point of waterborne (M, =M, + M) = M, + M, Mg+ 2M, M,
shafting

Total moment at any
point of line (M) = M, M, M,
shafting A

3/ Where applicable, the total moment (M,;) shall also include bending
moments due to ther sources, such as dental couplings or sound
isolation couplings.

Table IITI. Factors of safety for propulsion shafting.

Type of Ship

Surface ships ,
other than Icebreakers Submarines

Icebreakers

ﬁ

Waterborne shafting 2.00 3.50 2.25

Line shafting 1.75 2.25 2.00

15
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5. DETAILED REQUIREMENTS

: 5.1 Design loads. Propulsion shafting is subjected.to a.variety of
steady and alternating loads that include torsional shear, axial thrust, and
bending. In the detail shaft design analysis, stresses shall be calculated at
all bearing support points, shafting discontinuities, flange fillets, keyways,
moment peaks, -and all other areas where high stresses may occur.

5.2 Stresses. Steady and alternating stresses shall be analyzed
separately, then combined using equations based on the Soderberg -diagram to
‘determine factors of safety. . For proper shaft inside diameter. to use in -
equations, see 4.6. ' N : :

5.3 Clad weld inlay. Shafting section areas that have been designed
with a clad weld inlay shall be treated as nonhomogeneous and shall be
analyzed using the equations in 5.5. All other shaft sections shall be

"analyzed ‘in accordance with 5.4. o o S

5.4 Shafting design equations.

5.4.1  Steady st:ésses.

5.4.1.1 Torsional load. The torsional load in the shafting, which -
results- in steady torsional stresses, is calculated.from the full shaft .
horsepower output (SHP) and propeller rotational speed (RPM) as follows:

63,025 x SHP : L »(Eq_l‘)

@= RPM

5.4.1.1.1 Additional torque for full power turns. Additiqnal torque
shall be required for full power turns (see 4.12). . ' o

~(a) For turbine-driven ships, whether singie- pr'multi-shaft:
o,=1.2x0Q o R .. (Eq-2a)

(b) Foxr reciprocating-éngiﬁe-driven shafts, whether diesel or
steam, single- or multi-shaft: el e

0 =1.1x0 | . o (Eq-2b)

'5.4.1.2 Steady shear stress. (Eq-3a) through (Eq-3c¢) apply for the
calculation of steady shear stress. ' ' :

Q. x OD

8, = X7 (Eg-3a)
. 5.1xQ,xO0D o . ' '
e 1 | (Hollow shgft)>‘ ‘g '(EQ‘3b)

~ 5.1x : . | ' | .3
;ﬁ__asygi “ | (Solid’shaft)’ ' (Eq-3c)

5.4.1.3 Thrust load: Thrust loads shall be calculated for surface ships
and submarines as specified in 5.4.1.3.1 and 5.4.1.3.2, respectively.

16
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5.4.1.3.1 Surface ships.

_ 325.87 x EHP _ )

Tr v (1-¢) (Eq-4a)
where: ) .

EHP = SHP x PC . ) (Eq-4b)

For preliminary calculations, or in the absence of model test data, it may be
assumed that t = 0.15 and PC = 0.65.

5.4.1.3.2 Submarines. Aft of the thrust collar, propulsive thrust and
submergence thrust shall be calculated as specified in (a) through (e) below.
Forward of the thrust collar, propulsive thrust, submergence thrust, and total

thrust are zero.
(a) Propulsive thrust.

325.87 x EHP
T = Eqg-
Vx(1-¢t) (Eq-5)

where: .
EHP = SHP x PC
(b) Submergence thrust.aff of the main shaft seal.
T, = 0.44444 x Aj, x depth (Eq-6a)
whére depth equalé test depth in feet.
(c) Submergence thrust between main shaft seal and thrust collar.
‘T, =0.44444 x A, x depth _ (Eq-6b)
whére depth equals test depth in feet.
(d) Total thrust aff of main shaft seal.
T,=T+ Ty, (Eq-7a)
(e) Total thrust between méin shaft seal and thrust collar.

T, =T+ T, (Eq-7b)

5.4.1.4 Steady compressive stress. (Eq-8) applies for calculation of
the steady compressive stress due to thrust. A

g o Tr_1273xT, : (Eq-8)
€ A  op® - ID? _ 9

5.4.1.5 Resultant steady stress. (Eq-9) applies for calculation of the
resultant steady stress.

s, =[83+ (2x8)%12 (Eq-9)

17
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. 5.4.2 Alternating stresses.

5.4.2.1 Bending‘moments.

5.4.2.1.1 Gravity 'bending moments.

(é) For préliminary design‘purposes the gravity beﬁ&iﬁg moment in a

‘ span of line shafting with bearings spaced at distance L, apart
may be approximated by (Eq-10). '

wag - | 5lfi o o

M, = —0 s o _ (Eq-10)

(b) The shaft alignment analysis shall be. used to determine the

gravity bending moments (M) that exist at each design point

. (see 4.8 and 4.9) of the propulsion shafting system for. the
following conditions: ‘ B S

(1) Straight line in -.air.
(2) VAlignedAwaterﬁdrne with machinery cold.

(3) vAligned waterborne with machinery cold and with collective
weardown of water lubricated bearings. : -

(4) Aligned waterborne with machinery at operating
;temperature. ‘ o

(5) Aligned waterborne with machinery at operating temperatdre
andfwith collective weardown. of water lubricated bearings.

(6) - Aligned waterborne with allbwablé'vafiacians of bearings
loads for conditions (2) through' (5) above.

(7) For Submérines.only, hull deflections due to 'diving,
‘rising, sea slap, and submergence pressure shall be
analyzed in combination with conditions (2) through (6)
_above. " : : o o :

(8) For surface ships only, hull deflections that affect shaft
: alignment shall be analyzed in combination with conditions
' (2) through (6) above. These hull deflections are usually
 the result of large changes in ballast such as those seen
on fleet oilers, amphibious-force ships, or supply ships.
Hull deflections due to sea state and steering turns need
not: be analyzed. : o

_ The shaft'sfressvanalysis shail includéAa;téﬁdlétion_br
-graph(s) of these bending moments. :
(c) The maximuim gravity bending moment determined at each design

point shall then be used when calculating shaft stresses at
‘that point. ' R : -

L 3.4f2dl.2 Off-center moment - waterborne shafting only (see 4.19). The
‘eccentricity of the propeller thrust produces a significant propeller shaft

18
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off-center bending moment (M,.) which is additive to the gravity moment. For
design purposes, the off-center moment shall be assumed constant at all
locations of waterborne shafting and zero at all locations of line shafting.
Off-center and total bending moments for strut- and nonstrut-supported
shafting systems are listed in Table II.

5.4.2.2 Stress concentration factors. The principal points of stress
concentration in shafting occur at the corners of keyways, at flange fillets,
and at holes (where specifically approved) drilled in the shaft. These points
of stress concentration shall be treated as specified in 5.4.2.2.1 through
5.4.2.2.3.

5.4.2.2.1 Stress concentration at keyway fillets. The ‘stress
concentration factor for torsional stress (K.) at keyway fillets is a function
of the ratio of the fillet radius in the corner of the keyway (r;) to the
depth of the keyway at midlength (H). Values of K, shall be taken from Figure
1. The fillet radius shall be in accordance with Navships Dwg No. 803-
2145807. The stress concentration factor in bending due to a keyway is unity,
and the stress concentration can be neglected at the key end provided that the
ends of the keyway are properly faired into the shaft in accordance with
Navships Dwg No. 803-2145807. '

5.4.2.2.2 Stress concentration at flange fillets. The stress
concentration factors for alternating torsional and bending stresses (K. and
K, respectively) at the fillet of a coupling flange or propeller shaft aft
flange depend on the fillet radius (r, or r,), the shaft design nominal
outside diameter (OD), and the flange outside diameter (D, or D,) . Values for
K, and K, shall be taken from Figures 2 and 3 respectively.

5.4.2.2.3 0il holes in shafting. 0il holes drilled normal to the
surface of a shaft usually have a diameter that is small with respect to the
shaft diameter. A stress concentration factor of three for the bending stress
shall be used. Note that the drilling of these types of holes in propulsion
shafting is prohibited except where specifically approved by NAVSEA.

5.4.2.3 Bending stress. (Eq-lla) through (Eq-1llc) apply for the
calculation of bending stress due to bending moment. ,

_ M, x OD :
%= S =T (Fa-ite)
10.2 x M, x OD . ‘
s, = aD‘-;D‘ (Hollow shaft) - (Eq-11b)
10.2 x M, .
S, = —f,ps-l (Solid shaft) - (Eq-1lc)

For waterborne shafting, the product of the bending stress and the stress
concentration factor (S, x K;) shall not exceed 6,000 1lb/in?.

5.4.2.4 Alternating (vibratory) torsional shear stress.. Alternating
torsional shear stresses in the shaft are generated by the propeller and occur
predominantly at blade frequency, except for diesel propulsion plants, where
the cyclic engine torque is significant also.

19
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Initially the alternating torsional shear stress may be approximated as
follows:

S,, =0.05 x5, (Eq-12)
where:
S, = steady shear stress as derived from (Eq-3b) or
(Eq-3c).

Instead of the above, the values determined by the detailed propulsion system
vibration analysis shall be substituted in the design calculations if they are
larger at the corresponding shaft RPM than the approximation given by (Eq-12).

5.4.2.5 Resultant alternating stress. The resultant alternating stress
shall be found, first by multiplying the bending and torsional stress
components each by the appropriate stress concentration factor, and then by
combining them as prescribed in the maximum shear theory as follows:

S, = [(K, x 8,)% + (2 X K, X 5,,)%1"/* : (Eq-13)
where:

K, and K, are stress concentration factors for bending and
torsion respectively (see Figures 1, 2, and 3) at shafting
discontinuities such as flange fillets and keyways (see
5.4.2.2).

5.4.3 Factor of safety. The resultant steady stress (5.,) and the
resultant alternating stress (S,,) are used to obtain the factor of safety as
follows:

1 _ 'Ssr 'Sa: .
75 vr T FL - (Eq-14a)
_or—
- 1 | : (Eq-14b)
Sﬂr + Su
yP FL

Values for YP and FL shall be obtained from Table I.

5.5 Shafts with clad weld inlay. Shafting section areas that have a
clad weld inlay shall be treated as nonhomogeneous (See 4.22).

5.5.1 Steady stresses.

5.5.1.1 Torsional load. The torsional load (Q;) for shafting with clad
weld inlay is calcqlated using (Eq—l) and (Eq-2a) or (Eq-2b).

5.5.1.2 Steady shear stress. The calculation of steady shear stress
shall account for the clad weld inlay and shaft base material as shown in (Eq-
15a) through (Eq-16b).

23
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(a) Steady shear stress at outer 'surface -of clad‘weld inlay"
" Qp X OD; X G,

o . : RN . ; |
S, 2 x [(Ji X G) + (J, X Gl . R . ( q-15a).

.(b)-vSteady shear stress at 1nterface of clad weld 1n1ay and shaft
. base materlal .

- Qp x'QDbJrGg

- 4-15b)
Sen = 2x [(J,xG) + (7, XG)] (Eq-15b)
 where: TR i '
| ' op/* -.opt o .- A _
Ji = “Xl ;2 _ -b) o - (Eq-16a) -
'.‘nx'(OD‘-—‘ID‘) i ' ‘
I TR e - (Eq- 16b)

5. 5’1‘3 ‘Thrust load. -The thrust load (TT) for shaft1ng w1th clad weld
1nlay is calculated- u51ng (Eq 4a) through - (Eq 7b) in 5.4,1.3.

5.5.1. 4" Steadv compressive stress, The calculatlon of steady
~ compressive stress_shall account for the clad weld 1nlay and shaft base
material as shown in (Eq l7a) through (Eq 17b). I

(a) Steady compre551ve stress at outer surface of clad weld. 1nlay

T, X E,

A, xE) + (3, x EAIN (Eq-17a)

5. =
(b) Steady compress1ve stress at 1nterface “of clad weld 1nlay and
shaft base material. .

Sy = r ® , Cl - - . (Eq-17b)
[(Ai X Ei) + (A.b X Eb)] Lo . . . . s

5.5.1.5  Resultant steady stress. The calculation of resultant steady
. stress shall account for the clad weld 1nlay and shaft base materlal as shown
in. (Eq 18a) and (Eq- l8b) ' : L .

,(&)f Resultant steady 'stress at outer surface of clad weld lnlay
s, -=A[Si“+(2xs y211/2 L . (Eg- 18a)'

{(b) - Resultant steady stress at 1nterface of clad weld 1nlay and
-shaft base materlal - ) .

S, = (8,2 + (2 x'8,)%17% S K L . (Eq-18b)’

5 5 2 Alternatlng stresses

: 5 5 2 1. Bendlng moments. The calculatlon of bendlng moments for -
shaftlng w1th clad weld 1nlay shall follow the same. criteria. g1ven in 5.4.2.1.
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5.5.2.2 Stress concentration factors. For shafts with a clad weld
inlay, the stress concentration factors (XK, and K,) shall be determined using
Figures 1, 2 and 3. '

5.5.2.3 Bending stress. The calculation of bending stress shall account
for the clad weld inlay and shaft base material as shown in (Eq-19a) through
(Eq-20b).

(a) Bending stress at outer surface of clad weld inlay.

M,.xOD;, x E,
2x [(E;xI,) + (E, x1I,)]

Spy = (Eq-19a)

For waterborne shafting, the product of the bending stress at the weld inlay
and the stress concentration factor in bending (X, x Sp;) shall not exceed
12,000 1b/in?.

(b) Bending stress at interface of clad weld inlay and shaft base
material. ‘
: M, x OD, X E, ’
Sy, = z A ' -19b
B~ 3 x [(E, x I,) + (E, x )] (Eq-19b)

For waterborne shafting, the product of bending stress at this interface and
the stress concentration factor in bending (X, x S,) shall not exceed 6,000
1b/in?. :

(¢) Calculation of moments of inertia for shaft base material” (I,)
and for clad weld inlay material (I;).

= x(0D,* - 0D,%)

L = 64 (Eq-20a)
n x (0D, - ID*)
I, = n (Eq-20b)

5.5.2.4 Alternating (vibratory) torsional shear stress. Initially, the
alternating torsional shear stress may be approximated at the clad weld inlay
and shaft base material as shown in (Eqg-2la) and (Eq-21b). ’

(a) Alternating torsional shear stress at outer surface of clad

weld inlay.
S,,, =0.05 x S, ' (Eq-21a)
where:

S.; = steady shear stress as derived from (Eq-15a).

_ (b) Alternating torsional shear stress at interface of clad weld
inlay and shaft base material.

8,, =0.05x85,, (Eq-21b)
where:

S., = steady shear stress as derived from (Eq-15b).

" 25
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Instead of the above, values determined by the detailed propulsion system

. vibration analysis shall be substituted in the design calculations if they are

_ larger at the corresponding shaft RPM than the approximations given by (Eq-
2la) and (Eq-21b). S - :

'5.5.2.5 Resultant alternating stress. The’éélcﬁlation‘qf resuitant
alternating stress shall account for the clad weld inlay and shaft base
material as shown in (Eq-22a) and (Eq-22b). - ' '

{a) Resultant alternating stress at outer surface of clad weld
inlay. . S Lo '

S = LG X807 + @ x K, x5, (Eq-223)

) (b)‘lResﬁltant alternating stress at interfaée of clad weld inlay
and shaft base material. )

S, = (K, X 8p)2 + (2 X K X Sy)°] /2 . ‘ (Eq-22b;) _
5.5.3, Factor of safety. The calculation of factor of -safety shall

account for the clad weld inlay and shaft base material as shown in (Eq—23é)}
and (Eq-23b). ‘ ' : ' »

(a) Eactdr of’safety‘ét outer surface of clad Weld»inlayl

Fs, = 1 (Eq-23a)
. Ssri + Saxi .
YP, FL, .
'(b) Factor of safety at interface of clad weld inlay and shaft base
material. ' . . '
= 1 .
Fs, = : (Eq-23b)
ssrb + Sub .
YP, FIL,

_Values‘for-YPb, YP;, FL,, and“FLi shafl be obtained from Table I.

5.6 Shafting components. 'Shafting compoﬁenfs shall be as specified in
5.6.1. through 5.6.4.° ' C = . '

5.6.1 ‘Submarine sleeve at main shaft seal. -The stresses in the sleeve
groove in way of the submarine main shaft seal sleeve shall meet the criterion
that the resultant alternating stress in the sleeve groove (S,,,) shall be less
than or equal to the following: C

’-;'-Sleéve Material . ‘ : Maximﬁm allowable,stréss(lb/inﬂ
Cu-Ni (70-30) | 1,500
Ni-Cr-Mo-Cb alloy 625
" Forged ' R " 6,400

Cast o o 2,650

26 -
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5.6.1.1 Resultant alternating stress. The resultant alternating stress
in the sleeve groove in way of the main shaft seal sleeve shall be calculated

by (Eq-24) through (Eq-28).

(a) The alternating bending stress at the sleeve groove is based on
a nonhomogeneous beam solution:

-

A@;xELIxLDm

% " 2x (B, x1,,) * (Ex D] (Ba-24)
where:
n x (D) - OD%)
I, = ol (Eq-25a)
T = K X (ODGL— ID‘) ' (Eq-ZSb)

(b) The alternating shear stress at the sleeve groove is based on a
nonhomogeneous beam solution in a manner like that of (Eq-24).

0.05 X'er:Gu.xl%m

Sass = T x 1(G,, x I, + (Gx ] (Eq-26)
where:

Jgy =2 X I, ' (Eq-27a)

Je2xI (Eq-27b)

(c) The resultant alternating stress at the sleeve groove is
determined from the relationship:

Sy = LK, X Sp)? + (2 XK, X 8,,)°1"% (Eq-28)

Values for the stress concentration factors for the fillet at.
the base of the groove in bending (X,) and torsion (K.) shall
be obtained from Peterson, Figures 49 and 55.

Note: Cu-Ni (70-30) and cast Ni-Cr-Mo-Cb alloy 625 are not
notch sensitive. Therefore, for these materials, the stress
concentration factors in bending (X,) and torsion (X.) are
equal to 1.00.

5.6.2 Key and keyway design. The allowable design key stresses (Sg and
S.) are based, respectively, on the yield strength in shear and ultimate
compressive strength of the key material, and on a factor of safety of five.
Values for S, and S, to be used in (Eq-30) and (Eq-31) are given in Tables IV
and V respectively.

5.6.2.1 Nomenclature. Symbols of special use in key and keyway design
are listed here with their intended meanings: (also see Figures 4 and 5)

B, = Effective length of key (Eq-2%9a or 29b) inches
b, = Contact depth of keyway [depth of
keyway (H) minus key chamfer (C.)] inches

27
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S_ia,rt of Shaft Taper'— / :
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(,NomiAnaI)

: Figure 4. Propeller Key E
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Diameter at midpoint of contact

30

D,. =
depth (b,) at midlength of B, inches™
D, = Diameter of shaft taper at mldlength
of B, inches
H = Depth of keyway at midlength of B . :
‘ (straight side plus corner radlus) inches
L, = Length of shaft taper- inches
N, = Number of keys ’
S, = Allowable compressive stress of key 1b/in?
S.. = Allowable shearing stress of key ‘1b/in?
W = Width of key _ -~ inches
5.6.2.2 Design-formulas. (See (Eq-29a) thrqqgh (ﬁq—3l).)v .
B, = '— (8 x H), for propeller key ‘ | (E'q-29a’)’
- B, =1L, ~0.25 inch, for inboard coupling'qu (Eq-29b)
o, ' 2xQ, ‘ ,
W = -30
(mlg) N, xB, xD,x S, (Eq 3_0)
e 2 x Q '
b in) = = T ‘ - V
1 (nf_n)' N, xB,xD X5, (Eq-31)
‘Table IV. Allowable shearing stress for'kévﬁmatérials;
. ’ : : Sex “
"Material - Material Allowable shearlng stress, (lb/inﬂ ,
R Spec .
;p‘ 1 key 2 or more keys
, Steei ‘ ‘ o
class 1° MIL-S-23284 11, 250 7,500
class 2 MIL-S-23284 8,250 5,500
class 3 - ‘MIL-S-23284 6,750 4,500
class 4 MIL-S-23284%4 5.,250 3,500
Ni-Cu (momnel} QQ-N-281 . 7,800 - 5,200
Ni-Cu-Al (K-monel) QQ-N-286 . 15,000 . lO 000
Nickel aluminum . ASTM B150 - 6,000 . 4,000
bronze Alloy 63000 ';, ) '
Manganese bronze ASTM B138 5,250 " 3,500
‘half-hard, rolled: : ‘ Lo ‘
Steel, class c. - MIL-S-24093 15,000 10,000
type I or 11 ' )
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Allowable compressive stress for key materials.

Steel
class
class
class
class

Ni-Cu (monel) .

Ni-Cu-Al (K-monel)

Nickel aluminum
bronze

Manganese bronze
half-hard, rolled

Steel, class C
type 1 or II

S

Material

MIL-S-23284
MIL-S-23284
MIL-S-23284
MIL-S-23284
QQ-N-281
QQ-N-286
ASTM B150
Alloy C63000
ASTM B138

MIL-S-24093

Se
Allowable compressiée stress, (lb/in?) : “

Material : |
Spec 1 ke 2 or more keys .

28,500
24,000
22,500
18,000
27,000
42,000
24,000

19,500
36,000

19,000
16,000
15,000
12,000
18,000
28,000
16,000

13,000
24,000

5.6.3 Shaft coupling bolts.

bolts shall be calculated as follows:

where:

Dbc

(I It

2x9Q,
N, x Ay, XDy,

Spe =

shear stress of shaft coupling bolts

the total torque including all

increases required
number of bolts

bolt cross-sectional area at

parting surface
bolt circle diameter

Shear stress of propulsion shaft coupling

(Eq-32)

1b/in?

1b-in

in®
inches

The maximum allowable shear stress for coupling bolts shall be determined

- based on the yield strength of the bolt material and a minimum factor of
safety equal to that of the shafting being coupled, but not less than 2.00.
Accordingly, using the maximum shear theory, the maximum zllowable shear
stress for steel (MIL-S-24093) coupling bolts on a typical surface ship is

25,000 1b/in?.

5.6.4 Propeller nut shaft threads undercut tensile stress. If a
hydraulic or conventional propeller nut is used for the installation of a

propeller, the tensile stress and factor of safety at the undercut of the
propeller nut shaft threads shall be calculated:

S =

F, 1.273xF,

T
T A, Duz - 42

31
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™" g,

The factor of safety at the ‘'shaft thread undercut shall be equal ‘to or greater
;than 1.5. : .

5.7 - Design examples. Illustrative numerical’ solutlons for the follow1ng
two propu131on shaftlng systems are presented in Appendlces A and B.

(a) Submarlne shaftlng system

(b)

(See Appendlx A )

Surface ship controllable pltch propeller shaftlng system (See
Appendlx B.) , A o

32

(Eq-33b)
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6. NOTES

(This section contains information of a general or explanatory nature that may
be helpful but is not mandatory). '

6.1 Intended use. This standard is intended for use in designing safe,
workable propulsion shafting for naval ships, both surface and submarine.

6.2 TIssue of DODISS. When this standard is used in acquisition, the
applicable issue of the DODISS must be cited in the solicitation (see 2.1.1
and 2.2). :

6.3 Conventions of arithmetic in numerical examples. In the numerical
computations in the Appendices, the following conventional rules are observed:

(a) Five significant figures are carried within the computation,
with answers rounded as appropriate.

(b) Quantities given by hypothesis are assumed to be exact,
regardless of the number of figures to which expressed.

(¢) Quantities taken from graphs are assumed to be correct to three
significant figures. .

(d) The ratio of circumference to diameter, pi, to five figures, is
3.1416; one-quarter pi, also to five figures, is 0.78540; and
one-twelfth pi, 0.26180. (All three of these approximations
err on the large side.)

(e) The variation of sea pregssure with depth is assumed to be
linear at 0.44444 1b/in® per foot.

6.4 Subject term (key word) listing.

clay weld
cross-sectional
fatigue limit
surface ships
submarines
propeller

Preparing activity:

NAVY - SH
(Project GDRQ-N073)

33
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-.10.. SCOPE
10.1 Scope.

SUBMARINE SHAFTING SYSTEM

Sample calculatlons for checking the adequacy of the

-~ diameters of. shafting in the propulsion shaftlng system of a hypothetical

. single propeller submarine are presented  in. this Appendix.
not a mandatory part of the standard.

intended for guidance only.

L .200
Appendix.

30.
30.1

APPLICABLE DOCUMENTS

NUMERICAL EXAMPLE. .

Example requirement.

This Appendlx is

The information contained herein is

~This section is_not applicablé to “this

LIt is required to check the dlameters of a

given submarine shaftlng system (see Figure 6) agalnst the crlterla of ‘this
m111tary standard

,Shlp information.

”30.1.1
General Informatlon
Coupling bolt material
Depth
‘Drive
Key Material
'Seal ring diameter

"PC = Propulsive coefficient
' RPM = Propeller rotational- speed

SHP = Shaft horsepower
t = Thrust deduction factor

Y . = Ship speed at full power
W. = Weight of propeller cap in air .

W, = Weight of propeller in air

- Propeller CG (from fwd face

of hub)
Propeller cap CG (from aft
.face of hub)

, ' Line shaft

- _ Material .= = -

D, = = Outside diameter of flange
~D,., = .Diameter of thrust collar.
‘FL = Fatigue limit

ID ~ = Shaft inside diameter

OD = Shaft outside diameter.

L r, = Radius of flange fillet

I, = Radius of thrust collar f111et
YP = Yield point
Psea ‘___‘

Density of shaft material

- 34

onon e

[N O O T T I |

Shaftlng and propeller data are as follows:

MIL-5-24093
350 feet
Steam turbine
MIL-S-24093
23.00 inches -
0.65"

155 r/min
14,000 hp
0.15 -

17 knots
2,000 1bs

17,000 1bs.

26.375 inches'

.12.OOVinehes

MIL-S-23284, class
24 .00 inches

40.00 inches
47,500 1b/in?
10.00 inches

15.00 inches

3.00 inches’

3.00 inches

75,000 1b/in®
0.284 1b/in’
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Waterborne shaft

Material .

Outside diameter at small end
of shaft propeller taper

Diameter of undercut at prop
nut shaft threads -
Propeller shaft reduced bore .

Outer diameter of propeller nut
Outside diameter of shaft threads

Shaft modulus of elasticity

Maximum force developed by
hydraulic propeller nut
Fatigue limit

Shaft shear modulus

‘Shaft inside diameter
Length of propeller nut

Length of shaft taper

Length of propeller nut shaft
threads .

Shaft outside diameter

Radius of keyway fillet

Ultimate tensile strength

Yield point

Density of sand

Den51ty of shaft materlal

Waterborne shaft sleeve

. Material. -

Sleeve groove outside diameter
at bottom of groove

Sleeve modulus of elastlclty

Sleeve shear modulus .

Outside diameter of sleeve

Resultant ‘alternating stress
at sleeve groove diameter
(maximum allowable)

Radius of sleeve groove fillet

Density of sleeve material

Shaft alignment analysis results.

A

"performed for the submarine shafting system shown

" operating conditions.

Wi

I

MIL-S-23284, class 1
10.83 inches

-9.25‘inChes

5. 00 inches
16.75 inches
10.00 inches
29,500,000 1b/in?
350 .long toms

47,500 lb/in? .
11,750,000 1b/in?
10.00 inches
8.50 inches.
50.00 inches
10.00 inches

o

15.00 inches
0.375 inches
95,000 1b/in?
75,000 1b/in?
-0.064 1b/in?
0.284 1b/in®

-

(forged) ,
15.75 inches

It

30,000,000 1b/in?
11,500,000 1b/in?
16.375 .inches
6,400 1b/in?

0.0625 inches
0.3.05'1b'/»i'1'1v3

(Ni-CrfMo-Cb alloy 625

shaft allgnment analysis was

on Figure 6 for all

. The values shown in Table VI represent the maximum

‘bending moments .that exist at each station throughout the operating range.

Other information from the .analysis,

introduced into the computatlon as needed.

36

such as stress concentratlon factors,

are
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Table VI. Submarine shafting system maximum gravity bending

moments._.
Max Gravity’
Station Location® bending moment
Mg, (in-1b) -

_ Thrust shaft forward flange 477 b
20.00 Thrust shaft journal bearing ‘ 10,042 b
76.00 Thrust collar fillet 302,146 c

117.00 | Thrust shaft aft flange 360,720 d
135.00 Aft face of inboard coupling 358,284 e
221.00 Forward lock ring groove 137,313 c
273.00 Stern tube bearing 162,586 ' d
637.00 Prop bearing support point 1,116,000 a
1 The shafting system stations were selected for illustrative

purposes only and do not represent all stations required for
stress and factor-of-safety analysis.

2/ Ship condition at which maximum bending moment occurs. See
5.4.2 for a complete listing of conditions that are required to
be analyzed.

a) In air, straight line

b) Waterborne, surfaced, machinery cold, aligned, no weardown

c) Waterborne, surfaced, machinery hot, aligned, sea slap, no
weardown

d) Waterborne, surfaced, machinery hot, aligned, 100%
collective weardown

e) Waterborne, 100% test depth, machinery hot, aligned, rise,
100% collective weardown

30.1.3 Station 3.00, thrust shaft forward flange.

30.1.3.1 Steady stresses.

(a) Steady shear stress due to_torque.

Full power torque is obtained using (Eq-1):

63,025 x SHP _ 63,025 x 14,000

o= REM 155

5,692,600 in-1b

37
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(a)

(b)

(c)
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Torque at 120 percent of full power is obtalned u51ng (Eq 2a):

Qr = 1. 2 x Q=1,2 x‘S 692 600 = 6 831,100 in- 1b

Steady shear stress is obtained using_(Eq-3b);

_5.1xQ,x0D  5.1x6,831,100 x 15.00

K
op* - ID*- . 15.00¢ - 10.0%

g

I

‘1'2 863 ‘1b/ -iiz2

Steadv compre551ve stress due to thrust

This station is forward of the thrust collar. Therefore, the
total thrust, T, and steady compre551ve stress S., are zero
(see 5. 4 1. 3 2). . o :

Resultant steadv stress.

The resultant steady stress is obtalned as shown in (Eq 9):

S

o 8r

[Sc + (2 xS)2]1/2 =0 + (2 x 12, 863)2]1/2 '

1t

25,726 lb/in

.Alternating stresses.

Gravity bending moment.

The gravity bending moment, M,, is obtained from Table VI.
Because this design example is for a submarine, the total "
moment, M,, is equal to the gravity moment (see Table ITI).

. My =M =477 in-1b

Bending stress. -

‘The bending stress is obtained using (Eq-11b):

_10.2xM x0D _ 10.2 x477 x 15.00
» op* - ID* 15,00* - 10.00°
= 1.80 1b/in?

Alternating tersional shear stress

The alternatlng tor31onal shear stress: is obtalned using
(Eq 12):

8, -0.05x8,=0.05x12,863 - 643,15 1b/in?

Note: The'values determined by the‘detailed propulsion system 

‘vibration analysis shall be substituted in the design

38
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calculation if they are larger at the corresponding shaft RPM

than the approximation given by (Eq-12).

(d) Stress concentration factors. o,

The stress concentration factors are obtained by using Figures

2 and 3.
r
it S _3_'2°_=o_200
oD 15.00
D
Dy _ 24.00 _, o
oD 15.00
K, =1.44
K, =1.23

(e) Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in

(Eq-13):

s

ar

it

[(K, x 8,)% + (2 x K, X 8,,)%1*/?

[(1.44 x1.80)7 + (2 x1.23 x 643.15)*] /2

= 1582.1 1b/in?

30.1.3.3 Factor of safety.

The factor of safety is obtained by using (Eq-14b):

FS = 1 = 1 =2.65 22.00

S, . S, 25,726 , 1,582.1
YP FL 75,000 47,500

The factor of safety at station 3.00 is adequate (see Table III).

30.1.4 Station 20.00, thrust shaft journal bearing.

30.1.4.1 Steady stresses.

(a) Steady shear stress due to torque.
Full power torque is obtained using (Eq-1):

63,025 x SHP _ 63,025 x 14,000
RPM 155

Q:

5,692,600 in-1b

#

39
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‘(C)

30.1.4.2
(a)

(b)-

(o)
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Torque at 120 percent of full power is obtalned u51ng (Eq-2a):
Qp =1, 2xQ=1 2 x 5,692,600 = 6,831, 1oo in- -1b:

' Steady shear stress is. obtalned u51ng (Eq 3b) '

5. 1XQTXOD _ 5.1x6,831, 100 x 15. oo
-~ op! —ID“. ~ ' 15.00° -'10. o‘

‘g -

-]

= 12,863 1b/1n

Steadv compress1ve stress due to thrust

This statlon is forward of the thrust collar. Therefore, the
total thrust, T,, and steady compressive stress, S., are zero
(see 5.4.1.3.2).

Resultant'steadv stress.

1The-resultent stesdy stress isrbbtained;as shown in (Eq-9):

S, = [82 +(2 x8,)%1%* = [0 + (2 x 12,863)%]*/?

8r

1]

25,726 1b/in?

Alternatinz SCresses

Grav1tv bendlng moment .

The gravity bending moment, Mg, is obtained from Table VI.
Because this design example is for a submarine, the total
moment, M;; is equal to the gravity moment (see Table II).

M, = M, =10,042 in-1b

Bending stress.

The bendlng stress is obtalned u51ng (Eq llb)

- 10.2 XM X 0D _ 10.2 x 10,042 x 15.00

. op* - ID* © 15.00* - 10.0*
~37.82 1b/in? B

~b

Alternatlng torsional shear stress.

‘The alternatlng torsional shear stress is obtalned u51ng
(Eq-12): :

',_S = 0. OSxS =0.05 x12,863 ~643 15 1b/in

Note The values determined by the detailed -propulsion system

‘v1brat10nvana1y51s shall be substltuted in the design
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calculation if they are larger at the corresponding
shaft RPM than the approximation given by (Eq-12).

(d) Stress concentration factors. .

The stress concentration factors, K, and K., equal 1.00 at this
station.

(e) Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in

(Eq-13):

S

ar

]

[(K, x Sp)% + (2 x K, X 8,,)%1*/?

[(1.00 x 37.82)2 + (2 x 1.00 x 643.15)2]*/2

1286.9 1b/in?

30.1.4.3 Factor of safety.

The factor of safety is obtained by using (Eq-14b):

FS = 1 = 1 =2.70 22.00
S, S, 25,726 1,286.9
—_8r 4 &
YpP FL 75,000 47,500

The factor of safety at station 20.00 is adequate (see Table
III).

30.1.5. Station 76.00, thrust collar fillet.

30.1.5.1 Steady stresses.

(a) Steady shear stress due to torque.

Full power torque is obtained using (Eq-1):

63,025 x SHP _ 63,025 x 14,000
RPM 155

Q:

5,692,600 in-1b

Torque at 120 percent of full power is obtained using (Eq-2a):
Q=1.2x0=1.2 x5,692,600 = 6,831,100 in-1b

Steady shear sfress is obtained using (Eq-3b):

g = 5.1xQ x0D _ 5.1x6,831,100 x15.0
s ob* - 1ID* 15.0* - 10.0*
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"= 12,863 1b/in?

Steady compressive stress due to thrust

Effective horsepower ‘and propu151ve thrust are obtained by
using (Eq-5): v

EHP = SHP x PC - 14,000 x 0.65 = 9,100.0 hp

p - 325.87 x EHP =v325-87x9,-100-0‘ =205'220 1b
vx (1 -¢) 17x(1—o15)-g

Submergence thrust between the main shaft seal and thrust
collar is obtained u51ng (Eq-6b):

T, = 0 44444 xA », X depth _
- 0.44444 x (o 78540 x 23. 02) X 350
64 629 lb .
Total thrust is obtained u51ng (Eq 7b)
T, =T+ T, = 205,220 + 64 629 269 850 lb
Steady compre551ve stress. 1is obtalned u51ng (Eq 8)

. 1.273 x T, '
R Tr _1.273x 269,850 = 2,748.2 1b/in?
op? - 1D? ' 15.0% - 10.0? o

<

Resultant steady stress.

The resultant steady stress is obtained by combining the steady
shear and compressive stresses as shown in (Egq-9):

SSZ

= [82 + (2 x 8,)%1'/?
= [2,748.2%2 + (2 x 12,863)3%]%/2

25 872 1b/1n

rAlternatlng stresses

Grav1tv bendlnz moment .

The gravity bending moment, M,, is obtained from Table VI.
Because this design example is for a submarine, the total
moment,. M;, is equal to the gravity moment (see Table II).
‘M, = M, =302,146 in-1b

Bending stress.
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The bending stress is obtained using (Eq-11b):

10.2 x M, x OD
op* - ID*

10.2 x 302,146 x 15.0
15.0* - 10.0¢ .

b

=1,137.9 1b/in?

Alternating torsional shear stress.

The alternating torsional shear stress is obtained using
(Eq-12): _

§,, =0.05 xS, =0.05x 12,863 = 643.15 1b/in*
Note: The values determined by the detailed propulsion system

vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM

than the approximation given by (Eq-12).

Stress concentration factors.

The stress concentration factors, K, and K., are obtained by
using Figures 2 and 3. :

r

ee o 3:00 _ 4. 290
oD  15.00

D .

te _ 40.00 _ g7
oD 15.00

K, = 1.48

K, = 1.25

t

Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in

(Eq-13):

s, = [(K,x Sy)? + (2 x K, x 8,,)°1*/

ar

[(1.48 x 1,137.9)2 + (2 x 1.25 x 643.15)2]*/2

[1,684.1% + (2 x 803.94)2]%/2 = 2,328.4 1b/in?

Factor of safety.

The factor of safety is obtained by using (Eq-14b):

1 1

FS = = =2.54 22.00
S, . s, 25,872 2,328.4
YP  FL 75,000 47,500
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The factor of safety at station 76.00 is adequate (see Table
IIT).

.30:1.6 ,Station-117.00.'thrust shaft aft flange: .

30.1.6.1'.Steadv stresses.

(a) Steady’ shear stress due to torque
‘Full power torque is obtalned using (Eq 1)

0= 63,025 x SHP _ 63,025 x'14,000
~ RpM g i85

' ~—5 692,600 in- lb
Torque ‘at 120 percent of full power is obtalned u51ng (Eq Za)

0, =1.2x0Q=1.2x5,692,600 =~6‘ 831,100 in-1b

Steady shear stress is. obtalned u51ng (Eq 3b)

g - Slxo,.xoD -: 5.1x6,831,100x-15.0
f " op*-ID* . 15.,0% -10.0%

=12, 863 lb/in

(b) Steadv compressive stressfdue to thrust.

Effective horsepower and propu151ve thrust are obtained u31ng
(Eq-5):

EHP = SHP x PC = 14,000 x 0.65 = 9,100.0 hp

325.87 x EHP _ 325.87 x9,100.0 2205;'2‘20' Jb'

Vx(l—t) 17x(1—0’1’5)

Submergence thrust between the main shaft seal and" thrust
collar is obtalned using (Eq 6b)

0. 44444 x A, x depth

Ty

0. 44444 x (0 78540 x 23, 02 ) x 350

64,6_29 1b
Total thrust is obtained using (Eq-7b).: -
T, =T+ T, = 205,220 + 64,629 = 269,850 1b

Steady compressive stress is'obtaihedrusingv(Eq—S):

44



(c)

30.1.6.2
(a)

(b)

(e)

(d)

Downloaded from http://www.everyspec.com

MIL-STD-2189(SH)
SECTION 243-1

APPENDIX A

1.273 x T,
- T — 1-273 X269,850 :2,748-2 1b/in2

oD? - ID? 15.0% - 10.0?

c

Resultant steady stress. .

The resultant steady stress is obtained by combining the steady
shear and compressive stresses as shown in (Eq-9):

s

8r

[Sc2 + (2 xss)zl 1/2

It

[2,748.2% + (2 x 12,863)3%]1%/2

25,872 1b/in?

It

Alternating stresses.

Gravity bending moment.

The gravity bending moment, M;, is obtained from Table VI.

Because this design example is for a submarine, the total

moment, M,, is equal to thé gravity moment (see Table 1I).
M, =M = 360,720 in-1b

Bending stress.

The bending stress is obtained using (Eq-llb):

g . 10.2xM, XxOD _ 10.2 x 360,720 x15.0
b op* - ID* 15.0° - 10.0*

1,358.5 1b/in?

Alternating torsional shear stress.

The alternating torsional shear stress is obtained using
(Eq-12): '

8,,=0.05 x8, =0.05x 12,863 = 643.15 1b/in*
Note: The values determined by the detailed propulsion system
vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM
than the approximation given by (Eq-12).

Stress concentration factors.

The stress concentration factors, K, and K., are determined by
using figures 2 and 3.

r

Z£ . 3:00 _ 4 2
oD ~ 15.00

D

D _ 24.00 _, oo
oD  15.00
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K, =1.44
-’K =1.23 B ) S

Rt 4

(e) Resultant alternatlng stress.

The resultant alternating stress is obtained by’ comblnlng the
- alternating bendlng and torslonal shear stresses as shown 1in
(Eq-13): ‘ A .
[(K be)z + (2 x K, x.s»'m,)zll/2
= [(1.44 x1,358.5)" + (2 x 1. 23 x 643. 1)V

- 2,516.0 1b/in?.

,30.1;6;3 Factor of safety

‘ 'vThe factor of safety 1s obtalned by u51ng (Eq l4b)

. 'Fs'_‘= L B S . =2.51 >2.00
v s. 3. 25,872 2,516.0
sr. , Var < 4 .
yp “FL ‘ 75 .000 . 47,500 |

‘The factor of safety at- station 117. 00 is. adequate (see Table‘
. III) : .

30.1.7 Station 135.00} aft-fébe of“inboard eouplina.

'~v3Q;l.7;1 Steady stresses.

(a) . Steadv shear stress due to torque

'Full power: torque is obtained u51ng (Eq- 1)

_ 63,025 x SHP =' 63,025 x 14,000
" RPM_ o 155

Q
-5 692, 600 J'.n lb

Torque at 120 percent of full power is obtalned -using (Eq- 2a);
Q'"l 2xQ—1 2 x5; 692 600——6 831 100 in-1b’

Steady shear stress is obtalned u51ng (Eq- 3b)

5. 1xo,x0D _ 5.,1x6,831,100x15.0
op* - ID* .- .©715,0% - 10.0° :

12,863 1b/in?
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Steady compressive stress due to thrust.

Effective horsepower and propulsive thrust are obtained using
(Eq-5): .

EHP = SHP x PC = 14,000 x 0.65 = 9,100.0 hp

325.87 x EHP _ 325.87 x 9,100.0 = 205,220 1b
vx (1 -t) 17 x (1 - 0.15)

Submergence thrust between the main shaft seal and thrust
collar is obtained using (Eq-6b):

T, = 0.44444 x A_, x depth

0.44444 x (0.78540 x 23.02%) x 350

64,629 1b

Total thrust is obtained using (Eq-7b):
Tr =T+ ng = 205,220 + 64,629 = 269,850 1b

Steady compressive stress is obtained using (Eq-8):

1.273 x T,
- r _ 1.273 x 269,850 = 2,748.2 1b/in?
op? - I1D? 15.0% - 10.0?

Resultant steady stress.

The resultant steady stress is obtained by combining the steady
shear and compressive stresses as shown in (Eq-9): ,

c

s [s2 + (2 x 8,)%12

.8r

U

[2,748.2%2 + (2 x 12,863)2]1/2

25,872 1b/in?

Alternating stresses.

Gravity bending moment.

The gravity bending moment, M,, is obtained from Table VI.
Because this design example is for a submarine, the total
moment, M,, is equal to the gravity moment (see Table II).

M, = Mg = 358,284 in-1b
Bending stress.
The bending stress is obtained uéing.(Eq-llb):

10.2xM, xOD _ 10.2 x 358,284 x15.0
oD% - ID* 15.0% - 10.0°
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=1,349.4 1b/in?

Alternating torsional shear'streSs

The alternatlng torsional shear stress is obtalned u51ng
(Eq-12): :

8,,=0.05 xS, = 0.05 x 12,863 - 643.15 1b/in

Note; The values determlned by the ‘detailed propu151on system’
vibration analysis shall be substituted in ‘the design.

calculation if they are 1arger at the correspondlng shaft RPM
than the approximation given by (Eq 12)

Stress- concentration factors

The stress céncentration factor in torsion, Kt, is" determined

using Figure 1. The stress concentration factor in bending,

Ky, 1s 1.00 (see 5.4.2.2. 1) - Depth of keyway, H, is provided

“in 30.1.11.2.
r, ¢ . -
_£:=k0r375 = 0.268
H 1.400 7
K, = 1.60

t

‘Resultant alternating stress.

The. tesultant alternating stress is obtained by combining the
alternating bending and torSLOnal shear stresses as shown in

(Bg-13).

s, = (K, :rc.sb)2 +.(2 x K, x8,)%**"

ar

it

[(1.00 x1,349.4) + (2 x.1.60 x 643.15)]/2

2,461 1b/1in?

‘Factor of safetv

«;The factor of safety is obtained. by using (Eq 14b):

1 ' 1

'_‘Fs'.=' ' = _ : ""=,z.52>_2.oo

S S 25,872 2,461

8r + ar

Yp = FL - 75,000 47,500

The factor of safety at statlon 135.00 is adequate (see Table .

111)
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30.1.8 Station 221.00, seal forward lock ring groove.

The resultant alternating stress in the seal sleeve lock ring
groove must meet the criteria outlined 'in 5.6.1L.

30.1.8.1 Alternating stresses.

(a) Gravity bending moment.
The gravity bending moment, M., is obtained from Table VI.
Because this design example is for a submarine, the total
moment, M, is equal to the gravity moment (see Table I1).

M, = M, = 137,313 in-1b

(b) Bending stress.

The bending stress at the forward lock ring of the sleeve 1is
obtained using (Eq-25a), (Eq-25b), and (Eq-24).

_ ®x (Dg* - oDY)  _ 3.1416 x (15.75% - 15.00%)
= 64 64
= 535.54 in*
- ®x (oD’ -1DY) _ 3.1416 x (15.0° - 10.0%)
64 64
=1,994.2 in*
s - M, xE, xD,
b

9 2x [(E,;xI,) + (ExI)]

137,313 x 30,000,000 x15.75
2 x [(30,000,000 x 535.54) + (29,500,000 x1,994.2)]

= 433.14 1b/in?

(¢) Alternating torsional shear stress.

The alternating torsional shear stress at the forward lock ring
groove of the sleeve is obtained by using (Eq-27a), (Eq-27b),
and (Eq-26).

Jpy=2xI, =2Xx535.54 = 1,071.1 in*

J=2xI=2x1,994.2 =3,988.4 in'

g ._ 005x0,xG, XD,
asg 2 x [(Gu.x‘an) + (6xJ)]

0.05 x6,831,100 x 11,500,000 x 15.75
2 x [(11,500,000 x1,071.1) + (11,750,000 x 3,988.4)]
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fl

= 522.67 1b/in?

«d) Stress concentration'factors;

'

The stress concentration factors, K, and Kt, are obtalned by
u51ng Flgures 49 and 55 from Peterson ‘

Ty .0.0625

= 0.0038

oD, 16.375
Dgr . _ 15.75 - 0.9618 -
oD, 16.375

K, = 4.7

K, = 2.9

t

(e) Resultant altetrnating stress.

The resultent”altefnatihg stress at the forward lock ring
. groove of the sleeve is obtalned by using (Eq 28):
S : 2] 1/2

arg

(K, x Sp)? + (2 x K, x 8,,,)

it

[(4.7 x433.14)2 + (2 x 2.9 x 522. 67)’]1’2

3 651 6 1b/1n < 6,400 1b/in

The resultant alternatlng stress at the forward lock ring
groove diameter is well within the maximum allowed (see

5.6.1.).

3031.9 Station 273.00. stern tube bearing.

30.1.9.1 - Steady stresses .

(a) Steady shear stress due to torque.

Full power torque is obtalned u51ng (Eq 1)

63,025 x SHP _ 63 025 x 14,000
RPM - 155

Q':

"5, 692 600 in-1b
,Torque at 120 percent of full power is obtalned u51ng (Eq 2a)
“QT_:= 1.2xQ=1.2x5,692,600 = 6,831,100 in—,lb

4_Steédy shear stress is‘obtaineo ueihg-(Eq-3b):‘

g . 5:1x0,x0D _ 5.1x6,831,100 x15.00
‘op¢ - ID¢ 15.00 - 10.0%.

g -
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= 12,863 1b/in?

Steady compressive stress due to thrust.

Effective horsepower and propulsive thrust are obtained using
(Eq-5):

EHP = SHP x PC = 14,000 x 0.65 = 9,100.0 hp

7= 325.87 x EHP  _ 325.87x9,100.0 = 205,220 1k
vx (1 -1¢) 17 x (1 - 0.15)

Submergence thrust aft of the main shaft seal is obtained using
(Eq-6a):

T

51

0.44444 x A,; X depth

[l

0.44444 x (0.78540 x 15.0%) x 350

27,489 1b

i

Total thrust is obtained using (Eq-7a):

T,=T+ T, =205,220 + 27,489 = 232,710 1b

Steady compressive stress is obtained using (Eq-8):

©1.273x T '
g - r _ 1.273 x232,710 _, 369.9 1b/in?

° op? - 1ID? 15.02 - 10.0?

Resultant steady stress.
The resultant steady stress is obtained as shown in (Eq-9):

s [s? + (2 x 8,)%1*?

8r

It
H

[2,369.9% + (2 x 12,863)2]/3

- 25,835 1b/1in?

Alternating stresses.
Gravity bending moment.

The gravity bending moment, M,, is obtained from Table VI.

Because this design example is for a submarine, the total

moment, M,, is equal to the gravity moment (see Table II).
M, = M_ =162,586 in-1b

Bending stress.

The bending stress is obtained using (Eq-11b):
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g . 10.2xM x0D _ 10.2 x 162,586 x 15.00
? op* - ID* 15.00* - 10.0* _
= 612.32 1b/4n* - | e,

Stress concentration factors.

The stress, concentration factors, K; and:Kr;-equal 1.00 at this
station. : o o :

Maximum bending stress

The maximum bendlng stress, K, x S,, at this statibnsmustvbe
compared to the maximum allowable (see 4, 20)

K, X S, =1.00 x.612.32 ,
- 612.32 1b/in? < 6,000 1b/in* maximum allowable

Alternatlng tors1ona1 shear stress.

The. alternatlng torsional shear stress 1s obtalned using
(Eq-12):

. 8§,,=0.05 xS, =0.05 x 12,863 = 643.15 1b/in’

Note: The values determined by the detailed propu151on system
vibration analysis shall be substituted in the design

‘calculation if they are larger at the correspondlng shaft RPM

than the approx1mat10n glven by (Eq 12)

Resultant alternatlng stress.

The resultant alternating stress is obtained by comblnlng the

‘“alternatlng bending and torsional shear stresses as shown in
(Eq-13): ’

S, = [(Ic,,xs,,)2 + (2 x K, x 5,,)*1*/?

ar |

{(1.00 x 612.32)’ + (2 x1.00 x 643.15)?] /2

1,424.6 1b/in?

Factor of safetv

The factor of safety is obtained by u51ng (Eq 14b);

T X
F$ - — = = =2.67 2 2.2
T8, 8, 25,835 _ 1,424.6 672 2.25
+ +
e | FI 75,000 47,500

The factor of safety at station 273 00, is adequate (see Table

-VIII)
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30.1.10 Station 637.00, propeller bearing support point.

30.1.10.1 Steady stresses.

(a) Steady shear stress due to torque.

Full power torque is obtained using (Eq-1):

0= 63,025 x SHP = 63,025 x 14,000 5,692,600 in-1b
RPM 155

Torque at 120 percent of full power is obtained using (Eq-2a):
0, =1.2xQ=1.2x5,692,600 = 6,831,100 in-1b

Steady shear stress is obtained using (Eq-3b):

g - 5:1X0,x0D _5.1x6,831,100 x15.0
# op* - ID* 15.0° - 10.0°

= 12,863 1b/in?

(b) Steady compressive stress due to thrust.

Effective horsepower and propulsive thrust are obtained using
(Eq-5):

EHP = SHP x PC = 14,000 x 0.65 = 9,100.0 hp

- 325.87 x EHP _ 325.87 x9,100.0 _ 545 259 1p
Vx (1 -¢t) 17 x (1 - 0.15)

Submergence thrust aft of the main shaft seal is obtained'using
(Eq-6a):

T

81

= 0.44444 x A_, x depth

0.44444 x (0.78540 x 15.0%) x 350

il

27,489 1b
Total thrust is obtained using (Eq-7a):
T,= T+ T, =205,220 + 27,489 = 232,710 1b
Steady compressive stress is obtained using (Eq-8):

1.273 x T, 1.273 x 232,710
= = = = 2,369.9 1b/1in?
€ "op? - ID? 15.0% - 10.03 !

(c) Resultant steady stress.

The resultant steady stress is obtained by combining the steady
shear and compressive stresses as shown in (Eq-9):
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= [82+ (2 x 8,)%]/?

12,369.9% + (2 x'12,863)2]1/2

1

25,835 11:/_1':12 '

0 30.1.10.2 Alternating stresses.

' ;(a).

Gravity bending momentf

The gravity bendlng moment, M,, at the aftermost bearlng
support point, due to the overhanglng weight of the propeller
and shafting in air, is calculated in the following tabulated
procedure (see Flgure 7).  -This moment calculation is intended
to verify the moment obtained by the alignment analysis (see . .
Table VI) and will be used" for the stress analy51s at this"

(2)

station.

(L)

SleeVe'(aft of support point).:
Weight: ' "

W, =p31x—;—t-x (oD, * —OD") x L,

it

0 305 x 0 7854 x (16 375% - 15, 002) X'22 75

235.1 lbs .
Moment arm:

Ly, : ‘
sl _ EEA ='11.375 inches

CEa T T T

Shaft straight section (aft of support point):
Weight:

str

W, = Pocs x-{- x (ODz —.dz') xL,.

I

0.284.x 0. 7854 X (15.00%;— 5.00%) x 23.00.

1,026 1bs

i

Moment arm:

© Kger = ;u = 23é90'= 11.50 inches
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Shaft bore ( sand)

To account for the compact1ng plug, locklng plug, and
bore plug; it will be assumed that sand is in the
bore to the end of the shaft :

" Weight:

‘Wic'=p x—}xdzx (Lsuv+L +Lw)

L

0.064 X 0.7‘854 x5.00° x (2_3‘.0‘0 +50.00 + 10.00)

=104.30 lbs
Moment -arm:
Lo Ly *L *Ly  _ 83.00 _ 4. en g
X, = - = ='41.50 inches
€ : 2 2 , ' ,

Shaft Droveller taper

The welght of .the shaft propeller taper, W,, is obtalned
by first determining the volume of the shaft’ taper %4

[

‘and_then subtractlng from it the volume of the shaft bore,
V. ‘

= B 2 _h) e
Ve=45 % [oD? + ‘OPFAD:) + D2 x L,

]

0.2618 x [15.00% + (15.00 x 10.83) + 10.83%] x'50.00

6,607 in3

fV&,= —::—xkdz-xLt

0.7854 x 5.00% x 50.00

981.75 in®

.W»ckz Poer X (v, cb)

I

0. 284 x (6,607 - 981, 75)

1,597.6 lbs

1

" Moment 'arm:

" The moment arm of the shaft propeller taper X, 1is
. obtalned by first determining the center of grav1ty of the
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taper, Y,, and the shaft bore, Y,, and then combining the

two.

_L,x[op* + (2x0DxD,) + (3xD2)]
¢ 4 x [0D?® + (0D x D,) + D]

_ 50.00 x [15.0% + (2 x15.0 x10.83) + (3 x10.83?)]
4 x [15.00% + (15.00 x 10.83) + 10.83%]

22.332 inches

L
Ve = Ze - 50.00 _ 55,00 inches
2 2
(V,xy,) - (V, x )
X¢ = L2 Ve - &b Ve + Lstr
Ve Vi
(6,607 x 22.332) - (981.75 x 25.00) +23.00

6,607 — 981.75

= 44.87 inches

(5) Shaft threads:

Weight:

Wy =Py X —::— x (d,? - d?) x L,

0.284 x 0.7854 x (10.00° - 5.00%) x 10.00

167.29 1lbs

Moment arm:

i

Ly, : '
x, 2:&+L:+Lm.—_m_‘;¢+5o.oo+z.3.oo

78.00 Inches

(6) Propeller nut:

Weight:

Wn = pstl x 'it— x (dxz2 - dthz) XLn

=0.284 x 0.7854 x (16.75% - 10%) x 8.5

342.34 1lbs

Moment arm:

_— Lﬂ'
X = (750 + L, +L

str
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8.5

1

+ 50.00 +23.00

77. 25 inches ’

Table VII is a tabulatlon of the calculated overhung bendlng
moment M.

Slnce ‘this de51gn example is for-a submarlne the total moment,
MT, is equal to the overhung bendlng moment, M (see Table II).

Table VII Tabulation of overhung bending moment, M
at station 637.00

, Weight ‘ Moment Arm Moment
Shaft. Conponent . - Wy X Wi X Xy,
ound) (inch) (in-1b)
Sleeve - | Wg o= 235.10° | X, = 11.375 2,674
© Straight Section” | W..=.1,026.00 | X, = 11.50 11,799
 Bore ol Wl = 104030 X =61.50 | 4,328
- Propeller capsr | W, - 1,597.60 | x. - 4487 71,684
Threads | W.o=' 167.29 | x, =78.00 | = 13,049
Propeller W, —17,000.00 | X, =48.00 816,000
Nut ,‘ W, = 34234 | X, = 77.25 26,446
Cap , . W. = 2,000.00 X, = 85.00 . 170,000
B Tetal overhung bending mcment, M, = o ' ' 1 1,115,980‘

"(b)’ Bendlng _stress.
‘The bendlng stress is obtalned u51ng (Eq- llb)

10.2 xM, xOD _ 10.2 x 1,115,980 x 15.0

S’" = — :
. op*-1D* - = 15.0° - 10.0%
= 4,203 1b/in? I

(c) Stress concentration factors:

‘The stress concentratlon factors K, and K., equal 1.00 at this
' station. R '
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Maximum bending stress:

The maximum bending stress, K, x S,, at this station must be
compared to the maximum allowable (see 4.20). ..

K, xS, =1.00 x4,203"

4,203 1b/in® < 6,000 1b/in® maximum allowable

#

Alternating torsional shear stress.

The alternating torsional shear stress is obtained using (Eq-
12):

8,, =0.05 xS, =0.05 x 12,863 = 643.15 1b/1in?
Note: The values determined by the detailed propuléion system
vibration analysis shall be substituted in the design
calcula:ign—i{xthey are larger at the corresponding shaft RPM
than the approximation given by (Eq-12).

Resultant alternating stress.

The fesultant alternating stress is obtained by combining the
altdrnating bending and torsional shear stresses as shown in
(Eqrl3):

s,l = [(K, x 8)% + (2 x Kpx S,,)%1*/?

o

< [(1.00 X 4,203)% + (2 x1.00 x 643.15)2]%/2

= 4,394.5 1b/in?

Factor of safety.

The factor of safety is obtained by using (Eq-14b):

1 1

FS = = = 2,29 > 2.25
Ser , Sar 25,835 _ 4,394.5 |
YP = FL 75,000 47,500

The factor of safety at station 637.00 is adequate (see Table
III).

Shafting components.

11.1 Key design. propeller taper.

[l

Key material _

= Depth of keyway at midlength
of B,

Length of shaft taper

Number of keys

MIL-S-24093
1.200~inches

50.00 inches
2

([
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15.00 inches
‘6,831,100 in-1b

OD ' = Outside diameter of shaft (at
' .start of shaft propeller taper)

Qr = Total torque =
S, = Allowable compre551ve stress ='24,000 1b/in2
: of ke .
S, - = Allowable shearing stress of key = 10,000 1b/in
ry = Radius of keyway fillet = 0.375 inches
W = Width:of key = 1.500 inches
t, = Shaft taper at propeller = 1.00 ;n/ftv
¢, = Key chamfer
=+ 1/32 .375 + 0.0313 = 0.4063 inches
B, Effectlve length of key (Eq 29a)  '
o= L,': -(8xH = 50.00 - (8 x 1.200) = 40.40 inches
. b, =ACdntact'deptﬁ of keyway '
. =H-cC,=1.200 - 0.4063 = 0.7937 inches
L, . = Distance from start of shaft taper to.

mldlength of B,

40.40

B
=Lt—7”“=so.oo— 5

29{86=inéhes.

D, = Diameter of shaft taper at mldlength
of B,

1l

. L
oD - [t x —
g, 12]

=15.00 - [1.00 xfil-ze_"._] ‘ '='12:517 inches
D, . = Diameter at midpoint of contact depth

at midlength of B, ;
- D, - b, = 12.517' - 0.7937 = 11.723 inches
(a) Minimum allowable key width. v i
The minimum allowable key w1dth is obtalned using (Eq 303

2xQ,

W(min), =
»Nl XBeXDmxssk

2 x 6,831,100
2 x 40.40 x 12,517 x 10,000

[

1.351 inches < 1.50 inches
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The key is of sufficient width.

(b) Minimum allowable contact depth.

The minimum allowable contact depth is obtained using (Eq-31):

2x0,

b, (min)
N, xB,xD,. xS

Il

2 xXx6,831,100
2 x40.40 x 11.723 x 24,000

0.6010 inches < 0.7937 inches
The key has sufficient contact depth.

Accordingly, two keys of 1.500 inch width and 2.4 (2 x H)
inches height are acceptable.

30.1.11.2 Xev desisn, inboard coupling taper.

Key material MIL-S-24093

H = Depth of keyway at midlength 1.400 inches
of B,
L. = Length of shaft taper = 12.00 inches
N, = Number of keys =4
oD = Qutside diameter of shaft (at = 15.00 inches
start of shaft coupling taper)
Qr = Total torque . = 6,831,100 in-1b
S, = Allowable compressive stress = 24,000 1b/in?
of key
S.,, = Allowable shearing stress of key = 10,000 1b/in?
Iy = Radius of keyway fillet = 0.375 inches
W = Width of key = 2.00 inches
t.. = Shaft taper at coupling = 0.125 in/ft
Ch = Key chamfer
=r, +1/32 =0.375 + 0.0313 = 0.4063 inches
B, = Effective length of key (Eq-29b)
=L, -0.250 =12.00 - 0.25 = 11.75 inches
b, = Contact deﬁth of keywéy
=H-C, =1.400 - 0.4063 = 0.9937 inches
L, = Distance from start of shaft taper to -

midlength of B,

=L - =2 =12.00 - ——— = 6.125 1inches
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= Dlameter of shaft taper at mldlength

of B,
=op - [t. x 2] . : . R .
. R 12]: . o
=15, 00 - [0 125 x ——33§4 : : , >? 14Q936 inches ‘-

Diameter at mldelnt of contact depth
at mldlength of B,

= D, - b, = 14.936 - 0. 9937 . © - =13.942 inches

v(a) Minimum allowable key width.

_Tne minimum allowable'key‘width is‘obtained'usingf(qu30):

2x0,
N, xB, xD, xS,

i

ﬁ(min)‘

2 x6,831,100
4 x11.75x 14.936 x 10,000 -

.

1;95 inches < 2.00 inches . -
The key 1s?of sufficient width.

(b) ’Mlnlmum allowable contact deDth

The minimum allowable contact’ depth is obtalned u51ng (Eq-31):

: . 2x
b, (min) =. O
N xB, xD, xS

2 x6,831,100
4 x11.75 x 13.942 x 24,000

0.869 inches < 0. 9937 inches
The key has suff1c1ent contact depth.

ccordlngly, 4 keys of 2.00 1nch width and 2 8. (2 x H) inch
helght are acceptable. i

,_11_3 _Bolt design, inboard coupling.

MIL-S-24093
1.875 inches
20.85 inches
12
6,831,100 .in-1b

Coupling bolt material.
Diameter of coupling bolt
Bolt circle diameter
Number of bolts

Total torque.
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Bolt cross-sectional area at
parting surface

=%xDb2=O.7854x1.8752 =2.76T2 in?

Shear stress of shaft coupling bolts
(maximum allowable)

(¥) ( 1oo;ooo)
= = , = 25,000 1b/in?
Fs 2.00

(a) Shear stress of shaft coupling bolts.

The shear stress of shaft coupling bolts is obtained using (Eq-

32):

2x0,
N, x4, XD,

Spe =

2 x 6,831,100 - 19,776 1b/im?
12 x 2.7612 x 20.85

19,776 < 25,000; therefore bolt size is sufficient.

.11.4 Shaft thread undercut.

9.25 inches

= Diameter of undercut at propeller
nut shaft thread
Propeller shaft reduced bore
Ultimate tensile strength of
shaft material _
= Maximum force developed by hydraulic
propeller nut
= 350 long tons x 2,240

5.00 inches
95,000 1b/in®

784,000 1bs

(a) Tensile stress at shaft threads undercut.

The tensile stress at the propeller nut shaft threads undercut

is obtained by using (Eq-33a):

_1:273xFp, _ 1.273 x784,000  _ 1o 409 1p/im
T Dp2F-a* 9.25% - 5,007 '

(b) Factor of safety at shaft threads undercut.

The factor of safety at the propeller nut shaft threads
undercut is obtained by using (Eq-33b):

" OT _ 95,000
FS, = — = 22:2°% _ 5.7
Fu S, 16,479 5.76

5.76 > 1.50; therefore the factor of safety is acceptable.
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vjo;l 12 : Summarv of design results

A _summary of shaft stresses and factors of safety for all de31gn
p01nts considered is tabulated in Table VIII

.
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: SAMPLE CALCULATIONS, SURFACE SHIP.
CONTROLLABLE PITCH PROPELLER SHAFTING SYSTEM -

10. SCOPE

10.1 Scope. Sample calculations:for checking the adequacy of the
diameters of shafting in a controllable pitch propeller shafting system for a
‘hypothetical twin propeller destroyer are presented .in this Appendix. This
Appendix is not ‘a mandatory part of the standard. The. information contained
herein is intended for guidance only. , o

20. APPLICABLE DOCUMENTS. This section . is-not .applicable to this
Appendix. . : S : R A ,

30. kNUMERICAL EXAMPLE.

. 30.1 Example requirement. It is~requiredffo check the diameters of
. a given controllable pitch propeller shafting system (see Figure 8) against
the criteria of this military standard. .. ’ S

30.1.1 -Ship information: Sﬁaftiﬁgjand éropellegidata‘are:as

follows:
General Information:0 -
Coupling bolt material = MIL-S-24093
: Drive ‘ o = 'Gas turbine
PC = Propulsive coefficient ' = 0.63
.RPM = Propeller rotational speed = 204 r/min
SHP = Shaft horsepower , = 19,500 hp
t - = Thrust deduction factor = 0.050
V = Ship speed at full power = 21.5 knots
W, = Weight of propeller in air = 28,500 1bs
L, = Distance from aft face of " = 17.70 inches’
propeller shaft flange to - -
_CG of propeller
Line shaft --
Material , = MIL-S-23284, class 1
- D, = Outside diameter of flange =,22.4 inches
FL = Fatigue limit = 47,500 1b/in?
ID = Shaft inside diameter = 9.25 inches .
OD = Shaft.outside diameter. = 14.00 inches
r, = Radius of flange fillet = 2.80 inches"
_YP = Yield point - = 75,000 1lb/in?
Psei = =

‘Density of shaft material 0.284 1b/in’ .

66



Downloaded from http://www.everyspec.com

MIL-STD-2189 (SH)
SECTION 243-1

APPENDIX A

waysAg Sunjeyg Jofedoid yoyd 9qejjonuo) °gIndny

*$80Ul U| a1e (SIaqUWINU UONBIS) SucIsUaWI Q10N

g0'8eet |'_

PC123.08

Szt iy — 5,08, —] 00102} .l'_
082S —I A ,
00'e8¢ 00°SEZ o4
sbuuesg mo&:m
lesy |Ing LON  ZON gON ‘ : e
Buueag buueeg  Buuesg buneeg Bunes 3
_ yeus  yeus yeus eqmiwiels «_.éwm .
aur aur aun W Wi Buuesg
. g
3 3 3 ) 3 urep
o | 2
|
&.u === = - _S-== - il A4 by il | NN O
= = = = = = S i - s AN M S LN L
| ! |
HeUuS eys Jojjedol
i oo | e | e
syeys aun agn] uielg _ HEAS fBliedold
-t HEUS o - Buiyeyg suwioqialepy |
1eay |Ing Buyeys eun - .

67



’ Downloaded from http://www.everyspec.com

"MIL-STD-2189(SH)
SECTION 243-1

Psei

APPENDIX B

Waterborne‘shaft

Material.

68

, , - = MIL-S-23284, class 3~
D, = Outside diameter of flange =-30.00 inches -
D, = Outside diameter of propeller =.45.00 inches -

shaft aft flange o
E = Shaft modulus- of elast1c1ty : = 29,500,000 1b/in®
E, = Shaft base material modulus of = 29,500,000 1b/in®

: elasticity o : S , .
E, = Clad weld inlay material = 25,000,000 1b/in’
» modulus of elastlclty T C
FL = Fatigue limit = 34,000 1b/in’
FL,= Fatigue limit of" base material = 34,000 lb/in?
FL, = Fatigue limit of clad weld = 25,000 1b/in* "

inlay L s _

G, = Shaft base materlal shear = 11,750,000 1b/in2
, modulus
G, = Clad weld 1n1ay material shear = 9 600 000 lb/ln

. modulus ] .

ID = Shaft inside diameter =’12 50 1nches
o« = Length of propeller shaft aft ='5.625 inches
flange - ' .
: L., = Length of sleeve aft of design = 20.75 inches

point at aftermost bearing o

.L,.,= Straight shaft length aft of =.27.075 inches

~ 'design point at aftermost bearing :

0D = Shaft outside diameter ='18.75 inches
0D, = Outside diameter . of .shaft base = 18.25 inches

-+ material ; S ‘

. OD; = Outside diameéter of weld inlay = 18.75 -

_ODﬂ= Outside diameter of sleeve- = 20.375 ‘inches
r, = Radius of flange fillet = 3.75 inches
r,, = Radius of propeller shaft aft = 7.50 inches

flange fillet - “ o »
UT = Ultimate tensile strength = 75,000 1b/in?
YP = Yield point = 45,000 1b/in?
YP, = Yield point of shaft base #‘45 OOO lb/ln
*  material -
YP, = Yield point of clad weld inlay = 60,000 lb/in?
Picw= Density of waterborne shaft = 0.046 1b/in® -
bore internal components o A
ps; = Density of sleeve material =.0.323 1lb/in’
= Den51ty of shaft mater1a1 =

0:284 1b/in®
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Shaft alignment analysis results. A shaft alignment analysis
propeller shafting system shown in
The values shown in Table IX represent

1.2

nditions.

the maximum bending moments that exist at each station throughout the

operating range.
concentration factors,

Other information from the analysis, such as stress
are introduced into the computation as needed.

Table IX. Surface ship controllable pitch propeller system
gravity bending moments.
Max Gravity
Station Location? bending Cond.?/
moment, M,
(in-1b)
152.80 No. 1 line shaft forward flange 34,857 c
385.00 Line shaft bearing No. 2 287,919 b
411.25 No. 2 line shaft aft flange 81,011 d
735.00 Aft stern tube bearing 674,364 a
780.75 - Intermediate shaft forward 244,352 a
flange
1201.00 Prop bearing support point 1,528,900 a
1228.08 Propeller shaft aft flange 671,450 a
fillet
¥ The shafting system stations were selected for illustrative
purposes only and do not represent all stations required for
stress and factor-of-safety analysis.
2/ Ship condition at which maximum bending moment occurs. See 5.4.2

30.
30.

for a complete listing of conditions that are required to be
analyzed.

a) In air, straight line

b) Waterborne, machinery hot, aligned, no weardown

c) Waterborne, machinery cold, aligned, 100% collective weardown
d) Waterborne, machinery hot, aligned, 100% collective weardown
1.3 Station 152.80, No. 1 line shaft forward flange.

1.3.1 Steady stresses.

(a)

Steadvy shear stress due to torque.

Full power tofque is obtained using (Eq-1):

_ 63,025 x 19,500

63,025 x SHP
- 204

-Q - RPM

69




Downloaded from http://www.evefyspec.cofn

MIL-STD-2189(SH)
SECTION 243-1

"APPENDIX B

—602440011211)
‘hTorque at 120 percent of full power- is obtalned us1ng (Eq-2a):
Qr 12xQ-12x6024400—72293001nlb J

‘Steady shear stress 1s obtalned u51ng (Eq 3b)

g . 51XQ,Xx0D _5.1x 7,229,300 x 14.00
- % .- op* - ID* < -14.00% - 9.,25°
= 16,600 11;/11:2 ' ‘
"(b)‘v;“ Steady. compre531ve stress. due to thrust.

Effectlve horsepower is obtained u51ng (Eq 4b) .
EHP SHPX PC = 19 500 x 0. 63 = 12 285 bp
- Total thrust is obtalned u51ng (Eq Aa)

- ©325.87 x EHP _  325.87 x12,285  _ 196,000 1b "
Toovx{(1-#6 " 21.5x (1 -0.05)

Steady compre551ve stress is: obtalned us1ng (Eq 8)

1.273x T ' ,
= 127 T _ 1 273 x 196 000 - 2'259..3'11)/1.113
: oD? - ID? © 14.00% - 9, 252 S .

”(c) Resultant steady: stressf
The'resﬁltant steady stress.is:obtarnedvas‘shown in‘(Eq—9):
or = "[s?‘ + (2 x s)z‘]‘”2 | ‘
| = [2,259. ;3% + (2 x 16,600)]*/
. = 33,280 1b/in?

ﬁ330alf3ﬁ2v-Alternating stresses.

(a) C Grav1tv bendlng moment .
. The grav1ty bendlng moment M, is obtalned from Table IX.
‘Because this station is on line :shafting, - the total moment, M.,
is equal ‘to. the gravity moment (see Table II)
M- M, 34857inlb |

(b). ' Bendlnz stress

‘ The bendlng stressis obtalned u51ng (Eq llb)
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_10.2xM, x0D _ 10.2 x 34,857 x 14.00
® oD* - ID* 14.00° - 9.25¢

= 160.08 lb/in?

(c) Alternating torsional shear stress.

The alternating torsional shear stress is obtained using (Eq-
12):

S,, =0.05xS5,=0.05x16,600 = 830.0 1b/in’
Note: The values determined by the detailed propulsion system

vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM

than the approximation given by (Eq-12).

(d) Stress concentration factors.

The stress concentration factors are obtained by using Figures

2 and 3.

r

T _ 2.80 _ 4 259
oD 14.00

D

Zx . 22.40 _, ¢
oD 14.00

K, = 1.44

K, = 1.23

(e) Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in

(Eq-13): ‘
S, = (K, x8)%+ (2 xK, x8,.)°%

[(1.44 x 160.08)% + (2 x 1.23 x 830.0)3%]1/2

2,054.8 1b/in?

30.1.3.3 Factor of safety.
The factor of safety is obtained by using (Eq-14b):

1 1
FS = = =2.05 2>21.75
5. . Bar 33,280 . 2,054.8
YpP FI, 75,000 47,500
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The factor of safety at station 152, 80 is adequate (see Table
I11). ' :

v

30.1.4 Station 385.00, line shaft bearing No. 2.

30.1.4.1 Steadv stresses

(a) - . Steadv shear stress due to torque

‘Full power torque is obtalned us1ng (Eq-1):

63,025 x SHP . _ 63,025 X 19,500
REM T 204

Q=

6,024, 400 in- lb

Torque at 120 percent. of full power is obtalned u51ng (Eq- Za):
QT'lsz—12x6 024,400 = 7,229, 300.1nlb
‘Steady shear stress is obtained u51ng (Eq 3b)

‘5.1 xQ,x0D _ 5, 1x7 229, 300 x 14.00

. oD% - ID* ©14.00% - 9.254
16,600 1b/in?

It

(b) ‘_'Stead§ compressive stress due to_thrust.
Effective horsepower is obtained usingl(Eq-Ab):“
EHP = SHP x PC = 19,500 x 0.63 = 12,285 hp
Total thrust is.obtainedvusing (Eq-4a):

325.87 x EHP. 325.87 x 12,285 e
= = ; =196,000 1b
r Vx(l—t) ~ 21.5 x (1 - 0.05) T

Steady compre551ve stress is obtalned using (Eq 8)

- 1.273xT,. _ 1.27BX196,000

P P =2,259.3 1b/in?
op* - 1D 14.00% -'9.252 3 :

- (e) Resultant steady stress.
:The‘resultant steady stress is obtalned as shown in (Eq 9)
_&gé[s=+(zxs)ﬂ”2

- [z 259 32 + (2 x 16, 600)’]"2

= 33,280 1b/in
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30.1.4.2 Alternating stresses.

(a) Gravity bending moment. .

The gravity bending moment, M,, is obtained from Table IX.
Because this station is on line shafting, the total moment, M,
is equal to the gravity moment (see Table II).
M, = M, = 287,919 in-1b
(b) Bending stress.
The bending stress is obtained using (Eq-11lb):

10.2 xM, x0OD _ 10.2 x 287,919 x 14.00

8, =
op* - ID* 14.00¢ - 9.25¢
= 1,322.2 1b/in?
(c) Alternating torsional shear stress.

The alternating torsional shear stress is obtained using
(Eq-12):

8,,=0.05 x S, = 0.05 x 16,600 = 830.0 1b/in’
Note: The values determined by the detailed propulsion system
vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM
than the approximation given by (Eq-12).
(d) Stress concentration factors.

The stress concentration factors, K, and K., equal 1.00 at this

station.
(e) Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in
(Eq-13):

s

ar

= [(K, x 8,)% + (2 X K, x 8,,)]*/

= [(1.00 x 1,322.2)% + (2 x 1.00 x 830.0)2]%/2
= 2,122.2 1b/in? o

30.1.4.3 Factor of safety.

The factor of safety is obtained by using (Eq-14b):
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Fg = T __ & 1 . _ =2.052>1.75
S5 5, 33,280 ,L.2,122.2 . .
‘ + Par o .
YP FL - 75, 000' 47, ‘500

The factor of safety at station 385 00 is adequate (see Table
III) : .

30.1.5 Statlon 411, 25 No. 2 line shaft eft fienge.‘~ . v".

30.1:5.1 Steadv stresses.

(a) . -Steady shear stress due. to torque

Full power torque lS obtalned u51ng (Eq 1):

= 63,025 ‘X SHP _ 63,025 x 19,500
" RPM : 204

6,024,400 in-1b

Torque'at'lZO'percent of full power is obtained using (Eq-2a):
0, =1.2x 0=1.2x6,024,400 = 7,229,300 in-1b
Steady shear stress is obtaihed using (EQ—3b):

5.1XxQ,X0D _ 5.1x7,229,300 x 14:00
op* - ID* 14.00% - 9.25%
16,600 Ib/in?

(b) j 'd_Steadvvcompressive stress due to thrust.

Effective horsepower is. obtained using (Eq-4b):
‘ Eﬁpé SHP x PC = 19,500 x0.63 = 1'2 28'5'_ hp - A
Tota] thrust is obtalned using -(Eq-4a):’

C -~ 325, 87 x EHP - 325.87 x 12 285
T = = 1 6 00 1b
LG e  sxd-o.os Y 0

'_SteeincompressiVe stress.is obtained using (Eq?8):‘

S 1.273.x T, - :
8= XTy _1.273 % 196,000 _ , 559.3 1b/in?
- OoD? - ID? 14.00% - 9.25’] : .
(c) ,:‘Resultant steadv stress.

" The resultant steady stress is obtalned as-shown in (Eq-9):
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= [82 + (2 x §,)%1*"?

8r

= [2,259.3% + (2 x 16,600)3]1*/2 .

33,280 1b/in?

30.1.5.2 Alternating stresses.

(a)

(b)

(c)

(d)

Gravity bending moment.

The gravity bending moment, M,, is obtained from Table IX.
Because this station is on line shafting, the total moment, M,
is equal to the gravity moment (see Table II).

M, = M, = 81,011 in-1b

Bending stress.:

The bending stress is obtained using (Eq-11b):

10.2xM, xOD _ 10.2 x 81,011 x 14.00
op* - ID* 14.00° - 9.25¢

8, =
= 372,03 1b/1in?

Alternating torsional shear stress.

The alternating torsional shear stress is obtained using (Eq-
12):

8,,=0.05x8,=0.05x 16,600 = 830.0 1b/in®
Note: The values determined by the detailed propulsion system
vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM
than the approximation given by (Eqg-12).

Stress concentration factors.

The stress concentration factors are obtained by using Figures
2 and 3.

r _
Zf - 2:80 _ 4 .29
oD  14.00

D,

s . 22.40 =1.60
oD 14.00

K, = 1.44

K, = 1.23

75



Dovv'rjloaded from http://www.everyspec.com

'MIL-STD-2189(SH)
SECTION 243-1

APPENDIX B

(e)i " " Resultant alternating\stress

The resultant alternating stress is obtalned by comblnlng the
alternating bending and tor51onal shear stresses. as shown -in
(Eq 13): : i

s [(K be)2 +(2xK. xS, )"‘]1/2'

ar

ll

[(1 44 x 372.03)% + (2 xl 23xa3o 0)2]1/2

=2, 110 9 lb/in

30.1.5.3 ‘ Factor of safetv

'The‘factor‘of safety is obtaihed.by'usiﬁg (qulab);

 FS = 1 = .. =2.053>1.75
o iy - S, 33,280 +’2 110.9 ) o
+ = . .
YP ‘FI“ . .175,000 47 500 -
"The factor of safety at station 411 25 is adequate (see Table
1I1). _
30.1.6 'Station 1201.00. propeller bearing support point.

30.1.6u1 teady stresses

,»(a) Steady shear stress due to torque.

 Full powerltorque is obtained using:(Eq—l):

_ 63,025 x SHP_ _ 63,025 x 19,500
RRM 204

- i

6, 024,400 1n lb
‘ Torque at. 120 percent of full power ‘is obtalned u51ng (Eq 2a):
'Q ‘1. 2xQ—1 2x6 024 ,400 = 7,229,300 in—lb

_Steady shear stress is obtained u51ng (Eq 3b)

- 1xo,.x0D _ 5.1 x.7,229,300 x 18- 75

“opt - IDt 18.75% - 12.50*
6,970, o 1b/in®

(b)’ i teady comgre551ve stress due to thrust..
' Effectlve horsepower is obtalned u51ng (Eq 4b):

EHP SHPxPC'— 19 500 x 0.63 = 12,285 hp -
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Total thrust is obtained using (Eq-4a):

; . 325.87 x ERP _ 325.87 X12,285 . _ 19¢ oo 1b
T Tvx (1-¢8) 21.5 x (1 - 0.05) ’

Steady compressive stress is obtained using (Eq-8):

1.273 x T, '
_ r _ 1.273 X196,000 _ 4 509 5 1p/4n?

op? - I1D? 18.75% - 12.50?2

c

Resultant steady stress.

The resultant steady stress is obtained as shown in (Eq-9):
. = [82 + (2 x8,)%1"?

= [1,277.5% + (2 x 6,970.0)%1%/2
-~ 13,998 1b/in?

2 Alternating stresses.

Gravity bending moment.

The gravity bending moment, M,, at the aftermost bearing
support .point, due to the overhanging weight of the propeller
and shafting in air, is calculated in the following tabulated
procedure (see Figure 9). This moment calculation is intended
to verify the moment obtained by the alignment analysis (see
Table IX) and will be used for the stress analysis at this
station. :

(1) Sleeve (aft of support point):
Weight:

W, =Py X % x (0oD,? - OD?) x L,

0.323 x 0.7854 x (20.375% - 18.75%) x20.75

334.67 lbs
Moment arm:

L
x, = 2L = 20:75 _ 19,375 inches

8 2 2

(2) Shaft straight section (aft of support point):

Weight:
8

- L 2
Woer = Pses X X (op* - ID?) x L,,,
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0.284 x 0.7854 x (18.75% - 12.50%) .x 27.075
=1,179.5 lbs '

Moment arm:

% = Loer _ 27.075

str 2 — -= 13.538 inches

(3 Propgller shaft flangg:.
. Weight:
Wos = pst‘l.x % x’(DI.;fz - ID?%) xﬁp}
= 0.284 x 0.7854 X (45.00% - 12._505) x5.625
- 2,344.7 1bs
Mément arm:
x. = :%E“+ L = s.gzs'

- str f?7w075,:29.?88 inches
(4) Shaft bore internal toméonentp
‘Weight:

3 : ' .
Wic = Pyow X '4— x Ipz x (Lst.r +.‘Lp£) .

il

0.046 x 0.7854 x 12.50% x (27.075 + 5.625)

;84.59'1bs.
Moment arm:
X, = Loer *' Lpe _ '27.075 + 5.625

e ~'16.35 inches
2 . 2
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.Table X “Tabulation of overhungrgravitv.bending moment M,. ‘at station .

) ) ‘ oo Weight - ' ‘ 'MomeﬁtbAfm R ¢ Moment

Shaft GComponent - | = W . : 7 X Wi x Xy

o | -(pound)- .  {(in9h?j, ' B (in-1b) .
I_—-——-_———_W—_——————\—'—_—_— .

Sleeve W, = 334.67 1 x, =10.375 1 3,472
Straight section | W = 1,179.50 | X“rf=A13}538‘ h 15,968

Shaft flange Wee = 2,344.70 -J i X;; = 29.888 . S 70,078
Propeller | w, — 28,500.00 l,,;'X; 50,400 1,436,400
Ihcéfnal‘chp. , W, = 184.59 | X = 16.350 1 3,018
Total overhung bending moment, M, = R ’ 1,528,936

The above calculation, é§‘tabulated in Table‘X,’is for the ih-airléonditioﬁ and is to be
used for the offcenter moment, M,., for-in-air conditions only. A separate calculation is
required to determine the.gravity bending and offcenter moments for waterborne conditions.

Since this design example‘is for a strut-supported surface ship, the total moment at the
aftermost bearing support 'point, M, is equal to the offcenter moment, M,., plus the
overhung gravity bending moment, M, (see Table II). o . :

M, =M, = 1,528,936 in-1b,

M,=M,_+M =2x1,528,936 = 3,057,872 in-1b

(b) Bendiﬁg stress.

S The bending stress is obtained using (qulib)f

_ 10.2xM, xO0D ' 10.2 x 3,057,872 x 18.75
® op* - ID* 18.75% - 12.50° '
- 5,896.4 1b/in?
(c): Stress concentration factors:

.. The StreéS'concentratién factors, K, and K., équal 1.00 at this
-station. . , ) —

(@) Maximum bending stress.

JThé maximum bending stress, K, X S,, at this station must be
compared -to the maximum allowable'(sée‘h.ZO).
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K, xS, =1.00x5,896.4
=5,896.4 1b/in® < 6,000 lb/in® maximum allowable

Alternating torsional shear stress.’

The alternating torsional shear stress is obtained using (Eq-
12): .

s, =0.05xS,=0.05x6,970.0 = 348.5 1b/ir’

Note: The values determined by the detailed propulsion system
vibration analysis shall be substituted in the design A
calculation if they are larger at the corresponding shaft RPM
than the approximation given by (Eq-12).

Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stresses as shown in
(Eq-13):

S

[(K, x Sy)? + (2 x K, x 5,,)%1%/?

ar

[(1.00 x5,896.4)% + (2 x 1.00 x 348.5)%]/2

5,937.5 1b/1in?

1t

3 Factor of safety.

The factor of safety is obtained by using (Eq-14b):

FS = 1 = 1 =2.06 > 2.00
50 , Su 13,998 , 5,937.5

YpP FL 45,000 34,000

The factor of safety at station 1201.00 is adequate (see Table
I11). '

Station 735.00, aft stern tube bearing.

1 Steady stresses.

Steady shear stress due to torque.

Full power torque is obtained using (Eq-1):

63,025 x SHP _ 63,025 x 19,500
RFPM _ 204

Q:

6,024,400 in-1b
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: Torque at 120 percent of full power 1s obtalned u51ng (Eq-2a):
'.Q 12xQ~12x6024400~72293001n1b.‘
Steady shear stress is obtained u51ng (Eq 3b)

5.1x0Q,x0D" - 5.1x7,229,300°x 18.75"
~op* - ID* - - 18U75% - 12.50°
'6,970.0 1b/in* A

[

(biu’ h Steadv compre551ve stress due to thrust
h,gEffectlve horsepower 1s obtalned u51ng (Eq 4b)
| EHP = SHPxPC—lQ SOOXO 63—12 285hp-’ '
-Total thrust is obtalned u51ng (Eq Aa)

o - 325.87 x EHP- _ 325.87 x 12,285 - ~ 196, 000 lb'
T Tvx (-8 21.5x (1 -0.05). f

Steady compre551ve stress 1is obtalned u31ng (Eq 8)

1.273 x T, _ 1.273 x 196,000

op? - ID? 1‘8.75’—.12.502_‘

<

= 1,277.5 1b/in?
() | Resultant steady stress o
,‘Thebresultant steady stress is obtalned as‘shown in (Eq 9):
8, = [82+ (2 x 8,21/
= [;1,2.5—7_"7.52 + (2 x 6,9'70..0)2]1/5
< 13,998 1b/in?

130.1.7.2 Alternating stresses.

(a) : Grav1tv bending moment

The grav1ty bending moment, M,, is obtained from Table IX.
“‘Because -this. is a strut- supported surface ship and this station
is on waterborne shaftlng, the total- moment, M;, is equal to '
‘the” grav1ty moment plus the off-center moment Mocs (see Table
1I).

M, =M +M_'= 674,364 + 1,528,936

2,203,300 in-1b
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Bending stress.
The bending stress is obtained using (Eq—llb): .
_10.2xM, xOD _ 10.2 x2,203,300 x18.75
® opt - ID* 18.75% - 12.50*

= 4,248.6 1b/in?

Stress _concentration factors.

The stress concentration factors, K, and K., equal 1.00 at this
station. :

Maximum bending stress.

The maximum bending stress, K, x S,, at this station must be
compared to the maximum allowable (see 4.20). ‘

K, xS, =1.00x4,248.6
b b ‘

4,248.6 1b/1in* < 6,000 1b/in"', maximum allowable

Alternating torsional shear stress.

The alternating torsional shear stress is obtained using (Eq-
12):

s,,=0.05x8,=0.05x6,970.0 = 348.5 1b/in?
Note: The values determined by the detailed propulsion sYstem
vibration analysis shall be substituted in the design
calculation if they are larger at the corresponding shaft RPM
than the approximation given by (Eq-12).

Resultant alternating stress.

The resultant alternating stress is obtained by combining the
alternating bending and torsional shear stress as shown in
(Eq-13):

s, = [(K,x8)% + (2 XK, x8,)%"
= [(1.00 x 4,248.6)2 + (2 x 1.00 x 348.5)%]*/
- 4,305.4 1b/in?

3 Factor of Safety.

The factor of safety is obtained by using (Eq-14b):

1 1 ;
Fs = = =2.28 >22.00
13,998 4,305.4

YP FI, 45,000 34,000
83
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The factor of safety at station 735 00 is adequate (see Table
I1I). : . '

Statidn 780.75, intermediatesshaft forward,flange.

1 Steady stresses.

 Steady .shear stress due to torque:

Full pewer torque is obtained using. (Eq-1):

_ 63,025 x SHP _ 63,025 x 19,500

, Q RPM , 204

6, 024 400 in-1b

’ Torque at 120 percent of full power is obtalned u51ng (Eq- 2a):'

L Qr= 1. 2xQ—1 2 x6,024, 400—7 229 300in1b

4 Steady shear stress is obtalned u51ng (Eq 3b)

(b)

5.1x QTX OD. ~s.1x 7,229,300 x 18.75
op* - ID* 18.75% - 12.50°

= 6,970.0 1b/in

Steadv compre551ve stress due to thrust

Effectlve horsepower is obtained -using (Eq Ab)
EHP = SHP x PC =19,500 x 0.63 = ‘12‘.,28‘5 hp
Total thrust is obtained usingn(Eqiﬁa)L o

'  325.87 x EHP 325.87 £ 12,285  _ sar nnn 13
- Ty = = = 196,000 1b
‘»Tv'"Vx(l—t) . 21.5x (1 -0.05) '°°

‘ Steaay compressive stress is obtalned u51ng (Eq 8):

- (c)

C1.273xT,  1.273x 196,000

- oD* - ID* 18.75% - 12.50%

= 1,277.5 1b/in?

Resultant steady stress. .

-'The:resultant‘steady stress is obtained as shown in (Eq-9):

5, % [82 + (2 x 8,)71%?
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[1,277.5% + (2 x 6,970.0)3]%/2

13,998 1b/1in? .

30.1.8.2 Alternating stresses.

(a)

(b)

(c)

(d)

(e)

Gravity bending moment.

The gravity bending moment, M,, is obtained from Table IX.
Because this is a strut-supported surface ship and this station
is on waterborne shafting, the total moment, M, is equal to
the gravity moment plus the off-center moment, M., (see Table
I1).

M,=M +M = 244,352 + 1,528,936 =1,773,288 in-1b

Bending stress.
The bending stress is obtained using (Eq-11b):

g . 10.2xM, x0D _ 10.2 x1,773,288 x 18.75
e opt - ID* 18.75% - 12.50%

= 3,419.4 1b/1in?

Stress concentration factors.

The stress concentration factors are obtained by using Figures

2 and 3.
r, .
Zro 3:75 _g.20
oD 18.75
D
De _ 30,00 _, (o
oD 18.75
K, = 1.44
K, = 1.23

t
Maximum bending stress.
The maximum bending stress, K, X S,, at this station must be
compared to the maximum allowable (see 4.20).
K, xS, =1.44 x 3,419.4

4,923.9 1b/in® < 6,000 1b/in* maximum allowable

Alternating torsional shear stress.
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“The alternating torsional shear stress is obtalned u51ng
(Eq- 12) ‘

S.s —-‘O OSXS 005x6 9'700 34851b/in

‘Note The values determined by the detalled propuls1on system’
vibration analysis shall be substituted in the design :
calculation if they are larger at the correspondlng shaft RPM.
'than the approx1matlon given by (Eq 12)

(£) \ Resultant alternatlng stress. -

The resultant alternating stress is obtalned by comblnlng the
alternating bendlng and tor51onal shear stress as shown in

(Eq-13): o
M%Q—HQX%f+(2xKxS)ﬂm
= [(1.44 x3,419.4)% + (2 X 1.23 x.348. 5)2]1/2
= 4,998.0 1b/in?
30.1.8.3 . Factor of safety

»The»factor of safety is obtained by using (Eq l&b)

Fs= 1 - = —=2.18 z 2.00
. ) SBZ + Saz 13I998 + 41998-0 )

ypP FL 45,000 34,000

The factor of safety at statlon 780 75 is adequate (see Table-
I11). : ,

30.1.9 Statlon 1228 08, propeller shaft aft flange fillet

Because of the welded 1nconel 1nlay at thls station the shaft
will be analyzed as nonhomogeneous. -

30.1.9.1 Steady stresses.

Iheﬁpolar’moments of inertia of ‘the c¢lad weld inlay material,
Ji, and shaft base material, J,, are obtained using (Eq-16a)
"and (Eq-16b) . o

J !;.F x (oD,* - oD, _ 3. 1416 x (18.75% - 18. 25‘)
S 32 ' 32

= '1,243.4 in* |

5 . ®X(oDf - IDY)  3.1416 x (18.25¢ - 12.50%)
B 32 - 32
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= 8,493.7 in*

The cross-sectional area of the clad weld inlay. is obtained as
follows: o

A, =-%-x (oD? - 0D,?)

0.7854 x (18.75% - 18.25%)

14.530 in?

The cross-sectional area of the shaft base material is obtained
as follows:

4,

% x (OD,? - ID? = 0.7854 x (18.25% - 12.50%)

138.87 in?

Steady shear stress due to torque.

Full power torque is obtained using (Eq-1):

. 63,025 x SHP _ 63,025 x 19,500
RPM 204

6,024,400 in-1b
Torque at 120 percent of full power is obtained using (Eq-2a):
o=1.2x90=1.2Xx 6,024,400 = 7,229,300 in-1b

Steady shear stress at outer surface of clad weld inlay is
obtained using (Eq-15a).

Q, X OD; X G,
2x [(J,x6) + (Jp, x Gl

S, =

7,229,300 x18.75 x 9,600,000
2 x [(1,243.4 x9,600,000) + (8,493.7 ",11'750’000)]

5,822.9 1b/in?

Steady shear stress at interface of clad weld inlay and shaft

base material is obtained using (Eq-15b)..

Qp X OD, X G,
2x[(J,x6) + (J, XxG]

8y, =

7.229,300 x18.25 x 11,750,000
2 x [(1,243.4 x 9,600,000) + (8,493.7 x11,750,000)]
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‘=6, 936.9 lb/.in

(b) o Steadv compressrye’stress Que'thtErust. w:fi"
'Effectivevhorsepower isiobtainea'using (Eq;Ab):
.. EHP = SHP x PC = 19,500 ‘x_o.é'sv = 1'"2“'3',«295 hp
Total tﬁrust is obtainediusing (Eq-ha)::;ﬂf

\p . 325.87 x EHP _ 325.87 x 12,285
.T”_ Vx(1-¢) 215x(1—005)

= 196’,‘060 1k

- Steady compress1ve stress at outer surface of clad weld 1nlay
s, obtalned using (Eq-17a).
T.XE,

'8 ‘:
Py T (Aiin) + (2, x E)

- 5 196,000 x25 000,000
B (14 530 x 25,000, 000) + (138 87x29 500 000) '

1 098 7 lb/in

H

”Steady compressive stress at interface of clad weld 1n1ay and
shaft base materlal is obtained u51ng (Eq 17b)

5. T X E,
@ (Aiin) + (A, X E})
. 196,000 x 29,500,000
(14 530 x 25,000,000) + (138 87 x.29,500,000)
=1, 296. 4 1b/1in?
(c) »"Resultant steady stress

Resultant steady stress at outer surface of clad weld inlay is
obtained using (Eq 18a) ‘

S, [sw,2 + (2 x.8,)%1*

[1,093.'72 + (2 x 5,822.9)2]Y2 :

11 698 1b/in

Resultant steady stress at lnterface ‘of clad: weld 1nlay and
~shaft base mater1al is obtalned u51ng (Eq- 18b)

S A_ [Scbz + (2 xS )2]1/2

= 11,296.4% + (2 x 6,936.9)21%/2
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= 13,934 1b/in?

.2 Alternating stresses. : .

The area moments of inertia of the clad weld inaly material,

I,, and shaft base material, I,, are obtained using (Eq-20a)
and (Eq-20b). ‘
; . ®X(ODi -OD;) _ 3.1416 x (18.75° - 18.25%)
: 64 _ 64
= 621.72 in*
;. ®x (0D, -IDY) _ 3.1416 x (18.25% - 12.50%)
b 64 64
= 4,246.9 in*

Gravity bending moment.

The gravity bending moment, Mg, at the propeller flange fillet,
due to the overhanging weight of the propeller and flange in
air, is calculated in the following tabulated procedure (see
figure 9). This moment calculation is intended to verify the
moment obtained by the alignment analysis (see Table IX) and
will be used for the stress analysis at this station.

(1) Propeller shaft flange:
Weight:

- L] '
Woe = Poes X 4 X (D, - ID*) x Ly,

pf

0.284 x 0.7854 x (45.00% - 12.50%) x 5.625

2,344.7 lbs

Moment arm:

L
x = —pt - 5:625 _ 5 g13 inches

pE T T 2
(2) Shaft bore internal components:
Weight:
Wi = Piow X % x ID® x Ly,

= 0.046 x 0.7854 x 12.50% x 5.625

=31.75 lbs
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Moment arm:

X, =

c .

Lpe _ 5.625
2 2

= 2.813 inches

L

' Tablé XI. Tabulation of overhung gravity bending moment. M, at station -

: 3 . © Weight """ Moment Arm Moment
- "Shaft Component Wi Xy Wi X Xy

' N : {pound) (inch) (in-1b)
‘Shaft flange Wi = 2,344.70 2.813 - 6,596
Propeller "W, = 28,500.00 23.325 664,763
Internal Comp: W = 31,75 2.813 © 89

TOCal'overhung'bending moment, M, =

671,448"

i

The above calculation, as tabulated in Table XI, is for' the in-air condition
and is to be used for the gravity bending moment, :M,.. A separate calculation
is required to determine the gravity bending moment for waterborne conditions.

"Since this design example is for é strut-s
moment .at the propeller flange fillet, M;, is equal to the gr

the in-air off-center moment, M,., (see Table I1I). . _ y

GO

Bending stress at outer s
using (Eq-19a).

Sbviv =

M, =M, +M, = 671,448 + 1,528,936
= 2,200,384 in-1b

. Bending stress.

"M, x OD, x E,

T T ENE ATy ¢ (B EIp]

2,200,384 x 18.75 x 25,000,000

upported surface ship, the total
avity moment plus

urface of.cléd:Weld inlay is obtained

'3,662.1 1b/in?

Bending stress at interface of clad weld inlay and
‘material is'obtained.using (Eq-19b).

o 2x [(25,000,000 x.621.72) + (29,500,000 x 4,246.9)]

_shaft base
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s M, x OD, x E,
B 2x [(E,xI) + (E,x1I.)]

.

- 2,200,384 x 18.25 x 29,500,000
2 x [(25,000,000 x 621.72) + (29,500,000 x 4,246.9)]

4,206.0 1b/in?

Stress concentration factors.

The stress concentration factors are obtained by using Figures
2 and 3.

Ipoe _ 7.50

= ———=0.40
oD 18.75
D
ot _ 45.00 =2.40
oD 18.75
» = 1.275
K, = 1.115

Maximum bending stress.

The maximum bending stress at outer surface of clad weld inlay
material, K, x S,;, must be compared to the maximum allowable

(see 4.20).
K, x Sy, =1.275 x 3,662.1

4,669.2 1b/in® < 12,000 1b/in? maximum allowable

The maximum bending stress at interface of clad weld inlay and
shaft base material, K, x S,,, must also be compared to the
maximum allowable (see 4.20). )

K, x 8, =1.275 x4,206.0

5,362.7 1b/1in® < 6,000 1b/in® maximum allowable

Alternating torsional shear stress.

The alternating torsional shear stress at outer surface of clad
weld inlay is obtained using (Eq-2la): :

8, =0.05x8,, =0.05x5,822.9 = 291.15 1b/ir’

The alternating torsional shear stress at interface of clad
weld inlay and shaft base material is obtained using (Eq-21b):

S,, =0.05x5, =0.05 x6,936.9 = 346.85 1b/in’
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Note The values determlned by the detailed propulsion system
vibration analysis shall be substituted in the design.

calculation if they are larger at the corresponding shaft‘RPM

than the approx1mat10n given by (Eq Zla) and (Eq 21b)

Resultant alternatlng stress

The resultant alternatlng stress at outer surFace of clad weld’

, 1nlay is obtalned u51ng (Eq 22a)

Sari

=) [(KbeM)z + (2 x K, xsm)zllf2

h

[(1.275 x 3, 662. 1)% + (2 'x 1, 115 x291 15)"]1/2

4 714 1 lb/ln

I

The resultant alternating stress at 1nterface of clad weld
1nlay and shaft base material is obtalned u51ng (Eq 22b)".

[(11;,::.5'1,,,)2 + (2 x K, x S,,,)21? B

Asangz
= (1. 275 x 4,206, 0)2 + (2 x1.115 x346 85)2]1/2 .
= 5,418.1 1b/in? ' |
? , Factor'of'safety

- The factor of safety at outer: surface of clad weld 1nlay is

" obtained using (Eq 23a)

1 1 '
. FS; = — = ‘ —=2.6122.00
Tt s s 11,698, 4,714.1 S

sri ard

YP, "FL, - 60,000 "25, 000

The factor of. safety at 1nterface of ‘clad weld 1nlay and shaft
base material is obtalned using (Eq 23b)

FS, = — S . 22,13 22.00
2 "8, . Bum 13,934 _ 5,418.1 . -

¥e, | FL, 45,000 34,000

The factor of safety at station 1228 08 for the clad weld 1nlay

and shaft base materlal is adequate (see Table I1I).

l lO Shaftlng components

l lO 1 Bolt de51gn waterborne shafting flange

Coupllng bolt materlal
-Diaméter of .coupling bolt
Bolt circle diameter

MIL-S-24093
2.34 inches
26.06 inches

o
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Number of bolts
Total torque

12
7,229,300 in-1b

[t

it

A,. = Bolt cross-sectional area at
parting surface

4.3005 in?

=L xD? =0.7854 x 2.342
4

S,c = Shear stress of shaft coupling bolts
(maximum allowable)

YpP
) (—§~)
FS
( 100;000 )
= = 25,000 1b/in?
2.00
(a) Shear stress of waterborne shéfting flange bolts.
The shear stress of the shaft coupling bolts is obtained using
(Eq-32):
T 2x
Spe = Or

N, xA,, xD,

- 2x7,229,300 ' = 10,751 1b/in?
12 x 4.3005 x 26.06

10,751 < 25,000; therefore, bolt size is sufficient.

30.1.11 Summary of design results.

A summary of shaft stresses and factors of safety for all design
points considered is tabulated in Table XII.
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