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SUMMARY

A computer program which simulates life and reliability of

helicopter transmissions is presented. The helicopter transmissions

may be composed of spiral bevel gear units and planetary gear units -

alone, in series or in parallel. The spiral bevel gear units may have

either single or dual input pinions, which are identical. The

planetary gear units may be stepped or unstepped and the number of

planet gears carried by the planet arm may be varied. The reliability

analysis used in the program is based on the Weibull distribution lives

of the transmission components. The computer calculates the system

lives and dynamic capacities of the transmission components and the

transmi ssi on. The system life is defined as the life of the component

or transmission at an output torque at which the probability of

sur~ival is ninety percent. The dynamic capacity of a component or

transm~ission is defined as the output torque which can be applied for

one million output shaft cycles for a probability of survival of ninety

percent. A complete summary of the life and dynamic capacity

results is produced by the program.



INTRODUCTION

In the helicopter industry, experimental testing programs are

used to measure the relative merits of different transmissions

[1,2,3]. These tests are costly in terms of time and resources. The

tests should be complemented with computer simulations of many

possible designs, so that only optimal designs are brought forward to

the testing stage in helicopter transmission development.

This report describes a computer simulation program which

models the life and reliability of a helicopter transmission. The

computer program uses the lives and reliabilities of the individual

components to compute the life and reliability of the transmission.

The life and reliability models are based on the assumption

that the transmission is. adequately lubricated and well designed.

This means that its gears have sufficient rims and are made of

adequate materials so that premature tooth breakage will not occur.

Also, it is assumed that the tooth form geometry and lubricant have

been selected to prevent tip scoring. Both of these failure modes can

be prevented [4].

However, surface pitting is not preventable due to the lack

of a surface fatigue endurance limit for high strength gears. As with

rolling element bearings, gear teeth will fail eventually in surface

pitting even in a well designed, well lubricated transmission,
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regardless of the loads [5-11]. Thus, the life and reliability models

for spiral bevel gear reduction and planetary gear units are based on

the pitting fatigue life and reliability models for the bearings and

gears in the transmission.

In this program, a modular approach is used in which the

force and motion analyses of the reduction are separated from the life

and reliability analyses. The dynamic capacity models are also

separated algebraically from the prior calculations. In this way, the

calculations can be performed sequentially and the complexity and

diversity of the analyzed transmissions can be increased greatly.

The computer program can simulate a number of configurations

of spiral bevel gear units, dual spiral bevel gear units, planetary

gear units and combinations of units. The eight transmission

configurations analyzed by this program are shown in figure 1.

Configuration 3 is found in the OH-58 light duty helicopter and

consists of a spiral bevel gear unit combined with a planetary gear

unit. Configuration 8 is found in the Black Hawk helicopter and

consists of parallel spiral bevel units combined with a dual spiral

bevel gear unit. The power is then transmitted to the rotor through a

planetary gear unit. The power inputs to the two input pinions of the

dual spiral bevel gear unit do not have to be equal, so that the loss

* ,of power in one engine can be simulated. The program also allows the

planetary gear unit to be composed of stepped or unstepped planet

gears. The program can simulate transmissions at different power

levels and load duty cycles. The program can calculate the lives and

dynamic capacities of a single unit or the transmission as a whole.

3
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TRANSMISSION POWER FLOW

In a helicopter, power is typically produced by a turbine

engine oriented horizontally and close to the main rotor shaft. Th e

rotor shaft is nearly vertical and the power from the turbine must be

transmitted through approximately ninety degrees. The transmission

must handle a speed reduction from the turbine engine to the rotor

shaft in the range of 80:1. To accomplish this in a small amount of

space, spiral bevel gear units are used in conjunction with planetary

gear units.

In the analysis, the spiral bevel gear units and planetary

units are treated separately. Even though the units are treated

separately, they must have a common counting base to allow combinations

of lives and reliabilities. In helicopters, a significant part is the

*output rotor shaft. Therefore the common counting base in this program

is the output torque and speed of this rotor shaft which is unchanged

fro., design to design.

In helicopters, a common configuration is a spiral bevel gear

unit from the turbine followed by a planetary unit along the output

shaft. There may be more than one spiral bevel gear unit in series or

parallel and there may be more than one planetary gear unit in series

6



along the output shaft. The couplings between the units are assumed to

be splined, only able to transmit torque loads between the units.

Spiral Bevel Gear Unit

* .~ For the spiral bevel gear unit there are many inputs which

define the geometry [12]. In figure 2, the geometry which is required

for analysis of the gear mesh is shown. The main measure of bevel size

is the cone distance, A0. The cone distance is the distance from the

apex of the bevel cones to the back edge of the tooth face. This

distance is measured along the pitch line of the two pitch cones of the

mating gears. The contact face width of the gear set , f, is measured

along the same pitch line.

To define the geometry of the pitch cones, the following inputs

are required, number of teeth on the pinion, NP, number of teeth on the

gear, Ng. and the shaft angle. The shaft angle is the angle between

the input pinion shaft and the output gear shaft. The pitch angles,

which are half the cone angle of the gear, are related by these inputs

-% in the following equations.

tan g = cossin r 1
t a n r 9( N p / N g ) + C o

sin E
tan r________ (2)
tar (Ng9/Np) +. Cos

7 .
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The point of gear contact used in the analysis is the pitch point. The

distance from the apex to the midpoint of the face locates the pitch

point.

00 = A0 -(42 (3)

The pitch diameters of the equivalent spur gear for the spiral bevel

pinion and gear can be found by:

D p = 2 * Do * sin rp (4)

Dg = 2 * Do * sin rg (5)

Also in this analysis, the teeth in the mesh at the pitch point are

modeled as planar spur gears. Figure 3 is a composite drawing showing

the bevel and reference spur gear. The diameter of the reference

planar spur gear is double the backcone distance. The backcone

distance is defined as the perpendicular distance from the pitch point

at the midpoint of the gear face to the centerline of the gear shaft.

The backcone distance of the pinion and gear are calculated by:

Bcp = tan rp* 0o  (6)

Bcg = tan rg * Do  (7)

In addition to the size and shape of the pitch surface, the

gears are defined by the geometry of the meshing gears. In figure 4

one sees a spiral bevel gear in the pitch plane which is tangent to the

pitch cones at the line of contact.

9
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Figure 3

Composite Section of Spiral Bevel Gear and

Reference Planar Spur Gear
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In the figure, the spiral angle, T ,is shown as the angle

between the pitch ray and a tangent to the circular cutter at the

mid-point of the tooth. This angle is positive for right hand advance

of the spiral along the axis of the gear toward the cone apex. The

figure shows a right hand spiral. In the spiral bevel mesh the pinion

and the gear must have the same spiral angle but the hands of the

meshing gears must be opposite.

The diametral pitch of the teeth is defined at the mid-tooth

radius.

Ng(8
Pd 2 * *sin r(

0 9

It can be noted that the pitches are direct functions of the numbers of

teeth on the gears and the pitch cone geometry. Figure 5 shows the

normal tooth geometry at the mid-plane of the tooth. Figure 5

corresponds to section AA in figure 4. The normal pressure angle On,

addendum ab, and dedendum db, are shown at the mid-plane of a bevel

#6 " tooth.

The direction of rotation of the pinion is required to define

the loads transmitted at the point of gear contact. In this paper,

clockwise rotation is defined looking at the back of the pinion along

the pinion shaft toward the cone apex.

One must also specify the bearing supports of the gears. The

two bearing configurations most commonly used, straddle and overhung,

are shown in figure 6. In both cases distance A is the distance from

12
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the gear to the bearing closest to the apex. En case 2, distance A

takes on a negative value. Distance B is defined as the distance from

the gear to the bearing furthest away from the apex. All distances are

measured from the mid-point of the gear to the mid-point of the

bearing. One bearing on each shaft rmust be identified as a thrust

bearing to take the axial thrust loads produced by the bevel gear mesh.

En the case of dual inputs, the pinions and their mounting are

considered to be identical. The only difference can be the load levels

applied by the pinions. Figure 7 shows the twin input bevel in the

plane of the two input shafts.

Planetary Gear Unit

For the planetary gear unit one must define wtiether the unit is

stepped or non-stepped and the number of planets carried by the planet

arm. Figures 8 and 9 show an unstepped and stepped planetary gear

unit, respectively, with three planet gears. For the planetary units,

the sun gear is the input shaft, the ring gear is fixed and the planet

arm is the output shaft. In the case of the non-stepped planetary unit,

the number of teeth of the sun gear, planet gear, and ring gear are

required. Figure 10 shows a mesh of an unstepped planetary gear unit.

In the case of a stepped planetary unit, the number of teeth on the sun

gear, planet-sun gear, planet-ring gear, and the ring gear are

required. The planet-sun gear is defined as the planet gear meshing

with the sun gear in a stepped planetary gear unit. The planet-ring

gear is the planet gear meshing with the ring gear in a stepped

planetary gear unit. Figure 11 shows a mesh of a stepped planetary

15

V



*1 Gear

Figure 7

Twin Input Spiral Bevel Gear
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gear unit. The diametral pitch of the gears in each mesh must be known

% to define the size of the planetary transmission. The diameter of the

gears is found from the diametral pitch, Pd and number of teeth, N.

D = N /Pd (9)

Due to the motion of the planetary arm carrying the planet

gears, each component will not see the same number of load cycles as it

would in a fixed axis reduction. Table 1 gives the relationship

between one output revolution and the load cycle of each component

[13]. The ratios in this table are found by a standard planetary gear

motion analysis.

In all units, the mesh material strength must be known to

calculate the dynamic capacity of the gear tooth. In the case of the

bearings, catalog values of the dynamic capacities must be given. The

Weibull exponents must be specified for each component. The load-life

exponent must be specified for each gear. Th e program automatically

assumes an exponent of 3.0 for ball bearings and an exponent of 3.333

for roller bearings [14].

21
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TABLE I

Ratio of the Number of Component Load Cycles

to One Output Shaft Revolution

Planetary Gear Unit

Component Non-Stepped I Stepped

----------------- +--------------------------+---------------------

Sun I n*Rr n*(Rr*Rps)

Rs (Rs*Rpr)

-- - - - - -- - -- ---------------------------

Planet (Sun) I Rr I Rr

RpI Rpr

-- +--------------------------+-------------------

Planet (Ring) Rr Rr

I Rp I Rpr

* ---------------------------- +---------------------

Ring n n

----------------- +--------------------------+---------------------

Spider 1 1.0 I 1.0

----------------- +--------------------------+---------------------

22
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COMPONENT LOADING

The load on each component can be calculated from the applied

input torque and the geometry of the components. Due to the many

configurations of bearing and gear location, no single formula can be

* used to calculdte the component load. Instead, a series of steps is

required to obtain the component load.

'4% Spiral Bevel Gear Unit Loading

The loading on the spiral bevel gear units can be analyzed by

calculating the force developed in the gear teeth. This force can be

divided into three orthogonal components shown in figure 12.

These forces are the tangential load, WtS., which is produced by

the torque on the gear shaft [12,14]. The radial load, Wr, and the

axial load, Wa, are produced by the geometry of the gear teeth

transmitting the tangential load. These loads are

Wt T

D0*sin r g

Wr Wt *(tan *~*cos r g + sin *sin rg

Wr = ~~Cos i( 1

23
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Spiral Bevel Gear Forces
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Wa = Wt * (tan *n * sin rg - sin * cos rg (12)
Cos 4,

In equation 11 and 12, the sign of the last term changes with

respect to the spiral hand, direction of gear rotation and whether the

gear is driving or being driven. These equations are valid for a

driving gear with a right hand spiral which is rotating clockwise. The

equations are also good for a driving gear with a left hand spiral

which is rotating counterclockwise. For a driven gear, the equations

are valid for a right hand spiral gear driven counterclockwise and a

left hand spiral gear driven clockwise. For the four other conditions

with power flow in the opposite direction, the signs of the equations

are switched.

:r = Wt * (tan *n * cos rg - sin , * sin rg )Wr =. . . . . .(13)

cos

=Wt * (tan n * sin rg + sin i * cos rg )

cos *

For a shaft angle of 90 degrees, the radial load of the pinion

will be equal to the axial load of the gear. Also the axial load of

the pinion will be equal to the radial load of the gear. Regardless of

shaft angle, the tangential force will be equal on pinion and gear.

Also, the total resultant tooth load on the pinion and the gear must be

equal in all cases. The total resultant tooth load is given by:

25



Wn _ Wt2 + Wr2 2
= W Wr+ wa  (15)

The three force components of the gear will transmit forces to

the support bearings. In this analysis one bearing will take the

thrust load, transmitted axially from the gear.

Ft = Wa (16)

The radial forces on the bearings are a result of the moment

produced by the axial load on the gear, and the radial and tangential

loads. Bearing 1 is the bearing closest to the gear cone apex.

Bearing 2 is the bearing furthest away from the cone apex.

Bearing 1

Tangential load

F Wt * BFti = -- (17)

A + B

Radial Load

Frl ( Wa * Ng /( 2 *Pd )) Wr *B

A + B (18)

Combined Radial Load

FrT1 = t + Fri2  (19)

Bearing 2

Tangential load

Wt * A
Ft2 - (20)

A +B

I.2

26
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Radial Load

( Wa *Ng /( 2 *Pd )) + Wr* A
Fr2 = _________________

A +8
(21)

Combined Radial Load

%- / 2 2

FrT2 =VFt2 +Fr2 (22)

These equations are good for any pinion and a gear loaded by

one pinion. In the case of straddle mounted gear, distance A is

considered to be positive. In the overhung case, distance A is

considered negative. For the case of dual pinion input, each bearing

carries two sets of tangential and radial loads which can be reduced

into one tangential and radial load. The direction of the combined

tangential and radial loads is taken to be the direction of the load

frr the contact with the right pinion. The resultant of these two

orthogonal components is the total radial load on the bearing. The

vectoral combination of the forces into one total radial load is shown

in figure 13. The axial load on the bearing is the sum of the reactions

of the right and left pinion axial gear forces. The total torque

output from the gear is also the sum of the two pinion gear torques on

the output gear.

Combined Radial Load

FR = Frr +F * cos A - Ftl * sin A (23)

" Combined Tangential Load

FT z Ftr + Fri * sin A + Ftl * Cos A (24)

27
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Total Radial Load

2 2

FRT F R + FT (25)

Planetary Gear Unit Loading

In the planetary gear unit all loads on the components are

either tangential or radial. All loads are assumed to be acting in

the samne plane. It is assumed that each planet gear carries an equal

amount of the input torque of the sun gear.

For the sun or planet gear, the tangential force on a tooth at

each sun-planet gear mesh is

FS Ti- (26)

The tangential force on a tooth of the ring or planet gear in each

ring -planet mesh is:

FR Rps T (27)

Figure 14 shows the loading on the planet gear from the sun - planetIn ri:ne g: - lntga meshes. The total tangential force on the

plaet earbearing is:

FtF FS (28)

29
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The bearing may also see a radial load due to the radial components

produced by the pressure angle of the gear meshes.

Fr = FR * tan Or " FS * tan Os (29)

The total load on the bearing is

2 2
FT F + (30)

31

"w ",* ."" .. ' . ', ,w, .""..tw, , , '" "w ","-. ,<,.-,, , , , ..,... . . , ... .-. ..,,., s' " "",, , .. .-"'"-'..'



LIFE AND DYNAMIC CAPACITY

Life and Dynamic Capacity Models

Surface pitting fatigue from cyclic loading is the mode of

failure for the components considered in this simulation program for

the life of a helicopter transmission. Loaded surfaces of rolling

element bearings and the gears, will fail due to surface pitting after

a number of repeated loadings. The model used to predict failure which

relates the number of load cycles at failure to the applied load is

Palmgren's model. Palmgren's model was originally developed for

rolling element bearings. It has also been applied to gear teeth in

this computer simulation program. The Palmgren model is:

110 = p(31)

10 is the life of the component in millions of load cycles for a 90

percent probability of survival [15,16]. F is the equivilent load on

the component. C, the basic dynamic capacity, is the reference load

for which 90 percent of a large sample of the components will survive

7 one million load cycles. The exponent p is called the load-life

factor.

32



Equation 31 is the analytical expression for a load verses life

diagram in which there is no endurance limit. Using the Palmgren-Minor

linear damage rule and equation 31 an equivalent nominal load for a

.f component in terms of a mission spectrum of loads can be obtained as:

IIL (I /p)
p p

F Fa * La + Fb * Lb +... (32)
(FP*La+ Lb +...

Where La is the life at load Fa.

'. The model for component life as a function of load has been

combined with the Weibull distribution for probability of survival as a

function of life at a given load for ball and roller bearings [15,16]

and for gear teeth C5-9]. The equation resulting from the combination

describes the life and reliability as a function of the applied

equiva lent load. The two parameter Weibul I distribution is:

e
lg log (33)

Here, S is the reliability which is also the probablity of survival. 1

is the component life at the reliabilty S. 110 is the component life
~at 90 percent reliability, and e is the Weibull slope.

'.
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The transmission life and reliability models used in this

program combine these models for the components with a strict series

probabilIi ty l aw that states that the probabil1i ty of survival of the

transmission is the product of the probabilities of survival of the

components:

ST S1  * S2* S3 * .. (34)

This strict series probablity law is justified on the basis of the high

speed of the transmission components and the effect of loose debris.

If any component fails, debris present in the transmission can

accelerate w-ar damage of other components of the transmission. In the

case of a transmission run until failure occurs in one component, a

complete transmission overhaul is required. The complete overhaul is

recommended to repair all components which could have been damaged by

debris of the failed component. Th e overhaul would return the

transmission to a high state of reliability.

Component Dynamic Capacity

Each bearing and gear in a transmission has a load which will

cause ten percent of a large sample of these components to fail by

pitting at or before one million load cycles. This is the component

dynamic capacity.

The dynamic capacity for bearings, Cb, can be obtained from the

manufacturer of the bearing. The load-life exponent for rolling element

34
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bearings are normally taken as Pb=3.0 for ball bearings and as Pb=3. 33

for cylindrical and tapered roller bearings [19].

For gears, the dynamic capacity is not tabulated directly. The

dynamic capacity of a gear tooth is proportional to the Hertzian

contact pressure squared for applications in which the major axis of

the contact ellipse is significantly larger than the minor axis. In

spur gears there is line contact. With this proportionality, the

dynamic capacity of a gear tooth, Ct, can be expressed as:

t *1 b (35)

Where B1 is the material constant, b is the length of the major axis of

the contact ellipse or line contact and Jp is the curvature sum in the

direction of gear tooth rotation. The material constant, 81, is the

experimental load-stress factor, K1 of Buckingham [17].

Component System Lives - Gears

To obtain the system life of a gear in a transmission the

component life of a single tooth of the gear has to be calculated. The

load cycles it sees must be adjusted to the output shaft rotations

[18,19,20]. Gears with more than one loading are treated separately.

Using a strict series reliability model we can convert

the reliability of a single gear tooth to the reliability of a gear.

Sg St (36
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(7g f7t

4.,

"4 Where, Sg, is the probability of survival of the gear, St is the

robability of survival of the gear tooth, Ng is the number of teeth on

the gear. If the reciprocal of this equation is taken, the result is:

, .. Ng

,>tf f-ff. (")~ (47)

Taking the natural logarithm of the equation

log (1) Ng * log (1) (38)

-€f Substituting equation 33, which relates reliability to 110 life, into

ft- equation 38 yields

eg eg
lo" g g ( * log (39)H019 \LLg 0(-H -ttlo)

Where, Lg is the life of the gear, Lglo is the 90 percent reliability

of the gear, Lt is the life of the gear tooth, LtlO is the 90 percent

reliability life of the gear tooth, and eg is the Weibull exponent of

the gear. Cancelling terms and taking the equation to the (l/eg)

power yields

/, (1/eg) it
Ng * (40)

36



The equation relating gear tooth dynamic capacity and load to gear

tooth life is:

Pg

I tiO = (-- I (41)
(n

Where, Ct is the dynamic capacity of a gear tooth and Wn is the load on

the gear tooth. This equation can be substituted into equation 40 to

V, yield.

9gI N 9g ) It  (42)

lwJ
This equation relates gear life to tooth load. Wn, is the normal tooth

load on a single pinion input. When there is a dual pinion input to a

gear an equivalent gear tooth load is used. Since the loads from the

two pinions may differ, an equivalent load must be used to simulate the

same fatigue damage as the two separate loads. To derive the

equivalent load we use equation 32.

p (lip)

F Fa * La + Fb * Lb (43)

- - La + Lb

Substituting Wnl, the right pinion normal load, and Wn2, the leftI- pinion normal load, ind substituting, L, for the number of cycles for

each pinion.

37
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(lip)

Wne = Wnl *L + Wn2 * L (44)

L+L

Cancel terms:

(1/p)

Wne 7(Wnl + Wn2 p (45)

2.0

This equivalent load is a weighted average of the two loads. Wne, is

substituted for Wn in the dual input.

In equation 42 the gear tooth load cycles will not always equal

the number of gear rotations. Also the gear rotations will not always

equal the output shaft rotations. To get all components on the same

counting base, a factor must be inserted. The relationship between

output rotations, Ig, and tooth load cycles, It, is:

1g = ( * It (46)

The factor mg is a combination ratio:

mg = ml * mg2  (47)

Where, ml is the gear ratio from the unit output shaft to the final

output shaft of the transmission, and mg2 is the ratio from tooth load

cycles to the unit output shaft. mg2 can be found in table 2.

38
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TABLE 2

Ratio Relating Gear Tooth Load Cycles to

Unit Output Shaft Rotations

spiral bevel Isingle input Idual input

------- ---------------------------------- +

pinion INg 9 Ng 9

------ ----------------------------------- 4

gear 1 1.0 1 2.0

------ +-----------------------------------4

------ +-----------------------------------+

planetary I non-stepped Istepped

----- ------------------------------------ +

sun n*Rr In*(R*Rs)
I Rs (Rs* Rpr)

------ ------------------ 9------------------+

planet IRr IRr

I Rp IRpr
------ ----------------------------------- +

ring I n In

----- ------------------ +------------------+
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If the factor n of equation 46, is substituted into equation

42 a relation to calculate gear life in output rotations from the gear

tooth load is obtained.

(1/eg) pg

(1)O (-I=) ICt (48)

There is one exception to this equation. In the case of a non-stepped

planet gear in a planetary unit, the gear will mesh with two different

gears. Since the planet gear meshes with two different gears, the life

analysis must take into account the different levels of damage done in

each gear mesh [19]. The probability of survival for the planet gear,

Sp. is the product of the probability of survival of the teeth in the

planet-sun mesh, Sps and the probability of survival of the teeth in

the planet-ring mesh, Spr.

Np Np

Sp Sps * Spr (49)

*. The probabilities can be combined under one power, since the power of

the two probabilities is the same.

Sp (Sps *Spr) (50)pi.
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Take the reciprocal of the equation

-- Np(51)

Sp (Sps *Spr )

Take the logarithm

log 1 Np * log S 1 (V - (52)
Sp [p*Spr)

By expanding equation 52, the relation is seen to be similar to the

Weibull distribution, equation 33:

lg * log 1p \+ log (53)S p \Spsl (
A'.

Substitute equation 33, relating reliability to L10  life into the

expanded equation to yield:

eg eg eg

log L [ (og )(Lpt) + logyI (Lpt 5)

S poLpr1O

Where Lp and Lpt are the lives of the planet gear and planet gear tooth

respectively. Lplo ,  LpslO, and LprIO are the 90 percent probability

2::" of survival life of the planet gear, of a gear tooth in the planet-sun

mesh, and of a gear tooth in the planet-ring mesh respectively. eg is

the gear Weibull exponent. Cancel terms and factor common terms:

I'.4



eg eg eg eg

Np * ri 110 + ( Pj)(5
____-10 ppt \Lri

Combine fractions:
4u

eg e g e g

Lp Np * Lpt * LprlO + Lpsio (56))e g e g

\Lp10/ LpslO * LprlO

By taking the reciprocal and rearranging the terms the following

relation is found:

eg e e eg

Lp10  *p ( ps Lprr LpO eg (57)

Take the equation to the eg th root

(1/eg)

Lp)0  1 Lp LprlO * LpsjO (58)

PLpt Ps1 Lpr10

Sustitute the mg factor for relating output revolutions to tooth load

cycles.
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(l/eg)

L 1 \* LprO LpsiO
p L eg eg (l/eg)

( NP mg LpsO + LprIO

Substitute equation 31 relating tooth life to tooth dynamic capacity

and load.

Pg Pg

(1/eg) 
(Cur) 

CPS

I~~ " LWpr J
10 Wps (60)

Where Cpr and Cps are the dynamic capacities of a tooth in the
planet-ring gear mesh and a tooth in the planet-sun gear mesh

respectively. Wpr and Wps are the load on a tooth in the planet-ring

and planet-sun mesh respectively. Pg is the load-life exponent of the

gear.

Component System Lives - Bearings

Using a similar approach to the gears [18,19,20], the

relationship obtained for bearings is:

Lbs = Lb 
(61)

Lbs1O Lb1O
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Where Lb is the life of the bearing in terms of bearing cycles, Lbs is

the life of the bearing in terms of output shaft revolutions. LblO is

the 90 percent reliability life in terms of bearing cycles. LbslO is

the 90 percent reliability life in terms of output shaft revolutions.

By substituting equation 31, which relates bearing life to bearing

capacity and load, the relationship becomes:

.. (Lbs = Lb

Y( Pb (62)
"- 'LbslO/ b

In equation 62 the bearing load cycles will not always equalA;.

the number of output shaft rotations. To get all components on the

same counting base a factor must be inserted. The relationship

relating output rotations, Lbs, and bearing load cycles, Lb, is:

Lbs = ()* Lb (63)

The factor mb is a combination ratio:

mb = mI * mb2 (64)

Where, ml, is the gear ratio from the unit output shaft to the final

output shaft of the transmission, and mi32 is the ratio from bearing

load cycles to the unit output shaft revolutions. mb2 can be found in

p. table 3.

If one substitutes factor mb , equation 63, into equation 62 a

, relation is obtained which will calculate gear life in output shaft

44
5,°m

4.d°

5, -. 5p -S?:-



TABLE 3

Ratio Relating Bearing Load Cycles to

Unit Output Shaft Rotations

spiral bevel I single input Idual input

------ ---------------------------------- +

pinion INg I N 9

------ ------------------------------------ +

*gear I 1.0 11.0

------ ------------------------------------ +

1%~ -- ----- ---------- +----------------------------------

planetary Inon-stepped Istepped

------------------------------------------ +

planet IRr Rr

R Rp I pr

------ ------------------ 4------------------+
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rotations from the gear tooth load. The equation for the bearings

becomes.

Lbs1O = b H (65)

This equation gives the bearing life in terms of output rotations.

Component System Dynamic Capacities

The dynamic capacity of each component can now be expressed as

an output torque. By taking the p th root of equation 31 and replacing

-, the ratio of the component system capacity to the component equivalent

load by the ratio of component system dynamic capacity to reduction

output torque, the component system lives can be used to determine the

component system dynamic capacities.

(1/pi)

Di = (Liio) *(TO) (66)

These dynamic capacities are in units of output torque and express the

output torque of the reduction at which 90 percent of a set of similar

components will survive for one million rotations.

Transmission Life

To calculate the life of the transmission, the probability of

survival of the transmission is expressed as the product of the

probabilities of survival of the components.
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ST = Si  (67)w*, i=1 S

The reciprocal of the equation is:

1 =n () (68)

ST  i=1I

Taking the natural logarithm of this equation:

log9(1) n log 1(69)

Using the Weibull distribution equation relating life to probability of

survival, equation 33, the preceding equation becomes:

lo logn Ti(

i1

In this equation LT is the life of each component and of the entire

transmission for a transmission reliabilty of ST. This equation is not

a strict Weibull relationship between transmission life and

reliability. The equation would be a true Weibull distribution if all

the Weibull exponents, ei, were equal. This is not true since Weibull

exponents for gears and bearings will differ from each other

significantly. This equation can be solved for ST as a function of

the transmission life, LT, and plotted on Weibull coordinates.

-4
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On this plot of percent probability of failure versus

transmission, life a straight line can be fit to the model. Linear

regression can be used to approximate the straight line. The range of

.* this linear regression is for probability of suvival between fifty and

ninety-five percent. The slope of the straight line approximation is

4- the transmission Weibull exponent eT . The transmission life, LTIO, is

the life calculated from the straight line approximation at a

reliability ST=0.9 . This LTI0 life is the life of the transmission at

4 ' the given output torque. The equation using the transmission life LTIO

and Weibull exponent, eT is:
. -

/1 eT
-, log = log I(L T  (71)

ITST) ( .9) k\LTlO I4-.

.4 Transmission Dynamic Capacity

The basic dynamic capacity for the transmission, DT, is the

output torque which will give a transmission life of one million output

shaft rotations, at a reliabilty of 90 percent. Setting ST=O.9

in equation 69 yields:

log loT ei (72)
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By canceling terms the equation becomes:

1 ei

Si 1 3Lilo

Expressing the Palmgren load-life model in terms of component system

torques and lives:

:. " (_ o ) (74)

Liio ( L~o

Substitute into equation 73

n FDT To PN Pi

PjI D(75)
i Di / To

Cancel terms and rearrange:

.N Pi

n DT P (76)

i=1 Di

This equation can be solved by iteration to obtain the transmission

dynamic capactity, DT .

To find the load life exponent, a series of 90 percent

. . 4.reliability lives of the transmission are calculated at output torques

between 10 and 100 percent of the dynamic capacity. The lives are

plotted against torque on a log versus log plot. this curve can be

approximated by a straight line. Using a linear regression, the slope

and value of the function at one million cycles can be found. The

negative reciprocal of the slope is the load life exponent for the
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transmission. The value of the function at one million cycles will be

the dynamic capacity of the transmission corresponding to the load life

exponent. With the values from the linear regression, The load life

relation for the transmission is given by:

LT1O = (0 PT

LT10 =(77)

Where, DT is the output torque for one million output rotations, PT is

the load-life exponent and LT10 is the 90 percent reliability life of

the transmission.
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N PROGRAM USE

To use the program one must define the geometry of the

transmission. One can run the program interactively or by batch file.

To run the program interactively, one will have to answer the prompts

(questions) with the proper information. If a mistake is made entering

the information according to the prompts, all is not lost. After a

series of questions, the value of the last few will be printed out. A

prompt will ask if you wish to change any of the previous answers. If

one answers yes, the program will return to the beginning of the

section and then one can input the correct information.

The program will prompt the user with a list of eight types of

*transmissions which can be analyzed. The eight types of transmissions

are shown in figure 15. Any one of these eight types can be analyzed.

Once the type of transmission is chosen, the program will ask for

*information to define each gear unit making up the transmission. The

I. inputs for spiral bevel gear units are asked for separately from the

inputs for the planetary gear units.

The inputs required for the spiral bevel gear unit are divided

into three main parts: the geometry of the gear mesh, the mounting of

the bearings and gears, and the charaCt.-ristiCs Cf the bearings, These

three sets of inputs can be found in table 4, 5, and 6 respectively.
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TABLE 4

Inputs to Define the Geometry of the

Spiral Bevel Gear Unit Gear Mesh

1. Number of teeth of the pinion
2. Number of teeth of the gear
3. The Cone distance of the gear mesh (in)
4. Face width of the gear mesh (in)
5. Normal pressure angle (deg)
6. Spiral angle of the gear mesh (deg)
7. Spiral hand of the gear mesh
8. Shaft angle between the pinion shaft centerline and the gear

shaft centerline (deg)
9. Shaft angle between dual pinion inputs (deg)

(dual pinion inputs only)
1O.Input speed of pinion shaft (rpm)
11a.Input torque of the pinion shaft (lb-in)
11b.Input torque of the right pinion shaft (lb-in)

Input torque of the left pinion shaft (lb-in)
(dual pinion inputs only)

12.Direction of input torque
13.Gear mesh material constant
14.Gear mesh Weibull exponent
15.Gear mesh Load-Life exponent

TABLE 5

Inputs to Define the Mounting of the
.4

Spiral Bevel Gear Unit Bearings and Gears
mp

4

1. The case of mounting - either straddle or overhung mounting
2. Distance A - Gear to bearing closest to the gear mesh apex
3. Distance B - Gear to bearing furthest from the gear mesh apex
4. The bearing which takes the thrust load
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TABLE 6

Inputs to Define the Characteristics of the

* Spiral Bevel Gear Unit Bearings

The bearings can be of the following types:

1. Single row ball bearings
2. Double row ball bearings
3. Single row roller bearings
4. Double row roller bearings
5. Single row tapered roller bearings
6. Double row tapered roller bearings

For types 1 and 2 - Single and Double row ball bearings the inputs
required are :

1. Number of rolling elements in the bearing
2. Diameter of the rolling elements in the bearing (in)
3. Bearing contact angle (deg)
4. Basic dynamic capacity (lbs)
5. Rotational factor (inner race or outer race rotation)
6. Weibull exponent
7. Life adjustment factor

For types 3 and 4 -Single and Double row roller bearings the inputs
required are :

1. Basic dynamic capacity (lbs)
2. Rotational factor (inner race or outer race rotation)
3. Weibull exponent
4. Life adjustment factor

For types 5 and 6 -Single and Double row tapered roller bearings
the inputs required are

1. Thrust ratio
2. Basic dynamic capacity (lbs)
3. Weibull exponent
4. Life adjustment factor
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In the planetary gear unit, the inputs will be for either an

unstepped planetary or a stepped planetary. The stepped planetary

gear unit will require extra inputs to define the stepped planet

gears. Inputs for a planetary gear unit are found in table 7.

In the program, the spiral bevel gear unit and planetary gear

unit analysis are done in separate parts. The method of analysis is

the same in both parts. First the geometry of the gears is completed

from the information given and the geometric relations. Next the loads

on each component of the unit are calculated. The life of the

component is calculated from the load on the component and the load

cycle ratio of the component. The dynamic capacity is then calculated

for each component. From the calculated lives of the components, the

life and the Weibull exponent of the transmission is found by

iteration. The program next figures a series of transmission lives

-~ verses output torques between 10 and 100 percent transmission dynamic

capacity. Using a linear approximation of the output load verses life

of the transmission, the transmission dynamic capacity and load-life

exponent is found. Figure 16 is a basic flow chart of the program.

Appendix C contains the computer listing for the program.

In the output of the program one will find the complete

dimensions of the gear meshes and the forces on the components. Also

the component system lives and dynamic capacities are in the output.

The transmission life and dynamic capacity are the final results

produced by the program. Table 8 lists the format of the transmission

analysis results.
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TABLE 7

Inputs to Define the Geometry of the

Planetary Gear Unit

1. Basic dynamic capacity of planet bearing (ibs)
2. Rotational factor (inner race or outer race rotation)
3. Weibull exponent for the planet bearing
4. Load-life exponent for the planet bearing
5. Life adjustment factor for the planet bearing
6. Number of planet bearings
7. Is the diametral pitch the same for the sun and ring gear ?

When the pitches are the same :
, ,7a. Diametral pitch of the meshes

When the pitches are different :
7b. Diametral pitch of the sun-planet mesh

Diametral pitch of the ring-planet mesh
8. Is the pressure angle the same for the sun and ring gear ?

When the pressure angle is the same
." aa. Pressure angle of the meshes (deg)

When the pressure angles are different
8b. Pressure angle of the sun-planet mesh (deg)

Pressure angle of the ring-planet mesh (deg)
9. Number of teeth on the sun gear
10. Face width of the sun gear (in)
11. Weibull exponent for the sun-planet mesh
12. Load-life exponent for the sun-planet mesh
13. Material constant for the sun-planet mesh
14. Does the transmission have stepped planet gears ?

When the planets are unstepped :
14a. Number of teeth on the unstepped planet gear

When the planets are stepped :
14b. Number of teeth on planet gear meshed with sun gear

Number of teeth on planet gear meshed with ring gear
15. Number of teeth on the ring gear
16. Face width of the ring-planet mesh (in)
17. Weibull exponent of the ring-planet mesh
18. Load-life exponent of the ring-planet mesh
19. Input torque (lb-in)
20. Input speed (rpm)

... •

57

,r



STAR Pick type of transmission
2N

1. Spiral Bevel
2. Planetary
3. Spiral Bevel + Planetary
4. Spiral Bevel + Planetary

+ Planetary
S. Dual Spiral Bevel
6. Dual Spiral Bevel + Planetary
7. Dual Spiral Bevel + Planetary

+ Planetary
8. Spiral Bevel + Dual Spiral Bevel

+ Planetary

7 Input: input shaft torque and speed$

Input: geometry of gears

Check if geometry is correct;
If not: re-enter gear geometry

Input: geometry of bearings

Check if geometry is correct;
if not: re-enter bearing geometry

Figure 16

Computer Program Flow Chart
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I

Complete calculation of geometry

Calculate output torque
and speed of transmission

C
Calculate loads on the components

Calculate lives of the components

Calculate dynamic capacities
of the components

Iterate for L5 to L50 lives
of the transmission, and
do a linear regression to find the L1O life
and Weibull exponent of the transmission

2
Figure 16 continued

Computer Program Flow Chart
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Estimate 10% of the dynamic capacity
A of the transmission

Start loop to calculate lives for
torques between 10% and 100%
of the dynamic capacity

Calculate loads on the components

Calculate lives of the components

Iterate for L5 to L50 lives of the
transmission, and do a linear regression
to find the L1Q life of the transmission

Do a linear regression on life versus load

to find the transmission dynamic capacity

r and load-life exponent

3 Figure 16 continued

Computer Program Flow Chart
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Print out component lives
and dynamic capacities

Print out transmission
life and dynamic capacity

STOP

Fiue 6cntne

Copte rorm lw-hr
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TABLE 8

Output of the Program

9For each gear unit the following will be output:

1. The gear mesh geometry
2. The gear mounting geometry
3. The forces on the gears and bearings

For each component the following will be output:

1. Component system dynamic capacity
2. Component system load-life exponent
3. Component system life in output shaft rotations
4. Component system life in hours
5. Component system Weibull exponent

For the transmission the following will be output

1. Transmission system dynamic capacity
2. Transmission system load-life exponent
3. Transmission system life in output shaft rotations
4. Transmission system life in hours
5. Transmission system Weibull exponent
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NUMERICAL EXAMPLE

In the design of a transmission the components are sized from

the power transfer requirement. The initial design does not consider

the effects of the components on one another. The initial design

contains some overdesigned and weak parts. One can change the

*parameters on the overdesigned and weak components to see the overall

effect in the transmission.

In this example, the transmission being designed is a 320

horsepower single input helicopter transmission. The input speed is

6180 rpm and the output speed is 354 rpm. The L10  life of the

transmission is to be approximately 3500 hours at the rated power

level.

The layout chosen for this transmission is a spiral bevel unit

followed by an unstepped planetary unit, figure 17. Th e spiral bevel

unit will produce a gear reduction of 3.736 :1. The input torque

will be transferred through 95 degrees from an approximately

horizontal input to a vertical output shaft. Table 9 lists the

geometry of the spiral bevel unit. The planetary unit will produce a

gear reduction of 4.66 :1 along the output shaft. Table 10 lists the

* geometry of the planetary unit. Appendix A shows how the input is

entered into the program for this original design.
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TABLE 9

Spiral Bevel Gear Unit Input For Numerical Example

Gear mesh geometry

Number of teeth on the pinion 19
Number of teeth on the gear 71
Cone distance 5.199 in.
Normal pressure angle 20. deg.
Face width 1.8 in.
Spiral angle 25 deg.
Clockwise rotation
Left hand spiral
Shaft angle 95 deg.
Gear mesh material constant 35000. psi
Gear mesh weibull exponent 2.5
Gear mesh load-life expoent 4.3

Pinion mounting
Straddle mount with bearing 2 taking thrust load
Distance A 1.3 in.

* Distance B 2.5 in.

Pinion bearing 1
'' Single row roller bearing

Basic dynamic capacity 14000. lbs.
Rotational factor (inner race rotation) 1.0
Weibull exponent 1.5
Bearing life adjustment factor 2.5

Pinion bearing 2
Double row ball bearing
Number of rolling elements 14
Diameter of rolling elements .5625 in.
Contact angle 35 deg.
Basic dynamic capacity 25000. lbs
Rotaional factor (inner race rotation) 1.0
Weibull exponent 1.5
Bearing life adjustment factor 2.5

Gear mounting
* r.j Overhung mount with bearing 2 taking thrust load

Distance A 0.9 in.
Distance B 2.6 in.
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Table 9 Continued

Gear bearing I
Single row roller bearing
Basic dynamic capacity 20000. lbs
Rotation factor (inner race rotation) 1.0
Weibull exponent 1.5
Bearing life adjustment factor 2.5

Gear bearing 2
Double row ball bearing
Number of rolling elements 25
Diameter of rolling elements .375 in.
Contact angle 27 deg.
Basic dynamic capacity 19076 lbs
Rotaional factor (inner race rotation) 1.0
Weibull exponent 1.5
Bearing life adjustment factor 2.5

.6

.1.
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TABLE 10

Planetary Gear Unit Input For Numerical Example

Basic dynamic capacity of bearings 20895 lbs.
Bearing Life adjustment factor 2.5
Rotational factor (inner race rotation) 1.0
Weibull exponent 1.5
Load-life exponent 3.33
Number of planet bearings 3
Number of teeth on sun gear 27
Number of teeth on planet-sun gear 35
Number of teeth on planet-ring gear 35
Number of teeth on ring gear 99
Diametral pitch of sun gear mesh 3.8710
Diametral pitch of ring gear mesh 9.1429
Pressure angle of sun gear mesh 20 deg.
Pressure angle of ring gear mesh 14.0682 deg.
Face width of sun gear mesh 3.178 in.
Face width of ring gear mesh 2.540 in.
Weibull exponent of sun gear mesh 2.5
Weibull exponent of ring gear mesh 2.5
Load-life exponent of sun gear mesh 4.3
Load-life exponent of ring gear mesh 4.3
Material constant of sun gear mesh 20800. psi
Material constant of ring gear mesh 20800. psi
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The program was run with the geometry described in table 9 and

10. The output of the program can be found in appendix S. The program

first calculates the loading on each component in the transmission.

This intermediate step of calculating the life of the components is

useful to a designer. If the designer changes the geometry of the

transmission the loads on the components will change. The change in

loading of the component will change the life of the component without

* changing the dynamic capacities of the components.

After the intermediate step of calculating the loads, the

program computes the life of each component. The dynamic capacity of

each component is calculated next. The life and Weibull exponent is

then calculated for the spiral bevel unit, planetary unit, and the

total transmission. Finally the dynamic capacity and load life

exponent is calculated for the spiral bevel unit, planetary unit, and

- - .the total transmission.

The intermediate calculation of life and dynamic capacity of

the spiral bevel unit and the planetary unit are valuable since a

change within one unit will not effect the components in the ,her

unit. Therefore the effects of design change within a unit are readily

observed.

The values of the total transmission life and dynamic capacity

will help the designer determine the critical elements in the

transmission by comparing the valups for the transmission to the life

and dynamic capacity of each unit. Table 11 shows the values of dynamic

capacity, load-life exponent, life in output rotations, life in hours,

and Weibull exponent for the initial design. By checking the values of
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Table 11

S. Life and Dynamic Capacity of Transmission

Design 1

Component dynamic load-life life in life in Weibull
capacity exponent output hours exponent

rotations

Spiral Bevel
Unit 77,327 4.02 17*10E6 797 2.27

Input Pinion 79,215 4.3 20*1OE6 957 2.5

Input Bearing 1 194,082 3.3 194*1OE6 9,140 1.5

Input Bearing 2 446,909 3.0 1.469*10E9 69,124 1.5

Output Gear 95,272 4.3 44*10E6 2,111 2.5

Output Bearing 1 139,135 3.3 64*1OE6 3,047 1.5

Output Bearing 2 163,966 3.0 72*10E6 3,413 1.5

Planetary Unit 136,760 3.43 70*1OE6 3,370 1.509

Planet Bearing 175,807 3.3 147*1OE6 6,929 1.5

Sun Gear 174,807 4.3 605*1OE6 28,474 2.5

Ring Gear 3,970,348 4.3 415*1OE12 19*1OE9 2.5

Planet-Ring Gear 233,424 4.3 2.122*1OE9 99,815 2.5

Planet-Sun Gear 4,433,816 4.3 668*1OE12 31*1OE9 2.5

Total
Transmission 76,841 3.966 16*E6 758 2.2

6"
i'S.
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the spiral bevel unit and planetary unit against the values for the

total transmission, it can be seen that the spiral bevel unit values

are very close to the transrikission values. This is also illustrated in

figure 18. The spiral bevel unit dominates the life and dynamic

capacity of the total transmission. Therefore it is the weakest part of

the transmission. By further examination it can be seen that the life

and dynamic capacity of the spiral bevel unit is dominated by the input

* pinion and output gear. The value of these components are much lower

than any other component in the system, therefore a redesign of the

gear mesh would be recommiended.

In this example the size of the spiral bevel gear mesh was

increased. The size of the cone distance, A0, was increased from 5.199

inches to 8.5 inches, and the face width, f, was increased from 1.8

inches to 3.5 inches. This redesign causes an increase in spiral bevel

unit life of 400 percent and an increase in transmission life of 300

percent. The results of this redesign are shown in table 12. The life

verses probability of failure graph for this case is shown in figure

19.

The life of the transmission is still less than the life

required in the specifications. Since the life of the spiral bevel

unit and planetary unit are about equal, the lives of both units will

have to be increased. In the spiral bevel unit, the output bearings

have the lowest life. In this case the dynamic capacity of the

bearings are increased. For the planetary unit the planet bearings

have the lowest life. There are two choices to increase the life of

the planet bearing, either increase the number of planet bearings or
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Table 12

Life and Dynamic Capacity of Transmission

Re-Design 1

Ccmponent dynamic load-life life in life in Weibull
capacity exponent output hours exponent

rotations

Spiral Bevel
Unit 156,406 3.15 78*1OE6 3,631 1.5

Input Pinion 379,730 4.3 1.720*IOE10 81*10E4 2.5
Input Bearing 1 292,227 3.3 750*1OE6 35,278 1.5
Input Bearing 2 707,016 3.0 5.819*1OE9 273,692 1.5
Output Gear 456,416 4.3 3.794*IOEIO 18*1OE5 2.5
Output Bearing 1 177,080 3.3 143*10E6 6,754 1.5
Output Bearing 2 191,072 3.0 114*1OE6 5,402 1.5

Planetary Unit 136,760 3.43 70*1OE6 3,370 1.50

Planet Bearing 175,807 3.3 147*10E6 6,929 1.5
Sun Gear 174,807 4.3 605*1OE6 28,474 2.5
Ring Gear 3,970,348 4.3 415*10E12 19*1OE9 2.5
Planet-Ring Gear 233,424 4.3 2.122*IOE9 99,815 2.5
Planet-Sun Gear 4,433,816 4.3 668*10E12 31*10E9 2.5

Total
Transmission 125,832 3.31 47*1OE6 2,199 1.5
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increase the dynamic capacity of the bearings. In this case the number

of bearings is increased. The life of the bearings will increase

because the load on each bearing will be lower. This also increases

the life of the other components in the planetary since the loads

transmitted by each planet gear will be lower.

The results of this redesign are shown in table 13. The life

verses probability of failure graph for this case is shown in figure

20. The modifications doubled the life of each unit. The life of the

total transmission increased to 4500 hours which is above the design

requirement of 3500 hours. By examining the Weibull and load-life

exponents one can see that the design is dominated by the life of the

bearings. The Weibull and load-life exponents are very close to the

most conmmon exponent values of bearings. This indicates that the life

and dynamic capacity of the transmission are dominated by the bearings.

This is a good test to find which components dominate the life of the

transmission or any unit in the transmission.

The results of each following design run will give a great deal

of information on which design changes can be based. These design

changes will allow the designer to approach an optimal transmission

A design.

74



j,..

Table 13

Life and Dynamic Capacity of Transmission

Re-Design 2

'. Cononent dynamic load-life life in life in Weibull
capacity exponent output hours exponent

rotations

Spiral Bevel
Unit 190,350 3.19 153*10E6 7,208 1.5

Input Pinion 379,730 4.3 1.720*OE10 81*10E4 2.5
Input Bearing 1 292,227 3.3 750*10E6 35,278 1.5
Input Bearing 2 707,016 3.0 5.819*IOE9 273,692 1.5
Output Gear 456,416 4.3 3.794*1OE10 18*10E5 2.5
Output Bearing 1 212,497 3.3 262*1OE6 12,328 1.5
Output Bearing 2 250,409 3.0 258*10E6 12,159 1.5

Planetary Unit 171,938 3.43 152*IOE6 7,158 1.50

Planet Bearing 234,410 3.3 384*1OE6 18,077 1.5
Sun Gear 217,442 4.3 1.564*IOE9 73,578 2.5
Ring Gear 4,951,214 4.3 1.070*10E15 50*1OE9 2.5
Planet-Ring Gear 311,232 4.3 7.312*IOE9 343,900 2.5
Planet-Sun Gear 5,911,754 4.3 2.300*10E15 '1*1..E9 2.5

Total
Transmission 156,765 3.32 96*IOE6 4,526 1.5
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DISCUSSION OF RESULTS

This computer program was developed to model the life and

reliability of helicopter transmissions. The calculation of the life

*of a transmission is based on a strict series probability law. The

strict series probability law states that the probability of survival

of a transmission is the product of the probabilities of survival of

all the components. The relationship between the probability of

survival of a component and its life is the two parameter Weibull

distribution. The resulting reliability model for the transmission is

also a two parameter Weibull distribution.

The computer program is written in a modular form to model

many different types of transmissions. In addition to results for the

overall transmission, intermediate results for modules of the

transmission are given.

Input to the computer program is to be given in an

interactive format. The program prompts the user with questions which

ask for the parameters required to describe the transmission. In this

interactive format, a screen by screen review of the input data is

provided to the user. If any data on the screen is incorrect, the

user may return to the input stream at a point just prior to this

screen to input this data correctly. If more than one design is to be
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modeled at a time, an input data file may be used to speed up the use

of the program. The user can change one parameter in a data file and

quickly run the program again to determine the effects of this change

on the components and the transmission.

The output of the computer program gives a complete overview

of the transmission analysis. The geometry of the components entered

into the program and the geometry calculated for the components are

both printed out. Lives and dynamic capacities of the components are

printed out in terms of component cycles and loads and in terms of

system cycles and load. Each result listed in the output includes a

title and the proper units.

By using the program in a systematic manner, a user can

approach an optimal design. An example of this use is given in the

proceeding chapter to illustrate the use of the program. Sample input

and output listings are included in the first two appendices. The

third appendix is a listing of the fortran source code for the

program.
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SUMMARY OF RESULTS

This report describes a computer simulation program which

models the life and reliability of a helicopter transmission. The

computer program uses the lives and reliabilities of the individual

bearings and gears in the transmission to compute the life and

reliability of the transmission. This model is a strict series

probability model which is based on the pitting fatigue life and

reliability models for the components of the transmission.

In this program, a modular approach is used in which the

force and motion analyses of the transmission are separated from the

life and reliability analyses. The dynamic capacity models are also

separated algebraically from the prior calculations. In this way, the

calculations can be performed sequentially and the complexity and

diversity of the analyzed transmissions can be increased greatly.

The computer program can simulate a number of transmission

configurations built up from spiral bevel gear units, a dual spiral

bevel gear unit and stepped or unstepped planetary gear units. The

eight transmission configurations analyzed by the program are:

1) a spiral bevel reduction,

2) a planetary reduction,

3) a spiral bevel reduction followed by a planetary reduction,
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4) a spiral bevel reduction followed by two planetary reductions

in series,

7: 5) a dual spiral bevel reduction with two input pinions of equal

size,

6) a dual spiral bevel unit followed by a single planetary

reduction,

7) a dual spiral bevel unit followed by two planetary reductions

in series, and

8) a dual spiral bevel unit followed by a planetary reduction and

proceeded by two spiral bevel input reductions.

The program allows any planetary unit to be composed of

stepped or unstepped planets. It can simulate transmission designs at

different power levels and load duty cycles. The program can

calculate the lives and dynamic capacities of a single unit or the

transmission as a whole.

This report includes a development of the theory behind the

program model, a listing of the program in fortran source code and

examples illustrating the use of the program.
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APPENDIX A

PROGRAM INPUT

HELICOPTER TRANSMISSION ANALYSIS
ENTER THE NUMBER FOR THE TYPE OF TRANSMISSION
SPIRAL BEVEL................................ 1
PLANETARY .................................. 2
SPIRAL BEVEL + PLANETARY .................... 3
SPIRAL BEVEL + PLANETARY + PLANETARY .......... 4
DUAL SPIRAL BEVEL........................... 5
DUAL SPIRAL BEVEL + PLANETARY................ 6
DUAL SPIRAL BEVEL + PLANETARY + PLANETARY ......7

*SPIRAL BEVEL + DUAL SPIRAL BEVEL + PLANETARY ..8

3
WHAT IS THE INPUT TORQUE OF THE TRANSMISSION
3262
WHAT IS THE INPUT SPEED OF THE TRANSMISSION
6180

SPIRAL BEVEL GEAR UNIT INPUTS

DO YOU WISH TO USE A DATA SET
ANSWER YES OR NO
NO
WHAT IS THE NUMBER OF TEETH ON THE PINION
19
WHAT IS THE NUMBER OF TEETH OF THE GEAR
71
WHAT IS THE CONE DISTANCE OF THE GEAR MESH
5. 1999
WHAT IS THE NORMAL PRESURE ANGLE (DEG)
20
WHAT IS THE FACE WIDTH OF THE GEAR MESH (IN)
1.8
WHAT IS THE SPIRAL ANGLE OF THE PINION

4 25

81



WHAT IS THE DIRECTION OF PINION ROTATION
LOOKING FROM THE APEX TO THE FACE OF THE PINION
(COUNTERCLOCKWISE INPUT 1)
(CLOCKWISE INPUT -1
-1
WHAT IS THE HAND OF THE SPIRAL ANGLE ON THE PINION
(RIGHT INPUT 1)
(LEFT INPUT -1)
-1
WHAT IS THE SHAFT ANGLE BETWEEN THE CENTER LINE OF THE
PINION SHAFT AND THE CENTER L TNE OF THE GEAR SHAFT (DEG)
95
WHAT IS THE MESH MATERIAL CONSTANT (PSI)
35000
WHAT IS THE MESH WEIBULL EXPONENT
2.5
WHAT IS THE MESH LOAD-LIFE FACTOR

'4.3

WHAT IS tHE LIFE ADJUSTMENT FACTOR OF THE BEARINGS
2.5

NUMBER OF TEETH ON PINION 19.000
NUMBER OF TEETH ON GEAR 71.000
CONE DISTANCE 5.19990
NORMAL PRESSURE ANGLE 20.00000
FACE WIDTH 1.80000
SPIRAL ANGLE 25.00000
DIRECTION OF ROTATION -1.00000
HAND OF SPIRAL -1.00000
SHAFT ANGLE BETWEEN PINION AND GEAR 95.00000
GEAR MESH MATERIAL CONSTANT 35000.00000
WEIBULL EXPONENT 2.50000
MESH LOAD LIFE FACTOR 4.30000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
PINION MOUNTING
WHICH CASE OF BEARING PLACEMENT IS BEING USED
CASE# 1
BEARING -------GEAR ----------BEARING
# 12

----- A -------- *------ B-------

CASE # 2
GEAR ---------BEARING --------BEARING

----- A --------*I
--------------------------------------- B --------------
1
WHICH BEARING CARRIES THE THRUST LOAD
BEARING #1 OR BEARING -2
2
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ENTER DISTANCE A - DISTANCE FROM * TO * (IN)

1.3
ENTER DISTANCE B - DISTANCE FROM * TO * (IN)
2.5

CASE NUMBER 1
BEARING TAKING THE THRUST LOAD 2
DISTANCE A 1.3000
DISTANCE B 2.5000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
PINION BEARING #1
TYPE OF BEARING - ENTER NUMBER
1 - SINGLE ROW BALL BEARING
2 -DOUBLE ROW BALL BEARING
3 - SINGLE ROW ROLLER BEARING
4 - DOUBLE ROW ROLLER BEARING
5 -SINGLE ROW TAPERED ROLLER BEARING
6 - DOUBLE ROW TAPERED ROLLER BEARING

ENTER THE BASIC DYNAMIC CAPACITY OF BEARING
14000
ENTER THE ROTATION FACTOR
1.0 FOR INNER RACE ROTATION
1.2 FOR OUTER RACE ROTATION
1.0

'~ WHAT IS THE WEIBULL EXPONENTEOR THE BEARING
1.5

TYPE OF BEARING_________________ 3
NUMBER OF ROLLING ELEMENTS_________ 0.00000
DIAMETER OF ROLLING ELEMENTS________ 0.00000

4. ~CONTACT ANGLE (BALL BEARING ONLY)______ 0.00000
RADIAL TO THRUST RATIO
(TAPER ROLLER BEARING ONLY)_________ 0.00000
BASIC DYNAMIC CAPACITY___________ 14000.00000
ROTATION FACTOR______________ 1.00000
WEIBULL EXPONENT _____ ________1.50000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
PINION BEARING #2
TYPE OF BEARING - ENTER NUMBER
1 -SINGLE ROW BALL BEARING
2 - DOUBLE ROW BALL BEARING
3 - SINGLE ROW ROLLER BEARING
4 -DOUBLE ROW ROLLER BEARING
5 - SINGLE ROW TAPERED ROLLER BEARING

6 -DOUBLE ROW TAPERED ROLLER BEARING
2
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NUMBER OF BALLS OR ROLLERS
14
DIAMETER OF BALLS OR ROLLERS
.5625
BEARING CONTACT ANGLE
35
ENTER THE BASIC DYNAMIC CAPACITY OF BEARING
25000
ENTER THE ROTATION FACTOR
1.0 FOR INNER RACE ROTATION
1.2 FOR OUTER RACE ROTATION
1.

WHAT IS THEWEIBULL EXPONENTFOR THE BEARING
1.5

TYPE OF BEARING 2
NUMBER OF ROLLING ELEMENTS 14.00000
DIAMETER OF ROLLING ELEMENTS 0.56250
CONTACT ANGLE (BALL BEARING ONLY) 35.00000
RADIAL TO THRUST RATIO
(TAPER ROLLER BEARING ONLY) 0.00000
BASIC DYNAMIC CAPACITY 25000.00000
ROTATION FACTOR 1.00000
WEIBULL EXPONENT 1.50000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
GEAR MOUNTING
WHICH CASE OF BEARING PLACEMENT IS BEING USED
CASE # I
BEARING ------- GEAR --------- BEARING
#1 &2

*---------- -- B ------

CASE 0 2
GEAR -------- BEARING------- BEARING

#1 #2
* --A-- *
----------------- B ------------- #

2
WHICH BEARING CARRIES THE THRUST LOAD
BEARING #1 OR BEARING #2
2
ENTER DISTANCE A - DISTANCE FROM * TO * (IN)
.9
ENTER DISTANCE B -DISTANCE FROM * TO * (IN)
2.6
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CASE NUMBER 2
BEARING TAKING THE THRUST LOAD 2
DISTANCE A -0.9000
DISTANCE B 2.6000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
PINION BEARING #1
TYPE OF BEARING - ENTER NUMBER
1 - SINGLE ROW BALL BEARING
2 - DOUBLE ROW BALL BEARING
3 -SINGLE ROW ROLLER BEARING
4 - DOUBLE ROW ROLLER BEARING
5 -SINGLE ROW TAPERED ROLLER BEARING
6 - DOUBLE ROW TAPERED ROLLER BEARING

3
*ENTER THE BASIC DYNAMIC CAPACITY OF BEARING

20000
ENTER THE ROTATION FACTOR
1.0 FOR INNER RACE ROTATION
1.2 FOR OUTER RACE ROTATION
1.0
WHAT IS THE WEIBULL EXPONENT FOR THE BEARING
1.5

TYPE OF BEARING______________________ 3
NUMBER OF ROLLING ELEMENTS_________ 0.00000
DIAMETER OF ROLLING ELEMENTS_________ 0.00000
CONTACT ANGLE (BALL BEARING ONLY)______ -0.00000
RADIAL TO THRUST RATIO
(TAPER ROLLER BEARING ONLY)_________ 0.00000
BASIC DYNAMIC CAPACITY_____________ 20000. 00000
ROTATION FACTOR_______________ 1.00000
WEIBULL EXPONENT______________ 1.50000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0
PINION BEARING #2
TYPE OF BEARING - ENTER NUMBER
1 - SINGLE ROW BALL BEARING
2 - DOUBLE ROW BALL BEARING
3 - SINGLE ROW ROLLER BEARING
4 - DOUBLE ROW ROLLER BEARING
5 -SINGLE ROW TAPERED ROLLER BEARING
6 - DOUBLE ROW TAPERED ROLLER BEARING

2
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NUMBER OF BALLS OR ROLLERS
25
DIAMETER OF BALLS OR ROLLERS~.375

BEARING CONTACT ANGLE
27
ENTER THE BASIC DYNAMIC CAPACITY OF BEARING
19076
ENTER THE ROTAT TON FACTOR
1.0 FOR INNER RACF ROTATION
1.2 FOR OUTER RACE ROTATION
1.
WHAT IS THEWEIBULL EXPONENTFOR THE BEARING
1.5

TYPE OF BEARING 2
NUMBER OF ROLLING ELEMENTS 25.00000
DIAMETER OF ROLLING ELEMENTS 0.37500

CONTACT ANGLE (BALL BEARING ONLY) 27.00000
RADIAL TO THRUST RATIO
(TAPER ROLLER BEARING ONLY) 0.00000
BASIC DYNAMIC CAPACITY 19076.00000
ROTATION FACTOR 1.00000
WEIBULL EXPONENT 1.50000

DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS
ENTER 1 TO CHANGE
0

PLANETARY GEAR UNIT INPUTS

DO YOU WISH TO USE A DATA FILE (YES OR NO)
NO

PLANETARY TRANSMISSION RELIABILTY ANALYSIS

(ALL NUMERICAL INPUT MUST BE IN F-FORMAT)

WhAT IS THE BASIC DYNAMIC CAPACITY OF ONE PLANET BEARING? (LB)
20895

WHAT IS THE COMPOSITE LIFE ADJUSTMENT FACTOR?
2.5

WHAT IS THE OUTER RACE ROTATION FACTOR?
1.0

-I WHAT IS THE WEIBULL FACTOR FOR THE BEARINGS?
1.5

'V - WHAT IS THE LOAD-LIFE FACTOR FOR THE BEARINGS?

3.33
HOW MANY PLANET BEARINGS ARE IN THE TRANSMISSION?

*3
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IS THE DIAMETRAL PITCH THE SAME FOR BOTH MESHES?
NO

ENTER THE DIAMETRAL PITCH OF THE SUN MESH FIRST,
THEN, ENTER THE DIAMETRAL PITCH OF THE RING MESH. (TEETH/IN)

8.8710
9.1429

HOW MANY TEETH DOES THE SUN GEAR HAVE ON IT?
27

IS THE PRESSURE ANGLE FOR THE SUN MESH AND

NO THE RING MESH THE SAME?

ENTER THE PRESSURE ANGLE FOR THE SUN MESH FIRST,
THEN ENTER THE PRESSURE ANGLE OF THE RING MESH. (DEG)

20
14.0682

WHAT IS THE FACE WIDTH OF THE SUN MESH? (IN)

318WHAT IS THE WEIBULL EXPONENT OF THE SUN MESH?
2.5

WHAT IS THE LOAD-LIFE FACTOR OF THE SUN MESH?
4.3

WHTIS THE MATERIAL CONSTANT OF THE SUN ME:H? (PSI)

DOES THE TRANSMISSION HAVE STEPPED PLANETS?

YES
ENTER THE NUMBER OF TEETH ON ONE PLANET MESHED
WITH THE SUN, THEN ENTER THE NUMBER OF TEETH ON THE
PLANET MESHED WITH THE RING.

35

HOW MANY TEETH ARE ON THE RING GEAR?
99

WHAT IS THE FACE WIDTH OF THE RING GEAR MESH? (IN)
2.540

WHAT IS THE WEIBULL EXPONENT OF THE RING GEAR MESH?
2.5

WHAT IS THE LOAD-LIFE FACTOR OF THE RING GEAR MESH?
4.3

WHAT IS THE MATERIAL CONSTANT OF THE RING GEAR MESH? (TEETH/IN)
* 20800
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APPENDIX B

9. PROGRAM OUTPUT

SPIRAL BEVEL GEAR UNIT

GEAR MESH CHARACTERISTICS

PITCH 8.39
NORMAL PRESSURE ANGLE 20.00
SPIRAL ANGLE 25.00
HAND OF THE SPIRAL OF THE PINION GEAR -1.000

-~FACE WIDTH 1.800 IN
CONE DISTANCE 5.200 IN
INPUT SPEED OF THE PINION SHAFT 6180.00 RPM
OUTPUT SPEED OF GEAR SHAFT 1653.80 RPM
DIRECTION OF INPUT SHAFT ROTATION -1.000
INPUT TORQUE OF THE PINION SHAFT 3262.00 IN-LB
OUTPUT TORQUE OF THE GEAR SHAFT 12189.58 IN-LB
ANGLE BETWEEN INPUT AND OUTPUT SHAFT 95.00 DEG

PINION CHARACTERISTICS AND MOUNTING

NUMBER OF TEETH 19.00
PITCH ANGLE 15.27 DEG
PITCH DIAMETER 2.26 IN
REFERENCE PITCH DIAMETER 1.174 IN
ADDENDUM 0.144 IN
DEDENDUM 0.230 IN

FORCES ON A TOOTH IN THE MESH

AXIAL FORCE 991.4 LB
RADIAL FORCE -1469.9 LB
TANGENTIAL FORCE -2881.0 LB
TOTAL FORCE 3382.8 LB
DYNAMIC CAPACITY IN FORCE 4712.7 LB
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MOUNTING CHARACTERISTICS

TYPE OF MOUNTING 1
DISTANCE A 1.300
DISTANCE B 2.500

AXIAL LOAD 0.00 LBS
RADIAL LOAD 1262.43 LBS
TANGENTIAL LOAD 1895.38 LBS
TOTAL EQUIVALENT FORCE 2277.33 LBS
BASIC DYNAMIC CAPACITY OF BEARING #1 7771.4 LBS

AXIAL LOAD 991.35 LBS
RADIAL LOAD 207.48 LBS
TANGENTIAL LOAD 985.60 LBS
TOTAL EQUIVALENT FORCE 1665.07 LBS
BASIC DYNAMIC CAPACITY OF BEARING #2 13084.3 LBS

DYNAMIC CAPACITY IN FORCE

GEAR CHARACTERISTICS AND MOUNTING
V

NUMBER OF TEETH 71.00
PITCH ANGLE 79.73 DEG
PITCH DIAMETER 8.46 IN
REFERENCE PITCH DIAMETER 23.738 IN
ADDENDUM 0.058 IN
DEDENDUM 0.172 IN

FORCES ON A TOOTH IN THE MESH

AXIAL FORCE -1377.9 LB
RADIAL FORCE 1115.7 LB
TANGENTIAL FORCE -2881.0 LB
TOTAL FORCE 3382.8 LB
DYNAMIC CAPACITY IN FORCE 5664.4 LB

MOUNTING CHARACTERISTICS

TYPE OF MOUNTING 2
DISTANCE A -0.900
DISTANCE B 2.600

AXIAL LOAD 0.00 LBS
RADIAL LOAD -5135.78 LBS
TANGENTIAL LOAD 4406.21 LBS
TOTAL EQUIVALENT FORCE 6766.90 LBS
BASIC DYNAMIC CAPACITY OF BEARING #1 16553.4 LBS
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AXIAL LOAD -1377.92 LBS
RADIAL LOAD 4020.09 LBS
TANGENTIAL LOAD -1525.23 LBS
TOTAL EQUIVALENT FORCE 5374.48 LBSBASIC DYNAMIC CAPACITY OF BEARING #2 15492.9 LBS

DYNAMIC CAPACITY IN FORCE

DYNAMIC CAPACITY AND LIFE IN TERMS OF
OUTPUT TORQUE AND SPEED

INPUT PINION

DYNAMIC CAPACITY 79248.2031 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 4.1608
LIFE IN HOURS 195.6793
WEIBULL EXPONENT 2.5000

INPUT BEARING #1

DYNAMIC CAPACITY 194120.0313 LB-IN
LOAD LIFE EXPONENT 3.3000
LIFE IN MILLION OUTPUT ROTATIONS 57.4310
LIFE IN HOURS 2700.9629
WEIBULL EXPONENT 1.5000

INPUT BEARING #2

DYNAMIC CAPACITY 447005.4375 LB-IN
LOAD LIFE EXPONENT 3.0000
LIFE IN MILLION OUTPUT ROTATIONS 485.2344
LIFE IN HOURS 22820.4141
WEIBULL EXPONENT 1.5000

OUTPUT GEAR

DYNAMIC CAPACITY 95251.9375 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 9.1765
LIFE IN HOURS 431.5667

WEIBULL EXPONENT 2.5000

OUTPUT BEARING #1

DYNAMIC CAPACITY 139153.4688 LB-IN
LOAD LIFE EXPONENT 3.3000
LIFE IN MILLION OUTPUT ROTATIONS 19.1445
LIFE IN HOURS 900.3616
WEIBULL EXPONENT 1.5000
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OUTPUT BEARING #2

DYNAMIC CAPACITY 163979.9688 LB-IN
LOAD LIFE EXPONENT 3.0000
LIFE IN MILLION OUTPUT ROTATIONS 23.9544
LIFE IN HOURS 1126. 5688
WEIBULL EXPONENT 1.5000

INPUT TORQUE ............................. 12189.58008 LB-IN
OUTPUT TORQUE ............................ 56884.71094 LB-IN
INPUT SPEED ............................... 1653.80273 RPM
OUTUT SPEED.............................. 354.38629 RPM

PLANET BEARING

NUMBER OF PLANETS .......................... 3.00000
ROTATIONAL FACTOR .......................... 1.00000
DYNAMIC CAPACITY (CATALOG VALUE) ......... 20895.00000 LBS
DYNAMIC CAPACITY (SYSTEM VALUE) .......... 20107.14844 LBS
TOTAL FORCE .............................. 5421.77441 LBS

SUN GEAR

-~NUMBER OF TEETH ............................ 27.00000
PITCH OF THE MESH .......................... 8.87100
PRESSURE ANGLE ............................. 20.00000 DEG
FACE WIDTH ................................. 3.17800 IN

S-MATERIAL CONSTANT OF THE MESH ............. 20800.00000 PSI
DYNAMIC CAPACITY ......................... 8184.11816 LBS
FORCE ON GEAR TOOTH ....................... 2669.96924 LBS

RING GEAR

NUMBER OF TEETH ............................ 99.00000
PITCH OF THE MESH .......................... 9.14290
PRESSURE ANGLE ............................. 14.06820 DEG
FACE WIDTH................................ 2.54000 IN
MATERIAL CONSTANT OF THE MESH ............. 20800.00000 PSI
DYNAMIC CAPACITY.........................19206.60547 LBS
FORCE ON GEAR TOOTH ....................... 2751.80518 LBS
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PLANET GEAR

PLANET-SUN GEAR

NUMBER OF TEETH ............................ 35.00000
PITCH OF THE MESH .......................... 8.87100
PRESSURE ANGLE ............................. 20.00000 DEG
FACE WIDTH ................................. 3.17800 IN
MATERIAL CONSTANT OF THE MESH ............. 20800.00000 PSI
DYNAMIC CAPACITY.........................10956.11523 LBS
FORCE ON GEAR TOOTH ....................... 2669.96924 LBS

PLANET-RING GEAR

NUMBER OF TEETH ............................ 35.00000
PITCH OF THE MESH .......................... 9.14290
PRESSURE ANGLE ............................. 14.06820 DEG
FACE WIDTH ................................. 2.54000 IN
MATERIAL CONSTANT OF THE MESH ............. 20800.00000 PSI
DYNAMIC CAPACITY.........................21448.64063 LBS
FORCE ON GEAR TOOTH ....................... 2751.80518 LBS

DYNAMIC CAPACITY AND LIFE IN TERMS OF
OUTPUT TORQUE AND SPEED

PLANET BEARING

DYNAMIC CAPACITY 210962.1875 LB-IN
LOAD LIFE EXPONENT 3.3300
LIFE IN MILLION OUTPUT ROTATIONS 78.6079
LIFE IN HOURS 3696.9014
WEIBULL EXPONENT 1.5000

SUN GEAR

DYNAMIC CAPACITY 174365.7500 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 123.5385
LIFE IN HOURS 5809.9727
WEIBULL EXPONENT 2.5000
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RING GEAR

DYNAMIC CAPACITY 397034.7500 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 4250.9033
LIFE IN HOURS 199918.5625
WEIBULL EXPONENT 2.5000

PLANET-SUN GEAR

DYNAMIC CAPACITY 233424.2188 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 433.0579
LIFE IN HOURS 20366.5664
WEIBULL EXPONENT 2.5000

PLANET-RING GEAR

DYNAMIC CAPACITY 443381.5625 LB-IN
LOAD LIFE EXPONENT 4.3000
LIFE IN MILLION OUTPUT ROTATIONS 6833.7959
LIFE IN HOURS 321391.1250
WEIBULL EXPONENT 2.5000

SPIRAL BEVEL UNIT

DYNAMIC CAPACITY 77358.9844 LB-IN
LOAD LIFE EXPONENT 4.0239
LIFE IN MILLION OUTPUT ROTATIONS 3.6746
LIFE IN HOURS 172.8132
WEIBULL EXPONENT 2.3646

PLANETARY UNIT

DYNAMIC CAPACITY 153544.4688 LB-IN
LOAD LIFE EXPONENT 3.5845
LIFE IN MILLION OUTPUT ROTATIONS 36.4289
LIFE IN HOURS 1713.2412
WEIBULL EXPONENT 1.5850

TOTAL TRANSMISSION

DYNAMIC CAPACITY 77164.9063 LB-IN
LOAD LIFE EXPONENT 4.0005
LIFE IN MILLION OUTPUT ROTATIONS 3.6267
LIFE IN HOURS 170.5630
WEIBULL EXPONENT 2.3433
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APPENDIX C

PROGRAM LISTING

WRITECI, 10)
10 FORMIAT(//

I' HELICOPTER TRANSMISSION ANALYSIS'/
2' ENTER THE NUMBER FOR THE TYPE OF TRANsmISSION'/
3' SPIRAL BEVEL....................I,
4' PLANETARY.......................
5' SPIRAL BEVEL + PLANETARY........................ 31/
6' SPIRAL BEVEL + PLANETARY + PLANETARY ........... 4/
7' DUAL SPIRAL BEVEL..................
8' DUAL SPIRAL BEVEL + PLANETARY...................6'/
9' DUAL SPIRAL BEVEL + PLANETARY + PLANETARY ...... 7'/
I' SPIRAL BEVEL + DUAL SPIRAL BEVEL + PLANETARY .. 8/)
READC1. *)NT
IF(NT. EQ. 1)CALL. SPBV
IFCNT. EQ. 2)CALL PLAN
IF(NT. EQ. 3)CALL SBPL
IF(NT. EQ. 4)CALL SBPLPL
IF(NT. EQ. 5)CALL DPBV
IF(NT. EQ.6)CALL DBPL
IF(NT. EQ. 7)CALL DBPLPL
IF(NT. EQ. )CALL SBDDPL.
STOP
END
SUBROUTINE SPBV
INTEGeR CASEP, CASEO. PTL. OTL
REAL NP NO, NBP1. NBP2, NBG1. NBG2. MG. MOI.LSB
REAL L1(6), D1(6),E1(6), H1(6),PI(6). DYN(10),LI(10)

101 FORMAT('WHAT IS THE INPUT TORQUE OF THE TRANSMISSION')
102 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(i, 101)
READ( 1.*)TI
WRITEC 1.102)
READ(1,*)SI

C
C INPUT SPIRAL BEVEL GEAR GEOMETRY

'4 C

CALL SPBVIN(NP, NO,AO. PHE, F, PH4sI. RT.SPR.THETA.E. ElCI). PG.
IPHEI. PHSII, THETAI. CASEP. PTL, AP. BP.ITYPEPI, NDPI. DPI. ACPI, AYK1
2SDCAP1. RFP1, El(2). ITYPEP2D NDP2. DP2,ACP2. AK2, DDCAP2. RFP2, El (3).
3CASEG, OTL. AG. DO.ITYPECI. NBlo.DOI.ACQI. AK3. BDCAGI.RFG1.E1(5).
4ITYPEO2. NBG2. DG2, ACG2. AK4. BDCAO2. RFG2,El (6), MO.GAMMAI. GAMMA. ZZ.-
5ZZl. DP DO, RPD, RP. ROD. RO.HK.AOO. AOP. HT, BOO. DOP.PITCH,
6ADJPI, ADJP2. AD.JG1. ADJO2)
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C
El (4 -El (1)
P1 (1 )P0
P 1(4) -PG

C CALCULATE OUTPUT TORQUE AND SPEED OF TRANSMISSION
C

TOF-T I*MG
SOF-SI 1MG
MGlil. 0

C
C CALCULATE LIVES AND DYNAMIC CAPACITIES OF SPIRAL BEVEL
C COMPONENTS AND LIFE OF THE TRANSMISSION
C

CALL SPDVCA(
ITI. TOF. SI.SOF MO, MGl. NP. NO.
2A0. GAMMAI. ROT. SPR. PHEI, PHSII1.ZZ1.
3PTL, AP.DP, RP. TL. AG. 30.RO.
41TYPEPl. RFP1, NBPIDPI.,ACPI, BDCAPI. AK1,El (2).,ADJPl#
5ITVPEP2. RFP2. NDP2. DP2. ACP2. BDCAP2. AIK2.El (3). ADJP2.
hITYPEOI1,RFG1, NBG1,DOI.ACG1, DDCAG1. AK3 El (5). ADJGl.
71TYPEG2, RFG2, NBG2,DG2,AC02,BDDCAG2. AK4. El (8).ADJG2,
BF. E.PG. El( 1).RPD. ROD.
9PXP. PYP, PZP. TOTFOR. PXO. PYG. PZO. TOTFOR.
lRlXP, RlYP. RIZP. R2XP. R2YP. R2ZPa
2RlXO. RIVO.RIZO. R2XG. R2YO. R2ZG,
3L1(2). Hl(2). TOFORPl,P1C2),BDCAP10,D1(2).
4L1(3),HI(3),TOFORP2,Pl(3),BDCAP2O.D1(3).
5L1(5),HI(5). TOFORGl.PI(5). BDCAGlO,DI(5),
6L1(6),HI(6),TOFORG2,Pl(6),DDCAG2,D(8)I
7L1(1),Hl(1),DCAPDl(l).
BLl (4), HI(4). DCAODl(4).
9LSD, HSB. ESD)

C
C PRINT OUT LIVES AND DYNAMIC CAPACITIES OF COMPONENTS
C

CALL SPBVOT(PD. PHE. PHSI. SPR. F. AO.SI. SOF. ROT. TI.TOF. THETA.
I1NP , GAMMA. OP, RP D, AOP. -DOP. P ITCH.
2PXP. PYP. PZP. TOTFOR. DCAP. CASEP. AP. DP.
3R1XP, RIYP. RIZP. TOFORPi. IDCAPIO.
4R2XP, R2YP. R2ZP, TOFORP2. SDCAP20,
5NG, ZZ. DO. ROD. AOO, 00O,
6PXO. PYG. PZG. TOTFOR. DCAO. CASEG. AG, 3G.
7RIXG. RiVO.RIZO. TOFORGl. BDCAGIO.
9R2X0. R2YG. R2ZGF TOFORO2. BDCAG2O.
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9D1, P1, LI Hi,El)
C
C ESTIMATE 10 PERCENT DYNAMIC CAPACITY OF TRANSMISSION
C

DMIN-Dl C )
DO 10 1-2,6

10 IF(Dl(I). LT. DMIN)DMIN=DlCI)
DELTATO-. 1*DMIN
DELTAT I DELTATO/MG
DTI-0.0
DTO-0. 0

S C
C START COUNTER FOR DYNAMIC CAPACITIES BETWEEN 10 AND 100 PERCENT
C OF TRANSMISSION DYNAMIC CAPACITY
C

DO 20 I=1, 10
DTI-DTI+DELTATI
DTO=DTO4-DELTATO
DYN (I) =DTO

C

C CALCULATE LIFE FOR EACH DYNAMIC CAPACITY
C

CALL SPBVCA(
IDTI, DTO. SI, SOF, MG, MGi.NP, NO,
2A0, GAMMAI, ROT, SPRI PHEI, PHSII, ZZ1,
3PTL, AP, BP, RP, GTL, AG, DO. RG,
41TYPEP1, RFP1, NBPI, DPI, ACP1,BDDCAPI, AK1, El(2). ADJPI,
5ITYPEP2, RFP2, NBP2, DP2. ACP2, DDCAP2, AK2, El(3). ADJP2,
61TYPEQ1. RFGI, NDG,DGI1.ACGI, BDCAG1. AK3.El (5). ADJG1,
7ITYPEG2I RFG2. NDQ2, D02,ACG2, BDCAG2, AK4. El(6), ADJG2,
8F, E PG, El (1),RPD. ROD,
9PXPD PYP. PZP, TOTFOR PXG, PYC, PZG,TOTFOR,
1R1XP. RIYP, RIZP. R2XP, R2YP, R2ZP,
2RlXG, RIYC. RIZO.R2XQ. R2YG, R2ZG,
3L1(2), Hi(2), TOFORPi, P1(2), BDCAPIO. 01(2),
4L1( 3) ,Hi (3), TOFORP2. P1(3), DDCAP2O, 01(3),
5LI5)HI(5), TOFORGl,PlC 5), DDCAG1O, 01(5),

8L1(6), HI(6), TOFORG2, P1(6), DDCAG20, 01(6),
7L (1 ).HI (1),DCAP. 01(1).
SL1C4),H1(4),DCAQ, 01(4).
9L1 (I), HSBI. ESBI)

20 CONTINUE
C
C CALCULATE DYNAMIC CAPACITY AND LOAD LIFE EXPONENT FOR TRANSMISSION
C
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'S CALL CAP(DYN, LI. 10. DSD.PSP)
C
C PRINT OUT LIFE AND DYNAMIC CAPACITY OF TRANSMISSION
C

WRITE(1, 1220)
1220 FORMAT(' TOTAL TRANSMISSION'/)

CALL DPLHE(DSD. PSP. LSB HSD, ESS)
STOP
END
SUBROUTINE SDPL
INTEGER CASEP. CASEG. PTL, GTL
REAL NP NO. NDP1. NDP2 NDGI, NBG2. MO.LSB
REAL Ll(6). D1(6).EI(6).H1(6),PIc8). DYN(10).LI(10)
REAL NS, NPSI NPR. NR, N. LS, LR. LPLAN
REAL NCOMPC5),AD1(5). AP1(5).AL1(5),AH1(5),AEI(5),ALI(1O)
REAL MGS,MGP.ZNCOMP(11),ZE1C11),ZL1(11),LTRANS.ZLI(1O)

101 FORMAT('WHAT IS THE INPUT TORQUE OF THE TRANSMISSION')
K' 102 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(i, 101)
READ( 1.*)TI
WRITE(1. 102)
READ( 1, *)SI

C
C READ IN VALUES OF THE SPIRAL BEVEL UNIT
C

CALL SPBVIN(NPNGAO.PHEF.PHSIROT,SPR. THETA E. E1(1),PG,
IPHE1,PHSIITHETA1.CASEP.PTL.AP,BP. ITYPEP1.NBP1.DPI.ACP1.AKI.
2DDCAP1. RFPII El (2). ITYPEP2, NBP2I DP2, ACP2. AK2, BDCAP2. RFP2. El (3).
3CASEO. GTL, AG. DOITYPEGINBQ1.DG1.ACG1. AK3. BDCAG1.RFG1.E1(5).
4ITYPEG2. NDG2, DG2.ACG2. AK4. BDCAG2. RFG2, El (8).MG. GAMMAl. GAMMA. ZZ.
5ZZ1. DP. DO.RPD, RP. RGD. RO.HK. AOG. AOP. HT. BOG, SOP. PITCH.
&ADnJP1. ADJP2. ADJGl. ADJG2)

C
El (4)=EI (1)

P1(4)-PG
C
C CALCULATE OUTPUT TORQUE AND SPEED OF SPIRAL BEVEL UNIT
C

TOS-TI*MG
SOS-SI/MG

C
C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANIN(CB. A, V. ED.PB. N.NCOMP. P05.PDR, NS. PHIS. PHISi.
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1PHIR,PHIRl,WDSM,ES,PS,BlSM, ISTEP,NP8,NPR,NR,WDRM1 ER,PR,IRI,
2RPR. RPS. RR. RB)
AP1(1)-PB
API (2)-PS
API (3)-PR
AP 1(4) -PS
APi(5)-PR

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
C

TOF-TOS*C1. +(RR*RPS)/CRS*RPR))
SOF-SOS/(1. +(RR*RPS) /(RS*RPR))
rlQS-(l. +(RR*RPS)/cRS*RPR))
MOP-i. 0
INCOMP-6+ISTEP
DO 5 IN-i 6

5 ZNCOMP(IN)-1.0
DO 6 IN-i, ISTEP

6 ZNCOMP( IN+6)=NCOMP( IN)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

CALL SPDVCA(
ITI, TOF, SI,SOF, MO,MOS, NP, NO,
2A0, OAMMAI, ROT, SPR, PHEl, PHSI11 ZZ1,
3PTL, AP, BP, RP, OTL, AG. DO. RG*
41TYPEPI, RFP1, NBPI,DPI.,ACP1, BDCAPloAK1, E1(2), ADJPI,
5ITYPEP2. RFP2, NBP2. DP2* ACP2. DDCAP2. AK2. El(3). ADJP2,
61TYPEQI,RFG1,NBG1,DloACG1,BDCAlo1AK3,El(5),ADJG1,
71TYPEG2, RFG2,NBG2,DG2, ACG2,BDCAG2, AK4, El(6) ADJG2,
SF, E.PG. EIl), RPD, ROD,
9PXP. PYP, PZP. TOTFOR. PXO.PYO, PZO, TOTFOR.
lR1XP, RlYP, RIZP. R2XP. R2YP. R2ZP,
2RlXO, RIYO,RIZO. R2XG, R2YO,R2ZG,
3L1(2),Hl(2),TOFORPlPl(2),DDCAP10,Dl(2),
4L1(3),HI(3),TOFORP2,PI(3),DDCAP2,D1(3).
5LI (5), Hi(5).TOFORGl. P1(5). DDCAQ1O, DI(5).
6L1 (8).HI (6), TOFORG2. P1(6), DDCAO2O. Dl(6),
7L1(l), Hl(l),DCAP. Dl~l).
SLl(4),Hl(4),DCAGD1(4).
9LSB, HSB. ESB)

C
C PRINT OUT RESULTS FOR SPIRAL BEVEL UNIT
C
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CALL SPDVOT(PD, PHE4 PHSI, SPR. F AO, SI. SOS, ROT, TI, TS, THETA,
1lNP , GAMMA, DP, RPD. AOP-# BOP, P ITCH*
2PXP, PYP, PZP, TOTFOR, DCAP, CASEP. AP. DP,
3R1XP, R1YP, RIZP. TOFORPI. BDCAPIO.
4R2XP, R2YP, R2ZP. TOFORP2. DDCAP2O,
5NO. ZZ. DO ROD.AOGOG 0,
6PXO. PYG. PZO, TOTFOR. DCAG. CASEG. AG. DO.
7RlXG, RIVO RIZG, TOFORGI. DDCAG1O,
BR2XG, R2YO. R2Z~o.TOFORG2, BDCAG20,
9Dl, P1,Li, Hi.El)

C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS
C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCACISTEP. NCOMP,MGP,NS,NPS,NPR,NRPHISI.PHIRl.
IRS, RPS. RPR, RR CD, A. V. PD.N. ED.FTT,
2BISM. PS, ES, WDSM, fiRM, PR, ER, WDRM.
3T09. TOFSOS, SOF. CS. LS.FS, CR. LR, FR. ADi.ALl. AHI AEI,
4LPLAN, HPLAN. EPLAN)

C
C PRINT OUT RESULTS FOR THE PLANETARY UNIT
C

CALL PLANOT(ISTEP. N.Y. CD. FDNS. PDS.PHIS. WDSM, BlSMFS,
INR.PDR.PHIRWDRM. fiRM. FRNP, NPS.NPR. TOS, TOF. SOS, SOF. FTT.
2ADI. API. ALl. AHi,AEI)

C
C DEFINE TRANSMISSION LIFE ARRAYS
C

DO 8 IE-1.6
ZEI(IE)-EI(IE)

8 ZLi(IE)=L1(IE)
DO 9 IEmi. ISTEP

ZEI (IE+6)=AEi CIE)
9 ZL1CIE+6)=ALI(IE)

CALL LIFE(ZL1. INCOMP. ZEl, ZNCOMP. LTRANS. ETRANS)
HTRANS-LTRANS* 16866. 667/SOF

C
C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY

DMIN-Di(1)
* DO 21 1-2,6

21 IF(D1CI).LT.DMIN)DMIN-DIl)
DELTATOm. 15*DMIN
DELTATI-DELTATO/MGS/MG
DTO-O. 0
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DTI=O. 0
DO 22 1-1, 10

DTI=DTI+DELTATI
DTO-DTO+DELTATO
DYN( I)-DTO

CALL SPBYCAC
lDTI, DTO. SI. SOF, MO. MOSNP, NO.
2A0. QAMMAl. ROT, SPR. PHEl, PHSI11 ZZl.
3PTL, AP, BP, RP, OTL, AG, BO. RO.
41TYPEP1, RFP1, NBPIDPI. ACPI, BDCAP1, AKI. El(2).,ADJP1,
5ITYPEP2. RFP2, NBP2I DP2. ACP2,BDCAP21 AK2. El(3). ADJP2,
6ITYPEOI. RFGl.NBGl. DGl.ACGl. BDCAl, AK3 El (5), ADJ~lo
7ITYPEG2, RFO2. NDO2. DG2.ACO2.BDCAG2. AK4, EI(6). ADJG2,
SF. E.PG El~i), RPD. ROD,
9PXP. PYP. PZP, TOTFOR. PXO. PYG. PZG, TOTFOR,
1RlXP.RlYPRlZP,R2XPR2YPR2ZP.
2RlXO RIVO. RIZO.R2XG, R2YO. R2ZG,
3L1(2) Hi (2), TOFORPI. P1(2). DDCAPlO. Dl(2),
4L1 (3) Hi (3), TOFORP2, P1(3). BDCAP2O. D1(3).
5Ll(5),Hl(5), TOFORGl.Pl(5),BDCAGlO.Dl(5),
6L1(6). HI(6). TOFORG2. P1(6). BDCAG2O. Dl(6),
7L1(l).Hl(l),DCAP.Dl(l).
SLI(4), Hl(4), DCAO. Dl(4),
9LI(I), DUMB. DUMB)

22 CONTINUE
CALL CAP(DYN. LI.10. DSB.PSP)

C

'SC START COUNTER FOR LOADS BETWEEEN 15 AND 150 PERCENT OF DYNAMIC
'SC CAPACITY

C
ADMIN-ADI (1)
DO 23 1=2. ISTEP

23 IF(AD1(l).LT.ADMIN)ADMIN=AD1(I)
DELTATO=. 15*ADMIN

'S DELTATOS=DELTATO /MGS
DTO-0. 0
DTOS-0. 0

DO 24 I=1. 10
DTOS-DTOS+DELTATOS
DTO=DTO-*DELTATO

'S DYN( I)=DTO
CALL PLANCA(ISTEPD NCOMP. MOP.NS. NPS. NPR. NR. PHISI. PHIRI,
IRS. RPS, RPR. RR. CE, A. V.PS.N. ES.FTT,
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2BlSN. PS, ES, WDSM,.BlRM, PR, ER, WDRM,
3DTOS, DTO. SOS, SOF, CS, LS. F'S, CR, LR, FR, ADI. ALl, AH1. AEI, ALI (I), DUMB,

24 4DUMB)
24 CONTINUE

CALL CAP (DYN, ALl. 10.DPLAN, PPLAN)

C START COUNTER FOR LOADS DETWEEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

N IF(ADIIN. LT. DMIN)DMIN=ADMIN
DELTATO=. l5*DMIN
DELTATOS-DELTATO/MGS
DELTATI =DELTATOS/MO
DTI=0. 0
DTOS=0. 0
DTO-0.0
DO 20 I=1. 10

DTI=DTI+DELTATI
DTDS=DTOS.DELTATOS
DTO=DTO+DELTATO
DYN(I )=DTO

C
C
C

CALL SPBYCA(
1DTI DTO, SI. SOFAMG. MOB.NP, NO,
2A0. QAMMAl. ROT, SPR. PHEl, PHSI1. ZZ1.
3PTL. AP, BP, RP, GTL. AG. DORG.
41TYPEPI, RFPI, NBP1. DPI, ACPI, BDCAP1, AK1. E1(2), ADJPI,
51TYPEP2, RFP2, NBP2, DP2, ACP2, BDCAP2, AK2. El(3), ADJP2,
61TYPEG1, RFGI, NBGI, DGIACG1, BDCAGI, AK3, El(5).ADJG1,
7ITYPEG2, RFG2, NDQ2, DG2.ACG2, DDCAG2. AK4. El (6). ADJG2,
8F. E,PG. El It).RPD, ROD,
9PXP, PYP. PZP, TOTFOR. PXQ. PYG, PZG. TOTFOR.
IRlXP, R1YP, RlZP, R2XP, R2YP, R2ZP,
2RlXQ. RiVO. RIZO.R2XQ. R2YO. R2ZG,
3L1(2) Hi (2), TOFORPI. P1(2). BDCAPlO. Dl(2).
4L1 (3). HI (3), TOFORP2. P1(3), DDCAP2O. Dl(3),
5LI(5),HI(5),TOFORGl,Pl(5),BDCAGlO,Dl(5),
6L1 (6). Hi(6), TOFORG2. P1(6). BDCAG2O, Dl(6),
7L1(1),Hl(l),DCAP,DIl1).
8LI(4),HL(4),DCAG,D1(4),
9LI(I), DUMB. DUMB)
CALL PLANCA(ISTEPD NCOMP. MOP. NB,NPS. NPR, NR. PHIS1.PHIR1.

IRS, RPS, RPR, RR, CD.A. V.PB. N. ED.FTT.
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2B1SM, PS. ES.WDSMI RM.PR. ER.WDRM,
3DTOS, DTO, SOS. SOIF.CS, LSFS CR. LR.FR. ADI.ALl, AHI. AEI. ALl (I).DUMB.
4DUMB)
DO 12 IE-1,6

12 ZL1CIE)-L1(IE)
p. DO 13 IE-I. ISTEP

13 ZL1(IE+6)-ALL(IE)
CALL LIFE(ZL1. INCOMP. ZEl. ZNCOMP. ZLI(I). DUMB)

20 CONTINUE
CALL CAP (DYN, ZLI. 105 DTRANS. PTRANS)

1220 FORMAT(' TOTAL TRANSMISSION'/)
1221 FORMAT(' SPIRAL BEVEL UNIT'/)
1222 FORMAT(' PLANETARY UNIT'/)

WRITE(i. 1221)
CALL DPLHE(DSD. PSP. LSD. HSB. ESS)
WRITE(1, 1222)
CALL DPLHE(DPLAN. PPLAN. LPLANF HPLAN. EPLAN)
WRITE(i. 1220)
CALL DPLHE(CDTRANS. PTRANS. LTRANSI HTRANS. ETRANS)
STOP
END

SUBROUTINE SBPLPL
INTEGER CASEP. CASEG, PTL. OTL. BISTEP
REAL NP, NO.NBP1.NBP2. NBO1.NBO2. MG.LSB
REAL Ll(6). DI(8).E1(8). HI(6),P1(6),DYN(10).LI(10)
REAL NS. NPS. NPR. NR, N.LS. LR. LPLAN

NJ REAL NCOMP(5)I ADI(5). API(5). ALl(S). AH1(5)AE1(5). ALI(10)
REAL MGS,MGPA.MOPB.ZNCOMP(16),ZE1(16). ZLI(16).LTRANS.ZLI(10)
REAL BNCOMP(5).BD1 (5), DPi(S).BLI (5). DH1 (5), DEl(S).DLX (10)

NN'101 FORMAT('WHAT IS THE INPUT TORQUE OF THE TRANSMISSION')
102 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(i. 101)
READ(1. *)TI

N, WRITE(i. 102)
READC 1. 1)S

C
C READ IN VALUES OF THE SPIRAL BEVEL UNIT
C

CALL SPBVIN(NPNC, AO,PHEF,PHSI,ROTSPR. THETA.EE1(1),PG,
IPHEl. PHSI1, THETAl. CASEP. PTL. AP. BP.ITYPEPI. NBP1, DPi, ACP1. MU.
2DDCAPI. RFPI. El(2). ITVPEP2. NBP2, DP2, ACP2. AK2, BDCAP2. RFP2. El (3),
3CASEO. OTL. AC,BDO.ITYPEG1.NBG1.DG1,ACG1.AK3. DDCAGI.RFO1.El(S),
4ITYPEG2. NBG2, D02.ACO2. AK4, DDCAG2I RFG2,El (6). MO. AMMAl. GAMMA. ZZ.
5ZZ1, DP, DO.RPD RP. ROD. RG,H1K,AOG. AOP. MT.BOO, BOP. PITCH.
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6ADJ)PI1 ADJP2, ADJOI., ADJG2)
C
C

El (4)-El Cl)
P1 (l)-PG

IP P1 (4) -PG
C
C CALCULATE OUTPUT TORQUE AND SPEED OF SPIRAL BEVEL UNIT
C

TOS-TI*MG
SOS-SI 1MG

C
C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANINCD.A. V. ED5 PD N.NCOMP, PDS, PDR. NS. PHIS. PHISl.
IPHIRPHIRIoWDSMESPS, DlSM. ISTEP,NPSNPRNRWDRM.ER. PR, BIRM*
2RPR, RPSRR, RS)
AP1(1)-PB
AP1(2)-PS
AP1(3)-PR
API (4)PS
API(5)-PR

C
*C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT

C
TOPA-TOS*(1. +(RR*RPS)/(RS*RPR))
SOPA-SOS/( 1. 4(RR4RPS) /(RS*RPR))

C
C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANIN(DCD. BA5 DV.BED.BPBD BN.BNCOMP, BPDS, BPDR. BNS. BPHIS,
IBPHISI. BPHIR. IPHIRi. DWDSM. DES. BPS. BBISM, BISTEP. BNPS,
2DNPR, DNR. BWDRM, DER. DPR. DBRM. BRPR. DRPS. BRR. BRS)
DPI Cl)-DPB
BP1(2)-BPS
BPIC3)-BPR
DP 1(4)-BPS
BPl C5)-BPR

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
C

TOF-TOPA*( 1. (BRR*BRPS)/(BRS*BRPR))
SOF=SOPA/ C .+( BRR*BRPS)/ (BRS*BRPR))
MGPA-CI. +(DRR*BRPS)/(BRS*BRPR))
MGS-l. +(RR*RPS)/(RS*RPR) )*MQPA
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I NComp-6+rISTEP+ I STEP
DO 5 IN-l,6

5 ZNCOMP(IN)-l.O
Do 6 rN-i, ISTEP

6 ZNCOMP(IN+6)=NCOMP(IN)
I X6+ISTEP
DO 77 IN=iBXSTEP

77 ZNCOMP(IN+IX)-BNCOMP(IN)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

CALL SPBYCA(
ITI. TOF~, SOF, MG MOS, NP. NG,
2A0. GAMMAl, ROT, SPR. PHEl. PHSI1, ZZi.
3PTL, AP, BPDRP. GTL, AG, 9G.RG,
41TYPEPi, RFPI, NBPI.DPi. ACPI. DDCAPI, AKI, El(2). ADJPi.

* S~ITYPEP2. RFP2. NDP2. DP2. ACP2, BDCAP2, AK2. El(3). ADJP2*
6ITYPEG1,RFG1,NBG1,DG1.ACG1,BDCAG1,AK3,El(5),ADJGI
71TYPEG2. RFG2, NBG2, DG2. ACG2. BDCAG2. AK4. El(6). ADJG2.
SF, E,PG, El (1),RPD, RGD,
9PXP, PYP, PZP. TOTFOR. PXG, PYG. PZG, TOTFOR.
IRIXP. RIYP, RiZP, R2XP. R2YP. R2ZP,
2RIXG, RlYG, RiZG,R2XG, R2YG. R2ZG,
3Li (2), Hi(2)D FORPi, P1(2). BDCAPlO. Dl(2),
4Li (3). Hi(3), TOFORP2, P1(3). DDCAP2O, Di(3).
5LI(5), Hi(5).TOFORGi. P1(5), BDCAGiO. Dl(5),
bLI (6), Hi(6). TOFORG2. P1(6), DDCAG2O. Di(6),
7L (1 ),Hi (1).DCAP. D (1),
8Ll(4),Hi(4),DCAG.Di(4),
9LSD, HSB. ESB)

C
C PRINT OUT RESULTS FOR SPIRAL BEVEL UNIT
C

CALL SPBVOT(PD. PHE. PHSI. SPR. F.AO.SI. SOS, ROT. TI. TOS. THETA,
INP, GAMMA. DP. RPD. AOP. BOP. PITCH,
2PXP, PYP. PZP. TOTFOR. DCAP. CASE-P.AP. BP.
3R 1XP, R1IYPD R1IZP, TOFORPI1, BDCAP 10,

* 4R2XP. R2YP. R2ZP. TOFORP2. BDCAP2O.
5N~oZZ. DG. ROD.AOG. BOG.
6PXO. PYG. PZG. TOTFOR. DCAG. CASEG. AG, BG.
7RIXG. RIYQ. RIZQ.TOFORGI. BDCAGlO.
8R2X0. R2YG. R2ZG. TOFDRG2. BDCAG2O.
9D1 P1.Li. Hi, El)
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C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS
C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCA(ISTEPNCOMP,MPA,NS,NPS,NPR,NR,PHIS1,PHIR1,
IRS. RPS, RPR, RR. CD.A. V.P1. N. ED.FTT,
29 1GM.PS, ES. WDSM BIRM. P. ER. WDRM,
3T05, TOF, SOS. SOF. CS. LS. F'SCR. LR.FR. ADI. ALl.AHI. AE1,
4LPLAN, HPLAND EPLAN)

C
C PRINT OUT RESULTS FOR THE PLANETARY UNIT
C

CALL PLANOTC ISTEP. N. V. CD, FDNS.PDS. PHIS, WDSM. BiSM. FS,
lNRPDRPHIR,WDRMDIlRMFRNPNPSNPR. TOSTOF. SOSSOF.FTT,
2AD1, API. ALl, AHI.AEl)

*C
* C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS

C CALCULATE LIFE OF PLANETARY UNIT
* C

CALL PLANCA(BISTEP. BNCOMPMQPB, BNS. BNPS. SNPR. BNR,
IBPHISI, BPHIR1, BRS. BRPSD BRPR. DRR, BCB. BA, BY.BPB. BNsBED.
2BFTTB99 1M. BPS. DES.BWDSM. BBIRM. BPR. BER, BWDRM,
3TOPA, TOF. SOPA. SOF. BCS, BLS. BFS. 9CR. DLR, BFR. BD1. BLI.DH1 DEl.
4BLPLAN, BHPLAN, BEPLAN)

C
* C PRINT OUT RESULTS FOR THE PLANETARY UNIT

C
* ~CALL PLANOT(BISTEP. BN BY, BCB. BFD. BNS. BPDS. SPHIS, DWDSM,

1BBltM, FSD DNR.BPDR. DPHIRD BWDRMD EDIRM. BFR. BNP. BNPS. BNPR,
2TOPA.TOFSOPA. SOF. BFTT. BDl. DPI. LI, DHl. EI)

C
C DEFINE TRANSMISSION LIFE ARRAYS
C

DO 8 IE-1,6
V ZE1CIE)=E1(IE)

8 ZL1CIE)=Ll(IE)
DO 9 IE=1. ISTEP

ZE1(IE+6)=AE1(IE)
*9 ZLI(IE+6)=ALI(IE)

DO 99 IE-1.BISTEP
ZE ( IE.6+ISTEP)=BE ( IE)

K; 99 ZL1(IE+6+ISTEP)-BL1(IE)
CALL LIFE(ZLl. INCOMP. ZEI. ZNCOMPLTRANS. ETRANS)
HTRANS-LTRANS*16666. 687/SOF

~ C
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C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY

DMIN-D1 (1)
DO 21 1-2,6

21 IFCDl(l.LT.DMIN)DMIN-Dl(I)
DELTATO=.15*DMIN
DELTAT I DELTATO/MQS/MQ
DTO0. 0
DTI0. 0
DO 22 1-1,10

DT I DT I+DELTAT I
DTO-DTO+DELTATO
DYN(I)=DTO

CALL SPDVCA(
1DTI, DTO. SI, SOF, MO.Gs, NP, NO,
2A0, GAMMAl. ROT. SPR. PHEI. PHSII. ZZI.
3PTL, AP, DP, RP, QTL, AG, BO RG,
4ITYPEP1, RFPI, NBP1, DPI, ACP1. BDCAP1. AKi, El(2), ADJP1.
5ITYPEP2. RFP2, NBP2J DP2. ACP2, BDCAP2. AK2, El(3), ADJP2,
61TYPEGI,RFGl,NBGl. DGl,ACGl,BDCAGl,AK3,El(5),ADJGl.
71TYPEQ2, RFG2. NBG2, DG2.ACQ2.BDCAO2, AK4, El(6), ADJl.
SF, E.PG, El (1),RPD, RGD,
9PXP. PYP, PZP, TOTFOR1 PXG. PYGPZG5 TOTFOR.
IRlXP, RLYP. RIZP. R2XP, R2YP. R2ZP.
2RIXG, RIYC RlZG, R2XG, R2YO. R2ZG,
3Ll(2),Hl(2),TOFORP1,P1(2),BDCAPlO.Dl(2),
4Ll(3).'Hl(3), TOFORP2,Pl(3),BDCAP2O,Dl(3),

* ~5Ll(5). Hi(5).TOFORGl. PI(5). DDCAGlO. Dl(5),
6Ll (6) Hi (6), TOFORG2. P1(6). DDCAG20. DI(6).
7Ll(i),Hl(l),DCAP. Di 1)-
8Ll(4),Hi(4)pDCAG,D1(4).
9L1(I). DUMB. DUMB)

22 CONTINUE
CALL CAP(DYN,LI,10,DSB,PSP)

C
C
C
C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC

C CAPACITY
C

ADMIN-ADIl)
DO 23 1=2, ISTEP

23 IF(ADI(I).LT.ADMIN)ADMIN-ADI(l)
DELTATO-. 15*ADMIN
DELTATOS=DELTATO /MQS
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bC. DTO-0. 0
DTOS-0. 0

DO 24 1-1, 10
- '--:DTOS-DTOS+DELTATOS

DTO-DTO+DELTATO
DYN( I)=DTO

CALL PLANCA(ISTEP, NCOMP. MGPA. NS.NPS. NPR. NR.PHIS1.PHIR1.
IRS. RPS, RPR, RR. CD, AV.PB. N. ED.FTT.
23151, PS. ES.WDSM. DIRM. PR, ER. WDRM,

* - 3DTOS, DTO. SOS, SOF, CS, LS, FS, CR. LR.FR, ADI. ALl. AHI.AEl. ALl(I), DUMB.
4DUMB)

24 CONTINUE
CALL CAP(DYN, ALl, 10, DPLAN, PPLAN)

C
C
C
C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

BDMIN-BD1 (1)
DO 30 X-2,BISTEP

30 IF(BD1CI).LT.BDMIN)BDMIN-BD1(I)
DELTATO=. 15*BDMIN
DELTATOS-DELTATO /MGPA

* DTO=0. 0
DTOS=0. 0

DO 31 1=1, 10
DTOS-DTOS+DELTATOS
DTD=DTO+DELTATO
DYN(lI)-DTO

CALL PLANCA(BISTEP, ENCOMP MGPE, ENS. DNPS. INPR, BNR. EPHISI,
IBPHIRI, BRS. BRPS. BRPR. ERR. BCE.BA, DV, BPB. EN.BED. BFTT,
299 1911.BPS, DES, BWDSM. DBIRM. BPR. BER. BWDRM,
3DTOS. DTO, SOPA, SOF, BCS, ELS. BFS. 9CR. DLRBTFR,
49D1. ELi, EHIBEl.BLI(I ).DUMB, DUMB)

31 CONTINUE
CALL CAP(DYN. DLI.10. EDPLAN. EPPLAN)

C
C START COUNTER FOR LOADS BETWEEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

IF(ADMIN. LT. DMIN)DMIN-ADMIN
IF(BDMIN. LT. DMIN)DMIN=BDMIN

DELTATO-. 15*DMIN
DELTATOP=DELTATO/MGPA
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DELTATOS-DELTATO /MGS
DELTAT I-DEL TATOS/MO
DTI-0. 0
DTOS-0. 0
DTOPA-0. 0
DTO-0. 0
DO 20 1=i, 10

DT I DT I+DELTAT I
DTOS-DTOS+DELTATOS
DTOPA=DTOPA+DELTATOP
DTO=DTO+DELTATO
DYN( I )DTO

C
C

CALL SPDVCA(
1DTI. DTO. SI. SOF, MO,MGIS.NP, NO.
2A0. QAMMAl, ROT. SPR, PHEl. PHSI1. ZZ1.
3PTL, AP, BP, RP, QTL. AO. DODRB.
41TYPEPl, RFPI. NBP1, DPi. ACP1. DDCAP1. AK1, EI(2), ADJil
51TYPEP2I RFP2. NDP2. DP2,ACP2. BDCAP2, AK2, E1C3), ADJP2s
61TYPEO1I,RFGI,NBGI,DGI,AC~l,BDCAGl.AK3,EIc5),ADJB1.
7ITYPEO2. RFG2. N902, DG2.ACG2.BDCAG2. AK4 El (6). ADJG2
SF. E.P0. El (1).RPD, ROD.
9PXPJ PYP. PZP. TOTFOR. PXB, PVC.PZO, TOTFOR,
IRIXP. RIYP. RlZP.R2XP. R2YP, R2ZP,
2RlXB. RIVO. RIZO.R2XO.R2YB, R2ZGB.
3L1 (2). Hi(2). TOFORPi. P1(2). BDCAPlO, Dl (2),
4L1(3).H1(3), TOFORP2,Pl(3),DDCAP2O.Di(3).
5L1(5).Hi(5).TOFORG1,P1(5),DDCAGOiODL(5),
6L1(6). Hl(6). TOFORO2. P1(6). DDCAG2O, D1(6),
7LI(i),Hl(1),DCAP,D1(l),
BLI(4). H1(4), DCAO, D1C4),
9LI(I). DUMB. DUMB)
CALL PLANCA(ISTEP,NCOMPMGPA.NS.NPS.NPR.NR.PHISI.PHIR1.

IRS. RPS. RPR. RR, CD,A. V.PB. N.ED. FTT,
2DISM. PS.ES. WDSM. BIRM.PR, ER.WDRM*
3DTOS.DTOSOSSOFCS.LSFS. CR.LRFR.AD1. ALi.AMi.AEi.ALICI),
4DUMB. DUMB)
CALL PLANCADBISTEP. DNCOMP. MGPD. NS. DNPS. DNPR.DNR, BPHIS1.
IDPHIR1. DRS, DRPS. DRPR. DRR. BCD.BA BY, DPD. DN.BED. DFTT.
2BBISM. BPS. DES, BWDSM. BBiRM. BPR. DER. DWDRM,
3DTOPA, DTO. SOPA. SOF. BCS, BLS. BFS. BCR. BLR. DFR. BD1. BLI.
4BHI. DEl. LI(I). DUMB, DUMB)
DO 12 IE-1,6
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12 ZL1(IE)-Ll1IE)
DO 13 XE-i. ISTEP

13 ZL1(IE+&)-AL1(IE)
DO 14 IE-i. BISTEP

14 ZL1(IE.6+ISTEP)-BL1(IE)
CALL LIFE(ZL1. INCOIP.ZEI.ZNCO#PZLIUl),DUMD)

20 CONTINUE
CALL CAP(DYN. ZLI. 10. DTRANS. PTRANS)

1220 FORMAT(' TOTAL TRANSMISSION'/)
1221 FORMAT(' SPIRAL BEVEL UNIT'/)
1222 FORMAT(' PLANETARY UNIT'/)

WRITE(i, 1221)
CALL DPLHE(DS3.P9P.LSD,HSU.ESU)
WRITE(1. 1222)
CALL DPLHE(DPLAN. PPLAN. LPLAN. HPLAN. EPLAN)
WRITE(1. 1222)
CALL DPLHE(DDPLAN. DPPLAN. DLPLAN. DHPLAN. DEPLAN)
WRITE(i. 1220)
CALL DPLHE(DTRANS. PTRANS. LTRANS. HTRANS. ETRANS)
STOP
END
SUBROUTINE DPBV
INTEGER CASEP. CASEG. PTL. GTL.
REAL NP.NO.NDP1.NDP2*NDG1.N302,MG.MG1LSB
REAL LI (9). Dl(9). El (9). HI(9). P1(9). DYN( 10). LI (10)

101 FORMAT('WHAT IS THE INPUT TORQUE OF THE RIGHT PINION')
102 FORMAT('WHAT IS THE INPUT TORQUE OF THE LEFT PINION')
103 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITECI. 101)
READ( I.*)TIR
WRITE(i, 102)
READ(1. *)TIL
WRITE(l. 102)
READ(1, *)SI

C
* C INPUT SPIRAL BEVEL GEAR GEOMETRY

C
CALL DPIVIN(NP,NG,AO,PHE,FPHSIROTSPRTHETAEE(1).PG,
lPHEIPHSI1.THETAl,CASEP,PTL.APDP, ITYPEP1.NBP1,DP1.ACP1.AK1.
2BDCAP1. RFP1, El (2). ITYPEP2. NBP2, DP2. ACP2. AK2, BDCAP2, RFP2, E1(3),
3CASEQ.GTL.AG.Bo. ITYPEGINBG1.DG1,ACGl.AK3,BDCAGIRFGI1.E1(5),
41TYPEG2, NBG2D DG2. ACG2. AK4. BDCAG2, RFO2, El(6). MG. QAMMAl. GAMMA. ZZI
5ZZ1, DP. DO.RPD. RP.RGD. RO. H',AOG.AOP HT. DG. OP, PD,
6ADJPl. ADJP2, ADJGl. ADJG2. ZIP)

C
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*El (4)-EIl )
El (7)-El (1)
El (8)-El (2)
P1(l)-PG(3

P 1(4)-PG
P 1 (7) =PG;

C
C CALCULATE OUTPUT TORQUE AND SPEED OF TRANSMISSION
c

TOF-TIR*MO+T IL*MG
SOF-SI/MG
Motmi. 0

C
C CALCULATE LIVES AND DYNAMIC CAPACITIES OF SPIRAL BEVEL
C COMPONENTS AND LIFE OF THE TRANSMISSION

CALL DPDVCA(
iTIR. TIL, TOF SI, SOF. MO.MOI, NP, NO.
2AQOAMMAl.ROT, SPR. PHEI1 PHSX1, ZZI, ZIP,
3PTL, AP , BP,. RP, OTL, AG, DO. RO.
4ITYPEPI, RFPI1 NDP1.DPI. ACPI, DDCAPI.AKI, El(2). ADJPI,
51TYPEP2. RFP2, NBP2. DP2. ACP2. DDCAP2, AK2. El(3). ADJP2,
61TYPEOI. RFGl. NBG DGl. ACGl.BDCAQI.AK3. El(5), ADJGI,
71TYPEG2I RFG2I NDG2. D02ACG2.DDCAO2. AK4 El (6). AD%02,
19F. E, PG, El 1), RPD, ROD.
9PXPR, PYPRI PZPR, TOTFORR. PXQR. PYCR.PZOR. TOTFORGE.
9PXPL. PYPL, PZPL. TOTFORL. PXQL. PYGL. PZQ;LJTOTFORGE.
1RlXPR,RlYPR,RlZPR.R2XPR.R2YPRR2ZPR,
lRlXPL, RIYPL. RlZPL. R2XPL. R2YPL1 R2ZPL,
2RIXQ. RIVO.RIZO. R2XQ. R2YG. R2ZG,
3L1(2), HI (2), TOFORPIR. P1(2). DDCAPIOR, DI(2),
4L1 (3), HI (3). TOFORP2R. P1(3). BDCAP2OR. Dl(3),
5Ll (5). H1(5), TOFOR1, P 1(5), BDCAQ1O DI(5),
6L1(6),Hl(6),TFORG2,PI(6),BDCAG20,DI1(6),
7L1(1).HI(1), DCAPR. 01(1).
SLI (4),Xl (4). DCAO. DI(4).
*L1(7), HI(7). DCAPL. 01(7).
*LI(8), HI(S). TOFCORPiL. PI(S). BOCAPlOL. Dl(8).
*Ll(9),1$l(9), TOFORP2L,P1(9),BDCAPlOLDI(9),
9LSB, HSB. ESS)

C
C PRINT OUT LIVES AND DYNAMIC CAPACITIES OF COMPONENTS
C
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CALL DPBVOT(PD, PHE, PHSI, SPR. F.AO, SI, SOF, ROT, TIR. TIL, TOF,
iTHETA, NP, GAMMA. DP, RPD, AOP, SOP.
2PXPR. PYPRD PZPR, TOTFORR, DCAPRI CASEPD AP. BP,
3R1XPR.R1YPR,RIZPR,TO3FORP1R,BDCAPIOR,

A 4R2XPR, R2YPR, R2ZPR, TOFORP2R, SDCAP2OR,
2PXPLD PYPL, PZPL, TOTFORL. DCAPL. CASEP, AP, BP,
3RiXPL. RIYPL. RlZPL, TOFORPIL, BDCAPiOL,
4R2XPL. R2YPLI R2ZPL, TOFORP2L, BDCAP2OL,
5NG. ZZ DO, ROD.AOG, DOG,
6PXGR, PYGR, PZGR. TOTFORGE, DCAG. CASEG, AG, DO,
6PXGL. PYGL, PZGLS TOTFORGE, DCAO. CASEQ, AG. BG,
7RiXG,RlYG,RIZG, TOFORGiDDCAGIO,
eR2XG. R2YG, R2ZO, TOFORG2, DDCAG2O.
9Di, P1, Li, Hi, El)

C
C ESTIMATE 10 PERCENT DYNAMIC CAPACITY OF TRANSMISSION
C

DMIN=Di Ci)
DO 10 1-2,9

10 IF(Di (I). LT. DMIN)DMIN=DI (I)
DELTATO-. i*DMIN
DELTATI=0. 5*DELTATO/MG
DTIR-0.0
DTIL=0.0
DTO=0. 0

C
C START COUNTER FOR DYNAMIC CAPACITIES BETWEEN 10 AND 100 PERCENT
C OF TRANSMISSION DYNAMIC CAPACITY
C

DO 20 1=1,10
DTIR=DTIR+DELTATI
DTIL=DTIL+DELTATI
DTO-DTO+DELTATO

DYN( I )DTO

C CALCULATE LIFE FOR EACH- DYNAMIC CAPACITY
C

CALL DPBVCA(
1DTIRJ DTIL, DTO, SI, SOF.MG MGI, NP, NO,
2A0, GAMMAI, ROT. SPRI PHEl. PHSII. ZZi, ZIP,
3PTL, AP, BP, RP, GTLI AG, BO, RG,
4ITYPEPI. RFPI, NBPi. DPi, ACPI, BDCAP1. Mi, El(2). ADJPi,
5ITYPEP2, RFP2, NDP2D DP2. ACP2, BDCAP2. AK2, El(3), ADJP2,
6ITYPEGI, RFGI. NBQI. DGI.ACGI. BDCAG AK3. El (5). ADJGI.



7ITYPEQ2. RFG2. NBG2. DG2.ACQ2, DDCAG2. AK4. E1(6). ADJG2.
8F. E.PG. EIli).RPD. ROD.
9PXPR. PYPR, PZPR. TOTFORR. PXGR.PYGR. PZQR.TOTFORGE.
9PXPL. PYPLI PZPL. TOTFORL. PXQL.PYGL. PZQL.TOTFORGE,
1R1XPR. RIYPR. R1ZPR5 R2XPR. R2YPR. R2ZPR,
1R1XPL, RIYPL. R1ZPLI R2XPL. R2YPLD R2ZPL.
2RlXG, RiO, RUZG5 R2XQ. R2YQ. R2ZQ.
3L1(2). H1(2), TOFORPIR. P1(2). BDCAPI1OR, D1(2),
4L1(3). H1(3) TOFORP2R. P1(3), DDCAP2OR. D1(3).
5L1( 5) *HI( 5). TOFORGl P1( 5). BDCAO1O D1( 5),
6L1(6). H1(6). TOFORG2DP1(6), BDCAQ2O, D1(6),
7L1(1),H1C1),DCAPRD1(l),
9Ll(4).H1(4),DCAG,D1(4),
*L1(7),H1(7),DCAPL,D1(7),
i*Ll(B).Hi(S). TOFORPIL. P1(8), DCAP1OL. Dice).
*L1(9), H1(9). TOFORP2L. P1(9), BDCAP1OL. D1(9)I
9L I(CI ).HS 1, ESD 1)

20 CONTINUE
C
C CALCULATE DYNAMIC CAPACITY AND LOAD LIFE EXPONENT FOR
C TRANSMISSION

CALL CAP(DYN,LI.10.DSBPSP)
C
C PRINT OUT LIFE AND DYNAMIC CAPACITY OF TRANSMISSION

'p C
WRITE(i. 1220)

1220 FORMAT(' TOTAL TRANSMISSION'/)
CALL DPLHE(DSDI PSP. LSB. HSB. ESD)
STOP
END

SUBROUTINE SBDBPL
INTEGER CASEP. CASEG. PTL. GTL
INTEGER CCASEPI CCASEQ. CPTL. CQTL
REAL NP, NO.NBPI. NBP2. NBGI NDQ2, MG. LSD
REAL LI(9). D1(9).E1(9),H1(9).P1(9). DYN(lO), LI(10)
REAL CNP. CNG. CNBP1. CNBP2. CNBG1, CNBG2. CMG. CLSD
REAL CLI(6).CD1(6).CEi(6),CH1(6).CP1(6).CDYN(10).CLI(10)
REAL DL1(6).DHl(6)5 DDl(6)
REAL NS. NPS. NPR. NR. N.LS, LR. LPLAN
REAL NCOMP(5). AD1(5),AP1(5),ALl(5). AH1(5),AEI(5),ALI(10)
REAL MGS.MGP,ZNCOMP(26).ZE1(26),ZL1(26).LTRANS,ZLI(1O)

101 FORMAT('WHAT IS THE INPUT TORQUE OF THE RIGHT PINION')
102 FORMAT('WHAT IS THE INPUT TORQUE OF THE LEFT PINION')
103 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')



* WRITE(l, 101)
READ(1,*)CTIR
WRITE(i. 102)
READ(l1.*)CTIL
WRITECI. 103)
READ( I.*)CSI

C
C READ IN VALUES OF THE SPIRAL BEVEL UNIT
C

CALL SPDVIN(CNP5 CNO, CAO. CPHEI CF. CPHSID CROT. CSPR. CTHETA,
ICE. CEI (I),CPQ, CPHEI. CPHSII. CTHETAI. CCASEP. CPTLD CCAP, CBP.
2CITYPEP1,CNBPl,CDPlCACP1,CAKI,CDDCAPI,CRFPICEIC2),
3CITYPEP2, CNBP2D CDP2. CACP2* CAK2. CDDCAP2D CRFP2D CEI (3).
4CCASEG. CGTLD CAG. CIG.CITYPEGI. CNDGl. CDG1. CACQI. CAK3,
SCDDCAG1, CRFG1. CEl (5), CrTYPEG2J CNBG2. CDG2. CACG2. CAK4,
6CBDCAG2I CRFO2D CEIC6), CMG, CGAAI.COAMMA. CZZ.CZZ1. CDP,
7CDQ. CRPDD CRP. CRGD. CR0.CHK, CAOO. CAOP. CHT. CBOG. CDOP, CPITCH,
BCADJPl. CADJP2, CADJGl. CADJG2)

C
C

CEl (4)-CEl (1)
CPI (1 )-CPG
CP1 (4)-CPG

C
C CALCULATE OUTPUT TORQUE AND SPEED OF SPIRAL BEVEL UNIT
C

TIR-CTIR*CMG
TIL-CTIL*CMG
SI-CS IIC MO

C
C INPUT SPIRAL BEVEL GEAR GEOMETRY
C

CALL DPBVIN(NP,NO.A0.PHEFPHSIROTSPRTHETAEE(1),PG,
IPHEl.PHSI1.THETA1,CASEP,PTL.AP,DP. ITYPEP1,NBPIDPIACPIAK1.
2BDCAP1. RFPI, El (2). ITYPEP2. NBP2. DP2. ACP2. AK2. BDCAP2, RFP2, El(3),
3CASEG,GTL,AGBG. ITYPEGl.NDGl.DGl.ACGl.AK3,BDCAGl.RFG1,El(5),
41TYPEG2. N902.DG2. ACG2.AK4. BDCAG2. RFG2 El (8), MO. AMMAl, GAMMA, ZZ,
5ZZl, DP, DO.RPDD RP. ROD. RO.HK, AOO. AOP, HT. BOG. fOP, PD,
6ADJPl. ADJP2D ADJGl, ADJG2. ZIP)

C
El (4)-El (1)
El (7)-EIl )
El (9)-El (2)
El (9) -El (3)
P1(1 )=PO
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P 1(4) -PG
P 1 (7) -PG

C
C CALCULATE OUTPUT TORQUE AND SPEED OF TRANSMISSION

TOS-TIR*MG+TIL*MG
SOS-SI/MG

C
C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANIN(CD,A,V,EDPB,N,NCOMPPDS,PDR,NS,PHISPHISl,
IPHIR,PHIRl.WDSMES,PS, BISM. ISTEP,NPS,NPRNRWDRMER.PR,BlRM,
2RPR, RPS. RR. RS)
APi (1)-PD
API (2)-PS
APIC3)-PR
API(4)-PS
API(5)-PR

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
C

TOF-TOS*(l. +(RR*RPS)/(RS*RPR))
SOF-SOS/(l. +(RR*RPS)/(RS*RPR))
MQSin(I.+(RR*RPS)/(RS*RPR))
CMGS-MGS*NG/NP
MOP-1. 0
INCOMP-21+ISTEP
DO 5 IN-1,21

5 ZNCOMP(IN)-l.O
DO 6 IN-i, ISTEP

6 ZNCOMP(IN+21)=NCOMP(IN)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

* CALL SPDVCA(
ICTIR. TOF, CSI, SOF. CMQ.CMOS. CNP. CNG,
2CAO. COAMMAI. CROT. CSPR. CPHEI. CPHSIl, CZZI,
3CPTL. CCAP. CDPUCRP. CGTL, CAG, COO.CR0.
4CITYPEPI,CRFPI,CNBPI.CDP1.CACPI,CDDCAP1.CAKICE1(2).CADJPI,
5CITYPEP2. CRFP2. CNDP2. CDP2. CACP2. CBDCAP2. CAK2. CEI (3). CADJP2,
6CITYPEGl. CRFG1. CNBGl, CDGl. CACQI. CBDCAGl. CAK3. CEl (5). CADJGI.
7CITYPEG2. CRFQ2. CNBG2. CDG2. CACG2. CDDCAG2. CAK4, CEl (6). CADJG'I
BCF. CE. CPG. CEIl),*CRPD. CRGD,
9CPXPCPYP. CPZP. CTOTFOR, CPXG. CPYQD CPZOI CTOTFOR.
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C~. 1CRIXP,CR1YPCRIZP,CR2XP,CR2YP,CR2ZP,
2CRlXG, CRiVO.CRIZO. CR2XQ. CR2YQ. CR2ZG,
3CL1(2),CHI(2). CTOFORP 1.CPI( 2). CDCAPI10.CDI( 2)
4CLI (3), CH1(3). CTOFORP2, CP1c 3), CBDCAP2O. CDI( 3),
5CL1(5),CH1C5),CTOFOROI,CP1(5),CBDCAG1,CD1(5),
6CLI (6), CMI(6),CTOFORG2. CP1(6), CDDCAG2O. CD1 (6 )
7CL1(1 ),CHI~i), CDCAP CDI(1),
SCL1(4), CM1(4), CDCAO. CD1(4),
9CLSB, CHSDICESD)

C
SC PRINT OUT RESULTS FOR SPIRAL BEVEL UNIT

C
CALL SPBVOT(CPDI CPHE. CPMSI, CSPRP CF. CAO. CSI, CSOS, CROT,
iCTIR, TIR, CTHETAD CNP. CGAMMA, CDP. CRPDD CAOP. CBOP. CPITCH,
2CPXPI CPYP, CPZP, CTOTFOR. CDCAPD CCASEPI CCAP, CBP
3CRIXPD CRIYP, CRIZPD CTOFORPi, CBDCAP1O.
4CR2XP. CR2YPD CR2ZPD CTOFORP2, CDDCAP2OD
5CNO. CZZCDO CRGD, CAOQ. CBOG,
6CPXO. CPYQ, CPZGD CTOTFOR. CDCAOI CCASEQ. CAQGCBO,
7CRlXGOCRlYGCR1Z, CTOFORQ1. CDDCAQ10D
SCR2XO. CR2YQD CR2ZQ. CTOFORG2. CDDCAG2O.
9CD1,CPICL1,CHI.CEI)

C CLUAELIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMIPONENTS
SC CALCULATE LIFE OF SPIRAL BEVEL UNIT

C
CALL SPDVCA(
ICTIL. TOF. CSI. SOF, CMQ. CMGS.CNP, CNQ.
2CAOCGAMMA1DCROTCSPRCPHE1,CPHSII.CZZ1,
3CPTL. CCAPI CIP.CRP, CQTL. CAG, CBQ.CR0.

-~ 4CITYPEPI,CRFPI,CNBPI,CDPI,CACPI,CBDCAP1,CAK,CE(2),CADJP1,
5CITYPEP2. CRFP2D CNDP2. CDP2I CACP2. CBDCAP2I CAK2.CEl (3). CADJP2,
6CITYPEO1D CRFGI. CNDO1 CDQ1, CACQI. CBDCAG1, CAK3, CEl (5), CADJOI,
7CITYPEQ2, CRFO2, CNBG2D CDG2. CACG2, CBDCAG2. CAK4CEl (6). CADJG2,
9CF. CE CPQ, CEI C ). CRPDD CROD,
9DPXP. DPYP. DPZP, DTOTFOR. DPXG. DPYQ, DPZG. DTOTFDR,
1DRlXP,DRIYP.DRIZPDR2XPDR2YPDR2ZP.
2DR1XQ. DRIYG, DRIZO. DR2XG. DR2YG, DR2ZG,
3DL1(2),DH1(2),DTOFORPICP12),DBDCAPIO,DD(2),

* 4DLI(3),DHI(3).DTOFORP2,CPI(3)DDCAP2.DDI(3).
5DLI(5). DMI(5). DTOFORG1. CP1(5). DBDCAQ1O. DD1(5),
6DL1(6),DM1(6),DTOFORQ2.CPI(6),DBDCAG2O.DD1(6),
7DL1(l),DMI(1),DDCAPDDl(1),
SDL1(4), DM1(4), DDCAGD DD(4).
9DLSD, DM93, DESD)
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C
C PRINT OUT RESULTS FOR SPIRAL BEVEL UNIT
C

C64LL SPDVOTCCPD, CPHEI CPHSI. CSPR, CF. CAO. CSI. CSOS, CROT,
ICTIL, CTOS. CTHETA, CNP. CGAMIA.CDP, CRPDI CAOP. CDOP. CPITCH,
2DPXP. DPYP. DPZP. DTOTFOR. DDCAP. CCASEP, CCAP. CBP,
3DRlXP, DRIYP, DR1ZP, DTOFORP1, DBDCAP1O.
4DR2XP, DR2YP. DR2ZPD DTOFORP2. DBDCAP2O,
5CNG. CZZD CDGCRGD, CAOQ. CBOQ,

*1 ~6DPXQ, DPYGI DPZQD DTOTFOR. DDCAGD CCASEQD CAG. CBG,
7DRlXG, DRIYO1 DRIZO. DTOFORQ1. DDDCAG1O3
8DR2XQG DR!VQ, DR2ZG. DTOFORG2. DBDCAG2O.

4 9DDI,CPlUL1,DH1,CEI)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

CALL DPBVCAC
iTIR. TIL.TOF. SI.SOF, MOMGS. NP, NO.
2A0,QAMMAI,ROT,SPRPHE1,PHSI1,ZZIZIP,
3PTL, AP, BP, RP, QTLI AG, BC, RG,
41TYPEP1. RFPI, NBP1, DPi. ACP1, BDCAPI, AKIE1(2), ADJPls
5ITYPEP2, RFP2, NDP2. DP2. ACP2. BDCAP2J AK2, El(3), ADJP2.
6ITYPEQl RFQI. NBGI. DGt.ACGi. BDCAQI, AK3, EI(5), ADJGl.
71TYPEO2. RFO2. NB02. D02ACG2. BDCAC2. AK4. El(6).ADJG2,
8F. E. PO.Eli(),RPD. ROD.
9PXPR, PYPR, PZPR, TOTFORR. PXGR. PYGR, PZORUTOTFORGE,
9PXPLS PYPL, PZPL. TOTFORL PXOL, PYGL. PZGL. TOTFORGE,
IRIXPRRlYPRR1ZPRR2XPR,R2YPR,R2ZPR,
lRlXPLRlYPL, R1ZPL, R2XPL. R2YPL, R2ZPL,
2RlXO, RlYO, RIZO,R2XQ, R2YG, R2ZG,
3L1(2),Hl(2),TOFORPlR,Pl(2),BDCAPIOR,D1(2),
4L1(3).HU(3),TOFORP2R,P1(3),BDCAP2OR,D1(3),
5L1(5),Hl(5).TOFORGI,Pl(5),BDCAGlO,Dl(5),
6L1(&). Hi(6). TOFORG2. P1(6). DDCAG2O. Dl 6).
7L1 (1), Hi l), DCAPR, DlCl),
8Li (4), Hi(4). DCAG, Dl (4).
*LlC7),H1(7),DCAPL,D1C7),
*Ll(g),HlCG),TOFORPlL,PI(9),BDCAPlOL,DI(8),
*Ll(9),Hl(9).TOFORP2L.Pl(9),BDCAPIOLD1(9),
9LSB. HSB. ESB)

C
C PRINT OUT LIVES AND DYNAMIC CAPACITIES OF COMPONENTS
C
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CALL DPDVOT(PD. PHE. PHSISPR. F, AO.SI. SOF. ROT. TIR,TIL. TOFU

ITHETA. NP. GAMMA. DP. RPD. AOPBfOP,
2PXPR. PYPR, PZPR, TOTFORR. DCAPR. CASEP. AP. BP.
3RiXPR. RlYPR, RIZPR. TOFORPIR. DDCAPIOR,
4R2XPR. R2YPR, R2ZPR. TOFORP2R. BDCAP2OR.
2PXPL. PYPLI PZPL. TOTFORL. DCAPLJ CASEP. AP. BP,
3RiXPL, R1YPL, RIZPL. TOFORPiL. DDCAPiOL.
4R2XPL. R2YPL, R2ZPL. TOFORP2L. DDCAP2OL.
5NO. ZZ. DO. ROD.AOQ, DOG.

4 ~6PXGR. PYGR. PZQR.TOTFORGE. DCAG. CASEG. AG. 8G.
6PXGL. PYGL, PZGL. TOTFORGE. OCAG. CASEG. AG. 8G,
7RIXQ. RiYQ.RiZO. TOFORGi. DDCAGiD,
9R2X0. R2YO. R2ZO. TOFORG2. BDCAG2O.
9D1. P1. Li.Hi.El)

U C
U C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS

N C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCA(ISTEP. NCOMP,MGP,NS,NPS,NPR,NR,PHISi,PHIRI,
IRS. RPS, RPRI RR. CD A. V.PB. N. ED.FTT,
2DiSM, PS. ES.WDSM. fiRM. PR. ER.WDRM,
3TOS. TOF. SOS. SOF. CS. LS.FS, CR. LR, FR. AD1, ALl. AHi. AEl
4LPLAN, HPLAN. EPLAN)

C
* C PRINT OUT RESULTS FOR THE PLANETARY UNIT

C
CALL PLANOT( ISTEP, N, V. CD.FBNS. PDSPHIS. WDSMBiSMFS.

INR,PDR,PHIR,WDRM. BIRM. FR, NP. NPS. NPR. TOS. TOF,SOS,SOF,FTT,
2ADI. APi, ALl.AHI. AEl)

C
C DEFINE TRANSMISSION LIFE ARRAYS
C

DO 50 IE-1,6
ZEl (IE)-CEl (IE)
ZE1(IE+6)inCEI(rE)
ZLi (IE)-CLi (IE)

50 ZLiUIE+6)-DLI(IE)
Do e IE-1,9

ZEI(IE+12)=El(IE)
* B ZLI(IE+12)=L1(IE)

DO 9 IE=l. ISTEP
ZE ( IE.21 )=AE ( IE)

9 ZLI(IE+21)-ALI(IE)
CALL LIFE(ZLI. INCOMP. ZEI. ZNCOMP,LTRANS,ETRANS)
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HTRANS-LTRANS* 16666. 667/SOF
C
C ESTIMATE 10 PERCENT DYNAMIC CAPACITY OF TRANSMISSION
C

CDMIN-CD1(1)
DO 51 1-2,6

51 IF(CD1(I).LT.CDMIN)CDMIN=CDI(I)
DELTATO-. 1*CDMIN
DELTAT I inQ5*NP /NG*DELTATO/MQ/MQS
DTO-0. 0
DTI-0. 0
DO 52 1-1,10

DT I DT I 4DEL TAT I
DTO=DTO+DELTATO
DYN( I )DTO

CALL SPBVCA(
1DTI, TOF, CSI. SOF, CMQ. CMGSJCNP, CNQ.
2CAO, CGAMMAl. CROT. CSPR. CPHE1. CPHSII. CZZ1.
3CPTLI CCAP. CDP, CRP, CGTL. CAG, CBQ. CRG,
4CTTYPEP1. CRFP13 CNBP1I CDP1, CACP1. CDDCAP1I CAKi. CEI (2), CAD.JP1.
5CITYPEP2. CRFP2. CNBP2. CDP2, CACP2. CBDCAP2. CAK2, CEI (3)1 CADJP2,
6CITYPEG1. CRFG1, CNBQ1, CDG1, CACGI. CBDCAGI, CAK3. CEl (5), CADJGl.
7CITYPEO2. CRFG2. CNBG2, CDG2, CACG2. CBDCAG2. CAK4. CEl(6). CADJQ2.
SCF. CE, CPG,CEl (1). CRPD, CRQD,
9CPXP, CPYPI CPZP, CTOTFOR. CPXGI CPYG, CPZG, CTOTFOR,
ICR1XP, CRIYP. CR1ZP, CR2XP, CR2YP. CR2ZP.
2CR1XG, CRIYQG CRiZO. CR2XQ. CR2YQ. CR2ZO.
3CL1(2), CHI (2), CTOFORP1. CP1(2), CBDCAP10, CDI (2),
4CLI(3),CHI(3),CTOFORP2,CP1(3),CBDCAP20,CDI(3),
5CLI(5),CHI(5),CTOFORQI,CPI(5),CBDCAGIOCDI(5),
6CL1(6),CH1(6),CTOFORG2,CP1(6),CBDCAG2O,CD1(6),
7CLl(1),CHl(l),CDCAP,CD1(1),
SCL1 (4), CHi (4), CDCAQ, CD1 (4).
9LI( I),DUMB. DUMB)

52 CONTINUE
CALL CAP(DYN. LI. 10.CDSB.CPSB)

C
C ESTIMATE 10 PERCENT DYNAMIC CAPACITY OF TRANSMISSION
C

DMIN-D1 (1)
DO 21 1=2,9

21 IF(DI(I).LT.DMIN)DMIN=D1(I)
DELTATO-. 1*DMIN
DELTATI-0. 5*DELTATO/MQ/MGS
DTIR-0. 0
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DTIL0. 0
DTO=O. 0

C
C START COUNTER FOR DYNAMIC CAPACITIES BETWEEN 10 AND 100 PERCENT
C OF TRANSMISSION DYNAMIC CAPACITY
C

DO 22 1-1, 10
DTIR-DTIR+DELTATX
DTIL=DTIL+DELTATI
DTO-DTO+DELTATO
DYN(I)-DTO

C
C CALCULATE LIFE FOR EACH DYNAMIC CAPACITY
C

CALL DPBVCA(
IDTIR. DTIL1 DTO, SI, SOF MG, MGS. NP, NG,
2A0. QAMMAI, ROT, SPR, PHEl. PHSIlIZZ1, ZIP,
3PTL, AP, BP, RP, GTL, AG, BO, RG.

- 41TYPEPI, RFP1, NBPI. DP1, ACP1, BDCAPI, AKI,El (2). ADJP1,
5ITYPEP2, RFP2D NBP2. DP2, ACP2, BDCAP2, AK2, El(3). ADJP2.
61TYPEGl, RFGl, NBGl, DGl,ACGl, BDCAGI. AK3, Ei(5). ADJGI,
71TYPEG2, RFG2S NBG2, DG2, ACG2,BDDCAG2, AK4, El(6), ADJG2s
SF, E.PG. El l), RPDI ROD,pI. 9PXPR, PYPRI PZPR, TOTFORR. PXGR, PYGR. PZGR, TOTFORGE.
9PXPL, PYPLJ PZPLJ TOTFORL. PXGL, PYGL, PZGL. TOTFORGE,

lRlXPR. RlYPR, RIZPR, R2XPR, R2YPR, R2ZPR,
lRlXPL. RlYPL, RlZPL, R2XPL. R2YPL, R2ZPL,
2RIXG, RIYG. RiZO.R2XG. R2YG, R2ZG,
3L1 (2), Hi(2), TOFORPiR. P1(2), BDCAPIOR. Dl(2),
4L1(3),H1(3),TOFORP2R,Pl(3),BDCAP2OR,D1(3),
5L1(5),Hi(5), TOFORGi,Pl(5). BDCAGiO. Dl(5),
6Ll(6), HI(6), TOFORG2. Pl(6), BDCAG2O. Dl(6).
7Ll Ci),Hi Cl), DCAPR, Dl Cl),
BLiC4).Hi(4),DCAG,Di(4),
*Ll(7),Hl(7),DCAPL,Dl(7),
*Ll(e), HI (9).TOFORPiL. P1(S). BDCAPlOL. Dl(S).
*LI(9),Hl(9),TOFORP2L,PI(9),BDCAPlOL,DI(9),
9LIC1).DUPID.DUMB)

22 CONTINUE
CALL CAP(DYN, LI. 10.DSB,PSP)

-~ C
C
C
C START COUNTER FOR LOADS BETWEEEN 15 AND 100 PERCENT OF DYNAMIC
C CAPACITY
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C
ADMIN-ADi Cl)
DO 23 I-2,ISTEP

23 IF(ADl(I). LT. ADMN)ADMINAD1(1)
DELTATO-. 1*ADMIN
DELTATOS-DELTATO/MGS
DTO-O. 0
DTOS-O. 0

DO 24 1-1, 10
DTOS=DTOS+DELTATOS
DTO-DTO+DELTATO
DYNC I )DTO

CALL PLANCA(ISTEP,NCOMPMQP,NS,NPS,NPR,NR,PHISI,PHIRI,
IRS. RPSI RPRI RR, CD,A. V. PD. N. EDFTT,
2DISM, PS.ES. WDSM. BIRM, PR. ER.WDRM.
3DTOS, DTO.SOS. SOF, CS. LS. FS.CR. LR.FR. ADI.ALl. AHI.AEl.ALICI), DUMB,
4DUMD)

24 CONTINUE
CALL CAPCDYN. AL!.10. DPLAN. PPLAN)

C
C START COUNTER FOR LOADS DETWEEN 15 AND 150 PERCENT OF DyNAmIC

*C CAPACITY
C

IF(ADM IN. LT. DMIN)DMIN-ADMIN
IF(CDMIN. LT. DMIN)DMIN-CDMIN

DELTATO-. l*DMIN
DELTATOS-DELTATO/MGS
DELTATIR=DELTATOS/MQ/2.
DELTATIL=DELTATOS/MQ/2.
CDELTI=DELTATIR*CNP/CNG
CTI=0.0
DTIR-O. 0
DTIL-0. 0
DTOS=0. 0
DTO-0. 0
DO 20 1-1, 10

CTI-CTI+CDELTI
DTIR-DTIR+DELTATIR
DTIL-DTIL+DELTATIL
DTOS=DTOS+DELTATOS
DTO-DT0+DELTATO
DYN( I )DTO

C
C
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C
CALL SPBVCA(

ICTI. DTO. CS!, SOFCM40CMGS. CNP, CNG.
2CAO. CGAMMAI. CROT, CSPR. CPHEI, CPHSI1. CZZ',
3CPTL. CCAP, CDP, CRP, CGTL, CAG. CBG, CR0.
4CITYPEPI,CRFP1,CNBP1,CDPI,CACPI,CBDCAPI,CAKICEI(2),CADJPI,
5CITYPEP2. CRFP2, CNDP2. CDP2, CACP2,CBDCAP2I CAK2. CEI (3). CADJP2.
&CITYPEGl. CRFG1. CNDGl. CDG1.CACGi. CBDCAGl, CAK3. CEl (5). CADJGl.
7CITYPEG2, CRFQ2. CNDG2. CDQ2.CACG2. CBDCAG2. CAK4. CEIC6). CADJG2,
8CF. CE. CPO,CEl (1). CRPD. CRGD.
9CPXP. CPYP. CPZP, CTOTFOR. CPXO. CPYQ, CPZG, CTOTFOR,
1CRlXP. CR1YP.CR1ZP. CR2XP, CR2YP, CR2ZP.
2CR IXO.CR1YQ. CRiZO. CR2XQ, CR2YQ. CR2ZG.
3CLl (2). CHi(2). CTOFORPI. CPI (2), CDDCAPlO. CDl (2),
4CLI(3),CHIC3),CTOFORP2,CPI(3),CBDCAP2,CDI(3),
5CLl(5),CHI(5),CTOFORGI#CPI(5),CBDCAIO, CDt(5).
6CL1(6),CHI(6),CTOFORG2,CP1cg),CBDCAG20,CD1(6),
7CL1C1). CH1CI).CDCAP.CD1(1)o
SCLI (4). CHI (4), CDCAG. CD1 (4).
9DUMD. DUMB. DUMB)

C
CALL DPBVCA(
1DTIR. DTIL. DTO, SI. SOF M~O.MGS. NP, NO,
2A0.QAMMAlROTSPRPHEIPHSIIZZ1,ZIP,
3PTL, AP, BP, RP. OTLIAG. DORO,
41TYPEPI. RFPl NDPl, DPliACP1, BDCAPl. MU, El(2). ADJP1,
51TVPEP2D RFP2, NBP2. DP2. ACP2. BDCAP2, AK2. El (3). ADJP2,
61TYPEGl. RFGl. NBG1, 001.AC~l. DCAGI, AK3, El (5).ADJGl.
71TYPEG2, RFG2. NBG2,DG2.ACG2, BDCAG2, AK4, El(6), ADJG2
eF, E,PG. El(l), RPD. ROD.
9PXPR, PYPR, PZPR, TOTFORRI PXGR. PYOR, PZOR.TOTFORGE,
9PXPL. PYPLD PZPL. TOTFORL. PXOL. PYOL.PZGL, TOTFORGE,
IRlXPR. RlYPR. R1ZPR, R2XPR, R2YPR, R2ZPR,
1RlXPL, RlYPL. RlZPL, R2XPL. R2YPL. R2ZPL,
2R1XQ. RIVO. RIZO.R2XQ, R2YQ. R2ZG,
3L1(2).Hl(2),TOFORPlRPl(2),BDCAPlORDu(2).
4L1(3). Hi(3), TOFORP2R. Pt 3). BDCAP2OR. 01(3),
5SLI(5).HI(S), TOFOROI. P1(5). BDCAGOo.Dl( 5),4 6Ll(6),HI(6),TOFORG2,Pl(6),BDCAQ20,Dl(6),
7L1 (1), Hi(1), DCAPR. 01(1),
SLl(4)#Hl(4).DCAO.Dl'4),
*Ll(7), Hl(7). DCAPL. 01(7).
*LI(B), Hi (9).TOFORPIL. P1(9),BDCAPlOL. 01(9),
*Ll(9), Hl(9). TOFORP2L. P1(9). DCAPlOL. 01(9),
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9DUMD. DUMB, DUMB)
CALL PLANCA(ISTEP,NCOMP,MGPNS,NPS,NPR,NR,PHIS1,PHIR1,

IRS, RPS. RPRD RR. CBD A. V.PB. N.ED.FTT,
2D1SM. PS, ES. WDSM. DIRM, PR. ER.WDRM.
3DTOS. DTO. SOS, SOF. CS. LS. FS.CR, LR.FR ADI. ALl. AHI.AEl. DUMB, DUMB.
4DUMD)
DO 54 IE-l,6

ZL1( IE)-CLI (XE)
54 ZL1CIE.6)-CL1(IE)

DO 12 IE-i 9
ZE1(IE+12)-ElUIE)

ht12 ZLI(IE+12)=LIIE)
DO 13 IE=1. ISTEP

ZEl CIE+21 )=AE1 (E)
13 ZL1(IE+21)=AL1(IE)

CALL LIFE(ZL1. INCOMP. ZEI. ZNCOMP. ZLI(I).DUMD)
Q.20 CONTINUE

CALL CAP(DYN. ZLI. 10. DTRANS. PTRANS)
1220 FORMAT(' TOTAL TRANSMISSION'/)
1221 FORMAT(' SPIRAL BEVEL UNIT'/)
1222 FORMAT(' PLANETARY uNIT'f)

WRITE(1. 1221)
* CALL DPLHE(CDSB. CPSDI CLSB. CHSD, CESD)

WRITE(i, 1221)
CALL DPLHE(CDSB. CPSB. DLSD. DHSD. DESD)
WRITE(i, 1221)
CALL DPLHE(DSB. PSP. LSB. HSB. ESB)
WRITE(i. 1222)
CALL DPLHE(DPLAN. PPLAN. LPLAN. HPLAN. EPLAN)
WRITE(i. 1220)
CALL DPLHE(DTRANS. PTRANS, LTRANS. HTRANS. ETRANS)
STOP
END
SUBROUTINE PLAN
REAL NS, NPS. NPR, NR. N.LS. LR, LPLAN
REAL NCOMP(5). Dl(5).Pl(5). L1(5),H1(5).E1(5),MGI.LI(1O),DYN(10)

C
C CD DYNAMIC CAPACITY OF THE BEARINGS
C A LIFE ADJUSTMENT FACTOR OF THE BEAR INGS
C ED WEIBULL EXPONENT OF THE BEARINGS
C PD LOAD LIFE EXPONENT OF THE BEARINGS
C N NUMBER OF PLANETARY GEARS
C NCOMPC1) NUMBER OF PLANET BEARINGS
C NCOMP(2) NUMBER OF SUN GEARS
C NCOMP(3) NUMBER OF RING GEARS
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."C NCOMP (4 ) NUMBER OF PLANET-SUN GEARSC NCOMP(5) NUMBlER OF PLANET-RING GEARS

C P- PITCH OF PLANET-SUN MESH

C PDfl PITCH OF PLANET-RING MESH
i'C NS NUMBER OF SUN GEAR TEETH

C NPS NUMBER OF PLANET-SUN GEAR TEETH
C NPR NUMBER OF PLANET-RING GEAR TEETHC NR NUMBER OF RING GEAR TEETH

C PHIS PRESSURE ANGLE OF SUN GEAR (DE)
C PHIS1 PRESSURE ANGLE OF SUN GEAR (RAD)
C PHIR PRESSURE ANGLE OF RIN GEAR (DEG)
C PHIRI PRESSURE ANGLE OF RING GEAR (RAD)

C WDSM WIDTH OF THE SUN GEAR MESH
C WDRM WIDTH OF THE RING GEAR MESH
C ES WEIBULL EXPONENT OF THE SUN GEAR MESH
C ER WEIBULL EXPONENT OF THE RIN GEAR MESHC PS LOAD-LIFE EXPONENT OF THE SUN GEAR MESH

V C PR LOAD-LIFE EXPONENT OF THE RING GEAR MESH
C BISM MATERIAL CONSTANT OF THE SUN GEAR MESH
C BIRM MATERIAL CONSTANT OF THE RING GEAR MESH
C RS RADIUS OF THE SUN GEAR
C RPS RADIUS OF THE PLANET-SUN GEAR

C RPR RADIUS OF THE PLANET-RING GEAR
C RR RADIUS OF THE RING EGAR
C ISTEP NUMBER OF COMPONENTS IN THE PLANETARY
C - 4 UNSTEPPED PLANETARY UNIT
C - 5 STEPPED PALETARY UNIT
C
C INPUT TORQUE AND SPEED
C
101 FORMAT('WHAT IS THE INPUT TORQUE OF THE TRANSMISSION')
102 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(l, 101)
READ(1, *)TI
WRITE(1, 102)
READ( 1, *)SI
CALL PLANIN(CB, A,V,EB,PB,N,NCOMPPDS,PDRNSPHISPHIS,
IPHIRPHIR1,WDSM,ES,PS, BISM, ISTEPNPSNPRNR,WDRMER,PRBIRM,
2RPR, RPS, RR, RS)
PI(1)-PB
P 1(2)-PS
P1(3)-PR
P1(4)-PS
P1(5)-PR
MG11. 0

-'1
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- - - - - - - - - - - - - -

TOF-TI*Ci. +(RR*RPS)/(RS*RPR))
SOF-SI/(i. .CRR*RPS)/CRS*RPR))

C
C
C

CALL PLANCACISTEPNCOMP,M1,NS,NpS,NPR,NR,PISi,P4IR1,
IRS. RPS. RPR, RR. CD.A. V.PD. N.ED. FTT,
29 15Ms PS, ES, WDSI iRM, PR, ER, WDRM,
3T1. TOF. SI.SO. CS. LS. FS.CR, LR.FR. Dl.Li. Hi. El.LPLAN. HPLAN. EPLAN)

C
C

CALL PLANOTCISTEP,NY,CD,FB,NS.PDSPHIS.WDSM,B1SM,FS,
INR, POR. PHIR, WDRM, BIRM. FR, NP. NPS, NPR, TI, TOP. SI, SOF. FTT,
2D1 P1 Li, HI, El)
DMIN-Di~l)

.1" DO 10 1in2.ISTEP
10 IF(DlCI).LT.DMIN)DMINmDicI)

DELTATO-. i*DMIN
DELTATI=DELTATO/(I. +(RR*RPS)/(RS*RPR))
DTI-O.0
DTO. 0
DO 20 1-1,10O

DTI-DTI+DELTATI
DTO-DTO+DELTATO
DVN( I)-DTO

CALL PLANCA(ISTEPNCOMPMGi.NSNPSNPRNRPHISI.PHIRI,
IRS, RPS. RPR, RR CD, A. V.PB. N. ED.FTT.

2DISM. PS. ES, WDSI. IRM. PR, ER. WDRM,

-aAL CAP(DYN. LI.10. DPLAN. PPLAN)
1000FORMT(' TOTAL TRANSMISSION'/)
CALL DPLHE(DPLAN. PPLAN, LPLAN. HPLAN. EPLAN)

SUBROUTINE DBPL
INTEGER CASEP.CASEQ.PTL.OTL
REAL NP, NG, NBPI1. NBP2, NBQ I, NBG2, MG., LSD
REAL Li(9).DI(9). El(9).Hi(9).Pl(9).DYN(iO).LI(IO)
REAL NS, NPS. NPR. NR. N.LS.LR. LPLAN
REAL NCOMP(5),ADI(5). API(5).ALiC5). AHl(5).AE1(5).ALI(iO)
REAL MGSMGPZNCOMP(14),ZEI(i4),ZLi(i4).LTRANSZLI(iO)
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101 FORMAT('WHAT IS THE INPUT TORQUE OF THE RIGHT PINION')
102 FORMAT('WHAT ISTHE INPUT TORQUE OF THE LEFT PINION')
103 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(11 101)
READ(ls*)T!R
WRITE(i. 102)
READ(1,*)TIL
WRITE(l. 103)
READ(l, *)SI

C
C INPUT SPIRAL BEVEL GEAR GEOMETRY
C

CALL DPDVIN(NPNG. AO.PHE F. PHSIROT. SPR. THETA EEI(1).PG,
IPHEl.PHSIl.THETAl.CASEP1 PTL.APBP. ITYPEPI,NDPI.,DPI,ACP1.AK1.
2DDCAP1. RFP1, El(2), ITYPEP2. NDP2. DP2, ACP2. AK2. DDCAP2. RFP2, El (3),
3CASEGGTLAG,DG. ITYPEG1,NDG1.DGl,ACG1,AK3,BDCAGI.RFG1,E1(5),
4ITYPEG2, NDG2. DG2. ACG2. AK4. BDCAG2, RFG2. El (6). MG. GAMMAl. GAMMA1 ZZ,
5ZZl, DP, DG, RPD, RP, ROD, RG, HK, AOG, AOP, HT, BOG. BOP, PD,
6ADJPl. ADJP2, ADJGl, ADJG2. ZIP)

C
El (4)-El Cl)
El(7)=EI(1)
El(8)=El(2)
El (9) =E 1(3)
Pl(l)=PG
P1(4)-PG
P1(7)-PG

C CALCULATE OUTPUT TORQUE AND SPEED OF TRANSMISSION

TOS-T IR*MG+TZIL*MG
SOS-SI /MG

C
C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANIN(CB,A V,ED.PD,N,NCOMP,PDS,PDRNSPHIS,PHISl.
* lPHIRPHIRIWDSM ES.PS. BISM. ISTEP,NPSNPRNRWDRM,ER,PRBIRM,

2RPR, RPSeRR, RS)
API (1)-PB
API (2)-PS
AP1(3)-PR
API (4)-PS
API(5)-PR

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
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C
TOF-TO)S*(l. +RR*RP9)/(RS*RPR))
SOF-SOS/Ci. +(RR*RPS)/(RS*RPR))
MQS-(l. .(RR*RPS)/(RS*RPR))
MOP-I. 0
INCOMP-9+ ISTEP
DO 5 IN-i, 9

5 ZNCOPIP(IN)-l.O
DO & IN-i. ISTEP

6 ZNCOMP( IN+9)-NCOMP( IN)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

CALL DPDVCAC
iTIR. TEL.TOF. SI, SOF. MG. MGS.NP, NO.
2A0, GAMMAl. ROT, SPR. PHEI, PHSI1, ZZ1. ZIP.
3PTL. AP, BP, RP, GTL, AG, DO. RG.
4ITYPEPI. RFP1. NBP1. DPI.ACP1. BDCAP1. MU, El (2). ADJP1o
SITYPE-P2, RFP2. NBP2, DP2. ACP2. BDCAP2. AK2. El(3), ADJP2.
8ITYPEGl. RFGl. NBGi. DGl.ACGl, BDCAG1. AK3. El(S). ADJGI,
7ITYPEG2J RFG2D NBQ2. DG2.ACG2, SDCAG2, AK4. El (8).ADJG2.
SF, E.PG. El~i),RPD. ROD.
9PXPR. PYPRD PZPR, TOTFORR PXOR, PYGR. PZGR.TOTFORGE,
9PXPL. PYPL, PZPL. TOTFORL PXGL, PYOL. PZOL.TOTFORGE,
IRIXPR. R1YPR. RIZPR. R2XPR. R2YPR. R2ZPR,
lRiXPL. RlYPL. RlZPL. R2XPL, R2YPL. R2ZPL,
2RlXO. RIYO. RiZO.R2XG. R2YG, R2ZO.
3Li(2). Hi(2), TOFORPiR. P1(2), DDCAPIO3R.DI(2).
4L1 (3),HI (3). TOFORP2R. P1(3), BDCAP2OR. Dl(3),
5LI(5). HI(S), TOFORGI. P1(S).BDCAGlO. 01(5),
6L1(8),Hi (8), TOFORO2, P1(8).BDCAQ2O. Di(6),
7L1(l),Hl(i), DCAPRDl(ii.
S3Li(4) Hi (4. DCAG. 01(4).
*LI(7)sHi(7),DCAPL,Di(7),
*Li (9).Hi (9).TOFORPiL. P1(8), BDCAPIOL Di (9).
*LiC9),Hl(9),TOFORP2L,PI(9),BDCAPIOL,D1(9),
9L59. HSD.ESB)

C
C PRINT OUT LIVES AND DYNAMIC CAPACITIES OF COMPONENTS
C

CALL DPBVOT(PD. PHE. PHSISPR. F, AO,SI, SOF, ROT, TIR. TIL. TOF,
iTHETA, NP, GAMMA, DP, RPD. AOP. BOP.

126



2PXPR, PYPR, PZPRD TOTFORR, DCAPRs CASEP. AP. BP,
3R1XPR, RIYPR, RIZPR, TOFORPIRs BDCAPlORs
4R2XPR, R2YPR, R2ZPR, TOFORP2R, DDCAP2ORs
2PXPL, PYPLs PZPL, TOTFORL, DCAPL, CASEP, AP, BP,
3RlXPL, RlYPL, RIZPL. TOFORP1L. DDCAP1OL,
4R2XPL, R2YPL, R2ZPL, TOFORP2L, DDCAP2OL,
5N0. ZZ,DO, ROD, AOO,BOO,
6PXOR. PYOR. PZOR.TOTFOROE. DCAO. CASEG AO, 90,
6PXOL. PYOL, PZOL,TOTFORGE, DCAO. CASEO AO, DO,
7RIXG, RIVO. RiZO.TOFORGl. DDCAGOO
BR2XO, R2YOI R2ZO, TOFORG2. DDCAG2O.
9DIl.P, LI, HI,El)

C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS
C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCACISTEP,NCOMP,MOPNS,NPS,NPR, NRPHIS1,PHIRI,
1RS, RPS, RPR. RR, CD.A, V.PB. N ED, FTT,
2DlSM, PS, ES. WDSMD DlRM. PR, ER. WDRM,
3TOS, TOF, SOS, SOF CS. LS. FS.CR. LR.FR, ADl.ALl, AHl,AEI,
4LPLAN, HPLAN, EPLAN)

C
C PRINT OUT RESULTS FOR THE PLANETARY UNIT

S C
CALL PLANOT(ISTEP,N,V,CD.FD.NS,PDS.PHISWDSMDlSMFS,
INR, PDR, PHIR, WDRMI RM, FR, NP. NPS, NPR, TOS. TOF. SOS.SOF. FTT,
2ADl, APl.ALl. AHI, AEl)

C
C DEFINE TRANSMISSION LIFE ARRAYS
C

Do e IE-l.9
ZEI(IE)=El(IE)

8 ZLI(IE)=Ll(IE)
DO 9 IE=l. ISTEP

ZEI(IE+9)-AEI(IE)
9 ZL1(IE+9)=ALI(IE)

CALL LIFE(ZLl. INCOMP. ZEl. ZNCOMP, LTRANS. ETRANS)
HTRANS-LTRANS*18666. 867/SOF

C
C ESTIMATE 10 PERCENT DYNAMIC CAPACITY OF TRANSMISSION
C

DMIN=Dl(1)
4, DO 21 I=2,9

21 IF(D1UI.Lr DMIN)DMIN-Dl(I)
DELTATO-. 1*DmrN
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- - DELTAT-o. 5*DELTATO/MG/'1S
-: DTIR. 0

DTIL. 0
DTO. 0

C
Al. START COUNTER FOR DYNAMIC CAPACITIES BETWEEN 10 AND 100 PERCENT

C OF TRANSMISSION DYNAMIC CAPACITY
C

DO 22 I-I, 10
DTIR=DTIR+DELTATI
DT I LDT IL+DELTAT I
DTO-DTO+DELTATO
DYN( I )DTO

C
C CALCULATE LIFE FOR EACH DYNAMIC CAPACITY
C

CALL DPBYCA(
1DTrR. DTIL, DTO. SI. SOF, MG5 MOS.NP. NO.
2A0,GAMMA1,ROT,SPR,PHEI,PHS11,ZZI,ZIP,
3PTL, AP, BP, RP, GTL, AG. DO. RG,
41TYPEP1. RFPI, NBP1.DPi1 ACPI, BDCAPI, AIEl (2), ADJPI,
5ITYPEP2. RFP2I NBP2D DP2. ACP2. BDCAP2, AK2.El (3), AD1JP2,

% A 61TYPEG1,RFGI,NBGI,DGI,ACG1,BDCAG1,AK3,El(5),ADJGI,
71TYPEG2, RFG2, NBG2, DG2,ACG2, BDCAG2, AK4. El (8),ADJG2,
SF E PQ, EI( 1), RPD. ROD.
9PXPR, PYPR, PZPR, TOTFORR. PXQRDPYOR, PZGRI TOTFORGE.
9PXPL. PYPL. PZPL, TOTFORL, PXQL.PYOL. PZOL,TOTFORGE,
IRIXPR, RIYPR. R1ZPR. R2XPR. R2YPR, R2ZPR,
iRIXPL. RlYPL. RlZPL. R2XPL. R2YPL. R2ZPL.

'A2RiXG. YlZ,2GR2YG,R2G
3L1 (2),Hi (2). TOFORPIR. P1(2). BDCAP1OR, Di(2),
4L1 (3), Hi(3). TOFORP2R, P1(3). BDCAP2OR, Dl(3).
5LI (5). Hi(5), TOFORGi. P1(5). DDCAGlO, Dl(5).
6L1 (6),Hi (8). TOFORG2, P1(6). BDCAG2O. Di(6),
7L1Ci), Hi(1), DCAPR, DI(1),

V B~Li(4), Hi(4). DCAGD D(4).
*Li(7),Hi(7),DCAPL.D1c7),
*L1(8), Hi(B).TOFORPiL. P1(e), BDCAPIOL, Dl (),
*Li(9),Hi(9),TOFORP2L,Pl(9),BDCAP1OL,D(9),
9LI(I),DUMB,DUMB)

V22 CONTINUE
CALL CAP(DYN, LI, 10, DSB, PSP)

5-)

C
C

C-1 
IV 

I, .



C START COUNTER FOR LOADS BETWEEN 15 AND 100 PERCENT OF DYNAMIC
C CAPACITY
C

ADMIN-ADI (1)
DO 23 1=2 ISTEP

23 IF(AD1(I). LT. ADMIN)ADMIN=AD1(I)
DELTATO=. 1*ADMIN
DELTATOS=DELTA TO/MGS
DTO=0. 0
DTOS=0. 0

DO 24 1-1, 10
DTOS=DTOS+DELTATOS
DTO=DTO4-DELTAT0
DYN( I)=DTO

CALL PLANCA(ISTEPNCO)MP,MGP,NSNPS,NPR,NR,PHIS1.PHIR1,
IRS, RPS, RPR. RR, CB, A, V.PB, N, ER,FTT,
2B1SM, PS, ES. WDSM, BiRM, PR, ER, WDRM,
3DTOS, DTO, SOS, SOF. CS, LS, FS, CR, LR. FR, ADi, ALl, AHI,AEI, ALl(I), DUMB,
4DUMB)

24 CONTINUE
CALL CAP(DYN, ALl, 10, DPLAN, PPLAN)

C
C START COUNTER FOR LOADS BETWEEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

IF(ADMIN. LT. DMIN)DMIN=ADMIN
DELTATO-. 1*DMIN
DELTATOS=DELTATO/MGS
DELTATIR=DELTATOS/MG/2.
DELTATIL=DELTATOS/MG/2.
DTIR=0. 0
DTIL=0. 0
DTOS=0. 0
DTO=0. 0
DO 20 1-1, 10

DTIR=DTIR4-DELTATIR
DTIL=DTIL+DELTATIL
DTOS=DTOS+DELTATOS
DTO=DTO+DEL TATO
DYN( I)=DTO

C
*C

C
CALL DPBVCA(
1DTIR, DTILI DTO, SI. SOF, MG, MGS, NP, NG,
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2A0.QAMMAI,ROT,SPR,PHEl,PHSII,ZZ1 ZiI
3PTLI AP, BP, RP. GTL. AG. 9G.RO.
41TYPEPI, RFP1, NBP1,DPi.oACPI. BDCAPI1,AK1, El(2), ADJPI,
5ITYPEP2D RFP2I NBP2. DP2. ACP2. BDCAP2. AK2. El(3). ADJP2#
6ITYPEGIJRFGI,NBGI,DG1,ACG1,BDCAG1,AK3,EI(5),ADJG.

p ~~7ITYPEG2. RFG2, NDG2D DG2. ACG2, DDCAG2. AK4, El (8).ADJG2,
SF. E.PG. El(), RPDD ROD,
9PXPR. PYPR, PZPR, TOTFORR. PXGR. PYGR. PZGRD TOTFORGE,
9PXPL. PYPL. PZPL, TOTFORL. PXGL. PYGL.PZQL, TOTFORGE,
lRlXPR. R1YPR, R1ZPRI R2XPR. R2VPR. R2ZPR,
IRIXPL, RIVPL, RlZPL. R2XPL. R2YPLI R2ZPL,
2RIXG. RIYG. RIZO.R2XG. R2YG. R2ZG,
3L1 (2) Hi (2), TOFORPlR1 P1(2), DDCAP10R, D1(2),
4L1(3),HI(3),TOFORP2R,Pl(3),BDCAP2ORDl(3).
5LI (5). HI(5), TOFORGi, P1(5). BDCAG1O. Dl(5).
6L1 (8). Hi(6), TOFORQ2, P1(8).BDCAG2O. Dl(6).
7L1 Cl). HI l), DCAPRD Dl Cl).
SLl(4).Hl(4),DCAG, Dl(4).
*Ll(7),HI(7),DCAPL,Dl(7),
*LI(), HU8). TOFORPIL. PlCS), BDCAPlOL. Dl (B).
*L1 (9), 81(9), TOFORP2L. P1(9), BDCAPlOL. Dl(9),
9LI(I). DUMB. DUMB)
CALL PLANCA(ISTEPNCOMPMGPDNSDNPSNPR.NR,PHISDPHrR,

IRS. RPS. RPR. RR, CD.A, V.PB, N, ED.FTT,
bV ~2BlSM, PS. ES.WDSM, BIRM. PR, ER. WDRM,

3DTOS. DTO, SOS, SOF, CS, LS. FS.CR, LR. FR, AD1,ALl. AH1,AEl,ALI(I).DUMBI
4DUMD)
DO 12 IE-l.9

12 ZLl(IE)=Ll(IE)
DO 13 IE=l, ISTEP

13 ZLl(IE+9)=ALl(IE)
CALL LIFE(ZL1. INCOMP. ZEI.ZNCOMPZLI(I).DUMB)

20 CONTINUE
120CALL CAP(DYN, ZLI. 10, DTRANS. PTRANS)
120FORMAT(' TOTAL TRANSMISSION'/)

4.1221 FORMAT(' SPIRAL BEVEL UNIT'/)
1222 FORMAT(' PLANETARY UNIT'/)

WRITECI, 1221)
CALL DPLHE(DSB. PSP. LSB. HSB, ESS)
WRITE(1, 1222)

,, ~, CALL DPLHE(DPLAN. PPLANF LPLAN. HPLAN, EPLAN)
V WRITECI, 1220)

CALL DPLHE(DTRANS. PTRANSD LTRANS, HTRANS, ETRANS)
STOP
END

130



SUBROUTINE DBPLPL
INTEGER CASEPD CASEG. PTLD GTL, DISTEP

* *. REAL NP, NO, NDP1 NDP2. NBGI, NBG2. MG, LSD
REAL LI(9),DI(9),EI(9), H1(9),P1(9), DYN(10).LI(10)
REAL NS, NPS. NPR, NR N, LS. LR, LPLAN
REAL NCOMPC5),AD1(5). API(5)oAL1(5). AH1(5),AE1(5). ALICIO)
REAL MGSMGPAMGPB.ZNCOMP(19),ZE1(19). ZL1(19).LTRANSZLI(10)
REAL DNCOMP(5). BDI (5). Dpi(5).BLI (5), BH1 (5), DEl(5). LI (10)

101 FORMATC'WHAT IS THE INPUT TORQUE OF THE RIGHT PINION')
102 FORMAT('WHAT IS THE INPUT TORQUE OF THE LEFT PINION')
103 FORMAT('WHAT IS THE INPUT SPEED OF THE TRANSMISSION')

WRITE(i. 101)
READ(1,*)TIR
WRITE(i. 102)
READ(1, *)TIL
WRITE(1. 103)

READ(1,*)SI

C INPUT SPIRAL BEVEL GEAR GEOMETRY
C

CALL DPBVIN(NPNGA0,PHEF,PHSIROTSPR. THETAEE1(1),PG,
1PHEl.PHSI1,THETA1,CASEPPTL,APBP. ITYPEP1,NBP1. DPI. ACP1. AKI,
2BDCAP1,RFP1,E1(2). ITYPEP2,11$P2,DP2,ACP2. AK2. DDCAP2,RFP2,EI(3),
3CASEGGTL.AGBG, ITYPEG1,NBG1I,DGl,ACG1,AK3,BDCAG1,RFG1,E1(5)I
41TYPEG2. NBG2, DG2, ACG2, AK4, BDCAG2, RFG2. El(6) MG, GAMMA1, GAMMA, ZZ,
5ZZ1, DP. DO.RPD RP. RGD, RO.HK. ADO.AOP. HT,130, SOP. PD.
6ADJP1.'ADJP2. ADJGl. ADJG2. ZIP)

C
E1(4)-E1(1)
El(7)-E1(1)
El (9) El (2)
El (9)=E1 (3)
P1(1 )=PG
P1(4)=PG
P1(7)-PG

C
C CALCULATE OUTPUT TORQUE AND SPEED OF TRANSMISSION
C

TOS-T IR*MG.T IL*MG

C SOS-SI/MG

C READ IN VALUES OF PLANETARY UNIT
C

CALL PLANIN(CB,A,V,EB,PB,N,NCOMP,PDS,PDR.NS.PHISPHISI.
IPHIR. PHIRI. WDSM. ES, PS, DiSM. ISTEP. NPS. NPR. NR. WDRM. ER. PR.BiRM.
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2RPR. RPS, RR, RS)
API (1)-PD
API (2)-PS
API(3)-PR
API (4)-PS
API (5)-PR

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
C

TOPA=TOS*( I. +(RR*RPS) /(RS*RPR))

SOPA=SOS/(I.+(RR*RPS)/RS*RPR))

c READ IN VALUFS OF PLANETARY UNIT
9.) C

CALL PLANIN(DCBJ BA. DV.BED.BPS. BN, BNCOMP. BPDS. BPDR, BNS. BPHIS,
IBPHISi. BPHIR, BPHIRI, BWDSM. BES1 BPS1 BBISM. BISTEP. BNPS,

- - 2BNPR, DNRD BWDRM, BER, BPR. IRM. BRPR, BRPSBIRR,BIRS)
* BP1(1)-BPB
* BPI(2)=BPS

BPI(3)-BPR
BPI (4)-POS
DPi(5)--. R

C
C CALCULATE OUTPUT TORQUE AND SPEED OF PLANETARY UNIT
C

TOF-TOPA*di. +(BRR*I3RPS)/(BRS*BRPR))
SOF=SOPA/(i. +(BRR*BRPS)/(BRS*BRPR))
MGPA-(i. (BRR*BRPS)/(BRS*BRPR))
MGS=(1.+(RR*RPS)/(RS*RPR))*MGPA
MGPD-1.O

INCOMP=9+ISTEP+BISTEP
DO 5 IN-I5 9

5 ZNCOMP(IN)-1.O
DO 6 IN=1. ISTEP

6 ZNCOMP(IN+9)=NCOMP(IN)
I X=9+ISTEP
DO 77 IN-i. BISTEP

77 ZNCOMP(IN.IX)=BNCOMP(IN)
C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF SPIRAL BEVEL UNIT COMPONENTS
C CALCULATE LIFE OF SPIRAL BEVEL UNIT
C

CALL DPBVCA(
iTIR. TIL. TOF. SI.SOF, MO.MGS. NP. NO,
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2A0.GALIMAIROTSPR,PHEIPHSII, ZZI, ZIP,

3PTL, AP, DP, RP, OTL, AG, DO. RG,
41TYPEPI,RFPI,NBP1,DPI,ACP1,BDCAPI,AKI,El(2),ADJPI,
51TYPEP2, RFP2, NBP2, DP2. ACP2D BDCAP2. AK2, E1(3). ADJP2,
61TYPEG1,RFGI,NBG1,DGI,ACG,D~CAGI,AK3#E1(5),ADJG1,
71TYPEG2, RFG2, NBG2,DG2.ACG2,BDDCAG2, AK4, El(6), ADJG2o
8F. E.PG EIl ), RPD. ROD,
9PXPR. PYPR, PZPR, TOTFORR PXOR, PYGR. PZGR, TOTFORGE,
9PXPL, PYPLI PZPL, TOTFORL. PXOLIPYOL. PZGL.TOTFORQE,
IRlXPR. R1YPR. RlZPR. R2XPR, R2YPR, R2ZPR,
lRlXPL, RlYPL, RlZPL, R2XPL, R2YPL, R2ZPL,
2RlXG, RIVO. RIZO.R2XG. R2YQ. R2ZO,
3Ll(2).Hl(2),TOFORPlR,Pl(2),BDCAPIlOR,Dl(2),
4L1(3),Hl(3),TOFORP2R,Pl(3),BDCAP2ORDJ(3),
51.1(5) Hi(5). TOFORGi, P1(5). BDCAGOO.Di(5).
6L1(6),Hl(6).TOFORG2,Pl(6),BDCAG2,Dl(6),
7L1(l),Hl(l),DCAPR,Dl(l),
8L1(4),Hl(4)-DCAG,Dl(4),
*Ll(7),Hl(7),DCAPL,Dl(7),
*Ll(8), Hi(8), TOFORPIL. P1(8). DCAPlOL. Di(B).
*Ll(9),Hl(9),TOFORP2L,Pl(9),BDCAP1OL,Dl(9),

9LSB. HSB. ESB)
P R N U I E N Y A I C C P C T E F C M O E T

C

CALL DPBVOT(PD,PHE.PHSI.SPR. F AO, SI,SOF, ROT. TIR. TILTOF.
ITHETA. NP, GAMMA, DP. RPD. AOP, BOP.
2PXPR. PYPR. PZPR. TOTFORR. DCAPR. CASEP. AP. 1W,

V 3R1XPRRlYPR,RIZPRTO2FORPIR.BDCAPIOR,
4R2XPR, R2YPR. R2ZPR. TOFORP2R. BDCAP2OR.
2PXPL. PYPL. PZPL. TOTFORL. DCAPL, CASEP. AP, 1W.
3RlXPL. RlYPL, R1ZPL. TOFORPIL. BDCAPIOL,
4R2XPL. R2YPL. R2ZPL. TOFORP2L. DDCAP2OL.

5NG.ZZoDGRGD,AOG.DOG. CG AEG G O
6PXGO.PYOL, PZGL. TOTFORGE. DCAG. CASEG. AG. DO.
7RIXL, RIVO,PRZO TOFORG. DCAGI,SGA,,

8R2XG, R2YG. R2ZO. TOFORG2. BDCAG2O,
9D1. P1.LlI.i, El)

C
NC CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS

C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCA(ISTEP. NCOMP,MGPA,NS,NPSNPRNR.PHISl.PHIRI.
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IRS. RPS. RPR. RR. CD.A, V. PD. N. EDFTT,
2BISM, PS, ES. WDSM, BIRM. PR, ER, WDRM,
3T05. TOP, SOS, SOF. CS. LS, PS.CR. LR.FR, ADI,ALl, AHi.AEl.
4LPLAN, HPLAN, EPLAN)

C
C PRINT OUT RESULTS FOR THE PLANETARY UNIT

CALL PLANOT(ISTEP. N, V.CBFB.NSPDSPHIS, WDSM, DISM. FS,

1NR. PDR. PHIR, WDRM, DiRM.FR. NP.NPS, NPR, TOS, TOP, SOS. SOP, PTT,
2AD1. API. ALl, AHI.AEI)

C
C CALCULATE LIFE AND DYNAMIC CAPACITY OF PLANETARY UNIT COMPONENTS
C CALCULATE LIFE OF PLANETARY UNIT
C

CALL PLANCA(BISTEP, BNCOMP. MQPB, NS. BNPS, DNPR, BNR.
IDPHISI. DPHIRI, BRS. BRPS. BRPRD BRRD DCB. BA, DV, DPD.DN.BED,
2BFTT. BDISM, BPS, DES. DWDSM. DBlRM, DPR, BER. DWDRM,
3TOPA. TOP, SOPA, SOF. DCS, BLS. BFS. 9CR. DLR. FR,BD1l. LI. DHl DEl,
4BLPLAN, BHPLAN, BEPLAN)

C
C PRINT OUT RESULTS FOR THE PLANETARY UNIT
C

CALL PLANOT(BISTEP, BN. BY,DCD,BFD. BNS,B!PDS. DPHIS. WDSM,
iDBiSM. BPS. NR, BPDR. BPHIR, BWDRM, B~lRM. IFR, BNP, DNPS. BNPR,
2TOPA, TOF, SOPA, SOP, BFTT, BDl, DPi, ELI, H1, El)

C
C DEFINE TRANSMISSION LIFE ARRAYS
C

DO 8 IE-I,9
ZE1(IE)=El(IE)

8 ZLI(IE)=Ll(IE)
DO 9 IE-1. ISTEP

ZEl ( E+9)=AE ( IE)
9 ZL1(IE+9)-ALI(IE)

DO 99 IE-I.DISTEP
ZEI (IE+9+ISTEP)=BE ( IE)

99 ZL1(IE+9+ISTEP)=BLl(IE)
CALL LIPE(ZLI. INCOMP. ZEl. ZNCOMP. LTRANSD ETRANS)
HTRANS-LTRANS* 16866. 667 /SOF

C
C START COUNTER FOR LOADS BETWEEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY

DMIN=Dl (1)
DO 21 1-2,9

21 IF(Di(l).LT.DMIN)DMIN=Dt(I)
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V1.. - - v -w, ,

DELTATO=. 1*DMIN
DELTAT I-0. 5*DELTATO/MQ/MQS
DTIR=O. 0
DTIL=O. 0
DTO-0. 0

C
C START COUNTER FOR DYNAMIC CAPACITIES BETWEEN 10 AND 100 PERCENT
C OF TRANSMISSION DYNAMIC CAPACITY
C

DO 22 1-1, 10
DTIR=DTIR+DELTATI
DT IL=DT IL+DELTAT I
DTO-DTO+DELTATO
DYN( I )DTO

C
C CALCULATE LIFE FOR EACH DYNAMIC CAPACITY
C

CALL DPDVCA(
IDTIR, DTIL. DTOI SI. SOF, MG, MGS,NP5 NG,
2A0, GAMMAl. ROT, SPRI PHEl, PHSII. ZZ1. ZIP.
3PTL, AP.DP.RP, GTL, AG.BG, RG,
41TYPEPI,RFPI,NBPI,DPI,ACPI,BDCAP1,AK1,EI(2),ADJP1,
5ITYPEP2D RFP2, NBP2, DP2, ACP2, DDCAP2. AK2, El(3). ADJP2,
61TYPEGI,RFGI,NBGI,DGI,ACG1,BDCAGI,AK3,EI(5),ADJGI,
71TYPEQ2, RFG2, NBG2, DG2, ACG2, BDCAG2D AK4, El(6), ADJG2s
SF, E, PQ,EIl1), RPD, RQD,
9PXPR, PYPRI PZPRS TOTFORR, PXGR, PYOR. PZGR, rOTFORGE,
9PXPL, PYPL, PZPL, TOTFORL. PXGL, PYGL, PZGLD TOTFORGE,
IRlXPR, RIYPR, R1ZPRI R2XPR. R2YPR. R2ZPR,
lRIXPL, RIYPL, R1ZPL, R2XPL, R2YPL, R2ZPL,
2RlXG, RlYG, RlZG. R2XG, R2YG, R2ZG,
3L1 (2), Hi(2),TOFORPIR, P1(2), BDCAPlOR, Di(2).
4L1(3),Hl(3),TOFORP2R,P1(3),BDCAP2OR,DI(3),
5L1(5),H1(5),TOFORGl,P1(5),BDCAGlO,DI(5),
6Li(6)5 H1(6),TOFORG2,Pi(6).BDCAG20,D1(6),
7L (1 )5Hi (1),DCAPR. Dl (1).
8L1(4),H1(4),DCAG,0i4),
*LI(7),Hl(7),DCAPL,Dl(7),
*Li (9), Hi (), TOFORPIL. PI(9), BDCAPIOL, Di(8),
*LI(9),HI(9),TOFORP2L,P1(9),BDCAPlOL,Di(9),

-% 9LI(I),DLJKD,DUMB)
22 CONTINUE

CALL CAP(DYN, LI, 10. DSD.PSP)
C

~ .1
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C
* C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC

C CAPACITY
C

ADMIN-ADICI)
DO 23 1-2,ISTEP

23 IF(AD1 (I). LT. ADMIN)ADMIN=ADI (I)
DELTATO-. 1*ADMIN
DELTATOS-DELTATO/MGS
DTO=0. 0
DTOS-0. 0

DO 24 I=1,10
DTOS-DTOS+DELTATOS
DTO=DTO+DELTATO
DYN( I)=DTO

CALL PLANCA(ISTEP. NCOMP. MGPA. NS, NPS. NPR. NR, PHIS1.PHIRI,
IRS, RPS, RPR, RR, CB, A, V, PD. N, ED. FTT,
2BISM, PS, ES, WDSMI BIRM. PR, ER. WDRM,
3DTOSDTOSOSSOFCSLSFS,CRLRFR.AD1,AL1,AH1,AE1,ALI(I),DUMB,
4DUMB)

24 CONTINUE
CALL CAP(DYN, ALl. 10.DPLAN, PPLAN)

C
p.C

C

* C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

BDMIN=BD1(1)
DO 30 I=2,BISTEP

130 IF(BDI(I).LT.BDMIN)BDMIN=BD1(1)
DELTATO=. 1*BDMIN
DELTATOS=DELTATO/MGPA
DTO. 0
DTOS. 0

* DO 31 1-1. 10
DTOS=DTOS+DELTATOS
DTO=DTO+DELTATO
DYN( I)=DTO

CALL PLANCA(DISTEPD BNCOMPMGPB. BNS, BNPSI BNPR. DNR, BPHIS1.
1BPHIR1. DRSD BRPS, BRPR. DRR. BCB. BA.DV. BPB, 1N, BED. BFTT,
2BB1SM, BPS. DES. DWDSM. 1313RM. BPR. BER. BWDRM,
3DTOS. DTO. SOPA. SOFBICSD BLS. BFS. BCR. BLR, BFR,
4BD1. BLI. BH1. DEl.BLI(I). DUMB. DUMB)

31 CONTINUE
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CALL CAP(DYN, BLI. 10, DDPLAN. BPPLAN)

C START COUNTER FOR LOADS BETWEEN 15 AND 150 PERCENT OF DYNAMIC
C CAPACITY
C

IF(ADMIN. LT. DMIN)DMIN=ADMIN
IF(BDMIN. LT. DMIN)DMIN=BDMIN

DELTATO-. 1*DMIN
DELTATOP-DELTATO/MGPA
DELTATOS=DELTATO/MGS
DELTATIR=. 5*DELTATOS/MG
DELTAT IL=. 5*DELTATOS/MG1 DTIR=0. 0
DTIL-0.0
DTOS=0. 0
DTOPA=0. 0

5'p\.DTO. 0
DO 20 1-1,10

N DTIR=DTIR+DELTATIR
DTIL=DTIL+DELTATIL
DTOS=DrOS +DEL TATOS
DTOPA=DTOPAeDELTATOP
DTD=DTO+DELTATO
DYN(I=DrO

C
C CALCULATE LIFE FOR EACH DYNAMIC CAPACITY
C

CALL DPDVCA(
lDTIR. DTIL, DTO, SI.SOF, MC,MGS. NP, NC.
2A0. GAMMAl, ROT. SPR, PHEl. PHSI1, ZZI. ZIP.

'A 3PTL, AP, BP, RP, GTL, AG, BC. RG,
41TYPEPI. RFPl NEPI, DPi. ACP1, BDCAP1. AK1.El (2). ADJPI.
5ITYPEP2, RFP2. NBP2. DP2, ACP2, BDCAP2, AK2,El (3), ADJP2,
61TYPEGI, RFG1,NBGI, DGIACGI, BDCAGI, AK3, El(5). ADJGI
71TYPEG2, RFG2, NBG2, DG2,ACG2.BDCAG2, AK4, El(6). ADJG2,
8F, E.PG. El (1),RPD. ROD.
9PXPR,PVPR. PZPR, TOTFORRI PXGR, PYGR, PZCR.TOTFORGE,
9PXPL. PYPL, PZPLD TOTFORLD PXCL. PYGLI PZCL, TOTFORCE,
IRIXPR, R1YPR, R1ZPR. R2XPR. R2YPR. R2ZPR,
1RlXPL, RIYPL. RIZPL, R2XPL. R2YPL. R2ZPL,
2RlXG. RIYG, RIZO.R2XC. R2YG, R2ZC.
3L1(2),H1(2)TOFORPlRP1(2)BDCAPIOR,Dl(2),
4Ll(3),Hl(3)TOFDRP2R,Pl(3)BDCAP2OR,Dl(3),
5LI(5),HI(5). TDFORl.PI(5).BDCAGlODl(5),
6Ll(6), HI (), TOFORG2. P1(8).BDCAC20, Dl(6).

137



7L1(1).H11l),DCAPRDiCI).
SLi(4). H1(4). DCAQ. D1(4),
*Li (7). HI(7). DCAPL. Dl(7) #*Ll(B), Hi (9).TOFORPlL P1(9), DDCAP1OL. Dl(9).
4'L1(9) Hi (9). TOFORP2L. P1(9). DDCAPIOL. Dl(9),

CC 9LI(I). DUMB. DUMB)

CALL PLANCA(ISTEP,NCOMP.IIQPA,NS,NPS,NPR,NR,PHISI,PHIRI,
iRS. RPS, RPR. RR. CD.A. V.PB. N. ED,FTT*
2D1SM, PS, ES. WDSM. fiRM. PR, ER. WDRM,
3DTOS, DTO, SOS, SOF, CS, LS. FS.CR. LR, FR ADI, ALl. AHI. AEl.ALI(I),
4DUMBDUMD)
CALL PLANCA(BISTEP. DNCOMP, MOPH.BNS. BNPS. BNPR. DNR. BPHIS1.

IBPHIR1. BRS. DRPS. DRPR, DRR. DCB. BA. DV. PD.BN.BED. BFTT,
2BDISM. BPS. DES, BWDSMD DD1RM. BPR. BER. DWDRM,
3DTOPA. DTO. SOPA. SOF. DCS. DLS.S9.CR. BLR. BFR. DD1.BLI.
4BH1, DEl. LI (I. DUMB. DUMB)
DO 12 IE=1,9

12 ZLI(IE)=Ll(IE)
DO 13 IE=1. ISTEP

13 ZL1(IE+9)=ALI(IE)
DO 14 IE=1.BISTEP

14 ZL1(IE+9+ISTEP)=BL1(IE)
CALL LIFE(ZL1. INCOMP,ZE1,ZNCOMP,ZLI(I),DUMB)

20 CONTINUE
CALL CAP(DYN. ZLI. 10. DTRANS, PTRANS)

1220 FORMAT(' TOTAL TRANSMISSION'/)
1221 FORMAT(' SPIRAL BEVEL UNIT'/)
1222 FORMAT(' PLANETARY UNIT'/)

WRITE(1. 1221)
CALL DPLHE(DSB. PSP. LSB. HSB. ESD)
WRITE(1, 1222)
CALL DPLHE(DPLAN1 PPLAN. LPLAN, HPLAN. EPLAN)
WRITECI. 1222)
CALL DPLHE(BDPLAN. DPPLAN. DLPLAN. DHPLAN. BEPLAN)
WRITE(i. 1220)
CALL DPLHE(DTRANS. PTRANSD LTRANS. HTRANS. ETRANS)
STOP
END
SUBROUTINE DPBVCA(

ITIR, TIL. TOF. SI. SOF. MO. MGl.NP, NO.
2A0.QAMMA1ROTSPRPHEIPHS11,ZZi. ZIP.
3PTL. AP. BP. RP, QTL. AG, DO. RO.
41TYPEPI, RFPI, NBP1, DPi.,ACP1, BDCAP1,AK. EGP1, ADJP1,
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-- - - - 'SW WBP2,P2,ACP2tBCAP2,AK2wGP2,ADJPa

6IYEIRG.5lDlAG1BCGKG1AJ1

71YE2RGB2D2AG2BCGKG2AJ2

8F ,PEG PRD

9PPYRPZRTTORPXRPG-ZGOFRE

4IYP2, RF2DPTOFDP2RACP2 DCAP20RAK2. EP2, J2

LITO1,ROI,NDFO1.D1,AC~oIDDAICA1A,EO1,AJ

9PIPRPPR, PZPR TTFOR.PXR, YR ZROFRE

9PPLL, PYP. P PL,DTFOL,XLPYLPZLTTFRE

3L1OP1R.H1OP1R. TOFORP1R.PGP1DBDCAP1O.DDCAPITR.
4LIOP2RD H1OP2R, TOFORP2RI PGP2, DCAP2OR. DDCAP2TR.

RLPL. IOPIRLl OFRL OPI. DDCP,lO. BDCAGlTLl~Ll~Ll

REAL MO, MGl.NP, NO,NBPI, NBP2,NDGl.ND02
DATA NCOMP/l..,.,1...11.1...,./

C--------------------------------------------------------------------------
C CALCULATION OF THE LOADS TRANSMITTED FROM THE LEFT PINION
C--------------------------------------------------------------------------

CALL OPSPR(TIRAOFGAMMA1.ROTSPRPHEIPHSI1,PXPRPYPRPZPR)
TOTFORR=SGRT(PXPR**2+PYPR**2.PZPR**2)

C--------------------------------------------------------------------------
C CALCULATION OF THE LOADS TRANSMITTED FROM THE LEFT PINION
C--------------------------------------------------------------------------

CALL GPSPR(TILAO. F. AMMAI. ROT, SPRPHEI. PHSII. PXPLI PYPL, PZPL)
TOTFORL-SQRT (PXPL**2.PYPL**2+P ZPL**2)

C--------------------------------------------------------------------------
C CALCULATION OF THE LOADS TRANSMITTED TO THE GEAR FROM EACH PINION
C--------------------------------------------------------------------------

TOUTR-MG*TIR
TOUTL-MO*T IL
ROTI--ROT
SPRIlSPR
CALL GPSPR(TOUTRAO.F, ZZ1,ROT1,SPRl.PHE1.PHSII,PXGR.PYGR.PZGR)

* CALL OPSPR(TOUTL,AO,F.ZZIROT1,SPR1.PHE1.PHS1l.PXGLPYOLPZGL)
C-------------------------------------------------------------------------
C CHECK CASE FOR BEAR ING POSITION AND CALCULATE THE LOADS
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C ON THE BEARINGS TRANSMITTED FROM THr -EFT PINION
C ----------------------- -----------------------------------

IF(PTL. EQ. 2)00 TO 18
R1XPL=PXPL
R2XPL=O.0

GO TO 19
19 R1XPL=0.0

R2XPL=PXPL
19 CONTINUE

CALL BLCI(PXPL, PYPL, PZPL, AP, BPRP, RIYPL, RIZPL, R2YPL, R2ZPL)
C-------------------------------------------------------------------------
C CHECK CASE FOR BEARING POSITION AND CALCULATE THE LOADS
C ON THE BEARINGS TRANSMITTED FROM THE RIGHT PINION
C -- -

IF(PTL. EQ. 2)GO TO 20
RIXPR=PXPR
R2XPR=0.0
GO TO 21

20 RIXPR=0.0
R2XPR=PXPR

21 CONTINUE
CALL BLCI(PXPRPYPRPZPR,APBPRPRIYPRRIZPR,R2YPRR2ZPR)

C--------------------------------------------------------------------------
C CHECK CASE FOR BEARING POSITION CALCULATE THE LOADS
C ON THE BEARINGS TRANSMITTED FROM THE GEAR DUE TO THE RIGHT PINION
C--------------------------------------------------------------------------

IF(GTL. EQ. 2)GO TO 22
RIXGR=PXGR
R2XGR=0.0
GO TO 23

22 R1XGR=0.0
R2XGR=PXGR

23 CONTINUE
CALL BLCI(PXGRoPYGR,PZGRAGBGRGRIYGRRZGR,R2YGRR2ZGR)

C--------------------------------------------------------------------------
C CHECK CASE FOR BEARING POSITION CALCULATE THE LOADS
C ON THE BEARINGS TRANSMITTED FROM THE GEAR DUE TO THE PINION
C--------------------------------------------------------------------------

IF(GTL. EQ. 2)GO TO 24
*RIXGL=PXGL

R2XGL=0. 0
GO TO 25

24 R1XGL=0.0
R2XGL=PXGL

25 CONTINUE
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a.'- CALL BLC1(PXGL, PYGL, PZGLoAG, BRGRIYGL, RIZGL, R2YG gR2ZGL)

C---------------------------------------------------------------------------
C SUM OF THE TWO RADIAL AND TWO TANGENTIAL FORCES INTO TWO COMPONENTS
C IN THE RADIAL DIRECTION
C---------------------------------------------------------------------------

AZIP=(ZIP-90. )*PII/180.
RIYG=RIYGR-RIYGL*SIN(AZIP)-RlZGL*COS(AZIP)
R1ZG=RI1ZGR+R1YGL*COS(AZIP)-R1ZGL*SIN(AZIP)
R2YG=R2YGR-R2YGL*SIN(AZIP)-R2ZGL*COS(AZIP)
R2ZG=R2ZGR+R2YGL*COS(AZIP )-R2ZGL*SIN(AZIP)
R1XG=R1XGR+R1XGL
R2XG=R2XGR+R2XGL

C---------------------------------------------------------------------------
C CALCULATE THE LIFE OF RIGHT PINION BEARING #1
C---------------------------------------------------------------------------

TOFR=TIR*MG*MG*2. 0
CALL BDCAP(ITYPEP1,RIXPR.RIYPR,RlZPR,RFP1,NBP1,DPIACP1,SOFADJP1

*, BDCAPl, LIOPIR, HIOPIR, MG, MGI, AK1, TOFORPIRo PGPI, BDCAP1OR)
BDCAP1TR=BDCAP10R*TOFR/TOFORP1R

"* LL(2)=LIOPIR
EE(2)=EGP1

C---------------------------------------------------------------------------
C CALCULATE THE LIFE OF RIGHT PINION BEARING #2
C C--------------------------------------------------------------------------

CALL BDCAP(ITYPEP2, R2XPR, R2YPRR2ZPR, RFP2, NBP2, DP2, ACP2, SOF, ADJP2
*, BDCAP2, LIOP2R, HIOP2R, MG, MG1,AK2, TOFORP2R, PGP2, BDCAP20R)
BDCAP2.TR=BDCAP2OR*TOFR/TOFORP2R
LL(3)=LIOP2R
EE(3)=EGP2

C C--------------------------------------------------------------------------
C CALCULATE THE LIFE OF LEFT PINION BEARING #1
C C--------------------------------------------------------------------------

TOFL=TIL*MG*MG1*2 0
CALL BDCAP(ITYPEPloRIXPL,RIYPL,RIZPLRFP1,NBP1,DP1,ACPISOFADJP1

*, BDCAP1, LIOPIL, HIOPIL, MG, MGI, AKI, TOFORPIL, PGPI, BDCAP10L)
BDCAP ITL=BDCAP 1OL*TOFL/TOFORPIL
LL(8)=LIOPIL
EE(8)=EGP1

C---------------------------------------------------------------------------
C CALCULATE THE LIFE OF LEFT PINION BEARING #2
C---------------------------------------------------------------------------

CALL BDCAP(ITYPEP2, R2XPL, R2YPL, R2ZPL, RFP2, NBP2, DP2, ACP2, SOF, ADJP2
*, BDCAP2, LIOP2L, HIOP2L, MG, MGl AK2, TOFORP2L, PGP2, BDCAP20L)
BDCAP2TL=BDCAP2OL*TOFL/TOFORP2L
LL(9)=LIOP2L
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4.

EE(9)=EGP2
C-------------------------------------------------------------------------------
C CALCULATE THE LIFE OF GEAR BEARING *1

C-------------------------------------------------------------------------------
CALL BDCAP(ITYPEG1,RIXG,RIYG,RIZG,RFG1,NBG1oDGlACG1,SOFADJGI

*,BDCAG1,LIOG1,HIOG1 1. ,MG1,AK3,TOFORG1,PGGl,BDCAG1O)
BDCAGlOT=BDCAG1O*TOF/TOFORGI

*, LL(5)=LIOG1
EE( )=EGG1

C----------------------------- ------------------------------------
2 C CALCULATE THE LIFE OF GEAR BEARING *2

CALL BDCAP(ITYPEG2, R2XG, R2YQ, R2ZG, RFG2, NBG2, DG2, ACG2, SOF, ADJG2
*.,BDCAG2, LIOG2, HIOG21. MGI, AK4, TOFORG2, PGG2, BDCAG20)
BDCAG20T=BDCAG20*TOF/TOFORG2
LL(6)=LIOG2
EE(6)=EGG2

C------------------------------------------------------------------------------
* C CALCULATE THE LIFE OF THE GEAR

CALL SETI(PHEI,F,E,MGMGI,NPNGSOF,LPIOR,HPIOR,LPIOL,HPIOL,
*LG10, HGlO, PG, EG, TOTFORR, TOTFORL, RPD, RGD, DCAPR, DCAPL, DCAG,

* *TOTFORGE)
SDCAPTR=DCAPR*TOFR/TOTFORR

DCAPTL=DCAPL*TOFL/TOTFORL

DCAGT=DCAG*TOF/TOTFORGE
LL(1)=LPIOR
LL(7)=LPIOL
LL(4)=LGIO
EE(1)=EG
EE(4)=EG
EE(7)=EG

C------------------------------------------
C CALCULATE THE LIFE OF THE TRANSMISSION

CALL LIFE(LL, 9, EE, NCOMP, LSB, ESB)
HSB=LSB*1666.667/SOF
RETURN
END
FUNCTION BASCAP(R1,R2,PHI,WD,K1)

C -

C FUNCTION SUBROUTINE BASCAP CALCULATES THE BASIC DYNAMIC CAPACITY OF

C A GEAR TOOTH
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REAL KI,RIR2,WD,PHIBASCAP
C
C INPUTS
C
C Ki MATERIAL CONSTANT OF THE MESH (PSI)
C RI PITCH RADIUS OF THE DRIVING GEAR (IN)
C R2 PITCH RADIUS OF THE DRIVEN GEAR (IN)
C WD FACE WIDTH OF THE GEAR MESH (IN)
C PHI PRESSURE ANGLE OF THE GEAR MESH (RADIANS)
C
C OUTPUT
C
C BASCAP BASIC DYNAMIC CAPACITY OF ONE TOOTH IN THE MESH (LB)
C

BASCAP=K1*WD*SIN(PHI)/(1.O/RI+1. O/R2)
RETURN
END
SUBROUTINE BDCAP(ITYPE, RX, RY, RZ, V1 BALLS, DIA, ANGLE SPEED2, LAFI
*BDCLF, HF, MG, MGI, AK, FE, A, BDCOUT)

C
REAL LFLIO,MG,MG1,LIOILF1,LAF

C
C-----------------------------------------------------------------------
C THIS SUBROUTINE CALCULATESTHE BASIC DYNAMIC CAPACITY AND THE LIFE
C OF THE BEARING
C
C
C-',,A.

C------------------------------------------------------------------------------

C
C INPUT
C

* C ITYPE -TYPE OF BEARING
C 1 SINGLE ROW BALL BEARING
C 2 DOUBLE ROW BALL BEARING
C 3 SINGLE ROW ROLLER BEARING
C 4 DOUBLE ROW ROLLER BEARING

C 5 SINGLE ROW BALL BEARING + SINGLE ROW ROLLER BEARING
C 6 SINGLE ROW TAPER ROLLER BEARING
C 7 DOUBLE ROW TAPER ROLLER BEARING
C RX -AXIAL LOAD ON THE BEARING
C RY -RADIAL LOAD ON THE BEARING
C RZ -TANGENTIAL LOAD ON THE BEARING
C V -ROTATION FACTOR

C BALLS -NUMBER OF BALLS OR ROLLERS
*" E

143

Win~-**



-7 -_ - Fj7 ?'i

C DIA -DIAMETER OF BALLS OR ROLLERS
C ANGLE -CONTACT ANGLE
C (ONLY FOR BALL BEARINGS)
C SPEED2-OUTPUT SPEED OF GEAR SHAFT (RPM)
C BDC -BASIC DYNAMIC CAPACITY OF THE BEARING
C AK -RATIO OF RADIAL LOAD RATING TO THRUST LOAD RATING
C (ONLY FOR TAPERED ROLLER BEARINGS)
C MG -SPEED RATION FROM OUTPUT SHFT TO COMPONENT
C

*C INPUT
* C

C LF -LIFE OF THE BEARING (MILLIONS OF CYCLES)
C HF -LIFE OF THE BEARING (HOURS)
C FE -TOTAL FORCE ON THE BEARING
C

ARX=ABS(RX)
AIO-SORT(RY**2+RZ**2)
IF(ITYPE.GT. 1)GOT020

10 CALL XXYYI(AIO,ARX,V,BALLS,DIA,ANGLE,X,Y)
A=3.0
GOTO80

20 IF(ITYPE. GT. 2)GOT030
CALL XXYY2(AIO,ARX, V, BALLS, DIA, ANGLE, X,Y)
A-3.0
GOTOo

30 IF(ITYPE.GT.4)GOT060
X=I. 0"
Y=0. 0
A=3. 3
GOTO80

60 IF(ITYPE.GT.5)GOT070
CALL TAPERI (AIO, ARX, AK, FE)
A=3. 3
GOTOBI

70 CONTINUE
CALL TAPER2(AIO, ARX, AK, FE)
A=3. 3
GOTO81

90 CONTINUE
FE=X*V*AIO+Y*ARX

9t CONTINUE
LIO=(BDC/FE)**A
LF-LAF*LIO/MG/MG1
HF=LF*16666.667/SPEED2
VEG=1./A
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.*. BDCOUT-(LAF*1. /MG/MG1)**VEG*BDC
90 RETURN

END
SUBROUTINE BLCI(PX, PY, PZ, A,B, RP, RIY,RIZ, R2Y, R2Z)

C -----------------------------------------------------------------------
C THIS SUBROUTINE CALCULATES THE BEARING REACTION FOR CASE #1
C---------------------------------------------------------------------------
C INPUTS
C
C A DISTANCE FROM BEARING TO GEAR (IN)
C B DISTANCE FROM GEAR TO BEARING (IN)
C PX FORCE AXIAL ON THE GEAR (LB)

' C PY FORCE RADIAL ON THE GEAR (LB)
-- C PZ FORCE TANGENTIAL ON THE GEAR (LB)

C RP PITCH RADIUS OF THE GEAR (LB)
C
C OUTPUT
C
C RIY REACTION OF BEARING #1 IN THE Y-DIRECTION (LB)
C R2Y REACTION OF BEARING #2 IN THE Y-DIRECTION (LB)
C R1Z REACTION OF BEARING #1 IN THE Z-DIRECTION (LB)
C RIZ REACTION OF BEARING #2 IN THE Z-DIRECTION (LB)
C

R1Y=(-PY*B+PX*RP) / (A+B)
R1Z=-PZ*B/(A+B)
R2Y=(-PY*A-PX*RP) / (A+B)
R2Z=-PZ*A/(A+B)
RETURN

,- END
C

SUBROUTINE GPSPR(TI, AO, F, GAMMA, ROT, SPR, PHE, PHSI, PXPPYP,PZP)
C---------------------------------------------------------------------------
C
C THIS SUBROUTINE CALCULATES THE LOADS PRODUCED BY THE PINION
C---------------------------------------------------------------------------
C INPUTS

C TI INPUT TORQUE (LB-IN)
C AO CONE DISTANCE (IN)
C GAMMA CONE ANGLE (RADIANS)
C ROT DIRECTION OF ROTATION
C I FOR CLOCKWISE
C -1 FOR COUNTERCLOCKWISE
C SPR SPIRAL DIRECTION
C 1 RIGHT HAND
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C -1 LEFT HAND
C PHE PRESSURE ANGLE (RADIANS)
C PHSI SPIRAL ANGLE (RADIANS)
C

* C OUTPUT
C
C PXP THRUST LOAD ON GEAR
C PYP RADIAL LOAD ON GEAR
C PZP TANGENTIAL LOAD ON GEAR
C------------------------------------------------------------------------------
C TANGENTIAL TOOTH LOAD
C-------------------------------------------------------------------------------

PZP=-TI/((AO-F/2.0)*SIN(GAMMA))
C ------------------------------------------------------------------------------
C CHECK FOR ROTATION AND HAND OF THE PINION
C-------------------------------------------------------------------------------

ROTSPR=ROT*SPR
IF(ROTSPR. LT. 1.0)GO TO 10

c C-----------------------------------------------------------------------------
C THRUST LOAD
C-------------------------- ---------------------------------------

PXP=PZP*(TAN(PHE)*SIN(GAMMA)-SIN(PHSI)*COS(GAMMA))
*/COS(PHSI)

C-----------------------------------------------------------------------
C RADIAL TOOTH LOAD
C------------------------------------------------------------------------------

PYP=PZP*(TAN(PHE)*COS(AMMA)+SIN(PHSI)*SIN(GAMMA))
*/COS(PHSI)
GO TO 20

10 CONTINUE
C -----------------------------------------------------------------------
C THRUST LOAD
C C--------------------------- --------------------------------------

PXP-PZP*(TAN(PHE)*SIN(GAMMA)+SIN(PHSI)*COS(GAMMA))
*/COS(PHSI)

C------------------------------------------------------------------------------
* C RADIAL LOAD

C------------------------------------------------------------------------------
PYP=PZP*(TAN(PHE)*COS(GAMMA)-SIN(PHSI)*SIN(GAMMA))

*/COS(PHSI)
20 RETURN

END

C
*C
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C
C

SUBROUTINE LEASQR(N, XYAB)

C LEASQR FITS DATA PAIRS WITH A LINEAR EQUATION OF THE FORM
C Y=A+BX+E
C WHERE, X IS THE INDEPENDENT VARIABLE AND
C Y IS THE DEPENDENT VARIABLE.
C E IS THE RESIDUAL (WHICH IS MINIMIZED)
C THE ESTIMATED EQUATION IS THEN YA+BX.

C
C- INTEGER I,N

REAL AoB°DENOM, NUMA, NUMB, SSX, SXY, SX, SY, X,Y
DIMENSION X(N),Y(N)

Cc
C

C THE VARIABLES ARE:
C N--NUMBER OF DATA PAIRS, (X.Y)(PASSED TO PROGRAM)
C X--INDEPENDENT VARIABLE OF DATA TO BE FITTED(PASSED TO PROGRAM)
C Y--DEPENDENT VARIABLE OF DATA TO BE FITTED(PASSED TO PROGRAM)
C A--Y INTERCEPT OF FITTED LINE(PASSED FROM PROGRAM)

\ C B--SLOPE OF THE FITTED LINE(PASSED FROM PROGRAM)
C I--DO LOOP COUNTER
C DENOM--INTERMEDIATE CALCULATION
C NUMA--INTERMEDATE CALCULATION
C NUMB--INTERMEDATE CALCULATION
C SSX--SUMMATION OF THE SQUARES OF X
C SXY--SUMMATION OF THE PRODUCT OF X AND Y
C SX--SUMMATION OF X
C SY-SUMMATION OF V
C
C INITIALIZE SUMMATIONS
c

L SSX=O.O

SX=O.0
SXYO.0
SY=O.O

C CALCULATE SUMS
C

DO 10 I11.N
SX=SX+X(I)
SY=SY+Y(I)
SXY=SXY+X(I)*Y(I)
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SSX=SSX+X(I)**2
10 CONTINUE
C
C CONVERT N TO REAL TYPE, CALCULATE SLOPE, B AND INTERCEPT, A
C

NUMA=SY*SSX-SXY*SX
NUMB-FLOAT(N)*SXY-SX*SY
DENOM-FLOAT(N)*SSX-SX**2
A=NUMA/DENOM
B=NUMB/DENOM
RETURN
END
SUBROUTINE LIFE(ALIFE, NN, EW, NCOMP, LT1Oo ET)

C---------------------------------------------------------------------------
C
C LIFE CALCULATES THE WEIBULL EXPONENT FOR THE SPIRAL BEVEL
C TRANSMISSION AND THE LIO LIFE OF THE TRANSMISSION.
C
C---------------------------------------------------------------------------

REAL A,E,L,N,S, EB, EG. ET, DIFF. DELTAL.OLDIFFLTiONCOMP(NN)
INTEGER I
DIMENSION L(25).S(25),ALIFE(NN)pEW(NN)

C
C INPUTS
C NCOMP(I) NUMBER OF EACH COMPONENT
C EW(I) WEIBULL EXPONENT OF THE COMPONENT
C ALIFE(I) L10 LIFE OF CONPONENT
C
C OUTPUT
C
C ET WEIBULL EXPONENT OF THE GEAR TRANSMISSION
C LT1O L1O LIFE OF THE TRANSMISSION IN INPUT
C REVOLUTIONS (CYCLES)
C
C MISCELLANEOUS VARIABLES:
C L(I) GENERATED SET OF TRANSMISSION LIVES SUN REVS
C S(I) SET OF TRANSMISSION RELIABILITIES CORRESPONDING TO
C THE SET OF TRANSMISSION LIVES
C A INTERCEPT OF LINE CALCULATED BY LEAST SGUARE ROUTINE
C I DO LOOP COUNTER
C E SMALLER OF THE TWO WEIBULL EXPONENTS
C DIFF DIFFERENCE BETWEEN ITERATED PROBABILITY OF SURVIVAL
C AND DESIRED VALUE
C DELTAL HALF INTERVAL LIFE INCREMENT SUN REVS
C OLDIFF PAST VALUE OF DIFFi USED WITH DIFF FOR DETERMINING
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b C IF ITERATION HAS PASSED DESIRED VALUE

C
S C CALCULATE THE TRANSMISSION'S L5 LIFE USING A HALF INTERVAL METHOD
S C DETERMINE MINIMUM L10 LIFE & CALCULATE SEED VALUE FOR FINDING L5 LIFE

C
CALL MINIMUM(ALIFENN,ASLL)

L( 1)=ASLL/10.
OLDIFF-1. 0
DELTAL=L( 1)

C
C ITERATION FOLLOWS
C

DO 10 I=1,50
SLIFE=O. 0
DO 31 IN=1,NN

SLIFE=SLIFE+NCOMP(IN)*(L(1)/ALIFE(IN))**EW(IN)
31 CONTINUE

* S(1)=0.9**SLIFE
IF(S(1). GE. 0.94. AND. 5(1). LE.0. 96)GOTO2O
DIFF=SC1)-a. 95
IF(DIFF*OLD 1FF. LT. 0. )DELTAL=-DELTAL/2. 0
OLDIFF=DIFF
L( 1 )L( 1)+DELTAL

* 10 CONTINUE
* 20 CONTINUE

OLDIFF=1. 0
SL=ASLL/ 10.
DELTAL=SL
DO 11 1-1,50

SLIFE=O. 0
DO 37 IN=11 NN

SLIFE=SLIFE+NCOMP (IN) *(SL/ALIFE( IN) )**EW( IN)
37 CONTINUE

SD-SLIFE
IF(SD. GE.0. 99. AND. SD.LE. 1.O1)GOTO21
DIFF=SD-1. 00
IF(DIFF*OLDIFF. LT. 0. )DELTAL=-DELTAL/2. 0
OLDIFF-DIFF
SL=SL-DELTAL

11 CONTINUE
WRITE(i, 100)

100 FORMAT(5X, 'ITERATION FOR THE TRANSMISSION''S L5 LIFE WAS'.
1 'UNSUCCESSFUL. '/.5X. 'PROGRAM TERMINATING')

C
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C CALCULATE THE TRANSMISSION'S L50 LIFE USING A HALF INTERVAL METHOD
C CALCULATE A SEED VALUE LARGER THE L50 AND ITERATE DOWN TO L50 LIFE

2c
21 CONTINUE

CONTINUE
E=100.
DO 34 I1,NN
IF(EW(I).LT.E)E=EW(I)

34 CONTINUE
L(25)=L(1)*(ALOG(I.0/0.5)/ALOQ(1.0/0.95))**(1.0/E)
DELTAL-L(1)
OLDIFF-1.0

*C
C ITERATION FOLLOWS
C

DO 30 1=1,50
'V SLIFE=0.0

DO 32 IN=INN
SLIFE=SLIFE+NCOMP(IN)*(L(25)/ALIFE(IN))**EW(IN)

32 CONTINUE
S(25)=0.9**SLIFE

IF(S(25).GE.O. 49. AND. S(25).LE.O. 51)GOT035
DIFF=0.5-S(25)
IF(DIFF*OLDIFF. LT.O.O)DELTAL=-DELTAL/2.0
OLDIFF=DIFF
L(25)=L(25)-DELTAL

30 CONTINUE
WRITE(1,110)

110 FORMAT(5X, 'ITERATION FOR THE TRANSMISSION''S L50 LIFE WAS',
1 'UNSUCCESSFUL. '/,5X, 'PROGRAM TERMINATING')
STOP

C
C ITERATIONS FOR L5 AND L50 ARE COMPLETE; CALCULATE LIFE INCREMENT
C FOR GENERATION OF TABLE OF LIVES AND RELIABILITIES (25 DATA PAIRS)

Jb C
35 CONTINUE

DELTAL-(L(25)-L(l))/24.0
C
C CALCULATE TABLE OF LIVES AND RELIABLITIES (L,S)
C

DO 40 1=2,24
L(1)=L(I-1)+DELTAL

SLIFE=0.0
DO 33 IN-INN

SLIFE=SLIFE+NCOMP(IN)*(L(I)/ALIFE(IN))**EW(IN)

150



O

33 CONTINUE
S(I)=0.9**SLIFE

40 CONTINUE
C
C TRANSFORM USING NATURAL LOGS SO A LINEAR REGRESSION MAY BE USED
C

DO 50 1-1,25
L(I)-ALOG(L(I))
S(I)=ALOG(ALOG(1.0/S(I)))

50 CONTINUE
C
C CALCULATE THE TRANSMISSION'S WEIBULL EXPONENT
C

CALL LEASQR(25, L, S, A, ET)
C
C CALCULATE THE TRANSMISSION'S L1O LIFE
C

LTIO=EXP((ALOG(ALOG(1.0/0.9))-A)/ET)
RETURN
END

C

SUBROUTINE MINIMUM(ALIFE, N, AMIN)

C CHECK FOR MINIMUN NUMBER IN ARRAY
C

DIMENSION ALIFE(N)
AMIN-I0000000.
DO 30 I=I,N

IF(ALIFE(I).LT. AMIN)AMIN=ALIFE(I)
30 CONTINUE

RETURN
END

C-----------------------------------------------------------------------
SUBROUTINE SET1(PHEF,E,MGMG,1NP.NGSPEED2,LP1ORHPIOR,

*LPIOL,HPIOL,LGIO,HGIO,PG, EG, FOR, FOLR1, R2, DCAPR, DCAPL,
*DCAG, FE)

C ---------------------------------------------------------------------
C CALCULATION OF THE LIFE OF THE PINION AND GEAR MESH
C-----------------------------------------------------------------------
C
C INPUTS
C
C PHE -PRESSURE ANGLE OF THE MESH (RADIANS)
C F -FACE WIDTH (IN)
C E -MESH MATERIAL CONSTANT (PSI)
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C MG -GEAR RATIO
C NP -NUMBER OF TEETH OF THE PINION
C NO -NUMBER OF TEETH OF THE GEAR
C SPEED2-SPEED OF OUTPUT SHAFT
C PG -MESH MATERIAL CONSTANT
C EQ -MESH WEIBULL EXPONENT
C FOR -TOTAL FORCE TRANSMITTEDC RI -REFERENCE PLANE RADIUS OF SPIRAL BEVEL PINION (IN)
C R2 -REFERENCE PLANE RADIUS OF SPIRAL BEVEL OEAR (IN)

C
C OUTPUT
C
C LP1O -THE LiO LIFE OF THE PINION (CYCLES)
C HPIO -THE LIO LIFE OF THE PINION (HOURS)
C LGIO -THE LIO LIFE OF THE GEAR (CYCLES)
C HOO -THE LID LIFE OF THE GEAR (HOURS)
C DCAP -THE DYNAMIC CAPACITY OF THE PINION (LBS)
C DCAG -THE DYNAMIC CAPACITY OF THE GEAR (LBS)
C FOR -FORCE ON THE PINION
C FE -FORCE ON THE GEAR
C

REAL NPNG,MMG1,LPIORLPIOLLGOLP1OTRLPIOTL,LGIOT
Fl=.5*F
CBG-BASCAP(RlR2, PHE, F1, E)
FE-((FOR**PG+FOL**PG)/2. )**(1./PG)

C
C CALCULATE LIFE OF GEAR TEETH
C

LPIOTR=(CBG/FOR)**PG
LPIOTL=(CBG/FOL)**PG
LGIOT=(CBG/FE)**PG
VEG-1./EG
VPG-l./PG

C
C CALCULATE LIFE OF PINION AND GEAR
C

LPIOR-(I. /NP)**VEG/MG/MGI*LPIOTR
*. HPIOR-LPIOR*16666.666/SPEED2

LPIOL=(1./NP)**VEG/MG/MGl*LPIOTL
HP1OL-LP1OL*16666. 666/SPEED2
LGOO-(l. /NG)**vEG/MGl*LGlOT
HO1-LGO10*16b66 666/SPEED2

C
C CALCULATE BASIC DYNAMIC CAPACITY OF PINION AND GEAR
C
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DCAPR=( (./NP)**VEG/MG/MGI)**VP*CBG

DCAPL-( (1. /NP)**VEG/MG/MG1)**VPG*CBG
DCAG-( (1. /NG)**VEG/MGl )**VPG*CBG
RETURN
END
SUBROUTINE TAPER1 (R, T, AK, REA)

C--------------------------------------------------------------------------
C THIS SUROUTINE CALCULATES THE EQUIVALENT REACTION AT A
C SINGLE ROW TAPERED ROLLER BEARING
C--------------------------------------------------------------------------
C INPUT
C R -RADIAL LOAD
C T -THRUST LOAD
C AK -RATIO OF BASIC RADIAL RATING TO BASIC THRUST RATING
C
C OUTPUT
C
C RE -EQUIVALENT RADIAL LOAD
C

REA=. 4*R+AK*T
IF(REA. LT. R)REA=R
RETURN
END
SUBROUTINE TAPER2(RT,AKREA)

C-------------------------------------------------------------------
C THIS SUROUTINE CALCULATES THE EQUIVALENT REACTION AT A
C DOUBLE ROW TAPERED ROLLER BEARING
c-----------------------------------------------------------------------------
C INPUT
C R -RADIAL LOAD
C T -THRUST LOAD
C AK -RATIO OF BASIC RADIAL RATING TO BASIC THRUST RATING
C
C OUTPUT
C

C RE -EQUIVALENT RADIAL LOAD
C

-S- CHECKO. 60*R/AK
IF(T. GT. CHECK)GOTO10
REA=R*. 5+. 83*AK*T
GOT020

10 REA=0. 40*R+AK*T
20 CONTINUE

RETURN
END
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SUBROUTINE XXYY1(FRI,FA,V,BALLS,DIA,ANGLE, XY)

C THIS SUBROUTINE CALCULATES THE RADIAL FACTOR AND THRUST FACTOR
C FOR SINGLE ROW BALL BEARINGS
C------------------------------------------------------------------------
C

-Q C INPUTS
C
C FR1 TOTAL RADIAL LOAD (LBS)
C FA TOTAL THRUST LOAD (LBS)

, C V ROTATION FACTOR OF BEARING
C 1.0 FOR INNER RACE ROTATION
C 1. 2 FOR OUTER RACE ROTATION
C BALLS NUMBER OF BALLS PER BEARING
C DIA DIAMETER OF THE BALLS
C ANGLE CONTACT ANGLE OF THE BALL BEARING
C
C OUTPUTS
C X RADIAL FACTOR
C Y THRUST FACTOR
C

DIMENSION A(10),Yt(9),Y2(9),Y3(9),E1(9),E2(9),E3(9)
DATA Xl, X2, X3, X4, XS, X6, X7, X8/0. 56,0. 46, 0. 44,. 43,. 41,. 39,. 37,. 35/
DATA Y4, YS. Y6, Y7, YB/1. 00,. 87,. 76,. 66. 57/

•4 ,DATA E4, ES, E6, E7, EB/. 57,0. 68,0. 80,0. 95, 1. 14/
DATA A/25. ,50. ,100., 150. ,200. ,300., 500., 750. , 1000. , 10000.1
DATA V1/2.30, 1.99, 1.71, 1. 55, 1.45, 1.31, 1. 15, 1.04, 1.00/
DATA Y2/1. 88, 1. 71, 1. 52, 1. 41, 1. 34, 1. 23, 1. 10, 1.01, 1. 00/
DATA Y3/1. 47, 1. 40, 1. 30, 1. 23, 1. 19, 1. 12, 1. 02, 1. 00, 1. 00/
ROWS=I.0
CHECK2=FA/(V*FRI)
IF(ANGLE. GT. 5. 00)GOTO10
CHECK I=FA/(ROWS*BALLS*D I A**2)
DO 1 I=1,9

IF(CHECK1. GT. A(I). AND. CHECK1. LT. A( I+1) )GOT02
I CONTINUE

IF(I.GT.9)1=9
2 IF(CHECK2.LE.E1(I))GOT01000

x-x1
Y=YI(I)

.,-k G0T0999
10 CHECKI=FA/(BALLS*DIA**2)

IF(ANGLE. GT. 10. 0)GOT020
DO 11 1-1,9

IF(CHECK1. GT. A(). AND. CHECK1. LT. A(I+i))OT012
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11 CONTINUEI
12 IF(CHECK2. LE. E2CI) )GOTOIOOO

X-X2
Y-Y2CI)
G0T0999

20 IF(ANQLE. CT. 15. 0)GOT030
DO 21 1-1,9

IF(CHECKI. CT. ACI). AND. CIECK1. LT. A(I+1) )G0T022
21 CONTINUE

IF(I. CT. 9)1=9
22 IF(CHECK2. LE. E3(I) )GOTO1000

X-X3
Y-Y3C I)
G0T0999

* 30 IF(ANGLE. CT. 20. 0)GOTO40
IF(CHECK2. LE. E4)G0T01000
X-X4
Y-Y4
GOT0999

40 IF(ANGLE. CT. 25. 0)00TO50
IF(CHECK2. LE. E5)GOTOIOOO
X-X5
Y=Y5
GOT0999

50 IF(ANGLE. CT. 30. 0)G0T060
IF(CHECK2. LE. E6)GOTOIOOO
X-X6
Y=Y6
G0T0999

60 IF(ANGLE. CT. 35. 0)GOTO70
IF(CHECK2. LE. E7)QOTO1000
X-X7

GOT0999
70 IF(CHECK2.LE.EB)GOTO1000

x-xa

G0T0999
1000 X-1.0

Y=0. 0
999 RETURN

END
SUBROUTINE XXYY2(FR1. FA, V.BALLS. DIA. ANGLE X, Y)
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C THIS SUBROUTINE CALCULATES THE RADIAL FACTOR AND THRUST FACTOR
C FOR DOUBLE ROW BALL BEARINGS
C------------------------------------------------------------------------
C
C INPUTS
C
C FR1 TOTAL RADIAL. LOAD (LBS)
C FA TOTAL THRUStT LOAD (LBS)
C V ROTATION FACTOR OF BEARING

9" C 1.0 FOR INNER RACE ROTATION
C 1.2 FOR OUTER RACE ROTATION
C BALLS NUMBER OF BALLS PER BEARING ROW
C DIA DIAMETER OF THE BALLS
C ANGLE CONTACT ANGLE OF THE BALL BEARING
C
C OUTPUTS
C X RADIAL FACTOR
C Y THRUST FACTOR
C

DIMENSION A(10),Y'(9),Y2(9),Y3(9),Y4(9),Y5(9),Y6(9),Y7(9)
DIMENSION EI(9),E2(9),E3(9),E4(9)
DATA A/25.,50. , 100. , 150.,200. ,300.,500. ,750. ,1000., 10000. /
DATA Y1/2. 30, 1. 99, 1. 71, 1. 55, 1. 45, 1. 31, 1. 15, 1. 04, 1. 00/
DATA Y2/2. 78, 2. 40,2. 07, 1. 87, 1. 75, 1. 58, 1. 39, 1. 26, 1. 21/

'.9 DATA Y3/3.74,3.23,2.78,2. 52,2.36,2.13,1.87,1.69,1.63/
DATA Y4/2. 18, 1. 98, 1. 76, 1. 63, 1. 55, 1. 42, 1. 27, 1. 17, 1. 16/
DATA Y5/3.06,2. 78,2. 47,2. 29,2. 18,2.00,1.79,1. 64,1.63/
DATA Y6/1. 65, 1. 57, 1. 46, 1. 38, 1. 34, 1.26, 1. 14, 1. 12, 1. 12/
DATA Y7/2.39,2.28,2. 11,2.00, 1.93, 1.82, 1.66, 1.63, 1.63/
DATA E1/0. 19,0. 22,0. 26,0. 28,0. 30,0. 34,0. 38, 0. 42, 0. 44/
DATA E2/0.23.0. 26,0.30,0.34,0.36,0. 40,0.45,0. 50,0. 52/
DATA E3/0.29,0. 32,0.36,0.38.0. 40,0. 44,0. 49,0. 54,0. 54/
DATA E4/0.38,0. 40,0. 43,0. 46,0.47,0. 50,0. 55,0. 56,0. 56/
DATA X1, X2, X3, X4, XS, X6, X7, X8/0. 56, 1. ,0. 78, 1. ,0. 75, 1. ,0. 72, 1. /
DATA X9,XIO,X1IX12,X13, X14,X15,X6 X17/O. 70, 1.,0.67, 1.,0.63

*, 1., 0. 60o 1. , 0. 93/
DATA YS9.9,YIO,Y11,Y12,Y13,Y14,Y1SY16,Y17/1. 09, 1.63,0. 92, 1.41.

*0. 78, 1. 24, 0. 66, 1. 07, 0. 55, 0. 93/
DATA ES, E6, E7, EB, E9/0. 57,0. 68,0. 80,0. 95, 1. 14/
ROWS=2. 0
CHECK2-FA/(V*FR1)
IF(ANGLE. OT. 5. 0)GOTOIO
CHECK I =FA/ (ROWS*BALLS*D I A**2)
DO 1 I=1,9

IF(CHECK1. GT. A(I). AND. CHECKI. LT. A(I+1))OT02
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IFNG . )-

Y-0.

11 CONTINUE
'V. IF(I.GT.9)I=9

12 IF(CHECK2. LE. El(I) )G0T013
- X=Xl

Y=Yl(I)
G0T0999

1 3 X=l.0

G0T0999

20IF(ANGLE. CT. 10. )GOTO2O
DO 11 1-1,9

IF(CHECKl. CT. A(I).AND. CHECKI. LT. A(1+1) )GOTl22
2 1 CONTINUE

IF(I. CT. 9)I=9
12 IF(CHECKI.LE.E3(I))GOT0l3

X=X3
Y=Y5(I)
G0T0999

13 X=X4
Y=Y2( I)
GOT0999

20 IF(ANGLE. CT. 10.)GOTO3O
DO 21 1-1,9

IF(CHECKI. GT. A(I). AND. CHECKI. LT.A 1+1) )G0T02
31 CONTINUE

IF(I. CT. 9)1=9
22 IF(CHECK1. LE. E3(I) )G0T03

X-X7
Y=Y7( I)
G0T0999

23 X=X4
Y=y4( I)

30 IFANCLE CT.15. )1574

V DO 1 I A,



GOT0999
40 IF(ANCLE. CT. 20. )QOTOSO

IF(CHECK2. LE. E5)GOT043
X-X9
Y-Y9
GOT0999

43 X-X9
Y-Ye
G0T0999

50 IF(ANQLE. CT. 25. 0)COTO6O
IF(CHECK2. LE. E6)GOTO53
x-x11
Y=Yll
GOT0999

53 x-x10

GOT0999
60 IF(ANQLE. CT. 30. 0)GOT07O

IF(CHECK2. LE. E7)COTO63
X-X13
Y-Y13
G0T0999

63 X-X12
* .-. Y-Y12

GOT0999
70 IF(ANGLE. CT. 35. 0)GOT08O

IF(CHECK2. LE. EB)007073
x=x15
Y-Y15
GOT0999

73 X=X14
Y-Y14
GOT0999

80 IF(CHECK2. LE. E9)GOTO83
X-X17
Y-Y17
GOT0999

83 XSX16
Y-Y16

999 RETURN
END
SUBROUTINE DPBVIN(NPI NC.AO. PHEo,.PHSIROT.SPR, THETA. E, EC. PC

"p 1PHEIPHSIITHETAI,CASEPPTL.AP.DP. ITYPEP1.NBPIDP1.ACPI.AKI,
2BDCAP1. RFPI, EGP1.ITVPEP2. NBP2. DP2. ACP2. AK2. BDCAP2. RFP2. EGP2.
3CASEQ, QTLAGBC. ITYPEGINBG1,DG1,ACG1.AK3. BDCACI.RFGIEQQI,
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41TYPEO.G2,2DG2D ACG2, AK4,BDCAG2, RFG2, EGG2. MG,GAMMA1. GAMMA. ZZO
5ZZ1. DP. DO.RPD. RP, ROD, RO. 1K.AOO, AOP. HT, BOO, BOP, PD#
6ADJP1. ADJP2, ADJOI., ADJG2, ZIP)

C
C SPIRAL BEVEL INPUT
C

CHARACTER*9 DATAFILE
INTEGER NO. YES, ANSWER. CASEPD CASEG, PTL. GTL
REAL NP. NO. MO,NBP1.NBP2. NBGI, NBG2
PARAtIETER(NO-'NO', YES-'YES')
P11=3. 141592654
WRITEC 1.300)

300 FOMTWDA PINION SPIRAL BEVEL GEAR UNIT INPUTS'//)

READ( 1, 99)ANSWER
IF(ANSWER. EQ.NO)GO TO 501
WRITEC 1.502)

502 FORMAT('WHAT IS THE NAME OF THE INPUT FILE')
READ(1, 503)DATAFILE

503 FORMAT(A)
OPEN(UNIT-55, FILE=DATAFILE, STATUS='UNKNOWN')
NRE-55
GO TO 500

A501 NRE=1
500 CONTINUE

CALL GEARINP(NRE. NP. NO. AOPHE. F.PHSI, ROT, SPR,
*THETA.,E,EQ. Pc)
CALL GEAROUT(NP. NO.AO. PHE. F.PHSI.ROT. SPR,

*THETA, E.EQ. P0)
-~ WRITE(1. 1070)

READ(NRE,*)LL1
IF(LL1. EQ3.1)GOTOSOO
WRITE(1. 5000)

* . READ(NRE,*)ZIP
PHEl-PHE*P11/180.

PHSIImPHSI*PI 1/180.
TI-TI*ROT
THETA 1-THETA*P II /180.

C
C
C ENTERING THE VALUES FOR THE PINION AND ITS BEARINGS

C

wRITE1, 1074)
600 CONTINUE
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, l 4v

CALL CASEINP (NRE, CASEP. PTL, AP, BP)
CALL CASEOUT(CASEP,PTLAP.BP)
WRITE(i. 1070)
READ(CNRE * ) LI
IF(Ll. EQ. 1)GOTO600

* 601 CONTINUE
* WRITE(i. 1040)

CALL BEARINP(NRE.ITYPEP1.NBP1.DP1.ACPIAK1,BDCAPI,RFPIEGP1.ADJP1)
CALL DEAROUT(ITYPEP,NP,DPIACP,AI.DCAPIRFPI,EGPI,ADJP1)
WRITE(i, 1070)
READ(NRE, *)L2
IF(L2. EQ. 1)GOT06O1

802 CONTINUE
WRITEC 1.1045)
CALL BEARINP(NRE, ITVPEP2. NDP2. DP2. ACP2. AK2. DDCAP2. RFP2. EGP2. ADJP2)
CALL BEAROUT( ITYPEP2,NDP2. DP2. ACP2D AK2. DDCAP2, RFP2. EQP2. ADJP2)
WRITE(i. 1070)
READ(NREI *)L3
IF(L3. EQ.1)G0T0602

C

C INPUT THE GEAR AND ITS SUPPORTING DEAR INGS
C
C

WRITE(i. 1075)
*603 CONTINUE

CALL CASEINP(NRE. CASEG. GTL. AG1 BG)
CALL CASEOUT(CASEG, GTL, AG. BG)
WRITE(1. 1070)
READ(NRED *)L4
IF(L4. EQ. 1)GOT0603

604 CONTINUE
WRITECI. 1040)

- CALL BEARINP(NRE. ITYPEG1.NBG1.DG1.ACQIAKZ3BDCAG1.RFGI.EGG1.ADJG1)
CALL BEAROUT(ITYPEG1INBG1. DG1*ACG1,AK3.BDCAG1.RFG1,EGG1. ADJG1)
WRITE(i. 1070)
READ(NRE,*)L5
IF(L3. EQ. 1)G0T0604

605 CONTINUE
WRITE(i, 1045)

4 ~CALL DEAR INP(NRED ITYPEG2. NBG2. DG2. ACG2, AK4, DDCAG2. RFG2. EGG2. ADJG2)
CALL DEAROUT( ITYPEG2. NBG2. DG2.ACG2D AK4, BDCAG2. RFG2. EGG2, ADJG2)
WRITE(i. 1070)
READ(NRE,*)L6
IF(L6. EQ. 1)G0T0605
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,. CLOSE(55)

. C CALCULATION OF GEAR RATIO AND OUTPUT SPEED

"" MG-NG/NP
~SPEED2-SPEED/MG

CI

C CALCULATION OF GAMMA

GAMMAI=ATAN(SIN(THETAI)/(MG+COS(THETAt)))
"" GAMMA-GAMMA180.O/PII
?; Z Z THETA-GAMMA

C CALCULATION OF PITCH DIAMETER OF GEAR AND PINION

" C AND REFERENCE PITCH DIAMETER OF GEAR AND PINION

DP-(AO-F/2. )*(2.*SIN(GAMMAt))
DG-(AO-F/2. )*(2.*SIN(ZZl))

~PD-NG/DG
, RPD-DP*.5/COS(GAMMA1)
',, RP=DP*. 5
~RGD-DG*.5/COS(ZZ1)
• . RG=DG..5

%

" C WORKING DEPTH
C HK=.70/PD

C ADDENDUM OF GEAR AND PINION

C C-------------------------------------------------------------------------

AOGO.461PD+O.390(PD*M**2)

, AOP=HKIAOG

. C CACUATONOFGAM
C--------------------------------------------------------------------------

AA M0C WHOLE DEPTH

S .
S[. zz1......1Bo

C--------------------------------------------------------------------------

C--------------------------------------------------------------------------

D' FPD.A T.F1. )(2 TSO(GM50)

- C DED(NUO F TE2.A A*2.S ND PINIO

C------------------------------------ --------------------------------------

HT=1.870/PD

C DDENDUM OF E AR AND PINION

i BOP=HT-AOQ

C----------------------------------------

C HOEDET

* C----------------------------------------

i '% "IF-PD. LT 10. ' - )o-%. TO 50 . . . o - . . ... . . . .
HT 1 BG S/PD ,* -.. ',%,.- -,, . . .-..-- ,.,.S .- x ,- , ,

II I IOTII I i ' i ' i - * ' '' r - -,,,-,.'



BOP"HT-AOP

BOP-HT-AO
999 FORMAT('DO YOU WISH TO USE A DATA SET'/

*'ANSWER YES OR NO')
1040 FORMAT('PINION BEARING *1')
1045 FORMAT('PINION BEARING *2')
1046 FORMAT('GEAR BEARING #1')
1047 FORMAT ( 'GEAR BEAR ING #2')
1070 FORMAT('DO YOU WISH TO CHANGE ANY OF THESE PARAMETERS'/

*'ENTER 1 TO CHANGE')
1074 FORMAT('PINION MOUNTING')
1075 FORMAT('GEAR MOUNTING')
5000 FORMAT('WHAT IS THE ANGLE BETWEEN THE TWO PINIONS')
99 FORMAT(1A4)

RETURN
END
SUBROUTINE CASEINP(NRE, CS, TL, A, B)
INTEGER CS, TL

C--------------------------------------------------------------------------
C INPUT FOR CASE OF BEARING AND GEAR MOUNTING
C--------------------------------------------------------------------------
C

WRITE(l, 1017)
READ(NRE, *)CS
WRITE(1, 1048)
READ(NRE, *)TL
WRITE( 1.1018)
READ ( NRE, *) A
WRITE(1, 1019)

READ(NRE,*)B
IF(CS. EQ. 2)A--A

1017 FORMAT('WHICH CASE OF BEARING PLACEMENT IS BEING USED'/
*'CASE * 1'/

*'BEARING ------- GEAR ---------- BEARING'/
' *12'/

A -------- * ------ B -------
*'CASE * 2'/
*'GEAR --------- BEARING -------- BEARING'/

' B1'
A A-------- /

-------- B--------------
1048 FORMAT('WHICH BEARING CARRIES THE THRUST LOAD'/

*'BEARING *1 OR BEARING #2')
1018 FORMAT('ENTER DISTANCE A - DISTANCE FROM * TO * (IN)')
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1019 FORMAT('ENTER DISTNACE B -DISTANCE FROM *TO *(IN)')
100 FORMAT(F15.5)
12 FORMAT(I1)

RETURN
END
SUBROUTINE CASEOUT(CS. TL. A,B)
INTEGER CSTL

C - -
C CASE ECHO
C------

WRITE(i. 100)CS. TLI ADD
100 FORMIAT(/

*'CASE NUMBER ',13/
*'BEARING TAKING THE THRUST LOAD ',13/
*'DISTANCE A 'F14.4/
*'DISTANCE B 'Fl4. 4/)
RETURN
END
SUBROUTINE DEARINP(NRE, ITYPE. NB. D.AC5 AK.BDCAPD RF. EQ.ADJ)

C------
C BEARING INPUT
C---

REAL NB
WRITECI. 1000)
READ(NRE. *) ITYPE
IF( ITYPE. EQ.3. OR. ITYPE. EQ.4)G0T0410
IF( ITYPE. OT. 4)GOT0400
WRITE(1. 1001)
READ (NRE, *) NB
WRITE(1. 1002)
READ(NRE.4')D
WRITECI, 1003)
READ(NRE, *)AC
GOT0410

400 CONTINUE
IF(ITYPE. LE. 5)GOTO41O
WRITE~i. 1004)
READCNRE. *)AK

410 CONTINUE
WRITE(i. 1005)

p. READ(NRE. *)BDCAP
IF(XTVPE. OT. 4)G0T0420
WRITE( 1.1007)
READ(NRE*)RF

420 CONTINUE
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'! WRITE(,1009)
READ(NRE,*)EG
WRITE(I,1010)
READ(NRE,*)ADJ

1000 FORMAT('TYPE OF BEARING - ENTER NUMBER'/
*' 1 - SINGLE ROW BALL BEARING'/

*' 2 - DOUBLE ROW BALL BEARING'/
*' 3 - SINGLE ROW ROLLER BEARING'/
*' 4 - DOUBLE ROW ROLLER BEARING'/
*1 5 - SINGLE ROW TAPERED ROLLER BEARING'/
*' 6 - DOUBLE ROW TAPERED ROLLER BEARING')

1001 FORMAT('NUMBER OF BALLS OR ROLLERS')
1002 FORMAT('DIAMETER OF BALLS OR ROLLERS')
1003 FORMAT('BEARING CONTACT ANGLE')
1004 FORMAT('WHAT IS THE RATIO OF BASIC RADIAL RATING TO'/

*'BASIC THRUST RATING FOR TAPERED ROLLER BEARINGS')
1005 FORMAT('ENTER THE BASIC DYNAMIC CAPACITY OF BEARING')
1007 FORMAT('ENTER THE ROTATION FACTOR'/

*'1.0 FOR INNER RACE ROTATION'/
*'1.2 FOR OUTER RACE ROTATION')

1008 FORMAT('WHAT IS THE WEIBULL EXPONENT FOR THE BEARING')
1010 FORMAT('WHAT IS THE LIFE ADJUSTMENT FACTOR')
100 FORMAT(F15.5)
12 FORMAT(I1)

RETURN
END
SUBROUTINE BEAROUT(ITYPE, NB, D, AC, AK, BDCAP, RF, EG, ADJ)

C----
C BEARING ECHO
C - -

REAL NB

WRITE(I, 100)ITYPE. NB, D, AC, AK, BDCAP, RF, EQ, ADJ
100 FORMAT(/

*' TYPE OF BEARING ',13/
*' NUMBER OF ROLLING ELEMENTS ',F14.5/

*' DIAMETER OF ROLLING ELEMENTS ',F14.5/

*CONTACT ANGLE (BALL BEARING ONLY) ______'F14.5/
*' RADIAL TO THRUST RATIO'/
*' (TAPER ROLLER BEARING ONLY) ',F14.5/
*' BASIC DYNAMIC CAPACITY ',F14. 5/
*' ROTATION FACTOR ',F14.5/
.' WEIBULL EXPONENT ',F14.5/
*' LIFE ADJUSTMENT FACTOR ',F14.5/)
RETURN
END
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SUBROUTINE GEARINP(NRE, NP, NGAO, PHE, F, PHSI, ROT, SPR,
*THETA, E, EG, PG)
REAL NP, N
WRITE( 1, 1050)
READ ( NRE, * ) NP
WRITE(1, 1051)
READ(NRE,*)NG
WRITE(1, 1052)
READ(NRE, *)AO
WRITE(1 1053)

- READ(NRE,*)PHE
WRITE(l, 1054)
READ (NRE, * ) F
WRITE(l, 1058)
READ(NRE, *)PHSI
WRITE(1, 1059)
READ ( NRE, * ) ROT
WRITE(1 ,1060)
READ(NRE,*)SPR
WRITE( 1,1061)
READ(NRE, *)THETA
WRITE(1, 1063)
READ(NRE, *)E
WRITE(1, 1064)
READ ( NRE, * ) EG
WRITE(l, 1065)
READ(NRE, *)PG

1050 FORMAT('WHAT IS THE NUMBER OF TEETH ON THE PINION')
1051 FORMAT('WHAT IS THE NUMBER OF TEETH OF THE GEAR')
1052 FORMAT('WHAT IS THE CONE DISTANCE OF THE GEAR MESH')
1053 FORMAT('WHAT IS THE NORMAL PRESURE ANGLE (DEG)')
1054 FORMAT('WHAT IS THE FACE WIDTH OF THE GEAR MESH (IN)')
1058 FORMAT('WHAT IS THE SPIRAL ANGLE OF THE PINION')
1059 FORMAT( 'WHAT IS THE DIRECTION OF PINION ROTATION'!

*'LOOKING FROM THE APEX TO THE FACE OF THE PINION'/
*'(COUNTERCLOCKWISE INPUT 1)'/
*'(CLOCKWISE INPUT -1 )')

1060 FORMAT('WHAT IS THE HAND OF THE SPIRAL ANGLE ON THE PINION'
*'(RIGHT INPUT 1)'/
*'(LEFT INPUT -1)')

1061 FORMAT 'WHAT IS THE SHAFT ANGLE BETWEEN THE CENTER LINE OF THE'/
*'PINION SHAFT AND THE CENTER LINE OF THE GEAR SHAFT (DEG)')

1063 FORMAT('WHAT IS THE MESH MATERIAL CONSTANT (PSI)')
1064 FORMAT( 'WHAT IS THE MESH WEIBULL EXPONENT')
1065 FORMAT('WHAT IS THE MESH LOAD-LIFE FACTOR')
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1 RETURN
END
SUBROUTINE GEAROUT(NP, NO, AO, PHE, F. PHSI, ROT, SPR,

*THETA, E, EQ, P0)
REAL NPNG
WRITE(1, 1071)NP, NO. AO, PHE, F, PHSI

*, ROT, SPR, THETA, Eo E,. PG
1071 FORMAT(/

*' NUMBER OF TEETH ON PINION ',F14.3/
*' NUMBER OF TEETH ON GEAR ',F14.3/
*' CONE DISTANCE ',F14. 5/
*" NORMAL PRESSURE ANGLE ',F14. 5/

*" FACE WIDTH ',F14. 5/
*' SPIRAL ANGLE ',F14. 5/
*' DIRECTION OF ROTATION ',F14. 5/
*" HAND OF SPIRAL ',F14.5/

*' SHAFT ANGLE BETWEEN PINION AND GEAR ',F14.5/
* GEAR MESH MATERIAL CONSTANT ',F14.5/

*' WEIBULL EXPONENT ',F14. 5/
*' MESH LOAD LIFE FACTOR ',F14. 5/)

RETURN
END
SUBROUTINE CAP(T, TLIO. N, DYCAPT, POT)

c
C T SET OF TORQUES
C TL1O SET OF TRANSMISSION LIVES AT TORQUE
C N NUMBER OF DATA SETS
C
C DYCAPT DYNAMIC CAPACITY OF THE TRANSMISSION
C PGT LOAD LIFE EXPONENT FOR THE TRANSMISSION
C

DIMENSION T(N),TLIO(N),ALT(100),ALTLIO(100)
DO 20 I-1,N

ALT(I )=ALOG(T(I))
ALTLIO( I )=ALOG(TLIO( I))

20 CONTINUE
CALL LEASQR(N, ALTLIO, ALT, TINT, SLOPE)
DYCAPT-EXP (TINT)
P0Th-I. /SLOPE
RETURN
SEND
SUBROUTINE DPBVOT(PD,PHE, PHSI, SPR, F, AO, SI.SOF, ROT, TIRTIL, TOF,
ITHETA, NP, GAMMA, DP, RPD, AOP, BOP,
2PXPR, PYPR, PZPR, TOTFORR, DCAPR, CASEP, AP, BP,
3RIXPRRIYPRRIZPR, TOFORPIR,BDCAPIOR,
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4R2XPR. R2YPR. R2ZPR. TOFORP2R. BDCAP2OR,
2PXPL. PYPL. PZPL. TOTFORL, DCAPL. CASEP, AP. BP,
3RiXPL, R1YPL. RiZPL. TOFORPIL. BDCAPiOL.
4R2XPL. R2YPLD R2ZPL, TOFOIRP2L. BDCAP2OL,
5NG. ZZ. DG, RGD, AOGI DOG.
6PXGR. PYOR. PZGR, TOTFORGE. DCAGD CASEG. AG, 9G,
6PXGL. PYOL. PZGL, TOTFORGE. DCAG. CASEG. AG. DC.
7RiXG, RlYG. RZG, TOFORGI, DDCAGIO.
SR2XG. R2YG. R2ZGI TOFORG2, DDCAG2O,
9D1. P1. Li.Hi.El)

C--------------------------------------------------------------------------
C PRINT OUT RESULTS
C ----------------------------------------------------------------------

REAL NPNO.Di(9),Pl(9),LI(9).HIc9),EIc9)
I NTEGER CASEP. CASEG
WRITE(1. 1000)

1000 FORMAT(///
I.- SPIRAL BEVEL GEAR UNIT'///)

WRITE(1, i200)PDPHEPHSI.SPRFAO.SISOF
*, ROT, TIR, TIL, TOF, THETA
WRITE(1. 1208)
WRITE(i. 1202)NPGAMMADPRPDAOP,BOP.PXPR,PYPRPZPR

*, TOTFORR. DCAPR
WRITEC 1, 1205)CASEPI AP DPI R1XPR. R1YPR. RIZPR

*, TOFORPIR. BDCAPiOR. R2XPR. R2YPR. R2ZPR. TOFORP2R. DDCAP20R
WRITE(1. 1209)
WRITE(1. 1202)NP, GAMMA. DPI RPD. AOPBfOP. PXPLI PYPLI PZPL

*, TOTFORL, DCAPL
WRITE(1,1205)CASEP,AP,DP,RIXPL,R1YPL,R1ZPL

*, TOFORPlL. BDCAP10LD R2XPL. R2YPLI R2ZPL. TOFORP2L. BDCAP2OL
WRITE(1. 1210)
WRITE(i, i202)NGZZ.DGRGD.AOGDOG.PXGRPYGRPZGR,

*TOTFORGE, DCAC
WRITE(i. 1230)
WRITE(1i.1202)NG. ZZ.DG. RGD. AOQ. BOG. PXGL. PYGL, PZGL,

*TOTFORGE, DCAG
WRITE(i, 1205)CASEG. AG.DGR1XG. RIYG,RIZG

*1 TOFORGi, DDCAG1O. R2XG. R2YG. R2ZG. TOFORG2. DDCAG2O
1200 FORMAT(//' GEAR MESH CHARACTERISTICS 1//

*PITCH ',FS. 2/
*NORMAL PRESSURE ANGLE ',F8. 2/
*SPIRAL ANGLE ',F8 2/
*HAND OF THE SPIRAL OF THE PINION GEAR ',FB.3/
*FACE WIDTH ',FB.3. ' IN'/
*CONE DISTANCE ',F9.3., r N'/
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*• INPUT SPEED OF THE PINION SHAFT ',FIO.2, ' RPM'/

*' OUTPUT SPEED OF GEAR SHAFT ' F1O. 2,' RPM'/

.• DIRECTION OF INPUT SHAFT ROTATION ',F8.3/
4" INPUT TORQUE OF THE RIGHT PINION SHAFT "F1O.2, ' IN-LB'/
*' INPUT TORQUE OF THE LEFT PINION SHAFT ',F1O.2, ' IN-LB'/

.. 4 OUTPUT TORQUE OF THE GEAR SHAFT ',F10.2, ' IN-LB'/
*" ANGLE BETWEEN INPUT AND OUTPUT SHAFT ',F8.2, ' DEG'/)

1202 FORMAT(
*" NUMBER OF TEETH ', FB. 2/
*' PITCH ANGLE '.F8.2,' DEG'/
4' PITCH DIAMETER ', F8. 2, ' IN'/
*' REFERENCE PITCH DIAMETER ',FS.3, ' IN'/
*' ADDENDUM ,FS.3, ' IN'/
* DEDENDUM ,FS. 3, ' IN'/
*• FORCES ON A TOOTH IN THE MESH'//
"' AXIAL FORCE ',F9.1, ' LB•/
*' RADIAL FORCE ,F9. 1, ' LB'/
*' TANGENTIAL FORCE ',F9. 1, ' LB'/
.' TOTAL FORCE ',F9. 1, ' LB'/
," DYNAMIC CAPACITY IN FORCE ',F9. 1, ' LB'/)

1205 FORMAT( ' MOUNTING CHARACTERISTICS'//
*" TYPE OF MOUNTING 'SI5/
4' DISTANCE A ',FB.3/
.' DISTANCE B ',FB. 3//
*' AXIAL LOAD ',F10.2,' LBS'/
*' RADIAL LOAD ',F10.2, ' LBS'/
*' TANGENTIAL LOAD ',F10.2," LBS'/

. *4' TOTAL EQUIVALENT FORCE ',F1O.2, ' LBS'/
4' BASIC DYNAMIC CAPACITY OF BEARING #1 'FIO. 1,' LBS'//
4' AXIAL LOAD '•FIO.2,' LBS'/
*' RADIAL LOAD ', F1O. 2, ' LBS'/
*' TANGENTIAL LOAD ',F1O.2, ' LBS'/
*' TOTAL EQUIVALENT FORCE ' F1O.2,' LBS'/

*' BASIC DYNAMIC CAPACITY OF BEARING *2 ',F1O. 1, ' LBS'//)
1208 FORMAT(//' RIGHT PINION CHARACTERISTICS AND MOUNTING "//)
1209 FORMAT(//' LEFT PINION CHARACTERISTICS AND MOUNTING "//)

1210 FORMAT(//
4' GEAR CHARACTERISTICS AND MOUNTING-MESH WITH RIGHT PINION'//)

1230 FORMAT(//
' GEAR CHARACTERISTICS AND MOUNTING-MESH WITH LEFT PINION'//)

WRITE( 1, 1220)
WRITE(1,1211)
CALL DPLHE(DI(l)PI(I),LI(1),Hll(),EI(1))
WRITE(1, 1213)

CALL DPLHE(DI(2),P1(7),LI(2),HI(2),EI(2))
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WRITE(1, 1214)
CALL DPLHE(D1(3).P1(9).L1(3).HI(3),E1(3))
WRITE(1. 1212)
CALL DPLHE(D1(7).P1(7).L1(7),HU(7),E1(7))
WRITE(1, 1215)
CALL DPLHE(D1(8),P1(S),L1(B),HI(S),E1(8))
WRITE(1, 1216)
CALL DPLHE(D1(9),P1(9),LI(9).HI(9).E1(9))
WRITE(1. 1217)
CALL DPLI4E(D1(4). P1(4), L1(4). H1(4).E1(4))
WRITE(1. 1216)
CALL DPLHE(D1(5).PI(5).L1(5).H1(5).EUS5
WRITEC 1.1219)
CALL DPLHED18.)P1(6)L1(6)H18.)E16))

1220 FORMAT(////
DYNAMIC CAPACITY AND LIFE IN TERMS OF'/

OUTPUT TORQUE AND SPEED'//)
S1211 FORMAT(f RIGHT INPUT PINION'/)
? 1213 FORMAT(' RIGHT INPUT BEARING *1'/)
' 1214 FORMAT(' RIGHT INPUT BEARING *2'/)
1212 FORMAT(' LEFT INPUT PINIDNf/)
1215 FORMAT(' LEFT INPUT BEARING *1'/)

S1216 FORMAT(' LEFT INPUT BEARING *2'/)
-. 1217 FORMAT(' OUTPUT GEAR'/)

1218 FORMAT(' OUTPUT BEARING #1'/)
1219 FORMAT(' OUTPUT BEARING #2'/)

RETURN
END
SUBROUTINE DPLHE(DCAP. PG. LIFE. HOUR. EG)
REAL DCAP. PG. LIFE.HOUR, EG

C
C
C

WRITE(1. 1221)DCAPJPGLIFEHOURIEG

1221 FORMAT(
*1 DYNAMIC CAPACITY ',F14.4, ' LB-IN V/
*1LOAD LIFE EXPONENT '.F14. 4/

LIFE IN MILLION OUTPUT ROTATIONS ',F14.4/
*fLIFE IN HOURS ',F14. 4/

*i WEIBULL EXPONENT fF14. 4/)
* RETURN
* END

SUBROUTINE PLANCA(ISTEP,NCOWPMG1,NS,NPS,NPR,NR,PHIS1,PHIR,
IRS, RPS. RPR. RR.CB. A. V.PB. N.EB. FTT,
2BlSM. PS. ES.WDSM, BIRM. PR. ER.WDRM,
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3TI, TOF, SI, SOF, CS, LS, FS, CR, LR, FR Dl, LIO, Hi,El,
4LPLAN, HPLAN, EPLAN)

U.- C

C
REAL NS,NPS,NPR,NR,N,LS,LR,LSIO,LPS1O,LPR1O,LPIO,LBIOLPLAN
REAL NCOMP(5), LIO(5)1 El(5).DI(5), H1(5)1 LRlO

C
C

CALL BEAR(MG1,CB,A, VPD.PHIRI,PHISIRR.RS,RPR,RPS,N,FTT,
I TI.TOF,sI.SOF,DBLD1OHDIO)
L10(l)-LB10
H1(1)=HBIO
El (1 )E9
Dl (1 )DB
CALL SUN(MGI,NS,PHISI,131SM,PS,ES,RR,RS,RPR,RPS,N,WDSM,
1 TI.TOF,SI,SOFCS,LS,FS,DS,LSlO,HSlO)

LlO(2)=LS1O
HI (2)=HSlO
El (2)=ES
DI(2)=DSV CALL RING(MGINR,PHIRI,B1RM,PR,ERJRRoRS,RPR,RPS,N,WDRM,

1 rITOF,SI,SOF,CR,LR,FR,DR,LRIO,HR10)
LlO(3)=LR1O
Hi (3) =HR 10
El(3)=ER
Dl(3)=DR
IF( ISTEP. EQ.5)G0T025
CALL PLANETI (MGl,ES, PS, ER. PR, RS, RR, RPS, RPRTI, TOF, SI, SOF,

* N,NPR.LSFS.LRFRLPIO,DP.HP1O)

El (4)=ES
L1O(4)=LP1O
H1(4)=HP10
Dl(4)-DP
GO TO 26

25 CONTINUE
CALL PLANET2(MG1, NPS, LS. FSDPS, ES, RR, RS, RPR. RPSD N.
1 TITOFSI,SOFCSDPSLPSIO,HPSIO)

-. - LlO(4)=LPS1O
* Hl(4)=HPSlO
-1* El(4)=ES

D1(4)=DPS
CALL PLANET3(M01, NPR, LR. FR, PR, ER, RR, RS. RPR, RPS, N,
1 TI, TOF, SOF. CR, DPR, LPRIO, HPRIO)
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LlO(5)-LPRlO
Ht(5)-HPRlO
El (5)-ER
D1(5)-DPR

26 CONTINUE
CALL LIFE(LIO, ISTEPE1,NCOMP,LPLAN,EPLAN)
HPLAN-LPLAN*16666. 667/SOF
RETURN
END

C
C
C
C

SUBROUTINE BEAR(MG1,CBA,V,PB, PHIRPHIS, RRRSRPRRPSN,FTT,
• TITOSISOF,DBLBIO,HB1O)

C
C
C BEAR CALCULATES THE BASIC DYNAMIC CAPACITY OF ONE PLANET
C BEARING AND THE LIO LIFE OF THE BEARING FOR THE GIVEN INPUT
C TORQUE IN TERMS OF SUN REVOLUTIONS.
C
C

REAL A,N,V, CB, PB, RR, RS, TIRPR, RPS, LBIO, PHIR PHIS,
1 TNPHIRTNPHISMGl4",,C

C

C THE VARIABLES PASSED TO THE PROGRAM ARE:
C CB--BASIC DYNAMIC CAPACITY OF A SINGLE BEARING

* C A--COMPOSITE BEARING LIFE ADJUSTMENT FACTOR
C PB--LOAD LIFE EXPONENT OF THE BEARING
C RPR--PITCH RADIUS OF PLANET MESHING WITH THE RING
C RPS--PITCH RADIUS OF PLANET MESHING WITH THE SUN
C RR--PITCH RADIUS OF THE RING
C RS--PITCH RADIUS OF THE SUN
C TI--INPUT TORQUE TO THE SUN
C V--OUTER RACE ROTATION LOAD ADJUSTMENT FACTOR
C PHIR--PRESSURE ANGLE OF RING MESH RADIANS
C PHIS--PRESSURE ANGLE OF SUN MESH RADIANS
C N--NUMBER OF PLANET BEARINGS IN THE TRANSMISSION
C THE VARIABLES PASSED FROM THE PROGRAM ARE:
C DB--BASIC DYNAMIC CAPACITY OF ONE PLANET BEARING.4".

C LB1O--L1O LIFE OF ONE PLANET BEARING SUN REVS
C
C CALCULATE THE TANGENTS OF THE PRESSURE ANGLES
C
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TNPHIR=SIN(PHIR)/COS(PHIR)
TNPHIS=SIN(PHIS)/COS(PHIS)

C
C FS: FORCE FROM SUN GEAR

* - FS-TI/(N*RS)
' C

C FR: FORCE FROM RING GEAR
FR=RPS/RPR*FS

C
C FTT: TOTAL TANGENTIAL FORCE

FTT=FS+FR
C
C FTR: TOTAL RADIAL FORCE

, FTR=FR*TNPHIR-FS*TNPHIS
C
C FB: TOTAL FORCE ON BEARING

FB=V*SQRT(FTT**2+FTR**2)
C
C AMOB: LOAD CYCLES PER INPUT REVOLUTION

AMGB=A*RPR/RR
C

. C LB10: L1O LIFE OF ONE PLANET BEARING
-" LBIO=AMGB/MGl*(CB/FB)**PB

HB10=LB10*16666.667/SOF
C
C DB: THE BASIC DYNAMIC CAPACITY OF ONE PLANET BEARING

DB=(AMGB/MG1)**(I.O/PB)*(CB*TO/FB)
RETURN
END

C
$, C

C
C

SUBROUTINE SUN(MG1,NS, PHIS, BISM, PS, ESRR, RS, RPR. RPS, N, WDSM,
1 TI,TO,SI,SOF.CS,LS,FS,DS,LS10,HS10)

C
C
C SUN CALCULATES THE BASIC DYNAMIC CAPACITY OF THE SUN GEAR AND
C THE L10 LIFE OF THE SUN GEAR FOR THE GIVEN INPUT TORQUE.
C
C

REAL N,CS,DSES,NS,PS,RR,RS,TI,RPRRPS,B1SMLS10,
1 PHIS,WDSMLSMGl

C
C
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C VARIABLES WHICH ARE PASSED TO THE PROGRAM:
C BISM-MATERIAL CONSTANT FOR THE SUN-PLANET MESH
C ES--WEIBULL EXPONENT OF THE SUN MESH
C N--NUMBER OF PLANETS
C NS--NUMBER OF TEETH ON SUN
C PHIS--PRESSURE ANGLE OF THE SUN MESH RADIANS
C PS--LOAD LIFE FACTOR OF ONE TOOTH OF THE MESH
C RPR--PITCH RADIUS OF THE PLANET MESHING WITH RING
C RPS--PITCH RADIUS OF THE PLANET MESHING WITH SUN
C RR--PITCH RADIUS OF THE RING
C RS--PITCH RADIUS OF THE SUN
C TI--INPUT TORQUE TO THE SUN
C WDSM--EFFECTIVE FACE WIDTH OF THE MESH
C VARIABLES WHICH ARE PASSED FROM PROGRAM:
C DS--BASIC DYNAMIC CAPACITY OF THE SUN GEAR
C LS1O--L1O LIFE OF THE SUN GEAR SUN REVS
C CS--BASIC DYNAMIC CAPACITY OF ONE TOOTH OF THE MESH
C
C
C CALCULATE THE CAPACITY OF ONE TOOTH IN THE SUN MESH
c

CS=BASCAP(RS, RPS, PHIS, WDSM, BiSM)
C
C FS: FORCE ON SUN GEAR

FS=TI/(N*RS)
C
C LS: LIFE'OF ONE TOOTH ON THE SUN GEAR

LS=(CS/FS)**PS
C
C AMGS. LOAD CYCLES PER INPUT REVOLUTION

AMGS=(RS*RPR)/(N*RR*RPS)
C
C LS10 LIO LIFE OF THE SUN GEAR

LS1O(1. /NS)**(1. /ES)*AMGS/MGI*LS
HSIO=1666. 667*LS1O/SOF

C
C DS: BASIC DYNAMIC CAPACITY OF THE SUN GEAR

DS-(I.O/NS)**(1.O/ES/PS)*(AMS/MG1)**(I. /PS)*(CS/FS*TO)
RETURN
END

C
C
C
C
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SUBROUTINE PLANET1(MGI, ES, PS, ER, PR, RS, RR, RPS, RPR, TI, TO, SI SOF,
* N, NP, LS, FS, LR, FR, LP1O, DP, HP1O)

C
C
C PLANET CALCULATES THE BASIC DYNAMIC CAPACITY OF A PLANET GEAR
C AND THE L10 LIFE OF A PLANET GEAR FOR THE GIVEN INPUT TORQUE.
C
C

REAL N, NP, LPIOo LS, LRo LP, MG1
:: . C

C
C VARIABLES WHICH ARE PASSED TO THE PROGRAM:
C ES--WEIBULL EXPONENT OF THE PLANET-SUN MESH
C PS--LOAD LIFE FACTOR OF THE PLANET-SUN MESH
C ER--WEIBULL EXPONENT OF THE PLANET-RING MESH
C PR--LOAD LIFE FACTOR OF THE PLANET-RING MESH
C RS--PITCH RADIUS OF THE SUN
C RR--PITCH RADIUS OF THE RING
C RPS--PITCH RADIUS OF THE PLANET MESHING WITH SUN
C RPR--PITCH RADIUS OF THE PLANET MESHING WITH RING
C TI--INPUT TORQUE TO THE SUN LB-IN
C N--NUMBER OF PLANETS
C NP--NUMBER OF TEETH ON THE PLANET
C LS--LIFE OF ONE TOOTH IN THE PLANET-SUN MESH
C FS--FORCE ON ONE TOOTH IN THE PLANET-SUN MESH
C LR--LIFE OF ONE TOOTH IN THE PLANET-RING MESH
C FR--FORCE ON ONE TOOTH IN THE PLANET-RING MESH
C VARIABLES WHICH ARE PASSED FROM PROGRAM:
C DP--BASIC DYNAMIC CAPACITY OF THE PLANET
C LP10--L1O LIFE OF THE PLANET SUN REVS
C
C
C AMGP: LOAD CYCLES PER INPUT REVOLUTION

AMGP-RPR/RR
C
C LP: LIFE OF ONE TOOTH OF PLANET DUE TO DUAL LOADING

LP-(LS*LR)/(LS**ES+LR**ES)**(1./ES)
C
C LP10: LIFE OF STEPPED PLANET GEAR

LP10=(I.O/NP)**(1.0/ES)*AMGP/MGl*LP
HP10-16666. 667*LPlO/SOF

C
C DP: DYNAMIC CAPACITY OF PLANET GEAR

DP-(1.O/NP)**(1.O/ES/PS)*(AMGP/MGl)**(1.0/PS)
I*LP**(1 0/PS)*TO
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iNDRETURN

ITI, TO, SI, SOF, CS, DPS, LPSlO, HPSIO)

-. 4

• :.-"C PLANET2 CALCULATES THE BASIC DYNAMIC CAPACITY OF THE

' ,P.

"C PANET-SUN GEAR AND THE LIO LIFE OF THE PANET-SUN GEAR
C FOR THE GIVEN INPUT TORQUE.

- -.', REAL N, CS, DPS, ES, NP, PS, RR, RS, TI, RPR, RPS, LPS10,
I LS, MGl

~c
~c
:- C VARIABLES WHICH ARE PASSED TO THE PROGRAM:

- .C LS--LIFE OF ONE TOOTH IN THE PLANET-SUN MESH
.. C FS--FORCE ON ONE TOOTH IN THE PLANET-SUN MESH

"- '-iC ES--WEIBULL EXPONENT OF THE SUN MESHL C N--NUMBER OF PLANETS

C NS--NUMBER OF TEETH ON SUN
n -C PS--LOAD LIFE FACTOR OF ONE TOOTH OF THE MESH
":C RPR--PITCH RADIUS OF THE PLANET MESHING WITH RING

=.-',C RPS--PITCH RADIUS OF THE PLANET MESHING WITH SUN
, -,"'"C RR--PITCH RADIUS OF THE RINGC RS--PITCH RADIUS OF THE SUN

C TI--INPUT TORQUE TO THE SUN

C VARIABLES WHICH ARE PASSED FROM PROGRAM:
C DS--BASIC DYNAMIC CAPACITY OF THE SUN GEAR
C LSA--LIO LIFE OF THE SUN GEAR SUN REVS

C
C

C LSO: LOAD CLES PFETENSUT REVOUTO

RELSN0.C. DNPS* ES1N. PES.RRRSP/M.RPRS.LSO

1P ILSM101
C

-r. .;~ L S: BAIC LYIFE ACT OF THE SUN EAR

C
C S--WEIU EXPONET OF THE SUN MEAH

C PS--L.OAD L*IEFOR OF ONE TOOTH OF THE MEPSH*C/F*
P.., C RPR--N C AISO H LAE EHN IHRN

-4 CRS-PTC ADUSO TEPLNT ESIGNIHDU
C R-PTHRDU FTERN
CR--TC RAISOTHSU

C TI-INPT TOQUE O TH1SU



'-'a

SUBROUTINE PLANET3(MGI,NP, LRoFR, PR, ER, RRRSRPRRPSN,
1 TI, TO SI, SOF, CR, DPR, LPRIOoHPRIO)

C
C
C PLANET3 CALCULATES THE BASIC DYNAMIC CAPACITY OF THE

" C PLANET-RING GEAR AND THE LIO LIFE OF THE PLANET-RING
C GEAR FOR THE GIVEN INPUT TORQUE.
C
C

REAL NCRDRERNPPRRRRS,TI,RPR,RPSLPRIO,
1 LRMG1

C
C
C VARIABLES WHICH ARE PASSED TO THE PROGRAM:
C LR--LIFE OF ONE TOOTH IN THE PLANET-RING MESH
C FR--FORCE ON ONE TOOTH IN THE PLANET-RING MESH
C ER--WEIBULL EXPONENT OF THE RING MESH
C NP--NUMBER OF TEETH ON ONE PLANET
C NR--NUMBER OF TEETH ON RING
C PR--LOAD LIFE FACTOR OF ONE TOOTH OF THE MESH
C RPR--PITCH RADIUS OF THE PLANET MESHING WITH RING
C RPS--PITCH RADIUS OF THE PLANET MESHING WITH SUN
C RR--PITCH RADIUS OF THE RING
C RS--PITCH RADIUS OF THE SUN
C TI--INPUT TORQUE TO THE SUN
C VARIABLES WHICH ARE PASSED FROM PROGRAM:
C DPR--BASIC DYNAMIC CAPACITY OF THE RING GEAR
C LPR10--L10 LIFE OF THE RING GEAR SUN REVS
C
C
C AMGP: LOAD CYCLES PER INPUT REVOLUTION

AMGP=RPR/RR
C
C LRIO: LIO LIFE OF THE RING GEAR

LPRIO-(1 /NP)**(1 /ER)*AMGP/MG1*LR
HPR10LPRIO*16666.667/SOF

C
C DR: THE BASIC DYNAMIC CAPACITY OF THE RING GEAR

DPR-(1./NP)**(1./ER/PR)*(AMGP/MG1)**(1./PR)*CR*TO/FR
"* RETURN
. *END

C
C

- SUBROUTINE RING(MG1,NRPHIR,BIRM,PRoER,RRRSRPRRPSN,WDRM,
1 TITOSISOFCRLRFRDRLRIO,HR1O)
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C
C
C RING CALCULATES THE BASIC DYNAMIC CAPACITY OF THE RING GEAR AND
C THE L1O LIFE OF THE RING GEAR FOR THE GIVEN INPUT TORQUE.
C
C

REAL N, CR, DR, ER, NR, PR, RR, RS, TI,RPR, RPS, BIRM, LR1O,
1 PHIR, WDRM, LR, MG1

C
C
C VARIABLES WHICH ARE PASSED TO THE PROGRAM:
C BIRM--MATERIAL CONSTANT OF THE RING-PLANET MESH
C ER--WEIBULL EXPONENT OF THE RING MESH
C NP--NUMBER OF TEETH ON ONE PLANET
C NR--NUMBER OF TEETH ON RING
C PHIR--PRESSURE ANGLE OF THE RING MESH RADIANS
C PR--LOAD LIFE FACTOR OF ONE TOOTH OF THE MESH
C RPR--PITCH RADIUS OF THE PLANET MESHING WITH RING
C RPS--PITCH RADIUS OF THE PLANET MESHING WITH SUN
C RR--PITCH RADIUS OF THE RING
C RS--PITCH RADIUS OF THE SUN
C TI--INPUT TORQUE TO THE SUN
C WDRM--EFFECTIVE FACE WIDTH OF THE GEARS
C VARIABLES WHICH ARE PASSED FROM PROGRAM:
C DR--BASIC DYNAMIC CAPACITY OF THE RING GEAR
C LR10--L10 LIFE OF THE RING GEAR SUN REVS
C CR--BASIC DYNAMIC CAPACITY OF ONE TOOTH OF THE RING MESH
C

*. C
C CALCULATE THE CAPACITY OF ONE TOOTH IN THE RING MESH
C THE -RR IN FUNCTION BASCAP INDICATES AN INTERNAL GEAR MESH.
C

CR=BASCAP(RPR, -RR, PHIR, WDRM, BIRM)
C
C FR: FORCE ON THE RING GEAR

FR=RPS*TI/(RPR*RS*N)
*C

C LR: LIFE OF ONE TOOTH ON THE RING GERA
LR=(CR/FR)**PR

C
C AMGR: LOAD CYCLES PER INPUT REVOLUTION

AMGR=I./N
C
C LRIO: L1O LIFE OF THE RING GEAR

LRIO-(1./NR)**(1 /ER)*AMGR/MGI*LR
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HR1O-LR1O*18666. 887/SOF
C
C DR: THE BASIC DYNAMIC CAPACITY OF THE RING GEAR

DR-(1./NR)**CI. /ER/PR)*(AMGR/MQ1)**(1. /PR)*CR*TO/FR
RETURN
END

C
C

SUBROUTINE PLANIN(CBA.V.EBIPBNINCOMPIPDSPDRNSPHISPHISI
IPHIR. PHIRi, WDSM. ES. PS.BISM. ISTEP. NPS, NPR. NR. WDRM. ER, PR, BIRM.
2RPRRPS,RR. RS)
CHARACTER*9 DATAFILE
REAL NNCOMPC5).NSNPSNPR,NR
INTEGER NO, YES. ANSWER
PARAMETER (NO='NO', YES-'YES')
WRITE( 1, 300)

*300 FORMAT(//' PLANETARY GEAR UNIT INPUTS'//)
WRITEC 1.999)

999 FORMAT('DO YOU WISH TO USE A DATA FILE (YES OR NO)')
READ(1. l10)ANSWER
IF(ANSWER.EQ.NO)GO TO 501
WRITE( 1.502)

502 FORMAT('WHAT IS THE NAME OF THE INPUT FILE')
READ(1I.503)DATAFILE

503 FORMAT(A)
OPEN(UNIT=56. FILE=DATAFILE. STATUS= 'UNKNOWN')
NRE-56
GO TO 500

501 NRE=1
500 CONTINUE
C
C
C

WRITE(1. 1000)
V READCNRE,*)CB

WRITE(i. 1010)
READ(NRE. *)A
WRITE(i. 1020)
READ(NRE. *)V
WRITE(i. 1030)
READ(NRE *)EB
WRITE(i, 1040)
READ(CNRE * )PB
WRITE(i. 1050)
READ(NRED *)N
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NCOMP(1 )-N
NCOMP(2)1l.
NCOMP (3)-i.
NCOMP (4) -N
NCOMPC(5)-N
WRITEC1, 1060)
READ(NRE, 110)ANSWER
IF(ANSWER. EQI.YES)WRITE(1. 1070)
IF(ANSWER. EQ. NO)WRITEC 1~ 109)
READ CNRE. *)PDS
IF(ANSWER. EQ.YES)PDR-PDS
IF(ANSWER. EG.NO)READCNRE. *)PDR
WRITE(i. 1090)
READ(NRE, *)NS
WRITECI, 1100)
READCNRE, 110)ANSWER
!F(ANSWER. EQ.YES)WRITE(1, 1110)
4F(ANSWER. EQ. NaWRITEC1. 1120)
READ(NRE. *)PHIS
IF(ANSWER. EQ.YES)PHIR-PHIS
IF(ANSWER. EQ.NO)READ(NRE, *)PHIR
PHIS1=PHIS*3. 1415927/180. 0
PHIR1=PHIR*3. 1415927/180. 0
WRITEC11 1130)
READ(NRE, *)WDSM
WRITE(i. 1140)
READ(NRE. *)ES
WRITE(i. 1150)
READ(NRE. *)PS
WRITE(i. 1160)
READ(NRE. *)B1SM
WRITE(i, 1170)
READ(NRE. 110)ANSWER
I STEP=4
IF(ANSWER. EQ.NO)WRITE(1. 1190)
IF(ANSWER. EQ.YES)WRITE(1. 1190)
IF(ANSWER. EQ.YES) ISTEP-5
READCNRE,*4)NPS
IF(ANSWER. EQ.NO)NPR-NPS
IF(ANSWER. EQ.YES)READ(NRE, *)NPR
WRITE(i. 1200)
READ(NRE. *)NR
WRITE(i. 1210)
READ(NRE. *)WDRM
WRITE '1.1220)
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READCNRE,*)ER
WRITE(1,1230)
READ(NRE,*)PR
WRITE(1,1240)
READ(NRE,*)BIRM
CLOSE(56)c

C

C
RPR=NPR/2.0/PDR
RPS=NPS/2.0/PDS
RR=NR/2.0/PDR
RS=NS/2.0/PDS

C
C INPUT WRITE FORMATS
C

" 110 FORMAT(tA4)
1000 FORMAT(20X,'PLANETARY TRANSMISSION RELIABILTY ANALYSIS'//,

1 20X, '(ALL NUMERICAL INPUT MUST BE IN F-FORMAT)'//,
2 5X, 'WHAT IS THE BASIC DYNAMIC CAPACITY OF ONE PLANET',
3 ' BEARING? (LB)')

1010 FORMAT(5X, 'WHAT IS THE COMPOSITE LIFE ADJUSTMENT FACTOR?')
1020 FORMAT(5X, 'WHAT IS THE OUTER RACE ROTATION FACTOR?')
1030 FORMAT(5X, 'WHAT IS THE WEIBULL FACTOR FOR THE BEARINGS?')
1040 FORMAT(SX, 'WHAT IS THE LOAD-LIFE FACTOR FOR THE BEARINGS?')

* 1050 FORMAT(SX, 'HOW MANY PLANET BEARINGS ARE IN THE TRANSMISSION?')
1060 FORMAT(SX, 'IS THE DIAMETRAL PITCH THE SAME FOR BOTH MESHES?')
1070 FORMAT(5X, 'WHAT IS THE DIAMETRAL PITCH OF THE TRANSMISSION?',

1 ' (TEETH/IN)')
1080 FORMAT(5X, 'ENTER THE DIAMETRAL PITCH OF THE SUN MESH FIRST, /o

I 5X, 'THEN, ENTER THE DIAMETRAL PITCH OF THE RING MESH. ',

2 '1 (TEETH/IN)')
1090 FORMAT(5XD 'HOW MANY TEETH DOES THE SUN GEAR HAVE ON IT?')
1100 FORMAT(5X, 'IS THE PRESSURE ANGLE FOR THE SUN MESH AND'/,

1 5X, 'THE RING MESH THE SAME?')
1110 FORMAT(5X, 'WHAT IS THE PRESSURE ANGLE? (DEG)')
1120 FORMAT(5X. 'ENTER THE PRESSURE ANGLE FOR THE SUN MESH FIRST.,'/,

I 5X, 'THEN ENTER THE PRESSURE ANGLE OF THE RING MESH. (DEG)')
1130 FORMAT(5X, 'WHAT IS THE FACE WIDTH OF THE SUN MESH? (IN)')
1140 FORMAT(5X, 'WHAT IS THE WEIDULL EXPONENT OF THE SUN MESH?')
10 FORMAT(5XD 'WHAT IS THE LOAD-LIFE FACTOR OF THE SUN MESH?')

1150 FORMAT(5X, 'WHAT IS THE MATERIAL CONSTANT OF THE SUN MESH? (PSI)')
1170 FORMAT(5X. 'DOES THE TRANSMISSION HAVE STEPPED PLANETS?')
1180 FORMAT(5X. 'HOW MANY TEETH DOES ONE PLANET GEAR HAVE?')
1190 FORMAT(5X. 'ENTER THE NUMBER OF TEETH ON ONE PLANET MESHED'/,
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1 5X, 'WITH THE SUN, THEN ENTER THE NUMBER OF TEETH ON THE'/.
2 5X, 'PLANET MESHED WITH THE RING. ')

1200 FORMAT(5X, 'HOW MANY TEETH ARE ON THE RING GEAR?')
1210 FORMAT(5X, 'WHAT IS THE FACE WIDTH OF THE RING GEAR MESH? (IN)')
1220 FORMAT(5X1 'WHAT IS THE WEIBULL EXPONENT OF THE RING GEAR MESH?')
1230 FORMAT(5X, 'WHAT IS THE LOAD-LIFE FACTOR OF THE RING GEAR MESH?')
1240 FORMAT(5X, 'WHAT IS THE MATERIAL CONSTANT OF THE RING GEAR MESH?'"

1I (TEETH/IN)')
- RETURN

END
C

SUBROUTINE PLANOT(ISTEP. N. V. CD FDNS, PDS, PHIS.WDSM DISM. FSI
1NR. PDR. PHIR. WDRM. BlRM. FR, NP, NPS. NPR. TI. TOF, SI.SOF, FTT,
2D1. P1. Li.HI.El)
REAL N. NS.NR. NP.NPS. NPR D1(5), P1(5). LI(5). El(5).Hi(S)
WRITE( 1.5049)TI, TOF, SI, SOF
WRITE(1, 5002)
DB1=D1 (1)*FTT/TOF
WRITE( 1, 5051 )N. V.CB. DB1.FT1r
WRITE(1. 5000)
051=01 (21*FS/TOF
WRITE( 1.5050)NS. PDS. PHIS. WDSMI BiSM. DS1. FS
WRITE(l, 5001)
DRl=Dl (3)*FR/TOF
WRITE( 1.5050)NR. PDR. PHIR, L.DRM, BIRM, DRI.FR
WRITE(1. 5003)
DP=Dl (4)*FS/TOF
IF(ISTEP. EQ.5)GOTO1O
WRITE( 1, 5050)NPS. PDS. PHIS. WOSM, DISM. DPI. FS

- . GOT020

10 DPS1=D1(4)*FS/TOF
WRTTE(1. 5004)
WRITE( 1.5050)NPS PDS, PHIS. WOSM. BISM. DPSI. FS
DPRI=DI(5)*FR/TOF
WRITE( 1.5005)
WRITE( 1,5050)NPR, PDR, PHIR, WDRM, BIRM. DPR I ,FR

20 CONTINUE
WRITE~l. 4999)
WRITE( 1.5002)

h/. ~CALL DPLHE( 01(1). P1(1 ) Li (1) HI (1).El (1))
WRITE(1.5000)
CALL DPLHE(Dl(2),PI(2).Ll(2).Hl(2).E1(2))
WRITE(1, 5001)ii ~ ~CALL DPLHE( 01(3), P1(3) Li (3). HI (3), El(3))
IF(ISTEP. EQ. 5)COTO~iI
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WRITE( 1, 5003)
CALL DPLHE(DI (4), P1(4), Li(4). Hi(4), El (4))
GOT021

11 WRITE(1,5004)
CALL DPLHE(DI(4),PI(4)sLI(4).HI(4)0EI(4))

WRITE(1, 5005)
CALL DPLHE(DI(5),PI(5),LI(5),HI(5),EI(5))

21 CONTINUE
4998 FORMAT(////

1t PLANETARY GEAR UNIT'//)
4999 FORMAT(////

DYNAMIC CAPACITY AND LIFE IN TERMS OF'/
*1 OUTPUT TORQUE AND SPEED'//)

5000 FORMAT(' SUN GEAR 'I)
5001 FORMAT(' RING GEAR'/)
5002 FORMAT(' PLANET BEARING'/)
5003 FORMAT(' PLANET GEAR' /)
5004 FORMAT(' PLANET-SUN GEAR '/)
5005 FORMAT(' PLANET-RING GEAR'/)
5049 FORMAT(///

1' INPUT TORQUE ............................. '., F14. 5, ' LB-IN'/
2' OUTPUT TORQUE ...................... ......'.F14. 51 ' LB-IN'/
3' INPUT SPEED ............................... ',F14. 5, ' RPM'/

50504' OUTUT SPEED ....................... ,F14. 5, ' RPM'/)
, 5050 FORMAT( /

1' NUMBER OF TEETH ..........................'. F14.5/
2' PITCH OF THE MESH ........................'. F14.5/
3' PRESSURE ANGLE ...........................'. F14. 5, ' DEG'/
4' FACE WIDTH ................................ F14. 5, ' IN'/
5' MATERIAL CONSTANT OF THE MESH ............'. F14.5, ' PSI'/
6' DYNAMIC CAPACITY ........................'.. F14. 5' LBS'/
7' FORCE ON GEAR TOOTH ......................'. F14.5, ' LBS'/)

5051 FORMAT(/
1' NUMBER OF PLANETS ......................... ',F14. 5/
2' ROTATIONAL FACTOR ......................... F14. 5,
3' DYNAMIC CAPACITY (CATALOG VALUE) ........ F14. 5#' LBS'/
4' DYNAMIC CAPACITY (SYSTEM VALUE) ......... F14.5, ' LBS'/
5' TOTAL FORCE .............................. ',F14.5, ' LBS'/)
RETURN
END
SUBROUTINE SPBVCA(

ITI, TOF, SI, SOF, MG. MQi. NP, NG,
2AO,GAMMA1,ROTSPR,PHEi1,PHSIIZZI,
3PTL, AP, BP, RP, GTL, AG, B, RO,
4ITYPEP1, RFPI, NBPI, DPi, ACP1, BDCAPI1, AK, EGP1 ADJP1,
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5ITYPEP2,RFP2,NBP2,DP2,ACP2,BDCAP2,AK2,EGP2,ai JP2," : 6ITYPEG1, RF 1, NBG1,OGl, ACQI, BDCAG1, AK3, EGG1, ADJG1,
o: 71TYPEG2, RFG2, NBG2, DG2,ACG2,BDCAG2, AK4, EGG2, ADJG2,

*'i SF, E, PG, EG RPD, ROD,
9PXP, PYP, PZP, TOTFOR, PXG, PYG, PZO, TOTFOR,
tRtXP,RIYP,R1ZPR2XP,R2YP,R2ZP,
2R1XG, R1YG, RIZO, R2XG, R2YG, R2ZG,
3LIOP1, HiOPI, TOFORPI, POP1, BDCAP1O, BDCAPIOT,
4L1OP2, HIOP2, TOFORP2, PGP2, BDCAP20, BDCAP2OT.

*..-. 5L10G1, HiOGI, TOFORGi1 PGG1l BDCAG1O, BDCAGIOT,
6L10G2, H 1002, TOFORG2, PGG2, BDCAG20, BDCAG2OT,
7LPIO, HPIO, DCAP, DCAPT,
SLOIO, HGtO, DCAG, DCAGT,
9LSBHSBESB)
INTEGER PTL, QTL
REAL LIOP1,LIOP2,LIOG1,LIOG2,LPIO,LGIO,LSB,LL(6),EE(6),NCOMP(6)
REAL MGMGlNPNG,NBP1,NBP2,NBG1,NBG2
DATA NCOMP/1. 1, 1 1.1.,1. /

C--------------------------------------------------------------------------
C CALCULATION OF THE LOADS TRANSMITTED FROM THE PINION
C--------------------------------------------------------------------------

CALL GPSPR(TIAOF, GAMMA1, ROT, SPR, PHEl, PHSIIPXPPYP,PZP)
TOTFOR=SQRT ( PXP**2+PYP**2+PZP**2)

C--------------------------------------------------------------------------
C CALCULATION OF THE LOADS TRANSMITTED TO THE GEAR FROM EACH PINION
C--------------------------------------------------------------------------

TOUT-MG*T I
ROT 1=-ROT
SPR1=SPR
CALL GPSPR(TOUToAOFZZ1,ROT1,SPR1,PHE1,PHSI1,PXGoPYGPZG)

C --------------------------- -----------------------------------
C CHECK CASE FOR BEARING POSITION AND CALCULATE THE LOADS
C ON THE BEARINGS TRANSMITTED FROM THE RIGHT PINION
C-------------------------------------------------------------------------

IF(PTL. EQ. 2)G0 TO 1e
RlXP=PXP
R2XP-0. 0
GO TO 19

18 R1XP-O.0
R2XP=PXP

19 CONTINUE
CALL BLC1(PXPPYPPZPAPBPRPRIYPRIZPR2YP,R2ZP)

C--------------------------------------------------------------------------
C CHECK CASE FOR BEARING POSITION CALCULATE THE LOADS
C ON THE BEARINGS TRANSMITTED FROM THE GEAR DUE TO THE PINION
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IF(GTL. EQ. 2)GO TO 22
R1XG-PXG
R2XG=O.0
GO TO 23

22 R1XG-'0.O
R2XG=PXG

23 CONTINUE
CALL BLCI(PXG,PYGPZG, AG, BO, RG, R1YG,R1ZGoR2YR2ZG)

c -----------------------------------------------------------------------
C CALCULATE THE LIFE OF PINION BEARING *1
C---------------------------------------------------------------------------

CALL BDCAP(ITYPEP1,RIXPRIYPRZPRFPlNBP1,DPIACPSOFADJPI
i *,BDCAP1,LIOP1,HIOP1,MGMGI1 AKI,TOFORPI,PGP1,BDCAPIO)

BDCAPIOT=BDCAPlO*TOF/TOFORP1
LL(2)=LIOP1
EE(2)=EGPI

C -----------------------------------------------------------------------
C CALCULATE THE LIFE OF PINION BEARING *2
C---------------------------------------------------------------------------

CALL BDCAP(ITYPEP2, R2XP, R2YP, R2ZP, RFP2,NBP2, DP2,ACP2, SOFoADJP2
*,BDCAP2, L1OP2, HlOP2, MG, MG1,AK2, TOFORP2, PGP2, BDCAP20)
BDCAP20T=BDCAP2O*TOF/TOFORP2
LL(3)=LIOP2
EE(3)=EGP2

C CALCULATE THE LIFE OF GEAR BEARING #1
C-------------------------------------------------------------------------

CALL BDCAP(ITYPEG1,RIXGR1YG,RIZGRFG1,NBGI,DG1,ACGl,SOF,ADJGI
*,BDCAG1,LIOGI,HIOGI, 1.,MO1,AK3, TOFORG1,POOl, BDCAGIO)
BDCAGOT=BDCAGO10*TOF/TOFORG1
LL(5)=LlOGl
EE(5)=EGC1

C ------------------------------------------------------
C CALCULATE THE LIFE OF GEAR BEARING #2
C .......

CALL BDCAP( ITYPEG2, R2XG, R2YG, R2ZG, RFG2, NBG2, DG2, ACG2, SOF, ADJG2
*, BDCAG2, L1OG2, HIOG2, 1. ,MG1, AK4, TOFORG2, P0G2, BDCAG20)
BDCAG2OT-BDCAG20*TOF/TOFORG2
LL(&)-LIOG2
EE(6)-EGG2

C CALCULATE THE LIFE OF THE GEAR

C
C ----------------------------------------------------------------------
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CALL SET(PHE1,F,E,MG,MGI,NPNGSOFLPIO°HPIO,LGIO,
*HGIO, PG, EG, TOTFOR, RPD, RGD, DCAP, DCAG, TOTFOR)
DCAPT=DCAP*TOF/TOTFOR
DCAGT=DCAQ*TOF/TOTFOR
LL(1)-LP1O
LL(4)=LGIO
EE(1)=EG
EE(4)=EG

C------------------------------------------------------------------------------
C CALCULATE THE LIFE OF THE TRANSMISSION
C------------------------------------------------------------------------------

CALL LIFE(LL 6, EE, NCOMP, LSB, ESB)
HSB=LSB*1666.667/SOF
RETURN
END

C---------------------------------------------------------------------------
SUBROUTINE SET(PHEF,E, MG, MG1,NP, NG, SPEED2, LPIO, HP1O, LGlO

*, HGIO, PG, EQ, FOR, R1, R2, DCAP, DCAG, FE)
C----------------------------------------------------------------------------
C CALCULATION OF THE LIFE OF THE PINION AND GEAR MESH
C- --------------------------------------------------------------------
C
C INPUTS
C
C PHE -PRESSURE ANGLE OF THE MESH (RADIANS)
C F -FACE WIDTH (IN)
C E -MESH MATERIAL CONSTANT (PSI)
C MG -GEAR RATIO
C NP -NUMBER OF TEETH OF THE PINION
C NG -NUMBER OF TEETH OF THE GEAR
C SPEED2-SPEED OF OUTPUT SHAFT
C PG -MESH MATERIAL CONSTANT
C EG -MESH WEIBULL EXPONENT
C FOR -TOTAL FORCE TRANSMITTED
C R1 -REFERENCE PLANE RADIUS OF SPIRAL BEVEL PINION (IN)
C R2 -REFERENCE PLANE RADIUS OF SPIRAL BEVEL GEAR (IN)
C
C OUTPUT
C
C LP1O -THE L1O LIFE OF THE PINION (CYCLES)
C HPIO -THE LIO LIFE OF THE PINION (HOURS)

. C LGO -THE LIO LIFE OF THE GEAR (CYCLES)
C HG1O -THE LIO LIFE OF THE GEAR (HOURS)
C DCAP -THE DYNAMIC CAPACITY OF THE PINION (LBS)
C DCAG -THE DYNAMIC CAPACITY OF THE GEAR (LBS)
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C FOR -FORCE ON THE PINION
C FE -FORCE ON THE GEAR
C

REAL NP NO, MG. MGl.LP1O, LOLP1OT. LIOT
Fl-. 5*F
CBG-BASCAP(R1, R2. PHE, Fl.E)

C
*C CALCULATE LIFE OF GEAR TEETH

C
LPIOT=(CDG/FOR )**PG
LG1OT-(CDG/FE )**PG
VEG=1. /EG
VPG-l. /PG

C
C CALCULATE LIFE OF PINION AND GEAR
C

LP1O-(1. /NP)**VEO/MG/MG1*LP1OT
* HP1O=LP10*16666. 666/SPEED2

LGlO=(1./NG)**VEG/MGI*LG1OT
HGIO0LG1O*16&66. 666/SPEED2

C
C CALCULATE BASIC DYNAMIC CAPACITY OF PINION AND GEAR
C

DCAP-((1. /NP)**VEG/MGMGl )**VPG*CBG
DCAG-( (1./NG)**VEG/MO1 )**VPG*CBG
RETURN
END
SUBROUTINE SPBVIN(NP. NO.AO, PHE. F.PHSI. ROT.SPR, THETA. E.EQ. PG.

IPHEl, PHSI1. THETI, CASEP. PTL. AP.BP. ITYPEPI. NBP1. DPI. ACPI, AKI,
2BDCAPl. RFPI.EGPI, ITYPEP2, NBP2. DP2.ACP2. AK2, BDCAP2.RFP2,EGP2I
3CASEG, GTL, AG. BC.ITYPEG1.NBGI.DGIACGI,AK3,BDCAGIRFG1,EGG1.
4ITYPEG2. NBG2. DG2.ACG2. AK4, BDCAG2. RFG2. EGG2.MG. GAMMAl. GAMMA. ZZ,
5ZZII DP. DO.RPD. RP, ROD RG, HK, AOG,AOP.HT, BOG.BOP.PD,
6ADJPl. ADJP2, ADJG1. ADJG2)

C
C SPIRAL BEVEL INPUT
C

CHARACTER*9 DATAFILE
INTEGER NO, YES, ANSWER. CASEP. CASEG. PTL. GTL
REAL NP. NG, MO.NBPl. NBP2, NBGI. NDG2
PARAMETER(NO='NO'. YES='YES')
PII-3. 141592654
WRITEC 1.300)

300 FORMAT(// SPIRAL BEVEL GEAR UNIT INPUTS'//)
WRITE( 1.999)
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.5-.~9)NSE

IFANWR.QNOG TO 50

NRE-5

GFASEE.N)O TO 501

51 NRE-55

4. 500 CONTINUE
CALL QEARINP(NRE. NP5 NO.AO.PHE. F.PHSI, ROT5 SPR,
*THETA,E,EG,PG)
CALL GEAROUT(NPI NO A0, PHE, F,PHSI. ROT, SPR
*THETA, E.EQ. PG)
WRITE(1, 1070)
READ(NRE. *)LLI
IF(LL1. EQ. 1 )GT0500
PHE1=PHE*PI 1/180.
PHsI1=PHsi*PII/l80.
TI=TI*ROT
THETA1=THETA*PII/180.

C
C
C ENTERING THE VALUES FOR THE PINION AND ITS BEARINGS
C
C

WRITE(I. 1074)
600 CONTINUE

CALL CASEINP(NRE. CASEPI PTL, AP. BP)
CALL CASEOUT(CASEPPTL.APBP)
WRITE(1. 1070)
READ(NREU *)L1
IF(LI. EQI. 1)OTO&00

801 CONTINUE
WRrTE(i, 1040)
CALL BEARINP(NREITYPEP1.NBP1.DPIACP1.AK1.DDCAPIRFP1.EGP1.ADJPI)
CALL BEAROUT(ITYPEP1.NBPIDP1.ACP1,AK1.BDCAP1.RFP1.EQPI.ADJP1)
WRITE(i, 1070)
READ(NRE,*)L2
IF(L2. EQ.1)GCTO6O1

602 CONTINUE
WRITE(i. 1045)
CALL DEARINP(NRED ITYPEP2. NBP2S DP2. ACP2. AK2. DDCAP2,RFP2,EGP2. ADJP2)
CALL DEAROUT(ITYPEP2. NBP2. DP2I ACP2. AK2. DDCAP2. RFP2. EGP2. ADJP2)
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"%' WRITE(1, 1070)
READ(NRE,*)L3
IF(L3. EQ. 1)GOTO602

C
C
C INPUT THE GEAR AND ITS SUPPORTING BEARINGS
c
C

WRITE(1, 1075)
603 CONTINUE

CALL CASEINP(NRE, CASEG, GTL, AG, BG)
CALL CASEOUT(CASEG, GTL, AG, BG)
WRITE(1,1070)
READ(NRE,*)L4
IF(L4. EQ. 1)GOT0603

604 CONTINUE
WRITE(1,1040)
CALL BEARINP(NRE, ITYPEGloNBGl,DG1,ACG1,AK3oBDCAG1,RFGlEGGl,ADJGl)
CALL BEAROUT(ITYPEG1,NBG1,DG1,ACG1, AK3, BDCAG1,RFG1,EGG1,ADJG1)
WRITE(1,1070)
READ(NRE,*)L5
IF(L5. EQ. 1)GOT0604

605 CONTINUE
WRITE(1 1045)
CALL BEARINP(NRE, ITYPEG2, NBG2, DG2, ACG2, AK4, BDCAG2, RFG2, EGG2, ADJG2)
CALL BEAROUT( ITYPEG2, NBG2, DG2, ACG2, AK4, BDCAG2, RFG2, EGG2, ADJG2)
WRITE'(1, 1070)
READ(NRE,*)L6
IF(L6.EQ. 1)G0T0605
CLOSE(55)

C-------------------------------------------------------------------------------
C CALCULATION OF GEAR RATIO AND OUTPUT SPEED
C------------------------------------------------------------------------------

MG=NG/NP
SPEED2-SPEED/MG

C -----------------------------------------------------------------------
C CALCULATION OF GAMMA
C- -----------------------------------------------------------------------

GAMMAI=ATAN(SIN(THETA1)/(MG+COS(THETA1)))
GAMMA-GAMMAI*180. /PII
ZZ=THETA-GAMMA
ZZI=ZZ*PII/180.

C-------------------------------------------------------------------------------
C CALCULATION OF PITCH DIAMETER OF GEAR AND PINION
C AND REFERENCE PITCH DIAMETER OF GEAR AND PINION
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DP-(AO-F/2. )*(2. *SXN(GAMIA0)
DG-(AO-F/2. )*(2. *SINCZZ1))
PD-NO/DO
RPD-DP*. 5/COSCOAMMAl)
RP-DP*. 5
RGD-DG*. 5/COS(ZZ1)
RG-DG*. 5

C---------------------------------------------------------------------------
C WORKING DEPTH

HK-1.70/PD
C---------------------------------------------------------------------------

N C ADDENDUM OF GEAR AND PINION
C--------------------------------------------------------------------------

AOG-O. 46/PD+0. 390/CPD*MG**2)
AOP-HK-AOG

C--------------------------------------------------------------------------
C WHOLE DEPTH
C--------------------------------------------------------------------------

IF(PD. LT. 10. )QO TO 50
HTml. 888/PD
GOT051

50 HT-l. 899/PD4. 005
51 CONTINUE
C--------------------------------------------------------------------------
C DEDENDUM OF THE GEAR AND PINION
C-------------------------------------------------------------------------

BOO=HT-AOG
BOP=HT-AOP

C--------------------------------------------------------------------------
BOP-HT-AO

999 FORMAT('DO YOU WISH TO USE A DATA SET'/
*'ANSWER YES OR NO')

1040 FORMAT('PINION BEARING #1'9
1045 FORMATC'PINION BEARING *2')
1046 FORMAT('GEAR BEARING *1')
1047 FORMAT('GEAR BEARING *2')
1070 FORMAT( 'DO YOU WISH TO CHANGE ANY OF THESE PARAMETERSV'

*'ENTER 1 TO CHANGE')
1074 FORMAT('PINION MOUNTING')
1075 FORMAT('GSAR MOUNTING')
99 FORMATC1A4)

RETURN
END
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SUBROUTINE SPDVOT (PD. PHE. PHSI. SPR. FAOSI, SOF. ROT, TI. TOF. THETA.
iNP, GAMMA, DP, RPD# AOP# DOP* PD.
2PXP, PYP. PZP. TOTFOR. DCAP. CASEP. AP. BP.
3RiXP. RiYP RiZP. TOFORPi. BDCAPiO.
4R2XP. R2YP. R2ZP. TOFORP2. BDCAP2O.
3N0, ZZ DO, ROD.AOQ. BOO.
6PXO. PYG. PZQ. TOTFOR. DCAG# CASEG, AG, DO5
7RiXG, RiO, RiZG, TOFOR~i. BDCAGiO,
9R2X0. R2YG, R2ZO. TOFORG2, DDCAG2O.,
9D1. P1 Li.Hi, El)

C--------------------------------------------------------------------------
C PRINT OUT RESULTS
C--------------------------------------------------------------------------

REAL NP, NO Di(6), P1(6), LIC&). Hi6). ElC&)
INTEGER CASEP. CASEG
WRITE(i. 1000)

1000 FORMAT(///
1' SPIRAL BEVEL GEAR UNIT'///)
WRITE(i. i200)PD.PHEPHSISPR,FAO.SI.SOF

*5 ROT, TI, TOF. THETA
WRITE(i. 1209)
WRITE(i. i202)NP.GAMMADPRPDAOPDOPPXP,PYP.PZP

*5 TOTFOR. DCAP
WRITE(i. i205)CASEP.APBPRIXPR1YPRiZP

*5 TOFORPlIBDCAPiO. R2XP, R2YP, R2ZP, TOFORP2, DDCAP2O
WRITE(i. i210)
WRITE(i. i202)NG, ZZ.DGRODAOGBOGPXO,PYG,PZO.

*TOTFORD DCAG
WRITEC 1. 205)CASEO. AG. DORIXO. RiVO.RiZO

*. TOFORGi. DDCAGiO. R2XO. R2YG. R2ZO. TOFORO2. DDCAG2O
1200 FORMAT(//' GEAR MESH CHARACTERISTICS 1//

*'PITCH ',F8. 2/
*'NORMAL PRESSURE ANGLE ',F8.2/
*'SPIRAL ANGLE ' FB. 2/
*'HAND OF THE SPIRAL OF THE PINION GEAR ,83
*'FACE WIDTH ', F8. 3, IN'/
*'CONE DISTANCE , FS.3o ' IN'/
*'INPUT SPEED OF THE PINION SHAFT '.FIO.2. ' RPM'/
*'OUTPUT SPEED OF GEAR SHAFT '.FiO.2. ' RPM'/
*'DIRECTION OF INPUT SHAFT ROTATION '.F8.3/
*'INPUT TORQUE OF THE PINION SHAFT ',F1O.2. ' IN-LB'/
*'OUTPUT TORQUE OF THE GEAR SHAFT ',FiO.2, ' IN-LB'/
*'ANGLE BETWEEN INPUT AND OUTPUT SHAFT ',F8.2,' DEG'/)

1202 FORMAT(
*'NUMBER OF TEETH '.FS. 2/
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*PITCH ANGLE 'F8. 2,' DEG'/
*PITCH DIAMETER 'FIB.2, ' IN'/
*'REFERENCE PITCH DIAMETER ',F8.3, ' IN'/
*ADDENDUM 'FS. 3,' IN'/
*'DEDENDUM 'FS. 3,' IN'/
*'FORCES ON A TOOTH IN THE MESH'//

*'AXIAL FORCE ',F9. 1, / LB'/
*'RADIAL FORCE ',F9. 1, ' LB'/
*'TANGENTIAL FORCE '.F9. 1.' LB'/
*'TOTAL FORCE ',F9. 1,' LB'/
*DYNAMIC CAPACITY IN FORCE '.F9. 1o' LB'/)

1205 FORMAT( ' MOUNTING CHARACTERISTICS'//
*'TYPE OF MOUNTING 1115/
*'DISTANCE A ' FB. 3/
*'DISTANCE B ',FS. 3/I
*AXIAL LOAD ',FIO.2s' LBS'/
*'RADIAL LOAD '.FIO.2, ' LDS'/
*'TANGENTIAL LOAD '.FIO.2, ' LDS'/
*'TOTAL EQUIVALENT FORCE ',FIO.2. ' LBS'/
*BASIC DYNAMIC CAPACITY OF BEARING *1 ',FlO.1, ' LBS'//
*'AXIAL LOAD ',FLO. 2, ' LBS'/
*RADIAL LOAD '.,FIO.2,' LBS'/
*1TANGENTIAL LOAD '.F1O.2. ' LBS'/
*'TOTAL EQUIVALENT FORCE ',FIO.2, ' LBS'/
*BASIC DYNAMIC CAPACITY OF BEARING #2 ',FlO. 1 ' LBS'//
*'DYNAMIC CAPACITY IN FORCE '.F9. 1o' LB'/)

1209 FORMATC// PINION CHARACTERISTICS AND MOUNTING '/
1210 FORMATC// GEAR CHARACTERISTICS AND MOUNTING 'I

WRITE(i, 1220)
WRITE(1. 1211)
CALL DPLHECD1(1). PI(1).LI(1).H1C1),E1(1) )
WRITE(i. 1213)
CALL DPLHE(D1(2). P1(2). L1(2). H1C2). E1(2))
WRITECI. 1214)
CALL DPLHE(D1(3),P1(3).L1(3),H1(3).EI(3))
WRITECI, 1217)
CALL DPLHECD1(4.P(4).LI(4).Hl(4),EI(4))
WAITE1, 1219)
CALL DPLHECD1S5), P1(5). L1(5).H1CS) El(5))
WRITE(11 1219)
CALL DPLHE(D1(6)* P1(6). LI (6) 141(6).EI(6))

1220 FORMAT(////
DYNAMIC CAPACITY AND LIFE IN TERMS OF'/

OUTPUT TORQUE AND SPEED'/)
1211 FORMAT(' INPUT PINION'/)
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1213 FORMAT(' INPUT BEARING *12/)
1214 FORMAT(' INPUT BEARING 02'/)
1217 FORMAT(' OUTPUT GEAR)
1218 FORMAT(' OUTPUT BEARING *1"/)
1219 FORMAT(' OUTPUT BEARING *2'/)

RETURN
END
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APPENDIX D

SYMBOLS

Variables

A distance from gear to front bearing in inches

A distance from apex to back of gear along pitch ray in inches

b major axis contact length in inches

B distance from gear to rear bearing in inches

Bc back cone radius in inches

B material constant in psi

C dynamic capacity in pounds

D gear diameter in inches or dynamic capacity in pound-inches

a 0 distance from apex to center of gear along pitch ray in inches

f face width in inches

F bearing force in pounds

1 life in million component cycles

L life in million transmission cycles

m gear ratio

n number of planet gears

N number of teeth

Pd diametral pitch in 1.O/inches

R gear radius in inches
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S probability of survival

Ti  input torque in pound inches

T output torque in pound inches

W gear load in pounds

r cone angle in degrees

A angle between input pinion shafts in degrees

r shaft angle in degrees

Ep curvature sum in 1.0/inches

0 pressure angle in degrees

* spiral angle in degrees

Superscripts

e Weibull slope

p load-life factor

Subscripts

a axial

b bearing

bs bearing in sun rotation units

g gear

i lth unit

n normal
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S

ne equivalent normal

p pinion or planet

pr planet meshing with ring

ps planet meshing with sun

pt planet tooth

r ring or radial

R combined radial

rl left radial

rr right radial

s sun

t tangential, thrust or tooth

T combined tangential or transmission

tl left tangential

tr right tangential

1 first

2 second

3 third

10 90 percent reliability
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