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Answer (two) Questions Only

Q1: Sketch the system design flowchart showing all details. Then discuss the
market research and application analysis for ((Design Equipment to Convert
Waste)). Write also the refined statement for the system.

(50 mark)

Q2: Fig.1 shows the network combination for sliding door done by a student. He
choose path (A2 B5 C1 D3 E3 F1). You can connect or add each item from subsystem
to another item from other subsystem. The requirements are:

1- Draw complete system scheme in detail.
2- Discuss how to improve reliability of the system.

(50 mark)

Q3: A link in a mechanism is (1371.6mm) the input data and result was shown
with missing information. The relationship between diameter, maximum stress
and allowable load as shown in fig.2. The flowchart for the column is shown in

(Note:
safety factor = N = 6 ).

(50 mark)
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Q: Figure.1 shows the novel design for reel lawn mower ( الثیل - شبـجزازة الع ) 

which is powered electrically (Battery). The main design feature is the re-

location of the wheels, compared to a regular manual push reel mower. This 

new design features four wheels. This was done in order to eliminate ( ءاغلا ) 

the effects of larger wheels and weight flattening ( حیطست ) the grass before it 

has had a chance to be cut. Therefore, this design will minimize the imprint 

) of the wheels on the grass (الاثر) بشـعلاوا لیثلا ). The smaller front wheels of the 

mower are not intended to support a large amount of weight; however, they 

are in place to provide balance. The height of the front wheels will also be 

adjustable allowing the cutting height to be modified quickly by the 

operator.  

                

                                       (a)                                                             (b) 

Figure.1 : (a) The novel design of the reel lawn mower, (b) the regular manual 

push reel mower. 

 

Requirements: 

A: Divide the main system which described above to multi-sub-systems by 

using the design tree method. 

B: Table.1 involves the basic requirements to ensure that the novel design 

can compete with other products on the market. From this table, write the 

initial specifications and measure of value. 
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Table.1 : The basic requirements. 

 

C: According to the system design flowchart, state the suitable blocks in the 

flowchart to involve the following paragraph: 

Manually propelled reel mowers do not generate enough power to cut 

through thick grass, weeds ( لغدلا وا ةراضلا باشعلاا ) and other small debris (  يمطلا

ةریغصلا ىصحلاو ).  

D: Use the exploded drawing shown in figure.2 to 

build the morphological chart with giving more 

ideas for each sub-system. For this task, the black 

box, inversion and analogy concepts should be 

used and specified. 

 

E: Use network combination used in decision 

making to find the best system and draw its 

system scheme. 

                                                                                    Figure.2: The exploded drawing 

                                                                                      for the regular manual push  

                                                                                       reel mower. 
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Answer (Three) Questions Only 

(Assume missing data) 

Q1: Fig.1 shows a power flow through a gear pair: 

 
 

Table.1 shows a trial for solving the spur gear above (Fig.1): 

Find suitable material for this case. Then give 

your comment. 

                                                                                                                                  

 

 

 

 

                                                                     (35 mark) 

 

P 18.65 kw = 25 hp 

np 1750 rpm 

ng 500 rpm 

Np 20  

Ng 70 

Pd 8 

Dp 63.5 mm 

C 142.8 mm 

Wt 3.2 kN 

F 38.1 mm 

Qv 6 

Kv 1.45 

Km 1.2 

Industrial Saw 

Electric 

Motor 
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Q2: A: Use helical gear instead of spur gear for question one, with helix angle  

(Ψ = 5o – 35o) and (Pdn= 6 – 12 teeth/in), the following figure is the results 
between axial pitch (Px) and (Ψ):  

 

Find the feasible point that gives the smaller size of the gears for the following 
information:    (16o  > Ψ > 9o ) ,  (12 > Pdn > 9)  &  (4 > Px >  2 )  

                                                                                                                                 (15 mark) 

B: If a chain will be used: n1= 1750 rpm , chain type 40, number of chain=1, The 
following figure is the results between power, number of teeth in small sprocket 
(N1) and length of chain (L).  
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Find max. power that satisfy the following limits: 
(26 < N1 < 22)  

(112 < L < 133) 

And then find the exact values for (N1) & (L) at the selected power. 

    (20 mark) 

Q3: If the gear will be changed to bevel gears with following information:  

P=25hp , Pd=6 , Np=16 , ng=500 rpm, np=1750 rpm, Qv=9. Find type of material that 

can be used in this case.  

             (35 mark)     

Q4: If a v-belt are used with informa�on: P=25hp , n1=1750 rpm, n2≈500 rpm,  

Find type of belts, no. of belts, length of belts, diameter of belts, angle of 

contacts, actual output speed (give your opinion about the results). 

   (35 mark)     

Q5: Draw sec�onal view showing how each part fixed especially fixa�on of outer 

and inner races using for example step shaft, snap rings, covers… etc on shaft and 

housing. for any one of the previous questions that you solved above.  

   (35 mark)     
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Column analysis 
 
The procedure for analyzing straight, centrally loaded columns: 
 
1. For the given column, compute its actual slenderness ratio. 
2. Compute the value of cC . 

3. Compare cC  with KL/r. Because cC  represents the value of the slenderness ratio that separates a long column from a short one, 

the result of the comparison indicates which type of analysis should be used. 
4. If the actual KL/r is greater than Cc the column is long. Use Euler's equation: 
 

2

2

)/( rKL

EAPcr


  

 
The equation gives the critical load, Pcr, at which the column would begin to buckle. 
An alternative form of the Euler formula is often desirable. Note that: 
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But, from the definition of the radius of gyration, r, 
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This form of the Euler equation aids in a design problem in which the objective is to specify a size and a shape of a column cross 
section to carry a certain load.  
 
Notice that the buckling load is dependent only on the geometry (length and cross section) of the column and the stiffness of the 
material represented by the modulus of elasticity. The strength of the material is not involved at all. For these reasons, it is often of no 
benefit to specify a high-strength material in a long column application. A lower-strength material having the same stiffness, E, would 
perform as well. 
 
5. If KL/r is less than Cc, the column is short. Use the J. B. Johnson formula: 
 
Use of the Euler formula in this range would predict a critical load greater than it really is. The J. B. Johnson formula is written as 
follows: 
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The critical load for a short column is affected by the strength of the material in addition to its stiffness, E. As shown in the preceding 
section, strength is not a factor for a long column when the Euler formula is used. 
 
 
 
Eccentrically Loaded Columns 
 
An eccentric load is one that is applied away from the centroidal axis of the cross section of the column, as shown in the graphic help 
entitled “Eccentric column”. Such a load exerts bending in addition to the column action that results in the deflected shape shown in the 
figure. The maximum stress in the deflected column occurs in the outermost fibers of the cross section at the midlength of the column 
where the maximum deflection, ymax occurs. Let's denote the stress at this point as L/2. Then, for any applied load, P, 
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Note that this stress is not directly proportional to the load. When evaluating the secant in this formula, note that its argument in the 
parentheses is in radians. Also, because most calculators do not have the secant function, recall that the secant is equal to 1/cosine. 
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The most widely used type of belt, particularly in industrial drives and vehicular applications, is the V-belt drive. The V-shape causes the 
belt to wedge tightly into the groove, increasing friction and allowing high torques to be transmitted before slipping occurs. Most belts 
have high-strength cords positioned at the pitch diameter of the belt cross section to increase the tensile strength of the belt. The 
cords, made from natural fibers, synthetic strands, or steel, are embedded in a firm rubber compound to provide the flexibility needed 
to allow the belt to pass around the sheave. Often an outer fabric cover is added to give the belt good durability. The data given in this 
program are for the narrow-section belts: 3V, 5V and 8V. 

The pulley, with a circumferential groove carrying the belt, is called a sheave (usually pronounced "shiv"). 

The size of a sheave is indicated by its pitch diameter, slightly smaller than the outside diameter of the sheave. 

The speed ratio between the driving and the driven sheaves is inversely proportional to the ratio of the sheave pitch diameters. This 
follows from the observation that there is no slipping (under normal loads). Thus, the linear speed of the pitch line of both sheaves is 
the same as and equal to the belt speed, vb. Then 

2211  RRVb  

Since 211 /DR  and 222 /DR  , then 
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The angular velocity ratio is 
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The relationships between pitch length, L, center distance, C, and the sheave diameters are 
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Where:   122864 DDLB  .  

The angle of contact of the belt on each sheave is 












 
C
DD

2
sin2180 121

1  












 
C
DD

2
sin2180 121

2  

These angles are important because commercially available belts are rated with an assumed contact angle of 180°. This will occur only 
if the drive ratio is 1 (no speed change). The angle of contact on the smaller of the two sheaves will always be less than 180°, requiring 
a lower power rating. Note: the angle of wrap on the smaller sheave should be greater then 120°. 

The length of the span between the two sheaves, over which the belt is unsupported, is 

2
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DD
CS  

This is important for two reasons: You can check the proper belt tension by measuring the amount of force required to deflect the belt 
at the middle of the span by a given amount. Also, the tendency for the belt to vibrate or whip is dependent on this length. 

The contributors to the stress in the belt are as follows: 

1. The tensile force in the belt, maximum on the tight side of the belt.  
2. The bending of the belt around the sheaves, maximum as the tight side of the belt bends around the smaller sheave. 
3. Centrifugal forces created as the belt moves around the sheaves. 
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The maximum total stress occurs where the belt enters the smaller sheave, and the bending stress is a major part. Thus, there are 
recommended minimum sheave diameters for standard belts. Using smaller sheaves drastically reduces belt life. The design value of the 
ratio of the tight side tension to the slack side tension is 5.0 for V-belt drives. The actual value may range as high as 10.0. 

The factors involved in selection of a V-belt and the driving and driven sheaves and proper installation of the drive are summarized in 
this section. Abbreviated examples of the data available from suppliers are given for illustration. Catalogs contain extensive data, and 
step-by-step instructions are given for their use. The basic data required for drive selection are the following: 

 The rated power of the driving motor or other prime mover 
 The service factor based on the type of driver and driven load 
 The center distance 
 The power rating for one belt as a function of the size and speed of the smaller sheave 
 The belt length 
 The size of the driving and driven sheaves-- As a guide this software suggests selecting a standard input driving sheave that 

produces a belt speed of 4000 ft/min. 
 The correction factor for belt length 
 The correction factor for the angle of wrap on the smaller sheave 
 The number of belts 
 The initial tension on the belt 
 

Many design decisions depend on the application and on space limitations. A few guidelines are given here: 

 Adjustment for the center distance must be provided in both directions from the nominal value. The center distance must be 
shortened at the time of installation to enable the belt to be placed in the grooves of the sheaves without force. Provision for 
increasing the center distance must be made to permit the initial tensioning of the drive and to take up for belt stretch. 
Manufacturers' catalogs give the data. One convenient way to accomplish the adjustment is the use of a take-up unit. 

 If fixed centers are required, idler pulleys should be used. It is best to use a grooved idler on the inside of the belt, close to the 
large sheave. Adjustable tensioners are commercially available to carry the idler. 

 The nominal range of center distances should be 
 

)(3 122 DDCD   

 The angle of wrap on the smaller sheave should be greater than 120°. 
 Most commercially available sheaves are cast iron, which should be limited to 6 500-ft/min belt speed. 
 Consider an alternative type of drive, such as a gear type or chain, if the belt speed is less than 1 000 ft/min. 
 Avoid elevated temperatures around belts. 
 Ensure that the shafts carrying mating sheaves are parallel and that the sheaves are in alignment so that the belts track smoothly 

into the grooves. 
 In multibelt installations, matched belts are required. Match numbers are printed on industrial belts, with 50 indicating a belt 

length very close to nominal. Longer belts carry match numbers above 50; shorter belts below 50. 
 Belts must be installed with the initial tension recommended by the manufacturer. Tension should be checked after the first few 

hours of operation because seating and initial stretch occur. 
Most manufacturers offer two kinds of belts in each cross section. The ones with the "X" are cog belts, and if there is no "X", it is of 
plain construction.  Both types have the same cross sectional dimensions and will therefore fit in the same sheave. 



 

 

Standard  roller chain ddrive design 

 

 

 

Page 6 off 34 



 

Page 7 of 34 
 

A chain is a power transmission element made as a series of pin-connected links. The design provides for flexibility while enabling the 
chain to transmit large tensile forces. When transmitting power between rotating shafts, the chain engages mating toothed wheels, 
called sprockets. 
The most common type of chain is the roller chain, in which the roller on each pin provides exceptionally low friction between the chain 
and the sprockets. Other types include a variety of extended link designs used mostly in conveyor applications. 
Roller chain is classified by its pitch, the distance between corresponding parts of adjacent links. The pitch is usually illustrated as the 
distance between the centers of adjacent pins. Standard roller chain carries a size designation from 40 to 240. The digits (other than 

the final zero) indicate the pitch of the chain in eighths of an inch. For example, the no. 100 chain has a pitch of 10/8 or 
4
11  in. A 

series of heavy-duty sizes, with the suffix H on the designation (60H-240H), has the same basic dimensions as the standard chain of 
the same number except for thicker side plates. In addition, there are the smaller and lighter sizes: 25, 35, and 41. 

Manufacturers supply the average tensile strengths of the various chain sizes.  These data can be used for very low speed drives or for 
applications in which the function of the chain is to apply a tensile force or to support a load. It is recommended that only 10% of the 
average tensile strength be used in such applications.  For power transmission, the rating of a given chain size as a function of the 
speed of rotation must be determined, as explained later. 
A variety of attachments are available to facilitate the application of roller chain to conveying or other material handling uses. Usually in 
the form of extended plates or tabs with holes provided, the attachments make it easy to connect rods, buckets, parts pushers, part 
support devices, or conveyor slats to the chain. 

 

The rating of chain for its power transmission capacity considers three modes of failure: 
1. Fatigue of the link plates due to the repeated application of the tension in the tight side of the chain 
2. Impact of the rollers as they engage the sprocket teeth 
3. Galling between the pins of each link and the bushings on the pins. 

 

The ratings are based on empirical data with a smooth driver and a smooth load (service factor = 1.0) and with a rated life of 
approximately 15 000 h. The important variables are the pitch of the chain and the size and rotational speed of the smaller sprocket. 
Lubrication is critical to the satisfactory operation of a chain drive. Manufacturers recommend the type of lubrication method for given 
combinations of chain size, sprocket size, and speed. 
 
The standard sizes of chain are: no. 25 (1/4 in), no. 35 (0.375 in), no. 40 (1/2 in), no. 41 (1/2 in), no. 50 (0.625 in), no. 60 (3/4 in), 
no. 80 (1.00 in), no. 100 (1.25 in), no. 120 (1.5 in), no. 140 (1.75 in), no. 160 (2 in), no. 180 (2.25 in), no. 200 (2.5 in), no. 240 (3 
in),. These are typical of the types of data available for all chain sizes in manufacturers' catalogs. Notice these features of the data: 

The ratings are based on the speed of the smaller sprocket. 

For a given speed, the power capacity increases with the number of teeth on the sprocket. Of course, the larger the number of teeth, 
the larger the diameter of the sprocket. Note that the use of a chain with a small pitch on a large sprocket produces the quieter drive. 

For a given sprocket size (a given number of teeth), the power capacity increases with increasing speed up to a point; then it 
decreases. Fatigue due to the tension in the chain governs at the low to moderate speeds; impact on the sprockets governs at the 
higher speeds. Each sprocket size has an absolute upper-limit speed due to the onset of galling between the pins and the bushings of 
the chain. This explains the abrupt drop in power capacity to zero at the limiting speed. 

The manufacturers’ ratings are for a single strand of chain.  Although multiple strands do increase the power capacity, they do not 
provide a direct multiple of the single-strand capacity.  The capacity for 2, 3, and 4 strand systems are 1.7, 2.5 and 3.3 respectively.   

The manufacturers’ ratings are for a service factor of 1.0.  The designer must specify a service factor for a given application based on 
the type of driver and load for that system. 

 

The following are general recommendations for designing chain drives: 
 

The minimum number of teeth in a sprocket should be 17 unless the drive is operating at a very low speed, under 100 rpm. 

The maximum speed ratio should be 7.0, although higher ratios are feasible. Two or more stages of reduction can be used to 
achieve higher ratios. 

The center distance between the sprocket axes should be approximately 30 to 50 pitches (30 to 50 times the pitch of the chain). 

The arc of contact of the chain on the smaller sprocket should be no smaller than 120°. 

The larger sprocket should normally have no more than 120 teeth. 

The preferred arrangement for a chain drive is with the centerline of the sprockets horizontal and with the tight side on top. 

The chain length must be an integral multiple of the pitch, and an even number of pitches is recommended. The center distance 
should be made adjustable to accommodate the chain length and to take up for tolerances and wear. Excessive sag on the slack 
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side should be avoided, especially on drives that are not horizontal. A convenient relation between center distance (C), chain 
length (L), number of teeth in the small sprocket ( 1N ), and number of teeth in the large sprocket ( 2N ), expressed in pitches, is 
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The exact theoretical center distance for a given chain length, again in pitches, is 
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The theoretical center distance assumes no sag in either the tight or the slack side of the chain, and thus it is a maximum. 
Negative tolerances or adjustment must be provided. 

The pitch diameter of a sprocket with N teeth for a chain with a pitch of p is 

)/180sin( N

pD


  

 

The minimum sprocket diameter and therefore the minimum number of teeth in a sprocket are often limited by the size of the 
shaft on which it is mounted. Check the sprocket catalog. 

 

 

Rotational speeds and lubrication methods 
 

Chains are typically used in lower speed, higher torque conditions than are belts.   
 

12
nDVc


  

 

where D = pitch diameter of sprocket; 
n  =  rotational speed of sprocket 

 
A constant supply of clean oil is essential to smooth operation and satisfactory life of the chain drive. Chain manufacturers recommend 

three different methods of applying lubrication, depending on the linear speed of the chain cV .  Although there may be modest 

differences between manufacturers, the following are the general guidelines for the limits of speed. Refer to the graphic help for 
illustrations of the methods. 
Type A (170 to 650 ft/min). Manual or drip lubrication: For manual lubrication, oil is applied with a brush or a spout can, preferably at 
least once every 8 h of operation. For drip feed lubrication, oil is fed directly onto the link plates of each chain strand. 

Type B (650 to 1 500 ft/min). Bath or disc lubrication: The chain cover provides a sump of oil into which the chain dips continuously. 
Alternatively, a disc or a slinger can be attached to one of the shafts to lift oil to a trough above the lower strand of chain. The trough 
then delivers a stream of oil to the chain. The chain itself, then, does not need to dip into the oil. 

Type C (above 1 500 ft/min). Oil stream lubrication: An oil pump delivers a continuous stream of oil on the lower part of the chain. 
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Spur gear design 
 

 Actual output speed (gear) 

VR
n

n p
G   

Pn  = rotational speed of the pinion 

VR = gear ratio 

P

G
N
N

VR   

PG NN ,  = number of gear, pinion teeth. 

The spreadsheet computes the approximate number of gear teeth to produce the desired speed from 
P

Gd
PG n

n
NN   ( Gdn  = 

desired output speed). But, of course, the number of teeth on any gear must be an integer, and the actual value of GN  is selected by 

the designer. 

 

Spur gear geometry For full depth involute teeth in the diametral pitch system 
 

 Pitch diameter 

dP
ND   

 Diametral Pitch 

D
NPd   

 Outside diameter 

d
o P

ND 2
  

 Addendum 

dP
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 Dedendum 
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 if  20dP  
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 Clearance 
if 20dP  
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dP
c 250.
  

 if  20dP  

002020
.

.


dP
c  

 Root diameter 
bDDR 2  

 Base circle diameter 
 cosDDb  

 Circular pitch 

N

Dp    

 Whole depth 
baht   

 Working depth 
ahk 2  

 Tooth thickness 

dP
t

2


  

 Center distance 

2
PG DDC   

 

Bending geometry factor, J, is dependent on the number of teeth of gear for which geometry factor is desired  and on the number of teeth in 
maƟng gear. Values can be found from AGMA 908‐B89(R1995). 

Pitting geometry factor, I, is dependent on the tooth geometry and on gear ratio. Values can be found from AGMA Standard 218.01. 

 

Force and speed factors 
 

 Pitch line speed 

12
PP

t
nDV   

 Tangential force 

t
t V

PW )(


33000
 

or 

nD
PWt

)( 126000
 

where:  

P  = transmitted power 
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 Radial force 
 tantr WW  

 Normal force 




cos
t

n
WW  

 Expected bending stress 

vBmso
dt

t KKKKK
JF

PWS


  

where:  

J  = bending geometry factor 

oK   = overload factor 

sK   = size factor  

mK   = load-distribution factor 

BK   = rim thickness factor 

vK   = dynamic factor. 

 

The AGMA indicates that the size factor can be taken to be 1.00 for most gears. But for gears with large-size teeth or large face widths, 
a value greater than 1.00 recommended. The program computes the size factor automatically. 

The determination of load-distribution factor is based on many variables in the design of the gears themselves as well as in the shafts, 
bearings, housings, and the structure in which the gear drive is installed. Therefore, it is one of the most difficult factors to specify. 

Much analytical and experimental work is continuing on the determination of values for mK . We will use the following equation for 

computing the value of the load-distribution factor: 

mapfm CCK  01.  

where:  

pfC   = pinion proportion factor is dependent on face width and pitch diameter 

maC   = mesh alignment factor. 

The dynamic factor, vK ,  accounts for the fact that the load is assumed by a tooth with some degree of impact and that the actual 

load subjected to the tooth is higher than the transmitted load alone. The value of vK  depends on the accuracy of tooth profile, the 

elastic properties of tooth, and the speed with which the teeth come into contact. AGMA Standard 2001-C95 gives recommended values 

for vK  based on the AGMA quality number, vQ , and the pitch line velocity. Gears in typical machine design would have AGMA quality 

ratings of 5 through 7, which are for gears made by hobbing or shaping with average to good tooling. If the teeth are finish-ground or 
shaved to improve the accuracy of the tooth profile and spacing, quality numbers in the 8 - 11 range should be used. Under very 
special conditions where teeth of high precision are used in applications where there is little chance of developing external dynamic 

loads, higher quality numbers can be used.  If the teeth are cut by form milling, factors lower than those found from VQ = 5 should be 

used. Note that the quality 5 gears should not be used at pitch line speed above 2500 ft/min. Note that the dynamic factors are 
approximate. 

Expected contact stress 

IFD
KKKKWCS

p
vmsot

pc   
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where:  

PC   = elastic coefficient that depends on the material of both the pinion and the gear. PC  = 2300 for two steel gears.  The 

program automatically selects the appropriate value after the user specifies the materials. 

Procedure for selecting materials for bending stress 

 
att

N
R SS
Y

SFK
  

where:  

RK   = reliability factor 

SF  = factor of safety 

NY   = stress cycle factor for bending. 

 

AGMA Standard 2001-C95 allows the determination of the life adjustment factor, NY , if the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 . Note that the general type of material is a factor for 
the lower number of cycles. For the higher number of cycles, a range is indicated by a shaded area.  

 

Expected number of cycles of loading 

))()()(( qnLNc 60  

where:  

L  = design life in hours 

n  = rotational speed in rpm 

q  = number of load applications per revolution. 

 

Procedure for selecting materials for contact stress 

 
acc

N

R SS
Z

SFK
  

where:  

NZ   = pitting resistance stress cycle factor. 

 

AGMA Standard 2001-C95 specifies the determination of the stress cycle factor, NZ .  If the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 , a factor should be used. The user specifies the desired 

life for the system in hours and the program computes the values for NY and NZ . 

After computing the values for allowable bending stress number, atS , and for allowable contact stress number, acS , you should go to 

the data in AGMA Standard 2001-C95, to select a suitable material. Consider first whether the material should be steel, cast iron, 
bronze, or plastic. Then consult the related tables of data. 
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Diametral pitch 
 

The most common pitch system used today is the diametral pitch system, the number of teeth per inch of pitch diameter. Its basic 
definition is 

p

p

G
G

d D
N

D
NP   

Gp NN ,  = number of teeth of the pinion and the gear; 

Gp DD ,  = pitch diameter of the pinion and the gear. 

 

Face width 
 

The face width can be specified once the diametral pitch is chosen. Although a wide range of face widths is possible, the following limits 
are used for general machine drive gears: 

dd P
F

P
168

  

Nominal value of 
dP

F 12
  

Notice that 002.
pD

F
 is recommended. 

 

Rim thickness 
The rim thickness factor, BK , accounts for a rim that may be too thin.  The basic analysis used to develop the Lewis equation ssumes 

that the gear tooth behaves as a cantilever attached to a perfectly rigid support structure at its base. If the rim of the gear is too thin, it 
can deform and cause the point of maximum stress to shift from the area of the gear-tooth fillet to a point within the rim. 

 

The key geometry parameter is called the backup ratio, Bm , where 

t

R
B h

t
m   

Rt  = rim thickness; 

th  = whole depth of the gear tooth. 

 

For Bm >1.2, the rim is sufficiently strong and stiff to support the tooth, and BK =1.0.  

 

For Bm <1.2, rim thickness factor determined:  











B
B m

K 242.2ln6.1  

When a solid gear blank is used, input a large value (say tR > 1.0 inch) for rim thickness. The resulting value for  1BK . 
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Helical gear design 
 

 Actual output speed (gear) 

VR
n

n p
G   

Pn  = rotational speed of the pinion 

VR= Velocity Ratio ; VR= mg = gear ratio for speed reducers 

 

P
G

g N
Nm   

PG NN ,  = number of teeth on the gear, pinion 

The spreadsheet computes the approximate number of gear teeth to produce the desired speed from 
P

Gd
PG n

n
NN   ( Gdn  = 

desired output speed). But, of course, the number of teeth in any gear must be integer, and the actual value of GN  is selected by the 

designer. 

 

Helical gear geometry 
 

 Pitch diameter 

dP
ND   

 Outside diameter 

d
o P

ND 2  

 Addendum 

dnP
a 1
  

 Dedendum 

dnP
b 25.1
  

 Clearance 

dnP
c 25.0
  

 Root diameter 
bDDR 2  

 Base circle diameter 

tb DD  cos  

where:  

t = transverse pressure angle 












 
cos

tan
tan 1 n

t  
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 Circular pitch 

N

Dp    

 

 Normal circular pitch 
 cosppn  

 

 Diametral pitch 

D
NPd   

 Normal Diametral Pitch   




cos
d

nd
PP  

 Axial pitch 




tan
pPx  

 Whole depth 
baht   

 Working depth 
aahk   

 Tooth thickness 

dnP
t

2


  

 Center distance 

2
PG DD

C


  

 

Bending geometry factor, J, is dependent on the number of teeth on the gear and helix angle for which the geometry factor is desired 
and on the number of teeth in the mating gear. Values can be found from AGMA Standard 908-B89(R1995). 

Pitting geometry factor, I, is dependent on the number of teeth of gear and helix angle for which geometry factor is desired and on the 
number of teeth in mating gear. Values can be found from AGMA Standard 908-B89(R1995)AGMA Standard 218.01. 

 

Force and speed factors 
 

 Pitch line speed 

12
PP

t
nD

V


  

 Tangential force 
 

t
t V

PW )(


33000
 

        or 
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nD
PWt

126000  

where:  

P  = transmitted power 

 

 Radial force 

ttr WW  tan  

 Normal force 

n
t

n
WW




coscos
 

 Axial force 
 tantx WW  

 Expected bending stress 

VBmso
dt

t KKKKK
JF
PWS
 

  

where:  

oK   = overload factor 

sK   = size factor 

mK   = load-distribution factor 

BK   = rim thickness factor 

vK   = dynamic factor. 

 

The AGMA indicates that the size factor can be taken to be 1.00 for most gears. But for gears with large-size teeth or large face width 
F, a value greater than 1.00 recommended. The program computes the size factor automatically. 

The determination of load-distribution factor is based on many variables in the design of the gears themselves as well as in the shafts, 
bearings, housings, and the structure in which the gear drive is installed. Therefore, it is one of the most difficult factors to specify. 
Much analytical and experimental work is continuing of values for mK . We will use the following equation for computing the value of 

the load-distribution factor: 

mapfm CCK  0.1  

where:  

pfC   = pinion proportion factor is dependent on face width and pitch diameter 

maC   = mesh alignment factor. 

The dynamic factor, vK ,  accounts for the fact that the load is assumed by a tooth with some degree of impact and that the actual 

load subjected to the tooth is higher than the transmitted load alone. The value of vK  depends on the accuracy of tooth profile, the 

elastic properties of tooth, and the speed with which the teeth come into contact. AGMA Standard 2001-C95 gives recommended values 

for vK  based on the AGMA quality number, vQ , and the pitch line velocity. Gears in typical machine design would have AGMA quality 

ratings of 5 through 7, which are for gears made by hobbing or shaping with average to good tooling. If the teeth are finish-ground or 
shaved to improve the accuracy of the tooth profile and spacing, quality numbers in the 8 - 11 range should be used. Under very 
special conditions where teeth of high precision are used in applications where there is little chance of developing external dynamic 
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loads, higher quality numbers can be used.  If the teeth are cut by form milling, factors lower than those found from vQ = 5 should be 

used. Note that the quality 5 gears should not be used at pitch line speed above 2500 ft/min. Note that the dynamic factors are 
approximate. 

Expected contact stress 

IFD
KKKKWCS

p
vmsot

pc   

where:  

PC   = elastic coefficient that depends on the material of both the pinion and the gear. PC  = 2300 for two steel gears.  The 

program automatically selects the appropriate value after the user specifies the materials. 

 

Procedure for selecting materials for bending stress 

 
att

N
R SS
Y

SFK
  

where:  

RK   = reliability factor 

SF  = factor of safety 

NY   = stress cycle factor for bending. 

 

AGMA Standard 2001-C95 allows the determination of the life adjustment factor, NY , if the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 . Note that the general type of material is a factor for 
the lower number of cycles. For the higher number of cycles, a range is indicated by a shaded area. 

 

Expected number of cycles of loading 

))()()(( qnLNc 60  

where:  

L  = design life in hours 

n  = rotational speed in rpm 

q  = number of load applications per revolution. 

 

Procedure for selecting materials for contact stress 

 
acc

N

R SS
Z

SFK
  

where:  

NZ   = pitting resistance stress cycle factor. 
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AGMA Standard 2001-C95 specifies the determination of the stress cycle factor, NZ .  If the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 , a factor should be used. The user specifies the desired 

life for the system in hours and the program computes the values for NY and NZ . 

 

After computing the values for allowable bending stress number, atS , and for allowable contact stress number, acS , you should go to 

the data in AGMA Standard 2001-C95, to select a suitable material. Consider first whether the material should be steel, cast iron, 
bronze, or plastic. Then consult the related tables of data. 

 

Normal diametral pitch 
 

The most common pitch system used today is the diametral pitch system. Normal diametral pitch is the equivalent diametral pitch in the 
plane normal to the teeth: 




cos
d

dn
P

P  

where: 

dP  = diametral pitch 

p

p

G
G

d D
N

D
NP   

Gp NN ,  = number of teeth on the pinion and the gear; 

Gp DD ,  = pitch diameter of the pinion and the gear. 

 

Face width 
 

Nominal face width  

)( xPF  2  

where:  

xP   = axial pitch. 

If the number of axial pitches in the face width is less than 2.0 there won’t be full helical action. The program computes a suggested 
value of F = 2.0(Px) and calls for a user-supplied value.  A convenient size greater than the suggested value should be specified. 
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d

G
P
N

D   

 Pitch cone angles 
 

pinion 











 

G

p
N
N1tan  

gear 









 

Np
NG1tan  

 Outer cone distance 

 
sin

5.0 DAo  

 Nominal face width 
 . onom AF  30  

 Maximum face width 

d
max

o
max P

FAF 10
3

 or       (whichever is less) 

 Mean cone distance 
FAA om  50.  

Note: mA  is defined for the gear, also called mGA . 

 
 Mean circular pitch 

od
m

m AP
A

p



  

 Mean working depth 

od
m
AP

A
h





2

 

 Clearance 
hc  125.0  

 Mean whole depth 
chhm   

 Mean addendum factor 

 21
29.021.0

Gm
c   

 Gear mean addendum 
hcaG  1  

 Pinion mean addendum 

Gp aha   

 Gear mean dedendum 

GmG ahb   

 Pinion mean addendum 

pmp ahb   

 Gear dedendum angle 









 

mG

G
G A

b1tan  

 Pinion dedendum angle 



 

Page 23 of 34 
 











 

mG

p
p A

b1tan  

 Gear outer addendum 

pGoG Faa  tan5.0  

 Pinion outer addendum 

Gpop Faa  tan5.0  

 Gear outside diameter 
 cosoGo aDD 2  

 Pinion outside diameter 
 cos2 opo add  

 
Because of the conical shape of bevel gears and because of the involute-tooth form, a three-component set of forces acts on bevel gear 

teeth. Using notation similar to that for helical gears, we will compute the tangential force, tW ; radial force, rW ; and axial force, 

xW . It is assumed that the three forces act concurrently at the midface of the teeth and on the pitch cone. Also the actual of the 

resultant force is a little displaced from the middle, no serious error results. 
 
The tangential force acts tangential to the pitch cone and is the force that produces the torque on the pinion and the gear. The torque 
can be computed from the known power transmitted and the rotational speed: 

n
PT  63000

 

Then, using the pinion, for example, the transmitted load is 

m
t r

TW   

where:  

mr   = mean radius of the pinion 

22


 sinFdrm  

 
Remember that the pitch diameter, d, is measured to the pitch line of the tooth at its large end. 
 
The radial load acts towards the center of pinion, perpendicular to its axis, causing bending of the pinion shaft. Thus, 

 costantrp WW  

 
The axial load acts parallel to the axis of the pinion, tending to push it away from the mating. It causes a thrust load on the shaft 
bearings. It also produces a bending moment on the shaft because it acts at the distance from the axis equal to the mean radius of the 
gear. Thus, 
 

 sintantxp WW  

 
The stress analysis for bevel gear teeth is similar to that already presented for spur and helical gear teeth. The maximum bending 
stress occurs at the root of the tooth in the fillet.  This stress can be computed 
 

v

msodt
t K

KKK
JF
PW

S






  

where:  

oK   = overload factor; 

sK   = size factor 

mK   = load-distribution factor 

vK   = dynamic factor. 
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Factors affecting the dynamic factor include the accuracy of manufacture of gear teeth (quality number Q); the pitch line velocity, tV ; 

the tooth load; and the stiffness of teeth. AGMA Standard 2003-A86 recommends the following procedure for computing vK  for 

bending strength calculation 
u

tz

z
v

VK
KK
















 
 

where:  
















Gp
atQ EE

Su 125

2

8
5.0

 

uK z  1085  

 
Usually as a design decision, use two Grade 1 steel gears that are through-hardened at 300 HB with 36000 psi. The modulus of 

elasticity for both gears is 61030  psi. 

 
Bending geometry factor, J, is dependent on the number of teeth of gear for which geometry factor is desired and on the number of 
teeth in mating gear. Values can be found from AGMA Standard 6010-E88. 

 

The approach to design of bevel gears for pitting resistance is similar to that for spur gears. The failure mode is fatigue of the surface 
of the teeth under the influence of the contact stress between the mating gears. 
 

The contact stress, called the Hertz stress, cS , can be computed from 

v
mot

bpc K
KK

IdF
WCCS 




  

 
where:  

pC   = elastic coefficient; 

Using bC  = 0.634 allows the use of the same allowable contact stress as for spur and helical gears. 

 

Pitting geometry factor, I , is dependent on the number of teeth of gear and helix angle for which geometry factor is desired and on 
the number of teeth in mating gear. Values can be found from AGMA Standard 2003-A86. 
 

Procedure for selecting materials for bending stress 

 
att

N
R SS
Y

SFK
  

where:  

RK   = reliability factor 

SF  = factor of safety 

NY   = stress cycle factor. 

AGMA Standard 2001-C95 allows the determinations of the life adjustment factor, NY , if the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 . Note that the general type of material is a factor for 
the lower number of cycles. For the higher number of cycles, a range is indicated by a shaded area. 

Expected number of cycles of loading 

))()()(( qnLNc 60  

where:  
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L  = design life in hours 

n  = rotational speed in rpm 

q  = number of load applications per revolution. 

 

Procedure for selecting materials for contact stress 

 
acc

N

R SS
Z

SFK
  

where:  

NZ   = pitting resistance stress cycle factor. 

AGMA Standard 2001-C95 allows the determinations of the life adjustment factor, NZ , if the teeth of the gear being analyzed are 

expected to experience a number of cycles of loading much different from 710 . Note that the general type of material is a factor for 
the lower number of cycles. For the higher number of cycles, a range is indicated by a shaded area. 

After computing the values for allowable bending stress number, atS , and for allowable contact stress number, acS , you should go to 

the data in AGMA Standard 2001-C95, to select a suitable material. Consider first whether the material should be steel, cast iron, 
bronze, or plastic. Then consult the related tables of data. 

 
Diametral pitch 
 

The most common pitch system used today is the diametral pitch system, the number of teeth per inch of pitch diameter. Its basic 
definition is 

p

p

G

G
d D

N

D

N
P   

Gp N,N  = number of teeth of the pinion and the gear; 

Gp D,D  = pitch diameter of the pinion and the gear. 

 

Number of pinion teeth 
For certain combinations of number of teeth in a gear pair, there is interference between the tip of the teeth on the pinion and the fillet 
root of the teeth on the gear. Obviously this cannot be tolerated because the gears simply will not mesh.  
 
It is the designer’s responsibility to ensure that interference does not occur in given application. The surest way to do this is to control 
the minimum number of teeth in the pinion. 

The minimum number of teeth for straight bevel gears is typically 13. The Gleason Works of Rochester, N.Y., has done an excellent job 
of standardizing the designs of these kinds of gears. The various Gleason systems have the amount of addendum for the gear and the 
pinion worked out so as to avoid undercut with low numbers of teeth and balance the strength of gear and pinion teeth. In each case, 
though, there is a limit to how far the system will go. Use the following values for the minimum number of gear teeth (for pressure 
angle 20 ). 

 
Number of pinion 
teeth 

Min. number of 
gear teeth 

13 31 
14 20 
15 17 
16 16 
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The diameter of the worm affects the lead angle, which in turn affects the efficiency of the set. For this reason, small diameters are 
desirable. But for practical reasons and proper proportion with respect to the wormgear, it is recommended that the worm diameter be 

approximately 228750 ./ .C , where C  is the center distance between the worm and the wormgear. Variation of about 30% is 
allowed. Thus, the worm diameter should fall in the range 

 

0361
8750

..
.


wD

C
 

 
 
 Addendum 
 

dP
a 1
  

 Whole depth 
 

d
t P

h 1572.
  

 
 Working depth 
 

d
k P

h 2
  

 
 Dedendum 
 

dP
b 1571.
  

 
 Root diameter of worm 
 

bDD wrw 2  

 
 Outside diameter of worm 
 

aDD wow 2  

 
 Root diameter of gear 
 

bDD GrG 2  

 
 Throat diameter of gear 

 
aDD Gt 2  

 The recommended face width for the wormgear is 
 

2122 /





  wowG DDF , 

 
 
For maximum load sharing, the worm face length should extend to at least the point where the outside diameter of the worm intersects 
the throat diameter of the wormgear. This length is 
 

2122

22
2

/































 aDDF Gt

w  

 
 
In most design problems for wormgear drives, the output torque and the rotating speed of the output shaft will be known from the 
requirements of the driven machine. Torque and speed are related to the output power by 
 

G
o

o n
PT 


63000
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xGtw WW   

 Axial force on a wormgear 
 

tGxw WW   

 
 Radial force on a wormgear 

 

rGrw WW   

 
The friction force, fW , acts parallel to the face of the worm threads and the gear teeth and depends on the tangential force on the 

gear, the coefficient of friction, and the geometry of the teeth: 
 

   n
tG

f
WW





cos cos

 

 
The AGMA, in its Standard 6034-A87, does not include a method of analyzing wormgears for strength. Only the wormgear teeth are 
analyzed because the worm threads are inherently stronger and are typically made from a stronger material. 
The stress in the gear teeth can be computed from 
 

nG
d

pFy
W


  

 
where: 

dW   = dynamic load on the gear teeth 

v
tG

d K
WW   

tG
v V

K



1200

1200
 

 
y  = Lewis form factor 

 
Only one value is given for the Lewis form factor for a given pressure angle because the actual value is very difficult to calculate 
precisely and does not vary much with the number of teeth. The actual face width should be used, up to the limit of two-thirds of the 
pitch diameter of the worm. 
 

 

 n 
y

14.5 0.100 

20 0.125 

25 0.150 

30 0.175 

 

np   = normal circular pitch 

 

dP
p 


cos
 

The computed value of tooth bending stress from Equation (10-25) can be compared with the fatigue strength of the material of the 
gear. For manganese gear bronze, use a fatigue strength of 17 000 psi; for phosphor gear bronze, use 24 000 psi. For cast iron, use 
approximately 0.35 times the ultimate strength, unless specific data are available for fatigue strength. 
 
AGMA Standard 6034-A87 gives a method for rating the surface durability of hardened steel worms operating with bronze gears. The 
ratings are based on the ability of the gears to operate without significant damage from pitting or wear. 
The procedure calls for the calculation of a rated tangential load, tRW , from 

 

VmeGstR CCFDCW  80.  

where:  

sC   = materials factor; 

eF  = effective face width, in inches. Use the actual face width of the wormgear up to a maximum of wD0.67 ; 

mC   = ratio correction factor; 
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 costantan tn  

 

Diametral pitch 
 

G

G
N
D

p


  

 
where:  

GD   = pitch diameter of the gear 

GN   = number of teeth on the gear. 

 
Some wormgears are made according to the circular pitch convention. But, as noted with spur gears, commercially available wormgear 
sets are usually made to a diametral pitch convention with the following pitches readily available: 48, 32, 24, 16, 12, 10, 8, 6, 5, 4, and 
3. The diametral pitch is defined for the gear as 
 

G

G
d D

N
P   

 
The conversion from diametral pitch to circular pitch can be made from the following equation: 
 

 pPd  

 

Output power 

Torque = power/rotational speed = 
n
P

 

33000
fs

L
WV

P


  

The input power is the sum of the output power and the power loss due to friction: 

Loi PPP   

Efficiency is defined as the ratio of the output power to the input power: 

i

o
P
P

  
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