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Previous Academic Years



Division: Exam Time: 3 Hrs., 5o
Examiner(s): Design group Date: 29/5/2014
Note: 1- Tables, charts and design formulas are allowed.
2- Assume any missing data.

‘University of Technology
Final Year Examination 2013/2014
Subject: Designll Year: Fourth year
: General

Q1. Figure.1, shows the portable concrete mixture, for
this machine, the following are required:

1- Divide this machine to multi-sub-systems by using

the morphological chart method. (10 marks)

2- For the morphological chart in no.(1), give at least

one another idea with a simple, clear sketch for

each sub-system of this machine. (15 marks)
3. Draw the system scheme by using your new ideasin
1n0.(2) above. (10 marks) ©

Q2. Figure.2, shows a heavily loaded coal conveyor to be driven by a gasoline engine through
a chain drive. The input speed will be 900 rpm, and the desired output speed is 230 to
240 rpm. The conveyor requires 11.2 kKW.

Bk mar —A

| Gasoline
|Engine. o
Figure.2
Requirements: LA
1- Design the chain drive to satisfy the given operating conditions. (20 marks)
2- Draw section (A-A) showing all fixation details. (10 marks)
Q3. Classify each of the following i rding to its function:
|
@ L (ysenit NS (o), SO () ©
Function of mechanism Mechanism
Reciprocating mechanism
Clamping mechanism
Indexing mechanism
Couplings and connectors-axial
Toading and unloading mechanism (10 marks)
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of Technology
Department of Machines and l!'qllpmel( lnd:eﬂ'hll
Final Year Examination

Subject: Designll Year: Fourth year
Division: General Exam Time: 3 Hrs.
Examiner(s): Design group Date: 29/5/2014

Q4. Note: Answer branch (A) or (B).

(A)Design a plastic tray capable of holding a specified By
volume of liquid (V). Such that the liquid has a f
specified depth (H) and the wall thickness of the _IT/s 5

tray is to be a specified thickness (T). The tray is to
be manufactured in large quantities.

et gl

| Tl
[ 5
Figure. 3 Typical tray with traditionhl
hollow rectangular shape.
(25 marks)

(B) The helical gear will be designed within a helix angle (¥ = 5° — 35) and (Par= 6 — 12
teeth/in), the following figure is the results between axial pitch (P) and (¥):

Find the feasible point that gives the smaller size of the gears for the following information:
16° >¥>9)

(12>Pgu>9)

@>Px>2)

(25 marks)
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University of Technology
Department of Machines and Equipment Engineering
Final Examination 2012/2013
Subject: Design II Year: fourth

Division: General Mech. Exam Time: 3 Hrs. -
Examiners: Design Group Date: 27/5/2013

Answer (four) Questions Only

Q1: Note: answer branch (A) or branch (B).

(A)Design a plastic tray capable of

N

I

holding a specified volume of liquid é
(V). Such that the liquid has a
specified depth (H) and the wall

>
\
AP

thickness of the tray is to be a .
specified thickness (T). The tray is to B T |
be manufactured in large quantities. | { H
T p)
—

(25 mark) Figure. (1a) Typical tray with traditional
rectangular shape.

(B) The simple tensile bar which must transmit

a specified constant magnitude force (P) as
shown in figure (1b). Assume that the bar !\ e cross scion

will be manufactured in large quantities, s D,
thus a logical objective for optimum design
would be minimization of cost. For an

acceptable design, cross-sectional area (A),

. Pand L are
elongation (A), length (L), and nominal £ 1 e
stress (o) must satisfy the following
constraints:
87.5mm’ £ A < 314 mm? |
500mm < L £ 750 mm
\rP
P.L
0.0077mm < (A= a) < 0.02Zmm Figure.(1b) simple tensile bar with
iformly distributed specified axial
Oau < 100 NV il
B /mm2 load (P)

Safety factor >3 , ¢ = unite volume cost of shaft = 2500 $/m’
E=207 Gpa & P=1000N

Find minimum cost and at what length and area? (25 mark)



University of Technology
Department of Machines and Equipment Engineering
AT Final Examination 2012/2013
15T wl Subject: Design II Year: fourth
WOTs Pl Division: General Mech. Exam Time: 3 Hrs., =
Examiners: Design Group Date: 27/5/2013

Q2: Figure.2 shows industrial saw No.4 that
will be used to cut the specimen No.5. The
saw will received power from the shaft of an
electric motor (C). The drive shaft for the
saw (B) takes rotation from shaft (C), by
using v-belt No.6.

Table.1 shows the morphological chart for
the system scheme (figure.2), after the
system divided into three sub systems.

Figure.2 system scheme for the industrial 7 3
saw " il By -,

e
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Requirements:
1- Draw only section showing all details for other ideas for mechanism B2
and C2, Completely different than B1 and C1.
2- Draw the new system scheme that follow the path (A1,B2,C2) showing
all necessary details to clarify the new system.
3- Apply the method of inversion to find a new idea for any sub-system you
are choosing from figure.2 .

(25 mark)



University of Technology
Department of Machines and Equipment Engineering
Final Examination 2012/2013

[ Subject: Design I Year: fourth
ey Division: General Mech. Exam Time: 3 Hrs.
Examiners: Design Group Date: 27/5/2013
Alternatives N
1 2

Sub-systems

Power transmission
from motor to saw No.4

B2
Mechanisms for moving
the saw toward the
specimen
cl C2

Mechanisms for
clamping specimen

Table.1 The system will be divided into sub-systems



University of Technology
Department of Machines and Equipment Engineering

Final Examination 2012/2013

{ Subject: Design IT Year: fourth b
Y Division: General Mech. Exam Time: 3 Hrs. == X
Examiners: Design Group Date: 27/5/2013

Q3: If the type of belt No.6 used in figure.2. is 5V belt that will be applied to
two sheaves No.7 and No.8 with pitch diameters (703.58 mm) and (213.36
mm) respectively, with center distance of no more than (1524 mm).

A Daiteg

~i9v0

Requirements:

1- Find standard length of belt.

2- Find actual center distance.

3- Find angle of wrap on both of the sheaves after finding the actual center
distance.

4- Find the rated power considering corrections for speed ratio, belt length
and angle of wrap.

5- Draw section (Z-Z) in figure.2

(25 mark)

Q4: Figure.3 shows two step spur gear reducer,

Speed of shaft No.1 = 183.22 rad/sec
Speed of shaft No.3 = 30.57 rad/sec
Speed of shaft No.2 = 61.14 rad/sec
Power transmitted =2.2 kw
Assume: Km = 1.3 , Hardness
ratio factor Cy=1, Kv=1.3
Requirements: Input
shaft }

Output
shalt 3

1- Specify materials for gears
No.4 and No.5.

2-Draw the free hand sketch
for doted area showing how
the outer races of the
bearings were fixed in the
housing of the gearbox.

Figure.3
(25 mark)



University of Technology
Department of Machines and Equipment Engineering
Final Examination 2012/2013
Subject: Design 11 Year: fourth
Division: General Mech. Exam Time: 3 Hrs.
Examiners: Design Group Date: 27/5/2013
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Q5: Figure (4) shows a straight bevel gear pair has the following data:
Number of teeth N; = N, = N3 =25

P4=10 (m=2.54)

Gear speed = 1250 r.p.m

Power transmitted =2.61 kw

Assume: Kv=0.823 , Km=1.44

Requirements:

1- Specify a suitable material and heat treatment for all gears.
2- Draw section (x-x) .
(25 mark)

R ; L

Figure.4 C . 3
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University of Technology ’W
Department of Machines and Equipment Engineering s\ 1

First Term Postponed Examination 2012/2013

_ Eeyry] Subject: Design I1 Year: fourth :
T i-.j.ﬁi"ﬁl Division: General Mech. Exam Time: 1:30 Hrs. iy i)
Examiners: Design Group Date: 28/2/2013

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 (A, B;s C; D3 E5 F;). 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 @ 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
fig.3. choose suitable stress to find all missing information in datasheet.(Note:
safety factor=N=6).

(50 mark)
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Input data:

. Column Analysis

Length and End Fixity

Column length L =
End fixity coefficient K =
Initial crookedness a =
Eccentricity e =
Applied load P =
Material Properties
Yield strength Sy =
Modulus of elasticity E =
Cross Section Properties
Type of the column cross-section Circle
Diameter D =
Design Factor
Design factor on load N =
Results
The column is Long, straight
Area A =
Neutral axis to outside c =
Effective length KL =
Radius of gyration 5 =
Slenderness ratio KL/r -
Column constant Ce =
Critical buckling load Pcr =
Allowable load Pa =
Maximum stress o =

No relevant formula at this moment to calculate Ymax.

120000 B . : -
100000
|
|

60000 -

max. stress (kpa)

20000

Diameter (mm)

max. stress - allowable load

Fi9. 2.

1371.6

351632.76
206842800

kPa

40

kPa
kPa

40000
35000
30000
25000
20000
15000
10000

5000

allowable looad (N)






University of Technology
Department of Machines and Equipment Engineering
First Term Examination 2012/2013

Subject: Design IT
* Division: General Mech,
Examiner(s): Group Design

Year: forth s J,
Exam Time:1:30 Hrs. ot
Date: 22/1/2013

Answer ( two ) Questions Only
Q1: A link in a mechanism is 2000 mm long and has a circular cross section .It carries a
compressive load of (2000 N) with an eccentricity of (20 mm ). The following spread sheet
of MDESIGN analysis of eccentric columns shown in table (1) by using different diameters
of column. The maximum deflection (Ypa ) should not exceeds (20mm). Find the exact
suitable value of diameter then find the suitable stress and deflection for that value of

diameter.
L(mm) 2000 {2000 [2000 2000 2000 [2000
K 1 1 1 1 1 1
e (mm) 20 20 20 20 20 20
P(N) 2000 [2000 |2000 2000 12000 2000
Sy(N/mm?) =300 [=300 [=a300 =300 |=300 |=300
E (N/mm?) 206843 | 206843 | 206843 | 206843 | 206843 2068431
D(mm) 18 19 20 21 22 23
N 3 3 3 3 3 3
A (mm”) 251.4  [283.46 | 314 346.275 | 380.038 | 415.375
¢ (mm) 9 9.5 10 10.5 11 L5
KL(mm) 2000 {2000 |2000 2000 {2000 [2000
r 4.5 475 |5 5.25 85 575 |
KL/r 444.44 | 421.05 | 400 380.95 |363.636 | 347.826
¢ 117.35 111735 [ 11735 [117.35 | 11735 | 11735
Max. stress o( N/mm?) | 360 185 120 90 70 55
Max. deflection 80 40 25 18 13 10 [
LYm.q,x,(mrn) ‘—/ |

Table(1)




Note: Do not make calculation .sketch different relationships and give your opinion.
Yimax. = € {sec(KL/t .yP/AE)-1}
Sy =NP,/A {I+ech? sec(KL/2r .\NP,/AE} s
Q2: (Book Alternator))

Book came from the binding operation, passes through a wrapping machine, and
proceeds to the packing section. Before the books can be properly packed for
shipment, it is necessary that every other book be rotated through 180 degrees.

Fig.(1) shows the books before and after rotation. 60 books a minute is the rate of
production.

Space between books=(1.5 ) times book length.

Requirement:

Apply the system design flow-chart to do the following requirement s:

1- Apply black-box concept to find ideas for region (X). (10 marks)
2- Apply Morphological —chart to find ideas for region (X). (10 marks)
3- Make a decision making to find the best solution. (10 marks)
4- Draw system scheme showing a section for all details of the complete
construction. (20 marks)

Note: To give you an idea about region (x) see figures (1),(2)and (3).
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Q3: Sketch the system Design flow chart

various methods in system conception to generate the different ideas.
use your own design project or any design projects,

method that you discussed.

Gears [ and 2 rotate about fixed
gear | rotates continuously clockwise, driven gear 2 rotates
intermittently with dwells.
of gear I engage concave surfaces b of gear 2 to avoid uninten-
tional rotation of
symmetrical arrangement of the teeth
gear 2 has uniform intermittent motion
at uniform velocity. To each revolution

two periods of motion and two dwells.

axes A and B. When driving
Concentric locking surfaces a

gear 2 during its dwell periods. Due to the
and locking features,
when gear [ rotates
of gear I, gear 2 has

F13(3_)

showing all details. Then discuss five
You can

example on each
(50 marks)

to give
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University of Technology
Mechanical Engineering Department

Final Examination 2011/2012 M;r,;_d-l.ﬁ,;l
—Subject: Machine Design 11 Glass:4" year R
Branch: General Mech. Eng. Time: 3 Hours
o Examiner(s); Date:20/5/2012
Attempt Three questions only
Note: 1. Make any change you seen advisable,
2. Assume Missing data. 3. Open book exam.
QI: Fig. (1) Shows two steps spur gearing:
Data i1= (Reduction ratio for first step) =1.5
i= (Reduction ratio for second step) =3
Power transmitted through the gear box =4.5 kw
Rotational speed of pinion on input shaft =2000 rpm.
Center distance between two shafts =100 mm.
Assume following data to save time
:I%E 0.25 » Fe= 05 pm Fr=20 pm Frw =12 pm
Y= 1.4 Je1 = (2= 34 = &= En =~ 1.6
Ye= 0.7 Op =G, & kp=k,.
Requirements ;
1. Find all safety factors for pinion in second step reduction. (13 Marks)
2. Draw section x-x showing all details, (4 Marks)
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Q2: Fig(2) shows the reduction of overall dimensions of bevel gear drivers .

Data .
Power transmitted by bevel gears = 10 kw.
Rotational speed of pinion = 1500 rpm.
Speed reduction =1.5

Assume following data to save time
Material of gears is (St. 60.11).
Je1=9e2- 1 Yor = Yo =311
CsiCpiCra 1,75
Requirements
L. From the fig. you have five designs, you are asked to choose the best desio gn for, good
supporting of bevel gear, decreasing the size of gears, good stability, simplicity and ease
of maintenance. (6 Marks)
2. Find factor of safety against breakage for pinion and wheel. (11 Marks)
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Fig 2 Reduction of overall dimensions of bevel gear drives




Q3: Fig (3) shows very old power drill. You are asked to improve the mechanism of raising
and lowering the table only, whichiis raised and lowered by means of elevating screw.
Data :  Power transmitted through flat belt = 10 kw.
Rotational speed of motor that drive the lower pulley = 1500 rpm.

Diameters of pulleys are equals 140, 172, 206 and 238 mm.
The reduction ratio may be one of these values ( Lo ,g

140 "172 206
The center distance between two pulleys = 2000 mm.
Type of belt is leather flexible.
Requirements
1.Find width of flat belt (b) only. (8 Marks)

2. a)Draw sectional view showing how the elevating screw will raise and lower the table,
b) Sketch (without description) two other different ideas than you draw in branch (a)

above showing all important parts, (6 Marks)
¢) Make a decision making to choose the best one of three ideas you draw in branch (a)
and (b) above. (3 Marks)
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Q4:Fig(4)shows a design tree for wheel chair for disabled person done by a student in

previous years. \
Use this design tree (you can add or reject any idea you seen advisable),to make

the following requirements:
1.Draw a system scheme showing all parts as you think that is the best solution for the

problem. (11 Marks)
2.Choose only two of the following requirements:

a. Write four items from problem specification which you depends on selecting
the best scheme. (3 Marks)

b. Show how you can apply inversion (on system conception) for one idea on
sub-systems by drawing in details without description. (3 Marks)

c¢. Write four points from feasibility study which depends only on the scheme you select.
(3 Marks)

Wheel chair

| T i | T
Power source Mechanisms Suspensions Brake Speed Reduction

[ ]

Manual Electrical ~ Belt ~ Chain  Shock  Spring Hand Foot Two speed Two speed
and and absorber gear box step
gear  gear pulleys

Helical Leaf
B3Rkl s
Note: you can add sub-systems such as frames, control ....... ete. then you can

add branches for sub-system if you seen advisable.
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When spindle [ is coonecled to the shaft whose revelutions
are to be counted, worm JJ, worm wheel 2 and gear 8 begin
to rotate. When bullon a is pressed, pawl! ¢ is dizengaged from
retehet wheel & which is keved to a shaft with flat spring &
and begins to rotale due lo friction between the spring and
gear 3. This leads to rotation of gears 7 8, # and 12 which
transmit rotation to hands & sand 2. The numbers of teeth of the
gears are selected so that hand b makes 10 revolutions to 1004}
revolutions of spindle 7, and hand ¢ makes only one revolution,
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The left edge is subject fo more strain than the right edge.
This forms the straight strip into a helical ribbon. The angle
between the rolls is adjusted by screws 6 which turmn yoke 7
sbout fixed axis B. Pressure is applied to the top roll by springs §
whose tension car be varied by nuts. The diameter of the helix
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Rotation is transmit’ec {rom shaft ! through worm 2 and worm
wheel 3 to shaft /3. This winds up a flat spiral power spring
enclosed in casing /2. One end of the spring is secured to shaft /3
and the other to cssing 72. The energy stored in the spiral
spring is transmitted through gear 4, rigidly attached to casing
I2, and gears 5, 6§ and 7 to driven shaft 8. The speed of shaft &
is controlled by spring-type centrifugal governor 9 which is
driven through worm wheel 10 and worm /1.
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University of Technology "
Department of Machines and Equipment Engineering

First Mid-Examination 2013/2014

Subject: Design I1 Year: fourth
1715 Division: General Mech. Exam Time: 1:30 Hrs.
iy Examiners: Design Grou, Date: 2/12/2013 Qi b )
o | V0 diat Satals g p Thodhanical Engineering Department

Q: Figure.1 shows the novel design for reel lawn mower (J&!l -dall 531 33)

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 (sl)
the effects of larger wheels and weight flattening (z=3) the grass before it
has had a chance to be cut. Therefore, this design will minimize the imprint
(AY)) of the wheels on the grass («<dlg) Jil)). 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.l: (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.

1
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Requirement Description Justification

B-1 The blade reel shall not exceed 20 inches This width allows for an even cut over
(51 cm) in width. uneven terrain.

B-2 The overall width of the reel mower shall Less than 30 inches allows the mower to
not exceed 30 inches (76 cm). be pushed through a standard door frame.

B-3 The mower shall weigh less than 50 Ibs One person may operate and lift the
(22.7 kg). mower.

B-4 One battery pack shall be used. The Two battery packs allows for increased run
concept of two packs will be time by providing the ability to swap
demonstrated. batteries.

B-5 The battery packs shall last at least 30 A 30 minute run time is the industry
minutes on one full charge when used to standard. This will allow adequate run time
perform regular lawn maintenance. for average lawns while maintaining an

appropriate weight.

B-6 The battery packs shall charge in 30 A charge time that is equal to the run time

minutes or less. will allow for efficient battery swapping

when mowing large lawns.

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 (J&! g 5_lall clée¥l) and other small debris ( k!
b yuall asllg),

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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Q1: A wormgear shown in figure (1) has a single-thread worm with a pitch
diameter of (31.75 mm), a diametral pitch of 10 (module m=2.54), and a normal
pressure angle of 14.5°. If the worm meshes with a wormgear having 40 teeth
and a face width of (15.87mm), the wormgear is transmitting (104 N.m) of
torque at its output shaft, which is rotating at (30 rpm).

77772 AN
Y7777 ."//:,r/_'.’;'r /“_I/;_’J - l\\- l
] Y

Figure (1)

Requirements:
1- Choose the suitable material from the following, based on the stress on
the gear teeth. (comment on your answer)
(manganese gear bronze S,~=117 MPa)
(phosphor gear bronze S,~=165.5 MPa)
(25 mark)
2- Evaluate the rated load and determine whether the design is satisfactory
for pitting resistance.
(25 mark)
3- Draw the section Y-Y showing how each part fixed.
(25 mark)

a8 g3l il ) La) Al AS a I Aty 511 g (A-A) Ugaall dga Lsb (1) ady g2l il
Gk (b) cus il Gadia il (0) Lsaall doa Lt g (2) aly sl Gu Al g (Bada (1)
oAy £1,A0 138 5 (3) by 1Ak Jaga e Sl Gu AN ) L(E) JSagd) (8 i gatl) (A0 Al A e e
A 93 A a gagal) Gl & aly (4) Ay dgand) ) ge dis g ISl o cfiall (D) aall Jga

((2) #85 ) () Dpily 1S 5 ) S al) ) ABLaYL
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Q2: The simple tensile bar which must transmit a specified constant magnitude
force (P) as shown in figure (2). Assume that the bar will be manufactured in
large quantities, thus a logical objective for optimum design would be
minimization of cost. For an acceptable design, cross-sectional area (A), and
nominal stress (o) must satisfy the following constraints:

A = 87.5 mm’

500mm < L < 750 mm
(A= ﬂ) > 0.0077mm
EA

o < 100 N/mmZ

¢ = unite volume cost of shaft = 2500 $/m’

P=1000 N

Find minimum cost and at what area?

General cross section
with area designated by
geometrical parameter A

Pand L are
L specified functional
| requirements
YP
Figure (2)

(25 mark)
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QI: A straight bevel gear pair as shown in Figure (1), has the following data:
Np,=15
Ng=45

P4= 6 (m=4.23); pressure angle=20°.

Transmitted Power=2.23 kW

The pinion speed = 300 rpm.

The face width = 31.75mm.

The gears are driven by a gasoline engine, and the load is a concrete mixer providing moderate
shock. Assume that neither gear is straddle-mounted (K,,=1.8). Also assume Kv=1.

Requirements:
1- Compute the bending stress and the contact stress for the teeth. (50 marks)
2- Draw the front section for the dotted area in figure (1) with showing all the fixations
details. (20 marks)

Figure (1)
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Q2: Note: Answer branch (A) or branch (B) !
(A) The simple tensile bar which must transmit a specified @
constant magnitude force (P) as shown in figure (2). Assume that P I
the bar will be manufactured in large quantities, thus a logical

objective for optimum design would be minimization of cost. For
an acceptable design, cross-sectional diameter (D), elongation
(A), length (L), and nominal stress (o) must satisfy the following
constraints:

I0mm < D < 20 mm

500mm < L < 750 mm

P.L
0.0077mm < (A=22) < 0.02mm
o <100 N/,
Safety factor >3 , ¢ = unit volume cost of shaft = 2500 $/m3 p l
E=207 Gpa & P=1000 N Figure.(2) simple tensile bar with
Find minimum cost and at what length and area? uniformly distributed specified axial

load (P)

(B) A helical gear is made from the material has allowable bending stress (S,=447 MPa), with
a safety factor (1.5 < S.F < 3) and the face width (F < 20mm). Assume the bending stress
cycle factor (Y,=0.914) and the reliability factor (Kg=1.25). Find the optimum helix angle and
face width from the following graph to satisfy the weight minimization for this gear.

S VN
500 \ \ \
400 \ \\
N AN

\
>

\ \\\\~ o
\ .

Expected bending stress on pinion (MPa)

300 AN ~
200 ~ —
100 e 5
W =150
0
0 10 20 30 40 50 60

Face width (mm)

(30 marks)
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QI: A helical gear has a transverse diametral pitch of (§), a transverse pressure angle of
(14.5°), (45 teeth), a face width of (50mm), and a helix angle of (30°). The gear transmits
(4kW) at an input speed of (1250 rpm), and it operates with a pinion having (15 teeth). The
power comes from an electric motor, and the drive is to a reciprocating pump.

Requirements:
1- Compute the expected bending stress and the contact stress on the pinion teeth.
(50 marks)
2- Complete the section of the reciprocating pump (shown in figure. 1) by adding the details
of the gearbox which surrounded by dotted line. (20 marks)
?2 6}6
N/ —
—40
40
6
= = == =
’ - :
I '-D'_ Electrical
% 1| I Motor
3% % 1| [
7 ) 1 |
50 — . 1
— I |! I
1/ I
48 |' '.! 1 I
\ | |!_ _ _|
\ ] f
N \7& |
46 78 E"

Figure (1)
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Q2: Note: Answer branch (A) or branch (B) il
(A) The simple tensile bar which must transmit a specified @
constant magnitude force (P) as shown in figure (2). Assume that P
the bar will be manufactured in large quantities, thus a logical

objective for optimum design would be minimization of cost. For
an acceptable design, cross-sectional diameter (D), length (L),
and nominal stress (o) must satisfy the following constraints:
10mm < D < 20 mm

_300 N
sy =300 N/,

Safety factor >3 , ¢ = unit volume cost of shaft =2500 $/m3
P=1000 N

Find minimum cost and at what length and area?

P
Figure.(2) simple tensile bar with
uniformly distributed specified axial
load (P)

(B) A bevel gear is made from the material has allowable bending stress (S,=154 MPa), with a
safety factor (S.F = 1.5). Assume the bending stress cycle factor (Y,=0.955) and the reliability
factor (Kg=1). Find the feasible no. of pinion teeth, face width and diametral pitch from the
following graph.

Relation between St and Np - — — Relation between F and Np

=
B
o

80

PamZ_-r- - 70

-
p—

/
/

-
-
L - =

——‘
S~ e - 60
3

Juny
o
o

[
=}
\
\
\
\

Expected bending stress (St) (Mpa)
\
\
\
\
X
\
~
=9
\
«®

- 40

[e2)
o
]
\
\
\
\
|
1
\
]
\
\
\

~— - -T —— P,=g [ 30
| + 20

Face width (F) (mm)

|

S
&":1
Il
[=)}

M
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o
w
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No. of pinion teeth (Np)

(30 marks)
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Q1: A wormgear shown in figure (1) has a single-thread worm with a pitch
diameter of (31.75 mm), a diametral pitch of 10 (module m=2.54), and a normal
pressure angle of 14.5°. If the worm meshes with a wormgear having 40 teeth
and a face width of (15.87mm), the wormgear is transmitting (104 N.m) of
torque at its output shaft, which is rotating at (100 rpm).

Worm gear

Requirements:
1- Evaluate the rated load and determine whether the design is satisfactory for

pitting resistance. (30 mark)
2- Assume the following data for helical gear:

Reduction ratio =4

Normal diametral pitch =12

No. of teeth of pinion =24

Helix angle = 15°

Normal pressure angle = 20°

A quality number =8

Dynamic factor (kv) =1.35

Load distribution factor (km) =1.26

Hardness ratio factor (Cy) =1
(40 mark)

3- Draw the section Y-Y showing how each part fixed.
(30 mark)
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Answer (Three) Questions Only

(Assume missing data)

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

Pillow Nore: Only pitch circles
block of gears shown

bearings

Coupling
Electric /
Motor ‘L (@ p Key g N\ ~—Pinion
L inion 3
( 08 ; :
5 ;H- f Reaction N p Action
—>P (;cur W, on pinion Ny W, on gear
ower — el ?__%_
) flow A / , N
Key
Coupling Ve \ :
M- T / \
Wl - A
Al ¢
o ~ Gear
Z o ,
| Power Driven ) ,
Bearings flow machine N\ \ /
A< Industrial Saw
(a) Side view 'w A=A showing tangential

forces on both gears

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

P 18.65 kw = 25 hp Find suitable material for this case. Then give
Np 1750 rpm your comment.

Ng 500 rpm

N, 20

N, 70

D, 63.5 mm

C 142.8 mm

W, 3.2 kN

F 38.1 mm

Qy 6

Ky 1.45 (35 mark)
Km 1.2




University of Technology
Department of Machines and Equipment Engineering
Second Term Examination 2012/2013

A Subject: Design 11 Year: fourth
Mjﬁ% Division: General Mech. Exam Time: 1:30 Hrs.
nae m“'*"whl Examiners: Design Group Date: 22/4/2013 C20slinud

Q2: A: Use helical gear instead of spur gear for question one, with helix angle
(W = 5° - 35°) and (Pg,= 6 — 12 teeth/in), the following figure is the results
between axial pitch (Py) and (W):

7 e
[erA
EN
6 [
N
~
SN

5
_ A N
3 K N

N \

E, 9 N
= P AN
S ¢/
£ sy N ~
-3 N LY
< ~ \\
<>t< ~ Sa

2 ~ S N

~ ~ \~~~-
1 S — T To===-a - ==
0
0 5 10 15 20 25 30 35 40
Helix angle (deg)

Find the feasible point that gives the smaller size of the gears for the following
information: (16°>W >09°), (12>Py,>9) & (4>P> 2)

(15 mark)
B: If a chain will be used: n;= 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).

relation between P & N1 = = = relation between P & L

L 40 175

]

-

[*

2 -

8 35 —= _—— 140

-+ ¥  r r r o e mm-—-

] -——-"”_“ £

= - ©

© -——— =

£ 30 -——= — 105 S

w / o

£ <

£ t
c

§ 25 70 3

5 =

] /

o 20 35

g /

2

g 15 0
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(P) Transmitted Power (hp)
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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 , P4=6, N,=16, ng=500 rpm, n,=1750 rpm, Q,=9. Find type of material that
can be used in this case.

(35 mark)

Q4: If a v-belt are used with information: P=25hp , n;=1750 rpm, n,=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 sectional view showing how each part fixed especially fixation 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 Cp .

3. Compare C, with KL/r. Because C. 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/ris greater than Cc the column is /ong. Use Euler's equation:
n2EA

Per S
(KL /)

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:
n2EA n2EA n2EAr?
For = 2 2,2 2
(KLIr?® (KL Ir (KL)

But, from the definition of the radius of gyration, r,

r=411A

r® =114
Then

I Z N

p., =" _
T2 A (k2

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:

Sy (KL1r)?

Por = ASy|1-—
/"

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 cL/2. Then, for any applied load, P,

Pl, e [k [P
G770 =—|1+—sec| —.|—
A7 27 2r VAE

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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For design purposes, we would like to specify a design factor, N, that can be applied to the failure load similar to that defined for
straight, centrally loaded columns. However, in this case, failure is predicted when the maximum stress in the column exceeds the yield
strength of the material. Let's now define a new term, Py, to be the load applied to the eccentrically loaded column when the maximum
stress is equal to the yield strength. The equation then becomes

P Al
Sy:l 1+£sec£ __J/
Al Ve

Now, if we define the allowable load to be

Py =Py IN or Py = NP,

NP, /NP
Required Sy = Aa 1+%sec[% A—;J
r

This equation cannot be solved for either A or Pa, so an iterative solution is required.
Another critical factor may be the amount of deflection of the axis of the column due to the eccentric load:

KL | P
Y =e|sec| —,— |-1
max { [Zr\IAEJ }

Crookedness

this equation becomes

Typical column

a, Crookedness

| 1E3E:

|
"
|

B
Section A-A

Sketch of column

installation
End fixity coefficient
P P P
7% I 7R B '
ﬁ#\ R r
. !
\. \ : .\
‘. | : L
,J { J_' "
,F i) ' N
¢ !
i
Theoretical Pinned-Pinned  Fixed-Fixed Fixed-Free Fixed-Pinned
values K=10 K=05 K=20 K=07
Practical
values K=10 K=065 K=210 K=08
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Eccentricity

lP
T
|
e, Eccentricity I * Ymax L2

[ L

|
I\ Deflected shape

!

'}

|
|
|
|
'
P

Typical stress-strain diagram

Yield point, Sy Yield strength, Sy
I—— True stress curve i True stress curve

_ Tensile strength, Su Tensile strength, Su
Elastic limit Elastic limit

Proportional limit Proportional limit

2]
-
-3

Stress, o
Stress, o

Strain, = Strain, =
Diagram for steel Diagram for aluminium and other

metals having no yield point

V-Belt Drive Design

A belt is a flexible power transmission element that seats tightly on a set of pulleys or sheaves. When the belt is used for speed
reduction, the typical case, the smaller sheave is mounted on the high-speed shaft, such as the shaft of an electric motor. The larger
sheave is mounted on the driven machine. The belt is designed to ride around the two sheaves without slipping.

The belt is installed by placing it around the two sheaves while the center distance between them is reduced. Then the sheaves are
moved apart, placing the belt in a rather high initial tension. When the belt is transmitting power, friction causes the belt to grip the
driving sheave, increasing the tension in one side, called the "tight side," of the drive. The tensile force in the belt exerts a tangential
force on the driven sheave, and thus a torque is applied to the driven shaft. The opposite side of the belt is still under tension, but at a
smaller value. Thus, it is called the "slack side."
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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, v,. Then

Vp =R -0 =Ry
Since A =Dy /2and Ry =Dy /2, then

. Dy - ®
Vb:Dlz(Dlz 22 2

The angular velocity ratio is
o _Dj
0y Dy

The relationships between pitch length, L, center distance, C, and the sheave diameters are

_ 2

L=2C+157(D, +Dl)+M
ac
. B++/B? =32(Dy -y

16
Where: B =4-1-6.28-(D) + D)

The angle of contact of the belt on each sheave is

0, =180°—2sin 1 22221
2.C

4Dy -D
0, =180°+2sin 1| 22— L
2.C

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

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

Dz <C <3(DZ +Dl)

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.
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Basic belt drive geometry

Note: D1 and D2 are
" C pitch diameters

Cross section of V-belt and sheave groove

Typical beit section
and groove geometry

N B 1 f
| \'“ Groove
Pitch -
diameter l
il <
o= \§\§\
Industrial narrow-section V-belts
38" 508" ¥ T
] ] 1
5116
1 17132
718"
1—
1
Inch size: 3V 5V 8V
Metric size: gN 15N 25N

I_ Number gives nominal top width in mm

Standard roller chain drive design
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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

1
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 1Z 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 (/1 ), and number of teeth in the large sprocket (/A5 ), expressed in pitches, is

2
No +N- No —N-
2 1 ( 2 1)

L=2C 5
2 4n°C

The exact theoretical center distance for a given chain length, again in pitches, is

2 2
ot MmN 8N M)
4 2 2 42

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 A teeth for a chain with a pitch of pis

p-__ P
sin(180° / V)

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.

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 Vc . 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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Basic chain drive geometry

Note: D, D are
pitch diameters

Roller chain styles

Standard roller chain,
single strand

g "’.‘ Standard roller chain,
=) two-strand (also available
with three and four strands)

Lubrication methods

Sight-feed lubrication Oil filler cap
Wick-packed distributing pipe %
oo Oil gage ® . Drain plug
Drip feed lubrication (Type A) Shallow bath (Type B)

Flexible metal hose
Sight flow

Motor
Oil pump Valve

Oil stream lubrication (Type C)

Spur gears

Spur gears have teeth that are straight and arranged parallel to the axis of the shaft that carries the gear. The curved shape of the
faces of the spur gear teeth has a special geometry called an involute curve. This shape makes it possible for two gears to operate
together with smooth, positive transmission of power. The shafts carrying gears are parallel.
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Spur_gear design

e  Actual output speed (gear)

n
p
ng =——-
TR
Np = rotational speed of the pinion
VR = gear ratio
N
VR =G
Np

Ng ,Np = number of gear, pinion teeth.

n
The spreadsheet computes the approximate number of gear teeth to produce the desired speed from Ng =Np red (Ngg =
np

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

the designer.

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

e  Pitch diameter

p-N
o
e  Diametral Pitch
N
Py =—
97D
e  Outside diameter
D, - N +2
P
e  Addendum
1
a=—
P
e  Dedendum
if Py <20
b 1.25
Fo
if Py =20
b=22 10002
P

e Clearance
if Py <20
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c=—
s
if Py =20
0.2
¢ =—+0.002
P
e  Root diameter
Dp=D-2b
e  Base circle diameter
Dp =D cos ¢
e  Circular pitch
p= D
N
e Whole depth
/7{ =a+b
e  Working depth
he =2a
e  Tooth thickness
_m
2Py
e  Center distance
c=Cc ;rDP

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 908-B89(R1995).

Pitting geometry factor, 1, is dependent on the tooth geometry and on gear ratio. Values can be found from AGMA Standard 218.01.

Force and speed factors

e  Pitch line speed

Vt _ TtDpﬂp
12
e  Tangential force
W, - 33000 - (P)
Ve
or
W, = 126000 - (P)
np
where:
P = transmitted power
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e Radial force

Wy =Wy tan¢
e Normal force
M
7 cos ¢
e  Expected bending stress
Sy = 'f'c/f.P‘J"’ KoK oK mK K,
where:
J = bending geometry factor
Ko = overload factor
Kg  =size factor
Km = load-distribution factor
Kp = rim thickness factor
Ky, = 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 K,; . We will use the following equation for

computing the value of the load-distribution factor:
Km =10+Cpr +Cppa
where:

Cpf = pinion proportion factor is dependent on face width and pitch diameter
Cma = mesh alignment factor.

The dynamic factor, K|, , 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 K|, 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 K|, based on the AGMA quality number, @, , 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 Q,, = 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

M/I‘KOKSKIWKV
FDp1
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where:

Cp = elastic coefficient that depends on the material of both the pinion and the gear. Cp = 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

KelSF) St <Sat
v
where:
Kp = reliability factor
SF = factor of safety
Yn = stress cycle factor for bending.

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

expected to experience a number of cycles of loading much different from 107 . 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

Ne = (60)(L)(1)(q)

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

Msc <5a€

where:

Zy = pitting resistance stress cycle factor.

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

expected to experience a number of cycles of loading much different from 107 , a factor should be used. The user specifies the desired

life for the system in hours and the program computes the values for Y and Zp .
After computing the values for allowable bending stress number, Sg¢ , and for allowable contact stress number, S, 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
Ne _Np

Py = -
" D; D,

Np ,NG = number of teeth of the pinion and the gear;

Dp ,Di = 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:

i <F< E
Nominal value of F = £
el

Notice that i < 2.00 is recommended.
p

Rim thickness
The rim thickness factor, K g , 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, Mg , where

_Ir

mg—ht

tp = rim thickness;

hy = whole depth of the gear tooth.
For mg >1.2, the rim is sufficiently strong and stiff to support the tooth, and K g =1.0.

For mp <1.2, rim thickness factor determined:

Kg -mn(%J
mg

When a solid gear blank is used, input a large value (say tR > 1.0 inch) for rim thickness. The resulting value for Kg =1.
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Gear pair features

b Pitch circle

Root circle
Qutside circle

Spur gear teeth features

Addendum

Dedendum

Fillet radius

”—T — =
Clearance

Dedendum circle

Rim thickness and whole depth of the gear tooth

aval

Helical gears

Forces on the spur gear tooth

Wr

The teeth on helical gears are inclined at an angle with the axis, that angle being called the helix angle. If the gear were very wide, it
would appear that the teeth wind around the gear blank in a continuous, helical path. However, practical considerations limit the width
of the gears so that the teeth normally appear to be merely inclined with respect to the axis of the shaft.
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Helical gear design

e  Actual output speed (gear)

n
p
Nno =——
TR
np = rotational speed of the pinion
VR= Velocity Ratio ; VR= mg = gear ratio for speed reducers
N,
My = =G
Np

Ng,Np = number of teeth on the gear, pinion

n
The spreadsheet computes the approximate number of gear teeth to produce the desired speed from Ng =Np red (Ngg =
np

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

designer.

Helical gear geometry

e  Pitch diameter

p=N
o
e  Outside diameter
N +2
D, =22
P
e  Addendum
1
a=—-
Pen
e  Dedendum
1.25
b=—"—-—
Pen
e Clearance
0.25
C=——mo
Pan
e  Root diameter
Dp=D-2b
e  Base circle diameter
Dp = Dcos ¢

where:

@ = transverse pressure angle

¢t = tan_l(—tan ¢I7 j

cosy
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e  Circular pitch

e Normal circular pitch

e  Diametral pitch

e  Normal Diametral Pitch

e  Axial pitch

e  Whole depth

e Working depth

e  Tooth thickness

e  Center distance

n D
PN
Pn = pP-COSy

N
Py ==
97D
__
”d_cosw
p
p, =—_
X tany
hy=a+b
h=a+a
_ T
2Pgn
Dg +D
c- GZ P

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

e  Pitch line speed

e  Tangential force

or

D
Vt _ nlpnp
12
33000 - (P)
Wer Ty
t
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_ 126000~

W
t nbD
where:
P = transmitted power
e Radial force
W, = W, tan gy
e Normal force
Wy

= ———L
COS y COS ¢y

. Axial force

Wy =W tany
e  Expected bending stress
Sy = Wt F;d KoK sK mKgKy
where:
Ko = overload factor
Ks = size factor
Km = load-distribution factor
Kpg = rim thickness factor
Ky, = 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 K; . We will use the following equation for computing the value of

the load-distribution factor:
Km :l.0+Cpf +Cma
where:

Cpf = pinion proportion factor is dependent on face width and pitch diameter
Cma = mesh alignment factor.

The dynamic factor, K|, , 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 K|, 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 K\, based on the AGMA quality number, @, , 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 Q,, = 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

5(,‘ — C,D M/I'KOKSKITIKI/
FDpI
where:
Cp = elastic coefficient that depends on the material of both the pinion and the gear. Cp = 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

Ms}<sat

where:
Kp = reliability factor
SF = factor of safety

Yn = stress cycle factor for bending.

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

expected to experience a number of cycles of loading much different from lO7 . 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

Ne = (60)(L)(m)(9)

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

Msc <$aC

where:

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

expected to experience a number of cycles of loading much different from 107 , a factor should be used. The user specifies the desired

life for the system in hours and the program computes the values for Y and Zp .

After computing the values for allowable bending stress number, Sg; , and for allowable contact stress number, Sz, 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:

Pa
cosy

Pan =

where:
Py = diametral pitch

Np NG = number of teeth on the pinion and the gear;

Dp ,Dg = pitch diameter of the pinion and the gear.

Face width

Nominal face width
F22-(Py)
where:
Py = 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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Perspective view of geometry and forces

Normal plane /N
Tangential plane \ A~Ye ¥
Tooth elements

on the pitch surface

Transverse plane

Forces in the helical gear tooth

o WK N
Pitch Kne W& ¢
A ) Wr
W a nol $n
N Normal i
i, tooth form Wt/cos
Topland of togth Wt v
Detail of forces in tangential Detail of forces in normal p
plane
Wr
ot
Transverse "“ﬂ 1
tooth form Wt
Detail of forces in transverse
plane
Straight Bevel Gearing Design
Geometrical features of straight bevel gears:
e Gear ratio
mg =6
Np
e  Pitch diameters
pinion
N
d=-_Fr
Pa

gear
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e  Pitch cone angles

pinion

gear

e  Outer cone distance

Ap =05 ,D
sin(T")
e  Nominal face width
From =0.3- A4,

e  Maximum face width
10
Fmax = fa’] or Fmax = —— (whichever is less)
3 Fy

e  Mean cone distance
An =4 —-05-F

Note: Ay, is defined for the gear, also called Ay -

e  Mean circular pitch

n-An
Pm = Py Ay
e  Mean working depth
he 2-Am
Py - Ay
e Clearance
c=0.125-h
e  Mean whole depth
hp=h+c
e  Mean addendum factor
or=0012 22
(mg )
e  Gear mean addendum
ag =01 h
e  Pinion mean addendum
ap=h-ag
e  Gear mean dedendum
bg = hy - ag
e  Pinion mean addendum
bp =hy-a p

e  Gear dedendum angle

e  Pinion dedendum angle
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b
5, —tant [_p]
AmG

apc =ag +0.5-F-tand,

e  Gear outer addendum

e  Pinion outer addendum
agp =ap +0.5-F-tandg

e  Gear outside diameter
Dy =D +2-ay5 -cosT

e  Pinion outside diameter
do=0d+2-ag,-cosy

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, Wt ; radial force, Wr ; and axial force,

Wy . 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:

63000 - P
==
n
Then, using the pinion, for example, the transmitted load is
r
Wy =—
'm
where:
m = mean radius of the pinion
- d _F-siny
2 2

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,
Wip =W; -tan¢cosy

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,

Wyp =Wt -tangsiny

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

:Wt'Pa’ Ko Ks - Km

St
F-J Ky
where:
Ko = overload factor;
Ks = size factor
Km = load-distribution factor
Ky, = 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, Vt ;

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

bending strength calculation

u
KZ

KZ+ Vf

where:

U= 8 s 125
2050 T E,vEg
K, =85-10-u
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 30 xlO6 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, S, , can be computed from

Se =CpCp MW Ko Km
Fd-l K,

where:
Cp = elastic coefficient;

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

Pitting geometry factor, |, 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

Kp(SF
—RVE\/ )5t <Sat

where:
Kp = reliability factor
SF = factor of safety
Yy = stress cycle factor.

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

expected to experience a number of cycles of loading much different from 107 . 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
Ne = (60)(L)(m)(q)
where:
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L = design life in hours

3
|

= rotational speed in rpm

q = number of load applications per revolution.

Procedure for selecting materials for contact stress

Msc <$aC

where:

Zp = pitting resistance stress cycle factor.

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

expected to experience a number of cycles of loading much different from 107 . 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, S , and for allowable contact stress number, Sz, 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
N N
Pg=—0=_F
Dg Dp

N p yNG = number of teeth of the pinion and the gear;

Dp ,Dg = 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 Min.  number of
teeth gear teeth

13 31

14 20

15 17

16 16
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Key dimensions of straight bevel gear pair

Mounting
distance, Mdp aop
. -
o - Pitch
B; diameter, d

e

distance, Myg

é %\&\\ ; Mounting

Pitch diameter,

Forces on bevel gears

Fwitw,

Free-body diagram: pinion

Free-body diagram: gear

Straddle mounted gears
|
Bearing C i
|

t - t
|
L—;-_J Bearing D



Wormgearing Design

@28

Coudie-mread worm o ot )
g -
( Tlasagk L, Lead
I

=Dw
Pitch circumference
- ofworm

N

PNY--—-d -
Throated wormgear

Forces on a worm and a wormgear

e Right-hand Input

i i worm (driver) | |
G
\ <, ' — s
s WW\’ w I Radial
f adia

Wi Thrustand i rWrW

load only
ial |
Wy lWrG radial load IWIG
= .= Wie
- i .
/ d | N Wormgear
N # ' ‘(driven)
7Q_ == f 3
AT P ) g SRR Lo LAl SRS |
D | o i
Output X’. 1 \ | /
Radial ' | !
Thrust and load only . - e “
radial load L
L= NyPy
tan = L
n Dy

the pitch line speed is the linear velocity of a point on the pitch line for the worm or the wormgear. For the worm having a pitch
diameter Dy, in, rotating at 71, rpm,

Dy - Ny )
=—>" " ft/min
w 12

For the wormgear having a pitch diameter Dg in, rotating at /75 rpm,

n-Dg - ng )
Vig = ———= ft/min
G 12
Note that these two values for pitch line speed are not equal.

It is most convenient to calculate the velocity ratio of a worm and wormgear set from the ratio of the input rotational speed to the
output rotational speed:

_speedof worm _ ny, _ Ng
speedof gear ng Ny
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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 C 0.875, 2.2, 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

0.875
16< ¢ <3.0
Dy
e  Addendum
1
a=—
P
e  Whole depth
hy = 2.157
!
e Working depth
-
P
e  Dedendum
b 1.157
o
e  Root diameter of worm
Dpy =Dy —2b

e Outside diameter of worm
Doy =Dy, +2a
e  Root diameter of gear
Dy =Dg —2b
e  Throat diameter of gear
Dy =Dg +2a
e  The recommended face width for the wormgear is

1/2
2 2
FG:(DOW*DW) )

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

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

_63000- A,

o ng
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Tangential force on a wormgear

Axial force on a wormgear

where:
n = coefficient of friction.

the sliding velocity is

Based on the pitch line speed of the worm,

2.7,
Dg

Wi =

COS ¢y SINA + P - COS A
COS ¢y COSA — - SINA

Wxe =W

V.
s Cos A

The AGMA recommends the following formulas to estimate the coefficient of friction for a hardened steel worm (58 HRC minimum),
smoothly ground, or polished, or rolled, or with an equivalent finish, operating on a bronze wormgear. The choice of formula depends

on the sliding velocity.

0.2
0.11

Atv, =0,y =0.150

0.10 f—

0}

n

= .08

007 \ '

0.06

0.05 —

CoelMicient of friction

0.03

2
v

= Scale chang

0.02

——

0.01

—~——

1
|
|

"{J 100 200 300 400 500 600 700 800 900 1000 2000

Sliding velocity, v, (ft/min)

3000 4000

choice of formula depends on the sliding velocity. Note: v, must be in ft/min in the formu-
las: 1.0 ftYmin = 0.0051 m/s.

e  Static Condition, Vg =0

e  Low Speed, Vs < 10 ft/min

e Higher Speed, Vg > 10 ft/min

Radial force on a wormgear

Forces on a worm
e  Tangential force on a worm

p =0.150

= 0.124e(‘°-°7 Vs°'645)

(70.11 1/50'45)

w=0.103e +0.012

sin
Wi =W bn

COS ¢, COSA —p-SiNA
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Wi =Wixe
e Axial force on a wormgear

Wyw =W
e Radial force on a wormgear
W =W

The friction force, W , 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:

u- Wi

We =
(cos ) (cos o))

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

where:
Wy = dynamic load on the gear teeth

1200

V71200 + Vg

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.

on 7
14.5 0.100
20 0.125
25 0.150
30 0.175
Pn = normal circular pitch
_ m-COSA
Fao

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, WtR , from

0.8
WIR:CS'DG “Fo-Cm-Cy

where:
Cs = materials factor;
Fe = effective face width, in inches. Use the actual face width of the wormgear up to a maximum of 0.67 - Dy, ;
Cm; = ratio correction factor;
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Cy = velocity factor.

Use the actual face width, F , of the wormgear as Fp if £ < 0.667 - (DW). For larger face widths, use Fp = 0.667 - (DW), because
the excess width is not effective.

The ratio correction factor, Cy; , can be computed from the following figure and formulas.

.85 i = = 0.85
=l

0.80 ~ 0.530

] L2 - L \\ 0n7s

-

0,75 = ~g
== Seale ch
0.70 v — — e 0.70

E 0.65 / i — | L \;'—"— —1 0.65
E 060 \ .64
g / \
E
2 0SS / \ 0.5
3
=
0.50 < 0,50
0.45 . 0.45
0.40 - : - ; ; : 0.40
i ] 1 I | | ! | |
0 a 6 8 10 12 14 6 18 20 30 40 S0 60 70 80 %0 100

Gear ratio, mg

. For Gear Ratios, /Mg , from 6 to 20
c —0020( m2 +40-m 76)0-5 0.46
m=VU. —Mg Mg — + 0.
. For Gear Ratios, /Mg , from 20 to 76

Cpp = 0.0107 (— m2 +56- mg + 5145) 05

The velocity factor depends on the sliding velocity, Vs . Values for C}, can be computed from the following figure and formulas.

065 065
0.60 0.60
0355 0.ss
0.50 0.50
0.45 0.45
. 0.40 : .40
-
i 035 e 0.35
%‘u._m A
= 025 —— 0.2s
020 \“ ——n 0.20
015 —— —_—— 015
0.10 — - : E==== 0.10
s _.__ = ! 5 05
Yo== — =no 1060 1500 2000 3500 3000 3500

Sliding velocity. v, (ft/min)

e For Vs from 0 to 700 ft/min

¢, = 0.659 . ¢(0:001V5)
e For Vs from 700 to 3000 ft/min

¢, =13.31. el-0:57)



e For Vg > 3000 ft/min

C, - 6552 l0774)
When you are analyzing a given wormgear set, the value of the rated tangential load, Wz , must be greater than the actual tangential
load, W;ys for satisfactory life.

Method of casting the bronze

AGMA provides a procedure for rating the surface durability of wormgear drives. The analysis is valid only for a hardened steel worm
(58 HRC minimum) operating with gear bronzes specified in AGMA Standard 6034-A87. The classes of bronzes typically used are tin
bronze, phosphor bronze, manganese bronze, and aluminum bronze. The materials factor, Cs , is dependent on the method of casting

the bronze. The values for Cg can be computed from the following formulas.

Bronze gear with worm having surface hardness of 5% HRC minimum
1000 T
< - |[ - = . \_i—H( n‘ﬂllllllg:ll'_\'t
N ] | —— et
N | ] = |
900 ' S T =T
r 5 1 e s e 1
- S Sand-cant] b {Static-chill-cast——}—]
© forged 1
E' 800 . ]\ or lorge | &
3 B[S — N
= Y
= nY ™
2 700+ \\ AN
E — p—t . —_— e e e :
B ] T . E e T (S 3 R [ S
E TR Y N
600 Refer o AGMA Stundard | N 11
6034-B 92 for specification of \\ g} !
H bronzes to which these factors \'\ \\‘ 1
apply ~ B N
500 I | I -k el
e g 4 § 6 78910 IS 20 25 30 40 50 60 70 8090
Mean gear diameter. I, (in)
L | i Ll S | L L L 1 . J
60 70 80 20100 150 200 300 400 500 600 T00800 1000 1500 200 2500

Mean gear diameter, D, (mm)
e  Sand-cast Bronzes:
For D >2.5in,

Cs = 1189.636 — 476.545 - logy (D5 )

For Dg <25in,

Cs = 1000.

e  Static-Chill-cast or Forged Bronzes:
For Ds >8.01n,

Cs =1411.651 - 455.825 - |0910(DG )
For D <8.0in,

Cg =1000.

e  Centrifugally Cast Bronzes:
For Dg > 25in,

Cs =1251.291-179.750 - logyo(Dg )

For Dg <8.0in,

Cs =1000.
Normal pressure angle

) ) . 1° o opo o
Most commercially available wormgears are made with pressure angles of 145 ,207,25% or30° .
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tan¢, =tand, -cosi

Diametral pitch

TE~DG
Ng

where:
Dg = pitch diameter of the gear

Ng = 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

N,
Py = Z6
Dg

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

Py-p=m

Output power

Torque = power/rotational speed = %
Vs -Wg
L " "33000°
The input power is the sum of the output power and the power loss due to friction:
Pi=Py+P
Efficiency is defined as the ratio of the output power to the input power:

PU
=
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