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Introduction to the system design
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Summary of the flow chart 3- Theforward path, which isa
Goal-recognition, isa Synthesis
and the output from the
forward path isa product of

1‘ The eﬂtry to the ENVIRONMENT cr eatl\/lty
flow chart startswith
the Establishment of SENSORY
need for the particular :
SyStem ESTABLISHMENT . w||:||'lrl.-:|';-.!:n. 5- The Reflned
oF »— @)+ ngcoenmon statement then madeto
specify the particular
solution of the problem,
but describethe goal
toward, which we are
2- Then the Broad statement W i heading.
can be madeto define the need. ki
These statementsare

analyzed to obtain a goal,

which will satisfy the need. 4- The feed back function, (Market

research and Application analysis), is
essentially an Analysis. Theresults of this
analysis are compared with the Desired

I nput, (the comparison element), which is
the Broad statement from the
Establishment of need.



Application of the items from no.l to no.5 is as follows, using the following
example:

Design Equipment to convert waste




1- Environment:

Humankind has always produced pollution and waste. The industrial
revolution saw a major increase in activities producing waste as well as
useful manufactured goods. Nowadays, with the world population
increased and new awareness of what he is doing to his environment, the
need for an efficient ways of handling waste materials has become
Important.



2- Establishment of need:

Waste materials may be broadly categorized under the following headings:
 Waste that can be recycled to its original form, re-melted and reused such
as scrap materials.
« Wastethat can be used asit isto manufacture some other useful items.
 Waste that can be converted to something useful in another form such as
wood-waste that converged to chipboard.
« Waste that can be recycled, reused, or converted and then should be

¥ Shredded and
¢ pulverized tires

A .Ff.l'_'ill:l"a'ﬂfﬂfj
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3- Goal Recognition:

The company would be appearing to be in an apposition to manufacture
and market equipment, which would convert waste of a certain category in
to aform of energy.



4- M arket Research:

Information

Sources

Benchmarking

P

Analogies

Published
Media

]

Worldwide
Web

Mature

Product Fanction
Prowduct Architecture

Patents

Journals
Product Information

Texthooks

Consumer Prodoct
Periodicals

Government Reports
Customers
Experts

Professionals
in Field

Trade Summaries

1 Mfzs. Listings

Information Research
Scrvices




Writing Questionnaire: (asan application of market research)
Questionnaires are used to collect usable information from the number of

lar ge population. They can berepresented by two methods:
» Direct contact (face —to-face) situation;

wherethe researcher can explain the

purpose of the study, clarifying points

and answering questionsthat arise.

However, bringing a group to full the

guestionnaireisdifficult and takestime.

 Mailed questionnaire; whereit can reach
many peoplesin widely scattered areas
quickly and easily in the sametime and at low

cost. However, thereturn of their answers may

be half of the questionsthat had been sending.



Questionnairesarein threeforms:

fCIosed form; facilitate process of tabulated and
analysis. It consists of a prepared list of questions
and a multiple choices of possible answer, to

indicates hisreply, respondent marksYES or NO,

Q:h&ks, circles, and etc.

p

Open form.

(&

Pictorial form; thisquestionnaire presents
responderswith drawings or photographsrather
than writing statement from which to choose

answer.




Thefollowing isan example of a how you can start writing a

guestionnairein our case.

Pleasetick the box or the boxesthat arerelevant to your situation:

Q.1) areyou:
a) A gover nment manufacturing O
company

b) A service organization
c) A public company

d) A hospital

Q.2) do you employ

a) Lessthan 500 person
b) Between 500 to 10000 person ()
c) Morethan 10000 person

0O 000

O

Q.3) do you produce waste materials
a) Yes
b) No

Q.4) doyou

a) Dispose of your own waste
b) Haveit collected

c) Both

000 0O

Q.5) if your wasteis collected

a) Does this cost you money O
b) Haveit collected free of charge ()
c) Receive a payment for it J

Q.6) do you recover any heat from your
waste

a) Yes U
b) No B

Q.7) if theanswer of (Q.6) iISYES, do you
usethe heat for any of the following

a) Space heating O
b) Hot water service J
c) Process requirement B

Q.8) hasthe quantity of the waste
materialsthat you produce

a) Increased in therecent years O
b) Decreased in therecent years [}
c) Remain unchanged (J



5-Refined Statement:

Based on thereturned answers, the system must provide:
 Suitable waste storage
» Automatic handling of waste
» Since there may be an energy requirement when waste is not available, then
some alter native means of providing energy must be offered as an extra.
« Some means of converting the waste materialsinto a readily usable form of
ener gy.
» The plant must provide safety acts and clean air acts.
» Small packaged unit is preferred.
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Third Lecture
Advantages of Questionnaire and

how to write an Initial
Specification of the System



Advantages of questionnaire; @

@
| dentifying the design decision that isto beinfluenced T

by repliesto the questionnaire.

| dentifying the kind of information that iscritical / \

to thetaking of these decisions.

| dentifying the kind of people who having a rapid accept to the

kind of information needed.

The appropriate sample was selected.

From thereplies, taking the most helpful data.



How to writethe questionnaire:

1. Ask for minimum information needed for t
pur pose.

2. Bethose, which theinformation isableto
answer,

3. Requirean answer of YESor NO, or a sim)
one, or something equally definite and prec

4. Besuch aswill be answered truthfully and

without bias.




Procedure:

Write questionnaire  Make more copies

| Writefinal _ ) .
M ake more copies questionnaire  Analyzereplies Wait for replies

Sent them




Problem Specifications (I nitial Specification):
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List of itemswhich may berequired in Specifications:

1. Title of specifications.
2. Forward or introduction.
3. Therole of equipment or material.

.:-.'..:J!. Room A I : Rocom B
= .jz % | s | O A
{ .Hwnﬁ - meﬂ-
| 2| —| I |
4. Related documents and references. Yoo
300 .. DIN
o Ay
ISO 1L
\w INTERNATIONAL
GB BSI
IEC IR ¥




5. Condition in which theitem isto be used, manufactured or stored
 Environmental featuresincluding for example temperature, humidity,
pressure, shock, vibration, noise, dust, etc.
o Condition of use, power requirements, supply services,
e Servicing requirements.
6. Characteristics:
o Samples, drawings, models, tests, etc
* Propertiessuch asstrength, dimensions, weight, safety, degree of purity.
* |nterchange ability.
» Appearance, finish, color, protection.
7. Performance:
* Performance under specified conditions.
« Test method and equipment for assessing performance.
8. Life:
* Period of useful life.
o Total life.
 Themethod and equipment for assessing life.
9. Reliability and control.
10.Control of quality checking.
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Ex.1: Design a power unit for alorry:

Design specification for a power unit:

This specification is for the design of a power .
unit which may be used as a primary power unit
in a lorry and for other purposes of similar
power size. The power unit isto use normal road

fuelsand to have a rotating shaft output.

| ntroduction:

This specification isfor the design of a power unit of approximately 250
hp. The power unit is intended to be marketed as a basic power source
for a variety of uses, the main useisasa lorry power unit. The design is
to bein theform of a gasturbine.

The power unit isto be designed for quantity production.



M arkets:
The possible marketsfor the power unit are asfollows:-
Lorries
Small aircraft
Helicopters
Hovercraft & Marine uses
Small electrical generators
Aircraft servicing trucks
Pump units & compressor units
Cranes
Related Specifications:
It is suggested that gearboxes should be used as speed reducersto change
the turbine shaft speed to the output shaft speed which isquoted later in this

specification.



Perfor mance:
Consideration isto be made for uprating to 300 hp for short duration

runs.

Waeight:

Theweight of the unit excluding the gearbox isto belessthan 100 |b.

| nstrumentation:
Modern instrumentation is to be incorporated to measure the jet-pipe
temperature and the other relevant temperatures. Electrical pules

tachometers areto be used to measure speeds.

Failsafe Devices.
Failsafe devices are to be supplied with the unit so that malfunctioning
causes the power unit to shut down. Correction of the fault should then

enable immediaterestart.



Starter:

A conventional vehicle engine starter isto be used for starting purposes.

Operation:

The power unit should be capable of being used for long periods without

maintenance.

Fuel:

The unit must be able to be run using conventional vehicle fuels, aircraft

fuelsand natural gas.

Multiple Unites:
Consideration isto be given to the possibility of using a standard, quantity

production power unit on a special gearbox to give power units up to
1000hp limit.



Maintenance & Spares.

The unit isto be designed so that the assembly of critical high speed parts
Is carried out on the manufacturers premises. Assemblies requiring less
skilled fitting work are to be supplied as spares. The spares are to be
designed so that the value/weight ratio is high so as to make air freight a

reasonable proposition for sparestransportation.

Noise Level:
The noise level isto be equal to or lower than that from other gasturbines

of comparable size.

Transportation:

Facilitiesareto be provided for easy transportation of the unit.

Price:
Thesdling priceisto belessthan ( $) per hor sepower output (continuous

rating), including the gear box.



Life:

The overhaul life of the unit shall be 500 hrsor greater.

Overall Size:

The unit must fit inside arectangular box 15in x 20in x 40in.

M easur e of Value for Some |tems:;

Priority shall be given to various parts of this specification by utilizing the

measur es of value given below:

/Performance 20 Noise Leve 10 \

Failsafe Devices 15 Overall Size 10
Price 15 Diversity of Market 5
Life 12 | nstrumentation 5

kM aintenance & Spares 8 /
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Ex.2: Design of Household Carpet Cleaner:

Environment:

Since the cleaner will be housed and used indoors
weather protection is not required but the finish should
be non-corrosive. Although it is expected that the carpet

area being cleaned should not emit fumes or noise that

will cause a nuisance to other occupants of the building.

Normal vacuum cleaning will have been carried out prior to the rinsing
process and it may be assumed that the carpet is satisfactorily fixed to the
floor.
Supply Services:

240V, 13 A, 50 Hz electrical power outletswill normally be available.

Hot or cold water may well be available from taps in the vicinity of the
cleaning operations but provision will need to be made for instances when this

ISnot the case.



Performance:

The cleaner, when set up and operated by one person, should be capable
of cleaning a carpet area of 140 m?in 60 minutes.

The degree of soil removal achieved must be substantially better than
that obtained by shampooing.

The cleaning operation should include soil and fluid extraction to the
extent that in normal room temperature and humidity the carpet may be
reusable within two hours of completion of cleaning.

Thewidth of the cleaning path should be of the order of 0.5m.

Areas of carpet under fixtures such as radiators should be accessible to
the cleaner.

A special feature of this machine will be powered driving wheels/roller to
reduce operator fatigue. Power will be available for both forward and
reverse motions.

Provision isto be made to enable carpets with different types and length

of pileto be cleaned affectively.



Control:

Variable speed control of the powered wheelsroller will be provided for

both directions of motion.
| ndependent control of rinsing fluid application rate shall be possible.

In the event of the use of a chemical agent to cope effectively with badly
soiled carpets a setting must be provided to control the amount of agent

mixed with therinsing fluid.

Provision shall be made for heating and temperature control of the

rinsing fluid to ensureit isapplied at the desired temperature.

Although each control should be considered ergonomically to ensure easy
operation it should be remembered that this equipment is intended for

professional cleaners.

enable immediaterestart.



Construction:

 The cleaner should be of robust construction to suit both its usage and
handling.

 Any component part which is likely to require removal or replacement
during the normal working life of the machine should be easly

accessible.
Maintenance and Reliability:
Reliability must be regarded as an important feature of the design. It is

expected that servicing will be carried out twice a year by Columbus Dixon

Service Engineers.

Size and Weight:
Although no specific limit isimposed on either size or weight of the cleaner
it should be as compact and light as is reasonably possible . Since the

mobility isto be a special feature of the machine.



Appearance and Finish:
The equipment isto be styled in such a way asto make it attractive to the
potential customer. Adequate protection from corrosion shall be given and

external surfaces shall befinished in company colors where appropriate.

Safety:
The associated standards referred to earlier must be complied with in
order to ensure safe operation of the equipment. Any moving parts that

could provide a hazard shall be adequately covered.

Life:
In keeping with company policy the useful life of this product shall be a

minimum of ten years, subject to reasonable use.

Price:
It is intended to market this product in ether September 2005 or
September 2006 , dependent on the development work necessary, at a selling

price not exceeding ( $) at present day values.
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Synthesisand Analysis:

The processes of synthesis and analysis appear repeatedly in the System
Engineering Flow Chart. For this reason Synthesis will be considered in
much greater detail. Analysisis the subject of study in most undergraduate
courses and will, therefore, not require such a detailed study here.
Synthesis

The process of synthesis in design is the bringing together of information
which, when taken in combination, satisfies an initial requirement. The
process of checking that the outcome satisfies the initial requirementsisthe
analysis process. It has been mentioned previoudly that systematic methods
can assist in the processes of design, the use of methodsin Synthesisis by no
means an exception. However, at this point in our knowledge of the design
process. We, as lecturers, consider that it is best to know of a number of
methods to improve synthesis, the application of any one or more of these
methods in any particular circumstance being left to the discretion of the

designer. Systematic methods of synthesisare termed Heuristics.



Creativity:

Creativity, synthesis and applied imagination are all terms used to denote

the production of alternative solutionsto problems.

However, for design purposes, we must add the additional constraint that
the alternative solutions must eventually lead to a useful conclusion

which satisfiesinitial requirements.

The starting point in the creative process should always be to verify the
facts which initiate the creative process. Thus the goal towards which we

are heading becomes clearly defined, thisreduces time wastage.

An aid to this verification processisto attempt to rewrite the problem in
different words, carefully analyzing and verifying each point in turn.
Features which need clarification or additional information should be
noted on one side, but since we are eager to produce something, let us
temporarily ignore these sideline points if this possible. These sideline

points can be attended to and included in the synthesis at suitable times.



Now, if we stop the snhaking after the production of some short chains we
can take these chains from the box and use various patterns of
combination to join them together. We could, say, lay them onto atableto
form letters, then these letters could be combined to form words, and so
on. Note that we would be using rules from subjects other than those

which could be devised for the ‘art’ of paperclip joining.

In design synthesis we can use rules from mathematics, art, business

management, language; in fact anything that will help.



Heuristics

Divergemt phase

[~

Brainstorming

L

T

H'“'H-u-.

The brainstorming technique
was created by Alex Osborn erosiem  setting ——
in 1938.

Ideas

Ideas
generation

Rules of Brainstor ming:

1-Criticism, judgment and ridicule are
eliminated completely.

2- Copious ideas, of any type are required.

3- Think wild, don’t allow criticism in your

&ﬂﬂ%

Ideas
selection

,f*”'/l

| >

Convergent  phase

\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ(

own mind before alowing

the ideas to erupt. Small basket for backs |

and other stuffs

Make the chair as light as possible and should
be strong enough to withstand mavimum weight

[ To have foldable small table

‘ Have proper lifting mechanism /

Design of the leg and
body

T : Design should

BRAINSTROMING follow ergonomics

specifications

‘ To have drinking bottle holder ‘

Make chair portable ‘ Have the confortable seat |



| nver sion

Turn things inside-out, upside down, stop
moving parts, start stationary parts, ...




Empathy

» Putting one's salf in another’s place.
» |dentifying physically and personally with the part, product, or process that is to
be created:
= Body/mind must actually perform the function(s).
= State how it feels and what we would need or do if we were to do the task.




Fantasy

* |Imagining or wishing that something is possible
» Sometimes impossible, but more importantly — sometimes possible and
sometimes the ideas can be modified to be possible

o
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Analogy

» Anaogy to other physical phenomena.

« Think about the problem in general enough terms so that the characteristics that
it has with other disciplines/situations become apparent.

* Remember to think about the natural world.

:
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-
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M odels

The use of model can refer to material models, which is the interpretation of
the layman. The material model can be iconic model, that is model with
only achangein scale.

Other material models can have changes in material.

Anaogue models are of the type where one property is used to represent a
different kind of property.

Symbolic models cover the mathematical models.

Digital models are a special type of model for use on digital computer.
Graphic models such as drawings, sketches, etc.

.
5




Visualization

This is the use of certain types of model to enable those carrying out the
synthesis process to be able to “see in their minds’ a number of facts
simultaneousdly.
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Black box concept

 This consist of a system of great complexity (in a relative manner) whose
internals are impossible to characterize completely. Alternatively, there may be
no desire to characterize the internals completely at a certain point in the design
Process.

* The main features about the black-box can be learned from observing the inputs
and outputs. The output can then be expressed in a number of cases as some
function of the input, i.e. the transfer function of the black box is equal to the
ratio of the output to the input.

* |n genera there are three kinds of problem relating to the black-box. If any two
of the features. input, output and transfer function are known then the third
feature can be found.

AN
~

Inputs Function Outputs



(a)

(b)

(c)

Cold water

(measured quantity) o

Tea leaves

-
(measured quantity)

Hot tea
Tea being
BREWED
Tea leaves
(waste)

Three alternative process models for tea brewing

Water

——
Energz

Water
EE—
Energy
_——4

Water

>
Energy

Water 1s
heated

——

Tea is
infusing

Tea

Tea and water

—

___P..

| Water and
J_) tea united

are separated __l

Tea leaves
Tea
Wateris ™ Tealeaves [ ™
heated ’,_) are immersed r_l
Tea leaves Leaves
Tea
— | Tea leaves
Wateris [—= arewetted L 5. Concentrate and
heated —3» Water are united

Leaves

Tea



M orphological Analysis

This can be described in general terms as.- The analysis or those features
that may be required in the system, and how alter natives of these features
way be combined.

Thisisawell-established creative process originated in one form by Zwicky.
The process is to initially describe the problem in the broadest possible
manner so that thetype of solution isin no way defined.

Next, the various groups of features are listed so that all the alter natives of
each feature appear together, combinations of these alternatives of various
features which can be combined in a large number of waysto trigger off the
actual creative processwhich resultsin a solution.

The method can be extended by using a number of cube boxes in which one
axis is common to all the boxes, the other two axis being different on all
boxes and totaling up to givetherequired number of features.

An alternative method is to put the features as columns of alter natives with
liberal spacing between columns.

The next stage is to select combinations of alternatives from the massive
array of possibilities, either by labelling compartments of the cubes, or by
joining alter natives of the columns of features.

These ideas are then evaluated by subjecting each idea to a previoudly
prepared “ specification” or comparison “ check-list”.



A general morphological analysis table

Subsystem Means

1 Meathod 1 of fulfilling Method 2 of fulfilling Method 3 of fulfilling Method n of fulfilling
subsystem 1 subsystem 1 supsystem 1 subsystem 1

2 Method 1 of fulfilling Method 2 of fulfilling Method 3 of fulfilling Method n of fulfilling
subsystem 2 subsystem 2 subsystem 2 subsystam 2

3 Method 1 of fulfilling Methad 2 of fulfilling Method 3 of fulfilling Method n of fulfilling
subsystem 3 subsystem 3 subsystem 3 subsystem 3

4 Method 1 of fulfilling Methed 2 of fulfilling Method 3 of fulfilling Method n of fulfilling
subsystem 4 subsystem 4 subsystem 4 subsystem 4

] Method 1 of fulfilling Method 2 of fulfilling Method 3 of fulfilling Method n of fulfilling
subsystem 5 subsystem 5 subsystermn 5 subsystem 5

Morphological chart for a pallet moving device with choices identified

Feature Means

Support Track Wheels Air cushion Slides Pedipulators
Propulsion Driven wheels Air thrust Maving cable Linear induction

Power Electric Diesel Petrol Bottled gas Steam
Transmission Belts Chains Gears and shafts Hydraulics Flexible cable
steening Turning wheels Alr thrust Rails Magnetism

Stopping Brakes Reverse thrust Ratchet Magnetism Anchor

Lifting Hydraulic ram Rack and pinion Screw Chain or rope hoist Linkage
Operator Standing Walking Seated at front Seated at rear Remaote control




Design Trees

1. Thisisageneralized model of the design processin theform of atree.

2. Any design can be regarded as the outcome of a sequence of problems
and solutions.

Therules of resultsfrom path treesare:

1. When numbers of alternative solutions to a single problem are
presented, any one may be accepted and therest ignored.

2. All the problems dependent on the choice of a particular alternative
solution must, however, be solved.

3. A particular branch of the tree must be followed until a solution is
reached.
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Useful Mechanisms:

Snap-action mechanisms G iR ‘g%
% —— i O
ib ‘g; {c) xR

¢ 3 ,

() N 'ﬂ: {g)

(26

i

inl

e

Ll

6. )¥1 Snap-action mechanisms. These mechanism: are bistable elements in machit
They are used in switches to quickly make snd break elecine circuits and for [astering ile
w1 Saap-aciion toggle swich; (b) to (h) seven varations of snap-acuon swiiches. (1) cr
Iwaker; (J) 10 (0), spring cips.



Robots mechanisms

{a} [{3]

(i) (k]

FIG. 19-28 Robots. These are multidegree-of-freedom devices used for positioning o
asscmbly of itcms, They useally have some degree of mackine intclligence and work under
computer control (a) A general 6R robot; (b) 10 (k) some forns of existing robois; (i) paralle
ectuation of a planar 3-degrees-oi-freedom robot; (j) Stewan platform which uses the 3-degrees
of-freedom principle; (k) Florida shoulder with parallel actuaton: (/) general robol with paralle
actuation.



Clamping mechanisms
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6. 395 Clamp neth.tmmu. Ii hese deviess are us-:-ﬂ h:: hold items Tor machming oper-

#b00s or 10 :xr.r: trm fa PGk mip: (%) screw clamp, (¢) cam
camp: (d) double [¥ { ril #}da e cam-actuated clamp;
W ooy f“ v-} p (o) collct; () rock



Fine adjustments mechanisms

(b}

(- }]

FIG. 39-4 Fine adjustments Il. Fine adjustments for moving mechanisms are ad)yuslng
devices which conurol the motion of linkages such as stroke, eic., while the mechanism s w
motion. (@), (&) Differential gear adjustment: (¢) adjustable-stroke engine; (o) adjustable sroke
of shaper mechanism: () ball and disk speed changer; (f) adjusting fixed center of linkage for
changing motion properties.



Escarpments mechanisms

id)

(g}
(i

FIG.39-7 Escapements. These devices slowl i
_ 1 y release the potential ¢ i
ln?;lt':l‘“(?]] ii:m:s such as clo-cj}r.s. {c:} Paddle wheel; () recoil 4:5.\'::‘.1|:|-¢.-me|'1r:":ﬁ*]]r Sgﬁﬁﬁgﬁ
X scapement, (e} carly anchor escapement: (f) cylinder mn .
lj}rucde_gtged escapement for 1ower clocks; (k) 10 (/) chronomster mﬂpcmmpl:'nﬁc’]“l,'u{s{:] mbll;
gve uniform torque st escapement as the spring unwinds. |



Locating mechanisms

;;EE E {m) in)
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(&l

FIG. 396 Locating mechanisms, These are devices which properly position a linkage mem-

ber when the load is remowved. (a) 10 (/) Self<centering li il
angular devices; (o) detent, U nng inear devices; () 10 (n) self<centening
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Oscillating mechanisms |

(a)

(d)

(o]

{1

i) [k}

FIG. 39-9 Oscillating mechanisms 1. These mechanisms cause an output 10 repeatedly
swing through a preset angle. (a) Four-bar linkage; (b) six-bar linkage: (¢) six-bar linkage with
pin in slot; (d) inverted slide-crank quick-return linkages; (¢) radial cam and follower: () cylin-
dncal cam; (g) geared slider crank; (/) geared inveried slider crank: (1) slider-driven crank:
() bulldozer lifi mechanisn; (k) oscillator of the Corliss valve gear.



Oscillating mechanisms Il

(a)




Indexing mechanisms

{g)

FIG. 39-8 Indexing mechanisms. These mechanical devices advance a body o a specific
position, hold it there for a period, and then advance it again. (a) 1o () Geneva stops; () four-
bar links used to reduce jerk; (e) ratchet mechanism; (f) friction raichet; (g) cylindrical cam-
stop mechanism; (4) pin geanng used in indexing; () dividing head.



Ratchets and latches mechanisms
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RG. 39-11 Raicheis and laiches.
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These are mechanisms that advance or hold a machine

member. () Raichet and pawl; (4) reversible raichet; (¢) cam-ock raichet; (d) ball-lock ratchet;
l¢) toggle ratchet; (f) ovemrunning cluich; (g) high-tonque raicher; (), () detents; () locking

bolts.



Reciprocating mechanisms |

(c) ()]

LE R

FIG. 39-12 Reciprocating mechanisms 1.

engine: (#) V Engine; (/) couble-stroke cngine; (g)

(/) ideal radial enginc; (/) pacuical radial engine: (k)
Nordberg radial engine.

] These mecaanical devi
translate on a strawght line. (a) Shider crank: (b) Scotch yoke;

CCS Cause a member 1

(€) 1oggle mechanism: (d) Zoller
geared engine; (£) Atkinson gas engine.
geared Nordberg radial engine; (/) nked



Reciprocating mechanisms Il

Reversing mechanisms

{4

{d}

ml
(&)
AG. ¥-13  Reciprocating mechanisms 1.

der or Whitworth quick-return mecianism
wroke engne; () gear-driven slider.

5{%

() Geared cranks, ({4 shaper mechanisn, () sh-
& (o) slider on drag-link mechanism: {#) vanable-

=) F4iUd 1 |-_|_§‘ all e i
" i il ? a1 R
) wasemission: (4 4 .l “ 3 ..I- _.|I tH, (C) reversing bels;




Coupling and connectors
-parallel shafts mechanisms

(m)

AG. 39-16 Couplings and connectors—parallel shafis. 1a) Flat belt: (0) V belk: () chain;
(d) 10 (f) gears; (g) Hooke joints; (h) Oldham coupling. (/) Hunt's consiant-veloaity coupling:
1h drag link: (k) 10 Gm) flexible coupling.



Coupling and connectors
-axial mechanisms

Ll

(b) (e)

FIG. 39-15 Couplings and connectors—axial. These are used to connect coaxial shafis
(@) Rigid coupling; (5) flanged coupling; (c) disk clutch: () come cluich; () plate cluich.



Coupling and connectors
-skew shafts mechanisms

FiG. 37-18 Couplings and conncetors—skew shafis. (w) Flai belis, (&) spatial RUL R,
() Newble shali: () hypoid gears (#yspatial RGGR. |

e &

Slider connectors mechanisms

(al

AG. ¥9-19 Slider conneciors. These devices coRnect Iwo of mofe reciprocaling devices,
(&) Eliptic rammel, () gears, () shdercrank-alider; () cable: (eh bydraulic; () helical geanng.



Coupling and connectors

-interacting shafts
mechanisms
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- (o)
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lgl
n :

(nl

FIG. 39-17 Couplings anc connectors—intersecting shafts. (o) Bevel gears, (&) Rat behs
with idlers; (¢) Hooke joint, &) Hooke's coupling: (¢) Clemens coupling. (/' } Roulcaux coupling.
(£) spatial RCCR; (4) Hunt"i constant-velocity coupling.



Transportation mechanisms

(11}

iaj-

FIG.39-21 Transportation devices. These mechanisms move one or more objects & discrete
distance in stepped motion. (a) Four-bar film advance: (b) circular-motion transport; (),
(d) coupler-curve transport; () geared linkage transport; (/) fishing-reel feed.



Loading and unloading mechanisms |

1]

(ch

o)

FIG. 39-22 Loading and unloading mechanisms I.  These mechanisms pick up matenal and
transport il 10 another location. (a) 10 (c) Front-end loaders; (4) back hoe, (¢), (/) clamibell
loaders.
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Loading and unloading mechanisms II K
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AG. 3923 Loading and unloading mechanisms I1. (@), (&) Mu king machines: () sooping
mechaniam; (4] 10 J) dumping mine cars; (g) 1o () dump trucks; [j) molor scraper, (k) cleval-




Mechanical Engineering Design I
Ninth & Tenth Lectures

Decision Making



Portable Chair

Problems of Existing Design:

Bending of holding frame



Broken small table




Paper is used to eliminate the shaking of the small table



We used brainstorming method to generate as much idea as possible. It is the
most common method used for generating ideas.

Make the chair as light as possible and should
T T e m be strong enough to withstand maximum weight
and other stuff’s
T Design should
‘ To have foldable small table BRAINSTROMING =3 follow ergonomics
specifications
‘ Have proper lifting mechanism l \
Make chair portable | Have the confortable seat

Design of the leg and
body

‘ To have drinking bottle holder ‘




Design Tree

Level
0 Chair
I
| |
Leg | Back
‘ Assefnbly ‘ Seat Assnilmly
2 Legs (2) Cross Side Cross Back

hao

Rails (2) bar Supports (3)
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Examplel. Vibration Motor



Vibration
Motor

I

Armature Frame Bracket ;
Assembly Assembly Assembly Weight
I I
I
Coll Magnet
Assembly =L Assegmbly Frame | | Bracket a || Terminal | | Bracket b
| |
[ | I
: . Magnet
Communicator i
Coil Housing Magnet




Example2.

Current solution
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Final Design
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Example3.

C Current solutions
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Simple comparison

one is better or
worse than the
other.

Weighting Chart or

Emphasis Curve

Decision Making

By weighting

put them in order
of performance .

2 GW Method

The Decision Network

By mathematical
analysis and
probability

its very rare in
design.



Weighting Chart or Emphasis Curve

10.

The features, (such as, weights, cost, power, wear), are given letters, A, B,
C, D, etc, for easier compilation of atable.

Thesefeatures are used for heading both the rows and the columns.

A diagonal is placed across the table, because (A) cannot be compound
with (A), and so on of (B, C, and D).

Then (A) compared with (B, C, and D)
(B) iscompared with (C and D)
(C) iscompared with (D).

When the top half of the table completed, the number of timesthat letter
(A), appears in the table marked at the right hand edge of the table
against row (A), and thisrepeated for the others. (These valuestermed the
performance values).

Now the weighting considered to take the best choice.

Thismethod issimple and the designer decides the measure of importance
by using whatever Aid he may find useful.

Thismethod used when thereis not detail information.






Y. GW Method

At the bottom of the table, we now have a measure of performance
of the different designs when considered in relation to the chosen

feature.

When the values at the bottom of the table differs by about 10%,
then they should be considered to be equal at this stage, that’s

mean, the accur ate of this method is about 90%.

The disadvantages of this method lie in difficulty in making the

initial weighting decisions.

The other difficulty lies in the choice of features that will be

considered in order to obtain a measure of performance.



Alternatives
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features
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The Decision Networ k

1. Thismethod involves a little from each of the methods above.
2. ltisdifficult touse, but it worth the effort.
3.  Theexamplebelow clarifiesthis method.

4. After doing the example, trace the partsfrom top to the bottom of the

decision network.

5. Find the measure of performance.



NETWORK CoMPINETION
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Mechanical Engineering Design Il

Eleventh & Twelfth Lectures

* Production of system specification
 Production of system scheme
e Feasibility Study
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Alternative solutions

Power Transmission
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Analysis
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Final design
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The Feasibility Study

(Design Acceptance or Design Practicality)

« Thewords“thefeasbility study” are used to describe the analysis of the design which
attemptsto take into account all relevant facts. The outcome of the feasibility study is

amajor factor in the decision to continue with the design.

e [t isnot suggested that feasibility checking cannot begin until the system scheme and
system specification are produced however, since this is the first point in the design
process where the indicate the final form of the system, it is the most logical point at
which to check that the system can be made economically and will perform
reasonably well in the desired manner. (Any study carried out at an earlier stage

could betermed a Plausibility Study).



During the feasibility study, the following points should be checked:

1.
2.

10.

11.

| sthe system compatible with the basic physical laws? (Mainly conservation laws).

|s the system compatible as whole with its environment? In those cases where compatibility is
relevant, are all parts of the system compatible with each other, and with adjacent parts of the
environment?

| sthe system economically feasible from the manufacturer’s points of view?
|sthe system feasible asregardsits market?

Are all the properties of the system acceptable with the terms of the original design specification?
Consider thefollow-up of properties not mentioned in the design specification.

Isthis particular design no better than previous existing designs? Compare and contrast. Consider
the cost of covering features which are additional to those on existing equipment.

will the time taken to manufacture — test — develop and transport be reasonable? Critical path
analysis can be used to highlight difficult regions.

Does the design demand new manufacturing techniques within the manufacturer’s organization, or
does the design demand completely new manufacturing techniques to make it economically
feasible?

| sthe system considered to bereliable enough for successful operation, or should special provisions
be made to improve reliability.

Can the system be readily maintained, or is the design such that the minimum of maintenance is
required?
|sthe system legally saleable? Have any patent rights been violated?



Mechanical Engineering Design I

Thirteenth Lecture

Design-Reliability and Failure



Design-Reliability and Failure

Failure of a design when in service costs money for replacement, and often the failure
itself causes other financial looses. On the other hand, to design so that the chance of

failureisvery remote also costs money.

It can therefore be seen that the designer should consider failure of the design. The
optimum design should be a compromise, that is, it is optimum only for the particular

criteriarelevant to that design.

It is known that a considerable amount of mechanical design is associated with very
small quantities, and in a number of cases only one system is manufactured. In most
designs the only items of equipment in frequent use are nuts and bolts. For this reason
statistical methods which are often used to analyze failure and improve reliability are
only of use in specialized mechanical engineering design, such as mass-produced car

design.



The mechanical engineer has devised a number of methods to overcome the problem of lack
of numbers, some of which will be mentioned here. These methods are also used by other
designers, often in addition to statistical methods.

1. To make systems morereliable, use accurate methods of design analysis coupled with

realistic assessment of loads.

e.g. (a) Use adequate checking procedures.

(b) Use more accuratethick cylinder theory rather than the smpler and quicker theory in
relevant cases.

(c) Usefatiguetheory rather than arbitrary factors when considering cyclic loads.

(d) Assessloadsrealistically by dynamic analysis and careful thought rather than by
arbitrary load factors.

2. | T difficulty isencountered in putting note.1 into practice, then use generousreserve factors
to take account of ignorance. Make use of rerating, (i.e. working at much reduced stress
levels).

3. Remember that evolutionary design isin general morereliable than revolutionary design.

4. Makethe design assimple aspossible. Thelesspartstherearein a piece of equipment, then
theless chancesof failurethereare.



5. Use standard partsand materials of known and proven reliability.

6. Use British Standards. Also, use any other engineering standards and Codes of Practice
which are known to improve reliability.

7. Build in redundancy (hereinterpreted in the same way as redundancy in beam analysis) and
analyze asthough the redundancy were missing. Thisisvery ssimilar to note.2 above, but it
can be dangerousto use this method without consider able experience.

8. Design so that if one very important part should fail and give a catastrophic result, then
another part or system takes over temporarily. It isbetter if the second system operateson a
different principleto thefirst. Repair isexecuted as soon as possible.

9. Design to take overloads on the system by designing so that they cause visible distortion, but
not catastrophic failure. Repair isexecuted as soon as possible.

10. If further functioning would be likely to cause damage to the system or its surroundings,
Incor por ate devices or design featuresinto the system so that failure causes the system to
stop functioning. Take carethat the sudden cessation of functioning does not itself cause
troubles. Repair is executed as soon as possible.

11. Use composite structures so that failure of any one part, or afew parts, does not cause
complete failure. Repair is executed as soon as possible.

12. Include devicesthat relieve the overload, but allow normal use to continue.



13. Incor porate devices or design features so that incorrect assembly and useis preferably
Impossible. If incorrect assembly is possible, then there should be features which prevent
nor mal oper ation.

14. I ncor por ate war ning devices so that malfunctioning is obvious. M ake war ning devices so
that the malfunctioning of the war ning deviceitself isobvious.

15. Prepare adequate test specificationsto ensure desired reliability.

16. Although it isincluded under the heading of note.6, ensure that electrochemical corrosion
possibilities are adequately studied.

17. Consider special featuresrelating to human safety if failure should occur.

18. Supply adeguate information to all personsdirectly or remotely concerned with the
equipment.

19. Set up adequate lines of communications and recordsto record and collate all infor mation
relating to failures.

Certain of the notes above also relate to (failsafe design), that is the design of equipment
that will revert to a safe condition if a failure should occur.



Mechanical Engineering Design I
Fourteenth & Fifteenth Lectures

Columns Design



Columns Design

A column is a long, slender member that carries an axial compressive
load and that fails due to buckling rather than due to failure of the material
of the column.



ing

Failure due to buckl




Analysis of Columns

. |. Cross Sectional Area (A)
Properties of C.S 2. Moment of Inertia (I)
3.

Radius of gyration r = \/% |. Modulus of elasticity (E)

2. Yield strength (S,)

Connections

l l d L"D Column type

|. Effective length L, = K. L

: L LK
2. Slenderness ratio S.R = — =
Tmin Tmin
L & s L 2
2T“E
3. Column constant €. = |—
y
. (Transition slenderness ratio)
& & & &
pin-pin  fixed-pin  jixed-fixed fixed-free If SR > Cc then column is LONG

Theoretical value K=1
Practical value K=1

K=0. K=0.5 K=2
K=0.

7
8 K=065 K=2.1 If S.R < C, then column is SHORT




Flowchart for analyzing of straight centrally loaded column:

Given column length and end fixity

Compute effective length K.L

Given c.s shape and dimension

Compute radius of gyration r
|

: LK
Compute slenderness ratio S.R =
T'min
Given material S, , E
2m%E
Compute column constant C, = S
y

o

Column is Column is
LONG use SHORT use
Euler formula Johnson formula
| |
T2EA KL/ \2
—_— S
T (RLy) Por = 4.5y [1 A
|

|
Specify design factor N

|
Compute allowable load P, = %

<




Example.l : A column has a solid circular cross section, 31.75 mm in diameter; it has a length of 1.3716 m
and is pinned at both ends. If it is made from AISI 1020 cold-drawn steel, what would be a safe column

loading?

Solution: use the flowchart above.

Results :
Step.|: K=1 KL =1x13716 = 1.3716mm
Step.2: for solid round section r = % = LZS = 7.9375mm
Step.3: compute slenderness ratio K- 15710 173
T 7.9375
F terial AISI 1020
Step.4: compute the column constant C, = 2k _ [2mR@076pa) 108 o Mmaretia ,
Sy 350Mpa cold-drawn steel:
E=207 Gpa
Step.5: because % > (. column is long , Eulers formula should be used : 5,=350 Mpa
A= =TI _ 593 596 mm?
4
. . 2EA 22076 793.596 2)
The critical load is P.,. = (ZL/T)Z =l pcz)1(73)2 MM — 54265.6 N

At this load the column just begin to buckle, now let N=3

Allowable load P, = =& = 2222 = 18090.016 N (the safe load on the column)




Example .2: Determine the critical load for:

Solution: use the flowchart above. "

Results :

Step.|:
Step.2:

Step.3:

Step.4:

Step.5:

Mat. AlSI 1040 hot rolled steel e %?.E
lower end is welded and upper was pinned

280y mm l l

K=08 KL=1x13716 =1.3716mm

¥ Weld
b ] 2 T
2 | //_

B
for solid rectangular section r = —
/ B o
12 H’-‘.n-lﬁn A-A \mh%
Lol Column cross section 0 ) Skeren of column () Sketeh of Plﬂl'll.'lj
Y == — = 3.46 mm inslallation connecthon
V12

. KL 0.8x280 i
compute slenderness ratio — = e = 64.7 For material AISI 1040
4 346 hot rolled steel:

2n2E _ |2m2(207Gpa) _ ~ 119 E=207 Gpa
Sy 290Mpa §,=290 Mpa

compute the column constant C, = \/

because % < C. column is short,].B.Johnson formula should be used :
A=12x 18 = 216 mm?

The critical load is P, = A.S,, [1 — ] = 53.3 kN

At this load the column just begin to buckle now let N=3

Allowable load P, = =22 = 17.8 kN (the safe load on the column)

sy (KL/r)Z




The Design of Column:

Start

-

Specify the boundary conditions
(P, , L, Ends fixity)

Re-assume the column type Assume the column shape , material
and type (long or short)

Check the type of
Differs from the supposed column
column type

The column type is
same that supposed

The column dimensions are correct

End



Flowchart for designing of straight centrally loaded column:

Specify P,, N, L
,K,E,S,,CS

Compute
o 2m%E
Cc Sy

Assume
column is long

?

Specify or solve for
dimensions of shape

Compute S.R =

L.K

min

Yes

Compute
__ N Pg (KL)?
- m2E

Euler’s Eq.

I

Column is
LONG :
Dimensions
are correct

©

No

Specify or solve for
dimensions such that
P.. = NP,

Re-compute S.R =

L.K

min

Yes

Column is
SHORT use
Johnson
formula

Column is
SHORT:
Dimensions
are correct

No

0

S.R is very
nearly equal C,
results either
Euler or Johnson
eq. will be nearly
equal




Design assuming a long column (Euler’s Eq.)

p-

P (KL)> N P, (KL)?
- m2E m2E \

- . D
For solid circular section [ = o

1
o _[64 N PuKL? /4
B T2E

-

Design assuming a short column (Johnson’s Eq.)

p

ERN= 4.5,

e G ")

1
ATT2E

. A ) nD?
For solid circular section A = —

1

[4NPa 45,(KL)?| 2
= + >
n4“E

nSy

AN

D
4

v




Example.3 : specify a suitable dia. of solid, round cross section for a machine link if it carry
43590.4 N of axial compressive load. L=635mm , ends will be pinned, N=3 , Mat. AISI 1020 hot-
rolled steel.

Analysis: * use the flowchart shown before.
* Assume the column is LONG.

1 1
64 N Pa(KL)2] /4 . [64 x3%43590.4 (635mm)2] /a

Results: D = [ vy 2(207x10%) = 26.924mm
sr=2=6731mm, S R=-2K =221 _9432ndC=138 -~ S.R < C,
4 Tmin  6.731

Column is redesign as short column by using Johnson’s eq.:

= 31.242mm

1 1
[4NB, 4S,(KL)?|'?  [4(3)(43590.4) , 4(206.85MPa)(635mm)’ /2
| =S, n2E ~ [%(206.85MPa) m2(207 x 109)

L.K 635X1

Checking the S.R again, we have : S.R = = = 81.3
Tmin  31.242/4

Comments: this is still lass than C, , then our analyzing is acceptable .



Crooked Column:

The columns shown in figures below are crooked, bending occurs in
addition to the column action.

TR FEE R P
i g VT T e T T T T F‘P—r"ﬂi

"
)
—§

i
L




The Euler and Johnson formulas assume that the column is straight and that the
load acts in line with the centroid of the cross section of the column. So the

crooked column has special formula:

S,.A.P,,

Nz 0

P2 — % |s,a+(1+ %) Per|Po+

Where a = initial crookedness.
c = distance from the neutral axis of C.S about which
bending occurs to its outer edge.

The equation can be written as :

P +cP,+C,=0 and P,=0.5 [—cl — \/612 - 462‘

The smaller of the two possible solutions is selected.




Example.4 : A column has both ends pinned and has a length of 812.8mm. It has a circular cross
section with a diameter of 19.05mm and an initial crookedness of 3.175mm.The material is AlSI
1040 hot-rolled steel. Compute the allowable load for a design factor of 3.

Analysis: use equation above to evaluate C, and C, then find P,

Results: S, = 289590 KPa

D2

A=—= 285.1784mm?

r = % = 4.7752mm and ¢ = % = 9.525mm

KL _ 171 and P, = St = TQROIGPOQEESATEAMMY _ 49909 75
r (KL/,) (171)2

€, =—+|Sya+(1+%) Py | = —42969 C, = 227 = 182.7 x 106

~Theeq.is: P,*—42969P, +182.7 x 106 =0
~ P, = 4784.7 N is the allowable load.

Note:This solution process is most accurate for long column.



Eccentrically Loaded Columns:

An eccentric load is one that applied away from the centroidal axis of the
c.s of column as shown in the following figures.




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 mid-length of
the column where the maximum deflection, y, . , occurs.
Let's denote the stress at this point as g/, Then, for any

applied load, P,
P 1+ ec KL | P |
L2 = |t T2 o |4E AL, l\
Column is ] Deflected
inttrally straight shape
When max. stress is equal yield stress S,
P, ec KL |P
" Sy=—y 1+—.sec| — |-=% £
A T 2r | AE



But P, = Fy

, NP, ec KL |[NP,
“. Required S,= y 1+r—2.sec > |2k

* The above eq. cannot be solved for either A or P, , therefore an iterative solution is
required as will be demonstrated in the example.6 .

* Another critical factor may be amount of deflection of the axis of the column due to the

eccentric load.
KL | P
Vmax = € sec; 1 —1



Example.5 : For the column of Example.4, compute the maximum stress and deflection if a load

of 4781.6N is applied with an eccentricity of [9.05mm. The column
straight.

Given: e=19.05mm , D=19.05mm , L=812.8mm , both ends pinned, KL=812.8mm
r=4.7752mm , c=D/2=9.525mm , Mat. AIS| 1040 hot-rolled steel

4781.6 19.05x9.525 812.8 4781.6
Results: g/, = 1+ ——.Sec
272.25 (4.7752) 2(4.7752) ] 285.1784%206.85x10°9

=202023.5 Kpa

812.8 4781.6
Ymax = 19.05 [sec (2(4.7752) \[285.1784x206.85><106) B 1]

=7.4022mm

is

initially



Example.6 : The stress in the column found in Example.5 seems high for the AlSI 1040 hot-rolled
.steel. Redesign the column to achieve a design factor of at least 3.

Results:  * S, for AlSI 1040 HR to be 289590 Kpa
* If we choose to retain same material. The c.s of the column must increased
to decrease stress.
*The objective is to find suitable value for A, c,and r such that P,=4781.6N
N=3 & L.=8128mm & e=19.05mm andS<S§, .

*The original design D=19.05mm, Let us try D=25.4mm then:
2

D D D
A= = 506.482mm? ,r = i 6.35mm ,r? = 40.325mm? & ¢ = 5= 12.7mm

_ 3 x4781.6 19.05 x 12.7 812.8 \/ 3 x4781.6

1 .
50645 |© T 20325 °“| 2(6.35)./506.482 x 207 x 107

=260217.3 Kpa < Required value for S, then we have satisfactory results

—11=1.9304 mm

Ymax = 19.05 |sec

812.8 4781.6
2(6.35) |506.482 x 207 x 10°

~ dia assumed is satisfactory



Mechanical Engineering Design I
Sixteenth Lecture

Design of Chain Drive



Power Transmission Proposed solution
Problem (Chain Drive)

S 4 2

{ Muotor ‘
i

i

=

?

b — I
=% 5 L ™
g~ e oL,

o — T ~ Saw dnve e —~ Saw drive

Transmitted Power is Known
Input and output range speed is Known



Flowchart for designing a chain drive:

Transmitted Power , Input and Output range speed

Specify a service factor from Table 7-8 page.290 (306Pdf)

Moderate shock
{machine touls, cranzs.
heavy conveyors, food
mixers and grinders) ]2 1.3 14

Heavy shock (punch
presses, hammer mills,

reciprocaling eonveyors,
rolling mill drive)




o

COMPUTE THE DESIGN POWER
Design Power=service factor x transmitted power

|
COMPUTE THE DESIRED SPEED RATIO

Ratio=Input Speed / Middle Output Speed

Specify the standard chain size from Table 7-4 page.284 (300 Pdf)

TABLE 74 Roller chain sizes

Chain Pitch Roller Link plate Average lensile
number {ir} diameter widih thickness strength (1)

25 14 None - 0.030 915

35 /5 None = 0.050 2100
41 172 i1.306 0.250 0.050 2000
40 1/2 0.312 0312 0.060 3700
50 574 0.400 0.375 0.080 6100
601 34 0.469 0.500 0.094 8500
S0 | 0.626 0.625 0.125 14 500
14} 1! 0.750 0.750 0.156 24 000
124} il 0.875 1.004) 0.187 34 000
140 13 1000 1,000 0.219 46 000
160t 2 1.135 1.250 0.250 58 000
180) i 1.406 1.406 0.281 80 000
2000 2l 1.562 1.500 0.312 95 000
240 3 1.875 1.875 0.375 130 000




Select the chain pitch from Tables 7-5, 7-6, and 7-7 page(287-289) (Pdf 303-305)

204 237 RS0 570 789 1004 L1 JR24 1535 1745 1695 1345 1036 788 6.25 5.12
231 255 A77 615 RS0 1082 1197 14.26 1653 18791894 1503 11.57 880 699 572
247 274 404 659 901 1159 1282 1528 1771 20.04[20.00 1667 1284 976 7.75 634
262 292 431 703 971 1238 1368 1630 1889 2148[23.14 18.37 1404 1076 854 141

2B XID 471 769 1062 1352 1496 17.82 2067 23.49)26.30 2101 1617 1230 9.76 000
A3 365 533 BT9 114 1545 17,00 2037 23.62[26.85 0.06 2567 19.76 1503 0.0
A71 410 608 989 1366 17.39 1924 2292 26.57|30.20 33.82 063 2358 553 0.0

Type B TypeC




485 793 11.70 1542 19.01 2276 30.00 37.17(43.07 3,18 27,98 2344 2002 14.32 10,90 0.00
523 BS54 1260 1661 20.58 24.51 32.31 40.03/47.68 38.20 31.26 26.20 22.37 1601 0.0
560 905 1350 17.79 2205 2626 34.62 3289|5100 42,36 3467 1906 2481 1775 .00
5.08 976 14.40 1898 2352 23.01 36.92 45.75(54.50 46.67 38.20 32.01 27.33 1956 0.00

6.54 1067 15.75 20.76 25.72 30.64 40.39 50.03|59.60 53.38 43,69 3662 31.26 1357 000
747 1220 18.00 23.73 2635 3502 46.16 57.18/68.12 65.22 5338 44.74 3820 000
840 13.72 20.25 26,69 3307 3839 51.92|64.33 76.63 77.83 63.70 53.38 1245 000

2
2.
2,
2

¥
26
42
S8
82
22
£

b

il

Type B

-
R
>




.04
1.12
1.20
1.28

1.40
1.61
I.81

2.51
iy |
290
309
338

387
4.35

439 BAZ 952 1851 27.32 3601 461 5314 6162 7005 7843 71.27
527 T.77] 906 10.25 1993 29,42 38.78 4804 57.23 6636 7544 B4AT 79.65
564 9.70 1098 2]1.36 31.5241.55 5147 61.32 71,10 8032 9050 KR.13
602 BEY[10.36 1171 2278 33624432 5491 6541 7584 8621 9653 9731

6.58 97201133 1281 2492 36.78 4847 60.05 71.54 82.95 94.20/105.58 111.31
TSXTLI{12.95 1464 2848 42.03 5540 68,63 81.76 94.80[107.77 12067 133.51
RA7 1249(14.57 1647 32.04 47.28 62.32 77.21 91.98 106.65(121 24 135,75 150.20

Type A

.22 4302 36.2229.5125.20 0.00
60.59 48,08 39.36 32.9828.16 (LOO
67.200 53.33 43.65 36.5831.23
7403 58.75 48.08 40.30 5.65

8468 67.20 5500 28.15 0.00
103,46 82.1040.16 0.00
12345 72.28 000

Type €




Select the lubrication type at the rotational speed of smaller sprocket from
Tables 7-5,7-6,and 7-7 page(287-289) (Pdf 303-305)




6

COMPUTE THE REQUIRED NUMBER OF TEETH ON THE LARGE SPROCKET:

N, = N, X Ratio

COMPUTETHE ACTUAL EXPECTED OUTPUT SPEED:
n, =n, (N,/N,)

D, =

Pq

sin( 180/ )

COMPUTETHE PITCH DIAMETERS OF THE SPROCKETS

P;

sin(180/ )

and D, =

ASSUME THE CENTER DISTANCE BETWEEN SPROCKETS

C = 30to 50 (pitches)

L=2C+

COMPUTE THE REQUIRED CHAIN LENGTH IN PITCHES

N, +N; (N —Ny)?

2 i 412 C




o

SPECIFY AN INTEGRAL & EVEN NUMBER OF PITCHES FORTHE CHAIN
LENGTH,AND COMPUTETHE ACTUAL THEORETICAL CENTER DISTANCE

1 N, + N, ' J[" N, + N1r 8(N, — N;)?

b 2 4m?
|

4 2

COMPUTE THE ANGLE OF WRAP OF THE CHAIN FOR EACH SPROCKET
D,—D

0, = 180° — 2 sin1 —1

] (must be larger than 120 °)
[D — D1

6, = 180° + 2sin™




Mechanical Engineering Design Il
Seventeenth Lecture

Design of Belt Derive



Power Transmission Proposed solution
Problem (Belt Drive)

S 4 2

{ Muotor ‘
i

i

=

?

,
L ™
T

F
—~=" Saw dnve

—

=

Transmitted Power is Known
Input and output range speed is Known



Types of Belt Drives

==
—

(a) Wrapped construction  (b) Die cut, cog type (c) Synchronous belt

(d) Poly-rib belt (f) Double angle V-belt

(e) Vee-band



Basic Belt Drive Geometry

Driving Driven Typical belt section and groove geometry
‘F_—_-n._ Groowve
l | .
E \ 5
N ‘de e ——_ | Belt
6, " I}rl '~| ._S_l.EC_k_E_‘EE_.—-———""‘ Pl » \ ride-out
P ":::____ .I‘H i IL'.‘ %
I'I #fa I,/ /.E Yo Dl f" !IT _ b ‘} "l B e e
1—-+-_:f——) ——————————— t-=-E3=-Th=-- | -1 .
E! EIIIL ‘\‘aﬁ J ‘Ifllli:’ = Eﬁn _";‘,j'nzle:j'] \ ?___""_"II" -I-'I ‘} .l G
T N 1L I D r n2// | roove
" [ o ———— 2_ N\ | / Pitch i
- | Tight sige | o diameter l
e | P Sheave
) e . / : ;-utﬂde
B, = S Y SR iameter
T |
- ks ™

Note: D1 and D2 are pitch diameters
04,0, are the angles of wrap for small and big sheaves respectively

n, n, are the angular velocity for small and big sheaves respectively

C the center distance
S the span distance



Standard Belt Cross Sections

Inch size: A B e
Metric size: 13C 17C 220

‘— Number gives nominal top width in mm

SAEL Standard J636: V-belts and pulleys
SAE Standard ]637: Automotive V-belt drives
SAE Standard J1278: SI (metric) synchronous belts and pulleys

SAE Standard J1313: Automotive synchronous belt drives
SAE Standard J1459: V-ribbed belts and pulleys



Design Conditions for V-belt

» The center distance must be adjustable in both directions, or if it was fixed,

idler pulleys should be used.

Sliding .
Motor h W / Or
Base ' <

Fixed
Diameter
Sheave

M-Type Spring
LoadedPulley

pdB B

» The nominal range of center distance should be: D, < C < 3(D, + D)

» The angle of wrap on smaller sheave (6)should be > 120°
» Most commercially available sheaves are cast iron, which should be
limited to (1981 m/min = 33 mlsec)

» Consider an alternative type of drive, such as a gear type or chain, if the
belt speed is less than (304.8 m/min = 5 misec) Page (273)



V-Belt Drive Design

The service factor

The rated power of The power rating for
the driving motor or one belt

other prime mover

The belt length
Type of driver and

driven load \ The correction

factor for belt length
The center distance —

The correction factor
The size of the driving i <he angle of wrap

. on the smaller sheave
and driven sheaves

Designer The number of belts

Speed of the smaller

sheave Y, .
The initial tension on

the belt



Flowchart for designing a Belt drive:

Transmitted Power , Input and Output speed, Type of
driver and driven load

Specify a service factor from Table 7-1 page.274 (290 Pdf)

1zht conveyors
Geperniors, machine tools,
mixers. gravel conveyors
Bucket elevators. wextile
machines, lamnmien wills,
heavy conveyors
C'rushers, hall milis.
hoists, rubber extruders I ; 1.5 |5
Any muchine that can choke 2.0 o) : a0

ssynchronous, splil-phase. three-phise with starting toccee or breakdown torgue less than 1756 of full Joad Lo e,
FSingle-phase, three-phase with stirting torque o breakdown orgue greater than 1755% of full-laad wngue.




o

COMPUTE THE DESIGN POWER
Design Power=service factor x transmitted power
|
Specify the standard belt size from Figure 7-9 page.284 (300 Pdf)

N rm'.num : rry
- =M -

il Refier [ Mactary =t
006

4
3450 —
3000 e

/ N | 3vx | ’f"
2000 | . .
1750 £ ; il

| N
1160 SYX
| (a0 '_':I?f'l_'_—__: r il
SN~y r'- ;
0 —r— + - :
BN 0

Speed of faster shalt, rpm

¢
+

by
®oe
@
- |

K}

00 | 4

L)
q
1

A
g |
i 203 4 56789 00 wﬁn|m|=m| 200 300 500 600] | |

L] it
o Al &I 100 TN

Dgsign power, hp (INput power = service facion) 804 |

Q00

£ 14
11

1203
130




|
State the power rating for one belt
from Figures (7-10,7-11,and 7-12) page(275-276) (Pdf 291-292)

I"i
I Oither standurd 3V
! sheave sies
1395 n
(1] 1895 in
2495 in 3
1145 n x
9 ;
]
[~
=
:- 1 P
A 4
F P
g s
[~ h ¥
b
‘é “
-
- 3 /
=
|
1
3
|
[]! i L 1 i 1
0 | 2 ¥ 4 5 [} 7 ] L 10 i1

Small sheave pitch diameier, in

o



dy "3aq 1ad samod




110
TN =
)
o
—
< R0
L
= 10
H
£ Other standard 8V
= sheave sizes:
:'E! M) .B in
98 in
528 in
708 in
94 8 in
| | i [ i i | =
13 4 IS & 17 I8 L] 20 21 22 23 M

Small sheave pitch diameter, in
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O

Specify a trial center distance: D, < C < 3(D, + D,)
|

(D2+D1)?

Compute the required belt length: L = 2C + 1.57(D, + D) + T

Select the nearest standard belt length from Table (7-2) page (277) (293 pdf)

TABLE 7-2 Standard belt lengths for 3V, 5V, and 8V belts (in)

iV only IV and 5V AV 5V oand AV 5V and 8V 8V only
25 30 106 | 5 375
26.5 53 1006 | ) 400
25 56 112 170 425
30 ol 114 | %) 450
315 63 1235 | i) 475
335 67 132 2000 500
3.5 71 140 212
37.5 75 234
4] Gl 236
42.5 ) 250
45 G 65
47.3 95 280

300
165 33
335
355
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O

Compute the corrected rated power per belt and the number of belts required
to carry the design power:
Corrected rated power = CyC; P
where
P = (actual rated power) = rated power + added power

(fig.7 — 10,11 &12) (fig.7 — 13)

Design Power
Number of belts =

Corrected Rated Power




Mechanical Engineering Design I
Eighteenth & Nineteenth Lectures

Design of Spur Gear



Power Transmission Proposed solution
Problem (Spur Gear)

F o m— —

]
hlnlur f'u[ulnr
i

.'Iifl'flﬁfﬂé‘fﬁ’.‘s'

] 1. It transmits exact velocity ratio. i Iy 2
. e o~ T
) 2. It may be used to transmut large power. |__—~—"Saw drive
. 3. Itmay beused for small centre distances of shafts.
4. It has lugh efficiency.

A

It has reliable service.

6. It has compact layout.
Disadvantages

1. Since the manufacture of gears require special
tools and equipment, therefore it is costlier than
other drives.




Gear Manufacturing

/
A
i

-_—
—
(b) Spur gear shaper cutter

(c) Hob for small pitch gears having large teeth (d) Hob for high pitch gears having small teeth



Basic Spur Gear Geometry

|
Cenner

distance, ¢

Tooth spave

.,-J o=

l ;
F‘Pm‘h e

Addendum
Toolh
Dcdtﬂd“m l"»lt'mzlu'umr
ISl e
Clearance j
Dedendum
circle Clearance
circle

Chapter.8 page. 309 pdf



Kinematics of Spur Gear

Dnving gear

{ : \l >\ s Driven

geur

.,

ks W, /2

i v
v S W, 12

- \ Bearing reactions
\/ i
X

s Resisting torque
N arcoupling

) WP

W, i2
/ Bearing reactions

\
\'\\____,_,/ Driven gear

Rotational Speed (rad/sec)
Torque (Nm) — T = “/r( R] = ""'.-[Df: J - P/”/

g Transmitted Power (watt)

Tangential Force (N) \H. . 2P
g ——

Din

Pitch Diameter (m) —



Modes of Gear Tooth Failure

N
1. Bending failure.
Root failure P
(o
2. Pitting. 7
5
al|E
c 0
8| g
3. Scoring. s °
=
o ()
o0
c
«
a)
4. Abrasive wear. ikl Vs " i Yl W
2- Corrosive wear .)




The gear teeth should not fail
under static loading or
dynamic loading during
normal running conditions.

Spur Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

The alignment of the gears
and deflections of the shafts

. must be considered.
Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.

SN\ LT



Flowchart for spur gear designing process:

Transmitted Power , Input and Output speed, Center
distance, Type of driver and driven load




200

R oW dls

o
= =

gt B
o B

Design power transnutied, 2 (hp) |P, =K P|

o »
0.7 . 0.5
0.5

0 6X) 200 1800 2400 3000 3600
Pimon speed. np (rpm)

Design power transnatted, P, (kW) [P, =K P|



Specify the no. of teeth for Pinion Np (from 17 to 20)

Compute the nominal velocity ratio VR = ?
G

Compute the approximate no. of teeth for Gear
N;=Np X VR

Compute the actual velocity ratio VR = %
P

. N

Compute the actual output velocity n; = np N—P
G

Np+Ng
2Pg °

N
Compute the pitch diameters D), = P—p ,D¢g = %, center distance ¢ =
d d

nD,np c 2P
6’; and tangential force, W, =

3

pitch line speed v, = Dot
PMp



Specify the face width within the following recommended range for general

machine drive gears:
8/p, <F < 1¢/p Nominal value of F = 12/,

Specify the quality number Q,, from Table (9-2) page (378) (394 pdf)

Duality Quality
Application number Application number
Cement mixer drum drive 3-5 Small power drill 7-9
Cement Kiln S5-h Clothes washing maching §-10
Steel mill drives 5-b Printing press 9-11
Grain harvester 5=7 Computing mechanism 10-11
Cranes 5-7 Automotive transmission =11
Punch press 5-7 Radar antenna drive 10-12
Mining conveyor 5-7 Marine propulsion drive 10-12
Paper-box-making machine fi—f Aircraft engine drive 10-13
Gias meter mechanism 7-9 Gyroscope 12-14

Machine tool drives and drives for other high-guality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (mfs)
(80 G- l—

BOO0=2000 H-10 4-11
20004004 10-12 11-22
Over 40K 12-14 Over 22

o



©

Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
w.P Y
S, = Ft—dKoKSKmKBKv < satﬁ s — ¢ |[WKoKKnKy o ZyCy
J r(S.F) c— "p FD,I “CKr(S.F)

Find the values of factors
(],I,KS,Km, KB'Kv'Cp'YN'ZN'CHIKRI SF) as in
the following steps



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)




Greometry factor, J

Specify the bending geometry factor (J) from figure (9-17) page (387) (403pdf):

EEEE =R T——]
i |ll|lii!114

=1 S8 [ r
_—— ..-—Il_:-l—l-]r_l..'dhll!_ _Il %TL | J Pinton addendum 100 | Lood applicd 2 highest poant
v.e0 = inien addendom 1000 | .65 araide 0 it §
Crear addenduwm | .000 Load apphivd ut highwest et | REIEREAENS “I|_ ‘“":l"- ':II“‘JII e
| ol simgle-limoth conbact ! = : o
(.55 [— = = i 060 — = | | e A
g | B | i PZZE
: | i R % A
050 = ] g B = = bS5 EFH A = =
I = T et :.., 541 1 = | = f’_,.'-j.r" ?’" I
| BiEZZz2Z IER = I Lz
(.45 — . .]_ #ﬁﬂﬁﬁf’ﬁ 7 | = 30— ! ! ﬁ,’::ﬁ/[ I '
| g — ¢ H (iz=En=s
a.40 Generating rack, | pitch . f’ﬁﬁ:’j 1 i S ogc ,.f/f:-"‘ | Mumber of teeth
= Bear = & e == | 2 sl i i mating gear
‘ j : ‘ __.gg:.::-—fjﬁ : muwiber of leeth — Zat o g == in mating ge.
(.35 =1 _,.:: 1 | L mating gear 040 = = t " ! 1] I-‘_‘
= [ l
= § i ‘.,.-l""‘f ! 'J | .-l""""'ff
0,30 A i o X it st 1 2 e s e 0.35 ! =1 :1:
fﬂfﬂ# F EH AT L spplica
[ = il apphed @t up ol ooth
0,25 Pl = B= = |oad applied a tip of woth —— 0.30 —’/-J:_]I__, =] | p!"— : I
|t { I I | !
| | | [ l
X — 1 ey | _T L1 1 il Jq | l 1 I _i.__—l
12 15 17 i} 24 30 3540455060 B IS5 = A2 13 17 R} 24 I ASHASS0 60 B 25375 =
Numher of teeth for which geomery factor is desinal Poumber of teeth forwhich geometry Bactor is desined

Ferd 207 spur gear: standand sddendum {1y 257 spur year: standard addendum



| oo

Gear ratio

(#) 257 pressure angle, full-depth teeth (stundard addendum = 1/P,)

e

=

full-depth teeth (standard addendum

pressure angle.

e

lirh

fTBIR] ASIALWOAT)
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Face width, £, mm
1K} 200 A

0. = Pinon diamener

For Filky < (050, use curve for
Fi, = 1050
When F < [4bm. (F< 25 mm)

Egi=
#T e )25
1043,

When 1.0 £ £<15,

5 i : G =_£ _ p0a7s « v
Foce widih, F. mm ; .ﬂ mao, o
Face width, F, in
200 30

<
:
.g
£
E

Open gesring  C,, = 0247 + OOITF - 0765 = 1074

Commercial enclosed gear units €, = 0127 + (OISKF - 1093 = HYF

Precision enclosed gear units €, = (L0675 + 001 288 — 11,926 = 107 FF

Extra-precision enclosed gearunits  C, = 003800+ GO102F - 0822 = e

Mesh alignment factor, C,,,
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Specify the safety factor (S.F) typically from | to |.5

\

Specify the hardness ratio factor from Figure (9-25 & 26) page (404) (420 pdf)

.16 .\\ 'Surface finish nt'.pmlu'fn:fp.*
My
114 (micromches), R,
il o == o = = e 1 7 =N i If
- M iy HB ' ‘“t 2 & L. =16
=112 W il 2 Lix B f
o ] hen HH‘,‘ < | /}f}' 1A T .:: A \N‘.\j u\
:‘_:' LD o use Cy=1 L 1.5 :—-i‘ E 110 f,= 32N
= z = Rt AN
= 14 2 1.08
e = 7 17 ) Z = SUTURN
= 106 44 Lald 2 2 1.06 fp =0t RN
2 XA - T 2 LS NN
S 104 4 ’H,_.;:' . ERET | ﬁ
e =
= z 1.02 || When 7, > 64.
- use {‘HZ |
.00 o 1.00 Lkl
0 2 4 6 B 11214 16 I8 20 IR0 200 250 300 350 400

Single-reduction gear ratio, m Brinell hurdness of the gear, HB;




Specify the reliability factor (Ky)
from Table (9-8) page (396) (412

pdf):

Specify the stress cycle life (Y )
from Figure (9-8) page (395)

(411 pdf):

TABLE 9-7 HRecommended design life

Dsign life

Application th)
Domestic appliances L O00=2000
Aircraft engines OO0
Automotive I SOK-5000
Agncaliural equipment HKI=E000

Elevators, industnal fans. multupurpose gewring

Electric motors. industrial blowers, general
industrial machines

Puimps and comprossars

Critical aquipment in continuous M-h operation

BO00=15 000

20 D00-30 000
A0 =640 (00D
TR 000200 000

Strwce cyole Tacior, ¥,

(K1)
L B -
LIS ]

LI
04

0%

Reliability Kg

0.90, one failure in 1D 0.85
0.99, one failure in 100 1.00
(.999, one failure in 1000 1.25
0.9999, one failure in 10 000 1.50

10
e

L

A

™ TTTTTT T L L s 3R 2 B e B
1 1 FHHH i o MEFTE: The chotee o Fayon Bee <haded amea = ialluanced +
H—t || - | | ot by the Tolbos img
Vo= R4S 4N 118
300 e < Pie e aeboiny -
| ||| 111 | | | : Gigar muaenil chaumlimess
Caest- by, ] [ HII o g AT Hesiclual sires,
=Y AT T e e izl ducialiy sed Iraciune to gl
[ QIHH cE L] | 1 : I [ | T
T S L | | | |
Kiirided Ml L T Y= 1500y | | | (Il
= H—s | .
RS NS0 Tllll | N
N .-
1% HE | _‘r-:__“--,_xﬂ = 3,517 et | . i !
N "‘“—--—..__;_“_Li. i £ ,.:: e I i | | ettt L
| b N |
= 13|y, 'T:H"" I F J;% | Ky | IST8M Aun T
| | S a1 LI
L= " ]; I i _-_':.Wu_ |
T =10
= {10 .0 0N — b L1 Tre
N | | | | T T TITI [
1 il l 1 | I 1 | 'I‘ I [ ] r‘. | I
- I | I | L L |
|
- L | 1T
il ' , 1l , . L
¥ e — it i e it o W 1
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Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)
(395pdf), (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4)
page (385) (401 pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].




Mechanical Engineering Design I
Twentieth Lecture

Design of Helical Gear



Power Transmission Proposed solution
Problem (Helical Gear)

WS L 8 E

hplnlllr Maotior
]

Adh 'f.‘.F.Ffﬂ'{"_\-’E‘."s'

1. It transmits exact velocity ratio. , |

.
L] __f-\-..-r""

2. Itmay be used to transmit large power. | _~—"Saw dnve
3. Itmay beused for small centre distances of shafts.

4. It has high efficiency.

5. It has reliable service.

6. It has compact layout.
Disadvantages
1. Since the manufacture of gears require special
tools and equipment, therefore it 1s costhier than
other drives.




Gear Manufacturing

(b) Spur gear shaper cutter

(c) Hob for small pitch gears having large teeth (d) Hob for high pitch gears having small teeth



Basic Helical Gear Geometry and force Kinematics

Wy
Transverse
n

plane

Normal

plane /
Tangenual ; \h
plane

Tooth elements
on the pitch

(@) Perspective view of geometry and forces

Pitch line

Top land
of tooth

W

Transverse
tooth form

e\

W,

MNormal
tooth form

orm f\#':"

-
3
-

\ W

r
\
L

(b Detail of forces in
tangental plane

(¢) Detail of forces in
transverse plane

nwunw

(e Detail of forces in
normal plane

W = Helix angle
tany=W./W,
W, =W, tan w

o, = Transverse
pressure angle
tan o, = W,/ W,
= W, tan o,

0, = Normal
pressure angle

W,
+ . — L —
el W ./ cos yp

Wtano,

‘In - I e ‘..

f cios Y



Modes of Gear Tooth Failure

N
1. Bending failure.

Root failure

J
2 Pitting. 7)
-

S

g |3

3. Scoring. € | |9

o o

00

c

[\

a)

4. Abrasive wear.

@. Corrosive wear o)




The gear teeth should not fail
under static loading or
dynamic loading during
normal running conditions.

Helical Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

The alignment of the gears
and deflections of the shafts

. must be considered.
Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.

SN\ LT



Flowchart for spur gear designing process:

Transmitted Power , Input and Output speed, Center
distance, Type of driver and driven load




Design power transnutied, 2 (hp) |P, =K P|

100
7,
£
S0
10

= 30

20
1.5

L0
07

0.5

200 1800 2400 3000 3600

Pinion speed. np (rpm)

Design power transmitted, P, (kW) [P, =K Pl



Specify the no. of teeth for Pinion Np (from 17 to 20)
|

Compute the nominal velocity ratio VR = ?
G

\
Compute the approximate no. of teeth for Gear N; = Np X VR

|
Compute the actual velocity ratio VR = %
P
|
. N
Compute the actual output velocity n; = np N—P
G

Np Ng
Compute the pitch diameters D, P— ,Dg = »» center
d d

Ll N N o ° D Ll o
distance c = L, pitch line speed v, = z 6’;np , axial pitch
. __ 60P
P, = = tamp s Pg = P4, cosy and tangential force, W, = 7Dy

®



Compute the face width:F =2 P,

|
Specify the quality number Q,, from Table (9-2) page (378) (394 pdf)

Quality Quality
Application number Application number
Cement mixer drum drive 3-5 Small power drill 7-9
Cement Kiln 5.6 Clothes washing machine 810
Steel mill drives 5-6 Printing press 911
Grain harvester 5-7 Computing mechanism 10-11
Cranes 5-7 Automotive transmission 10-11
Punch press 5-7 Radar antenna drive 10-12
Mining conveyor 5-7 Marine propulsion drive 10-12
Paper-box-making machine 8 Aircraft engine drive 10-13
Gas meter mechanism T-9 Gyroscope 12-14

Machine tool drives and drives for other high-guality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (m/s)
U=500 i 2 0—

ROO0=2000 B=10 4-11
2004000 10-12 11-22
Over 4000 12-14 QOver 22

o



O

Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
WiPa Yy WK, KKK ZyC
K, KK, KgK, <S8, 5———— § = tRolsTmly _ ¢ NCH

Find the values of factors
(],I,KS,Km, KB'Kv'Cp'YN'ZN'CHIKR! SF) as in
the following steps



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)




Specify the bending geometry factor (J) for 15° normal pressure angle from figure
(10-5) page (456) (472pdf):

Generaung rack

Y
J= K,
Y = Lewis factor

Value tor Jf is for an element of indicated
numbers of teeth and a 75100th mane

0.70 — y
S e S K ;= stress concentration factor
0.60 / h“""\__ The modifying factor can be applied 1o the
v P g . — : J Factor when other than 75 lecth are used
-:. i P o -} _"'i--...“_ 3 i in the mating slement
= . . . . I
B [ |
% 030 T
[ ' L2
E | 05 | r.‘_—--}‘q
= Lok = e — L I ; i - AW
2 0.40 = T 150 E
i ! U s i y - =
- ¥ il i ]
0° 52 10° 15 30 25° 30 35° g L SR R S e T SRR et i) E Z
3 =4 | 3
Helix angle. _ : ; | Wi g paton
{a) Geomertry facror /) for 15° normal pressure angle and indicated addendum 0.90 — B S
. 1
s - {1 |‘5‘; e 5° il 35"

‘ RS

Helix :|'tglr_' 4;

o (8] J factor muliipliers



Specify the bending geometry factor ( J ) for 20° normal pressure angle from figure
(10-6) page (457) (473 pdf):

Generating rack

Value for J is for an element of indicated
numbers of teeth and a 75-100th mate

Tooth hepht

0.70 r—
4 ! q ot S Il I T e
o e —— 11:-- by HI | |
M e ] Bl b e B | |
DH‘I 3~ # i e S B B . :. .t-.l.
= IEBENBS==C - — 5B
g b 2y : ﬁ%%
‘E‘I.}Eﬂ ! [ 4= 4 b
T 150
= -k ¥
3 S ,I.r b ilﬂh?{;
SRR SRR PR
0.30
P @ g e @E 3 R g

Helix angle, i

MNumber of tecth

Faciors are for
teeth cut with
a finishing hob
as the final
machlnmg
operation

{a) Geometry factor () for 20° normal pressure angle, standard addendum. and finishing hob

Muodifying factor, K

L.05

0.95

0.5%0

The modifying factor can be applied to the
J factor when other than 75 teeth are used
in the mating elemeni

Helin angle,

(k) J factor multipliers

A R il
1L R ElAR e | T Y i | Il
£l 11 REwEw; 500
-8+ + 4= ] L] i I:" ljﬂ
—— . | 15
Bl s 'T'f_l.__" -'—E—'——i‘.'ﬂ_:wﬁl}
y - : g -t o T == g=- - [
s oy s gos g ] ¥ v f= f =—g - - =1 30}
M RpG. I Seahie S BN [ RS 0 TR S 5 1 T 3 RS 4
_._;_,_# 1 | ; L 0
|+ r— - - T ' 8 4 N
.|- ! & = 4 | d PR SRS 8
' = o | | |
] | I T
th . S ._ .
=1 | I I-
o - b iy - il | 25" e i5°

Mumber af testh in

mating ¢lemem



Geometry facior, J

Specify the bending geometry factor ( J ) for 22° normal pressure angle from figure
(10-7) page (458) (474pdf):

Generating rack

P

3 =
£ &
¥ L
= 2
£
Valwe for J s for an element of indicated =
numbers of teeth and & 75-100th mate p=02
D -lrn T T | L L 1 P-‘l
.60 :
b = The modifying factor can be applied 1o the
! : €  Factors are for J factor when other than 75 teeth are used
ol = shaved teeth in the mating element
0.50 " £ ' 1.05 T 1
5 | L3 g ©cutl with a pre-shave vd el B Bl St B .
= L ) - ! g e
' [ E hob ;o i i i el — ] :?{:
I. = i - | i ?'5
“ ‘IEI - + - [ - {h’ I m - . = ; j- : m -E E
A 1 44 g 5 1 B E T 30 ?.'_EE
. t | - | m ET
0.30 - I5 | @ 095 5 2:_ s
s 5 10° 15 iy 25 wr 15° 5 £ S
El 3 E
Helix angle. & =l Ty PP et [t i B = E
ta) Geometry factor (1), for 22° normal pressure angle, standard addendum, and pre-shave hob : 1 l
0.85 I
o - o I5® 20 25° ° is

Helix angle, &






A. Helix angle b = 15,005

Geur
tecth 4

14 0.1 30
17 .144
2 (.160
16 0175
a5 0.195
35 0232
135 0257

B. Helix smgle i = 2540

Gear
reeth i2

s
14
17
21
26
5
35
135
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Rim thickness factor, K
*
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Backup ratio. my




Fave width, £, mm
1K}

D= Pimon diameter
For Fild, < 050, use curve for
Fibn =150
When F = [4bm. (F < 25 mm)
[ T
m D 1025

”
When 1 b g F=15,

5 n s CN‘ =t - WNITE + (25F
F 100,
Fuce width, F. mm Face width. F. in 3,
20y Ak

s | Tm——

<
:
£
s

Open gearing  C,, =10.247 ¢ OOIGTF - 0,765 « |07F

Commercial enclosed gear units €, = 0127 + DAISHF - 1LIMG = [

Precisionenclosed gear umits €, = (hI67 5 + 001 288 - 0926 = (07 F

Extra-precision enclosed pearonits €, = 000380 + Q0102F - 0822 = [P

Mesh alignment factor, O,




ALt LL]

Wery nccurate gearing

RIKM}

R, e

L TER AR

Pareh fine velocny. v, . itfmin
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Specify the safety factor (S.F) typically from | to 1.5

Specify the hardness ratio factor (C, ) from Figure (9-25 & 26) page (404) (420

pdf)
.16 .\\ Surface t'l;1i-hrnf.rlll'llli*n:fp.*
114 a (micromches), R, |
114 r—T 7 = j Ir
- W= HBp ' “th' v ":r‘;,: §
- % L 1 )] A2 f
h:ll_ _th"mﬂ{{l'_ /,f,-lﬁ:.t = nls "M\j‘ﬂ
E 110 H useCpy=1 1.5 3 o = ;;,:.1?‘\
= = -
= |08 14 % S .08 1 RUAN
= ~ G - |
z = e “ ki3 3 - f.=ﬁj\‘~\\
= 106 At | 5 Z 1.06 B A
2 XA - 2 LA NN
S 104 - ’r_,.,::' o EREC i \a%ﬁs
T v =
T 1,02 3 1.02 | When , > 64.
[ (H) o 1.00 " T N
0 2 46 8101214161820 IRO 200 250 300 350 400

Single-reduction gear ratio, m, Brinell hurdness of the gear, HB,;




Specify the reliability factor (Ky)
from Table (9-8) page (396) (412

pdf):

Specify the stress cycle life (Y )
from Figure (9-8) page (395)

(411 pdf):

TABLE 9-7 Hecommended design life

Dsign hife

Applicanon th)
[omestic applisnces L O00=2000
Aircraft cngines 1CHE=0H0
Automotive I SOK-5000
Agncaliural equipment ANKI=E00)

Elevators, industnal fans, multipurpose gewring

Electric motors, industrial blowers, general
industrial machines

Pumps and compressors

Critical aquipment in continuous 2-h operation

BOOD=15 000

20 00030 000
A0 DOH=640 (W)
M) (00 2000 000

Rrrece gyole Tacior, ¥,

(R
L B -
LIS ]

¥
04

0

Reliability Kk

0.90, one failure in 10 0.85
(.99, one failure in 100 1.00
0.999, one failure in 1000 1.25
0.9999, one failure in 10 000 1.50

1 || I 1 | LL B E.ELLL T LA ALLELL] T LB LALL T T rrrnm
| 1 T 1 to MOTE: The chorce of Fayon Bee shaidbed anca s iafluenced +
- || — | | ot by the Tolbos img
Ky = RASIEA IR
300 e < T P line s boiny =
| ||| 111 | | | : Giear muaenl chaumlimess
Cace-carb, ST T T Resituat sress "
=1y T ! __,..-: e S : Matzrial duciliy sed Iraciure o glncss
H 1|IHH ~ TR " T | :
TT SL| | | | |
Firded Ml b L " i ieni | [ | |
= I | 1
-k TIIII | T
N -
I HE [ 'T':"H.H"'-.L‘ = A5 |'-."“'§ [ i !
11 "'ﬁ-h__h‘l-rl '.\--.,:: e | i | | ettt L
| L N |
=1%o 'T:H"" I ‘H‘ T | Byow | JSERA A T
| S _ |
=i | UL/ L L
= } 11 _-_.:.W__ il
T £
~t e -1
N | | | | 14 LR |
1 il l | | I 1 | '\ I [ ] r‘. | I
|
. | | | | | | |
I ) , | , L L
T8 s - e e 1* ek o T "

Number ol liad eyeles, &,

10
e

L
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Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)
(395pdf), (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4)
page (385) (401 pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].




Example (10-2) p.461(477pdf):

A pair of helical gears for a milling machine drive is to transmit 48.47 kW (65

hp) with a pinion speed of 3450 rpm and a gear speed of 1 100 rpm. The power
is from an electric motor. Design the gears.

Solution:

Given data:

P = transmitted power = 48.47 kW (65 hp)

Power source = electric motor, driven machine = milling machine

n,= 3450 rpm, n;=1100 rpm

Initial assumptions:

P, =12,N, =24, =15°,¢ = 20°,Q = 8



Basic dimensions computations:

P; =Pg,cosy =12 cos(15°) =11.59 mm
T

P, tany T 11.59 tan(15°)

¢, = tan"1(tan ¢, /cos P) = tan"1|tan(20°)/cos(15°)| = 20.65°

P, = = 25.7mm

N

_'p _ 24 _ :
D, = /Pd— /11_59—2.07m—52.6mm
F=2P,=2(25.7)=51.41mm = 2.25in

Gear kinematics computations:

_mDynp  m(52.6 x 1073)(3450) 9 5™
Vt="60 60 — %

60P 60(48.47 x 103)
Wt =

= = =5.1kN = 1146 Ib
nDpn, m(52.6 x 10~3)(3450)

_Ng, _mp, _ 3450 _
VR ="/, ="/ng=>"""/1100 = 3-14,
Ng = Np(VR) = 24(3.14) = 75.3 = 75 teeth



Maodifying lactor. K

J, from N,=24 and N ;=75 (figure 10-6): Generating rack

-~

Tooth height
5

Value for J is for an element of indicated
numbers of teeth and a 75-100th mate

0.70 e
b - - .-J.-.. . " 1 M | Lk Log 0y o4
-11—4-7- |--|- -, .= s - B e o ! : : L : i M= T |
R R O | "'!‘ g~ i | _TI S T 3.4
1t r 1 gor—t-te=s A [ 2 2 11 1 | 1
~ 060 = . _ —l I 3
' e ot | i
]p—0.48 5 -l b1 M. - Factors are for
- i | 3 i ¥ —
—+ +..,. . v teeth cut wath
E, _: N 4=t ..E a finishing hob
T mm— E as the final
o e T SR -
E l.,_4 I = machining
&) 040 b ' 3 operation
The modiying factor can be applied o the . : : *
J Factor when ather than 75 1eeth are used =T W i A
Imin:hc mating elemen 0.30 : 4 gt i e i .
177 e b o L b .3 5 1o 15 20° 25° 10° 150
i = i ,—_.:..h'-%
Lol b e T T T : ].*'r. = Hali anphé.
iR i e g 2 G apne
FaSpa ey g pas i o IE (a) Geometry factor () for 20° normal pressure angle, standard addendum, and finishing hob
0.95 | i TSERE GERSE N e B0
L el el i Bl e O X5
" ! | I3 ] s | L EE
.50 + 1 il =i j— ' 1 rd
3 fask | £ i Fois
3 g gty B | ' ;
YR | fa
8 i [ e 15° 20 25 3 e

Helix angle, &
it} factor maiplien



K, from power source (electric motor) and driven machine (milling machine)(table 9-5):

K. fromP,=11.59> 5 (table 9-6):




K, from F=51.41mm & D,=52.6 mm, F/D,=0.977 (figure 9-18 & 19):

Km = 1 O + Cpf + Cma Face width, F, mm
=1+0.09+0.17=1.26 e T T

R F/D,,
: ruti Dy = Pimon diamerer
£ 040 . d
3 430 3-':.“1' For FID, < 0,50, use curve for
g U 1ot FID, = (.50
= AR
_0 09 s 0.0 {).50) When F < L0, (F <25 mm)
\ c r
il Y 1 J
g o Ir:-f M
= When 1O = }f. 15,
= Coi = _F
“ 5 1) 15 pET ——— (LO3TS + (LDI125F
|1I."J!.

Face width, F, i

Face width, F, mm

i 100 200 300
sz 0.60)
E ¢ | Open gearing C, =0.247 + QOI6TF - 0.765 = 104
g 0.50
3 |
= (40 Commercial enclosed gearunits C,, = (1127 + O0158F - 1 (03 = [07F°
[T} 4
£ 030 ; sk ana 3 i , G ip2
éu 1 recision enclosed gear units €, = (L0687 5 4 (LO128F —=0.926 =< 10F-
= 0.0 -
0 17/£/>? Extra-precision enclosed gear umis C,, = 00380 + OOM2F - 0.822 = 10 o
mf 0 m
0.0
f] 5 10 15

Face width, Fin



K, =1 from (solid gear) (figure 9-20):

24 Formy =< 1.2 el

2.2 z — &
= ; 2242 "
w2 2 \‘ p'l.#= Ii"-|:'|!W|I i
g 18 \.\ 1
'-5' | LY i
£ j " % _.,.r-"'-'_-_____-‘-"‘-\-q_
é |4 P, — :!w-"""‘ .}

g= —
2 N 5=
= 2 \,
g 10 |
="
Formg= 1.2 kg= 1.1
1 I L 1 1 i I
15 .6 0E 10 |12 2 3 4 5 6 7 8 919

Buckup ratio, ing

K =135

fromQ,=8 & v,=9.5m/s (figure 9-21):

Dymamie factor, K,

Fulch line vehowity, mis

N e =
,f/ / "
AVAPE
]; / ; ___--"'T"_' fie—dt
A A el
__________]._-——-—" Q =11

Piteh hime veloeity, v . Dman



Design for reliability of 0.999 Reliability Ky

(less than one failure in 1000): Kg=1.25 (99 one failure in 10 0.85
(.99, one failure in 100 .00
0.999, one failure in 1000 1.25
0.9999, one failure in 10 000 1.50

No unusual conditions seem to exist in this application beyond those already
considered in the various K factors.Therefore we use a service factor S.F of 1.0

Design life: Let's design for 10 000 h of life as suggested in Table 9-7 for
multipurpose gearing. Then, using Equation (9-18), we can compute the
number of cycles of loading. For the pinion rotating at 3450 rpm with one cycle
of loading per revolution,

TABLE 9-7 Recommended design life

NC == (60) (L) (np) (q) E — Design life
p 9 Application (h)

= (60)(10000) (3450)(1) — 2' 1 X 10 cyCIeS Domestic appliances [ 002000

Adrcraft engines TEH =000

Automaotive | SEH= 50000

. . . Agricullural equipment 3000-6000

(q) = number Of load appllcatlons per reV()lutlon Elcvators, |ndu:-|l.ﬂi.1| I'.m.w. multipurpose gearing BOO0-15 (4

Electric motors, industrial Blowers, general

industrial machines 20 O00=-30 000
Pumps amd compressors 0 00060 (W)
Cratical coiaprment in continuous 24-h Lhr\.‘r‘:|1||"-"|- DOMN (M) W O




Specify the stress cycle life (Y,) from Figure (9-8) page (395) (411 pdf):
Y \=0.85

5“ | F rrrrnne ] F YT RITIN | P T TaEwET ¥ LR
; NOTE: The chowe of Yy o the shaded area o imfluenced H
30 | by the following |
]' | = 9_*5 iﬁh' iv |45
- ! 4
Mt ’}"‘ Ptuch line velocily I
10 Gear material cleanbiness
- 1 TN T Beciilu 1
Case-carb, \'“\.H Yy=6.1514N 0110 Residual stress
"_*i:FrHE Tl ~ Ml e Y Fhr Materal ductility und fracture toughness
e o
1T TUUIMNN .
= A0 JHRES
::. ; o ”*Il‘ll.lt.'d "“h.,h‘ 'J g \‘\\ L 1 y = 4 '-_’4”41\!‘
Ty T L
i | ’ > Fod, --‘I }’h "b.,.
™ i I M1 N \\ Vi = 31T N BT
3, =~ S i T SR = 1 i 1
§ .."‘-l-..-‘ . 1
‘ H"“‘:;L 5 -::‘-'-:.:':‘L,
;;ﬂ-'- Y= 23194 IDSIR =1 “-.“""‘*-4---..‘ ‘::E"E; Yy= 1. 3558N, AN
/ I e l
| I
10 _ — ey 11 10
09 | ! 04
X = NI
0.7 07
[
0.6 : ()
0.5 ! - _ 0.5
10° 10 s 10® 1" 1y 10" o

MNumber of load cycles. N,



The bending stress in the pinion can now be computed:

WP, Kpr XS.F
Stp = F—]pKoKsKmKBKv( Yy )

_ (1146)(11.59)
"~ (2.25)(0.48)

1.25x%1

0.85

Specify the type of material for the gears
to find the Elastic Coefficient C, from

Gear material and modulus
of elasticity. £, Ib/in” (MPa)

(1.5)(1)(1.26)(1)(1.35) (—) — 46.145ksi = 318.

16 MPa

Table (9-9) page(400) (Pdf 4] 6) Modulis of Malleable Nodular Casl
elasueity, Eq Steel iron iron iron

Ibfin® = 25 x 1 24 107 el Al

Punien material i MPa) (2 % 10% (1.7 = 10% (1.7 = 10%) (1.5 = 10r)
| Steel 30 = 0 23(K) 2180 216D 2100
(2 % 10P) (1491) (181) (179 1174)
Mall. iron 25 = o 2180 200 070 2020
(L7 % 10% (181) (174) (172 (168)
Mod. iron 24 = 1r 2160 2070 50 2000
(1.7 % 10%) (179) (17 i 176 i 166)
Castron 22 = W 2100 2010 2006 1960
(1.5 =% 10" (174} ( 168) i 166) 1163
Al bronze 17.5 » M 1950 150 1880 1550
(1.2 = 10% (162 (158) (156 (154)
lin bronze 16 = 1O0° 1900 1850 1530 1500
{1.1 = 1{F) {158) (154) (132} i 1<)

Aluminum Tin
bronze bronze
17.5 = 10° 16 = 10"
(12 x 10 (1.1 %109
1950 1900
1162) (158)
1900 1850
(158) (154)
880 1830
i156) (152)
1850 1800
i154) (148)
1750 1700
(145) [141)
17000 1650
(141) (13N

Sowrre: Extracied from AGMA Standard 2001-C95. Frndanental Rating Factors and Calcwlation Methods for Involute Spniir and Helical Gear
Teeth. with the permission of the publisher, Amerncan Gear Manufacturers Association, 1500 King Street, Suite 201, Alexandria, VA 22314

Newe= Poisson’s ratio = 0.30; units for C, are (Iin')"* or (MPay'®,



Specify the pitting geometry factor (| ) with 20° normal pressure angle from
Table(10-1) page (459) (475pdf):

24

75

0.202



Specify the pitting resistance stress cycle factor (Z,) from figure (9-24) page (403)
(419 pdf): Z,,=0.89

HBp
HB,

for

=1 wuse(Cy=1



The pitting stress number in the pinion can now be computed:

WK, KKK, Kg(S.F)
S — C thors™mhiv
¢ p FD,lI ( ZNCy )

(2.25)(2.071)(0.202)
= 180 ksi = 1241 MPa

= (2300) \/ (1146)(1.5)(1)(1.26)(1.35)

(1.25)(1
0.89x1

Allpwable contw

|
900 |

S0

Tk

GO

)

125

100

P A

X\ ‘

150

- Grade 1: 5, =322HB +29 100

|
|
[
| |
| 1

230 S0 As0 S

Brinell hardness, HB

450



Mechanical Engineering Design I
Twenty-one Lecture

Design of Bevel Gear



Power Transmission
Problem

Proposed solution
(Bevel Gear)

T

o ? 3
P

e R

|~
1w dnve

o Y




Ring gear

Spiral bevel

L | Straight bevel ¢———



Basic bevel Gear Geometry and force Kinematics

Pitch ang |z

'|I a
¥
o

“— Pitch diameter . —L

\ | / Back cu:u:nﬁ/

Back

\
\ 1 radius. ry
{i coang V .-.J__-f
|

Noites: Shaded area is
pitch cone sur face.
Considering magnitudes:

.

Wip = Wit
Wep = Wg
Wep = W

—

(b) Free-body diagram: pinion

{¢) Free-body diagram: gear



Modes of Gear Tooth Failure

N
1. Bending failure.

Root failure

)
2. Pitting. »
S,
ANE:
2|2
3. Scoring. € | |9
e )
o0
c
[\
al

4. Abrasive wear.

@. Corrosive wear o)




The gear teeth should not fail
under static loading or
dynamic loading during
normal running conditions.

Bevel Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

The alignment of the gears
and deflections of the shafts

. must be considered.
Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.

SN\ LT



Flowchart for bevel gear designing process:

Transmitted Power , Input and Output speed, Center
distance, Type of driver and driven load




Find the trial value for 300
Diametral pitch (P,) or Module (m) 200
from Figure 9-27 page.409 (425 Pdf)

Standard_diametral_pitches_(teethjin) 100
1.25 70

1.5
30

K P

1.75

5 ]

30

10.0

70

5.0

[T=]
Design power transmatted, P thp) |F,

- 0 600 1200 1800 2400 3000 3600
= é Pimon speed. np (rpm

Design power transnuauted, P, (kW) [P, =K F|



Specify the no. of teeth for Pinion Np (from 17 to 20)

Compute the nominal velocity ratio VR = ?
G
|

Compute the approximate no. of teeth for Gear N; = Np X VR

|
. . N
Compute the actual velocity ratio VR = N—G
P
|

. N
Compute the actual output velocity n; = np N—P
G
| N
L3 [ N
Compute the pitch diameters D, = - ,D; = —5,
Pg4 Pg4
Dp _  Dg

. — i 10 _
face width F = min(0.34,,1/p,) , A, = 75— = 75
pinion mean radius r,,, = D”/Z — (F/2)siny where y = tan‘l(Np/NG) ,

gear mean radius R,,, = DG/Z — (F/2)sinT whereT = tan"1(N;/Np),
2Tr,,np 60P T

and tangential force, W, = =
60 ’ g ’ 5 2Armny, Ty

pitch line speed v, =

O



O

Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
W.P;K,K;K Y
St = t d Osm<Sat—N S —C.C W, COCm<S ZyCy
F] KU KR(S. F) C P b FDpI Cv ac KR(S. F)

Find the values of factors
J LK K,,, K,,C,,Cp,Co,C0n,Cy ,YN,Zy,Cy,Kp, S.F)
as in the following steps

@



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)




MNumber of teeth in mate
20 25 30 35 40455

| i D T R I [ = [l T

] . PR P ) NI N A .

-2 R B RN | o o o i w5 o 4 B

} T Y A / ) I Y N T | e

v i % 5 4 ... PERE T N R I

1l i 4 | ' 5 1. q o R .
! =l
t ! |

100
'N.'I.'
wh-
-
wf
0
np
ol
30..

E
:
5
5
£
E
b
:
z

- A !
Ini‘--l--;-l--- e e e et

5 3 OF i B A

I I G I

e 0Ig8 0 022 024 026 028 030 032 0M 036 0383 040
Geometry facior. J




Specify the pitting geometry T E A RIRF SN SPRARLBAR: 155

v o J+f=s heumheruilﬂthingear - "‘L"d."ﬂ:-'

factor (| ) with 20° normal R T se  s0 70 80 90 100HE

S0 . '

S iEfaaiisdsilasmasan s Al
FE R e b e b A
:::m;:;:mlﬁ\NR.‘

4 4= = bt i ]l. et ol ..T-r :.---u 4.-1- Ild-li-l-i----—-l'.-_-..._
pressure angle and 90° shaft Bkl nti s Siadl W ibde 4 8 ai i ulh ) 18w } |\ AR Ehiey S pS
. O e I E s F e e e e o &S 5 4 | - e
angle from Figure (10-14) page MR IR PSR G AR PR A TR 25 |8 25, - v
= . bt & . b o= 4 - - (R T ® w T :. r +:|:
(474) (490pdf): N sl el i ke '14UN 51§ i il fa g paami
z " W P |89 B oH N ESE pe g
. ' -+ oy b ey f\ ‘ b - + -
? SEx [ aad i ' tl\\ : [ gagashila:
= &3 ,f\?*;.: S G B
g . fo L] R T e B
=
=]
=

MR 0 6 7 50 0 R G R L LT B m & 4 B R e

.1.:1..5 .t.. .|1. P - - i 13 ¥ ¥ [ N e el e ——

...... ,J_.a M R INEERES U (G S n_l._._lﬂ - = 4 J—?—_ tr : 1 T;TL.I_;_.:_-:_:_.
:[j m--‘;-;_l I SRR S o _I-|+ : . 1 i

; : Shaft angle: 90° L1

l--: : Rl Ee Tk 4 4 of = -d i i
. " & ) L= b= & * ! - - i AR T —
- B B R 15 . 2 <l 7 B2 Pr:nwurtlangfn._ﬂr.,__.
T —t L e S S +
JGE I WY 1....-,,{ | e s A S o - 1
- & P, i | 1 i Y | 0 G 1 T e o
A L e L D e e
li_J' g 4 11...1 I_T_-I |r|.i- .r-l g i L B | +4l—: -I-.ll- §or mom - 'T [T ==

0.020 0,040 0. 060 0.080 0. 1040 0.12 0. 140

Geometry factor !



Straddle mounted gears

Both gears Neither gear _ E
straddle- straddle- straddle- %M gl ohl
Type of gearing mounted mounted mounted t . ﬂ
General _:.,Ef-:_
commercial-guality 1.44 1.58 1.80 ; g
ngh'qualit}‘" | Bearing B

commercial gearing




Quality |
Apphcation number Application

Cement mixer drum drive 3=3 Small power drill
Cement kiln 5.6 Clothes washing machine
Steel mill drives 5-6 Printing press

Grain harvester 5-7 Computing mechanism
Cranes 5-7 Automotive transmission
Punch press 5-7 Radar antenna drive
Mining conveyor 5-7 Murine propulsion drive
Paper-box-making machine 6-8 Aircraft engine drive

Gas meter mechanism 7-9 Gyroscope

Machine tool drives and drives for other high-guality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (m/s)

0800 6-8 00—
8002000 B=10 411
20004000 10-12 11-22
Over 4000 12-14 Over 22




Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)

ac )’

(395pdf), (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4)
page (385) (401pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].

Determine the dynamic factor (K,) from the following equation:

— KZ -

=y

8 125

= (z)—OSQ — Sat [EPTEG] and KZ = 85 — 10(“)
if u=negative value thenuse u=20.0

u

For checking K, must be greater than (K, . = %tan_l("t/333)), if its not achieved

then a higher quality number should be specified
Note : the calculation of inverse tangent must be in radians

>



10

Specify the safety factor (S.F) typically from | to 1.5

\

Specify the hardness ratio factor (C, ) from Figure (9-25 & 26) page (404) (420

pdf)
.16 .\\ 'Surface finish nt"p:n Imn:f..,.*
By
114 (micromches), R,

114 —T 7 o =2 ! Ir
= M iy HB ' ;t-i o x\*';; §
T2 L 1 = 12 f
H.-.r 1.12 0 thngﬁi < ]2 /}"‘f}'lﬁ ::.:: E 112 \N‘.\i u\
5 110 H use ;=1 15 3 R f,= 32N
s - = o~ EUAN
= | 08 1.4 £ 1,08
= |5 A7 ..J.,-""'. E £ 65, N
S 106 AL L4132 7 1.06 e e
z XA - - 2 . ALY
% 1.04 w7 _,_r"""::- T2 EREC . \,%@

a2 pu o
= z 1.02 || When 7, > 64.
- use o= |
100 o 1.00) T -
0 2 4 6 8 10121416 1820 180200 2350 300 350 400

Single-reduction gear ratio, m Brinell hurdness of the gear, HB,;




Specify the reliability factor (Ky)
from Table (9-8) page (396) (412

pdf):

Specify the stress cycle life (Y )
from Figure (9-8) page (395)

(411 pdf):

TABLE 9-7 HRecommended design life

Dsign life

Applicanon th)
Domestic appliances L O00=2000
Aircraft engines OO0
Automotive I SOK-5000
Agncaliural equipment HKI=E000

Elevators, industnal fans. multupurpose gewring

Electric motors. industrial blowers, general
industrial machines

Puimps and comprossars

Critical aquipment in continuous M-h operation

BO00=15 000

20 D00-30 000
A0 =640 (00D
TR 000200 000

Strwce cyole Tacior, ¥,

(K1)
L B -
LIS ]

LI
04

0%

Reliability Kg

0.90, one failure in 1D 0.85
0.99, one failure in 100 1.00
(.999, one failure in 1000 1.25
0.9999, one failure in 10 000 1.50
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Mechanical Engineering Design I
Twenty-two Lecture

Design of Worm Gear



Power Transmission Proposed solution
Problem (Worm Gear)

Design Requirements
v" high velocity ratios in a single step in a minimum of space
v non-intersecting shafts at right angles



Specifications of Worm Gears

Advantages:

(1) A large speed ratio;

(2) Silent and smooth operation;
(3) Small drive size

(4) Better load distribution;

(5) Self-locking action.

Disadvantages:

(1) Low efficiency;

(2) Expensive antifriction materials;
(3) Considerable sliding speed;

(4) Considerable heat generated.



Types of Worm Gears
LA R F\ﬁfﬁw %
I TR RY
Dow p, AN (U] #Br f‘“r:\
L‘E@@"}W&&Tﬂ o -
BB

®
Single threaded. Double threaded.

_"

(ar) Cylindrical or straight worm,

() Concave face.

(a) Straight face. (b) Hobbed straight face.



Basic Worm Gear Geometry

Single-enveloping wormgearing

d
DouDie-Irean worm mo’qmﬁa
Lot
TLea0 g L.lLead
pDw

Pitch circumference

of worm
D, = pitch diameter of the gear D,y = pitch diameter of the worm
N; = number of teeth in the gear N; = number of teeth in the worm
C = center distance L=lead A =lead angle P, = axial pitch

F; = Face width of gear F, = Face length of the worm



Forces on Worm Gear

Forces on a worm and a wormgear

il R [ Righthand |_[X] Input

f ’ worm (driver)

&, CEERS

— :: 3 . ]

WtG - WXW : Wiw W Radial
WM‘ Thrust and a Wrw

load only
— radial load
WxG - WtW Wye [Wre | |WIG
e Wig
d ; . e
— : | . Wormgear
WrG WrW A5 & B ,"r ' , (driven)
! v
(.'(_-_-_-_-._-_ﬂ_ T . .
- [ r
Output H \ | /
Radial ; | :
Thrust and load only iy L 3

radial load i



Modes of Gear Tooth Failure

N
1. Bending failure.
Root failure P
(o
2. Pitting. 7
5
al|E
c 0
8| g
3. Scoring. s °
=
o ()
o0
c
«
a)
4. Abrasive wear. ikl Vs " i Yl W
2- Corrosive wear .)




The gear teeth should not fail
under static loading or
dynamic loading during
normal running conditions.

Worm Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

The alignment of the gears
and deflections of the shafts

. must be considered.
Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.

SN\ LT



Flowchart for worm gear designing process:

Transmitted Power , Input and Output speed, Center
distance, Type of driver and driven load

Specify the no. of threads for Worm Ny, (from 2 to 8 or more)

Specify the diametral pitch P; (3,4,5,6,8,10,12,16,24,32, 48)

Specify the Pressure angle ¢,, (14.5°,20°,25°,30°)

Compute the nominal velocity ratio VR = By
ng Np
|
Compute the circular pitch for Gear p = /P, = axial pitch
for worm P, , normal circular pitch p,, = pcos 1, and the
face width of gear F = 2p
|

Compute thelead L = Ny, X P,
(

C0'875 60'875
D
1.6 > Dw > 3

Compute the pitch diameter of the worm within

@



@

Compute the lead angle 1 = tan"Y(L/mDy)

Compute the pitch diameter of gear D; = N; /Py
\

Compute the pitch line speed of the worm and gear
__ 2mnDwyn,y, __2nDgng
Vow = 7% V6 = "¢

Compute the sliding velocity v = v.;/sind = vy, /cos 4

L '-'|.II|'_,=II'|.J_|' = 101501 | T |
nil ! _
Find the coefficient of friction u sl SR80 iR AR HE
from figure (10-18) page(477) uw\- 3_ SRSES LS8 ShaaRSRin S SeRe SinERen i Ra S ini R
(493pdf) \ e
2 po7 ma ASEESEIEE
EE u.m. \\ !
Z Q05 p—
Zom '\“‘\H _ e 21 85
(LA h"‘*—-—-. __.' _' See SLATE e
.02 T | -‘-—ﬂ"-_—"“"‘-—-l_ﬂ__“ !
oo B F :_ Blime: ) tS
0 106 200 0 300 SO0 6b0 T B0 000 1000 3000 S0 000

Sliding velocity, v 1 Tumim )

_ choice of formula depends on the sliding veloeity. Note: v, must be in fumin in the formu-

g las; 1.0 ft'min = 00051 mfs,



O

P, D
Compute the output torque T, = —* = W(55),
G

sin ¢,
coS ¢, cos A—u sin 4

coSs ¢y, sin A+ cos 4

Wi =Wy y Wie= W

COS ¢y, cOS A—u sin 4

p Wee
cos ¢, cos A—usin 1

Friction force Wy = Power loss P; = v;W;/60,

Input Power P; = P, + P, ,

cos ¢p,—u tani

0 PO
Efficiency n = P_z = cos ¢p,—p tani

or from figure (10-19) page (479)
(495pdf)



O

Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode

Bending Stress Surface Durability (Rated Tangential Load)

< Sat Wir = CngISFeCva > Wi

Find the values of factors (y, K,,,C,,C,, ,C,) as in the
following steps

@



Specify the Lewis form factor for worm gear teeth from Table (10-4)
page(482) (Pdf 498)

Compute the dynamic load factor K, = 1200/(1200 + v,;)
(v4¢ in ft/min)

Compute the dynamic load W,; = W,;/K,,

°



Specify the material factor (C;) from
figure (10-20) page (483) (499pdf) or
from the following equations:

for D; > 63.5mm
C; = 1189.636 —476.54510g4¢(D¢)
for D < 63.5mm
C, =1000

for D; > 203.2mm
C; = 1411.651 — 455.8251og4¢(Dg)
for D; < 203.2mm
C, =1000

for Dg; > 635 mm
C; =1251.291 — 179.75010g4¢(D¢)
for D; < 635 mm
C, =1000

M:

—_ " " - - H . \1 - s 1 S—
I - I J — m—— — }_ S |
- IFR er ta AGMA Stundard __\\ i A fi2) ) 1 My
._!I -B 92 for specification of ) e N N
: hN P |
|'nr.~l s o which these factors 1 (T e | 1IN J"'l
' ™ ]
- | i | ) AR ] . | |
= r [n 15 M35 30 40 50 60 70 K090
Mean gear diameter. D, tin}
el 1l | L . 1 i ] 1|
GO T S0 S0 1500 M) AH) JiM) SO0 &UNN FONISINT  JONND | SN HAN) 25UIN)

Meuan gear dinmeter, D, (mm)

Note: if standard addendum gears are used, D,, = D

(6)









First condition

Second condition

Third condition




Example Problem 10-8

Solution

Is the wormgear set described in Example Problem 8-7 satisfactory with regard to strength
and wear when operating under the conditions of Example Problem 10-7? The wormgear
has a face width of 1.25 in,

From previous problems and solutions.

W, = 962 Ib VR =m,; = 17.33
Vi = 229 ft/min v, = 944 ft/mun
Dﬁ —_ 866? i“ D“: _— ?..ﬂ'[)ﬂ l“

Assume 58 HRC minimum for the steel worm. Assume that the bronze gear is sand-cast.

Stress

K, = 1200/(1200 1+ w,;) = 1200/(1200 + 229) = (.84

W, = W./K, = 962/0.84 = 1145 1b

F=125in

vy = 0.125 (from Table 10—4)

P, =pcosh = (0.5236)cos 14.04" = (.508 in
Then

W
0=—"= o = 14 430 psi

- vFp,  (0.125)(1.25)(0.508)

The guidelines in Section 10-12 indicate that this stress level would be adequate for
either manganese or phosphor gear bronze.



Surface Durability: Use Equation (10-36):
wl'ﬂ = CmD':jH’FrCmCr ‘10_36’

C Factors: The values for the C factors can be found from Figures 10-20, 10-21, and
10-22. We find

C, = 740 for sand-cast bronze and D, = 8.667 in
C,=0I184 form, = 17.33

C, = 0.265 for v, = 944 ft/min

We can use F, = F = 1.25 in if this value is not greater than 0.67 times the worm diame-
ter. For Dy, = 2.000 in,

0.67Dy = (0.67)(2.00in) = 1,333 in
Therefore, use F, = 1.25 in. Then the rated tangential load 1s
W, = (740)(8.667)"%(1.25)(0.814)(0.265) = 1123 1b

Because this value is greater than the actual tangential load of 962 1b. the design should be sat-
isfactory, provided that the conditions defined for the application of Equation (10-36) are met.
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CAD Definition &
of Design Space

Design Optimization
Undesirable

effects
stresses

noise
Desirable effects

vibration power transmitted

deflection energy absorbed

weight overload capacity

ost factor of safety

c
o
2
@
N
£
X
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Final CAD Geometry



Basic Topology
Result

CAD Definition g
of Design Space

Topology Optimization
within the Design Process

With Manufacturing'

Smoothed and i Constraints
Final CAD Geometry Remeshed
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Spot welding 1-fold hemming 2-fold hemming



Weight reduction in the Audi A3

Main details

04/12
Exhaust manifold

Plastic passenger
airbag module

integrated into cylinder head
ton all gasoline engines)
-2 kg

Aluminum hood
-7 kg

Aluminum fender
-2.2 kg

Aluminum crash
management system

Lightweight crankcase
{thin-wall gray cast lron)
2.4kg

Balancer shaft integrated
into crankcase -3 kg

-0.6kg

Targeted use of aluminum
pivot bearing
{engine size specific) -4.6 kg

Single-plece aluminum
front axle subframe -1.5 kg

Control unit layout
with wiring deleted -1.5 kg

YN

) -

Audi

Weight-optimized steel cell

Dptimized
seat structure -4 kg

with add-on aluminum parts
=25 kg

Optimized
exhaust System
-2.0kg

Optional 1B-inch flow-formed
aluminum wheels (weight
comparable to 17-inch

cast wheels)

Wheel arch linings made
from acoustically effective
fleece material -0.5 kg



Method of Optimum Design, MOD

Sketching a model of the item to be designed

{ Reviewing the Boundary Conditions }

Functional Requirements J L Undesirable Effects

Summarizing the Specifications and Constraints

Deriving the equations which tie the design variables together
mathematically

Deriving the Primary Design Equation (P. D. E.)



The Basic Design Problem:

Design a plastic tray capable of holding a specified volume of
liquid, (V), such that the liquid has a specified depth of (H),
and the wall thickness of the tray is to be a specified
thickness, (T). The tray is to be in large quantities.




Adequate Design Solution:

V=bxl+H..........(1)

I. Itis possible to know the value of (I) by choosing a value for (b).
2. Itis possible to choose a certain type of material for the tray.

3. Itis possible to choose an appropriate manufacturing method.

Optimum Design Solution:

Since the tray is manufactured in large quantity, then:

I. The most significant undesirable effect for this problem is COST.
2. The objective of this design is to minimize COST.



The design should be the best one with respect to the following:
e Geometry

* Material

 Manufacturing method

The cost (C) of a tray may be written as:

C=C,+Ci+Cp+ Cyecnennnnnnnneeeeeeeeeeeeeacaaannns (2)

, Which is called the Primary Design Equation (P. D. E.), where:

C = total cost

C, = overhead cost

C, = tooling cost

C, = labour cost

C,. = plastic material cost

Assume Vacuum-forming techniques will be our available manufacturing method.
Hence, (Co, Ct, and CI) are independent of reasonable geometrical shapes and
feasible plastic materials.



Cm=c.((b.)+ (2.b.H) + (2.1L.H)).T e e ettt eve et e e e . (30)

where: ¢ = a unit volume of tray material, (ID / m3).

From equation (1) and equation (3a):

C,, =c. ((%) +(2.b.H) + (27")) T eeeeeeeeeeeeeeereeeseeesaeenaean. (3b)

aail;" =c.T. ((Z.H) — (Zb—Vz)> = 2.c.T. (H—b—Vz) =0

-y
Q
=
|
| < |



1 v v |V
" T H.b v JH
LA
P
V
Lopt. = bope. = |7
4
Cin (opt) = €. (E>+(4 VV.H) |.
v (30)

+
—

Tray cost ~ C,
3
3




Optimum Design for Existing Restrictions:
Let:

b < b and 1 < 1,4

Ideal square tray

i with b = [ =~/V/H

rcost Cpy

Solid curve depicts L =
all feasible design 1 ( )
solutions ‘
h = 2
Optimum design .a"/ ‘ e
within space i |
restriction /‘, 1 " g
b < by, y; Optimum / | = k
Ve tray design _~ h
£ __,..-‘"'f witl;iﬁtgpace
| ~ e restricton
|| \T F= TFIR Lr
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Typical Schematic Representation of Optimum Design:

Quantity to be
maximized or to

Three independent groups

be minimized by
optimum design

,_,TH ‘Functional
(P.DEE)=f (rz:quiremcm)._

 parameters
+

kY

Individually
specified or
limited
parameters

-

'Functional
requirement |,

Design parameters
(uniquely deline element)

s

Material ) ( Gec-mttrical")
parameters/’ | parameters |

I T

| I
Individual para- Il
meters dependent
on cach other
because of physics
and chemistry of

the matenal

| |

Material (Gﬁomstrital‘
\parameters_J : parameters |

Individually
independent
parameters

g

—r—

(S.DE) =g
l’ \ parameters
Specified or Independent

limited quantity group

hy <

hy (P)
Limited design
parameter o1
limited (S.D.E.)

quantity

Lower limit,
depending on
factors external
to element

Groups are dependent on specified or
limited subsidiary design quantities and
on optimum design of element

< hz

Upper limit,
depending on
factors external
to element



Basic Procedural Steps for M.O.D.:

Successive steps of a systematic plan lead to the specification of the optimum design, which is
summarized as follows:

. Initial Formulation, (I.F.): it is the summary of the initial system equations including (P.D, E.),

(S.D.E.), and (L.E.)’s.
2. Final Formulation, (F.F.): it is a suitable transformation of (I.F.) for the use in the variation

study step.

[ N

Final Formulation




3. Variation Study, (V.S.):in this step, the (F.F.) equation system is considered simultaneously
along with the Constraints for general determination of the point’s potential for Optimum
Design.The sketching of Variation Diagram facilitates this step.

4. Execution of Results:

5. Evaluation of Optimum Design: here, the design is analyzed to determine what has been
achieved numerically for the optimization quantity in order to confirm our acceptance of
the design.



Types of Variables in I.F.:

e Constraints parameters in number, (n_), defined as the ones having either

regional constraints or discrete value, and directly imposed by (L.E.)’s in the

(L.F).

* Free variables in number, (n)), defined as, the one with no constraints

directly imposed on them through (L.E.)’s in the (I.F.).

{- Total number of the variables:n, = n_+ n;




Types of Problems in M.O.D.:

There are basically, three classes of problems encountered in application of
(M.O.D.).They are summarized briefly below:

|. Case of Normal Specifications, N.S.:
P.D.E. is single, often an independent material selection factor, (M.S.F.), is

recognized.
N.S. types of problems is: [n.>= N], where Ns = the number of (S.D.E.)’s.

2. Case of Redundant Specifications, R.S.:

* Ignoring some of constraints on selected parameters that are called Eliminated
Parameters.

e The PD.E. designated as equation ().

 The Eliminated Parameters must be expressed by what is called as the relating
equations and designated as (I, ll, 1V, and so on), in (F.F.).

* The test for the (R.S.) type problem is [n- < N.].

" 3. Case of Incompatible Specifications:

This is, in reality, nothing more than a special form of (R.S.).

There is merely no design solution that satisfy all constraints, and speed.

If boundary values changes, the domain of feasible design is opened and the
\optimum design can be determined by the (M.O.D.).




General Planning (I.F.) to (F.F.) in M.O.D.:

One of the most difficult details of execution lies in the transformation of the (I.F.) to
(F.F.).Three general items are helpful in this respect.They will be outlined briefly below for
the (R.S.) type of problem:

I. Exploratory Calculations:
D,=n,- N, + I,where:

n.!

[ne!(ne—ne)!]

D,.=number of dimensions required for a (V.S.) ,where: A; =

A, = number of different approaches

n_= number of constraints variables

n, = number of eliminated parameters

n,= N, -n;

n, = n_-n,, where:n, = number of related parameters.

2. Choosing the Approach:

 Choice of the particular approach to take for derivation for the specific (F.F.), should be
made after thought.

 Choose the simplest approach.

3.General Format of (FF.):
Summarizing the (F.F.) equations can be very helpful.




Example (1): Case of Normal Specifications

Simple tensile bar, (mass production manufacturing)

L = specified length
P = constant force
Optimum design required to minimizing cost

General cross section
with area designated by

* Now, the (P.D.E.) is: AP
geometrical parameter 4

Cm = material cost =c.V = c.(A.L), where:
Cm = cost of the bar material,
¢ = unit volume material cost

e The undesirable effect are the stress =0=P/A
P and L are

’ which is the (S.D.E.). L specified functional
requirements
0y
* The limit equations are: g < >
y
* Now, P, L and Ny are the Functional Requirements, R

* ¢ & Sy are the Material Parameters,
e Ais the Geometrical Parameter,
e O &Cm are the Undesirable Parameters. TP




* Now, number of free variables = |, which is (A), T

number of (S.D.E.) = I,
therefore n.= N;

Solid curve—ai! feasibie
design solutions existing
tor a typical material

* Now combine the (8.D.E.) with the (P.D.E.),
eliminating the unlimited and unspecified

geometrical parameter (A). thus: :
L
£ 8|
Cm :{1'1["'_ ] i
T )’
/ P () Optimum design
Cp =L | S /N I:[P'L g ]! S !which is the (PD.E.). | —
Py iy Ay | T,
P L and Ny are specified functional requirement, which 0 el
is probably, cannot be changed. N ﬁrsi ’
4 ¥
| & |
S | is the (M.S.F.) (Material Selection Factor) which is the independent group.

Finally, for determining the optimum value of (C.S.A.), (A), we would calculate very
simply the optimum value of the area (A).



Example (2): Case of Redundant Specifications
Simple tensile bar, (mass production manufacturing), with: 4> 4,,,

Now, the (I.F.) is:

¢ =014 (PD.E.)
o=r (S.D.E.)
4
S,
o< —2 L.E.
¥, (L.E.)
AS 4. (L.E.)

* In this case, it is impossible to combine (5.D.E.) with (P.D.E.). Now:
n.=0and N, =I
Therefore, the case is a Redundant Specification.

e There are two approaches:
1. Ignore the (S.D.E.)
2. Ignore the (L.E.), on stress or in (A).



Exploratory calculations:
There are two approaches possible for (F.F.)’s.
Our (V.S.) will be two dimensional in character.

e Say the simplest approach:
O is the eliminated parameter
A is the related parameter.

n,=o0&N =1&n,=n_+n,=2
n,=N;—n,=1-0=1&n, =n,-n,=2-1=1

D =n—-N,+1=2-1+1=2

n ! 2
[ntm, —n, )] 142-1)

The (F.F.) is the same as the (I.F.)

2

&

¢ =T ]

SR (D

_Equation I
for Cp,

-”=-1'+

(a)

( Read P, L, Ny, Am.n>
¥

Q Read ¢ and Sy for matenal of interest )

¥

Ldg = P Ny/Sy




Example (3): Case of Redundant Specifications

Simple tensile bar, (mass production manufacturing), with:

A > Amin,
A =2 Amax,
Lmin < L < Lmax

The (I.F.) is:

C, = cLA (P.D.E.)
s (S.D.E.)
A
Y (S.D.E.)
(AE)
4 |
ol i za {L-E-J
N."
A A (L.E.)
.. (L.E)

min = L = Lmax (L'l:)



The (V.S.) are:

]!

=%

Therefore, the (F.F.) are:

!
“Hr TH -(
.4

C, =GBt B
s &

o == D
A= um

A-E

4.1

24804~ 1}

6

Figure 6.11

N

T
Circle diagram for example 6.4.



( __Read P, L Bmaxs Ny )

Read ¢, E, and Sy, for a
matenal of interest

Y

L= L,
Ay = PNy/Sy
Ay = Pme“E& max)'

Y

-I-T.A

-

Dumam of /
feasible

( / . Equatmn 1

Equation |

11 for ur = Syfh-,-

A= Amnax | " A’lf /

des:zns
1

\\\

=T

-

bbb a3y ha |
\2
i |
+ ! :
-E_ LI'I'II:I. Lmu‘

Equation 1
for A
constant

+t,a
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University of Technology
Department of Machines and Equipment Engineering
Final Examination 2012/2013

. " ’#h‘ Subject: Design 11 Year: fourth _‘E ;;t.j
%rﬁ'v;mwmﬂ Division: General Mech. Exam Time: 3 Hrs, == ==t
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 : , ¥
holding a specified volume of liquid i
(V). Such that the liquid has a

specified depth (H) and the wall lheee - Y
thickness of the tray is to be a |, IR
specified thickness (T). The tray isto | e |

be manufactured in large quantities. | | o
NG e i ______...-!..____-F-

(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

General crogs section
with area desipnated by
geometrical pa-ametar 4

shown in figure (1b). Assume that the bar \
will be manufactured in large quantities, :-'P
thus a logical objective for optimum design

would be minimization of cost. For an '
acceptable design, cross-sectional area (A),
Pard L zre
: } 2 oL
elongation (A), length (L), and nominal ] b ;F';;:‘;g;n;jm”ﬂ
stress (o) must satisfy the following r
constraints: l
87.5mm’> < A £ 314 mm? =
500mm < L £ 750mm
‘l[P
. PLY
0.0077mm = (ﬂ= E) < 0.02Zmm Figure.(1b) simple tensile bar with
iformly distributed specified axial
o, < 100 V/ o
ok /mm? load (P)

Safety factor 23 , c = 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
Dcepartment of Machines and Equipment Engineering
Final Examination 2012/2013

KE 2o TV Subject: Design 11 Year: fourth S
R mﬂ:ﬁl 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 Lhe
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), afler the
system divided into three sub systems.

Figure.2 system scheme for the industrial
saw

Sy i o (10) a ASulall e Jidall (5) a8 dedil i a5 (4) & i) Ladl
kil Lo el qy @5 (6) s ol iall, (7) 2205 (8) ph) SIS \gharia (e 41 3 i e
pot g (2) 65 ol sy brie deldl e e (1) w10 oy a3 a5 (5) A,
A a 2oy (g-a) Jhedll o s Lha (9) b dadill Lo 230 (3) A Aaall By jall el jaty
(5) ¢ Aakll G Lt e b oty Aol (e a (1) pBy g1,

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

5 Final Examination 2012/2013
v Subject: Design I1 Year: fourth

e

™ Division: General Mech, Exam Time: 3 Hrs, ===
Examiners: Design Group Date: 27/5/2013
\ Alternatives
-hx"“‘-._
e 1 2
Sub-systems T N W N
Al - ]
IJ :
."‘r -

s : }
Power transmission ¥ /
from motor to saw No.4

Bl B2

Mechanisms for moving
the saw toward the
specimen

C2

Mechanisms for
clamping specimen

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



University of T'echnology
Department of Machines and Equipment Engineering
Final Examination 2012/2013

v reweY

Subject: Design 11 Year: fourth ;
mprtweesh Division: General Mech, Exam Time: 3 Hrs, =

__ Examiners: Design Group Date: 27/5/2013 !
Q3: If the type of belt No.6 used in figure.2. is 5V bell 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).

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.

Draw section (Z-Z) in figure.2

L
1

(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:

Ehigput
 shatt 3

¢ s

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 I1 Year: fourth .. .. o

U0 Ay cmray Di.'t’iﬁiuﬂz Gcl’ll;!l‘al h"[fi:h. E}m]]] Til’ﬂE: 3 HJ"S. =

Examiners: Design Group Date: 27/5/2013

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)

Y
Figure.4 f: -3
T“ﬁ'};
2 (1) ) Giaall ) Sy Ay Al g i aladily A5 el 6 A e (4) s
(3) 5 (2) Otbs A e 8l A Lgadll Jpn yon A lee s g e ) Ll

(4) 8 35andl aa lidacia




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:

i Column Analysis

Length and End Fixity
Column length

L= 1371.6 mm
End Zixity coetficient K= 1
Tnitial croockednms:s & = g v
Fooentricity e = 0 [

Applied load

3
=

Material Properbiss
Tield strengts

oy = 23h1b42.°76 ks
Modulus of elasticity E = ZORRBAZEOD kBa
Cress Section Properlies
Type ©f the column cross—seel lon Clrole
Liameter b = M
Design Factor
Design facror on load M= &
Results
The columr isg Long, straight
&
Aras f = E-rrr’
Meutral axis to oulside o = mm
Eftective length KL = ilii}
Badius of gyratlion r Lo
Elenderness ratio KL/ v =
Column constant P =
Criticael buckllng load Per [
Bl owable load Dy = 1
Mazimum Stress o = kEz
Mo relevant formula at this moment Lo calculats Ymax.
120000 . 40000 |
| 350040
100000
30000 '
20000 =
| = Z ‘
é 25000 o
5 -
& G000 - 20000 o |
= e}
- m
E 15000 3
40000 LA
10004
20000
SO0
o4 : ! | ! L | O
10 15 20 5 an a5 40

Ciameter [mm)

| —max, stress  — allowable load

F-‘j, 2.
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University of Technology e (
Department of Machines and Equipment Engineering ’@
First Term Examinution 2012/2013 T
7 Subject: Design IT Year: farth |
W Division: General Mech, Exam Time:1:30 Hrs, 22008
Examiner(s}: Gronp Desipn Date: 22/1/2013 {
Answer { two ) Questions Only
Q1: A link in 5 mechanism is 2000 mm long and has a circular cross section At 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 (Yiaax ) should not exceeds (20mm). Find the exact
suitable valuc of diameter then find the suitable stress and deflection for that value of
diameter.
 L(mm) 2000 12000 | 2000 2000|2000 2000
K I 1 1 | 1 1
e (mm) 20 20 20 20 20 20
P(N) 2000 (2000 [2000 2000 {2000 [2000 |
Sy(N/mm?) =300 [=300 | =300 =300 |=300 [=300
E (N/mm?) 206843 | 206843 [ 206843 | 206843 | 206843 | 206843
' D(mm) 18 19 T 22 S
N 3 3 3 3 3 5
A (mm”) 251.4 |28346 314 346.275 | 380.038 415375
¢ (mm) 9 9.5 10 10.5 11 11.5
KL(mm) 2000 12000 | 2000 2000 (2000 2000
T 4.5 475 |5 535 |55 5.75
KL/ 444.44 421,05 [400 380.95 |363.636 347.876
Ce 117.35 [117.35 11735 [117.35 |117.35 | 11733 ’ ’
Max. stress o Nmm®) [360 | 185 130 90 70 |53 J ’
Max. deflection 80 40 25 18 13 ’ 10
Yo (mm) ) /
. | |
Table(1)

st e |




Note: Do not make calculation .sketch differant relationsh ips and give your opinion.
Yo, = ¢ {sec(KL/r .yP/AE)-1}
Sy =NP, /A {I+ec/” sec(KL/2r .yNP,/AE) o
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 boak be rotated through 180 degrecs,
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.
Requir¢ment;
Apply the system design flow-chart to do the following requircment 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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[ _"i Gears [ and 2 totate aboul fixed axes A and A, When driving
e pear J rotales continuowsly clockwise, driven goar ¥ rotabes
2 3 intermittently with dwells, Comcentric lockinz surfaces o
j of zear J engage concave surfaces b of gezr £ to pvoid unintan-
I:i‘a {;1) Honal rolation of gear 2 during its dwell periods. Due to the

symmetrical arrangement of the feeth end locking features,
fear 2 nes uniform Intermittent molisn when gear [ rotates
at unifarm velocity, To each revolution of gear |, mear ¥ has

two perindsz of motion and lwo dwells.

F—"-%{_S}

S—

Q3: Sketch the system Design flow chart showing all details. Then discuss five

various methods in system conception o generate the different ideas. You can
use your own design project or any design projects, to give example on cach
method that you discussed. (50 marks)
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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)

Bevel Gea
Drive fo
) p:hcﬂe

Back
W Stay

*
5
&
/
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3| ~
L =S 3
Table =
Jable @E Supporing _xl I
Lock Arm E
Elevating 5] = Lower
Screw _f_ T " pulle with
Column™| é_ B Four S?EP‘&-
; = 8 S ts di €
Belt Skifting = — : :r 55 13;‘2‘:; w
Fedal = g iF2 and H:.:r
1 ol L s
j — B BED —/ |

= i9- 3. THE Power DRILL
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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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Examiners: Design Group Date: 2/12/2013 uwmbwmmm

Q: Figure.1 shows the novel design for reel lawn mower (J&!l -dall 331 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
(LAY)) of the wheels on the grass (<<l g 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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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 asll ),

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 isrotating at (30 rpm).

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)
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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=22) = 0.0077mm

o1 < 100 N/mmZ

¢ = unite volume cost of shaft = 2500 $/m?
P=1000 N

Find minimum cost and at what area?

nal

Figure (2)

(25 mark)
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Q1: A straight bevel gear pair as shown in Figure (1), has the following data:
Np= 15
NG: 45

P¢= 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
the bar will be manufactured in large quantities, thus a logical T

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

10mm < D < 20mm

500mm < L < 750 mm

0.0077mm < (A= %) < 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) sinptetensile 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 (Sx=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.

w LN
R NANRN
w N\

Expected bending stress on pinion (MPa)

N\
300 AN \\ \\\
200 \\ \\\\~ P =50
1) = 35°
100 \\ v
W =500
0
0 10 20 30 40 50 60

Face width (mm)

(30 marks)
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Q1: A helical gear has a transverse diametral pitch of (8), 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 reciprocati ng 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 (shownin figure.1) by adding the details
of the gearbox which surrounded by dotted line. (20 marks)

Motor

Figure (1)
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Q2: Note: Answer branch (A) or branch (B) il
(A) The smple 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 < 20mm

— N
Sy =300 /mmz
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) smpletensile 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
140 80
— PaF e
© N - - 70
o 120 —=
E \ ————————
a | __-=="" \ Pd:::) - SO—E-
4] - N~ - =
s 80 ~—_ —a=- ™
7] L - - -
& —____-x Pd:8 _[ 40 £
T 60 L_o== e e B e PP — ————|m 'g
9 \ I —— P, =g I 30 g
T 40 T — | 1 20 £
; —
—_— _
u% 20 Pd~6 - 10
P;=4 ——1_
0 T f 0
16 17 18 19 20 21 22 23 24 25
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 isrotating at (100 rpm).

— -L"“‘-:-'i"""'-l T -.I.n:l_::
5y r|_‘l"|!.-' s J'-r':;. [
. of o g | —rdain
Helicalgear = .l o g

Worm gear . 50 8 = I

Figure (1)

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

pitting resistance. (30 mark)
2- Assumethefollowing 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

L oad distribution factor (km) =1.26

Hardnessratio 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:

Electric
Motor
{" ': — I C ||.:I|'|£|l'_:' J /,-""_-_" - .*'-.’:_H“
CErTHE ¢ e
[=] i | I ‘ | j {; T Gewr I
T o I-':s'.l.q'r' Diriven ;"
Bearings— L= flow n'..1..|1|n-.-z'. ’ |
i lIndustrial Saw
1ad) Sade view . e A=A showimg tangenial
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
Ny 1750 rpm your comment.
Ng 500 rpm
N, 20
Ng 70
Py 8
D, 63.5 mm
C 142.8 mm
W; 3.2 kN
F 38.1 mm
Q, 6
Ky 1.45 (35 mark)
Km 1.2
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Q2: A: Use helical gear instead of spur gear for question one, with helix angle

W = 5° -

7

(<))

v

IS

Axial Pitch (mm)
w

35°) and (P4qn= 6 — 12 teeth/in), the following figure is the results
between axial pitch (Py) and (W):
%
Se
,o%\ ~
9 \\
O’/;\\Je N \\\\
\\\ \\
.y \ b )
\ -

N

=

— e— —

10

15

25

Helix angle (deg)

35

40

Find the feasible point that gives the smaller size of the gears for the following
information:

(16°>W>09°), (12>Py4,>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).

40

35

30

25

20

(N1) Number of teeth in smaller sprocket

15

relation between P & N1

=« = relation between P & L

10

13

16

19 22

(P) Transmitted Power (hp)

25

175

140

105

70

35

(L) Length of chain
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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 , ny=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)



Appendix (B)

Allowable Formulas for
Mechanical Design Open
Book Examination



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
(KLIN? (KL Ir (KL)

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

r=411A

r2=11A
Then

n’EA | n’El

p., =" _
T A ky?

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-—
U

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
G779 =—|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/
AT 20 2r VaE

]

Now, if we define the allowable load to be

Py =Py IN or Py = NP,

NP, NP,
S, =—2 14 8 sec| KL [Ma
A |2 2 VA

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 { [ZrVAEj }

this equation becomes

Required

ol—t—+—--
1

1 L
Skeich of column

installation
End fixity coefficient
P P P
) ko mm
s ! AT R
1 r. )
b ; I
\ ' \
! : ;
! f
K
Theoretical Pinned ied-Fied Fixed-Free
values K=1 K=05 K=20
Practical
values K= K =065 K=210
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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 =Ry

Since Ay =Dy/2and Ry =Dy /2, then

The angular velocity ratio is

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

2
Dy —D
L=2C +157(Dy +Dy) D2-01)7
ac
o8 +B2=32(Dy - Dy )?
- 16
Where: B =4.1L-6.28-(Dy + D)
The angle of contact of the belt on each sheave is
. 1 DD
07 =180°—2sin"}{ 22— ~L
2.C

L Dy -D
0, =180°+2sin Y =21
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
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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 12 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 (/2 ), 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

1, N+ Ny + M TP 8Ny — NP
ot R sk Ry -
4 2 2 4r2

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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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 =221 0002
P

e Clearance
if Py <20
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0.25
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
PR
2Py
e  Center distance
C = DG + Dp
2

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 10’ , 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 ,Dg = 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 = E
el

Notice that i < 2.00 is recommended.
Dp

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 mpg <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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Helical gears

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

Actual output speed (gear)

np = rotational speed of the pinion

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

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

n

P
Nne =——
¢ "R
mg:’V_G

Np

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

Pitch diameter

Outside diameter

Addendum

Dedendum

Clearance

Root diameter

Base circle diameter

where:

@ = transverse pressure angle

p=N
]

D, = N +2
Fa

1

a=—-
Pen
b:1'25
Pen
0.25
C=——0n
Pan

Dp =D-2b

Dp = Dcos ¢

or = tan_l( tand, 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

nD
PEN
Pn =P -COSy
N
Py ==
77
__ P
”d_cosw
p
P, =t
X tany
hy=a+b
h=a+a
_ Y
2Pgn
Dg +D,
c-26*op
2

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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_ 126000P

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 :1.0+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 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)(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 10’ , 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, S5, 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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Straight Bevel Gearing Design
Geometrical features of straight bevel gears:
e Gear ratio
N
mg =—5
Np
e  Pitch diameters
pinion
g-r
Pa
gear
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D=—2>
P
e  Pitch cone angles
pinion
= tan’l N_p
Ng
gear
1 N,
I =tan 1(—GJ
Np
e  Outer cone distance
D
Ap =0.5—
sin(r)
e  Nominal face width
From =0.3- A,

e  Maximum face width
10
Fmax = 2] 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=0125-h
e  Mean whole depth
hp=h+c
e  Mean addendum factor
=012 9%
(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,  tan 1[_/7]
AmG

apc =ag +05-F-tand

e  Gear outer addendum

e  Pinion outer addendum
agp =ap +05-F-tandg

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

e  Pinion outside diameter
do =d+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
7=
n
Then, using the pinion, for example, the transmitted load is
r
Wy =—
'm
where:
m = mean radius of the pinion
- d _F-siny
m2 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 =Wy - 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
20.50 at Ep +Eg
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 3Ox106 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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Wormgearing Design

F L, Lead

[ 0w

Pitch circumferenca

Crustput

Thrust and - -
radial baad 1

L= NyPy
tani = 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,

Vi = “‘D'i/—z‘”w ft/min

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

Dn -
Vig = % ft/min

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

C0'875

16< <3.0

e  Addendum

e  Whole depth
e Working depth
e  Dedendum

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
e :(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

1/2

2 2
Dy Dg
Fy=2|2L| -| =5 -2

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
2-T,
Dg

Wic =
Axial force on a wormgear

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

Wxe =W

where:
n = coefficient of friction.

the sliding velocity is

Vic
Ve =
57 sina
Based on the pitch line speed of the worm,
Z
Vs = W
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.

[l
[LE]]
fir
o K1 EBE
£ 1h |
<
S am \ |
R -
L—=.. L } |
)
WL
I—h— Seale ok
o0 _I.__
1
[ b i i
-h_?h‘"'l—h_____
| o yEme s e
LY} | . 1 ; :
! ! B I
U T00 O 30 800 SO0 600 700 ADD D00 000 ] [Ty
Shidueg velogaly, v | Fmam)
chonce of formula depends on the shiding velociy. Newe: v, mi in the formmi-

las: 1.0 fimin = 00051 més
e Static Condition, Vg =0

p =0.150

e  Low Speed, Vs < 10 ft/min

W= 0.124e(‘°-°7 Vso'm)

e Higher Speed, Vg > 10 ft/min

(7 011V, 0.45)

u=0.103e +0.012

Radial force on a wormgear
sing,
COS ¢y COSA — - SINA

Wi =W

Forces on a worm
e  Tangential force on a worm
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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

V" 1200 + 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
Fa

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 “Fe-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, £ , of the wormgear as £, if F < 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.

EEe=cas ﬁi SEssE:

. For Gear Ratios, /Mg , from 6 to 20
Cpp = 0020( m2 +40-m 76) 05, .46
m =0 —Mg Mg — + 0.
. For Gear Ratios, /Mg , from 20 to 76

Cpy = 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.

[T
Enrdr
o .58
[T
o [ TN
_E - : = ey
§ o f———nr B3
5'" e —_t |m3%
11 €20
_-"—'——_______ : — 015
- i [ANTH]
R
ST AT T Tl TR L) :
el
e For Vs from 0 to 700 ft/min
¢, = 0.659. gl0001:V)

e For Vs from 700 to 3000 ft/min

¢, —13.31. el-057)
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e For Vg > 3000 ft/min

¢, - 65.52. e(-0774)

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.

1 Cemen fugalh |
L | =
| e |
— ]
4 4
-
1 e dw, :
g ol T 1 1 1
® R b
= } \ N -
| i 1 P ! 1 1 1
! T = " | 1 | |
=
3 |
2es o whock dhese Frcion | + h\\' "\ |
| |
§ 7 2 010 15 30 35 3 40 0 B 7k %0
Blean gaur s ier, &2, Cinl
| SN O O S S 1 LB — L 1 L
B T S0 OO 120 M W Ml 0 A0 RIS D ETBEIEE O

Miern wour dhameeer, £, mmn
e  Sand-cast Bronzes:
For D >2.5in,
Cs = 1189.636 — 476.545 - logy0(Dg )
For Dg <25in,

Cg =1000.

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

Cs =1411.651 - 455.825 - Ioglo(Dg)
For Dg <8.0in,
Cs =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 ope
Most commercially available wormgears are made with pressure angles of 145 ,207,25

or30°.
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tan¢, =tand, - cosh

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 = A
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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