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alue Engineering

- The concept of value engineering was developed in 1940
‘and evolved into the 1980°’s. Value engineering is a customer- ,
riented approach.to the entire design process. One key point of
alue engineering is that it is not sufficient to only find the
ast, it is necessary to find the value of each feature, component,
snd assernbly to be manufactured. Value is defined as

Total contribution from sales
- Rs. 2,95000 x 0-3143 = Rs. 97771:85
"“Profit = Contribution —~ Fixed‘c‘ost =97771-85~- IQOOOO
' Profit =Rs.-2228-15 T
Loss -=Rs.2228:15
Therefore the company should adopt the 1st alternative
because in this case company earn ,a’j?goﬁt of Rs. 19295, In the
second alternative, there is a loss ifi§tead of profit.

Worth of a feature, component or assembly

- cost of it
_ The worth of a feature of a component, for example, is
etermined by the functionality it provides to the customer.
hiis, a refined definition for value is function provided per,rupee
f cost.

Value =

. 9.21 Value Analysis S

‘ Valué analysis, or value engineering is an organized
system of techniques for identifying and removing unnecessary
costs without compromising the quality and reliability of the

 design. The technique usually is applied to a spectrum of

. problems much broader than just materials selec‘;ioni but he
framework of value analysis methodology applies admirably to
the problem of materials selection. .

Value analysis asks the following questions :
How can a given function ofa design system be performed
at minimum cost ? - ‘ o ‘

. What is the value of the contribution that each featuré
of the design makes to the specific function that the part mus
fulfil ?

' Value analysis usually is carried out by a team o
engineers and managers possessing different backgrounds anc
view points, so that the problem gets looked at from man;
acpects. However, & value analysis needs. the support an
endorsement of top management if it to be most successful.,
....... The value analysis approach seeks the development o
answers to the following questions :

‘Can we do without the part ?
Does the part do more than is required ?
_ Does thé part cost more than it is worth ?
Is there something that does the job better ?
Is there a less costly way'to mi___ake the part ?
Can a.standard item be uséd in place of the part ?
Can an outside supplier provide the part at less co
without ‘affecting dependability ? -

The value formula is used as a theme through the value
ngineering steps suggested below. These steps are focused on
tures of components. The method can alse be applied to
mponénts and assemblies.

"' _step 1. To ensure that all the functions are known, for
ach feature of a'component ask the question. What does itdo ?
f a feature provides more than one function, the fact must be
noted. . :

_ Step 2. Identify the life cycle cost of this feature: This
sﬂtﬁ@ould_@nchde the manufacturing cost as well as any other

downstream costs to the customer. If the feature provides:

tiple funetions, the cost should be. divided into cost per
tion to do this, consider an equivalent feature that provides

the function in'question. Although it is not accurate
Alise of the interdependence:of functions; it gives an
timate. o :

" Step 3. Identify the worth of the function to the customer.
‘an ideal world we would be able to ask.customers how much

h'finction was worth to them. However, if no formal method
4s used to develop the customers requirements and measures
imiportance, then thé_ best that can be done is to ask, how
imiportant is this feature to the customer ?

Step 4. Compare worth to cost to identify features that
havelow:relative value: If one feature costs more than the others
sis worth more-provides important function to the product
its value may be as high as or higher than the others. On
other hand if its costs outweigh its worth, them®#t has low
alue and should be redesigned. '

Y




. Fundamentals of Design and Manufacturing

" [The round feature contributes to a number of import_gnt
__/ns for very low cost and thus is considered to be of high
" value. .' S

‘% 1+ The concept of value is further discussed in Art 13.11 &
13.12:8& 13.14 on design for assembly. In that article features
are ddded to ease assembly. Even though these features :?ut
- assembly time and thus cost, they often raise the manufat?t&{%ng
cost-Whether to use these features is best judged by considering
‘their value.

i L PP

9.22 Compatibility Analysis |
| Compatibility is & characteristic ascribed to a major or
sub §ystem that indicates it functions Weﬂ' in overall syste:ln. It
may also be known as ability for two devices to communicate
each other in a manner that both understand.
| in designing a system it should be verified that various
. components fit and match well with each other. For example,
in a pump and electric motor combination, the water horse power
(produce of total head and discharge) of the pump should match
the h.p. of the motor for attaining a high :efﬁmen_cy.

9.23 GLOSSARY

-Annuity : 'Anannuity is a series of payments or deposits
of the same size at equal interval of time.
Break-even analysis : The break-even point is the value
for the factor at which the project is just marginally justified.
Compatibility analyéis-.ﬁ It is.a characteristic .ascribed
" to a major or subsystem that indicates it functions well in overall

system. It may also be known as ability for two devices to

communicate each other in a manner that both understand.

: Design tree : An approach for calculating the physical
_ realisability of a design concept. It is a probability study.
- ‘Dévelopment test : This test is conducted to deten:nine
the variables of a new material/component/system and give a
practical shape to a product. o _ o
' Linear programming : It deals with the maximising or
" minimising of an objective function:subjected to some
restrictions in those situations where the objective function
and the donstraints can be stated in terms of linear expressions.
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Optimiégtion : It is defined as the process of determining

the conditions that gives the maximum or minimum value of a

nction.

Optimization theory : The specific methodology
‘technique, and procedures used to decide on the one specific
solution in a defined set of possible alternatives that will best
satisfy a selected criterion. ' -

t Probabilistic design : Design methods involving with
more versatile mathematical systems which takes into

‘consideration both mean value and variance for the parameters.

Proof test : These tests indicate the degree of variability

and also to identify the failure modes-and weak links in the

design.
Qualifying design concept : [t signifies the validity of

the design idea. The validity comes only after selecting the best

solution, preparing a suitable model and testing it thoroughly

“t6 conclusively establish.

. Sensitivity analysis : The analysis determine the
actors most critical in economic decisions in order te check

‘uncertainity. With the help of computers this analysis has
"Become more practical.

“Value analysis : This is an organized system of

‘techniques for identifying and removing unnecessary costs

without compromising the quality and reliability of the design.

‘It is also known as value engineering.

MULTIPLE/OBJECTIVE TYPE QUESTIONS

“{A) Fill in the blanks :

'9.1 Probabilistic design methods involve with more versatile
mathematical systems which takes into consideration both
value and

9.2 Scale test is one of the main type of test to qualily

~ the design concept.

‘9.3 Development test conducted for qualifying the design concept

are used to check the of the design.

9.4 Present value (single payment) ‘Economic Evaluation Formula’

is given by

9.3 Linear programming deals with the or if an

. objective function subjected to some restrictions (constraints)
in those situations where the objective function and the

- associated restrictions can be stated in terms of linear
expressions. ’ ’
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(b) Write down the expreﬂssion of the probability of failure free
operation for a time period equal to or greater than L
take t = failure rate. .
Ans. (g} Refer to Art. 15.7 (B) P;mR= g;‘- .
15.5 What do you understand by the term designing for optimum
reliability ? ] .
15.6 Write down the exponential distribution for reliability work.
'15.7 Explain the term Reliability allocation’ with a suitable examplg.
15.8 What is Taguchi methed ? Explain briefly. How does it find
" application in reliability and robust design ? .
15.9 What are the sevenl points for achieving quality in Taguchi
" method ?
15.10 Discuss briefly the tools jor Robgst design.

16
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Ergonomics Considerations
) o 8
in Design
iﬁ.l Introduction 16.2 Ergonomics 16.3 Ergbnumjcs—deﬁniﬁon 16.4 Man-
machine system 16.5 Purpose of ergonomic study 16.6 Application of
ergonomic to product design 16.7 Human factors of design 16.8 Human
performance effectiveness with stress (Anxiety) 16.9 Humen errors
/10 Methods for preventing human errors 16.11 Work conditions and

ts”effect on productivity 16.12 Fatigiie reduction methods 16.13 Glossary
¥ Multiple/Objective type guestions * Exercises

Introduction

Technological changes in a production system often
produce changes in the work design which may well-produce
ffects on the operator that were not expected. Unfortunately,
nly rarely do these chance effects increase the output of the
ystem. Failure to match the demands of the job with the
apacity of the operator is much more likely to reduce output.
tress on some physiological or biomechanical system may gO
ven farther and produce temporary operator breakdown. This
kind 'of poor design may go unrecognized and reduce system

utputs for long periods, because the human coperater has such
daptive capabilities. The fact that a man can do a certain job
oes not indicate by any means that the job was properly

signed. Man's short-term adaptability and positive motivation
or the present situation may mask fundamental design defects
o which other persons may not be able to adopt or which they
ay not be able to tolerate.

If the industrial engineer is to design work for maximum
productivity, he must lesun the principle of ergonomics and how
they can be applied.
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16.2 Ergonomics
The word ‘Ergonomics’ ‘s derived from the Greek word
‘ergon’ and ‘nomos’ and means the laws of work. Today, it is
generally called the science of fitting the job to the worker, and
concerns the field of the human operator-and his working
environment. It can therefore be seen that it covers a very wide
‘field, and may be applied at the initial design stage of product
design.
e The areas of study covered under ‘ergonomics’ .are
Anatomy, Physiology and Psychology on one hand and Physics,
Mathematics and Design on the other. This is illustrated in

Fig. 16.1.
Physics Psychology
Enai . Materials H
ngineering & Ergonomics Physiology uman. .
Sciences . Design Sciences
Mathematics Anatomy

‘Fig. 16.1 Ergonomics linking the engineering and human sciences;

'16.3 Ergonomics—Definition and Scope

Ergonomics may be defined as a science which dealswith
the systematic study of the relationship and interaction betweern

man, machine and working environment.

‘Here by ‘environment’
environment in which a man works, such as, temperatur
humidity, noise level etc., but also his method of work amn

relationship within the group.
The subject, therefore, relates to :
{1} himself :
" (a) his ability, -

‘we mean not only the ambien
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. [b) capacities and
(¢} lithitation; and

(2) his relationship with :
(a) his fellow workers,
'(b) his superiors,
{c) management and
{d) his family.

e C;gﬂsu:!erable part of grgonomics, therefore, deals with
paramemrsavlégur encompassing (covering) a number of human
:.a'l—"1' - » known com.monly as human factors. Such factors
: e liable to affect th(::‘ ultimate output of a production unit, which
V‘sr1 tﬁgg{}gied as an 1ntegr_e1ted system of men and mac:*hines
- j,tu; me eﬁrgglope of environment. Design of a productive unit:
s ?tc. 1€ O & process plant, and its arrangement and
o pertaining to a SPECIﬁC flow line, require to be suited to
the typical characteristics of human factors and synchronised

dequately to effect harmonio
: us ou ;
production system, tput from the integrated

This has resulted in a broad-based :

_ - study and re
L the areas of bio-mechanics; bio-rhythm; sys’g;m ana_lsesiail:he;
ther related fields. ’ R an

: Objective of Ergonomics is to ensu

5 . re that humarn

safe and efficient worling are met at workplace, needsor
6.4 Man-Machine System

Fig. 16.2 shows a typical ‘Man-Machi

i -Machine System’. Th
formation exchange between man and machine could be 112
& form of the following closed loop : ‘

]
i /—

]

i
Display
5

Man-m/c
interface

Machine

Controls
{C}

Fig. 16.2 A typical man-machine system
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- () Man observes the display (dial). _
h (i) Man processes information on,‘say, speed. Takes a
" decision to increase speed. Y.
{iiﬂ Operates control C, to increase thrt_?ttl“e_ o
(i) The vehicle speeds up anq the _d1splay 1nd1'cates
increase in speed to the satisfaction of the driver.

_ Most of the Man-Machine Systems’ have such closed

loop.
16.5 = Purpose of Ergonomic Study

An ergonomic study has the purpose of verifying '

following aspects : A
() Man as occupant of space should have comiortable

posture and space at the workplace according to
anthropometry (human dimensions). '
(i Man as the applicator of force upon the control should

have a properly .
position with a mechanical advantage.

(iij} Man should be able to see the display with ease.

(i) There should be proper relationship between contror

and display, termed as ‘stereotype’.

For example, a clockwise turn of hand wheel should

displace the display/ controlled member to right.
An intensive ergonomic
between man and the machine apd a pProper re
between control and display. This will
(a) reduce fatigue,
(b) reduce errors,
{¢) chances of accidents, ’
(d) reduce training periods,
(e} reduce response times, and
{f] increase output.

16.6 Applicétion of Ergonomic to Product Design

(@) Instruments and controls.

'_de‘sign of the instruments wh
listen to (called the Display},
i i ‘exerts
equipment on which h_e EXET ‘
tlge state of the processor operation (called the contro). |

designed control in a comfortable:

study should varify a proper v‘f?.t".
lationship

This group includes the
ich the operator must Jook at or
and the parts of the machine or
muscular force so as to change
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{b) Working environment. This group includes
~conditions of noise, heating and lighting under which the work
is to be carried out.

(c) Ergonomics applied to instrument design. An
cinstrument is a provider of information and the information
: should be displayed to the operator in the simplest manner. For
example, a car temperature gauge need only display N for normal
- temperature, as against a fully calibrated scale which requires
" the motorist to know what is the normal working temperature
~for the engine. Display may be grouped into three types
-depending upon the type of information to be obtained. Digital
indicators show the required information directly as a number.
A:kilometer in a car is an example where the number of

give the best results.

The two types may be combined when a rate indication
required. For example (which might possibly be returned to
ero as required} speed in addition to a cumulative quantity.

(d) Multi-instrument display. In the case of a display
ving many instruments, a logical order pattern of dials and
ointers should be presented to the user. The pointers should
be set so that they are in the same position for the Normal’
ading of each instrument.

The classical example of this principle is provided in
the ergonomic design of the instrument display in the cockpit
f a medern air liner.

i (e} Ergonomics applied to machines and controls.
evers, knobs, hand wheels etc., should be positioned so that
the operator can manipulate them with the least change in
ody position and with the greatest mechanical advantage. The
erator should not need to leave his normal working position
which may be sitting or standing) in order to reach a machine
ntrol. The controls should be placed comfortably close and in
nt such that the operator does not need to bend and twist to
ach them. The ideal positions may be impossible to attain in
the design of a machine because of difference in height and
er anatomical dimensions. However, a machine for general
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216 Fundamentals of Design and Manwft g From graph, it is clear that at high stress, the human
ffectiveness is low and consequently there is high probability
“of comfnitting human error. Again from the graph we note that
t no or low stress the effectiveness is also very low, For this
eason the task involving low stress are dull and unchallenging
esulting in boredom. On the other hand, we notice that the
maximum effectiveness will be seen at moderate stress. If the
itress is very high due to worry, fear or security or any other

sychological stress then the human effectiveness or
erformance will decline.

-yyse ghould. be designed to suit the average hu.man be.ing a?d
statistics are available to help to d‘o' th1§.' This funcmcalnﬁo ti _
‘control should be considered when it is pfé:&lgoried. Itf i:;n; ¢ ;— c:.he
i i it 1d be.logatec :

diustment is required then it shou €. 10¢ |
;njgeis. If heavy force is required then the legs through thle,.
medium of the feet can exert a large force. Foot operated controls :
relieve the hands for other tasks.

16.7 Human Factors of Design ;
. i i i ised as &
Human factors engineenng 1s Tecognis ‘
specialised discipline. We have often experienced that k‘lumaxi
error is chiefly responsible to a large nun_:lber of equipment
fxilures. Hence it becomes most essen’ugl to pay grea;ig
attention to human factors and human reliability dupng the
"design manufacturing and operation phases of engineecring
gystems.
A system always revolve around humans. The overall
reliability of all engineering systems is a func.ﬁm_jl of hurqag
reliability. If we observe the human factor pnnqpl_es _d}:trmg
gystem design, it will immensely improve the rel1s_3.b11'11:y o
human aspect. Another way of increasinglhgman reliability 1
' BIy‘careful selection and imparting training of concernes
personnel.

Reasons of stress : Reasons of stress in humans are
given as under :

(i} Work overload (job requirements excess capacity) 6r
work underload {due to lack of any intellectual input,

or lack of opportunity to use individual’s expertise
and skills or job or repetitive nature).

(i) Occupational change.
(i#) Occupational frustration.
(it) Factors, such as high noise, poor lighting etc.

16.9 Human Firors

Tt has been observed that most of the equipment failures
ake place mainly due to human failures or errors. Hence we
gee that the overall reliability of a system is adversely effected

humans have some probability of performing their tasks
ncorrectly. .

' 16.8 Human Performance Effectiveness with Stres
(Anxiety) | |

Stress or anxiety throws a direct impact on huma
performance. Fig. 16.3 shows a graph between human
effectiveness and stress 0T anxiety.

The main reasons of human error are given below :
({) Inadequate training or skill ‘
(i) Tendency to do a thing in diverse ways

(i) Poor equipment design

(it) Improper tools

(1} Inadequate lighting

(i) High noise

(vi) Dusty and warm environment
(i) Inadequate work layout

(ix) Crowded work space

(x) Poor motivation

3
-]

Human effectiveness —»

1
|
t
|
|
3
1
]
1
L
|
1
L}
]

L -

Low Moderate . High

. High

Stress —— >
Fig. 16.3 A graph humen effectveness and siress
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| '- . i : i intenance
i Poor ugderstandlgg_ofl operation a‘nd mainte

© ' procedures '
G ;;'.a(xiz) Complex task
":!.‘”?:‘,.-‘:“r.q-'!Z(-x‘ii]':POOI’ management AT

i) Lack of communication.

'16.11 Work Conditions and its Effect on Productiy

“The condition of place of work plays a vital role in the
‘production process. The workers in a factor will not be able to
give their best if the conditions under which they perform their
task is not up to the mark. In an unsatisfactory condition, the
ver-all production will come down heavily thus resulting into
losure of the industrial unit. We summarise below the
conditions necessary to be fulfilled for higher production.

‘;‘:i"ﬁ..:t(]'fﬁ.:Methods for Preventing Human I?}rrors -
1 . Human errors should be prevented maximum possible

i der to get maximum possible output from him. (i) Lighting - (i) Ventilation and heating
- Methods for preventing human errors are the following : (ifi) Noise (i) House keeping
(i} Man-machine system analysis method {t) Colour (v) Workplace

[ : al program.
- (i) Error cause remov . . .
(i) Man-machine system analysts method. Under thl,s'
méthod, the following steps are to be followed : t ;
(a) Define the function and goals of the sys emi 1
unambigueus terms.

{b) Improve the environment of operator.

(¢) Impart proper training.

{d) Poor motivation. ‘ i
(e} Evaluate the skills of job and type of experience callet
for. ' .

(fi Clearly state the tasks and job to be performed.
(g) Determine estimate for occurrence of each potent:
error. o f
{h} Determine estimate for the likelihood of ea

potential error remaining undetected a
uncorrected. ‘
()} Determine estimate for the consequence of ea
| undetected potential error. ‘
() Make recommendations for change in the syste
(k) Re-valuate the system after change. -

(ii) Error cause removal program. Tk}e bas1_s Ff El

method is for preventive measures. It leads i‘:}:ﬁ1 :]ob STES ;LCT
i 1t i ired in this method.

the workers involvement 1s requ _ : ..

Zs'ror and error—likely situations and accidents prone situatt

reports are submitted by workers. Bas;d on 'such reports,

remedial or prevention measures are immediately taken u

(vi) Amenities.

(i) Lighting. Workers in a factory can work better and
with reasonable speed will certainly contribute in higher

(ii) Ventilation and heating. A waorker who spends 8
urs daily with his machines is required to pay due attention
oward his health and comfort. Adequate ventilation will
crease productivity because of favourable conditions created
nside the workshop. Care must be taken to provide exhaust
ans at those places where natural ventilation is not sufficient.

Excessively high or excessively low temperature at the
lace of work will hamper the working capacity of worker. This
spect should receive the utmost attention of the management.

~ (#ii) Noise. Noise at the place of wark will contribute
owards the fatigue and irritation to the worker and his
fficiency will be low. Noise should be reduced to minimum by

iding adequate lining the walls and ceilings of the rooms
ith ‘suitable material.

(iv) Housekeeping. This term when used in the context
factory signify the cleanliness, tidiness and general state of
angement at the workpiece. Remove accumulation of dirt
y from all workrooms passages and staircases. Tidiness in
actory is most essential as it will lead to higher production
serve as a means of reducing accidents,

(v) Colour, Always use light colours.in a factory. Such
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Now, we give some solved :
i £ problem to understand the
‘utility and importance of ergonomic principles in an industry.

SOLVED PROBLEM

Problem 16.1. Discuss some

.‘ L6.1. of the ergonomic factors that
tr;l);luer}cg the design of workstation for making sub-assembly of
hree light components in large quantities. e

“Colours provide ‘the feeling oftcoolness and contribute toward
‘general tidiness of the factory premises. T. he colouring of certain
machine controls differently helps the yworker in the task of
controlling with ease. s

(vi) Workplace-

i

A worker can work efficiently and

smoothly if the sufficient working space is provided to him. Space
‘provided should be such so as 10 allow the worker to sit and
relax whenever he feels tired from his hard work.

(vii) Amenities. The facilities provided to a worker to

achieve satisfactory working conditions are :
lockers for safety of personal belongings

tea and safe drinking water ‘

; Solution. Ergonomi i
rkstationn g ic factors that gffect design for
. In general, certain princi |

o ! Tal, principles of motion
followed in design of workstations. meonomy a;e

(A} Use of human bod,

’ 1. The two hands should begi
r_flinars .complt?te ﬂlfalr motions at the same time. There Zilc?uellg
djrecgljnnum idle time. ‘Motion of arms should be in opposite

ns and s_'y.rmmetnc. Hand motions should be confined t
e lowest classification level. e
(B} Arrangement of work '
place. Tools, material

_;?11;1;13 ;holl.lédbbe located close in front of the operator Giai'—ltgd(
] should be used, if possible. Lighti . '
u uld . . Lighting should b

hair of suitable type and design should be provided © good- &
(C) Ajig or fixtu ermit bot

¢ active jigor re should be used to permit both hands to
Design of workplace for three light components A, Band C:

(a) Provisions of
(b} Provision of canteen,

{c) Rest room
(d) Clean and tidy toilet and room near the workplace

(e} Adequate first aid and fire precautions.

16.12 Fatigue Reduction Methods _

~ While working for long hours a worker' is affected b
fatigue (tired). It can be reduced to the minimurm by the method
given below : '

() Prcvide frequent short test pauses than less frequent
longer breaks. This will surely prevent fatigue fo
great extent. :

(i) Improve better and improve

conditions.
{itf) Muscular fatigue can be reduced to minimum i
an about one fifth t

ensuring that not more th
maximum power of the muscle is utilised.

(i) Another novel method of fatigue reduction is
introduction of more variety into the work and
work methodology.

. Modern Ergonomics : Modern ergonomics contribu
to the design and evaluation of work systems and products. Thes
_activities refer to integral part of the design and, m@ége
of systems. Unlike in earlier times when an engi.ﬁ,eér us
design a whole machine or product. Now a days designin

_team effort.

A plan view shows a suitabl i ;
e design fi
omponents A, Band Cto be assembied. gn for bins for three

Waorktable _1 Sweep of hands
/ /— {Normal)
— i_ -
'
<\ e >
Bins / em
N_— 1/ 1

e N
seat Chute i

- — 130 cm

d environment

Fig, 16.4




oo - : Fundamentals of Design and Manufacturing

The bins, chﬁté’?and assembly board should be placed
within the normal reach of a normal operator, from the point of

view of Anthropometry (Body d_imgnsions).

. 16.13 GLOSSARY

‘ Ergonomics : It is generally called the science of ﬁtﬁng
the job to the worker, and concerns the field of the humarn

operator and his working environment.

, Human errors : It has been observed that most of th
" equipment failures take place mainly due fo human failures
Hence we see that the overall reliability of a system is adversel

effected as humans. :

Lighting : A Ilumination source provided at work place
A good lighting makes workers to work better with reasonabl

speed will certainly contribute in higher production.

Man-machine system : The information exchang

between man and machine.

Noise : Noise at the place'of work will contribute towar
the failure and irritation to the workers and his efficiency will

be effected.

Working environment : This group includes conditior
of noise, heating and lighting under which the work is to be

carried out. -

MULTIPLE/OBJECTIVE TYPE QUESTIONS

(A) Chooée the most appropriate answer :

16.1 Ergonomic factors are included in the product design to hav

{a) Comfort to user
(b) Comfort to manufacturer
. {¢) Comfort to user and manufacturer
(d) Comfort to tester. #
16.2 Most of the man-machine systems have
! {a) Opened loop (b} Closed loop
(c) Both (a) and (D) {(d) None of the above
16.3 Reason‘sfof stress in
{a) Work over load (b) Poor motivation
(¢) Poor management (d) None of the above

:‘.16'.4 Fatigue may be reduced by an
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B) Fill in the blanks :

:16;1 i1s the technology of work design and is based on

human biological sciences,

3;62 is concerned with behaviour.
163 physiclogy is concerned with the expenditure of

energy.

conditions. 1 environmental -

6.5 Provide frequent short rest pauses to prevent
(C) Match parts X and ¥ relating in terms of human fact‘:ors

X Y

6.1 The probability of accomplishi
1 plishin
a job successfully by humans g (@ buman performance
at any required stage within
a specified time limit.
6.2 A measure of man’s functi
: : nictions b) hum '
and actions under stated condition ) reiialiﬁitpyerformance

6.3 The probability thata h i

. uman will iabili
funct%cm all specified human (€] framan reliabiity
functions subjected to stated
condition.

ANSWERS

{A] Choose the most appropriate answer :

+16.1 (a) 16.2 {h) 16.3 (q)
) Fill in the blanks :

16.1 ergonomics 16.2 psychology

16. i
6.3 wof-k 16.4 improvement

_ 16.5 fatigue

!C) Match parts X and Y relating in terms of human factors
16.1 (¢}, 16.2 (g 1.6.3 (b) |

EXERCISES-16

1 {@) Discuss the purpos i i
- cyatom. purpose of ergonomic studies of & man machine

{b) State the areas of study covered under ergnnomics.

 (¢) Define ergonomic in i icati i
design. B8 $. Explain its applications in the product

2 Discuss briefly and to the point ‘human factors of design’.
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16.3 Explain with the Help of a suitable graph the hum
effectiveness and stress (anxiety). Explain the term reasons o

- stress. N ‘
16.4 What are human errors ? How t]i_es_e car__}, be prevented ?
16.5 Write short notes on : -

Ca Work conditions and its effect on productivity
(b} Fatig;ue reduction methods
(c) - Modern ergonomics
. (d). Amenities
16 6"Expla1n Ergonoimic factors in the des:g;n of

Communicating the Design

(a) bicycle; . (b} telephone 4
si .
16 7 What are the human needs requn‘lng considerations in a de 7.1 Introduction 17.2 The Nature of Communication 17.3 Writing the
problem. echnical Report 17.4 Oral Presentations 17.5 The Business-Oriented

16.8 Write short notes on the following terms :
(@) Ergonomics
{b) Man-machine system
(¢) Human errors h
(d)' Preventing human errors

chnical Talk 17.6 The Techmnical Society Talk 17.7 Visual Aids and
raphics 17.8 Glossary * Multiple/Objective type questions * Exercises.

7.1 Introduct_ion

Communication of design is an important task for the
esipn team. Any design concept developed by the team is to be
mmunicated to company executives, related clients and
ometimes to experts also. The team or individual responsible
r design development must be aware of various forms of
ommunication in order to properly and correctly communicate
is work. There are several methods for communicating the
esign. New a days e-mail has also facilitated for quick and fast
mmunication. The design can be communicated to various
oncerned persons by following methods

1. Oral presentations 2. Reports {oral and wr1tten)
3. Visual aids {transperencies and charts etc.)
4, Video films 5. Electronic mails

In preceding pages we present the above methods to
saders. Let us first understand what communication is ?

7.2 What Communications is ?

Communication can be defined as an exchange anci exact
eplication of thoughts, feelings, facts, beliefs and ideas between
and among the individuals through common system of symbols
o cause some actions or change in behaviour,

Communication can be simply described as the flow of
ntelligence from one mind to another. Communication occurs
through a common system of symbols, signs, and behaviour that
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(if) Watch and Mgtal cutting machine
(it} None of the abbvq@

ill in the blanks : y .
v systerﬁ is a part of, and operates, within, several

1.1 larger socio-economic-political sfvstems: oriefited towards a
definite goal. : N o .
. ANSWERS |
1.1. (i) 1.2. () 2
Fill in the blanks :
e EXERCISES-1 . ' lassification and Selection

.1.1 Whatis a 'ﬁyétefn’ ? How do you represent it ? Explau_n with a

i o @ ‘e , of Manufacturing Process
nea us . . . : = . 3

. . i ng suitable .
1.2 How do you classify a system ? Explain by giving ltrodiiction 2.2 Job production 2.3 Batch production 2.4 Continuous
' on 2.5 Advantages and disad.va.ntages of a mass production system

examples. o o
1.3 Discuss ‘Systern Concept of Production’. Explain it with a help

- of neat illustration. . . " .
' ‘1.4 :Eiffﬁléin ‘Pi—'dducﬁqn ‘System’ as an input-output model with the
help of neat illustration. - B ‘
i 5 Discuss Input-output’ model. How will you use tbis model to
- analyse an automobile industry ?
" [Hint : Refer to solved problem 1.1]

 Introduction

There are a number of ways to classify manufacturing.
dly speaking, the functions are mass production, and job
oduction. A part is said to be mass produced if it is produced
nuously or Intermittently at high volume for a considerable
f time. Some authorities say that over 100,000 parts

s'is a restrictive definition. In mass production industry,
olume is well-established and production rates are
ndent of individual orders. Machines producing these
re usually incapable of performing operations on other

: "quantities, but the 61itput may be
-produced parts and more dependent
hines will likely the multi-purpose

th less demand or sales than is the case with mass-
d parts. The number of parts may vary from 2500 to
0.per year depending on complexity. Examples of this type
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of industry are more dgscriptive . printing of hooks, aircraf
compasses, and radio transmitters.

The Job lot industries are more flexible, and thei
proﬁuction is usually limited to i‘ot_s clqlgely attunet;l to sale
orders or expected sales. Production equipment is mul.u—purp-ose
and employees may be more highly skilled, performing variou:
tasks depending on the part or assembly being made. Lot sizes
customarily varying from 10 to S00 parts per 1.°t’ are move
through the various processes from raw material to finishe .
product. The company usually has three or more produc‘ts and
may produce them in any order and guantity ;i_ep_enfilng;
demand. In some cases the plant may not have its own product,

and if:so it then fcontracts” work as a subcontractor or vendo
Prodyct changes are rather frequent, ‘and in some th
percentage profit per-item exceeds other types of rnan.ufe"xc_tu;-
For example, the following products may be produced in job lo
type industries; airplanes, antique automobile replace.me.q_
parts, oilfield valves, gpecial electrical meters and artificial
hands.

Mass, moderate, and job lot production require differe
‘equipment and systems. The specification of the gquiprr;ex}'
identifies what it is and what it can do. See Fig. 2.1, for exgmple

n this introductory chapter, we point out that Fig. 2.1 is a
.rtical turret numerical controlled machine tool. This machine
constructed of close-grain cast iron for its structural members;
has an adjustable carriage, hardened and ground steel wrap-
round ways for rigidity, electric lead screw drive, and a 20-tool
torage capacity. These specifications may seem ‘meaningless

the reader at this point but elaboration is provided in later
hapters. The role of this tool is in moderate to job lot production
uantity ranges, It is not intended for high volume.

ob and station

A jobis a group of related operations generally performed
t one station. : .

A station is a position or location in a machine {or
rocess) where specific operations are performed.
perations

An operatién is a distinct action performed to produce a
esired result or effect.

Typical machine operations are loading and unloading.
Operations categorized by function are !

i) Material handling and transporting : Change in position
f the product. .
L@ Processing : Change in volume and guality, including

sembly and disassembly. '

(fi)) Packaging : May be temperary a permanent for

(fv) Inspection and testing : Comparison to the standard or
ieck process hehaviour.

{v) Storing : Time lapses without further operations.

Treatment : Treatments operate continuously on the
rkpiece. They usually alter or modify the product in process

ithout tool contact. ,

' e.g. Heat treating, curing, galvanizing, plating etc.

' Treatments usually do add value to the part.

2 Job production
As already mentioned, this is the manufactu;'e of

Fig. 2.1 Vertical turret numerical controlled machine tool products to meet specific customer requirements of special
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