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1.1

Eleetroniea has made tremendous advances in
the last 29 years. It has helped man land on
the moon, communicate over 1arge/diataneea in
the fraction of a second, be entertained by
radia and television. Behind these visible
and glamourous fagades of electronics, but
unknown to many exist the drab and uninterest-
~ ing laboratories where the marvels of electro-
nics are born. And the core of these labora-
tories is the very vast array of eleéironic

instruments that they possess,
1.2

- Though very large amounts of money are spent
to develop and perfect these instrumenta»ele-
ctronically, scant attention is paid to their
eanstrugtien. Not much effort for example,

has been put to make the fabriéatian of the
instrument?housings easier or eheapar. Then
again very little attention has been paid to
the plight of the instrument repairers who have

to dismantle the instruments,
1.2.1

Some of thése difficulties have been corrected



to some extent abroad, especially in the Uni-
ted States, England and Germany, by S%andardi-
zation. This has been made possible princi-
pally because of the large size of the com-
panies (General Radio, Hewlett Packard,
Marconi, Siemens) and thus the resources at

their disposal.,
1.2.2

In India where by and large the electronics

~ industry is in the small and medium scale
sectors the picture is very dismal. Many
siiply do not have the resources,.time, money
and personnel - to conduct any worth while re-
search in this directiop while the few who
are able to do something more often than not
‘ignore this aspect of product development
either through a list of misconstrued priori-
ties or by sheer ignorance. A protected mar-

ket and cansuiar apathy make things worse.
1.2.3

Also in many foreign countries certain stand-
ards have been laid down for electronic instru-
ment housing construction by the government
and/or various associations. In India neither
the Indian Standards Institution nor any other

body has done so and as a result one finds in-



‘struments made in random sizes and modes of
~eonstruction. In fact construction of instru-
ments by any one manufacturer vary a great
deal amongst themselves not to #paak-af ¢oN-
parisons with instruments made by other manu-
factures. This could in part be due to the
peculiar conditions in which the electronie
industry in India finds itself viz. small firms
each trying to maintain its own identity thr-
ough a multitude of housing sizes and modes

of cansttuet;aa.
1.3

Standardization provides the way out of this
situation, The advantages of standardization
ares

1.3.1

The product (system) becomes just an assembly
of prefabricated standard parts (elements),

1.3.2

Large production runs on elements brings down

the costs greatly.

1.3.3

Investment on special assembly jigs and tools

and on training assembly operatives is trans-



ferred to the new design if both the old and
the new designs are based on a common family

of standardized élements.
$3h

Use of large volumes of standardized elements
makes it economic to carry out larger scale
life testing and can thus lead to a more re-

lisble system,

1.3.5

KSimplificatien of part inventories and stores.
1.3.6

Ease Of’repaifé’by subatitution;

1.3.7

One apparent disadvantage is the limitations
staﬁdaréizatian'plages on the system designers

freedom, This is not soj all that is needed
is a little ingenuity on part of the designer.

v 14"' <

Electronic instruments can be broadly catago-

rized as

Bench type

Rack mounting type
Console mounting type

. Portable type.



Taleet

Each of these catagories has its special re-
quirements and thus special modes of constru-
ction.- Also each of the catagories is large
enough permitting standardization seperately

for each.
% V-

I have ehaseﬁ bench type electronic instruments
mainly because they are available in plenty for
study and analysis, This does not in any way
under ;1ns the importance of evolving a set of
standards for comstruction of housing for ot-
her catagories of electronic instruments or
for that matter a common set of'staﬂdards for
nousing of all catagories of electronic instru-

ments,



2. . PROBLEM STATEMENT
241

To evolve a universal sYStem of housing con-
struction for bench type electronic instru-

ments.,

2.2

V rhejemphasisfuoula’be on the following pointss
2;2;1

The housing should be possible to construct
from standard prefabricated parts.

20202

The systemvshsuld be applicable to all types
of and all sizes of bench type electronic in-
sttuments and should be based on a common

ﬂethod of construction,
'20203

It should be within the reach of (cost wise)
and capable of adoption by all electronic
instrument manufactures irrespective of their

size.
2.2.%

The housing designed should have a clean neat






" m wsoet commences with data collection

f!u a Iitoratm-e survey, and from manufactu-

l.',”"’ sellers and users of bench type ele-

‘ctronic instruments through qnast&amxaircs

~ and discussion and from observations made dur-
ing visits to their premises. |

3;.3
Next 12 instruments cevcrin; a wide spcetm
of &hc available beneh type electronic in-

- struments are analysed from a point of view
i structure, function and form,

!

3.3

~ Based on IMmatian collected so far a hypo-
 thesis of design requirements id drafted.

5

lc:t comes the synthesis where in solution to
the problem is arrived at,

3.5

The _ﬁrojoet culminates in the prototype of a
D.C, pover supply, :



k4, DATA COLLECTION
4,0
Data collection consisted of:

ko1

Literature survey of magazines, books, pamplets
prepared by electronic instrument industries
f;:' to advertise their products and advertisements

F  | , in various newspapers, magazines and journals.
| .
Lo1.1 o

This did not yield very useful information.

- No books or magazineslcoatained more than a
passing reference to electronic instrument
housing. i1 photographs appearing in adver-
tisements or athefwise showed only the exe

terior. No details were discernable.
h,2

» Questionnaires given to manufacturers, sellers
and users and visits to the premises of some
electronic instrument factories for observa-
tiena and discussicns; (Most of them sell the
instruments they manufacture themselves and
aléo use a number of electronic instruments

/ thus providing a combination of manufacturer,

seller and user at one point),



I*i‘2'1

, The questionngires did yiel& useful information
- though many questions were either not answered
-at all or were not upto the point, Also the
same duestionnaire given to different people
yielded different answers resulting in more
opinions beings obtained than facts. All this
goes to show how little attention has been
paid to electronic instrument housing in tﬁese

quarters.,

h. 2‘2 S

« However some of the useful information got
this vay is listed below:

b.2,2.1
- Manufacturer:
b.2.2.1.1

Elactronie instruments are made by batch pro-
ductignfgithktotal annual output varying bet-
ween 29? and 1000 pieces,

k.‘z‘z“‘ 02

'Between,j and 4 series are produced with § to

as’differapt ranges inmeaehkseriea.

.El@‘ C Libra ry

e e s -

L L T. Bombay,
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" ﬁm of instrumants vary - greatly vith di-

e

(ui&th huzi;ht and depth) nryi.ng tm

‘ %32. 3; ?ch

= v.m housing ara dasimd by the instrument
| ‘,ch some of them get them

mfuatm-u

gt S AT

Mrzm:sa qntsiéh

A

Those of thenm ﬁm fabricate their own housings
had the f@llm equipment at the preninn

o M mﬁms

v?wu m*«u brakes
"’”gm mtzﬁ.m

‘ _Grinder

- Drilling machine
x/gpat wldm; ‘machine

L 3?“3’ mﬂm mim%
_Oven,
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des: ly after alwmnzg -

ansm éu:tm awm '
dcsip is emlete in all msmm
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%.2.2.1.7

$
ﬁéggtiugahgltarggions are made after making
the prototype mainly due to heat dissipation
problems or last minute changes in circuit

or components,
4,2.2.1.8

Common materials used are mild st§§;ﬂand alu-
minium sheets and angles.

4h.2.2.1.9 .

Some common troubles ﬁuring,tabriﬁation'are,
alignment of parts or screw holes. This is
aﬁstiy the case &here parts are made or holes
drilled b? hand.

4,2,2,1.10

Spot welding is preferred as this given a

better appearance.
h,2.2.1.11

Not much information was forth coming on tool-
ing costs though some estimated it as being bet-
ween R$.10,000 and Rs.50,000,

4.2.2.1.12

The cost of housing varied between 2 and 10%
of the instrument cost.



.2.2.1.13

]

Haat theagh& that the major shar% coming of

e

<'thnir iaatruaant housings was 'looks', e:pe~
ciallg t&n&sh. :

k,?..ﬁ.‘i.ﬂt-

Some wanted to change hauoiug designs frequ-

ently to facilitate change in models.
k: 2,2.1.1 5' ;

Re atanﬂafax ‘were being followed not was the
ax&ateaea of any standards raxarﬁ&ng instru-
mant housing eenatruetiea known.

htgtao .16

. The instruments are sent to the seller or
"fiaiidﬁi places distribution complete in all
respects, |

%’Q ZQQQ:?‘t %? e ’ e

- Storage after menufacture in shelves or sta-
cked on floor. |

koznzo 1.18

~ » Instruments are packed in corrugated cardboard

egfﬁéégwfaé 1§/aenn'¢aa§a Lransy

en crates,



4.2.2.1.19

L]

Some changes they would have liked to make
they are unable to because of the nog‘ayailt-

bility of certain processes like brazing aa&
sp&t welding of aluminium,

‘ k.2.2.1026

are generally purehassd ready'made fraa the
market and used,

l"o 2 2.2 -
Seller:
1!».:2. 2.2.1

Same of things a customer generslly looks for
' inZZnstrument: apart from its technical per-
fornance are size and ease in handling and
Raintenanss.

h.2.2.2.2

assembied fraa the mannfacturer.
k.2.2.2.3

Some common eanplaints they get from custo-
mers are that tbe paint gees off and tha

» structare is sometimes weak.-



,‘ i&* a‘ﬁés ’
v#ﬁ”*

ihﬁtﬁt}é y

ahaatis do not :na. out easily from the hous-
ing cover or there are too many screws to b« -

mmé ‘before the t;cmaiag can be taken apart.

B —

¥.2¢2;3'2

=, Bgm screws have improper access.

k.2, 303?3'

%mtiua :x.t 1is not very clear the first tim
as to how ta dimtle an mstmmnt& '

h‘awzys;u - : ‘ -

v/ﬁrds.naryﬂ sermﬁrw which em opened by the simp:
- aemw driver are preferred. (Philips screws

not preferred because @f special peintcd serew
drinr needed),

 Visits to the various laboratories of the
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Department of Electrical Engineering, I.I.T.

Bombay.
%.3.1

This pfoved to be a vertable mine of useful
information. Here the instruments were dis-
mantled and examined in detail. A very wide
fgnge of instruments both Indian and foreign
were avallable and various modes of housing

construction by them were studied.

w

4.3.2

Also the way the instruments were stored

carriéd dismantled and reassembled were noted.
be3e2et

ONE:IMPORTANT OBSERVATION MADE WAS THAT THOUGH
ALL [INSTRUMENTS WERE PROVIDED WITH HANDLES,
rHEs% WERE NEVER USED IN CAFRYING THEM.

h.3.2.1.1,

On élose observation and on questioning this

was found to be due to two reasons.,
$.3.2,101.1

Firstly in some cases especially the heavier
instruments the handles were not only located

in such a way as to make them very uncomfor-
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table to use but also were mechanieally nat
atrang enaugh to baar the load.

%.3.2.1.1.2

The second ﬁnﬂ the more important reason ig a
sychological one. I?ﬁt”?@?ﬂtﬁ,&?ﬁmbﬁth cost-

ly‘and delicate. As a result there ia éﬂtén-
dency not to 1ift the instrument by the handle
which not only look flimsy but also due to
their being a:seperate identity not integra-
ted with the rest of tha instrument, the pre-
sence of a joint between the handle and the
rest of the instrument which could easily

fail is bronght out strongly to the person
carrying the instrument. Also as most instru-
ment hbuaings are painted in a dark colour,
’the instruments appear heavy strengthening

till more the tendency to ecarry it securely
cradled in thelaxaa@
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*

5e1

Bench type electronic instrument come in a

wide variety and in a number of ranges. For
purposes of this project 3 types of bench
type electronic 1nstrunantu.uero chosen =
power supplies, vacuum tube voltmeters and
‘cathode ray oseilloscopes = and in each type
4 instruments of diffirent make were analysed
The instruments chosen can be sald to cover
the whole spectrum of bench type electronic
instruments available in this countrye.

5.2
The instruments analysed ares
Ge2et

Pover suppliess

APLAB - T.P.8.0, LVP 6/6

APLAB v.T.8.P.8., HVF/6

RADART 608 A
BELTRONICS T.P.8. = 50 V/2A

502-2

VIVMs:

SANWA CONY VTIVM :

SIMPSON v 321-1
PHILIPS , GM 6009

APLAB AC Milli Voltmeter FM 2



5.2.3

CROS:

PHILIPS  AC Oseilloscope GM 601
ECIL - DC Oscilloscope 0S8 763 A
TEKTRONICS Scope Mobile A

585
RUSSIAN Double Beam Oscilloscope C1 - 18
5.3

' The analysis covers the structural, functional
and formal aspects of the 12 instruments.
First a general analysis of these instruments '
~ covering their a@mn@a'featnrét is made (Se-
ction F.k) and then a detailed structural and
formal {pertaining to finish and calaér) ana-
lyesis of features in which these instruments
distinatl& differ from one another is made.

5

General Analysis
Falted
Structurals
51,1

All housing studied were made of sheet metal.
Plastics are not used because of their in-

subjected to frequent jolts, impacts ete. in
a laboratory while moving them from storage




raeka to the experimant table or bagk or fran
oﬁo place in the laboratory to anothar' Alsa
shaot metal used is mild steal. Its ntnrﬂst
rival, aluminium, is not used because of in-
ferior uecbaniaal atrength, diffieulny 1n
wslding, poor thread strength, ete,

Selte1,2

All housings used screws in varying numbers
far ‘Jointing. In some cases (the CROS) one
end is pushed into a groove and the other end
was ancurely screved. serew; were found su1t~ :
able as thay easily cpenad if the eabinat 1s
ta ba ‘taken apart for maintontnee ete. and
beaause %hay are easily accessable from out-
side. Moreover they are readily and cheaply -
available,

5.4,1.3

The process used for housing construction is
mainly presswork - blanking, piereing, bending
and forming. In most cases screw holes were
threaded onto the thin angular sections. 1In
some other cases a nut was struck on to the
back of'ths‘metallghggg. A common difficulty
found in this regard is the failure of screw
threads and diffieulty in aligning the holes.
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racks to the experiment table or back or from
one place in the laboratory to another., Also
sheet metal used is mild steel. Its nearest
rival, aluminium, is not used because of in-
ferior mechanical strength, difficulty in
welding, poor thread strength, etec.

s

5. 1,2

411 housings used screws in varying numbers
for jointing. fn some cases (the 3305) one
end is pushed into a groove and the other end
was securely screwed. Screws were found suit-
able as” they easily opened if the eabtmt. is
_ta be ta.en apart for maintenance etc. and
because they are easily accessable from out-
side. xoromr th-y are readily and ehupiy
available. 7

50k01 13

~The process used for housing eonstruction is
mainly presswork = blanking, plereing, bendin
_and forming. In most cases Screw holes were
ghreaded onto the thin angular sections. In
gome other cases a nut was struck on to the
btack of the metal sheet. A common ﬁrﬁauuy
found in this regerd is the failure of screw
threads and difficulty in aligning the holes.



5Qh’g1 Oh =

~ ¢ The ventilation halos/groevaa aro punched in-
to thg sheet metal as and whera requirad.
These are either eireular holes (grouped in
rectangular patterns), square or rectangular
heles (also grouped in rectangular patterns),

Vovsscnimmers

grooves or lancins. :

54,15 7

B/ The instruments rest on circular rubber feet
screved on to the bottom in case of smaller
instruments like the peﬁggwaupplges»andd
V.T.V.M.s and on two parallel metal square
raetangular sections on either side at the
botton running the vhole length of the instru- -
éént fron the front to the back in case of
heaviér instruments like the CRO.

50"‘01 06

The handles of the instrument are clearly
"seen in the figures.

G2
Fun@tianall
5 42,1

One function of the housing is to protect the

aparater‘ In the normal course of using the




instrument the operator moves his hands often
to maka ‘various &ﬁjﬁﬁtﬂaﬂtd- The hauazug pro-
teeta h&u fraa toaehing any 117& part in the
instrument,

Sele2.2

The h@aaing protects the eireuit (ita eanpn-
nents and sal&eraé joints ete) trau damage byk
impact with exta?nal badias.

5423
The housing protects the cireult from dust.
G2

Also since an electronic instrument cireuit

is one in which the working (like current
flowing through or the voltage across a com-
ponent) cannot be seen by the operator, 1t is -
better to shiold it in that the operator dogap
n@t have te see the anneaestary yarta. The .
operator is aaluly canﬁoruad with the controls
and indicating devices.

5 2.5

I% 1150 a simple rectangular housing ensures
easier handling and storage. '

5."‘#2&$

In some instruments the hgadlgwar”faidabla

I.D.C Library
LI beon.
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'secm’}m 55 Wie bethen vars nend 0 S50 W
instiugqntsq_thgﬁ the front panel beécmegg*
nbﬁﬁa;”§e the line efkéighg of the operator,
ihis,i’ foﬁﬁdﬁté’bk ﬁﬁhécaasary. The instrume-
’nts can be aperatéé Qitﬁout ﬁnykétrain to the
operator whén the front panel is vertical,

50“‘0 2%7

In the amaller“lﬁstrumnnta like power supplies ~
and V,T.V.M,.s there is tendency to build the
instrument in two parts - the cover which forms -
 the back, top, sides and bottom and the front

E panel along with the chassis attached to it

E which can‘ba pulled out after unscrewing a

| screw or two at the back. This way the dis-

- mantling is easler (only two screws to be
‘opeﬁad)@‘h§a this case one particular diffi-
culty is that while pulling out the instru--
‘ment from the cover, the chassis or other

parts got stuck inside the cover, In larger -
‘instruments 1ike the CRO since moving the in-
strament 1s difficult the cover comes off in
paiﬁsi' The side al@ngvgitﬁ 4 the top forms

eﬁe unit. On thking of the two sides, thus the
top is alse‘nn@avered.‘ In case any component

at the bottom has to be reached, the bottom

can be unscrewved.
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54,2.8

In almost all cases the front panel had a
smaath gloaay finish whila the reat of sides
had a taxxarod finish (h&mmer tone, crackle

yfinisk, wrinkle finish rexene finish) in dark

ealear. The reason is as follows: The instru- »

mant operat@r is solely eoneernad with tha

, aparatienal alemaﬁts whiah are lacated on the

front panel, The 11ghtar calaur of the frant
panal being brighter draws the operators
attentlon. $ecané1y msst of tho grapbies came“
on the frent panel nleng wxﬁb the Gparatienal
nlemanta. ?hns the smooth tinish. Also the
frant panel being lighter easily dirties and
would have been difficult to elean had it

' been finished in a rough textured finish.

5.3

Formal
540301

An electronic imstrument will have a complex *
grouping of components like resisters, indu-
ctors, cepacilors, transformers, ete. of
&mma sizes and mm.',_ Often in trying to
sconumisa on syaeﬁ tbaso are cluttered to-
gethar in what aypeara to be a very haphazard

mg@agr, The housing encloses these in a



kaimgle box like structure which is both @n-
complicated and simple to the eye. k

5.“.3.2

As mentioned in section 5.4.2.8, in all hous-

ings the front panel was smooth and glossy
(barring one) and finished in a light colour
while the rest of the sides had a rough tex-
tured finish in a dark colour.

Bl

5343

;
|
ki
g
4

?wo many serews shawing on the housing marred .
a simple look and also unneeessariiy attaacted

attention.
5¢5

A detailed instrument by instrument analysis
of those aspects which differ distinctly
(struectural and formal as far as it pertains '
to colour and finish) is given.

505-ﬁ
APLAB T.P.8.0. Type LVP 6/6
5alelel

Cover

Material : M.S. sheet metal

Process 3 Bianking, Punching , Bending.



‘Finish ¢ Dark grey hanmertono on antsidt

and smooth cn inside.

55122
" Front, back, bottom and top

Material : Aluminium sheet, M.S. shecet

Process ¢ Shearing, Piercing, Bending,
“.nreading, Welding, 8pot welding

Finish ¢ Dark grey, glossy on front, rest
white smooth,

5.5.2

APLAB Vacuum tube stabilized power supply
type HVF 6

50 5-201

-

Cover ¢ Top, Sides, Back, Bottom.
Material 3 M,S, sheet metal, Perforated
: sheet.,
Process s Blanking, Punching, Bending,
Spét welding,
Finish t Dark grey hammertone finish top,
| \ Sides, Back, Bottom and inside
smooth dark grey,

5¢542.141

Name plate |
Matefial ¢ Aluminium sheet



Process ¢ Punching
?1nish t Screen printing

Screwed on as well adhesive used.
5e5e2.1.2 ‘ \

Rubber feet as usual,

5¢5.2,2
Front panel + _hassis

Material : Aluminium sheet, M.S. sheet and
angle ’
- - Process : Blanking, plereing, beﬁ&iag, weld-
ing, spot welding, threading,
Finish ¢ Front panel white paint. Graphics
~ engraved and paint filled in.
‘Angles ané.x.s, chassis parts
painted in same dark grey.

5¢5:24241

Handle

Material : M.S. round rod
Process : Bending

Finish s Chromium plating.

505.3

Outer casing 1 Teﬁ, sides, handle
Yaterial t M,8, sheet metal

| Proceg™ =~ Blanking, piereing, bending
* thr@&dinx -




Finish $

505.3'2

Bottom plate
Material :

Process H
Finish H
5- 5-3-?—""

Brown hammertone, chromium

plating.

M.S, sheet

Blanking, pieréing, punching,
threading.

Cadmium plating,

Rubber feet as before,

5'5.3.3

Front panel + sides + back + chassis.

Material t

Process H
Finish H
5e5elt

Aluminium sheet, M.S. sheet,
M.S. eyelets (for threading)
Blanking, bending, piercing
punching, lancing, threading.
Light bluish grey smooth
finish, Brown hammertone out-
side, Dark bluish smooth
paint (inside) cadmium plating.

BELTRONICS transistorized power supply unit

50 V, 2A.

29



519/

; ‘50561"'1

Cover s Top, bottom, sides, back.

Material M.8., sheet

Process s Shearing, blanking, pierecing,

‘ punching, lancing, drawing, spot
welding, bending riveting, weld-
ing.

Finish ; Dark grey haummertone on all
sides except bottom outside.
Inside and bottom gsmooth dark

g
PR AR
Name plate atteched as in section 5.5.2.1.%
5,502

Front panel (including chassis)
Material t M.B. sheet and plate, aluminium
sheet.
Process ¢+ Blanking, bending, piercing,
welding, threading, riveting.
Chassis attached to froﬁt plate by lower front
components.
_ Finish - :+ Front panel black letters en-
graved. M.S. brackets grey.

5;‘)‘.16**2.1

Handles screwed Ofs
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1. 54949

| §.5.5.1

Cover

Material $

Process |
Finish H
5e5e5.101
Handle

Matérial H

Process 2

- Finigh H

5.5.5.1.2

‘Rubber feet
Material

Process T

50 505?02

Front panel
Material @

Process $

31

SANWA CONY VIVM

M.S. sheet metal

Blanking, bending, plercing,
deep drawing, threading, spot
welding.

Dark grey hammertone finish on
gutsida; Smooth grey (same)

on inside.

M.8. (round) rod
Cutting, bending.
Chromium plating.

Rubber, steel screws ‘ \

Moulding, screwing,

Aluminium sheet
Blanking, piercing, deep drawing



Finish ; light green anddizing smooth
dull. graphiea screen printed
in black and red.

 §.5.5.241

Chassis

Material ¢ Mild steslk sheet

~ Process ¢ Blanking, plereing, bending,
threading.

Finish ¢ Cadmium plating.

The chassis is fixed on to the front panel

by the two potentiometers zero and ohm adjust-

erse
54546
~ SIMPSON VIVM Model 321-I

5450601

.
Material

M.S. sheet metal ,
Process § Blanking, piercing, bending.
Finish

Blue rexene finish on outside.
Blue smooth tinish, on inside.

Fe5e6u2

Bottom From one sheet metal plece + %
' small roughly square sheet metal

pieces + 4 rubber feet (mlded),

= gg
T



Material

Process

Finish
9e56.3

Back plate
Material
Process
Finish

- 54 5060 3.1

Name plate
Material
Process

Finish

screwed on the bottom plate.

T

At the point of screwing an
additional small square plate

is put to increase thread

length,

M.S. sheet metal

Blanking, punching, bending,

threading,

Blue smooth glossy paint.

M.S8. sheet metal o
Blanking, piercing

Blue rexene finish on outside.

Blue smooth glossy on inside.

Aluminium sheet (thin)

Punching

Screen printed

o

The name plate is stuck to the back plate

using adhesiiq.

5e5e6e3.2

Rubber washer

Material

Rubber



Process : Moulding

9

It is Just grcssed i.m.e a hole punched iu m
bmk plata to grmn ‘the power cable outlets

§.§.6.k

‘Main body consisting of front pml, si.&u;

frames for attaching the ‘back, bottom and w»
plates. Gh@ssis and wayenem bearing mharn '

‘and sectlon. 7

Material ; Aluminium (casting), M-S
gheet metal, Mﬂiﬂﬁ
square section rods.

Process ' : Gravity casting and finishing

to give smooth finish, blank-
ing, plereing, bending,
threading, serewing, drilling.
k ?&nish | '+ Emooth light grey paint on
- front panel and aluminium
frames. Screen printing
(in black md red on front pa
panel), Blue rexene finish
outside. Blue smooth glossy |
on inside of sides. Plating.

5.5:7
PHILIPS VIVM GM 6009

5: 50701




5e5e7e1

Back panel (of two sheet metal plates)

Material H
‘Process H
Finish s
50 50?0 1 ® 2

M.S. sheet metal
Blanking, pbercing, threading.

_Silverish grey hammertone.

Name plate (reveted to back plate)

Material - ¢
Process 3
Finish 8
505&?52

Main casing  ’s

ﬁatariél $ .
Process $
Finish -

5e5.742.1

Handle
Material

Aluminium &neat
Punching
Sereen printing

sgdaa'* top + bottom
A&nninian; H.s"ahéét metal,
M.S. rod (round) .

Gravity casting, aaahining
to get good finish, blanking,
plercing, bending, drilling,
threading, riveting.

Grey hammertone on sheet

 metal, Grey smooth on cast-

ing.

Leather, sheet metal

B R e AR



TR

Process 3 Cutting and stitching laathar;
blanking, punching, bendinge.
Finish ¢ Chromium plating.

5054703
Front panel (1nc1udiﬁ¢ chassis)

Material s+ Aluminium sheet, M.S. sheet
and rod.

Process ¢+ Planking, punching, bending,
' threading

Finishing : Cadmium plating of M,S, sheeb
parts.

Chassis screwed on to front panel which con-
sists of & thin aluminium sheet placed on a
mild steel sheet.

50508 7

APLAB AC Millivoltmeter type ™2

50508.1
Casing : Top, bottom, sides, back ;
Material s M.S, sheet metal, perforated
sheet
. Process ¢ Blanking, punching, bending,

laneing, spot welding shearing
Finigh s Dark grey hammertone on top
’ sides back on outside and

smooth on inside. Bottom



. ~ dark grey math Dotk
side and inside.

| 5.5.8.1.2

Handle .

Material s Brass/Aluminium

Process s Cast + machining or die caste
Finish | t Dark grcy smooth finish.

535;‘8:%3

Rubber feet
5e 5.8 2

rmm; pan.l (including maséis which is |

~ screved on to front penel by two components =

the rangn selmter + wtpnt)u

Xamrial ¢ Aluminlum sheet metal,

. . aluminium squere rode

Process =3 Shearing, punching, bending,
welding + machining, thread-
ings ‘

Finish - ) anaetb light bluish grey

» on front panel letters

engraved and paint filled

559

pHILIPS CRO GM 601



50 509.1

gide panel

Material : M.S, sheet metal

Process 3 Blanking, bending, plereing,
(eyelet) riveting spot
welding (of nuts)

Finish s Silverish grey hammertone.

5¢5:9.2

Top panel

Material ¢ M.S, sheet metal, M.S.
plate (to sup_port handle)

Process : Blanking, bending, plercing,
eyelet reveting, spot
welding. -

Finish , 3 gilnrilh grey hammertone.

5e5¢903

Back plate

Material ¢ M.,8, sheet

Process + Blanking, punching

_ Finish ¢ Crey glossy outside.

: : Black inside smooth
Alluminium mu plates (two) reveted to back
pl&t‘o : ‘

5e5e9e

Bottom plate



Material . M.8. sheet |

process =} shearing, Fimmg oo
bending, riveting

Finlsh ; Cadmium plating

5454945
Front panel + anaasis' + angles + back frame)

Material s Aluminium casting, M.S.
sheet and M.S. angle, alumi-
nium sheetb and square rod,

7 éh@aphar bronze.

Process s Blanking, piercing, bending,
drilling, threading, spot
welding.

Finish | s Front panel aé.lvez'/ish.

| M.S. sheet parts cadmium
plated.

’5.5.10

ECIL 085763 A oscilloscope
5.5.10.1

gide ganai + balf top

Material s Aluminium sheet metal
Process H Blanking, bending, piercing,

/ + pragregsiva
Finish ¢ Dark grey glossy outside.

Inside no paint.



-~ s.s.w.a

satm sm as . abm
5,5.19.3 '

!‘rmt + back + ehassis

natcrid ¢ Aluminium mcot and ml&
| ' M.S. sheet
Process s ;'Bmas, ben&ing, piarcing,

Finish @ Bottom outside dark grey
glaasy; m&ﬁg&l silverish
smooth glossy. M.S. angle
,eaéwmuplptm

5.5.10@*

?mmt xmml hclel to main bady (frmt. plata)
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6.

6.1

Evolve a set of standard dtnsnst@qwggé at the 1

same time naintaia flexibility so thatyﬁhq)
beneh type electronic instrument housings of
various dimensions (width, height and dzpﬁh)

can be canstructad.
6.2

The instrument housing mst be constructed
i gfqp“eheap mass producgﬁblo pref;pricated |
atandard parts. These prefabrieated'ttandard

- parts should be such that there is no or only
a minimum of processing and operations (like
shearing, press work, spot welding etec.) at
the 1nstrunent manufacturers place. Also

they should be such that they can be assembled
at the 1nstrument manuracturer’place easily ’

and quzekly with least amount Qf tra;nigg,

6.3

The golaur, finish ventilation holes or grevec
Sboula be left to the instrument nannfacturer'l

choieg."ﬁ
6ol

§E;h89?193ﬂ?°Wr895}£gég

=



- - A'd

| e

‘means af tilting the immmnt to m the

.

: Ml normal ta the kmﬂata&gbtatm

Mt can h éimatha (tar repsin mainte~-

e s el s T

m} by anyone quiakl; and easily and with

=

13&% a wm M#g:,

B s

m mm; housing should be simple to
;m at m ms& ‘have msmtw appml.

#m“‘ﬂwmwwy .‘»- S
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7. SYNTHESIS
2.1

Pirst of all a set of standard dimensions was
arrived at. It was found after studying the

12 instruments that the aost eenvenient dia

ISR

mensiens for bench type electronic instrumaata'
are numbers which are multiples of 5. The
ainimnm dimension needed is 5 and the maxi-
man 60. Any particular dimension is rounded
off to the smallest feasable multiple of 5.
For example the depth of an imstrument 21.5
cms at present could be rounded off to 20
cms, If however this'is not possible either
due to internal component plaging or heatA
dissipation problems, it is rounded off to

25 cms, Of course a few cubic centimetres of
additional unwanted space may be added this
way but that is the price to be paid for
standa:d@g@ngnq;ggnsigns and the benefits

that acerue frqpm§t. See next two pages.
7.2

- Hext an aﬁtempt was made to find out the
shapes meét suitable for housings in the con-
text of standardization, The dimensions and
layout of components were noted and various
poSsiﬁle shapes were tried out for all the
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- No, Dimensions in ascending Standard

order dimension
1 09.50 ;, 10
2 10.50 10
a 12,00 15
, 13.00 19
5 15,00 15
5 15050 13
Z 16.70 15
9 17.00 20
10 19.00 20
1 21.00 20
12 21.30 20
13 21,80 20
10 22,00 25
15 24,00 25
16 .00 25
i :
19 25.50 - 25
20 n.y 30
21 28.50 30
22 31.00 | 30
23 31.00 -3
2% 32,00
s B ;
9 35.50 35
28 s =
s R0-50 %o
30 41.00 %0
34 41,00 40
S 3
3 §1.50 50

36 59.50 =
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Type No Maite ‘mmmim Standard
; mmm&m
1 Aplab W 13,00 15
R #he &
D 22,00 25
2 Aplab W 50,00 50
H 24, gs 25
D 32.80 35
3 Radart W 31.00 30
H 10.50 10
D .00 20
4  Beltronics W  51.50 50
‘ g 15.9% 19
D «20 30
5 Sanva W 12.00 15
, D 9.50 10
6 Simpson W  #1,00 40
H 15.00 15
D 16,70 15
7 Philips W 31.00 30
' B 21.80 20
D 15.40 15
8 Apladb W 17,00 20
H +50 25
D 24,00 25
9 Philips W 21.30 20
: H 28,50 ag
D 38,00 4
10 ECIL W 33.00 :
: H 41,00 33
D 959.50 60
11 Textronics W 2.00 35
H «50 L0
D «20 59
12 Russian W 25.50 - 29
H 39.50 35
D 50.20 50
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12 instruments while trying tomake the instru-
ments compact and to get the same shapes or
parts of them repeated over the whole range of
instruments. This resulted in an array of
shapeé which weré totally different for each
instrument with no prospects of standardiza-
tion, Also an attempt was made to see if any
shape other than the present rectangular shape
could be used commonly for all instruments.
It was found that the present rectangular
shape is the best and most suitable as dif-
ferent manufacturers use different circuits

e

different components aggﬂdirte:ent‘layoggg.

73

Next it was tried io build the housing from a
set of common elements, the emphasis being on
extensibility based on repeated use of the
same element. This attempt proved to be
abortive in that ;t resulted in complex ele-
ments and also very time consuming and diffi-
cult processes of assembly. The advantages
of standardization would be more than off set

by slow and costly assembly processes.
7k

Also the use of other unconventional materials
like ;g;gnelfglggy, ngtsrgpc_yas investigated

and was found unsuitable.



oA 2 S T G N

i
A e

Thg new design is a sin;;le rectangular ahm

: ef dimasicm (taking X as the standard dimen-

’ﬁm‘ of multiples of § i.e. X = 10, 15, 20,
5, 30, 35, 40, 45, 50, 55, 60 cms)

erall width = X cms

._Vfléverall height = X + 1.5 cms
 Overall depth = X + 0.75 cms

~ Front panel width = (X - 1.5) ecms
~ Front panel height = X cms |

8.2

The instrument housing can be divided into
three main partss ‘

8.2.1

The upper covers This consists of la- ~standard
pansla sermmd on tagemer from the inside to

T lrors me toP, ‘baek and two sides of the ‘hous-

:‘}ng._ Serews (8 in all) are the self thread-

ing type. Ventilation holes are punched as

yer requirements, The upper cover has no

screws visible from the outside,
8.2.2

The front plates The front plate is attached



~ /rigidly to the chassis. At the four corners.
*f'ara eennsr pie@es on which srt 3 pins eaah.

£ The earn$r pieces are scrqwea on t@ tha tr&u&}

‘7~'ganel (whieh as fnward folas on all fanr tagua)

q. fron the top sides and bottom. ?ha traat

| fpanel is attachad to the chassiu ia aueh 2

| vay tnat its lower edge is 1. 5 ems high level

? 3,%ﬁéJ>;f- when ‘the ehassis is placed on a lavel surfaaa¢
; Eront panel can be got punehed from the els-

maut manufacturer if erdered in large quanti-

" ties or drilla& at 1nstrument mannfacturer's

1;“1 X ¥ ;y? ce. No screws are aeen on the front panal

é‘fﬁé‘bettcm panel: The bottom panéi is a-
“piiple stendard panel with 4 PV feet stuck
:on at the bottom.

:.kﬁacednrayfor assemblys
2l

G
?1a£e'ehas¢is on bottom plate and slide it

e

L @;ba@k wards so that pins on the bottom end
| pieces of the front plate (attacked to
ehassis) slide into ths ccrrespending holes

the bottom panel and the back of the

i




assis touches the taland_baek,ﬁertiau‘ar .
o botton renel and the threaded holes of
he former align with the corresponding noles
in the latter. This requires no specisl 7 
effort on part of the operator as the chassis
> ;'iﬁtﬂ/ialt fit the bottom panel. -

i - -

«3.2

#l:% the upper cover is brought into position
| ,

and slid forward so that the pins on the
 ernsr pieces of %htrfrant panel slide into
‘-ﬁqénqlig/zha upper cover

~ and Ln z;*at the lbwer bottom
-éat the top aav&r aiiga;&?th the already
fial&gnnahglos,in thcrciéiiii and bottom

ﬁﬁpanel‘ The housing is screwed up by two

~ screws vhich pass through the bar of the
~«fﬁppar4euver¢ bottom panel into the threaded
,‘ hole in the back of the chassis.

Tﬁ,ror dismantling reverse the p;eéednrl.
8.5

Element nsnafasturc:

‘3'5-’

The panels can be mass produced on a press




(One of the bending operations requires ;'

goose neck punch.) The corners are welded

after folding. A minor amoutn of tinilbing, -

is required to smoothen out the corners.
8-502
The front panel is again made on a p&sas.

‘?§§§*i ;i .. 8 5.3

H ; & ?ha enﬁ pieces ara~made of mild stacl, the
’ pigs being screwed on into threaded holes.

o ¢ J{hig requirements. (The only eonutraint is
° tha% the tvo threaded holes at the back should
ol fba correctly spaced.

e - " -0 ¢
2 =7 s - o ;
< et . e o ARTES
- 4 . e .
e S T 9
. :
{

(ng - f_ﬁ_? The feet are in PVC and are injection moulded.

8.6

Economics of the design




S8ince the design lays no constraints on the

housing material or thittkness and because no
precise costs of existing housings was avail-
able during data collection, only a relative

éempaxisan of the costs can be made,
8+6,2

Assuming that the éaﬁe material is being used
.we can take the material costs to be the same.
(Actually this is not so. VSiage the element
manufacturer who makes the pénsls will be buy-
ing the material in bulk he would in all pro-
bability be getting it cheaper also. But let
us give the benefit of the doubt to the ex-
isting housings). ‘

8 c&#S

- But the process costs of the element manu-
facturer, who makes in very large quantities
(to be supplied to various instrument makers)
will be much lower.

866'“

Also assembling the new housing is much simpler
and quicker than for the existing housings

and/thus much cheaper.



8.6.5

Thea thére are the other advantages nentienud
in Section 1.3.

8.6.6

The dictates of common sense tdll us that the

new design is much more'econaaical. - ?L _i
8.7 , i

Advantages

8741

All construction from prefabricated standard |
?&ft&o ‘

8.7.2

Interchangablility of panels giving great
flexibility.

8.7.3
Flexibility in chassis design.
8.7.%

No serews visible on housing except the two g

at the back bottom inset.

8.7.5

Only two screws to be unscrewed to dismantle

the instrument making dismantling and assembl=
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ing very easy and quick (less than a,uinagjg,‘

8.7.6

Possibility &f‘ate of many materials like
mild steel, aluminium and even plastics.

Very cheap.,

OUTPUT VOLTAGE NACHME pC POWER SUPPLY 25V-500'mA
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