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Foreword:

0.1 This specificatlon covers the requirement of the
transformer rectifier unit for regenerative braking to be

s fltted on W G2 1ocom0t1ve as a part of the braklng system.
0.2 The,.complete .de taj_led design of trans former

rectifler “and Teontrel “dystem ‘shall have anproval of RDSO
before- their manufacture/prototype development is
undertaken. : {i'

Q. 3 Any dev1at10n from this specification calculated to
improve the performance, utility and efficiency of equipment
proposed by the manufacturer will be given due consideration,
provided full particulars with justification thereof are
furnished in the tender.  :The deviatiori from this specifica-
tion shall be brought out in the tender documents indicating

.justificatlon thPreof.

Scope:

This Specificatlon covers the follow1np details of trans-
former rectifier (TFEX) set to be connected across 3-phase
LOOV output of MA set for regen braking purpose on - 1500 volt
DC 1000nmtive class Wea2 ¢

- § General requlremen,. : : i
S ii Capacity and ratings. - ~,
iii Semvice conditiong, . R ' ' \}“
iv Geéneral design feature. . ‘N
© v)©  Limits of temperature rise. - - ' Q’?
vi) Enclosure and mountings. : i
vii) Terminal board and wiring. . J
viidi) Finish, " ‘
*ix) . Schedule of- particulars, drawings and calculations, -
X)), Technical documents. ‘ . '
Xl) Tests, . ' .
Xli) Guavﬁntee.

2.0 General reqgui™ ¥nk: S » o

2.1

Whi le haullng the trains on the down gradlents it is

economical to control them by regenerative braking on the
locomotive. During regeneration the traction motors fields
are separately excited by giving them variable dc low voltage
(high eurrent) supply from Transformer Rectifier Set and
traction motors work as generators and feed the generated
voltage. back te overlead catenary system.



3.0

-Capaglﬁylandiﬂatidg:

341 ‘ Invut supply: ~The power to the transformer-rectifier

set shall be supplied from 480 KVA a]ternauor at a voltﬂge
of LO0 + 10% volt and frequency 50 Hz x 3p.

3.2 . Outuut- At maximum ambient tenperature of- 55 Cy the
transformer 1 ~tifier equipment at full load voltage of
3349 volts s .l deliver a continnous dc output of 920 Amps
in each of the two parallel paths of regenerative circults
comprising three traction motor fields in series each of
6.66 milli olm and stabilizing résistance of 0.0%1 ohm

" connected in series.(Ciyunat d’\ﬂfk)f\m QH«oLﬁﬂ

a3 Sucl, I;g*[e
5)"1 S'UM

3.3 Provision shall be made for verying the output de
voltagelfrom 12.5V €6 33.5V in 14 equal steps through
contascts of the master controller on the locomotive. Wth
the variation of voltage current will vary from 500 Amps te
920 Amps in each of the two parallel paths,

34 Suitable meégnetic amplifier or electronic control
with thyristor tc meet the requirement of clause 3.3 is’

also to be supplied with the unlt.‘ _
..3'5 - The eguipment shall have an overload capacity of .

25% for 1-hour’ star ting ﬂmm1cold

3.6 The equlpment shall be d391gned W1th low percentage
impedence of the order of 5~ & per cent,-

Service. Conmt1

Ly The equipment shall be’ Suitdbleofbr service in the
ambient temperature vary1ng from 9- 55°C with relative
humidi ty ranging upto 100% and at an altitude of 1000m above
the mean sea level and in dusty and corrosive atmospheric
condltlons. :

k, 2 The equlpment and its mounting arrangement shall be .
of robust design for trection duty and shall withstand
satisfactorily the vibrations and shocks normally
encountered in traction service, as indicated telow:

a) Maximom vertical acceleration - = 1.0 g

. b}  Maximum longitudinal‘acceleraﬁion - 3.0 g.

c) MaxXimum transverse acceleration . | - 2.0 g.

‘,( g being‘acceleréﬁion due to gravity ).

. ) . ’ « ++2/3
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. The ngmations are of sine wave and “the’ Frequencv of
the vibrations is between 1 Hz and 95 iiz,- The amplitude 'a!
expressed in mm is given as a function of 'f!' by the '

: equation.

Ti for values of ' from 1 Hz to 1D hz.

—%2 for values of 1! exceedlng 10 Tsz and upto 50 Hz.

Lo h In the directlon correSpondlng to longltudinal

" movement of the vehicle. the equipment is-subjected for
two minutes to 5C Hz vitrations of such a value that the
maX imum acceleration is equal to 3g (awnlltud“ a=0, 3 mm).

General Desigg Features:

5.1 As low voltuge ae suoply is required for field
excltation of traction motors, the régenerative braking
equipment design may incorporate transduct..or cohtrol or
thyristor cortrzi or any other: suitable pr1n31ple of
Operation. . _ : -

[ N :
5.2  The equipment shall be suitable for feedlng inductive
nature of load of traction motor field windang huthout any
adverse effects.

5e3 Y The step-dowm transformer and the rectifier unit shall
be suitable for the duty specified and ripple in the output
voltage shall be kept to the minimim. Preferably, 3-phase

- %0 six phase transformation may be used on the trdnsformeren
_and it shall be star connectsd, In case electronic. contrbk

with thyristor is used, the rirple contents in the’ eutput
shall not eXceed the ripple contents obtained with o—phaseg

grcgification gystem with 50 Hz (maxXimum h? for 1nductivetﬁ
ca

[
L

Sl The rectifier and other semi—conauctor equipment
thall be sultably derated for satisfactory operation,under

* the service:conditions st%pulated in elzuse & with the

‘ambient temperature of 55°C and for excessive temperature -
Fise within the enbicle due to losses in the unit and for-
stipulated vo ¢ 3o and load variation. The calculations
for determining complete rating of the main rectifier and
cther electronic: control equipment, if any, shall be

'furnlshed along with the tender,
-5 ] The supply for the control circuit of the equipment

Shall be available from the loce bvattery. The normal loco

battery voltage is 110Volt dc tut its range is from 77 Volt
to 121 valt'ﬂc. _

Lo ! L] .

. )

) ' /44-
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5.6 On input side of the equipmert, adequate protection -
shall be provided against over-current and over-voltage due
to any reason beyond the stipulated values. -

5.7 .Adenquate protection of the equipment shall be provided
against surges caused by hole storage phenomenon in the
rectifiers and, switching surges in the circuit. The calcu-
lations for the protection system shall also be furnished.,. . =

5.8 Protection shall also be provided for individual
rectifier elements agiinst short circuit of one.element.
Visual indicution shall be provided on the equipment for
rectifier element failure. The rating will be sufficient
in each circuit. Indication may also be provided for
normal healthy operation of the rectifier elements. One
set of these indication shall also be provided for remote

display.

5.9 It is susgested that string fuse shall be provided
so that the failed device is isolated under device failure
condition. The normal operation should be possible with
{n - 1) strings operation without any adverse effect.

910 Suitéble filters shallAbe.prcvided in the pase of

thyristor circuits, if used, to avoid radio and telecommuni-

cation interference.

5.11°  The parts which are likely to be replaced in service/
maintenance Such 2s fuseés, printed circuits cards etec. shall
be -of plug in type suitable for traction duty as per relevant
IEC/IS and shall be accessible from the front. :

5.12 The equipment shall be naturdl air-cooled and- the
dimension limits have to be secured with the maXimum
temperature rise limits and without sacrificing any

. .desirable feature.

5.13  The converted unit sha2ll be suitably designed to meet

 general requirement as identified in RDSO SPEC.E-16/12 -

suitably modifi.d for 3-phase application.

5.1% A1l the clectronic components/equipments, viz. diode,
resistance, ete. shall be derated to 504 or whatever pres-
cribed in relevant standards. Thus the rating of the
electronic components/equipments shall be twice or more

of the requirement. : c ‘

Limits of Temperature Rise:

6.1  The maXimum temperature rise permiSsible for the
winding of natural air-cooled transformer and transductors/
thyrispors Shall' not be more than the values specified below:

For insulation class § = L45oC
n class B = 55,0
" . class' F = 75 ¢C °
" class H* = 105°C
N . class ¢ = 150%.

.o /5.
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8:0

841 The unit sha11 be completely wired and the terminals‘ﬁ

.6 2  Insulation of Class E; B or P with H class varnish

shall be.preferred for transformer- winding .so that the
given dimension limits may he.zwihered with the satisfactory -
performance under prevailing Inulan Railway conditions.

6.3 The diode junction temperature shall be below 10° C
of ‘spec¢ified maximum junction temperature under worst
conditlons.

nEnclosure and Mounting'

741 The cabinut shall be flodr mounted. The‘approximéte-
space available for mounting the complete unit on the loco-
motive-is length 1000 mm, width 850. mn and helght 1575 mm.

/2 The - equipment shall be providad in robust dust proof
sheet steel enclosure.

743 " The encloSure shall be So arranged that when it 19
opened, the termirals are readily- accessible, ' Furthermore,
sufficient space thall be -left in the interior of the .
enc losure for -accommodation of external eonncections from,

the point of entry into the enclosure upto the terminals,

7.% Tt shall be desirable 6 kesp the weight of the unit
githin 1200 kg w‘thout sacriflclng any of the desired
eatures. Lo

7 ‘5 Suitable &rangement for l:a.ftlnrf the whole cubicle
shall be provided. o
Terminal Board .and wirlng- _ - ;_' C ::

brought out to a terminal board located inside the cubicle <

on the frort “2. The cables used for internal wiring
shall be tin . stranded copper. Special care shall be
taken in the dusign to provide adequate creepage distanee

.
A

: vetween the terminals. - The terminals shall be clearly marked

¢or input and output and their arrangement shall be such as

. %o ensure against accidental short circuiting of input and
- output terminals. A separate termingl shall be provided for
. making on earth connection. - _ -

8.2 Suitable soring washers. and nuts (zinc plated) for

terminal econnection shall be provided on all the terminals

" including earth terminals.

8.3  All components 1nc1ud1ng bolts, nuts and washers
Screws eté, of the‘unit shall be suitably protected against’
corrosion and rust by zinc plating.

c.o/bl



9.0 TFinish: -

9.1 The equlpment shall be finally finished and painted
light grey in colour with IS: 1650-1960 - Colours for
bulldlng and d@corati re finishes, :

9.2 The p051t1ve terminals provided on the Trdnsformer

- Rectifier Set shall be dimensionally blggpr than the nepative
terminals so ‘that the conncctions coming on them can~not be

' interchanged. In addition, the terminals should bear clear
marking of thelr potentlal and input and output.

10.0 Schedule of Particulars, Draw1ngs “and CalculatiOns'

.10.4" Tull eriiculars of the Trahsformer Rectifier . »
shall be -furnished by the tenderer along with gemeral oatline
dimensioned drawings of the converter and its mounting arran-
gement, Detalls of the electrical circuitry and the various

_ components shall also be inciuded along with a brief write up
on the principle of operation. Detall d931gn calculatlons
shall also be submitted. . :

10.2  The detailed circuitory, element values/ratlngs
convertér output obtxinable with the offered system are
to be . given in detail,
" 11.0 Technical Documcnts' - . : | !

111 . Technlcal documents regardlng mdke, ratingsy ‘
resistance/inductance/capacitance. values and brief specifi~
cation of the various componcntis shall be furnished by the
tenderer..

1.2 All anGSSdry'thhnical documents and literature
. Which would be usefnl for proper malntenance and repairs
~ of the equir~~~t shall be rnlshed

12.9._TVDO Test and'noutine Test:

12¢1- ~Type and routine test shall be carrled st as per:
test programme (Annexure-I).

12, 2 Certaln speeial tests to ensufe rellabilitvrof the
“equipment may be finwlised mutually, viz. the supplier
and RDSO/Rallways at the time of placement of order.

12,3  The tjpe test wlll be conducted in the presence of
Rallways/?DSO s repraesentative. Any modification in the
test conditions required by the suppliers shall be subjected _
to: thé prior a“m'crval of the erilway/RDSO

.esl7.



13.0 Guarantee- - S

13.1 The whole equlpment snall be guaranteed for a .
period of 24 months from the date of’ sipply or 18 months
. from the date of commissioring on. the locomotive, whichever
- is earlier., V. Tcctive components/equipments. shail
replaced wit..ut any extra charge and without loss of time.
The diodes in the rectifier shall be guarantoed for
60 months from the date of commissioning.

13.2 Suppliers' repreSGntdtive shall be available all

. the time during the comm1351oning and will assist in the
commiSSioning of equipments.

- - —
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‘Tegt programme for Bxcitatiopn Transforjer - Dictifior set.
- — . . . ) . -

/f”ﬂgenerally the transformer sha

temperature limited Yo IEC-207C,

{a)
1,

Trangformer e TEST

Measurement of res$istance.

The resistance of each winding
shall be measured by DC voltis
armeter nethod at ambient

temperatyre and recorded at 75 %,

QEas ement df trans formation.
réﬁioi : ' '

They no load transformer ratins
Shell be measired by voltmeter
meshod between windings.
No_Joad test = . - ..

The iprimary no~load current

. and no-load losses Shall be
- meamired at primary supply

volfage, at rated frequency,
othér windings being epen.
Thed characteristic curves

of rg-load losses for the .
primary supply shell be drawn.

R _Short circuit test

The cooper losses at short
ciretiit voltapge shall be
meagired with the secondary
short circuited and ‘the
magnstic amplifier at the
Tated frequency, which gives
the rated cn-ro2rt on the .
Trimary sha.ii

Treactance shall be caleoulated
and referred to the secondary

" Veasured rectance shall mot-

deviate + 154 from design
vae, :

Temceratyre rise test.

The temperature risSe test shall
be sarried out for the first
transformer by the loading buck
meth¢d or short-circuit method.
In the former method, two
transformers shall be connected

tack to back between primary and
secondary till a steady temp. 19
attained with the rated contimeus

current, the value of temp.rise

2 applied, Prom
ke results thr resistance and *

11 comply Ath the TEC 70 but
c .

|

Routine tests.

AS fo:'type test,

A3 for type test.

The primafy no~load
currents and no-load losses
shall- be measured at
primary supply veltage of
%15 v, at rated frequency
other windings .being opened

-

48 for type test.
Measured reactance shall
not deviate s 10% from :
that of type tested one.

tes
e
A
Q\
o
<

]
6« ~

¢f each winding shall be measured -

ty resistanca method and shall

cexceed TRG iini*s - 20 Q.

ooonCOhtd- ..
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6.

7.

B B

:.Type tegts

Di-electrie tesz:

The di-electric test shall be

conducted with the following .
voltages after the heat rum
Between windings and earth -
2500 Volts 50 ¢/s for one
minute. ) : .

Between prima:y and $econdary -
2500 V, 50 ¢/s for one minute. *

Induéted.voltgge test

(b) Siliconlgectifjer ASSemblz-'

. (e}

1.

Tow voltage.

- The tests for Silicon diodes
would be conducted as per
RDSO Spec. No..-16/13

(copy attached). -

Recfif;er,aSSemblx

Iemperature rise test =

" With the natural/forced

ventilation as applicable
a continous DC current of
2000°'A for a-pesriod of one
hour or until the steady:

state temperagture is measured ° .

at the base of all cells with
a thermofil anit. The- tempera-

ture rise curve is plotted for .
the hottest cell with.the aid of

thermo elements. The temperat-
ure at the base must be the

Specified junction temperatiure. -

‘The stipulated temperature rise
above an ambient of 55X shall

" be withih the z»..*fiéd value.

The test is euwrried out at a

. Routine tests -

- Same as. type ﬁe%t, :

- "

The test is carried out in

accordance with para.708

- under section VII of IB

Publication 76, .

_As per RDSO Spec. E-16/13.

)

Same as type fest..

contd....



24

.5‘

(4)

e

" Load test

Txpe tests )
Current distribution

The current. distribution at
2000 A continuous load in.

parallel connected diodes/
strings is to be recorded .

_and the imbalance shall not

exceed 10%. |
Short cirecuit ﬁest

With normal ventilation,
the value of peal short-

- e¢ircuit current as ohtained
- by shorting across the hus
bar with the offered trans-

former that protsction
system may clear tae fanlt
within clearing tinme.

Insulation test

The test voltage according
to IBC 146 clause 252.6
= 1.5 kV AC 50 ¢/s applied

for 1 minute,
Vibratibn test )
As per IS:-7288/ TEG 146,

Test on’complete set:

.Lﬁg'ﬂkyzajih~arwtafhni

(e) Tests for éontrblrciicuits

The tests for control circuit shall o )

pe decided at the time of placing
order and will be according te =

i

Routine tests

Same as type test.

e

Same,as type test.

L

=)
. o A&
——— . ’ . Rt ad
. . \,‘ N
o
R

hs far'as possible, the "ekact
load conditions available on
‘the loco shall be ereated

*and load current on the DC side
.. 'shall be measuyred at each.of
- %theirecorded. The current

vaiues shall be corresponding .
te the voltage, For the
thyristor- version current
will very smoothly with
voltage.

the TBC/IS relevant to the control

equipment 6ffered.

s " s s P
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% Conzonents
4 3 )
SRS \..luﬂer"’.n.
4.1,1 Only couponents ol rating,-iale and type o
arsroveld by AI50/Reilvays shall De usel for assedbly,

4,1,2 1o deviatisn from tle rating,type and aalite S ’
ol the anrrovel devies lisit gkall be made without prior
approvel of "I /hailweye. For any deviation in the rating
type ard mal. cJ.eay ezaponent,full details, alomgwith

reasons for Geviation ,suall ba furnls;ed to {JaD/Rallway
$or aproval. ' :

4,4,3 A1Y bought-out couponents shall he subjected to |

i0t aeveatanee tesis o5 pEEXEE per ia2id dom specification.
The zanufacturers will estaklizi stri of gquality control

.89 at to aciieve 1be highest relianility of the couponents,

5
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T
P
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4.1.4 - &11 the electrical ana electronic con ponents

shall be subiected &0 10C%H screening .tests before using

thes for agsembly, in addition to lot acceptance tests. .

Tre poreening tests Iovy ithie varionsg cooponents are

detailed in LFENZIZ-T, - a .

4.-.& Conmlete records of the lot acceptance tests, -
cereening tests and routine ‘tests shall be Tept saparataly.

‘:ege records shall be - aﬂa available for the scru*iny of

te resregentative of RIS ‘/Rallmuj.

4,1,6 Teliznility cannet L2 teated, -but has io be ; 5?
built in by ntfontion to ‘design,wonufacturing process. SN
-and stoge - . tisn, It is,therefore,ndcessery that Y-y
10 nemufaciil ou lays down defoiled qualztv assurancs . . g

BIEOEYOLIE :a; thwo nanufacture of deviees and ‘the as senbly - e

37 the converiors, Copies of ‘quality assuranes prograies, ” [
detaily 32 toe testS at various stages of inspechion,cheelk |
1ista, etc._sh:l; e furrnishad at the tine of 3V3143t1°“

ol detailel Jesign. kny changes tade in these prograzzes
gza.l be alvized %o wJUb/hal}y vs )

4,2 - .Silicnu ~lodeg

4,2.,1 3tuld tyse of Z3viecas are not aceeptable. Diodes _
wis goldered Junction and solderad Lﬁe*nal seal constru-
ctiol are cic2 not gecentabie, :

4,3.27 guait v assurcnce jesting, en? of lde screening
838, of who Jdevieas ghall e governed by 'Quality Assurance
Testing of 3ilicon Zicles L

! Ho.Spec/8-16/13 iasued by REDSO.



4,2.8 Fhe‘*u‘" icads of the devices sisld

: a1l be fully
1ﬂ"L1ate; et tne with silicon rubhepr of PIT3 slecving.
;.254 In cace of £1lat base qu"'chu;.a suitublie enyor

0f ather ailieon rubber or #IFE grall Be nrovided “V"“
tite device to adorid sceuraves ol extornal Tlssh over
»y foreign ﬂdﬁuuru.

4,2.5 “Surface finich and f£iatpese of the surface of
the device in coutect with heoat sink zhail be asc under @
Surface Fingsh Leso fthon 1.5242 aicroxziery
. 7 -
Surface Flatﬂe bl Ingicator “gading (TIR)
opi. 0L,000E 18

o
to -pe neid Tr
09

4.,2.5 The size of thie kose maunsiug gfuds shall be
not less thon -6,
4,3 7 Heab ¥imi

.3.1  Zeat sinis shall de of extruded conutracblﬂ,{

4,3,
-3end c08t heat sinis are noi acceatabid., For any other
type, &necifié approval of ED50/Reilway shall be talen,

3.2 The aréa of device seat on the neat sinik shall
have proper surface finish and flatness to miniaise apumting
r 31 tanca due o surface probleus; Flatness and

rface finish shiail he as under.: :

:eadin giTIN)

Surface Flatue Tatal iIndic at
to he held from 0,0005 o
. . _ L0 .
Sairface Firisb Lesﬂ f“nn 1.524 migrometey.
4.,2.3 Current co*lection thr“uaﬂ tre heat sinx iz to

bo gvoided, In ¢ase it is not nogsidble, tnen the neat
3inX device wounting surface and curvent collection
eontact arca shall be suitably ireated to nrevent eledirical
carroglion, Mall ueteilg 0f the “ropaoed {reathent siall de

, ioto Do /Zailway st othe tine of detailed egvaination
o? design foo . iroval. '

3.4 9 aid radiagtion heat transfermmr and give corrosion
rotestion, {0 heat sink surface shall be sultdblv treatad

blacl: colour gither hy pa'“tln or anodiging or any other
ceSs. Full ““3&173, alsag with the tost. rosuxto, “ﬁlf
»furnisihed ad tﬂc deulrn PVahuanzon stage for aziroval.

.

<



3 Device sent and odwer connaction area on {he
aeat sink shall be free fron treatuent, foreign
zaterials, oxides and filus, ste, - .

4 4 aanitsbangen

VA | Vity .o onaselled non-indd ictive wire wound T
resistor as pus .._--::;;73 ?art IZ{iatect) chall only bo
used. - : :

4,4.2 Bhe resista ces shall be of ctud mounted tyoe

and provideg t lug "ternfials Fatiaynm 4 of Z5:13373.

4.4.3 The declarel watiage rating of LAG registors

at the specifioed aabient temgerature will he at least

two times the caloulated wmaxizus wotiaze in the cirecuit.

of application wnder the woret ioading eouditions. In

case of poteniial. deviding resinisrs cersss d!OdGo, tiho
w>tth ge raring shatl he Qorrﬁsponafng to cazimum leakaze
current linit of the device., - ' '

4444 . The rosigtors-shail he referably wounted in
tha veriical position, In case two resistances are

mownted close to each other, ths GiStance bedween the

reulatancuu\u;gﬂ to edge) shall be at least two tines
tire ¢lapeter of the bigger resistance, :

4.5 - Sabael o re
4.5.1 Capacitors of renuuec and ﬁnrovpd naé Shall
only be usﬁd. The type of capacitor schected out of the
. Stendard rage of reonuted wanufsetuvers shaill be suitable.
. for partlcular circult apnllcatiah. , ’ 5;*
. i ;5 ' - s
4.5 a*etd s cqna01for~ with self healing featurec g
shall be onl used, Full technical details and caiculationed
for qelec-t;,lm o narticular capacitor siall be furnished &
at the tine o7 detailed evaluatian of the degign. . 5
. P T

4.5.3 Canéceiisye with ”aln torﬂlnals uounted on

worcelain 1rsulﬂta"ﬁ shall be only used.. The creepage
Jistance and cledrance bLetwmeen the  tershals shall counly

Tith Table 5 af S:7B3C, - " -
4.5,4 Yire conneetisin 1o the gapactors gaall be
cravided by insulated tywe 'slip on! Qﬁﬂﬂectﬂra-

. - ' . ) i .
4.5.8%  The socigun W3r31n~ VDlun&G across any capacitor
siall ot ero. . % of the ted repet 1t1ve voitage. In

ase of 3¢é_;,.;,sc'cawac1tors, the voltage rating of the
capaditors ghall ve the sane as the PIV rating of the &“Vlce'-



- b
B
. . 5 " ¥ - - .
£.5,6 - The ecazacitors siall bo su:iableAfo: ongh
temperatiure froa -30°0 io ) e
o .

+
Ny
rige shall naot exeeesd 10
voltage ratirg 22 the co

Y = Ml .
4.5 Hikidetal

4.6 i Pus

es puitablic
plyln'r wit

L 130 26G=4

4.6 |2 .i?-"ses {'.?i-‘-....l‘
are nsu. to he s T E
uged, - : .

[

i

S : Asgonbly ¢f ~tho §

3.1 In cagse 9f ¢ syne ices,

of the ciam:ing oys Shatl Riet: v

clanning forcc nash spriel Cormeunlieon

2ize surface, “ho ¢ onerl we wrovidied with a

nieclanies: foree g&r o indieaisz Uhwi-oveg 10

anxkisd an welix an. dicate toav ihe get Iorveg
for & paviicular le has Deen asslid, Iadividuzl
claap arrengeacnt 3 ve wrovifed for cacll sssenkly
and nod & ooouzen e:i or the .civasnin,

3.3 Jiloun 3 Do
such -that the Dver
the :otal cont Ciiog
in a staggoare niia
JDPNErs Lo m 3 thorn
Tinally apsly the
sane siaggered

5.4 .aco aup Ling pras 2 for the
offcored deviec tyse shall- Je deteruined by suitable
testo and full dstotls of wmick shell be furnisied to-
235¢/ lailuey. .

5.5 In order to s timisce the contacts between
nating curfoces 0 the Jevice and fent sink, cuitable
threral coapound ghal: be usel {o fi:i up the voids
setween the aating surfsces beiore agsenbly, n
therzal coupound shall have Iow therael resistance and
ceatt oseol -0 Y b ggalnst aiciocturae, :

1




6.1 Single strand golid riree ghoil wol Be used .

for inter-connagtion hetwcan co nments/sud-agsciilles,
£11 inter—-connectinnsg shiall be with uulfi-gstranicd
flexibie insudated cebles, .

6.2 , Bare copper multisstronded cadles insulated

with fibre Zlass/rumder slissving cte. shall not Do used,
6.2 Minine: zize of the cable chall Be 2.6 sqdli. -
5.8 PTFT {7, v Tetra Fluor Ithylenc) insulated
cablag as » i

her goecification at APTIIN ZM-IY guall be
used for a.l inter-connections ﬁo,;ﬁe's.“bﬂer circuits
and signalling fuses,

-

6.5 Flastouerie cables as per ZDI0's specilieation
Ho, E—-B/GB\ as anended from tise io tine) siail Do
used for.all other lsecations, : : '

3V ac) for darning

6.6 The voltage grade shal
v vantilation bloTrer

1
and snubber cirettite gnd 750 V
and other agzlllary circuluo; -

bh G

J3
DX

T. ‘er::;al Boards -

7.1 The design of the terminal board shall Zave
the asproval of R330/iailway, The design shall
general cozbly with the_following: , '

i) The size of the: corvont;an studs shall 2ave

» Ladgzuate current ratings and the niniouwa
size kil not be lest than 1,5, J;
it} UL wls shall be cadniun plated steel ::' .
- . ag por BU:3382-61(Part-1). | Lt
iti) Provisiosn of insul atlwn barr1ers betroon <
tne terniinals. , f
iv). liethod meling the eiectrical gomnzction
sniil be such that the contaet tigatening
foree is not passel through the insulating
Donrd. -

- -

an o terJLnﬂtIOPu chall be nrovided

a2 noros connectiions are rejuliroed, the
ay De emtended by previding ﬂOuper connection



123 Cosoer strins shall e used for intercommections
Jat She teriimal board instusad of small cable qu"s.
Tt . ﬁcpa; serafial-hoards sa@ll Bo Qyuﬁl& fer
120 V ée and .d. v ac ecircuits, . ;

T 5 .Fooitive and negative termunls oigll be
canarately 150 nted. Tour.'cuare terwialc ghall be . o
prJl'Gﬁ in eaca te*qna“ board fo» omar jency une,

T.6 Teranal bao“ds suall B8 inctailed. in the
vertical pozitlon to avoid that dust collection and
accidental oot cirouits. o

3. Cavnle Ter :inations

8,1 Scidered joints

o] . ;) V Ayt [ ‘ '-:-.‘ -~
U.i.i 35 ;.erm‘ 0O0L2 ved ;.5”11\4_%:1_3110 =.Jl'.4 Cu;.-ﬂec 100G .
5811 be nornakly aveifed., In cuse solderedbounectiong
are unavoidable, fuill gSctails ohall be furnished to

I sy agporoval,

..J»JO/_,G.IJ.T?M-)’ z ar e

B.1.2 Goldered joints shall be nade by trained

stafd with 100% tin solder with swuitable gpldering
equip:ent; il aintaing the bit teanerature constant,
3,1.8 Only purae rezin is to be uged as a flu=,

usge o7 aeidi c/corraﬁlve flux ic prohibited,

B,i.4  Vigual ins aectiﬁn n? cach goldered joimnt shadl
ba carried osut by trained inspestor Tor checlhing the-
sowmidiness of tie joint anu tizc proper Teuthg »1 the
suriaces bein: Ioined, . ' L

8.2 Cablc Soclmis

8.2.% 32 pablic onis shall De aon“oted with cripped
Syae soelied, : '

8.2.2 TFre-insulate gvchass skaail only be used.

S22 orimping ic 'to be fone in such g way idat the
inouiation of tho cable gets crinped with the insulated
sleave 30 Em arevent failures dus o flezing actlon of the
uzcuﬁaorto7 ienth, -

DaPed Thc girii.oé c2elkets ghall Be of zroper
Tizomgions o L artéular siBe of the cable.



Cel.5 2l cout tests shall e tale on 1% o
joints t2 check aquality of crizning tools and
Dulil out fsrece shall not be lasc tnan 80% of
nf . tihie 7ire,

P i
i i
ﬁl*lng aall

long. li‘e 2%

dacaga ol i

tze Zollowing

fnJ]
AT

&)

N

L erizses
; i.Ca - -T.’ZC
uae TG0,

4 =ayout
guality of war;:anshi? and igrout oI thwe
be of the highest standard oo asto encure
wiring as ws:l ag %5 -revent datérioratisn/
sguilation in gerviece. Tor she layou’ :
guidelines wiill bHa ezt In view.:
Somniste socaradisn of oy, mwédiua and Dig:
volsage wires ghall Te ensured
Only ires of scue posantial —7ill-bhe Tuncled
Sogevherd s cables of differsnt voltajes
Shzil Be senarately buached ant rouisde
ks far as wossiblie, 211 rires,vaich are
tetmorarily enerziged, shal’. Dz buneizc
seppratsly and uo sor-amnently smarsissd
Tirg. chovld he include? in this bupch,
The cooisive and azgative wires in de
cincuht -chall D¢ seperately buncied,
Shors wends chall be avoided in the wiring
Luoutb, Phag elosed insulated minimun ralfius
9: the wend chall bDe at Leass 10 tines e
sutar Gianeter of the 2able,
T.ercvar the caples/7ires travel tharough
Lbleg, orifices, cubt wers, ste., sultabis
runher zroouets coall be wrovided, The
roiness shail Ue nrovided such ibat | tiey
o noat ged diclodged during vibratiosas,
ghaliats and bunrings eEperienced in sarvicd.
L1 tho cadlie yuns Shall De suitably
curuortad by inculalted oiiff endrs or
iaii-in cable Gueting. )
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PRAFT - QUALITY .SSURANCE TGSTING OF DIODES OFOR
TNGIE PHASE TRACTION POYER CONVERTORS.

L B ]

' INTRODUCTION

' Highlreliability of the equipnent is the pre~requ{site
for traction application., Traction apdlication calls for -
devices of the rectifier to work -under arducus service

- - conditions of thermal cycles, dusty and salt laden atmosphere,

high humidity, voltage transients and continuong vibrations
- and Shocks. Therefore, devices are required to be of high
reliability for traction anplication.

. After the  iovice has been properly selected to meet
with the duty requirements, religbility of the device is

' the responsivility of the namufacturer. It is at the manufact-
uring stage- the reliability is built into the device~beginning
to end. It is, theréfore, incumbent upon the manufacturer to
-ensure that the complete mamufacturing process is designed and
controlled as to maintain quality of the devices in volume
production, ' < ' ‘

. . _ The pumrposSe of this Quality issurance Test Prograrme

is t0 lay down detailed procedure for lot inspection and™
type opproval for user’s.inspection as required vide.vlause 10
of T8~7788 ag well as audit checks ensure periodical moritoring
of the quality of the production &nd use of reliable devices for
asseibly of the traction rectifier sets, v

1. Type Approval of the devices

- . ) . . N * '.'(.- . . m
Te1 7 .any new device proposed or uprated by a mnufacturer
shall be subjected to the type tests as per ~PPEFDIX wa.. N

- The_devices shall not be used for assembly of the convertors g
till type approv. 1 .3 sccorded for the device by RDSO/Railwars

All facilgties to. corrying out the type and investigation .
tests shall be provided by the manufacturer. The tests Lk
- shall be conducted in the presence of RDSO/Railways nominated
reﬁresentatives,{_ . : v o
1.2 The sampling plan for tjpe teéfs shall be as under,
Samples shall be selected by RDSO/Railways!- representative.
“. Lot quanttty Sample rats .
_(Nes.) . ‘ *  of the lot.
: Trto 200 S 20%  Subject to minimm of
. 200 to 500 ¢ ‘ 429 L devices
500 to 10C0 _ - 10% * ’
above 1000 . ".5%
1.3 In case of bulk orders, the lot offered for type

tegting and inspection shall be at least 50% of.the total
order, - .
‘ ;-‘.2/-
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i+ © The prograrme of'the type téstj on the samples
selected shall be as per APPENDIX - ' o

2, Validity of the Type approvalz

2,1 _ The type . approval for o particular device shall be
normally for & popt- % »f two years, Complete type tests
as per item I wiii _opeated before the vaiidity of the
approval 1s renswed, However at the discrehion of the
HDSO/Lucknow, conducting of COWUlLte type test progrimme
may be walved off ar modlfled progra vied may be repeated

3. Manufactirer's guality ASsurance P“Oﬁ?dﬂﬂE'
'3-1 It is at the manufactuang stage, from beginning

to end, that the reliability is to be introduced intd the
dev1ces. It starts with the choice of suppliers for the
components and continues with incoming inspection, in
line process controls, processing after construction, end .
of line screening and testing and quality assurance testing.

"It is, thereforei incumbent upon the manufacturer to lay
r

down quality cortrol programme to monitor the mamfacture-
and testing of the seticonductors. The manufacturer shall
finish the quali'y assurance programme proposed to-Te
followed at the fime of the placement of the order., any
changes made subdequetitly will be advised, Audit checks
shall be carriecd but from time to time by the representative

_of RDSO/Railways to ascertain the imple entation of the
" quality assurance “'ﬁgrd1me.,

L, Eoutlne Tegts ' ' . o

L. 4 Routine tegts ?ncludlng ‘sereening and burn-in tests
shall be carried sut on all devices as per APFEIDIX-A by

“the manufacturer; The manufactuer wiil kept separate records

for these routine tests carried out on the devices, which
will be made available for inspection of the representatlves
of RDSO/Railways,

L
L

) A certlﬂicate, as per the fomlowwng proforma shall

be ‘furnished for each cubicle or for the 14t of the spare
diodes sunplied in respect of routine tests.-

. Certified that ail the diodes type No.
as per the cnclosed serial nuwkers used fo r
the assembly of the cubicle o.No. -
against conpract/Order No. -

dt. __have “been sub]ec%eﬁ"fo‘the
_laid down routine tests and comply. with the-
declared 1.-1*s of the various finalised

parameters 5{ inc device, .
Quality Control Engineer
an’y l--.3/':



'5. .Audit Check .of the'RoutinefTests: 

Sl Ten percent of .the devices fron each cubicles
- of fered for inspection, picke® up at random by the
‘representative of the InSpecting asuthority, shall be
subjected to routine tésts, as indicated in APPENDIX-A
in presence of the representative of the inspecting
authoritY- . o . -

9.2 In case anj dQVicejﬂGut 0f710%_8am01é‘lot devices, B
does not comply with the declared paramebers, the folldwing
procedure shall be followedi- _

(a) In case more than one loco set is offiered

. for inspection, then 20% of the devices will
ve taken a5 sunple from each of the balance
cabicles and subjected to routine testss Im
case any Jovice from this lot sut of these
sgamples also does not comply with the declared
rarameters, them the vwhole offered lot shall
Ye taken as rejected., - - ‘ '

~ ¥ = The manufacturer shall rescreen the »ifks whole
" - pabkeh and re-assevble the cubicles with the

Gevices  complying with the specification,

These cubicles will again be subjected to the

- 10% check as detailed in §.1 above.

T (b)) In case all the sample devices as per 5.2(a) . p_
dwove meet with the specification, then the S
Perticular cubicle -will only be taken as rejectesm
ReScreening shall.be done by the firm before a; '

_ .offering 1% for reinspection. _ S

5.3 1Incase of failire of the devices during 10% audit . §

checks occures for more than two occasiéns in a year, the approsdl

for the device may be *aken as withdrawn.

[

6,  _Peribdi¢a1 P 1ing_lifé-tests

- 6.1 'Routine tests:to be carried out on 1004 .devices

.are mainly constitute electrical parameter screening for
elimination of the ends of long tmailed distribution.

These tests, however, do not ensire-total electrical and

mechenical reliability of the device. It is, therefore,

necessary to carry out periodical sampling 1life tests so

as to verify that the complete manufacturing process ensures

quantity of the devices, Following sampling plan shall be

- followed for tnis purpose,

. ;Aa ol"/-
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(a) _Two devices from each,Cubiéle will be
-+ selected as sample by the representative
of the inspecting anthority.

(b) aftervevery six months, the 10 devices
out of the lot selected will be subject
to the following tests in.addition to
all the routine tesis in the presence -
of representative of RDSO/Railways.

1) Thermal cycling (Test M0.9 )
ii) Load test " (Test No.12)
iii) Blocking life (Test Npn.15)

l
’

6.2 - In case any device, out of these 10 samples, does
not pass the above test, then further acceptance of any
lot shall not be done, till the matter is investigated

. by the firm and necessary improvements in the manufacturing

process implemented. The devices will be subjected to
type test zgain befor. clearance for further. supplies
is accorded by RDSO/FRailway. ' =
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. : - APPENDI X-1
TEST_£ACGRAICE FOR SILICON DIODES

1. General

1.1 The type, routlne and ingestigdtlanal tests on the
silicon diodes shall be conducted as per latest IS: 7788 with
elarifications furnished hereunder, Some additional tests,-
not included in IS:7788y are also to be conducked as type
or routine or special tests, as.claried below: .

1.2 Based on this general type and routine test programme,
the manufacturer shall submit particular tast programme,
applicable for the offered device, indicating limit values
of various paraffeters and test conditions such as voltage
énd current, base temperatuyre, duration of test reference
temperature, etc: The detdils of the gmpirical relations
preposed to be used. for working out the final values of -

-the parameters shall be indicated in the test programme.

.3 The detailed pvoporma for recordlng readings test

'-‘results aobservations, conclusions, c¢te. shall be Suhmitted

along with the partwcular test programme,

2.  Sumnary of the Tests o
Sl.' Nature of test. - j. . T; Reference cluuse of
No. - . o - 18:7788 - 1875
AR , L ~ Type test Routine test
1+ Forward-ciabacteristic . 10s742.1. -
2. Foruard voltggedrop I o E o '”  10-1 2 1
e TEeversg éharacteristic-' ' i 104i.3 | 10‘1 2 E.éE’
' &, Reverse current | -‘ ' o 1041 &S
¢¢. Roverse voltage o IR 10.1.5 10.1.5 i'
. f+ Reverse recovery.charge - e 10,146 ) '
7e Thermgl resist;rc# R 10.1.7.9 .10,1.?.1
_8. 'Tréﬁs;ant ;hermal i&pédgnce I 10.1;7.2
b, Thermal cycling - T 50;1;8-.- ‘
10, Surge forward 11mit current : 10.1.8.14 10.1.9.2
11 Surge foruard current - - 10.1.40 |
12, Inad A o 101,11

- ’ Contdc ‘ e !2



13.
.
15,
16.
1641
1642
) 17.

18.

19.j
20,

3¢

Encapsulation

Deterioration 1041412
©10.1.13 10.1.13
Blocking life " as per caiuse As per clause-

: 4.1 velow.  below

Bnvironment tests

Danmp heat - " =do- ,'
' ' l|'02
Corrosion - o=

- 4.3
Shock and ﬁibration _ -do-

- ’ . . .- _]+’.)'§' "
Robustness of the * ~do~ .7
termination’ Y5,
INVESTIGATION TESTS - |
Operating life . . ~do-

R
-X-ray examination L -
S - S -

Additional details of the tests covered by IS:7788

o Followiﬁg additinnal de tails éhall abply zfor ﬁhe

'tésts.covéred vy IiT

3.1

ittt

In case of iype test as per Clause 16.1.

2-1975 _
Test No.2 Forward vqltaﬁe drbp (FVR)

1#2..+:  The FVD‘grbuping shall be olaSSified;ﬁased on ¥O mV peak
group corresponding t

It will be verified that” the characteristic is within the
specified FVD grcup. ) :

3.2

rated device eurrent rating.

Tests ﬂo.3 &b - Reverse Characteristiesx = -

3, full reverse

characteristic shall also be exhibited cn the oscilloscope.

-

In case of roatiné test as per Clause 10.1.%4, reverse

characteristics shall be verified en the oscilloscope
and shall be freec rom defects. Phe leakage current

corresponding to PIV

rating of the device shall be recorded,

veei3/
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3.3  Test No.9 ~ Thermal Cycling

. The "test shall be conducted as per Clause 10.1.8
of IS:7788-1976. The test shall be conducted for 20,000
cyeles and no parameters shall change. The test shall be
further continued till any of the purameters exceed the |
1imit value/abnormal variation is noticed or the device
fails, o : ' :

all the pardmeters that riay be affected by the test
i.e. forward voltage drop, reverse leakage current, thermal
resistance, etc. 571l be meusured and recorded at the beginning
of the test and tho :after every 5000 cycles. i1l no
change in parameters is noticed. The moment any change is. .
noticed, the parameters shall be checked after every 1000
-cyeles till the change in any parameter is found beyond
linmit or device fails. The test will be considered satisfactory
in case there is no change in the values recorded for the.
device under test in the beginning.

3.4 . Test No.10 - Surge forward current

| - The .test will be carried-out with 50% revéerse
voltage applied between current pulses, :

3.5 Test No.12 - Load Test :
N The forward characteristic, reverse characteristic
Thermal resistance, ete. shall be measured at the beginning
and.at the end of the test.The -test will be consideed, .
satisfactory in case there¢ is no change in the value of the
parameters recorded for thie device under test at the beginning.

3.6 - Test No.1: - Zncanulation Test

 .The test shall be carried out with Helium'g“s detector
nmethod for the type test, '

L, ' ‘Addi tional tests not covered by IS: 7788
w1 | Blocking life -

' Type Test - This test shall be carried cut by applying
rated peak reverse voltage (either full or half wave recti-
fied) on theé devices in an gmbient temperature equal to the
maXimum rated Junction temperaturce for & peried of 30 days.

* Leakage -current shall be measured at the boeginning of the test
and then checked after every 7 days. The test will be

considered satisfactqry in case no change of leakage current,
takes place. e . y
' loo-ocl‘,‘-



" Lol T Vibration test

following operatlng COndltlﬁnS'

e

"Routhe Tesgh - This test shall he carried out

. ean every device in the same way as type .test, but for .

a period of 24 hours.

L.,2 Env1ronmental tests

L.2,1 Test Noi 16,1 - Damp hedt: L .

This test will be carried out as per IS: 9000 (Pt IV)
1979 with the follom,ng details: ,

© Gonditioning. J' Tomperdture cf 55 +22% and
R ralatlve humldlty of 93% +2

The'device shali ne placed
; . with the base facing upwards..

-Severities . " 21 days,
Final measyrements

© Visual inspgotionVQV Condition of the plating of -
. . _the base, flexible lead, etc.

Electrical o Insulation resistance before
and after the test.

b3 Corrosion : 7
4

ThlS test Shdll be carried out as per Clause 26

of TEC 571, The durction of the test shall be 48 hours.

The device shall be subjeeted to visual examination for .

corrosion of the'plating, etec. at thc end of the test,

~

This test Shall be carried out generalTy as -per
Clause 28 of ‘IBGC 571(Rules for electronic equipment &5 pox
used on rail vehicles), w1th the following severities:

L.5 . Robustness of the tormlnation M_"

The details 7 the -test will be mubually flnalised-
The manufacturer shiil declare the tensile strength of '
terminal and the proof load will be at least 2 times the
declared ternlnai strength.

5« . Irvestigation Lgsts:

5.1  .Operating life test «
This test will be carried out on the dev1ceq under the

e S/
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| 1) Loaded to the maanum rated forward current.-
ii) Maximum repetitive peak voltage a)plied.
iii) At ratud case tempcraturb.

The test will be carried out for a period of 30 days.

411 the parameters, viz. forward voltage drop, reverse
“leakage current and thermal resistance “shall be recorded
at the beginning of the tesi and then checked after every
7 days. The test will be considered satisfactory in case
there is no change in any of the par.meters for dovice
under test.

.

5.2 X-ray eXamir.iion

The purpose of this test is to detect faulty
construction or the presence of foreign particles after
encapsulation. This test will be carriedout arter shock/

_ vibrations test. The method of conducting test shall be
mutually decided. The devices under test shall be serlalised
and then X—ray followed.

-~

Y



- Annexure~I

Type Test Plan

The samples selected for type testing as per Clause 1.2
shall be subjected to the various tests as per the following plant

| GR%UP A
( On all devices of tho saznle lot of 40)
Visual and mechanical inSpectlon

verification of dimensions
elactr;cal performance

I (Teat 1 r ’:' }(_,3,}4‘ 5 6 7,10 ) o
o ~ .Eicapsu g.ati'oh Pest No. b
Gfoup B g ) o R T
Group B ' Group C - , * Group D Group E
- (10 dg;iees) (25 dewixzes) ( 5 dovi ices ) (5 devices)
: § ' g I
Transient § 1 A 3 3} Vibration
thermal impe- - (1 . C3 c2 Dt D2 & Shock(17)
dance(18) 10 devi~ 5 devi- 10 dev~ Damp Corro- _
Surge forward ces dete- nes vices heat sion  Investi-
Current(11) rlotation Tavesti- Block- (16 1) (16.2) gation
2 ) gation ing Test
! i . test - test. X-ray Exa-
B1 B2 -Opeérating , mination °
(5 divices) (5 %evices) life(19) - ' (20)
. Load Thermal ' |
test(12) - eycling(9d A '
_ | . ~
- - . . )
| T ‘ - \n
. Terminal _ N : &;
stren th | 7 , _ : . o

(18

NOTE: The above £igures show the minimum number of
© Qevices %o be subjected to various tests. ]
The. actual number of devices shall be .deter-
nmined by the sample lot in .the same proportion.



