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0., - Foreword

O.1 _ This specifiéation,covers the requirement of
the transformer rectifier unit for regenerative

braking to be fltted on VOG2A locomotive as part of
the braking sys tem.

0.2 The completé detalled design oI transformer
rectifier and control system shall have aporoval of

RDS0O . be fore their manufacturc/prototype development
_is undertaken. "

0.3 . Any devia%lon f¢om this gp901f1cat10n
calculated to.improve the performance, utility and

- efficiency of equlpment proposed by the manufacturer
will be given due consideration, prov1ded full
pqrticulars with justification there of are furnished
,in the tender, The devigtion from this specification
shall be brought out- in the tender documents

indicating JHQtlLly ation thereof N &y
1.0 . Scope . ’ ' . ' &S

. Thig specification covers the following detalls of@a
Transformer Rectifier(TTEX) set to be comnected &
across % phase 415V output of 114 set for regenerating
braklng purPOSe on 1500 Volt IC locomot:xe class-' I

ACG2A. N
1) Gemeral Requirement. |
ii) = Capacity and Ratings. - -
‘ iiig Service Conditions - T
in . General Design Teature.
v) . Limits of temperature rise.
vi) . Enclosure and Mountings. |
- vii) . Terminal Board and wiring .
viii) Finish.
Cix) Schedule of Partlculars, Draw1ngs and
. calculations.
XY Technical documents.
X'i.) Tests, _ .
xii) Gura‘;it“e. - - .
2,0 General Reauirement:

2,17 %hile hauling the ftrains on the down gradients,
it ig economical to control them by regenerative
braking on the locomotiwe. During cregeneration

the traction motors fields are oeparately excited by
giving them variable dc low voltage(high current)
supnly from ¥Yransformer Rectifier set and tractlon
motors work as generators and feed the generated
voltago back to overhead Catenary oystem.
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Capacity and Rating

3.1 * Input supply. The power to the transformer
rectifier set shall be supplied from 250 KVA alternator.
at a voltage of 415.-+ 7% and frequency 50 Hz + 3%.

3+2 Output: At maximum ambient temperature of 55°C
tran sformer rectifier equipment at full load voltage of
50 volts shall deliver a continuous d.ce.output of '
1000 Amps in each of the two parallel paths of fields .
excitation. Bach of the two parallel paths consists of
2 fieBds(in series)and one stablising resistance in .
series, The resistance value of each field ig 11.8{ mili
ohm and resistance value of stabilidng resistance  is
0,01 ohm. Cizcuit diagrsm for regeneration bmking is
attached. S : C o

2.3  Provision shall be made fcﬁ: varying the output de

voltageafrom 22 V fo 50 V in 14 equal steps through contacte

of the master controller on the loecomotive, With the
variation of voltage,current will vary in equal steps
:E‘r%m 500 Amps Yo 1000 Amps, in each of the two parallel
Pa hs- ) ) , )

2«4 Suitable megnetic amplifier or electronic ontmwl
with thyristors, to meet the requirements of clause 3 .3
ls also to be aupplied with the unit,

+5 The.equipment shall have an overload dapacity of
25% for 1 hour, starting from cold. : .

.6 The;:equipmen’s ‘shall be de:signe‘ﬁ with low
rercentage impedence of the order of 5-6 per cent.

Sexvice Conditions y

441+ The eguipme nt shall be suitable f';')r gervice .in the
ambient temperature varying from 5-55°C with relative

~hunidity ranging upte 100% ard at an aititude of 4000 m

above the mean pea level and in dusty 'and corrosive

atmo spheric conditions. ‘ :

4.2 The equipment and its mounting arrangeme it shall

be of robust design for traction duty and shall withstand
satisfactorily the vibrations and shocks normally :
encountered in traction service, as indicated below:

a)  Max mum vertical acceleratim ~1.0¢g .

S b) Maximum longitudinal- acceleration . = 3l.O g

e)  Maximum %transverse acceleration - 2.0 g2

(g being acceleration due to gravitj )

3/
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5.1

5.2

5.4
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4.3 The v ibration are tf the sine wave and the frequency

of the vibrations isg between 1 Hz smd 50 Hz. The amplitude

'a! expressed in mm is given as a function of 'f' by the

equation: W ' : : -

a = .._g.?.. for values of 'f!' from 1 Hz
'tO 10 Hz. ) '

2250 - for values of 'f! eic@éding.

8 77§27 10 Hz and.upto 50 Hz.

-

4.4. In the'dimction corr_esp:)nd'ing 'to.- long it ud inal movemmnt
of the vehicle the equipmént is subjected for two minutes
to 50 Hz vibrations of such a value. that the max. accelerati-

‘on is equal to 3 g . o

(amplitude a = 0.3 mm)

Genteal Desigh FeaturesA

As low voltage dc supply is required for fields excitation

‘of traction motors, the regenerative Mraking equipment desigh

may incorporate tra sducbor control or.thyristor control
or any other suitable principle of operation.

The equipmernt shall be suitable -for feeding inductive nature
of load df traction motor field winding without any adverse

effects. The 'induchance at rated current of each-field is

3,2 milli henhry amd resistance(hot) of each field is

- 0,01184 chm at 115 °C.

The step-down’ transformer and the rectifier unit shall be em
suitable for the duty specified and ripple in the output &0
voltage shall be kept to the minimum, Preferably, 3 phasesy
to six phase transformation may be used on the transforme®
and it shall be star connected. In case electronic contréd
with thyristor is used the ripple contents in the outputy
circuit shall no+t exceed the ripple content as obtaired *
with 6 phase conmection réctif jer system with 50 Hz

~{Maximum 4% for inductive load).

The rectifier and other semi-conductor equipment shall be .
sultably derated for satisfactory operation under the service
cond itions stipulated in clause 4 surrounding aixr temperature
of. 55 °C aml excessive. temperature rise within the cubicle
due to losses in the unit, and for stipulated voltage and

. load variation. The calculations for determining complete

rating of the main rectifier. and other-e-kctronic control

‘equipment, if any, shall be furnished alongw ith the tender.

The zupply .for the control circuit of the equipment shall be
#vailablys from the loco battery. The noamal loco batterit

~ Voltage is 110 V d¢ but range is from 77 volt to 121 vo

; .".....4/"'.f -
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5.6 On input s:.de of the equipment adequate protectlon shall bhe ®
provided against over current and over voltage due tc any
reason beyond the stlpulated values, .

5.7 Adequate protection of the equlpmen‘c shall be - provided
aga:.nsjc surges caused by hole storage phenomenon in the
rectifiers and switching surges in the circuit. The .

“caleulations for the protectlon system shall also be
fornished,

5.8 I’rotectmn shall also be rrovided for individual rectifier
: _elements against’ short circuit of one element. Visual
indication shall be provided on the equimment for °
reetif or elememt failure., The rating will be sufficient .
.in each circuits Indicationmay alsp be provided for
- normal/healthy operation of the. mctifier elements., Ore
-get of thesge 1ndlca‘clon shall also be provided for remote

display.
5.9 The rectifier for each.of théASLx'phases Shall.GDhsiSf
: of required number of dlodes in parallel. ' S ) '
5.10 It is suggested that string fuse shall Ye prov1ded 50 - *

that the failed diode is isolated under diode failure -
(ondltion. The normal operation &hall be posgible with
n--1) strings operation without arw restrlctlon.

5.41  Sultable filters shall be provided in the case Of thyristor
o cu‘cults, if used to avo:.d radlo and telecommunlca‘blon
interference. - :

4 4 . . §
5.12 The par‘cs which are llkely to be replaced in service/
o . Mmaintenance sub as fuses, printed circuits cards etc.
shall be of plug in type, suitable .for traction duty as .
per I'elewrant IECs/IS shall be accedsible from the front.

5.13 The equimment shall e elther natural aircooled or forced
alr coole& type,but the dimension limits indicated in
clauge 7 Rave o adhered with the maximum temperature rise
limits am w1thou‘l: sacrificing any desirable feature.

5«14  The rectifier unit shall be suitably desigred to. meet
general requirements as indicated in RDSC Spech.
No.SPEN-E-16/12, suitably modified for three rhase
anplications..

5.15 A1l the electronic components/equlpme nts viz d iode , '
' repistance etc shall be derated to 50% . Thus the rating
oi the electronic oomponents/equlpmen‘ts shall be tw:Lce
of the requirement. . .
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6.0 Limits of Temperature Rise

6ot The maX imtm temp. rise permissible for the wind ing of
natural air cooled/forced gir cooled transformer and
transductors/thyristor giall not bé more than the values
gpecified below: . -

550C

“For insulation Class B =
' Class ¥ = 175 °C
Class H = 105 °C

Class C =

. 150 °C

6.2 Insulation of Class C or' H with H Class varnish shall
-~ be preferred for tran sformer wirding so that the .given

~dimension limits may be adhered with the satisfactory
performance under prevailing Indian Railway conditions.

6.3 The diode junction temp. shall be below 10°C '03‘..' specified
. MaX. junction temp, under worst conditions. .

7.0 EZncldsure and Nount ing

7.1 . The cabinet shall be floor mounted. Theispace ‘available.
- for -mount ing the complete unit on the locomotive is
length 1200 mm, width 850 mm and height {575 mm.

T+2 °~ The eguipment shall be provided in robust dust proof shee’
. © ‘steel enclosure. .. '

7.3 The enclosure shall te so arransed that when -it is opened, &
-+ the termimls are readily accedsible. Further more, \\,’."
sufficient space shall be .left in the interior of the | ¢
enclogure for accommodation of external comnections from

the point of entry into the enclosure upto the'terminals-“f

T¢4 It shall be desirable to keep the weight of the unit within
: 1500 kg. without sacrific ing any of the degired features.

7.5  Suitabk arrangement for lifting the whols cubicl shall
be .T,?I'Grided- ) ) C . i ’

B0  Terminal Board:amd Viring.

8.1 The unit shall be completely wired and the terminals
trought out to-a terminal board located inside the
tubicle on the front side, The cables used for internal
#lring shall e -tinned stranded copper. Special care
Saall e taken in the design to provide adequate creem ge
distance between the terminals. The terminals shall be
clearly mgrked for input and output ard their arrangement
shall te such as to ensure. against accidental shord
circuiting of input arl outDit terminals.. A separale .. .
termingl shall te provided for making on earch ®©

s ® et s é o8 "
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Suitable spring washers and nuts(zinc:plated) for terminal
connection shall be prov ided on all the terminals 1nc1ud1ng

. earth temlnal

9.0
9.1

9.2

10.0
10,1

12,0

12.1

12.2

12.3

All componeats including bolts, nuts and. washers screws etc.
of the unit shall be suitably protected agalnut corrosion and
rust by zinc 'elatlng. .

Finish

The equipment ehall be finally finished and painted light grey
in colour with IS: 1650 1960-Colours for bulldlng and decorative
finishe S,

The. posu;lve termninals '_orov ided on the Transformer Rectlfler
set shall be dimensionally bBigger than the Negative temminals
so that the connections coming on them can not be interchanged.
In addition, the terminals should bear clear marking of their
potential and input output.,

Schedule of Tarticulars,Drawings.and Calculatlons

Full particulars of the Transformer Rectifier shall be furmshed
by the t€rderer alongwith general outline dimensioned drawings

of the comverter and its mounting errangement, Details of the
electrical circuitry amd the various components shall also be
included alongwith a brief write-ip on the principle of operat:.on.
Detailed de s:Lbn calculations shall also - be submitted.

The details of u.LI‘CU.l'bW, rating of each element ard detalls

- of output obtainable with the offered system shall be given

by the 'supplicrs. .

Ta chnical Do cume ) nt g

Technlcal doc unenty regard ing make, ratings reslstance/lnduct- .
ance/capac itance values, and brief specification of the various

.cumponents shall e furnished by the tenderer.

A1l rece gsary technical documents. and literature which Would
T2 useful for proper maintenance amnd repalrs ofthe equlpment

. shall be furn:l.shed

Type test amd Routine Test

Type .and routine tést shall ‘be carried out as per test
programe (A nnex vre-I e .

Certain specifical fests to ensure rellablllty of the
squipment may be- fimalised mutually viz. the supplier ami,
RDSO/Rallways at the + ime of placement of order.

The tests will be conducted in the presence of Railways/RDSO's
representative., Any modification in the tzst conditions
reguired by the suppliersz shall be subgected to ‘the frior
appmal of the "iallway/RDSO. _ _

..-...-6.-
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Gurantee B .

The whole equipmert shall be guranteed for a

- period ef 24 months from the date of supply or

18 months from the. date ron commissioning on the
loconmotive, whichever is earlier. Defective
equipment/compongnts shall be replaced without

' any extra charge and without loss of time. '

The dlodes in the rectifier shall be guranteed for
60 monthe from the date of commlsslonlng. :

‘Suppller's representatlve 'shall be gvailable all
the time durlng the commissioning and will assist
in- the comm:Lsswnmg of equzpments.‘

L
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e AITELURE ~T ’
‘Test programme for Exéigation Transformer - UVuebilier Set.
e . ' ' : . -~ .
— . . ) ) B \ - Ny y
Generally the transformer shall comply .ith the IEC 70 but

temperature limited to IEG-207C,

fa) Iransformer eir TEAT .Rputine tests.

1. Measurement of resisiance _ ,
The resistance of cach winding ~ As for type test.
shall be measured bty DC voli- S :

armeter nethod at ambient .-
temperature and recorded at 759G,

2. Meéasupement of transformation : B

' Thé no load transformer rating "hs for type test,
8hgll be measared by voltmeter :
meihod between wirndings.

3é. NO ioad.teﬁt

The primary no-load current . = The primary no-load

and no-load losses shall B¢ - currents and no-load losses
meagired at primary suvply sha 1l be rmeasured at
‘voitage, at rated frequency, ﬁrimary supply voltage of
other windings being epen.. 15 ¥, at rated freguency

Thel characteristic curves . .. other windings being opened
of nr~lcad losses for the. - : :
‘- Primry supply shall be drawn.
R _Shorﬁ cireuit test -

The goowper losses ut short L8 for type test.

eircliit voltage shall bve . Measured reactance shall
meagyred with the secondary not deviate 3 10% frem

. Short eircuifed and the . _that of type tested one.
- ragnétic-amplifter at the: oo o o
- tates frequeriov, which givee - .
¢ Me.ratéd cipventron thes U L 0 . g
SPelhery SRail. v dpplied. Frow o 0 o ox &
L AtE results fil vesistancadnd o T T ae
. - Teactance ghail be caleilated . - R
- 2nd referred to the secondary . . T
» Measured. rectanes shall mot-. . . ST
deviate 4.15% from.design. .. o :
V&Ale . . Ny

. v

. ¢

5. lTemtersture rise test -
. The. temperuture risa test shall.
be. carried out for the first

"~ transformer by the loading buck
method or- short~cireuit method.
In the former method, two -
transformers shall be connected
vack to back between primary.and
Secondery till a steady temp. 18
attained with the rated continneus.
current, the value of temp.rise .
¢f each winding shall be measured
LY resistance method and shall
exeeed TBC limits ~ 20 4. -
' : eew s CONTG.



Type tests

6., Di-electric tests

The di-electric test shall be
conducted with the following
voltages aftér the heat rum
test,. - ,

',Betweenfwihdihgs and earth -
2500 Vvolts 50 c¢/s for one

minute. .

Between-primary aﬁd_secondary -
2500 V, 50 c/s for one minute.

" 7. Indycgted voltage fest

(c)

1-

-

- -~

(b)_S;;ggbptﬁectifier Assembly

‘= The tests for S:ilicon diodes

. would be conducied as per
RDSO Spec. No,u-=16/13
(copy attached). -
Rectifier asgembly '
Tempera ture rise test ..
With the natural/forced

_ventilation as applicable

a continous IC current of -
2000 A for a period of one

Jhour or until the steady
State tempergture is wmeasured -

at the base of all cells with

a themofil unit. 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 temperature,
The stipulated temperature rise
above an ambiert of 55 shall
be within the == !fied value.

The test is earried out at g
low valtags. :

Routine tests-

Same éé tfpe test.

"The test is carried out in

accordance with para 708
under section VII of IEC
Publication 76.

~ AS per RDSO Sbec,_E—46/13g |

1

Same as type test.

contd...,- -
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L.

(d)
1.

(e)

Txgeutests

. Current distribation

The curreﬁt distribution at .

2000 A continuous 10ad in
parallel connect ? ‘lodes
strings is to b= r,uorded

and the imbalance .shall not

exceed 10%.
Short 01; ult test

With normal.ventilation,
the value of peak short-

. ¢girecuit current as obtaineé

by shorting across the bus

bar with the .offered trans-—

former that protectinn
system may clear the fault
within cléaring time.

-aInSulat;on test

The test voltage accordlng
to IEC 146 clause 252.6

=1.5 kV.AC 50 c/s applied .

for 1 minute.

'.-Vibration test

As per .IS: 7288/ IEO'195. )

Tesf 6n-complete éet:
Load test

i 5 Sty ’-‘45« 0-{ e orals 1.‘(_ X

Tests for. control c;rgult

Routine fests

Same as typec test.

-

Same as type.test.

L6446

an®

As far as possible, the exact
load conditions available on
the loco shall be ecreated .

and load current on the DC side
shall be medsured at eagh.of
+he§recorded. The current -
va.ues shall be corresponding
te the voltage, For the -
thyristor version current

wlll very smoothly with
voltage,

The. tests for control circuit, shall w2

 be decided at $hg.time of placi1g
: dccording g
the IRC/1S ‘Felivant to the contrel

order and. will>

Lo

cquipment. affered,
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"il.4i2 . The sbove Eizits of bend radius shall apply mot

hric
niy to thiex Jug_oars,but aisc io thin'wirés; such ag
regsizstor and casacitor isads, et ) . ‘ _ -
1.4,3 There it is not Jassihle tu accol . sdiate the
rafius gnecificd ebave, S28cific arirovel for deviation
gaslil Be ohtainad froun 3I0950. : . :
.‘. ) . N

1.8 Tae bus bars shall De T“Videu'jlth the fo*107~n"
colour code to ilsntify ac,dc,nositive end nezet
gonnadticns ¢ : ' ..
B aq ,e-’.l‘ -"'r \ .
de Iositivee Zog
©.dlegative ZizeX
1.8 411 wower connections to e bustars and busbar.
Joindtsg s3all be Jdircetbly "3;3 witLeut any insulating suzuord.

1.7 Bustar 5 Corts-skall be aadc orith insu ilators end
not Ly walking use 5f insulating medhers of tlie asseudly.:
. Do " . SR
2ot delding , > b e
S S A LR ' . )
P sty welding shall bc wged € fabricatisn of
£rgie woriz, Filled we: Jing nust be avoided 2s far as .
phdelel ole..T1era saosl_ ,00 Mo umgercuts, An filtet.welds,
R S o
8. Zsgiamars .
T = O a0
8.1 - Texagonal nute only . gicll he 15l o?cﬁetrﬂeﬁiel _
sersug Will Fe uwSe only st the locatisng waore use of 2eXa~
sonal nuds ic rot feasidle, 211 i muts will he sulfehle for
$lgatening wish & gnddner only ani ﬂot Dith sexrsw Arivers.
: . o vl
3.2 - The zindsuas sﬁﬁe-ﬁf;&ereﬂ o1 bolts shall-bo -0,
iny +doli or eeraw of sige, tTan i-13 sha" be of hi"“
tqnsile steei'ﬁreferau;; elauﬂe 8, 8) a9, er 10.136?
. . ) . . ) - dey o
2.3 A1l s nuts, #lich are uot noriaily requife
§9, be onened Lor v-rair or maintenance skall De 1ocgs§¢;_‘
—oeting aey- e downe in case oi saalil nuts eiijer, with: -
. IZron ol iraldise or ~poktite cuupo*hﬁ. iUyloelk nutc are
nxs $o e seg for luv_zng.
St ﬁ'l'ba;teﬁ.cdpne@tiﬁna $iall be drowided .witl
aoring wasaers. . U
Lo HELEN . L Ty ! ‘ PG
3.5 Tightenin; af tHe bolts saall 1YY uone to the *
Caxinua eziend o avoid falizue fal‘mres.. - "

& - .



4. SOnSoNSiLh 3 . N

4.1 --Cenersd R ' - ' -
4.1.1 Ln'y conponents of vaiing,dale auid byoe ¢ - .
arsroved by 000 /Railvays 3hai be-used fox aqse*biy.

4,1.,2 1o déeviction IEom tie atllb,tyfe and aike

o tlhe ppraveﬁ Jevice lict shall he madz wilshsut prier
approvel of TJSL/uallﬂxyu. For any Geviation in the rating
type and uake of any coopopend, fuil Jetails, alongwith
reacons for deviation,shall be furnisied to QBQO/Railway

- for aproval, i

£,1.3 A1l bougint-oit coujﬁnent% ghnil be susjected 1o
ot gcue\tance testz 25 gnxxthz per the 1ald dom spe01flcat10n.
_T“u wWacturers will tablish striet quality control
.82 ao uo ac.aieve o 31‘ ot reliability of the couponents.

g, ﬂ' 411 the olectrical and electronic componentas

2all be sul.o ol o 32009 screening tests before uaing
el for ass2 qu;, in ad&ition to lot acceptance tests. .
ne goreening tests foV_*nﬂ Vﬂklﬁﬂs casponeﬁts arg
atailed in k:ﬁ“N‘IA-

Jao@

; '.—3 c-l g

9

4,2.5° Cooplete records of the 1o% accentance tests
cereening tests and routine tasts shall be Lsnt separataly.
Uhege records shaell be zade availsble for tie scratiny of
the ravresentative oFf Juﬁ/Ralquj-

ot
4.,1,6 Zeliability cannot L M

2 tested, but aas ta be
“bailt in by attention to design,uonufacturing process | ¢ o
and stege inspection, it is, thevefors,necessery that i
Pt :a::fuctsrcr 1a‘fr AQove detailed guality assurance - [,
Drogrosie Tox the .aawfact:rc of devices and itz as3enb 1y

*Idhe eonveriors. Coples of quality assurance Drograuies,
detelilis 5% the tests at various stages of inspection,check
1isto, a%e, 352l de furnished at the tide of evaluation N
a7 datailesd 1951gn tny cuianges nsie in these prograzmes |
Sa4.0 Tie afvioegd 4 AT Lu“_&l\?mys.' - ’

4,2 - Bilieon Diples ' :
4.2.1 Jtuld v .o of Cavices are not accentahle. Biodes

iriia golde 3 ternal seal constrd—

-
ed iwpcti-n end goiderad
T e

4.2,22 Tualify assuronee e sulnb,'enw of lae screon1ng
33g. 0f 3he devices shall e jgoverned by 'Quality Lssurance
‘Desting of Silicon Zioles! Ho o:ec/_,-.j_efiq izsved by RPSG.
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4.2.5  Surface Tin
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In- case of £1lat base devices,

11‘1_.’},).
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PRC

~

area Df 6evice geat on the

aav e proper suriace finish and fiaines

recictance
surface f

finish shail

-Surfece Flatress

Sarface in
4,3.3 Current ¢
be avoided, In 2uce
‘gink Jevice lounti
aontact a?c: gl
ecrroasinn, Pulli

furntﬁaeu to RIS5G/Eail

of dasign fou av:rev
4,3.4 o owi
brotgciion,. ilw LLﬂu

in wlacl colour e‘thor uy
aizag with the test resuvits,
¢ furnisied 4t the design eva1u3b1qn sta&e for a;;rova-.

e

v,rﬂ -~
[

-,
i g da ?

roc

L

[}

- T

<.b:1!._.:,

we as under.:

tlection throuds

nongil

it is not

n

the heat

due to surface wrobleus, Flatuess 'and

devices sunil be iu‘ly
silicon rubber oF P

THE slecving,

nuitable cover
arovided pver
Tlesll overs

a
he

the surface of
be as under

“shall be of extruded construciion.
_ accantabl
"oval of RDS0/Railw

2]

‘For any other

a2y shall be taizen,

neat ginl shall
2 %5 piniaise wnunting

*

zeading! TIR)
a, 0”“5 ta

ai croue tar,

gink iz to

le, $hen the 80t

'l

;eat‘traﬁ9°ermzr ana
surface shall he su1tab1
pa‘“tlnb or enodiging or .any other

ng surface and earyeént collection .
I he suitably treated to nrevent electrical
Geteils of the nroposed treatﬁen+‘s%a;1 ne
mr‘ut:ﬁn iz
a1

of detailed eve aatlon

"
-

~1ve corrosion
treated

8all



4.,3.5  Device sent and power conkichish area on Lie
aeat sinx shall Lo free froa treatzent, fareign
laterialsy ouwides aud films, 2ie, '
4.4% Resistances
&£.4 .1 Vitreous cnaselied ncn—lﬁ;active wive wound
resigtor as 2er IT:32373 Part Ii(lilatect) chall only be
';.'{S@ﬂ-
4.£.2 - Bue “tuneas ghall he-of stud zounted type -
and. provided oo lug terutals Fatiern 2 of I5:8273.
4.4.3 Ths declarel watiage rating af the recistorg
at the specified anpient temperature wili be at lezst’
two times 2she caleulated mawinus setinge iu tlre circuit
of gppiication wnder 3he worst Ioaling -eonditions. I
caoe of noteniial Zeviding resiotcrs oeorsss diodes, tne
ttege raring shall be corresponding o Cairimun lealipses

:rrer+ 11H1t of the Se vieco,

-

4,.,4,4 Th

he recistors shall be :referably wmounted in
the veruical a08ition, In case tiwo recistances are
zounted cloge to cach other, ths dittance between tie
re sistances{ dige to edge) shall bo at least two tiues
ne alaucte” of the bigger.resistance, .
4,3 . cahacitasirc '
o . Oy
_ . i . ) B o
4,5.1 apacsitors of repuicd and approved mele shall s

(¥} 1 i
snly be usad., T .2 iype of gapacitor seldected out of the ww
‘siandal vl rane wl ceouted wanutacturers, giall Le suitable g?
;sr sarticuli. ' ouit application..

. . ¥
- - . -.- -A . - » - - - 4
a8, 2 tetal cun caracitors with self hesling featareo
sirall be oniy Ase@. Full technical details and caiculationsd
for selecting a »articular capaeitor shall be furnisied .
at the tine 57 detailed evaluabion >f the dGSign- :
4,5.3 - Cas@clinre 7Eth main termn inals zounted an

moreelain insulstors saall he only ased. The crecpage
listance and clearance between the tcr thals shali coamly

7ith ¢ anla 5 of S:7TTBI, - - ) )
1 -

;.5.4 fhe couvecsion. to the canactsrs grall be

oryvided by inculated tyre 'slip on' connectsrs,

4.5,5 - The cavioum working volisge acrosS any capacitor

shall not odceed 5 % of the rated “euc$1t1ve voitage. In

czoe O8 htie storace capacitors, the voligge rating of the

canacitrrs shall be the gaie as +he ?TV ratlng of the davioce,

+



-

-

4,5, 6 The ca aeita ska l

»
-
L

~

(]

rLse nall_not ezceed 1002 ﬂ“ﬁﬂf‘ﬁhc dazizn Cﬂrfcﬂ“ and

voltage rating o>f the con vertw-.

4.5 Ffuses
4,6.,1 Fuases guditoble for selicouivcdor avpiizoilion
couplying with IZC 2654 gioil be used.
£.6.2 Fages-with built in si-naiiing srranzes:ans
are nsiy to be useq. Jeparate sisnailing fuses skell be
ged,
. . Aogombly of the heat sinik ansd device B
5.1 . In case of dise tysn of devicaes, the design
of the ¢lfviting Gystelr 5hall boergush thatl the reguired
classing Zores - oi be applield rarpeulienlar fo tho
dice surface. . clann sheil He wroviled with a
necranical force gauge to indicate ot foree is
apaiied as wex; a* to indicate $halt the set Torce
for a particular devieo lLas dzan aislsd. Iudividoagl
clgap a:rargeﬂant shail be wroviied f3r cach aSbs_bly
and not & on- w0 o clanap for the stuck,. ’
A M . . -
3.2 Iﬁ_casc bt fiat base devi 288, PresIure Hiale

-

=

or Rounting soring with galety bractet chall be pravided
between :le Dase ani tne sounting gtuds, So taat e

' spring pracoure plate bseocues fiat ghon troper mounting

L
preocure is-appnlied,

3.3 . oaﬁiing alranuﬁ”ent 2f the de ice shall be
sucik that Hhe orespure iz uniforaly &igs ributed over
the $stal contact area. The prescore diail be applicd
in a stagsore faaqluﬂ such as .hizhtening of opporsite
Corners. to oo nalf of the recouzendad torgue and then
Tinally apoliy dhc vacﬁﬂszry renaining torque in the

a

saae siaggeored fathion,

-

i r-'

Sed Zeco Conied ophimua nounting wressure fox iha
offored deviv.: e snall he dete: rained by suitable
testc and futl . izils of which SLall be furnished 9
E25C/Mailyay. . :
5.5 i order to GJﬁiﬁlS tiz contacts between
sating surfeces of the Jevice and Reat sink, sultable

ther.ial compound shall be usel to fiil vp the voids
Sotween the nating surfaces before assesbly, Th
theragl coupeund shall have Isw therndal reﬂivtance and
s:&lﬂ Sedl thaa eﬁn* sgainsit ﬂﬁl”*u?e-



8.

-6.’1 .

for'ina ico,
£31 int r-cauuccttarﬂ

fle: iblo insubated cablec,

6.2 Bare copvner ulti-girandel cables insulated

with fibre glass/rubier siesving ote. shall not Do used,

6.8  PTFI {Poly Tetra Pluor Atylanc) inoulated
cables as ner specificaticn at ARTELIZ-IT suall be
used ior a.l inter-conmectiong o the gpubber cireuis
and gignalliing fuses, '

6.5 -ulaut neric cahlies ag ver A50'sg s? cilication
No. EB-23/23{ as aznenied frou tine ¢o tive) shail ve
usad for aﬂn n:k‘? Yscations,

6.6 The voltage grade ghall be 3V (ac) for. dazying -

and snubber cirefits and 750 V for ven iiation blower
‘and other auxiliary circuits, '

T. Ter=inal Boards

7.1.-_ The desipgn of the terminal boara skhall
the approval of AD30/Railway, The design shall

~

gefieral couply with the followings:

(]

i} The nize of the eopnection studs shall 2ave
adezuatc current rutlngﬂ Rﬂu ‘the ainizun
i ime Shinil not be less than 0.5,

o}
e stuads shail be caduium Oluued °tc"1
4o Der, BQ 3\482—61(?u—f+-—-_[)
iii) Provl“lon 5% insulation barriers. beur 2n
s JLDalS.'
= the eleetricsl connaction
st 3 T cush that the contact tightening
Tu: w2 et pacsel through tho insulating
Doode - :

iv) 1dsthnd ualring

7.2 ° Yot wiore than 2 teruinstions chall be nrovided
at sta stud. In cese asre comnections are rejuired, tae
teruinals ay be extended by proviing codper -connection
strins, | ; '



L

e~ : LA - - eI -
Te3 Couner otrips shall Se used for interes nnect1on“
. Aty ~% T P I | ! S Al | ] ?
at ithe teruingl board inceead o) oo ceble lonks,
. - e " ~r R o =
Tl Separats Lerifal boards OFfi S0 PITVILS. for
! . L -
120V dc and 38C V ac cirscuiss,
y g hand ERp ° P R N e L -- o e aa iy tee s % - ] T
7. 5 rositive ani yiagr Ive Lermais ooali be
~ . I S A » . - " " %oy oy .
cenarately inn~4ol, Four Spure termnals ckhall be
P L 3 3 - . P - w3 - . -
aroviled in o _arafal bozrd for cmargsncy ucse.

-
2]

7 J_Ol‘:a"; <...=. b

_ S nstailed in the
vartical position ¢

i coilgetion and-

o &avo o
aco deﬂtul siort clrocuits,
S Cable Ter:inaiions
3.1 Soldered joints U *
8.1.1 " Soldered caole to;nwnatians and connections
5zall be noruu~1y sifed, In case colleredfonnections
are unavoidable, full details chall bBe furnished to-

st

.JuO/“311Way Zor nrior apsroval,

5.2.2 Sozdereﬁ_ joints 52all be nade by trained
- otaff with 100% tip soler with guitable poldering
ezaipuent, wWaich waintaing the bit tepperzture constant

8.2,8 Only pure recin is to be used as a flux.

uge of acifiic/corrocive fiux ig prohibited,

G.i.4°  Vignal 0 gpedtion of cach seidered joint shall
b2 carried ot V- trained insg "entor Jor checkzing thoe
gsoundness oFf Lo joinmt and the proper weltikg of the
surfaces weinz Joined,

S.e Cable 3oz

8241 A1l cadlc ends shell De @ocketed with crimped
':.]" e 30C -xeto . . 4 : '

211 only be used.

-

el ¢re-1ﬂu-'qfe

8 goelizhs 8an

“he 0*143 ing Iz to be Zone in such a way that the
1"sz“abl,u of i3z cable pets crinped with the- insulated -
sleave $o0 Em provent failures dus 4o £lvving action of tihe
uzsunported Lentl, '

_ . Be of praper
ize of the cable.
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DRAFT ~ QUALITY 4SSURAGNCE TESTING OF DIODES OFOR
SINGIE PHASE "TRACTION POWER CONVERTORS.

INTRODUCTION

High reliablllty of the equlpment is the pre requisite
for traction application. Traction application calls for
devices of the rectifier to work under arduous service .
conditions of thermal eycles, dusty and salt. laden atmosphere,
high humidity, voltage transients and continuous vibrations
.and shocks. Thor T devices are required to be of high
reliability ch £l bion anplication. ‘ )

After the dev1ce has been properly selected to meet
w1th the duty requirenents, reliability of the device is

. the responsibility of the manufacturer. It is at the manufact-

~uring stage ‘the reliability is built 'into the device-beginning.
to. end. It is, therefore, incambent upon the manufacturer to
- ensure that tne complete manufacturing process is designed and
controlled as to maintaln quallty of the devwces in volume
productlon. :

Thie purpose of this Quallty ssurdnce Test Programme
15 to lay down detailed procedure for lot inspection and
type approval for user's inspection as required vide vliamnse 10 .,
. of 3S~7788 as well as audit checks ensure periodical monltorlng
- of the quality of the production and use of reliable devices for
dssembly of the trdctlon rectifier sets,

+

. A
e Tvpe Approval of the devices" T . \f:
1.1 nny new dovice proposed or uprated by = manufacturexng
shall be subjech.’ .o the type tests as per ~PPEMDIX -n. . &

_ The devices saial. ~-% e ysed for assenbly of the convertors,
till type approval is accorded for the device by RDSO/Railwadr.
All facilities for currying out the type and investigation -
tests, shall be provided by the manufacturer. The tests ,
shall be conducted in the presence of RDSO/Rallways nomlnated
-representatlves. .

o i
1.2 The sampling. plan for type- teSta 'shall" be as under,

Samples Shall be selected by RDDO/' ailways' representative.
Lot quanttty : . . - Sample rate |
_{Nos.) o of the lot .
' Upto” 200 _ o 20% . Subgect to minimum of
200 to 500 v 127 40 devices
590 to 3000 - 10% )
above 1000 g , 75%
1.3, ‘In case of bulk orders, the lot offered for type

- teatlnv and inspection shall be at least 50% of the total

i ordvr.

W
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1 “The progranme of the type tests on the samples -
selected shall be as per APPENDIX -j.

2. - Validify of the Type spproval:

3.1 The type approval for a particular device shall be
normally for a periocd of two years, Combplete type tests

as per item I will repeated before the validity of the
approval 1is renewed, However, at the discresion of the
RDSO/Lucknow, .conducting of complete type test progriimme
may be waived of f or modified progra med may be repeated.’

3. Manufacdtyrer's guality Assurance Programmes

3«1 - It is at the ianufactuling stage, from beginning -
to end, that the roiizbility is to be introduced into the
devices. 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 gquality assurance testing.
It is, therefore, incumbent upon the marufacturer to lay
down quality control programme to monitor the manufacture .
and” testing of the seidconductors. The manufacturer shall
. finish the quality assurance programme proposed to be
followed at the {ime o0f the placerment of the order. any
changes made subgequently will be advised. Audit checks
shall be carried mut from time to time by the representative
of RDSO/Railways to ascertain the imple entation of. the
quality_assurance progranme. c

L, Routine Tests

4.1  Routine tests including sereening and burn-in tests
shall be carried out on all devices as per APPENDIX-A Dby
‘the manufacturer. The manufactuer will kept separate records
for these routine tests carried out on the devices, which
will be made avs Lo+lo for inspection of the representatives
of RDSO/Railways. : : L o '

ko2 & certificate, as per the following proforma. shall
be furnished far each cubicle or for the 1at of the spare
dlqdes suvplied in respect of routine tests. :

Certified that ail the diodes type No.
as per the cnclosed serial pu-kers used for
the assembly of the cubicle S.No.
against contract/Order No. " -
dt, have been subjected to the
 -laid:-down routine tests and comply with -the
, declared limits of -the various finalised

parameters of the device.

Quality Contyol Engineer"
“. - . llc.OtB/—‘ .
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5. -Audit Check of the Routine Tests:,

5.1 Ten percent of the devices from eaclr ‘cubicles

of fered for inspection, picked up at random by the
representative of the Inspecting Authority, shall be
subjected to routine tests, as indicated in APPENDIX-A
in presence of the representative of the insvecting
anthoritye. : . :

5.2 . In case any deviee, oubt of 10% samole lot devices,
does not comply with the declared parameters, the folldwing

© procedure shall be followed:-

(a} In ¢ase more than one loco set is offiered
for inspection, then 20% of the devices will
.te taken as sunple from each of the halance
.~ tubicles and subjected to routine tests. In
2ase any device from this lot »at of these
gamples <7350 does not comply with the declared
- parametesi, then. the whole.offered lot shall
ce taken as rejected, o ,

B - . The manufacturer shall rescreen the ks whole .
bvateh and re-asseaxble the cubiecles with the
cevices complying with the Specification.
These cubicles will again be subjected to the

10% check as.detailed in 6.1 above. | >

(b) In case all the sample devices as per 5.2(a) ol

© awve meet with the specification, then the <
Perticular cubicle will only be taken as rejected. &
ReScreening shall be done by the firm before %
. B |

~offering 4t for reinspection.
5+3 1Incase of failire of the devices during 10% audit . ,
checks oceures for morz than two oecasions in 4 year, the approwd
for the device may be *aken as withdrawn. '

6., Periodical sampling life tests

M . ) . . i |
© 6.1 Routine test +to be zarried out.-on 100% devices

are mainiy constitute elecirical parameter screening fer
elimination of the ends of long tmiled distribution.

‘These tests, however, do noi ensure total electrical and

» mechaenical reliability of the dewice. It 1S, therefore,

necessary to g¢arry out periodical sampling life.tests So
a8 to verify that the complete manufacturing process ensures
Quantity of the devices, . Following sampling plan shall be
followed for this purpose. '

h .-toceh'/f-
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(a) 'Two devices from each eubicle will be
‘selected as sample by the representative
of the inspecting authoritys

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

1) .Thermal cyclihg Test NO;Q )
. 1i) Load test Test No,12)
iii) Blecking life | (Test No.15)

6.2 In case any device, out-of thes: 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 again before clearance for further supplies

‘is accorded by RDSO/Railway. ' ' -



- aPPENDI X~T

|  TEST PROGRAIE FOR -SILICO:: DIODES
i.  General '
1ot The type, routine and irgbstigdtional tests on the ;
silicon diodes shall be conducted as per latest IS: 7788 with
clarifications’ furnlshud hereunder. Some additional tests,

not included in I8:77%y are also to he conducted as type
. or routine or SpCp . tests, as claried bulOW‘

1.2 “Based on this ‘general type and routine test programme,r
the manufacturer shall submit particular. test programme,
“applicable for the offered device, indicating limit values
,of various parameters and test conditions, such as voltage
"and current, base temperature, duration-of test, reference
_temperature, etc., The detdlls of the émpirical relations
“proposed to be used for working out the final values of

the parameters shall be indicated in the test programme.

1. 3 ' The detailed prof orma for recording readlngs test,
results, observations, conclusions, etec. shall be-Submitted
along with the partwcular test prOgrdmme.._w

i %; © Sumnary. o} the Tests
S1.. ﬁé%;futﬁf test _ _‘EJ\_\,;j L Reference clause of
. Now: S A "15: 7788 - 1875
f;;;"v; - b - ;_ ] -f_1 “: Type tes% Routlne test
ty Forward charact“ trtge o T 0402010 &
"'. B I A HS B ~o
2. Forwa_d voltage d_op ot e . 1Q.1 2. 1:*
o L e B P P or |
ERE R PPt a.éf
,3@ Reverse chardcterlstic CSL e a0a1.30 L s
H: Revcrse current '”f 3;”§ A ;:vfﬁ__ S 10 9 g
) B LRI TR SR
' 5; Reverse voltage I 10}1}5f";“10.1.5
6, Reverse reccvery charge  ° 10 1.6 : -4 .
Tt : ‘.. . _-" . e ‘
7._ Therm1¢ r631stunce~ "t'“ff‘“ f”'; 10.1.7.1‘“ ‘10 1 7.1
8} Tran81ent thermdl 1ﬂpeddnce . ””“*”““10:i27.2
9 Thermdi cycllng o ' 10.1.8 o -
10 Surge forward llmlt current N : 10.1.9 1~~ »30 1.9.2 =,
1i; SurgelforwardICu;rent, T f?-.i. 10. 1!10
Y L ’ - . . : -, o ,-2.'-:' v,oe
12, load T 10011 .

%
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$13. Qeterioratiop?' SR  §? el 12&3$Lfi§ B 4?”

4. :Bneapsalation 1043 3T 00 1i1£

15. BlOCking Hfe . . AS ﬁer caiugﬁ‘ﬁs pey{;lause
' . - ' ;hh1ﬁbelow*‘“' bulﬁw oy

A . L IR "}'i_’:"_";f':: . b{i L .g
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16«1 Damp heat | = - Lo Ty mdome e e
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19. Operatlng 1ife o 5doe;1fguf@ AR
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" 3. Additlonal detalls of the*tes%s covured by IS 7?88 L
. N 3 L .t
Follow1ng additlonal detalls shall anply nfor the ,

.tests covered by Io 7788~ 1975 ' ﬁ o

" 3. 1 Test iTO 2 ﬁ :__ ™1 VQlta.j.re dI‘O'p Lm) ‘_ ' c.-'.

- v .
wr..

it The FVD grouplng shall be ela351fied based on 50 mV peak
‘% group corresponding tqﬁmuﬁirated device durrent rating.’

. It-will be verified that’ the characterlstic is W1th1n the .
‘ Specmfled FV@ group. . . <

. .o il . . ‘e
'-l:‘,t" PR - . L]

3 2‘“Tusts ﬁo 3 &1&-Reverse Characterls+1csx

i

.o""

In case’ of type test as per Clause 107 1. 3, full reverse
‘characterwstlc sha;l also be exhibited- en the oscilloscope.

.In case of routine test.as per Clamse 10.t.l, Feverse
character¢st1cs shall be verified on the osc1lloscone :
‘and shall beé. free from-defects, The leakage current
correspondlng to PIV rating of the devmce shall be recorded

S‘

,-v0-03/“ .
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3.3 Test No,ﬁ - Therm“l Czplg_g

© The test_shﬁ‘“ be conducted as per Clunse 10.1.8°
of TS:7788-1976. % tiust shall be condueted for' 20,000
cyeles and no par. .5irs shall change. The test sha 1 be
" further continued tiil any of the nurameters exceed the
limit value dbnormal varlation is nOtlcud or the device
fails.

ull the parameters that may bhe affected by the test

i.e. forward voltage drop, reversc leakazge current, thermal
resistance, cte. shall be measured urnd. recorded at. the beginning
of the test and thereafter every 5000 cyeles ti2l no

. change in parambters is noticed. The moment any change is
noticed, the parameters shall be checked after every 1000
cycles till the change in any parameter is found beyond -

limit or device fails. The test,will be considered satlsfactory
in case there.is no change in the values recorded.for the
~device under test in the beglnning..

3.4 Test No.10.- Surge forward current,

‘The test will be carried out with 507 reverse
voltage applied between current pulses.

- <

7 oD

3.9 Test No.12 ~ Load Test . . N
The forward characteristic, reverSe characteristic 2?

Thermal resistance, etc. shall be measured at the beginning
and at the end of the test.The test will be considered, H
satisfactory in,case there is no.change in the value of the
parameters recorded for the device under test at the beginning.

3.6 Tést'ﬁo;1h - ﬁncapulation‘Test

. The test shall be carrled out with Hellum g.s detector
method for the type test,

. Addltlonal tests not covered by IS: 7788 ‘

“%.,1  Blocking life

Type Test - ThlS test shall be carried’ out by applying
rated peak reverse voltage (either full or half wave-recti-
fied) on the devicses in an ambient temperature equal to the
mEX1mum rated junctlon teﬂpuratur for a perlod of 30 davs.

» Leakage cureent s 52 meaaured at the bnglnning of the test
and then checked aiter cvery 7 days. The test will be

considered satlsfactory in case no change of leakage current,
. takes place.
+* e 8 7’14'/7—
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Roﬁtlné Test - This test shall be carried out
en every device in the sanme way as tyne test, ‘but for
a period of 24 hours. .

4,2 Env1ronmental tests

4, 2.1 -Test No. 16 1 - Dan huat

' This test wil™ he carricd out as. pcr IS: 9000 (Pt v)
1979 with the ﬁbl‘u» g dutdlls-

Gondltlonlng S lcmperdture of 55 * 2‘% and .
_ relatlve huﬂLﬂltY of 937 +2

—

The device shall be placed
with the base fdcing upwards,

Severities 21 days,
" Final measurements

Visual inspection - Condition of the plating of
: the base, flexible lead, ete.

Electrical, R Insulation resistance before'
_—_ and after the test,
4.3  Corrosion

This- test sl.. .. be carricd out as per 01ause 26
of TEC 571. The dusunLon of the test shall be 48 hours.
The device shall be subjected to visual examination for
corrosion of the plating, etc. at the end of the test.

h.h Vibration test . 7

. This tes+ Shall bu cérried out generally as- per
Clause 28 of IBC 571(Rules for electronic equipment ¢ g
used on rall vehicles), wlth the folloW1ng severitieg:
4.5 Robustness. of the “termination .
_ The details of the test will be mubua.ly finallsed.
The manufacturer shall declare the tensile strength of
terminal and the proof load will be at lbast 2 times. the
'declared term1n¢1 strength.

5. Investlgation~¢gsts-

'5;1 T Operatlng life test

This test «1 .} be carried out on the dcvlces under the
follOW1ng opurdtlng condithns- .
" s e e -.5’/_—
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1) Loaded to the maXimum rateéd.forward current.
ii) Maximum repetitive peak voltage anplied.
111) Lt rated case tumﬁﬂrdturu.. _

The test will be carried ont for a,pﬂrlod of 30 days.

All the parameters, viz. forward voltage drop, reverse
‘leakage current dnd thermal resistance “shall be recorded
at the beginning of the test and then checwed after every
7 days. The test will be considercd satisfactory in case
there is no change in any of the parwmeters for doevice
under test.

5.2  X-ray examination

The purnose of this test 1s to deteet faplty
construction or the presence of forelgn particles after
encapsulation. This test will be carriedout after shock/
vibrations ‘test. The method of conducting test shall be
. mutually decided. The dEV1ces under test shdll be serialised
and then X-ray fol”ow d,

[



aAnnexure-I

Type. Test-Plan

f

The samples selected fow type te;twnp as per Cl!uSL 1.2
shall be subgected to the various tests us per the following plan:

GR%UP A
( On all devices of the samnle lot of 10)

Visual and mechanical inspection
verification of dlnenslons
electr1ﬂ¢t'pvrfcrmance )
(Test Nox 1,2,3,4,5,6 »7510 )

_ _Enc;psu%ation Test No.1k
G#oup B . ' P -

. ¢ .
Group B- | Group. G - Group D Group B
(10 d&;lCQS) o (25 dewives) (5 de‘SES ) (5 devices)
) ¥ . : . :
Tran31ent . § ' T by § I ¥ Vibration
thermal impe- ¢4 G3 L c2 D1 D2 - & Shock{17)
dance(18) 10.devi+ 7 devi- 10 dev- Damp Corro-
Surge forward ces dete- zes - viges heat sicn Investi-
Current{11) riotation Investi~ Block- - (16.1) (16.2) gation
) = gation ing Test
] : ¥ test - festys : X-ray BxXa-.
Bl - B2 ‘Operating - = - mination
(5 dpiviceS) (5 %evices} ' 11fef19) oo S (20)
Load . Thermal
test(12) eyeling(9d 7 - _ oy
o ‘ ‘ _ \ _ o . on
. Terminal =~ ' . Iy
strength B . _ ' R <

418

b
NOTE: The above:#igures show the minimum number of
tevices &o be subjected to various tests.’
The actual nunber of devices shall be deter-
. MLnLd by the sample lot in the same proportion.

i



