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Eleceric trains cross the Pennines

An 18E-hp locomotive haaling o passenger train
near Hadheld, M-V supplicd sixev-five electric
locomative equipments For pussenger and freighs
service on the Manchester-Sheffeld-Wath lings



Electric locomotive equipment for the
Manchester - Shefhield - Wath line

HE Manchesver-Shemield-Wath sectioa of British

Batlways, which came into virtually full elecrrical

nperation on September 2idth, 8 the thied large
conwversion using the recommended standaed sysvem
aff 1500 valts d.e, on an overhead wire and will be the
tirse Reirizh main line o handle all wafe electrically,
It carries o peeponderance of freight teathe, mostly
iti the form of coal tmins eperuting [oaded from
cust to west, fogether with a moderate number of
pussenger trains, principally long. distance corridor
stack, For maoving such ceathe 1|w locunmstive &2 the
only answer, and sixty-five mixed trafhe  electric
locomodives are pdw i operation A suburban
passenper service is provided by eight theee<oach
multiple  wnit  trains  operating  locally  between
anchester and Glossop.  The map (g, [) chows
the lines thot are electrically operared and the stages
in which converston has proceeded.

This stretch of line offers purtieular sttractions 10
Aeerrification.  [e carties a very Jdense traffic of the
ivpe indicated obove. there being an average of
sevenmy-five Ireleht trains and Bfteen passenger rains
daily in each direction. The confipurarion of the line
.l:":'\-l.llh.l-\- in heavy '|_'I|II.'- Jlll.l ERETY' S Illq,l |1;|:-: |,|1-,'- '.l.'l;li_.-
known ‘Woodhesd tonnel, three milez long, at the
summit 1 the prafiles given in fig. ! indicate the
apduous natuee of this section, The runnel, which
could admit only ane train ot a time abder steam
operation, and the comparatively sbow  operutional
apeeds of the steam trains on the up grade towurds it
cambined o create @ bottleneck in the handling of

tratiic, With electriication bhowever the higher
v xrwd\ have increased the traffic capacity
aof the mnnel, and the clear Lumilnnna of visibility
mean that, when necessituted by increuse v tenthe,
the present signalling allowing only one st on
h track con be supplemented by inrermediate
sipnals, ollowing two reains i9 cach Jdirection and
-;|1|.'r|-.'l-un=._l thie tunnel cupadity by ac least 25%,, (Inci-
dentally a new wonel was completed and put into
Hr‘cl'al.“llu simultansausty with the change from SLean
b elecoric operovion ; it lies in close proximity to rrl.r
nld rovin mennels. which could no lopger be adequarcly

maintiined.)  With electrificatbon alss freighe train
SPey Is Lijh the -ra.J-.:.s tovards the mnnel have increased
o some 30 m.ph, instead of 12-15 meph., while
passenger speeds show an appreciable improvement.
Impronved 1,11'\]- o hewey climbs are an infeerent
L|'|I'rlnl|'t'l"lq. of electric 1'-r'|.-r|t|l:-n.. PRy R p TN (¥ r||r.-
overlosd capacity of electne motors.

The heavy up grades dre of cowse followsd by

LTl I1|1-l_']l. ll"]l.[ |-u.||n,_ U.'.\lh.llhlll‘- wifi In..., |,'|1.-u|n|'
Jown prades, ond here another valuable benehn

abtainable from electric rraction, especinlly on frel
traing, by the provision of regenerative beaking.  In
steamn operation, the wheel shoe brakes had to be
continuously applied on the locomotive while pega-
tiating the long down grades, and i consequence
they became progressively less effective for stopping
the train ; it is not alwavs realized thar hor brake
blocks can be less than hali as effective as cold
Flacks in the braking of o train,  With regeneration

VI ORI

t—Tha Maschesier-Shaffield- Vil slectrifisd line
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1-Gimsphlied profile of the Manchaster-Shefiald-Vah Has

on the other hamd the porential energy of the train s
dissipated electrically, enabling appreciubly  higher
speeds o be used with safety @ maintenance is also
very much reduced on brake Blocks and  riering,
SMOUNINE fo quite an appreciable soving, A small
additiomal benetst comes from the retuen of eleereical
energy o che line during regeneration ;| special devices
ensure that any regenerated current thae connot be
urilizedl by other locomotives is absorbed by resiy
tances located at suitalle points slong the line.

The hisyary of this electrification goes back o
before 1936 when the preparation of tender specificar
tions wus begun, buat with only  one  locomotive
completed in 1941 further progress was halted by the
wiar., Work was resumed in 1947, and in Felstuwacy
1952 freight working was put into operation on the
fiese secrion of the line, from Warh to Donford Brides.
with thicty locomotives. Purther sections came into
sprvice successively, until on 14th June 954 bath
freight and passenger sesvices weee hauded electrically
through the new mmnel, the passenger services
from Manchester terminating 98 Penistone and the
freight services continwing through o Wath. The
passenger service has now (September) been extended
ros Shetheld Victorin, amd with the opening in lanuary
1955 of the short section between Shetficld and
Rotherwood sichings, where trains from the Nottine
hamshire coalpelds will change From stean o electeic
haubege, all treight trathe on the o will e operateld
electrically.

The electrical cyuipment for the locomatives--
sixtyv-ive in all—awss manufactured and supplied by
Metrapolitan-Vickers,  Fifty-eight locomatives have
a Bo - Bo wheel arcangement, omd seven are of the
20— Cormvpe. The mechanica] parts were imdertaken
by British Raoilways
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While bath classes of locomonives will be wssd on
the same passenger and (reight services, it ~h-.1-u|.-.l [
IHII:uJ r|1.n rl‘n: I!nJ'l.ln‘ll.l]h 's|'l_|_'l,| It l|1|_ e LT -;1|‘ the
Bo -+ Bo class s 03 mopohe, which is the highest speed
tar which the track s suitoble. The Co - Co claas,
Ieevweves, was built for W moph. maximum in order
that sdvantoge could be faken of the higher speeds
MY EdEY r.l.l'.lar'ﬂ electrifications i ImEAnLme, thiese
lugamatives th secvice will seldam use mare than the
first and secomd of their three motor combinations,
these corrcsponding  approximately in speed and
horsepower with the first and second combinations
an the Bo | Bo locomatives,



FLECTHIC LasaiknbTiVES

& Co - Co dectiic locomative in servibos

al amd expriss
ght and express

The trathc I llluiln.-.l'. ramres from lo
passenger trains of _'n.a to 330 pons n
] al +30 o A l‘ e to slaw

lILI 1l|1.-r it |-. Ifs
ineral teaiss of 700 tons of more.  The performance
the R locormotive with voriows clissed of

id 5 showen o fg. 3, While afl the Co  Cao loeos
motives are mioed with electric boilers, only o few
of the Ba - B clazs ore so fimed 1 in winter therefoee,
the former will tend o be kepe mostly on passenper

L L T

.-j'.ll {I £ |-.1-..‘-‘l:|l dives are dl.'-'-_:(l-_'.‘i Tt .|i-¢r||;|,nn
I ope man, and therelore incoepors l:-: aich fe

is g ' desd man ' foot teeadle, which, six seconds
after being celeased, cuts off power and app lies air
brikes om the locomotive and vacuum beakes (it
finted) on the train. However w-.u--n an peration is the
rube, the sscond man sttending o such dutkes as
i 1 the off-side, coupling up w s
gy coling lamps, wiwd making contact with
s when delayed.

Before describing the electrical  squipment  on
these locomotives, the mechandeal ports for the oo
types will be brielly reviewed, These were Jesizned

Beitish Railways ur Doscaster and nmsatactured
ar thelr Gorton works near Manchoster,
are of the mixed erothic type, omd the leading porticulors
are given in the nible on this Fape

Roth classes

.I.I\L' ey | B moanvilive  bogies  are @ I-II-\.-\.lI.'.I
1 one another by an artiowluting foine af i
ehdx, amd their ower ends carey the headsan

5 .
with deaw andd budfise sear, A draw s
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A dTe0bp skx anle Co- Uo electrie locamoibie

abyiss JFe §
”u_ Pl wendhT i
paints, which are Arted wich «
sped in pairs
wings, the o

spp B

In the locomintives.
i the o 'I the bogies
are mot  articulared, and  the

bufineg and draw ecar ore fitted
o the ends of the body, The
kady  wunderstrucoure s there-
tore made much mare mobuost,
and the suspension of body and
umsderirome on the bogies 5 alss
.|-i['.-.‘|'='l1'- The i-”_ll' l\'t‘i.:l'l? ts
transmitted to the bogies throanh
speing - mounted  bolsters  and
swing links, o metload of sus-
pension  providioeg much  betrer
Ii-‘iin;:. which is the mre neves-
sary  for the hicher maximom
this cluss of
Ity is .II"\-.‘_'IH."'\.-. ll'l |-|L{".-
tiony the moto
|"\.' a sbeel Lir
Fiblep TCEA LA

speeds  for

uiisiniee -.|-i\._-:_‘|;|y af the maitor
i the axke,

At g
conjuiction with the vacuwim Frake syvs

s el afkd CXess gidels TRLms

g The hady of a Co  Co locomotive showlag
thee  sqrangemant o dleccrbcal  eguigaent



FLECTRIS £aw QMO TIVES

ELECTRICAL
EQUIPMENT

The liyout af the electrical
|.'|.||Ii[ll|||f.lt 8} [lll_‘ ||-q_‘-.||_‘|'.||tn'|;_~.'
is similar for each class. The
driving cabs o1 each end are
comiected by o side corrikdor ;
the interniediate space in the
by s ogcupied by two open
miughe NETY Camp ATTAINER, Ot
next to each cab, ond a central
partion divided into an het
Compartnient ]'-lu.i-'_. ¥ [il.;;
switchgear and one or owo
{in the cise ot the Co-—CUo
cless) resistance compPariments,
Arcess to these compartments
is theaweh interlockad doors.

Control gear

The electricul equipnent it-
self (with the exveption of the
main moters snd some of the
| I:l.l!-l.l.-lr'l is very similar on
the two classes of Jocamaotives,
e much of the Bo + Ba L
ment war manufactured before
F939, while the Co - Uo equip-
mietyts were designed and manu-
fucoured after the war and therefofe incorporite some
impeovements, [he n switchesar is ot Jecten-
przumatic By consisting of unic switches drumne

TAT i

: JRC i e
L AEacA

e
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LOCOMUTINE TRAT 1IWE BV

SN 0N WaPRELT
P Gl B U R
1THeS BRADE

i) D f
'llTl 'I-'h'-

u i F it Fi] L5 [ ] LH i

LBl 1 fm
Je=Traclive &NSFE—ipaed furve 19k
fasr Bo o Be lecomotive |1BERRa) Bt i ket

The ddriving cab al 4 Co- Co lucoinotive

srauped switches operited from master conemol-
The switches and -ll'|1|..l' ivermE ol a]ui
sused in the b K FarT e i Framies that are
illuisra-

h
removible for éasy installution ar repaie. T
i shows o Co—Co loco
mative in eourse of erection 3 above ks soen @ driving
-ab showine the master contealler and ather irems,
The master controllers for the Co — Co locomotives
have fowar bandles ; (i) 2 femovable * forward © and
Ureverse | kev o (i) on acceleruning fever for pote
suecessively through all three mosor combdmaris
fiiy a P omhiDs |'I'\. 5 .ll'l.i witak “'».,II |- el \|.|||| 1 ovariesd
the amount of regenecation by aleering =|'.|' excirurian
all the lr'lx‘lin.ll'l T Bt '.|-q,|._|-l-\. .Ifl.-\.l. mwaved i the .|;'-|1¢'|-q,|1_
]‘l'q.,.. thab, enalbles three steps Oof wy ak feld 10 be
wgimed on the moters while r.1|-.||._' power ;o
{ivh 2 lever, on the extreme righe of the controller, far
selecting the motor combination in regencrution.
All the levers are suitably interlocksd o prevent

(fhTaly APeT ke

twin on the PEEVIHILLS

i s bt
1§ 0 MEprale series
u.'ll'\..'ll'l‘-l"ll"'-i lever

The controller an she Do Ba e
Jiffeeene trrangement, there bed
arw] series |‘.1!'-I| | lever, and
combining also the Function af
Il_ll.'.'rll.'il'lf;

hands at the
1 weakeniig
ncemicid

The rate of potching 14 enti
driver. An unusuually

s pr | iy apder g eive & wide ranges of oo
tractive elfort and spead (ny '-I. thus 1 Wb
type of locomotive to deal with the larpe v o

teathe alre l.'J. The maximum I-lu.-nl*-l ve

vailability i thus achieved, u feoture thot is of srear
on o comparatively  short mileape <uch
‘] in thiz ascheme,

Voo enoble the maximom wse o e made of the

Page 7
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A feetght ivadn Jdrawn by a 1508 hp
B ¢ Bo locomanive prar Bamsles Junetion

adbesion during scecleration the Bo Do
wives are hmed with means for weakening the
field of the leading motor on cach bogie. This was
especially pecessary on thizs <lass of double-bosie
focomtive with mosgsspended motors, since the
muximum axle loads permissible for the track had
dleendy been adi -ril;n:.l. and if full adhesion eficlency
'b- ta be obtained the alteration in axle load caused
by the peactions af the ieer ol and the lr.u'u—
tar pull must be connteracted. When the field of che
leading mator on each boge s weakened (by closing a
it tramsfer switch near the moster conteoller) the
clfect 13 1o reduce the mactive cffort of these wo
motars ta correspornd with the reduced weight on
their axles, which hos been caused by the tiloing
svtion of the bopies during acceleration,  Thus the
locorotive a3 o whole is able to exert a higher tractive
cifore by pastch k! nt higher cuerents without [rres-
ducing wheel slip.  The fact that the weighe transfer
awirch has been closed is indicared by o green lamp,
thus reminding the dever to revert to normal condi-

Closiys e ScRGn ds r‘.hr [ractive l:."‘l-lll'[ can by !"l'-.ll'l-.'-.'.!.

Iraction motors

The tructhon motors are grougsed together o0 give
Py camibPinanicns on the Bo - Bo locomotives and
three on the Co - O units, two combinations being
ble buth for motorineg amd for  ecgencration.
awn in the power schematie divgram for the
Bo =+ Bo locomotives (g, 41 shunt tronsicion is wsed
{ranm serics o seriesparlled,

Bepesieration is cardied our by the well Lnown

separite  exciter method wsine  stability  fesistance
. : i

The redstances are aof the sélf-ventilated heavy case.

Page 8

tive Py -

MAMNUIESTHR-SHEFFIELN=2%'%T1

iron grid tvpe, howsed in w

separate well-ventilated o Imipart-

o e — ment in the body = each bank

can be ensilv disconnected and

lifved our when required. These
registunces have been s by
Jsignad  for the very  heavy

Jos ".11'.|'|.nq.-..l b the |_‘='.|"-.'-| i
1

Jue
vraftie, the heay ;._'T.l-Ji-.'nI':c. wrad
the long periods of running ac
NEFY MK .'\-I S 1= olur i|'-" fl'\-_'_l,
winbher- |~..rr-.||'||-r|\ Gn o seme
siretches of the peoyided
with soods running loops work-
iz on the * permssive " svslem,
All the traction motors are of
the series-wound axlehung forced
eatilited type.  They are four-
pole machines, the armatures an
fe  Bo locomatives baetng of the
twacirenic. wave wound  type,
while those for the Uo — Ui cluss
are of the four cireuait-lag o pe
with eqpiiparential connecrions ag
the SOMMUTatT end, Bakelire
cambric shot wedges ore used o
rl'q.'l" Elsd ErmdrLre \'.Ifl..liln.._"\- i}
position,  The pears are of the
dngle  redoction  strsight  spur
e, the eear wheels being of
rubber resilient tvpe {except foe
locamatives, which were
resilience

e

10rheh

SLEIE Ol the .—:|I'|" i:'-'-
provided with wesr wheels eodporaring
prowvided by o svstem of springs)

The wide feld weakening  proveded on
Bo | : abtoined by the use of
inductive shunts in series with @apped resistances.
|:\ ir FE".._' I.'_Zu' T \_':;,'--_ Al .|'|'.||!|'I'|:.I._': 11 [ § J.
field rappings combinsd with a small series resiatance.

Suxilinry equipment
The auxiliaey mochines, which ore identical on
bosth classes of locomotive, nclude a 3=k mitor-

11558 A a7 -hp (1 Bour raningl fraceion
st for & Bo - Bo lossmisiive
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A 18258 hp fouraxis Do Bo elecirie locamative

s the lim

i =T,
- Hor uperatiig
the emergency baitery, and o 35k

separate excitation of traction morer  fekls  when

¢ Ol

ting.  Each of ohes Boa
al  fan, which i ilaticon
[raclicn nwkors, wieili-

are @ two-cvhinder i
wivieh supplies a_'l'-ll‘n["!'t'.u,\] Alr
levteupnoumaric switches, pantographs, hinens,

ity
liow wipers, dng a i

VPFERET,

lescomotive air

brakes
A

. I"\I
fecipPocatine exd
woum brakes of ¢

i‘;I'\.' L']-\.'.\_!'I'R‘ !'l‘..:' with = h=."- LOEiTE

myotives are hitted has & ranine of b ot steam
It s hrted with V20 amee] tre-tubes, cach
a Luarczalice yube, in which is
i lieatir Current s fed
' are electrical
by o steam

providind,

spetio
Pressure = ifq.f!‘l. I"H"i'.' AUTOIMNTE Co
rogcther with all necessary (i
Bot P locomotives nat i bwiler, an
eouaivalent wetght i provided o the foem of o cast
iroen block, thus mainmaining the some dissribution
1 ] baoilers can be readil

Iy e

.

OPERATICNN

The locomotives on this electeitication are normally
wsed  simely, except  betw Wath and Barnsley
lunction (near Penistone). | ¢ frekaht tmathe operates
over this jart af liln.: :il!lf, A ._:"l;h'..l[ " -;a..ii i
1 Wi rl"a'.i:' 0 Ore e iEiate Matamde, up W -
worth Bank, which is o pwo-mile stretch of 1 ia 40,
the heavy trains hove o be worked wi .

i i 1] L e, l‘:lfh lties
in the initial oferanon of these

L1TRA

Blctary.

Al | QPerpIe

[y che reverse

by

£ Operatiin is
rions wrhdet

inned Jdown

NEW AMAIN  LINE FLECTRIFICATION
e power is provided by the sixty
s epuipped the Company, resulted from
the frst in more etboic

+ of freizht :
il" I_Ill."\. ok tL:'l i"' M '-IF I_.-.I 1l |48 f..‘r | :". ALY (4} i
e the 1%

Woath o Nommeam

il W 1 a7 i Fesg PRI 5.7 T|.
e rEduoed W ominuates from 161, 10
th !Iii'

Llpas b

value of the schense will undoubeed

¢ voval tr c [
3 i ;

1 *il\l‘&: comlfrelds biw

scrrification s

FeUmnl passcnser

tind berween Xla

[ g Al

orth-wese,
il more
CRPEFCSs

i ko

{
!

v nutes. Finally, tl a3
mkives has 1
reife ol bt

aref rifscie
et JO0 Q00 tons of
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