SECTION 5

MAGNET POWER SUPPLY
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magnet power supply plant comprises two 60
ich power the magnet via a mercury arc convertor ins
the alternators through phase splitting v
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details of design. These design aspects, with indications of the his

reasons for adopting the final design chosen are given in the follow
papers publ is

hed in Proc. 1.E.E.,Vol. 110, No. 3, March 1963.

A1l three papers have the ma:
'Magnet Power Supply for t
Proton Synchrotron Nimrod*

Paper 1 General
Paper 2 Rotating machines
>\w 2845. Paper 3 Mercury arc convertors

lectrique No.387. 463, June 1959

The main power circuil

4+ is shown in Fig. 5.1(1).
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R 2849, 1959.
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The first 60 MVA motor-alternator-flywheel set was commissioned
running conditions during the last two months of 1961 and it was then
h.z.; preliminary ‘on load! commissioning using each half of the c r
installation in turn, with four of the magnet octants as load,
quarter of 1962. From April 1962 until the end of August 1962
Mw.ﬁ_pomu set and one half of the convertor plant was used to
ocﬂﬁ_ octants at any one time) in order that the magnetic s

e The second alternator was delivered at the beginning o
B.m wﬁmdwon was completed in about six weeks and the seco
ywheel set ran up to speed for the first time on 2ls’

After further commissioning, and also re-alignme
”meﬂwwoulﬂ.«iﬁmu set to the recently installed s
o es were installed in the flywheel to flywh
oogmo¢<wsdcu.. 1962 the complete rotary plant on it
- om shaft mémgs ran up to speed for tl rs
s ounissioning could not be carried

available. Detailed final
gmmwww.% 1963 using four magnet o
1agnet. This period will t
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plant erection Programme
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)8 During these 'shakedown® Periods the
t such work as the determination of a
ripple content of the magnet voltage, Stress
um vessel were also measured for the Design

October-12 October, 1962 ang
these two periods the number of magnet
the period Tth October-12th October proved
ing to have been carried out so far. The
are as follows:

~of these at standard pulse + 15%)
72,270 of these at standard pulse + 15%)

2 onsible for the operation of the
staff of the power supply plant
t early commissioning.
e
tive to the rotary plant and
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e three I.E.E. papers referred to
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THE ACTUAL MECHANICAL LAYOUT
OF PEDESTAL BEARINGS AND
COUPLINGS IS NOT AS SHOWN IN
THIS SCHEMATIC DIAGRAM

L

ATt N2 PERMANENT _SLIP
Fuse CONTACTORS FusE RESISTOR .
u\l\/ e

s/c SwiTcH

L —J Liquib STARTER

RECTIFIER CONTROL DOUBLE SEC S¥E
CIRCUITE 380V

TI000

V&o. o (% iclorouatorie
. EXciTRons
sooc/sLPT Type WP 9gdlc
V11108 |




[

Fig. 5.1 (ii) View of Zo»o?b#mﬂ:mﬁounﬁwﬁ eel
of Erection. (Some of the ul

checks on the rotor forgin

foreground)



5.2 Rotating Plant A \Muo .
o £ N ¥ o e
By 31st DecembeT, 1962 the whole of the rotating uwmﬂwmfmw.nw i
jes were installed and commissioned, mu_..éwodhmw No. 2 moto . \wu.sm.
der open circuit conditions. .

uxiliar
ww.w only been operated un

5.2.1 Brief Note on Commissioning Work Outstanding after 31lst D

i i lume of outs :
There remained, however, a oosmu.&mu.m.d&m vo . et
pe completed during the first half of 1963. _H,E.w.s.vﬁ_. dm.mwdmwwom_.ﬁwﬁ, &,_rw
part of this report but for completeness, a brief mention of a few O
items still to be carried out is given below:

(1) Final balancing of the twin motor—alternator—flywheel set.

(i1) Re-alignment of the set.
(iii) The grouting in of the complete set. y w

(iv) Determination of the behaviour of No. 2 alternator A.V.R. syst:

(v) Shaft torsional oscillation frequencies with differing plant
arrangements (e.g., one motor-alternator set with two flywhe
to be determined. 2§
Investigation into the behaviour of the complete set f
whole of the convertor plant and a complete magnet (eight o
will not be available until February 1963). T4 Houis

Extensive flaw monitoring of the plant forgings from the bore
specially developed ultrasonic test equipment. sbag @mﬁi &

Examination of one of the alternator rotors
rotor). This rotor had not been accepted o

but had been virtually on loan to allow the
carried out. v

5.2.2. The Foundation Block and its Behaviour

b 2. Since the rotating plant is rapidly
so.«ouvsm.sonmm of operation with resultan g
MmﬁH this plant on a reinforced and post-str
oumu and its foundation block weigh ab
" eighty SPring units and twelve

e foundation block is shown in




gainst the possibility of development of transverse cracks in tpg
such cracks would tend to lower the block natural frequency
machine running frequencies.

4o 1imit block movement during short circuit conditions and
any effects of resonance while the machine is being run up or shyt

lces known as slave units are installed on the block Aww<m
one at each end). Their respective positions with respect to
unted at one end of the block can be determined to an accuracy of
001 in.

Lt

d a et of readings it is necessary to apply a suitable method
hese to eliminate:—

t of compression of the supporting springs due to particular
conditions and

‘the whole block due to non-uniform loading conditions.

ed these effects it is possible to see just how much the block

hanges on Alignment

g ck profile obviously means an alignment change since the
ls are mounted along the centre line of the foundation

at in as little as twenty-four hours of operation at
ck profile can develop an increased 'hogging'

6 in peak to peak along its entire length., It is
'ect can develop to a figure of 0.2 in from the

at which plant alignment takes place.

uh.v shows that over the central 30 ft section

' aligned large bearing pedestals are located,

‘ change of 0,025 in, the relative variation
¥y 0.006 in. ]

isalign the machines when cold in
Fig. 5.2.2(iii) shows the results
e first occasion that this was
gauge methods. When

the misalignment stress
corded (Column A in
ings was taken with
se in stress of more
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No| MOTOR TO ALTERNATOR COUPLING

COUPLING STRESS (LB/IN?)
COLUMN _ COLUMN [ COLUMN COLUMN

ROTATION o 5 o
MAC| HNE KMACHINE |(MACHINE
.no_.u,_zm HOT ) colb) | HOT)
TOP o o o o
BROTTOM| =75 -1035 + 390 -5
SOUTH +22 — 375 + 240 -5
NORTH ~15 -480 + 45 +75

— INDICATES COMPRESSIVE STRESS

4 INDICATES TENSILE STRESS

— ——- ODD NUMBERED SLAVES
EVEN NUMBERED SLAVES

3
4

|

Fig. 5.2.2 (ii) Typical Foundation Block Profile Change in 24 Hours
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i iable
bottom of the coupling, and the apprecilakt
.w%noa:cmm i on with Column A figures. Column D shows the T®

awmwwwgﬂmswmmmawﬂumwm motor to alternator coupling with the ma #u,
wﬁﬁﬁmﬂosodwwbm that the movement of the wocbm.m.nwob..n.&.oow towards
indica o ofile (see &rap in Fig. m.m.m?...ﬂ_.v. had can

hogg "8 stress initially deliberately introduced to mw<c.uomw“_,u.m..r

= with the machine hot (a reduction from 1035 1b/in2 down to 15
B ding foundation bloek profiles corresponding to the readi

Tespon! ,.;:
T fated at B, G & D ave shown in graghs (b), (c) and (a) respectivel

5.2.3. Bearing Pedestal Vibration Levels

No. 1 motor drive and bearing pedestal developed m..co,,w& 0.003 in eak
vibration before the re-alignment to which reference wmm just been made. TX =
was reduced after re-alignment to 0.001 in and S0 far it has proved practlcap.
to keep vibration levels down at all bearing pedestals to less than O.(

to peak.
5.2.4. Machine Bearings

Bearing temperatures are indicated in the power supplies control ro
white metal temperature does not normally exceed mmoo. During commissio:
early running one bearing has been changed because of blistering o
metal. The bonding of the white metal to the shell has been checked
on all bearings. Differential pressure switches across orifice plates

mcuvwwuwuomdo.qno,cmmuu..:mm.oumwmam&o.ﬁ.»uewm mo.nu..m.«w@ﬂm&oow&a.
any bearing falls too much. it

5.2.5. Shaft Eccentricity Levels

Eccentricity of the shaft system is measured in the imm
each alternator bearing pedestal and these four eccentricy
four channel recorder. Levels of eccentricity are normall
peak value although, on occasions, levels approaching 003 i

S

5.2.6. Shaft Torsional Stress Monitoring System

oumwowmwdmuum..«ouw i : .
pair of phonic wheels eac
om S.S. alternator shaft at positions as indic |
Mwouwn wheels, in conjunction with m:

e the .oﬁ,.aw:e from the pick ups, a dir

.Fwwmwwm wwownwﬁwm is fed to a transi:

° onsistorised alarm and/or trip 1

W.gm@ M.Q”OW:@&. 7 X \ W

a

At present the alarm nid




‘only the location of the phonic wheels but
oring of the shaft system. Fig. 5.2.6(ii) shows
system at Stations A & B (see position 4 in Fig.5.2.6(;
e installed at these locations. The flat top timer )
! 8 crystal controlled oscillator, so that f£]at top
‘an odd number of half cycles of shaft torsiona]l
sible build up of excessive shaft torsional stress.

ting of the Set

equipped with four oil jacking pumps so that oil at
luced at the bottom of each bearing so that the shafts are
1 to ease starting conditions and to help avoid possible
elected main oil flood pump, capable of delivering

pressure of 50 1b in® has to be started before switching

0. After starting up the main flood pump and the Jacking
can be engaged to rotate the set at Hw rev/min.

dion o0il tank is fitted with 30 kW of heating. In addition
8 installed in each alternator stator frame. The
; a temperature of 40°C so that as the set is barring,
lifted to a minimum of wooo before arduous pulsing
an be used to assist in this process.

transition temperature of the steel is reached or
)le pulsing stresses are set up. It seemed advisable to
ensive investigation on the Bevatron power supply
b0 pre-heat the Bevatron flywheel shafts to a point
- satisfactory energy absorption levels. (2).

rome Molybdenum and Low Nickel Vanadium Steels

are held on the subject of
rertheless large rotors have burst and
ected to the brittle behaviour of
e notch toughness of the steel is
f the Charpy-Izod impact test
re test specimens decreases
ily seen from the curves
used in Nimrod power
if the mean of the spread
the temperature




CONNECTED FOR DISPLAY ON OSCILLOSCOPE AND/OR RECOR
STRAIN GAUGES CONNECTED WOBBLE GAUGES ALSO FITTED AT THESE ey
TO ADJACENT SLIPRINGS AND POSITIONS
ALSO THROUGH SHAFT BORE TO STRATN GAUGES WITH LEADS [VIBRATION

iR SLIPRINGLESS TRANSMITTER RUNNING THRO' SHAFT BORE PICK-UPS MOUNTED
3 PICK-UPS. STATION 'A'. TO SLIPRINGLESS ON ALL PEDESTALS
I' NORMALLY TRANSMITTER
RED) STATION 'C! L

MOTOR

ECCENTRICITY DETECTING EQUIPMENT \—
DER,

STRAIN GAUGES CONNECTED PHONIC WHEELS WITH 3 PICK-UPS

TO 4 ADJACENT SLIPRINGS PER WHEEL CONNECTED TO
D TO STRAIN GAUGES on B PHASEMETER, 1 EXTRA PICK-UP
TO BE PROVIDED FOR CHECKING

ALARMS

LESS TRANSMITTER

4 SLIPRINGS TRANSMITTING STRAIN
GAUGE SIGNALS FOR MEASUREMENT
AND 1 SLIPRING FOR EARTHING
THE SCREENING OF CO-AXTAL
CABLES.

EINIHE LINE OF S — ~ — ——— ===yl

VIBRATION PICK UPS ON EVERY PEDESTAL
SHAFT ECCENTRICITY DETECTION POINTS
TORSIONAL STRESS MONITORING

STRAIN GAUGES USED FOR




16:2-62 14-50 HOURS

10,400 AMPS  90°/oVOLTS FLAT TOP TIMER SETTING 124.8MS

CALIBRATION:~ STATION A = 3-85CM = UNIT TORQUE
STATION B !~ 3:5 CM = UNIT TORQUE

)

V

Behaviour of the Shaft System

G 2w =
ONES
REBER 8




m.m.m

s 5 ings, to b
is not practicable, even in very _m.wmw QGMWMMQOMMMWMMM,“Boma
ver are present. Where failures S el .meHuo.«.w._mcMM.,

teel temperature has been below the :

. . Eo ‘,
joulties in the determination of the transition «oﬂwowwwdm Jpe
£ results obtained from specimens taken from vario sl
Fig. 5.2.7(1) shows the spread of results for the ” g
and the chrome molybdenum motor forgings. The wwuxs e
de from chrome molybdenum steel. It omﬂ be mmwﬂwowmﬂn T
i i iti temperature vie 9

418 o, 52.7(1) that in“our Case, from a transition =

i Mwmmuwmaownwwgw:mm are more of a problem than the Soﬁouwou ww%sw.@mw Mwmmwm.pm If
1ts is taken, a figure O

the mean curve of the INV spread of Tesu s > B e ity

not achieved until a &mswmmmdcum of 20°C is reached.

1 w to pre-heat to at least 30 C.

However it
hat no flaws whate
lace when the s

origin.
certain t
have taken P

One of the diff
is the wide spread o
the same forging.
INV rotor forgings
shafts are also ma

MEAN OF CHROME
MOLYBDENUM BAND

.o~ MEAN OF LOW NICKEL
VANADIUM BAND

eved by alternator and “_.cdu.u..om.ﬂ._.ﬁm oil
d by a pulsing programme specifically
Since this mercury arc

In practice this temperature is achi
18 heating as far as is practicable, followe

suited to mercury arc convertor ageing requirements. y
convertor ageing programme is carried out with long flat top times (typically 8 mv

at a magnet current of 5 kA and only 30% of peak voltage, the shaft torque H.o<ou.m :
are low so that this duty can be carried out not only to effect the necessary
convertor plant ageing, but also to assist in raising machine and shaft temperatures.
This does mean, however, that the power supplies and the magnet load have to be i
available for 2 hours before normal pulsing is required. At the end of the pulsing 5
programme 20 min are required to bring the set to rest with the brakes fully on
after which the set is barred for a further hour or so, so that the rotors cool

down evenly and possibilities of shaft bending are avoided. Power supplies plant has
«on._mH.on f.v be operational for approximately 3% hours in excess of +the u&mwwwp
period required. )

2

2C

L
10
TEMPERATURE ° C

Charpy-1zod Tests on Forzing Steels

5.2.8. Lubrication 0il System

A certain amount of difficulty has been experienced with air entrainme .nf.m.ﬁ
the oil system with resultant difficulties of Mmsu priming. ewwm MMHMMHMMWMMS
wmuﬂocymuuw serious in the event of a pump failure or a site electrical £ 3
UWMMM zw_um stand by pump swwmw should automatically cut in, could fail )
HHWmHH..Wm.n A dmamoumuw continuous bleed system was installed to great:
ﬁwmsoHMo Mw.wmﬁﬁ..mu In Hmmw modifications will be carried out
- mw in mmﬁ..ﬂwob to this an emergency gravity fed system w:
Sl [¢] 8.“_. available may not be sufficient to preven :

be sufficient to avoid serious damage to the jour:

o

Fig. 5.2.7 (i)

-20

A 5:2.9. Routine Intrascope Inspections

=30

The alternator poles are 115 in long. The
end plates and the poles are

1ife

=40




cd

ing g :
Tim temperature is somewhat similar in the two ommmm wwwﬂas 0
The Tunning temperature of
hus the temperature Trise doeg
uld not be mwmswwwowsﬁpw
e compressive stress in the rim approaches the yielg Point
sely. For this reason eddy current braking ang mechanica)
m#E:w&p:moﬁmH% for a more rapid shut down, Furthermore
T one eddy current brake must not be used to stop the

survey has been carried out on both flywheels and it was
there were 132 significant defect echoes
ywheel disc whereas No. 2 flywheel had
ributed within g

bout a woo arc. It would appear that
Peppered with slag inclusions. It is reasonable that the
ould not give similar results when

ultrasonically scanned,
' made and not from the Same melt.

1S 105 IN.

‘b ¢w¢upmospomwpu scanned at intervals to try to ensure
m.ooocum in the known flaw DPatterns. It must be
arks apply only to the flywh

eel discs which are made from
ing a minimum yield point of 20 ton/in2,

EACH KEY
BY A GRUB

Silicon

0.1/0.3%
Sulphur and Phosphorous

0.05%

fu.f¢rmrowaoso molybdenum steel having a minimum
lemical composition is:—

romium 2.5-3.5%
bdenum  0.3-0.7%
P Jw, 0.05% max.

us  0.05% max.

LENGTH OF POLE
TO END PLATE } IS 115 _IN.
LENGTH OVER LAMINATIONS

1S LOCKED IN POSITION
SCREW

ﬁmZO PLATE

POSITIONS AT WHICH
SCOPE INSPECTIONS ARE
il CARRIED OUT

POLE END PLATE

KEY
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ERROR VOLTS (AvR2)
53%o0/cm

ERROR VOLTS (AVR 1)
5-3%0c/em

FIELD VOLTS (ALT 2)
54V/ecm

FELD VOLTS ( ALT}
49V/cm

No2 AVR MAG. AMP
OUTPUT

158V /em

No | AVR MAG. AMP

OUTPUT
17-8V/cm

STATOR VOLTS (ALT 2)
12-8 kv
5:1%/0/ cm
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.ﬁpxa,.m.oﬂ,
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v
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i i trolling V
e droop unit which provides w.oos
of the magnet current) to modify the referen

ransformer (12.8 kV/180 V) oﬁﬂwﬂw is MMM.M.MW
i the three e voltages,
tage proportional to the average of : ! .
wuomcmm Wm<mwawmumm with the combined outputs of the Hmﬂaucnncwwun D“WMMW@...—H ,
pack Mspawﬁ error is applied to the regulator Bm@:m.ﬂ.o msbwwﬁwoum.mw ; N@W.
ewmamwwm the grid control unit supplying the grid impulses to e cury & re
Q o

excitation rectifiers.

by the use of th

jeved
achieve 1 sear function

is & non—

The alternator voltage t

Should the alternators ever run in parallel, a circulating o:HW.MMH.._“, 1 : :
petween them if their excitations are unegual so m.wwwH of cross M.Mm i wm.m 78
trensformers are used to measure this o:HH.m_”:n. Their outputs mud. 3 .mo:. -
sensitive rectifying oircuit to produce a direct voltage ,H.Hououéwouw i
circulating current and of polarity dependent on the phase of the curre 2.5 .é@m
yoltage so produced is fed in opposing senses t0 each regulator amplifier
correct the excitation of the alternators.

An essential requirement of A.V.R. performance is that pulse to H.E.mm;,
repeatability must be maintained and one of the closest aoHoHB.BWm spec wmm
was that the alternator voltage should have recovered to within lo.mm%
within 0.2 s of the end of the decay period.

Figs. 5.2.11(ii) and 5.2.11(iii) show traces of (a) error volts A
AVR2, (Db) magnetic amplifier outputs AVR1 and AVR2, (c¢) field volts m..mw
and alternator 2, (d) stator volts alternator 1 and alternator 2 under
pulse conditions both at the begimning and end of a twelve hour pulsing
The close similarity of the stator voltage traces may be noted; simi
volts have remained virtually the same over this period. On both A
voltage traces, the voltage has recovered to within Ho.mm* of H
of the end of the decay period, YEAY;

5.2.12. Brief notes on General Routine Commissioning

& In this report certain items which it is hoped will UG.omﬁw mm:
MEa doam. mentioned. Much time was inevitably spent in th

n omﬁ..ﬁwsm out routine work associated with plant of :
following list is by no means complete but serves :

(1) Primary and/or secondary injection test:

A.ﬂ.& Checking the extensive sequence interloc]
also the complete alarm and tripping
Fig. 5.2,12(1) lists the main protect
"ith the switches, etc h which
HH@@&HP@EB@#@@% .mmu i
o of 1 ;




btesting of oil and water circuits and the calibr

i bm East generator shaft of the Bevatron magnet power supp

on alternators and static dry out procedures on the motorg

ation of if3
these circuits, PRt

canning of the Rotary Plant

 been made in sections 5.2.4 and 5.2.10 to flaw detection by
8 on the flywheel discs, and the checking of the bonding between

and the steel shell of machine bearings. Conventional ultrasonie
is, of course, freely available to carry out such examinations ang

from the exterior surface of bearing journal locations. It wag by

ly was
ous flaw patterns in the vicinity of a bearing journal. Flaws were

st generator shaft but these were not so serious, However in a
ring Note (3) a comment is made that in the case of the East
he ultrasonic observations were sufficient to reject the shaft

nepection standards for installation in new equipment, Ultrasonic
28 were set up on a three shift basis for both machines,

of the Nimrod machines, the locations at which ultrasonic
e carried out is limited to the bearing journal positions. In

alternators this amounts to about 13% of the shaft length.

rod motor-alternator-flywheel set has central boreholes
system. In the 14 ft 6 in long motor rotor forging the
s in the 25 ft long alternator rotor forging it is 4% in dia.
g flywheel half shaft it is also 4% in dia,

:o%ﬁ.d.fam have been accepted for many years as a means of
58 of parts of rotary plant (e.g., end bells of turbo-
d in view of the American experience, it appeared prudent
| to be carried out on Nimrod. The practicability of
1 idered. This had the obvious advantages that no

equipment to carry out this work and
whether a reasonable development contract
y There were obvious difficulties
oned s —

e sight of the operaton
upling conditions
be constant throughout
s through the 22 in
bores.

“this connection

pROTECTION

0,
Ewi»eow DIFFERENTIAL

ALTFRNATOR OVERVOLTAGE
ALTERNATOR INSTANTANEOUS 0/C
ALTERNATOR INSTANTANEOUS EXCITN. 0/C

ITEMS OPERATED
[T MOTOR 1 11KV CCT. ERGAKER
MOTOR 2 11kV CCT. BREAKER
ALTERNATOR 1 AIR BLAST CCT. BREAKER
ALTERNATOR 2 AIR BLAST CCT. BREAKER
ALTERNATOR 1 EXCITN. 11 KV SUPPLY CCT. ]

& B/F

E/F (TIE
ALTERNATOR EXCITH. 0/C & B/ Hmmgi

ALTERNATOR FIELD FAILURE
JLTERNATOR FIELD 0/C
EXCITN. TRANSFORMER BUCHHOLZ SURGE

ALTERNATOR ROTOR E/F

ALTERNATOR 0/C (TIME DELAY) I

ALTERNATOR STATOR E/F 4
RECTIFIER EXCITN. SUPPLY
RECTIFIER AUXS. UNDERVOLTAGE
RECTIFIER GRID SUPPLY CUT-OUT |
RECTIFIER FAN CUT-OUT

A.V.R. SUPPLY FAILURE

A.V.R. FAILURE

ALTERNATOR WINDIXG TEMP. HIGH
ALTERNATOR AIR TEMP. HIGH

11kV UNDER VOLTAGE & REVERSE
PHASE

EMERGENCY STOP
MOTOR STARTINC TIMER
DRIVE OVERSPEED

ALTERNATIVE |
TRIPPING
SEQUENCE

ALTERNATOR 1 FIELD CCT. BREAKER

ALTERNATOR 2 FIELD CCT. BREAKER

EDDY CURRENT BRAKES 'ON'
STARTING SEQUENCE RELAY

ALTERNATOR 1 AIR BLAST CCT. BREAKER
ALTERNATOR 2 ATR B LAST CCT. BREAKER
ALTERNATOR 1 11kV EXCITN. SUPPLY CCT.
ALTERNATOR 2 11kV EXCITN. SUPPLY CCT.

DRIVE UNDERSPEED
LUBRICATION OIL FATLURE
BEARING OIL FLOW FAILURE
OIL TANK LEVEL LoW
EEARING TEMPERATURE HIGH

MOTOR INSTANTANEOUS 0/c & E/F

LIQUID cONTROLIER PONY MOTOR
MOTOR ATR TEVP, mIcH

ALTERNATOR 2 11kV ]
MOTOR 1 11kV CCT.

ALTERNATOR 2 EXCITN. 11kV SUPPLY CCT. BREAKER



was necessary to devise, in effect,

s means that it O .
L h incorporates automatic trace recorc ng

survey system whic
alarm features.

(i11)

4 to be capable of being set up to achieve
cy in radial and longitudinal locatio =

(iv) The probe system ha
ith previous scanning res s

repeatability accura :

to achieve direct comparison W
(v) Tt had to be possible to set up the equipment within wwH% a da

use could be made of short shut down periods of say, two r
d to be capable of relatively easy interpretation.

at the probe system had %o give results
ble with previous results irrespectivi

(vi) Results ba

(vii) This in turn meant th
accurate and compara

forging temperature, which can vary at least over the range 2(

(viii) Another difficulty is caused by the fact that there is inc
attenuation as greater steel thicknesses are penetrateds;
amplitude of the flaw trace is not constant for a given flaw
the range of interest. However this problem can be overc
swept gain amplifier design to increase sensitivity with in

range.

A development contract was placed in April meo. It soon
that a standard barium ﬁ&pﬁmg\wmumvwx probe could not meet the
conditions but by August 1960 a much more satisfactory "free 0il
had been produced. This was basically an immersion technique us:

By March 1961 a prototype had been produced which ..umH.B L
to pass through the 2% in dia. motor rotor bore into the a
bores. Early field trials had also been carried out direct
rotor bore at the alternator manufacturer's works. <
Moswmu.m&:um irrespective of rotor steel temperature, the
. esigned to uw<o a suitable flow, combined with a couplant o
arranged to give very close temperature control. ) : P

Tequired.

This project was commenced sufficient ]
. ; il

MM Mw@ H.o._“m;nwsm plant to make it possible dw MM
e ranging for certain holes in various pa
: omed. These, of course, give a vastl
WQNE& ultrasonically and acted as 'na
HM pful in the early developmen
mproved to a 15 win finis
been adequate. By thi
the bor S ,




n G.S. column probe incorporating suitable couplant oi]
ed to be a major improvement and early results showed that
e results obtained was very much simpler.

tial surface wave probe. The range of detection to be over

the bore surface. The sensitivity to be such that avVv

in in length, having an included angle of 3-5° and a depth

» ¥ill be clearly and unmistakably indicated. Frequency 2.5 Me/s,

»Sm“_. surface wave probe. Minimum range of detection to be 3.5 in
the probe. Sensitivity as defined in (i) above. Frequency 2.5 Mc/s,

wave (V.L.0.) probe. The sensitivity requirement to be
Probe is capable of detecting &in dia. flat bottomed holes

ally over a range from 0.1 in below the bore surface t0 10,5 in
ore surface. Frequency 2.5 Mc/s.

lard type probes for scanning the four 11lin dia. journals
t 20 in dia, shaft journals from the exterior,

nt phase of this contract was virtually completed by December 1962,
of the final equipment and the initial and very detailed ultrasonic
Plant will take place during the first half of 1963 and will

oond part of this report. Before then & paper will be published

has been given at some length since no information is at
e on the general background and considerations which
8 special equipment. As far as is known this is
iprehensive equipment has ever been produced for
from a central bore hole.

5.3. Convertor Plent
.3. Converior So——

In this section p sl h
Reas e the convertor plant are > tors and the
noEHmwMMMW‘_MmoM.QmM of the main power circuit of the conver
descrilP

trol 1 tems 35 i W &QWHOQ desc
(¢]0) i i tion 5.1 a moTe de

ntr i . As WHHGD&.% mentioned in sec ; e
ther wi th Om.H.”_.% design considerations, will be found in the three vN.OOHm ;
toge

published in the proceedings of the I.E.E. (1).

i : e d
. i i roblems which arose &
e u:.«mumwwwmmnw As an introduction,

5.3.1. General Description of Power Circuit i
* i + the conver
The basic circuit is shown in Fig.5.1(1). It SHWHHMQMMQMMQMBMH.. B
jnstallation is in two identical parts Ws& .nrm..m mwowﬂnwmwzmum R e
£ convertors. Bach group itself comprise : :
M:Hmsmwmmm are of the water cooled,continuously evacuated,excitron type

For each half of the plant there muonmoﬂu.uwmwn_w“omww%wmwm.«MWMM.MMMM_MHM ,W,;m.

i ti of 11.93 MVA and supplied a o EN O 2
Mbwwwwmwwmwﬂ wwwoﬁ..ﬁ ,uawmwﬁ.. Each transformer has two mooosm.muw S,Hjnwmmw v
connected double star with an interphase transformer, the no load secon m.m%.
voltage being 3,400 V phase to neutral, The mvum.am.u.% windings of the .«H%ﬁm '0:
are connected star, delta, extended delta + 15 and extended delta I,M : !
respectively, and this has been arranged so that each half ww ..Sum convertor
plant operates as a 24 phase installation. The secondary windings of the

the manner in which they operate to give a 24 phase output, and the
the interphase transformers, will be explained by reference to F
51 3.0(H11),5. 3.1 (1v)ls

The magnet current pulse is such that it demands three d:
operation of the convertor plant.

(1) A period of approximately 0.7 s during which time a.
operating as free firing rectifiers and current
magnet. The actual time of current rise is. variable
value of magnet field required. ..

(D) A e Period which is adjustable in 1 m;
the magnet current is held approximatel
This condition is obtained by arrangin
in each series pair operates as a
functions as an invertor. The 4
is just sufficient forward v
8series pair to overcome 1

1) A period of bime sim
Which the magnet

During thi



Curve 1 shows the anode voltage of one star group of say convertor group No.1;
curve 2 ghows an anode voltage associated with the other wﬁmw.ow the same
transformer secondary. Because of the action of the 150 c¢/s interphase transf,
each anode conducts for w\mﬂm of a cycle and the d.c. current is sh

between the two star windings. Since anodes associated with each star &TOup are
conducting simultaneously, the effective d.c. voltage due to the convertor group
is the mean of curves 1 and 2 and is drawn as curve 3. The voltage across the
150 c¢/s interphase transformer will be the difference between curves 1 and 2,

The
ared equally Ty

Curve 4 is similar in waveform to curve 3 but is displaced in phase by 30°
to represent the d.c. voltage of the series convertor group, say group 4.

When changing into flat top condition the d.c. voltage waveform of group 1
convertors moves into the negative invertor region as shown by curve 3 whilst
curve 4 remains in the positive rectifier region until the end of flat top.

The nett d.c. voltage across the series pair of convertors is the algebraic
sum of the voltages due to the individual groups and is indicated by the heavy
full line on the Fig. 5.3.1(ii).

The nett d.c. voltage due to series convertor groups 3 and 2 will be similar

in £w<omou5 to that due to groups 1 and 4 already considered,but since group

b 3 18 30" out of phase with group 1, then switching into flat top cannot occur
at the same instant. On Fig. 5.3.1(11i) the waveforms for groups 1-4 and 3-2 are
shown dotted and the effect of the 300 c/s interphase transformer is that the
nett d.o. voltage output across the four groups is the average of the two curves,
and 18 shown by the full heavy line. The voltage across the 300 ¢/s interphase
traneformer is the difference between the two dotted curves, and it can be seen
that during full rectification and full inversion this should be zero.

Convertor groups 5, 6, 7 and 8 are all phase displaced by 15° relative to
groups 1, 2, 3 and 4 already discussed, and perform in precisely the same manner.

It follows that the output volt

age waveform of these two parts of the plant
will be similar in shape but dis

placed in phase by Hmo. This is shown on the
dotted curves of Fig. 5.3.1(iv) and the effect of the 600 ¢/s interphase
transformer is that the nett d.c. voltage output from each half of the convertor
installation is as shown by the full heavy line. The voltage across the 600 c/s
interphase transformer is the difference between the two dotted curves as
»awoweoa.

5.3.2. Commissioni

No attempt will be made here to cover
carried out.
st

.all the commissioning tests which have

Many of these were of a routine nature of limited general

and a ocomplete record is available in the form of test schedules which

leted as the various tests were carried out.

be some of the more interesting aspects of the
out to establish the plant performance.

¥

It is considered preferable
plant, and tests which

carried out on the main transformers was a pressure test 1
 test one of the transformers broke down at muwHONwswam J
to remove the transformer from its tank to find
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Waveform and Interphase
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Fig. 5.3.1 (ii) Analysis of D. C.Ouput Voltage
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(The building in the centre of the yard, with open doors,
contains the air blast switchgear).




. dmos
:pwaaozdwm.Hﬁsmmwocsm&.smdm.«ozm @owdﬁ deHMSWMMm mw@mowipo
g 1 tion and a we :
ing :cient clearance between a neutral connec 3 ormeTrs 11
insuffioe  concluded also that the method of locabing the «HmeM:de.

vt Au, was not positive, and that movement had occurred in TI

their tanks - :
i its tank, an

a i former being removed from 1 2
e el oo e mma insulation where chafing

£
the cause 0%

Sebea 1 tion showing the damag
se up of the neutral connectl . . e
meHMooE.u.o? resulting in breakdown on pressure test (Figs. m.w.mva an

5.3.2(i1))

As a result of these findings it was necessary to examine mmnw.owﬁwwwuﬁ.mwmwd
transformers and to modify the method of locating dwo‘.ﬁ..m.smwowsoﬂm HB.H m”_.@
tanks. Portunately it was possible to do this by draining down the oil an
working through inspection covers in the sides of the tanks.

(b) Convertor Load Sharing

By far the gest part of the commissioning time has been spent in carrying
out makucmﬁu_m, to the plant to obtain reasonable load sharing between the
paralleled convertor units. The causes of poor load sharing have in general
been due to one of the followingsi-

(i) Current compensation influence on grid phasing.

(ii) Incorrect operation of the interphase transformers. /

(iii) Unsymmetrical capacity to earth of the d.c. connections to the magnet. s T
(iv) Faults in the grid impulse generating circuits.

e The last item is of little general interest and will not be dealt with
further. The first three items will be treated under their separate headings.

(1) Current Compensation Influence on Grid Phasing

In order that th . R S
e T t e synchrotron as a whole may operate at its maximum repetition

_1s necessary that at the end of the flat top period the magnet c i
MMMWOW@ to waw as quickly as possible. This is done by so @vmww:mm&wm QMMMMwMon
i :E.H,uﬂ.‘mmm, . é.gm anodes can only conduct during the time when their voltages
owmamwmu ive w._mpwf.,\m to Spw du..msmwowamu neutral. Thus the convertors are
i :msmmwbﬁ\mpéoaw. This is possible due to the high inductance of the
e w. M ich produces a dmow e.n.f. to force the current through the convert

node to cathode, against the direction of the applied anode <opdmmm ot

e Ha is desirable to operate with the maximum de,
4 H,Nownw:\o?ww continually altering the phasing of t
; ion of load current. Fig. 5.3.2(iii) explai
18 shown one of the double s (1

Waveforms produc i
converte ed by this t
2

gree of inversion poss
wmﬁmos<mu.."0d grid Msucwwww.@mmba
ns € Treas i
tar main transformer connections MM@%MMm&”“Mm e Am.v
B Beiducel. is transformer are shown at (b) and (c) with the oo
it cnemis g mwwwz,\muﬁoum. At (b) anode 1 is shown commutating
| e S csod b ore the anode voltage waveforms cross each other C e
M,,wﬂ., §: Aﬁv ,dmai s . S from one ancde to another which is more Positive mbm. 1 e
X 3 Sh ectifier Transformer Neutral Connection Oover ; By ety e e na e o
i fier Transtor uo.ﬁ;vmwu&. In fact commutation must be complete well vwwﬁmanon Lovend Te 24
Dam; oﬁ...Emzm WHHos sufficient time for de-ionisation of the M Soothis su Ry s :
1shed anode which would otherwise re—-ignite. The MM.MMEMH&MM“B@E& i
- time in whig]

9 =15

#
5

fon
Rk
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tation must be completed before the cross over point, is called the safety 5
and is shown as the angle 6 on Fig. 5.3.2(iii). This diagram has been
' neglecting commutation time, i.e. angle of overlap y which is shown in (e).
We must maintain the safety angle § after commutation, it is necessary tha;
rid impulses must be advanced by an angle p giving B = § + u . The overlap
is a function of load current and commutating voltage and Fig. 5.3.2(iv
unt of grid advance applicable for given currents at the various
ating voltages. This control is known as 'current compensation'.

¢ Is0cC/s
I.PT.

()

The circuit which initiates the generation of convertor grid impulses relies

: w.us a.c. waveform of alternator frequency being cut by a d.c. voltage. By
irying the level of the d.c. voltage input, the point at which this cuts the
C. waveform and hence the phase position of the grid impulses, is changed.,
jach group of convertors has its own current compensation control, which ig obtaineq
onnect in peries with the d.c. input to the grid control units a component
ch is a function of d.c. current fed via d.c. current transformers (see
2. 5.3.2(v)). The original scheme was such that the d.c. current for each group
- own current compensation control. This scheme was unstable and
wuﬂu of cross connection were tried to provide some current compounding
e Ve even load sharing between the convertor paths. The scheme finally
is shown in Fig. 5.3.2(vi) which indicates, for example, that the d.c.
P 1 influences the grid phasing of groups 3 and 7, whilst the
ups 3 and 7 also influence the grid phasing of group 1.
8 only effective during inversion and does not influence impulse
‘rectification. During flat top the cross compounding of groups
will be operative to assist load sharing and during current decay
d 6 will behave similarly.

Current

clear that the primary function of the current compensation
lde an adequate safety angle. The current sharing feature is a
8 not a closed loop control in the normal sense, in that
influence operating directly as a function of current N y S
will only be correct if the current compensation y
up and any differences in the settings between one
will in fact enforce current unbalance.

erphase Transformers

transformers (I.P.T's) has been explained in
n that the largest voltage/time areas acros
lux conditions, occur when switching from
ersion into rectification. The latter
ction platform which is produced at the /
tely 170 A. The injection platform is /

ced at peak current. At the end of A
S of convertors are switched from \
b rise period. Fig. 5.3.2(vii)

th injection platform and 5 \
the voltage/time areas M |
cation to inversion an
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Fig. 5. ) i
ig. 5.8.2 (viii) Polarity of 150c/s I P, T. Voltage Waveforms

ulse amplifiers and transformers, :
grid control :swam.mm exp.
id impulses and gives the

The design O

operate via imp

pub bﬁwwmww%mm the d.c. wswce.__.mqou. to the

This alters the phase wn.vmw.wwos.ow zpm gr
de, i.e- rectification or .tm<mhmwol. f /

Hﬁmm,g:m@m time areas to which the H.m.._H:m are m.:,c.._wMMMM%

ite directions each time the convertor operating mode vw m - .

g 5.3 2(viii) indicates how this occurs for the 150 c/s I.P.T.

Lito, 2055 z 1.P.T. This can be seen by reference to Fig.
.mmoagmuooo\m P.T. N ‘ AL

mwuwww case of the 600 o\m I.P.T. the same condition applies for injec et

B e ey but the flux change st the beginning and the end of flat $Op aT

wwam m.ﬁ,moﬂ.os and it is not possible to avoid this.

experience showed that the nmmwms MM .Sw& wm”MHMWMmMﬁH !

i i he gT circul rT
transformers was such that precilse mmd.«wvm up of 2 oo
o”augmmﬁ..ou circuits was essential if I.P.T. saturation at the asm_..ow flat
was to be avoided, particularly so in the case of the 300 o\m I.P. M.. Bt
Fig. m.w.mA.ﬁnv has been drawn to show the effect of current compensa io: roL
on the 300 c/s I.P.T's during flat top. At (c) is shown the I.P.T. smqmwou_w ‘
current compensation settings are precise. At (o) .Sum case is shown where the

O _rror in current compensation and at (a) a T3 m“ﬂou is shown. )
tive and negative voltage ime areas are
and the d.c. component of flux will q

outb
gwitches
above
owwﬂww ing
dwmﬁ the

Barly operating

ig a3
it is clear that alternate posi
whilst at (a) and (b) this is not so

cause saturation.
Test results confirmed that the dimensions of the I.P.T's were such the
they would not function properly without pre-magnetisation of the ¢ ;
plant commenced operation with the I.P.T. cores fluxed at remanance
saturation would occur on the first large voltage/time area to which the,
subjected at the beginning of injection platform. Fig. 5.3.2(x) is inclt
show this effect and can be compared with Fig. m.w.m?&.wv which was t
identical conditions but with pre-magnetisation. Pre-magnetisation is obtain

t o ey
HE

source immediately before the commencement of each magnet curren
Emmwwmwn fluctuation of flux in the core of the I.P.T's is show
Mrwow indicates the reversals of flux in the 300 c/s :
EMMM Mo.« remain at the pre-magnetising level as indicate d b
b Mswanm the remanance level. This is particularly s
5 mm.deo .«o.mb alternating flux change which, due bh
e mwwm.«wo of the material, produces a de-magne
go. M ave proved particularly troublesome in

end of flat top and the probable reasons fo

(1) Physical dimensions of the I.P.T's

o) ¢
(11) The effect of pre-magnetisation h
end of flat top time and th {




plant.

)een overcome by deliberately causing an out of balance oo

series groups of convertors on each side of the 300 o\m
This produces a d.c. flux in the I.P.T. core in ty

1t to which it is subjected at the end of flat top,

led by introducing small phase shifts in the convertor g

e
Thig
Tid

i »pmpunm_“.pew to FEarth of the D.C. Connections to the Magnet

it was not always possible to use

the eight
connections were made to octants a

S available,
e were
and it
) g between the convertor groups
due to the unbalanced capacity condition which existed with
Experiments were carried out to simulate the condition
cabling arrangements and it was found that although up to 20 uR
etween the positive connection and earth with no ill effect
16 uF capacitor connected from the negative terminal to
the plant inoperative.

showed that on the odd numbered groups of convertors a small
leading edge of the grid impulses (see Fig. 5.3.2(xii)) when
was comnected from the negative terminal of the plant to
3d premature firing of the anodes and bad load sharing

d dwmw this effect only occurred during full inversion
eriod

and that the grid voltage step corresponded
input to the grid control units.

18 not yet clearly understood but it was cured by
©oss the terminals of the grid control units.

‘the power supply d.c. output were measured.
ive feed-back was constructed and the
¥ urrent having a 844 ms flat top
2(I) ). All voltages are peak
to the fundamental frequency of

8 power supply ﬁouswumwm.msm ]
has not yet been commissioned.
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Fig. 5.3.2 (x) Interphase Transformer Waveforms with no Premagnetisation
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rmonic (approximately 100 c/s) was reduced ,\ox.
. <mwsoﬁow approximately 230 V peak to vwmwx. Te

e of the large 2nd harmonic, showed .«rwz«. :

¢ in the d.c. input voltage of the grid con
the current compens i
current transformers
circuit 1

The second h

ak to peak from a
MM wEEmawmmam g.o om.:m.
ence of this harmoni .
mﬂmwwm found that this was being generated in
(see H‘,wm.m.w.m?vv due to the action »f the d.c.
this circuite By connecting a 1,000 uF capacitor across the
in ripple in the power Supply output voltage was obtained. -
i cies of approximately 2 petween the impulses of the

inherent inaccura tel .
W:ﬁm largely account for the remalning low frequency harmonicCs.

* (d) Flat Top Slope Control

To enable experiments to be carried out in the beam path of the syncl
it is necessary to control the rate of change of the flux during flat top b
the beam radially inwards, or outwards, on to targets. This involves b ¥
to control the slope of magnet current during flat top, and
preset variable component in the input voltage to the grid impulse
units associated with the odd numbered groups of invertors. See F
By this means the degree of inversion of these groups is controlled,
nett d.c. voltage applied to the magnet is either just sufficient to
the circuit IR drop :Hcm flat .wobf or is more negative or more posi
this value to give negative or positive flat top slopes as required.

A m.E.:..HmH. control to that explained above is included to oou._wuo
of dw.,m .§umoﬁ..os platform, so as to obtain the precise magnet fie
for injection of protons into the synchrotron.

The flat top slopes possible for 10 and 80% vo o

¥ olt p
given in Table m.w.mAHHv. o*, woﬁ O% 8% S

e

(e) Protection Circuits
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g
g
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For the sake of com it

) pleteness a summary of the main

Mmuﬂmu.«oa plant is given, although the detailed commiss:
ese devices will not be included.

Supply Negative Terminal

The primary protecti !

. ion on the plant, which

ow”wwumwaowwﬂuwwww comprises two air ,uwmmn circu
an om the source of a.c. power

”HmMswd shorting switches. These items pw- ‘.w_.u. T

ooiwswwomgn in Fig.5.1(i). In addition, in th

o Ttor groups are switched to fu Y

{ ary protection is as fc

Fig. 5.3.2 (xii) Step on Grid Impulses with Capacitor Connected to Power




(I1) MAGNET CURRENT FLAT TOP SLOPES
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Fig. 5.3.3 (i) Power Supply Control Room

The main protection devices are:-—

(i) Back Fire Protection:
choke in each anode

eversal of current a biased off impulse
to operate the

the event of T .
. impulse which operates a multivibrator

provides an

connection :
otection.

primary PT
(i1) Arc Through Protection:

om cathode to neutral of each convertor group

ent of an arc through of any anode of
4 to a half wave rectifier and the
imary protection.

A transformer connected fr
responds to the large voltage swing in the ev
the group. The secondary voltage is connecte
output is applied to a multivibrator circuit, to operate the pT L .
Half wave rectification of the transformer voltage makes the circuit DHHmodHoﬁ.
sensitive, and it only responds to an arc through from inversion to rectification —
not from rectification to inversion. This is a modification incorporated during
commissioning. The protection is automatically suppressed below muwHoHHSm..on%

1000 A and is switched in at this level of magnet current by an impulse choke in
the main d.c. busbar. This suppression is required to prevent operation when
changing from inversion to rectification at the end of the injection platform.

The original arc through protection circuit was not direction sensitive and each
$ime the master timer sent out an impulse to switch the plant to inversion a

second impulse was required to operate an electronic circuit to suppress the arc
through protection circuit. By modifying the circuit to make it direction
sensitive it was possible to delete the protection suppression feature and to
simplify the overall circuit.

(iii) D.C. Overcurrent Protection:

The ocgﬁ from d.c. current transformers in each of the series groups of
Mo=<wio~.m is fed to a biased off multivibrator circuit which can be adjusted to
wwmm}m at different input levels. There is one multivibrator circuit for each

ow.ﬁwm plant and the circuit is so arranged that an overload in any series
group will cause the protection to operate.

(iv) Transformer Protection:
A . : :
conventional relay in the primary supply to each transformer gives protection

against short circuit and
h 6 C overload faults. There is an element i :
€ supply with time delay and instantaneous settings. in mach GhEcet o

(v) Magnet Overvoltage : e

Spark gaps e
T o are connected across magnet octants and to eart
w:u.momwwwwvw. In the event of a gap breakdown the fault oﬁu.u.oa.«wo“mn i
=% i-directional impulse chokes to operate a E:H.aﬁ«wdu.mdwﬂmwm Em 5

ich j
h in turn operates the primary protection.

(Vi) Magnet Barth Leakage:

e event of an earth fault con
_b.d.w— -
Protect A Y Av > y a ventional re:
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i ls ﬂw:&.«,n ,omu ?Me&.u.m Eﬂww investigations were com w 4
i n ly appreciated until early 1963 g
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lat Top Slope Controls

ols for w“.awawdou slope and injection platform slope
TK was proceeding to separate these two

‘.«Mwwﬁnmwmpﬁosm of equipment as used on normal
éawww cular plant extremely precise grid units
! w.._. “.os what has already been said relative to
ng flat top, saturation of interphase transformers,

. output .
. E—w&w.w& voltage. Further work was programmed

Lts were not satisfactory from the point of view
was very desirable that the grid control
,ewuﬁww to allow adjustments and checks
em.u»dﬁﬁ% of modifying the grid control
be incorporated was under consideration.

racteristic
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detail in section 4.7-2.
 level, and
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