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Introduction

The PEP Magnet Power Supply System represents a
significant departure from previous technology with
th2 goal of improved performance at lower cost. In
nineteen of the magnet families around the ring,
“Chopper" power suppiies are used. The many choppers
are powered from two 2K OC supplies, and control
the average power to the various magnet loads by
pulse-width modulation at a 2 kilohertz repetition
rate. Each chopper utilizes SCR's for switching, and
stores sufficient capacitive energy for turn-off on
co—=and. Most of the energy is recirculated,
resulting in high-efficiency. The two kilohertz
chopping rate allows a one kilohertz unity-gain
handaidth in the current-regulator loop, and this
wida bandwidth, coupled with low drift components in
the error-detection system, provides a high-
performance system. The PEP system has also shown
that the chopper system is economical compared to
standard multi-pulse controlled-rectifier.

Before going into the Chopper system in more
detail, it is appropriate to briefly describe the
overall PEP Power Supply system. Additional detail
on various aspects of the 5{stems is available in
previous conference papers,! so only the barest
introduction will be given here.* There are 240 power
supplies in the system, each current regulated to a
set-point provided by the digital control system.
The supplies fall into three major catagories: the
Ring, Injection-transport, and Trim and Steering
Systems. -

Ring System

The Ring system is made up of the Choppers and
the DC supplies that feed them. A simplified
schematic is shown in figure 1, the SCR Choppers
represented by switches. There are twealy-four of
the 500V, 500A choppers, and two of the 500V, 1400A
cheopers. All of these supplies are located in
standard racks at the Region 8 surfece-building as
shown in Figure 2. These supplies provide separately-
controlled, current-regulated power to the following
families of magrets: one Bend circuit, nine Quad-
rupale circuits, eight Sextupole circuits, and one
wicgler circuit. These megnet families are all
ceries connected strings of magnets around the 6,575
foot long ring. Those families with more than 12
rmaanets in series require two choppers in series to
achieve the required voltage. There are additionally
boost supplies located at regions 12 and 4, one set
for the 1400 amp Bend circuit, and the other set for
one of the quadrupole circuits.

Three of the rows of racks in Fig. 2 each contain
ei~ht choppers (all the 500A choppers). The row in
the middle houses the two 2¥W DC power supplies which
feed all the choppers. The soft ground (1002} for
the whole system is located electrically between the
two supplies, so that the maximum voltage away from
tne ground on any magnet circuit is #500 volts in

> 1his work was supported by the Director, Office of
inargy Research, Office of High Energy and Huclear
Pnysics, High Epargy Physics Division of the U.S. .
Department of Energy under Contract Ho., W-7405-ENG-48.

~modules, and appropriate power supplies.

normal operation. The two 1400 amp Bend choppers are
located next to their respective + and - DC supplies,
and fed from the output busses (located at the top of
the DC supplies) through low inductance (0.8uh),
parallel bus feeds. The rest of the 500A choppers
are fed from the output busses through 4/0 quadraflex
cables run through cable trays above the racks.

At the aisle-end of the row of racks containing

“the DC supplies and 1400A choppers, there are two

racks housing all control equipment for the chopper
system (Fig. 3). This equipment includes the
following: CAMAC crates for input/output communi-
cation with the PEP Central Control Computer, CAMAC
crates containing all the Chopper Controllers, a
multiplexer and Digital Voltmeter for sampling magnet
current levels in al} the monitoring transductors
(also the levels of the Loop transductors and
references if necessary), cross-connect relay

There are
up to eight Chopper Controller Cards per CAMAC

crate. Each card contains a complete chopper control
system from the input 16 bit refercnce word, clock
signal, and feedback transductor signal, to the
output firing pulses for the chopper and commutator
SCR's (turn-on and turn-off pulses) of the associated
chopper unit. Each of the pulses is conveyed from
the short (upper) edge-connector of the CAMAC-card
through a 500 coaxial cable-connector system to a
pulse transformer {insulated for 1600V) mounted in a
shielded-box on the chopper unit.

There is a Chopper Crate-Controller card in each
of the four CAMAC crates which distributes both
digital command words and appropriately phased clock
signals to each of the chopper cards. The clock
signals are phased so as to minimize the rms current
flowing in the Yarge capacitor bangs, The output: .
signals on four plugs can be cabled to any of
the Crate-Controller cards. ‘The clock (which is in a
separate card) can be either free-run with the
frequency adjustable via a front-panel potentiometer,
or line-frequency-locked through a phase-locked
loop. The VCO generates 26 kHz which is then
counted-down to give the various phased-clock signals.

Injection-Transport System

Power supplies for the transport magnets are
located in three locations: at Sector 30 of the
Linac building, where the North and South Injection
Transport tunnels veer off from the linear
accelerator for the PEP ring, and at the surface
buildings at Regions 8 and 10, where the tunnels join
the ring. The bulk of the power supplies are located
in Sector 30, feeding the separately controlled but
identical achromatic Bend families and Quadrupole
magnet families in both tunnels. The remaining Bend,
Quadrupole, and Bump magnets are fed from supplies in
Regions 8 and 10. All of these supplies are 6 pulse,
AC-line commutated SCR circuits purchased
commercially. The requircments of these circuits are
currents regulated to *0.1% , compared to %0.01% for
the main-ring chopper systems.



Trim-and-Steering System

This system is by far the most inumerous of those
employed at PEP, with 170 units ingtalled in all the
surface buildings and Sector 30. Most of the units
are used for bipolar trim-and-steering applications
with a rating of 237V at 60A but sdme are used as
unipolar 120A units and others as 30A shunts around
Bend magnets in the injection-magnet families. These
units are used as power sources in:conjunction with
#42V, 1000A power supplies. The power supply is
located in the bottom of a double rack, and up to 24
actuators are mounted above it and plug into feeder
busses extending up the center of the double rack.
There are nine of these double racks used at PEP.
The reference signals for both these units and the
Injection comes from a CAMAC crate located nearby in
an adjacent rack. The analog signals are developed
in 12 bit D/AS in the CAMAC crate &nd processed
through a Distribution chassis. Wfth this brief
description of the PEP system, the rest of the paper
will concentrate on the chopper system.

The Chopper as a System Component

As stated in the introduction, the dual promises
of high performance and economy fugled interest in
using choppers as the controlling element in the PEP
magnet-power-supply system. Both pf these goals have
been possible because of the particular nature of the
Joac placed on the supplies and the favorable
logistical nature of the PEP magn2t system. Neither
of these aspects are unique to the PEP system, and
therefore choppers should see application beyond
those now in use at PEP. .

Early measurements on the first prototype PEP
Bend and Quadrupole magnets in 1976 confirmed that
the magnets were effective filters between applied AC
voltages and their corresponding currents.

Subsequent measurement have shown that with the
additional shielding of the alumirum vacuum pipe, the
attenuation of all frequency termg from a chopper
running at 2.16 kHz s sufficient !to reduce the
magretic field variation to less than # 0.0l in the
bend magnets. The field measuremgnts were made with
a vacuum pipe and B coil that exténded well beyond
the end of the magnet coil, so asito measure any
contribution of the stray field al the ends of the
magnet. The magnets are laminated because of the
construction technique used in thair fabrication, but
individual laminations were not céated, so there was
no guarantee they would be widebadd units. With this
type of magnet as a load the high+frequency operation
of the chopper either eliminates ¢r minimizes the
need for filtering.the output voltage of the power
supply. :

With a chopper there is no firing circuit unbalance
to introduce subharmonics as in aib6 or 12 pulse cont-
rolled rectifier. Running at 2.16 kHz the chopper
current-loop unity-gain bandwidthican be as high as
1 kHz The chopper therefore has substantial gain for
any low-frequency voltages coming from the rectifiers.
The one kHz unity-gain bandwidth of the chopper also
provides rclatively fast transient response to changes
in the reference and reduction of line perturbations,
Closing the loop at a freguency within a factor of
two of the repetition frequency i5 generally not
possible with line-commutated, multi-phase firing-
circuits because oscillations develop at the sub-
harmonic frequencies. The wide bandwidth of the
chopper coupled with currently available operational
amplifiers of very low drift and noise, provide the
means for *£ 0.0, current regulation with 1 kHz
band~idth in the magawatt power range with better
than 954 effciency.

Economics of Chopper System

The economics of the PEP system are based on the
fact that the beam cannot be stored in the ring
unless all the families of magnets are operating and
performing satisfactorily. Therefore, if any of the
power supplies are not operating correctly or there
is a trip-off in any one of them, it is permissible
that all the power supplies be off. This commonality
of demand on the supplies allows a similar commonality
to exist on the feeders coming to the chopper power
supplies: all the choppers are fed in common from
either the positive or negative DC supplies, with no
switchgear interposed between the DC supplies and the
chopper controllers. The 2.0 MW DC supplies in turn
are each fed from 2.5 MVA, 13KV/480V transformers,
located outside the building, and with secondary

" breakers at the transformer pad and at the 2500A

feeder entrance to the building.

These two standard distribution transformers and
their related breakers at the pad and the building
entrance are the only transformers and switchgear in
the system, and they would have been provided as part
of the norm.] AC utility-distribution system to the
power-supply area independent of what kind of power
supplies were used. So the cost of transformers and
switchgear is eliminated from the power-supnly
expense. The circuit breakers employed operate as
0t-OFF contactors as well as circuit breakers. There
is a fast-acting current~limiting fuse on the
incoming lead that is not at common on each of the
choppers, which acts if the chopper internal
fast-turn-off does not commutate off a fault current.

The cost of the choppers under the condition
described above is as follows {with OC busses):

(1) Cost of 500 Vv, SO0 A chopper
(2) Cost of 500 V, 1400 A chopper
(3) Cost of 2rW DC feeder supplies

310,600 ($42/K4)
312,700 (518/KwW)
354,000 (327/KH)

These figures are not estimated figures, but
represent the totals accumulated in the three
accounts during the construction of PEP. The grand
total of $441,500 in the Chopper and DC supply
accounts represents the costs for twentyfour small
and two large choppers, the two DC feeder supplies at
Region 8, and additionally the two 840 KW Bend
Booster supplies at Regions 12 and 4. The chopper
costs include the cost of the separate monitoring and
loop transductors used in each chopper, and all the
choppaer controller cards, clock cards, crate
controller cards, and modified CAMAC crates that
make-up the controlling system. Installation costs
are not available because they are part of a far
larger Electrical Construction contract performed by
a private contractor.

The maximum power capacity of all the choppers
just described plus the two bend boost supplies at
regions 12 and 4 js 9MW, whereas the maximum power
required by all the ring magnet families at 18 GeV
beam energy level is only SMW. The sum of all the DC

-supplies at Regions 8, 12, and 4 is 5.7 MJ; this

number more closely matches the maximum power
required. The discrepancy occurs because many of the
sextupole and quadrupole circuits require less than
the maximum voltage and current available from the
choppers. The cost of the chopper units is optimized
at the given current and voltage values based on the
ratings of the fast turn-off SCR used (the Westcode
R220). Therefore unless a future application could
be matched closely to the chopper ratings the cost
per KW figures are not directly applicable. A more
accurate comparison for the specific PEP case is to
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take the total construction cost of 3442K against the

shw, for a figure of 388/KW.

The reason that the 1400A chopper is so much more

‘economical than the 600A unit, is because to raise

the current rating of the chopper unit from 600A to
1400A basically requires only the addition of a
second SCR of equivalent size to that already in
oparation, increasing number of 5.fd commutating
capacitors from 3 to 10, -and increasing the current
capability of the bussing as required. Additional
cooling air on the capacitors and snubbering were
also required. But the great bulk of the cost in the
rack fabrication, transductor and chopper controller
reczained essentially the sane.

Performance and Operation

Tne choppers have performed their function as
2 (1% current regulators up to highest expectations.
The current-monitoring multiplexed Digital Voltmeter,
2 Hewlett Packard 3455, shows performance better than
the #0.01% required. At higher performance levels
than *0.01%, both the monitoring and loop transductors
havs to be called into question, particularly with
respect to line voltage variations.

The choppers have also operated reliably; most of
doan-time during the first year of operation has been
from other parts of the power supply system. Two
typzs of chopper hardware failures have occurred, and
both of these only two or three times. The snubber-
capacitor across the free-wheeling diode has failed,
which then causes the diode to fail and possibly the
chopper SCR to fail also. A different capacitor will
soon be installed to correct this problem. The water-
cooled resistor has also failed due to localized
heating of the carborundum reststor near the ends. A
new reans of connection is now being tested.

In the larger chopper-power-supply system there
have been two sources of operational difficulty:
erretic operation of the 2M4 OC powar supplies, and
erroneous digital-word reception at some of the
chopper DACs. The most recent difficulty (in
Fehruary) was the failure of one of the 2.5MVA
distribution transformers feeding a DC supply; cne of
the 430 V' leads was not securely connected internally
to 2 stucd on the transformer, and arced in the oil
until & phase-to-phase short was initiated. This
trensformer arcing intermittently may account for
som2 of the power supply difficulties over the past
year, but it seems clear that the firing circuit is
unreasonably sensitive both to line voltage noise and
the characteristics of & flip-flop used in the
zera-crossing part of the circuit. The SCR-bridge
ang firing circuit, both mounted on a large panel,
were purchased from Research, Inc. {(RI), as a
package, and subsequently mounted .in a double-rack
along with the LC filter, bussing, shorting-bars,
etc., ta become one of the four OC supplies used.
fecause the supplies are not used as current
reaJslators, but as low-performance bus-supplies for
the choppers and slave-supplies in the Bend circuit,
using only one zero-crossing per Cycle was not a
problem. The fast turn-off under fault (sensed by
current-tranformer), and advertised insensitivity to
lirne-voltage noise were desirzble features. The
firing circuits turned out to be very sensitive to
the line voltage when operating above 1MW, and during
ths very-short P.S. check-out period (two weeks
nefcre PIP operation), wsre a source of grave
concern. After various filtering schemes were
unsuccessful, phasing the units from a separate
feecer was finally adopted and is still in use.

During the initial P.S. checkout beriod, and

given the substantial difficulties with the OC
supplies, it was very encouraging that the choppers
were well-behaved and exhibited no problems of
interaction due to running in parallel and series, or
false triggering due to noise from other choppers.
Two choppers had been run in paraliel during the
development program at LBL, but the series operation
had never been attempted. A situation where noise of
some kind is involved has arisen at 14.5 GeV
oparation during the "filling" operation of the ring
where the Injection Bump magnets are ramped. In
performing this operation on a non-chopper supply,
the computer also sends "refresh" words to the
choppers. - In one group of choppers whose controllers
are located in a particular CAMAC crate one chopper
would randomly receive an incorrect reference word
for a short period and cause the beam to "dump®, and
the "glitch" detector to indicate on the responsible
chopper. The problem proved to be insensitive to the
components involved, and more careful grounding of
the two control racks seems to have solved the
problem at the 14.5 GeV operation level, but why just
one crate was involved is still a mystery.

Electromagnetic noise also appeared on the output
of sensitive spark-chamber amplifiers in the
experimental-hall at Interaction Region 8. The
addition of air core chokes to both sides of the
chopper outputs reduced the rise-time of the veoltage
output and reduced the noise below.the detector
threshold level. Similar noise problems for the
experimenters at regions 4 and 12 from the Bend
Booster supplies in those regions were solved by
activating the LC filters already existing in the
supplies. .

Chopper and System Design

There is one aspect of the Chopper System design
that is very closely tied to both operations and
Chopper design: the ouiput voltage range of the
chopper. There are a variety of possible chopper
circuit confiquarations to perform the basic function
of turning-off the output voltage (V,) on command.

Of these various circuits only two will be discussed
here: the current-commutated (Fig. 4 and 5) and the
voltage-commutated circuits?. The current-
commutated-circuit (CCC) turns off the ON series SCR
(1abeled CRL) by circulating current through the
reverse diode 01 across CRl during the second-half-
cycle of the ringing period of the high-Q resonant
circuit (the first=half-cycle is through initiating
Crh3). The forward-voltage of Dl reverses biases CRl
during the time when the ringing current is greater
than the load current (Iy): this time must be
greater than the turn-off time (tyff) of the SCR at
maximum I, . The CCC has the advantage of being

very efficient (because of the total cycle of ringing
voltage), and generating relatively low reverse-
recovery voltages; coupled with the disadvantage of
having a minimum output voltage determined by the
ratio of the ringing period of the LC circuit to the
total period of the cycle of operation (the input and
output are connected during the ringing period).

V. = (TLC/T

min per) Vg = (rep rate/fo)VB : (1

The voltage-comnutated circuit (VCC) has the
advantage of providing full-range voltage control,
counterbalanced by a propensily for large voltege
spikes app2aring across the comrutating SCR during
reverse-recovery. The voltage spike, even though
below the rating of the SCR, occurring immediately
following high-current conduction in the SCR, causes



high failure rate. Independent of which commutating
circuit is used, there is a minimum allowable
inductance that must effectively appear in series
with the chopper SCR. This inductance is necessary
to control the rate-of-change of current with time
{1) upon turn-on of the chopper SCR.

Lmin = Vg/l (2)

The VCC was the initidl choice to satisfy the
early PEP requirements of 300V at 1200A for the Bend
magnet circuit. The prototype chopper worked well at
this supply voltage level, because the sum of Vg
and the transient voltage was no more than 80QV on
900V rated SCR's with moderate snubEers. When the
magnet design changed and 600V operation was more
appropriate, the reduction of transfient voltages to
acceptable levels becamz more difficult and costly
and put far more uncertainty on lonig-term reliability.
A quick circuit reconfiguration to current commutation
was done, and immediate successful operation of the
circuit, simplicity of operation, apd easing of the
transient problems resulted. 1t wals then determined
that the range requirements of the lcircuits could be
satisfied with the chopper minimum pf V4 = 0.15
Vg, where Vg varies above 10QV proportional to beam
energy. The SCR Bus supplies were ioriginally chosen
over diode-bridges primarily because of the quick turn-
of f feature and low cost ($8/XW) of the Research, Inc.
packagad controller. But now the gontrolled-output
capabilities would also be used to follow a
programmed input.

On the basis of the variable-vgltage DC bus
operation, the non-minimum output, icurrent-commutated
chopper was adopted for PEP. Sincg achieving
operating status the minimum output of selected
sextupole choppers has been lowered from 14% to 2% by
running them from a 360 hertz clock rather than the
2.16 kHz clock used on the rest of the choppers. The
decision to adopt the CCC has been justified by the
excellent reliability the choppers have shown in
service, but unfortunately leaves unanswered what
additional development and cost the wider-range YCC
would incur to achieve reliability.

Designing the current-commutated-chopper does not
involve changing any of the basic ¢ircuit elements
shown in Fig. 5, and therefore only the L, C, R, and
Lg values are available as variables. The R is the
least useful of the variables, serying to reduce the
“ring-up" value of V. above Vg during the period
between commutation. 1f a satisfactory design can be
achieved without R, it can be e]imhnated, resulting
in 2 more efficient design. An adfitional variable
not shown in Fig. 5 is the effective Q of the LC
circuit. Selection of component values involves more
than a simple LC ¢ircuit because of the final part of
each commutation cycle. After Dl has carried the
ringing current 1. that is grezter than I for a
long enough period to allew CRL to recover, D3 stops
conducting and I flows through C and L. Shortly
after, when V. becomes greater than Vg, the
free-wheeling diode D3 starts conducting, and the
capacitor voltage V. increase in magnitude by:

AVC = Ic/w]C (3)

during the »/2 pericd that I commutates to D3. In
the pictures shown in Fig. 5, conditions are such
that D! ceases conducting and D3 starts conducting at
the same instant. The inductance of the bus, Lg,
enters into the circuit during this last part of
commutation, and enters £gq. 3 through

0] = [(Ly + L)e) 172,

Depending on the paremeters involved in each
application, the ringup voltage aVc Can be a help
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or a hindrance. The limiting parameter for the PEP
choppers turns out to be a maximum allowable
capacitor voltage of 750V at the start of the
cormutation.  Although specified for 1000V operation
in this circuit, long-term failures occur due to
thermal effects when the value of V. exceeds 750V.
With the capacitor voltage limitation, the DC bus
voltage is not allowed to exceed 500V, where all the
18 GeV current requirements can be met. An opposite
example, where the ringup voltage is desired, is in a
group of choppers used for PEP experimenter magnets,
where the Vg = 120V, and the aV. = 339V, The

Bend, Quadrupole, and Experimeter choppers are listed
in Table 1.with the appropriate parameters as three
design examples.

Previous to discovering the long-term failure-

.mode in the comnutating capacitors at approx. E

700V, the circuit was run to Egy = 900V, with tﬁg
R220 used for CR3 rated at 1208V. The R220 has a
Toff = 15 usec for voltage commutation, and a

Toff = 17 wsec rating for current commutation (only

1 volt reverse voltage applied). Used also for CRi,
the R220 with a 1000A,.q¢ rating is used singly for
the lower current choppers, and doubly with alternate
pulse firing for the 1400A choppers. The 250kW and
700kd ratings on the choppers are because of the
capacitor voltage limitation (otherwise 360kW and
840kW are appropriate at Vp = 600V).

Because the capacitor ringup voltage, s,
affects the peak ringing current and therefore the
toff applied to CR1, the load current I has to
rise with a © >> T perjods to allow Vepg to build-
up in step with Iy.  This condition is satisfied
with inductive loads. With series choppers, both
choppers have to be enabled simultaneously and the
same buildup occurs in both units. If one of two
series units is turned on first, the current from the
first will flow through the free-wheeling diode D3 of
the second unit until it is turned on. At the time
the second unit is fired, if the I, has reached a
current higher than that which can b2 succassfully
commutated - th just Vg stored on the comnutating
capacitor, the second unit will "latch-up®
at full output.

To determine the chopper system efficiency, both
the DC supplies, the bus and the chopper losses must
be included. Without transformer losses to consider
as part of the paower Supply, the rectifier itself
loses less than 1 percent of rated power. The
combination of bus and chopper losses are also less
than 1 percent, so the overall efficiency should be
98 percent.

Conclusion

The chopper system provides a new approach to
high-performance magnet-power-supply systems. Its
performance and efficiency are superior and cost less
than comparable size transformer-controlled-rectifier
supplies. The problem of radiated EMI noise to the
surrounding environment has to be reduced with
choppers just as with 6 pulse supplies. Ripple in
the magnetic field is lower if the magnet is
laminated through high chopping rates. Minimum
output-veltage requirements must be consicered in the
choice of the chopper circuit used. Two areas are
particularly appropriate for chopper application:

(1) 1large power supply systems with a comaon DC
supply where the system using the power is disabled
whenever any individual chopper must be shut-down,
end (2) retrofitted on existing supplies where higher
performance is required.
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Table 1: Parameters of the Three Chopper Designs now in use at PEP T
~-Chopper I, Vg L tg € w ©) Z B Voo Vo, oy togy
(A) (V) (H) () (ufd) (x107) (x107) () VW WA ()
hend 1400 500 2 - 0.8 50 100 85 0.2 328 828 680 3059 21.9
Quad 500 500 7 3 15 97 82 0.68 250 813 601 795 18
Exptl 600 120 . 5 3 25 89 7 0.45 339 459 459 920 19.2
Note: wy = [(L + L)cd ™ 2E, = T fujc,00= (102, 2 = (/0)'/?,
chk] = VB +-€5 = peak V at end of ringup,
c = VC K18 RC - c af beginning of commutation (with RB & 500 RQ = 1000
p = 0.9 VCZ/Z peak ringing current of 2nd half-cycle with Q = 25,
toff
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PEP Magbet Fower Supply Crerations Eefort
1

Kesearch Iac (EI) Power Supplies
Firing Circuits, Eegulation and Frotection Circuits
Cperation and Maintenance

Instructicns |
Main Ring Power S#pply SD~-207-001-02
Intrcduction

This section will be devoted to the explanation of the voltage
regulation, contrcl, and protection circuits built into the
Research Incorporated (BRI) supplies that supply the requlated DC
voltage to the pulse width chopper regulators.

It is assumed that the reader has had a thorough introduction to
the coperation of $1llcon Controlled Eectifiers (SCR's) used in
three rhase br1dg$ rectifiers. If tike reader is not so
acquainted, then I suggest that he/ste study the fcllowing
docurents before continuing with this regcrt.

"AC/LC Power Systems & Miscellaneous Informaticn®

~ C. A. Harris -~ June 30, 1978

n"Bridge Rectifier, Instruction Test Assembly®™ "The Beast"
Ce 3. Harris/F. Veldhuyizen - Harch 5, 1981

"Phase Contrclled Current Begulated Ecwer Supplies™
C. A, Harris/F.Veldhuizen - June 21, 1¢78

"Three~-Phase Power Contrcller Model €5C"
Instruction Manupl by Research Inc

Overall Systen Ccpfiguration See (Figqure 1)

The main dc Fouer for the chopper regulatlcn system for the PEP
Ring magnets is ccmposed of:

1. Region 8; two chet supplies each rated for 3,000 Amps dc at
600 volts. (One is negative voltage cutput (~BI) and the other
is positive voltabe output (+BI). ZEach of these units is
energized frcm a 4,500 Kva (12,470,/48C volts) traasformer located
oa tle transfcrmem fad outside of the support building at Region
8.

2. Begion 4 and 12; additional booster fower supplies are
required at Regicns 4 and 12 are to supprly encugh total voltage
to supply the requirements of the 24Z magnets in the MBend®
system and the 60 magnets in the "4CF" systen.

The bocoster supplies for the main bend magnets are similar to the

WRIM™ power supplies at Begion 8, except that they are each fed
from 1,500 KVA transfcrmer. They have an cutput rated at 600
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voltes, 2,000 Amps.

The bocster supplies for the ™YQF" system of magnets are located
at BRegiobs 4 and 12. These supplies receive their primary 480
volts 3 phase poser frcm the a-c buses in the Main Bend magnet
booster supplies; therefore, they are energized when the main
bend magnet boost supplies are turned opn.

There are two full wave bridge rectifiers (3 diodes and 3 SCR'S)
in each of these 4CF Boost power supplies with separate
transformers. These supplies are not vcltage regulated, but
instead they are ccntrclled in two stefps using the 3 SCB's in
each bridge. The cutput voltage steps (zero, 100, or 200 volts)
are deterzined by an analcg 0-10 volt signal put into the
supplies from the CAMAC system from FECE. More will be said
about these supplies later in this refort.

BI Supplies at Region 8

The tasic regulaticn system of booster EI suprlies at Regions §
and 12 is very clcse to the scheme at Eegion 8, so cne
explanation shculd be sufficient. See print SD—-207-001-02 At
sometime later this print may be divided into several separate
sheets.

A C Poxer

The main rectifier transfcrmers for these supplies are located on
the transforzer pads outside of the support buildings. They are
energized at all times from 12,870 vclt fused disconnects also
located on the pad. See Figure 1l..

At Begion 8 there are two (480 volts 3 phase) circuit breakers
(BPEP1 or 2 and 8FEP41 or #42) connected tc the seccndary of these
transfcrmers. One {BFEP1 or 2) is lccated next to the
transformer on the pad; the other (8FEEF41 or 42) is located in
the support buildings near the BRI supplies. The outside breaker
is ccntrolled at the outside breaker ¢r from push buttons on the
cabinets of the circuit breakers in tke support building. The
outside breaker is interlccked with the Kirk Key of the inside
breaker so that the Kirk Key must be in place before the outside
breaker can be turned on. It then stays on as long as the Kirk
Key is left in peositicn at the inside breaker.

Note that at Regicn 8 there is one delta-delta transformer and
one delta-wye transformer; this is to decrease the amount of 5th
and 7th harmonic currents on the 12 kV lines.

The inside breakers B8FEP41 and 8PEP#42 have given comnsiderable
maintenance problesms and it is difficult tc oktain spare parts;
therefcre, it is fplanned to replace tlese inside breakers with
contactors during the shut down starting July 1981.

The control of the inside breaker is interlocked with the RI
power supply safety interlock system so that it can be closed
only when the safety interlocks so permits it to be closed. The
on/off ccntrcls can be either by local controls at the BRI power
supplies or via CAMAC ccntrols from EFEECH.

During times when FSOG is working in the racks cf the ring power
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supplies, or when fperscons are working near magnets in the rimng it
is established procedure that the inside breakers te rolled out
to "IEST" positicb. Since the Kirk Key is removed for this
operation, it means that the outside treaker is also opened; this
applies alsc toc the breakers for the ¥I's at Regions 4 and 12.

One must not rcll the PBEP41 and PEPUZ breakers clear out because
the EFPS interlccks derend upon the bkreakers being in the test
positicn to allow entrance into the ring.

The Bridge Bectifier

This is a convent?cnal three phase Lkridce rectifier {see Section
A on the print or Figures 2, 3, & #) using a single Hockey-Puck
type NL1699P SCR in each leg of the Lbridge.

The bridge rectifﬁer outpot is filtered with an 1~C filter

Begicn 4 anpnd 12
200 Mocroc-hengies and 49,600 Micrc-farads
Eesonant frequency 50.8 Hertz

Regicn 8
200 MicrO-henries and 86,800 Micrc-farads
Eesonant fregquency 38.2 Hertz

This large value cf total capacitance is required tc minimize the
voltage change in/ the outprut voltage during the operation of the
pulse width chcppler regulators that are the connected load on
these power sugpplies.

This capacitor tank is ccnstructed in, individunally fused,
parallel modules land in a manner to fprovide a low self
inductance. The leads that supply each chopper rack at Region 8
are either lcw inductance buses or fcur cakles guaded to provide
a low inductance lead.

For instasnce, thke main bend choppers at 18GeV will te regqgulating

- 1365 Aups; this jnrrent ¥ill be of a pulsed nature and may be a

length cf 450 micro-seconds. -

Charge;Q Amps x Time

= 1365 0.000485 seconds
= 0.61u{cnulcmhs.
The voltage chanée during this pulse is then expected to be:

|

Delta v = (¢/C
= 0.614,C0.0868
= 7.07 vclts.

This amount of v¢ltage change, about 1.6%, is not expected to
cause a disturha§ce in the current requlaticn stability of other
choprers connectéd to the same capacitor kank.

Of course one canl expect larger transient voltage changes on the
voltage across tle output capacitor Lecause of the influence of
the sharp rise apd fall of currents ip the capacitors and the
self inductance ¢f the caracitors and leads.
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Anotier ccncern that cne has, is relative to the rescnant
frequency of of the L-C filter (50.8 Hertz Region 4 and 12, and
38.2 Hertz Begion 8). See Figure 2.

This frequency is determined by:

frequency = 1/ ( 2 X Pi X LC )

Pi = 3.14%59
I = 0.0002 henries
C = 0.049 farads
= £0.8 Hertz

Bote that if the value of the filter capacitor sere to decrease
to 0.035 farads, then the resonant frequency would ke 60 Hertz.
It is very imperative that such a rescnant frequency of this
filter be avcided since it would take cnly a small driving force
at 60 Hertz to cause a large 60 Hertz oscillation. The filter is
a high Q system. It is very easy to get a 60 Hertz output from a
bridge rectifier to drive this resonance, because of slight
unkalances of the triqgers or line vcltages. An untalance of
trigger timing is not very likely, btecause the six triggers are
generated as a grcup frcm a phase lock loop sytem, Lut there
could be a phase cr voltage unbalance of the line vocltages that
could introduce €0 Hertz ripple. A loss of two of the eight
fuses in Begions 4 or 12 would give a rescnance of 58.7 Hertz
which is too clcse to 60 Bertz for ccmfort. Interlocks are
provided that require all of the capacitor bank fuses to be in
operation.

SCR and Diode Vcltage Transient Protection See Figure 3

The surge protection across the SCR's ccansists of on B-C circuit
equivalent to 1 gicro-farad in series with 4.16 chms in parallel
with 470K chms. There are also some 7Thyrite type GE surge
suppressors (VS7TEER802) connected in parallel with the B-C
netwcrks. These devices have a very ncm-linear
voltage-resistance characteristics and will absorb the energy in
any voltage spike that exceeds 1,000 vclts. The SCBR's have a
1,200 velt rating. There is also an §5~-C surge protection network
across the free-wkeeling diode. i

Surge protection circuits are required in parallel with most
SCR's cr Free—-iheeling dicdes to absort the stored emnergy in the
stray inductances at the time the semi-conductor is recovering
from the reverse current that clears the charge carriers.

There is also a Lkleeder resistor to discharge the stored energy
of the capacitor bank. This is especially important at Region 8
where the cnly cconected loads are tke choppers which might be
not pulsing, and therefore are not a 1lcad.

The SCE's (Regiomn 8) have an average current rating of
amps; therefore, the rkridge has a rating of _AN[S.

The transformers at REgion 8 are rated at 2,500 kvA, 3,008 amps
ac; therefore, they can feed a bridge rated up to 3,686 amps.

At Begion 4 and 12 the transformers are rated at 1,500 kVA, 1,802
amps ac; therefore, can feed a bridge rated up to 2,208 amps. The

- 10 -



240.

241,
2u2.
243.
iyu-
246,
247.
248.
249,
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264,
265,
266.
267.
268.
269.
2. in
272
273.
274.
275.
276.
277
278.
279.
280.
281.
282.
283.
28848,
285.
286.
287.
288.
289.
290.
291.
292.
293.
294,
295,
95
X
298.
2399,

SCR's are rated for ____amps and v

rating up to

o]
(ol
ey
tn
[ J
(-2
i
0
=
Vo]
(=8
o
®
177}
)]
=g
]
s
f
u
[

e

The voltage out cf all four transformers is 480 volts RMS which
gives a maximum cf 600 veclts dc when £full ca.

We wculd not want to coperate these transfocrmers up to the full
current rating heQause they are standard distrituticn
transfcrmers, and they are not constructed tc handle the large
harmcnic currentsitecause of the rectifier service.

Power Supply Metering

The original paover supply meters were lccated near the high
current ac buses ¢of the bridge rectifier. This proved to be a
poor loccation, because the magnetic fields from the buses upset
the readings of various meters. These meters have teen moved to
the top of the sufrly.

The following net#rs have been provided:

1. Three ac lime vcltage meters; these are fed through
conventicnal 480,120 volt transformer {not instrament potential
transformers); therefore, they may not ke precise.

Oscillcscope prokes (100 to 1) are prcvided ccmnected to the 3
phase input 480 velt lines and the CC cutput of the bridge
rectifier before ?nd after the filter for displaying the phase
relaticnships and' wave forms. See Ficure

2. DC cutput vcltége
3. DC cutput currknt frce a 15002, SO0MY shunt.

4. RMS ac line cuk:ent into the bridce rectifier. This meter
indicates the higpest cf the three EMS line currents into the
bridge rectifier.

The ac current inﬁc this bridge rectifier contains many harmonics
other than the 60 Bertz fundamental. The current read by this
meter is the same as indicated by the current geters on the pad
for EPEP1 and 8PEFZ, but their actual values may differ because
of the tyre of system used for readocut. The wave form of the
current is as shcwn in Figure 19; ncte that it is not a flat top
as might be expected if the choke of the filter were infinately
large. The 200 micro—-henry choke lets thrcugh appreciable AC
current and this shows ur on the wave fcrz. GCne should also note
that the total AC current on the B8EFEZ transfcrmer includes the
-BI supply plus the power to the auxiliary power panel known as
the EA ranel. This panel feeds such lcads as some of the
injection lines [cwer suprlies and Micro-keta supplies.

5. Two meters tc mcnitor the ac current input tc the filter
capacitor and they may differ in readings:
a. One is directly cff of a current transfcrmer.

b. The seccnd cne is through an electronic circuit to read the
BMS value after scme frequency roll-cff that roughly compensates
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for the current bandling capabilities of the filter capacitors at
different freguencies.

Note that these geters read the sum of the ac currents froam the
bridge rectifier and the ac currents frcm the cperation of all of
the pulse width chcpper lcads.

6. DC ground current meter relay that mcnitors the current in the
100 che resistor used to ground the ccmmon bus tetween -R1 and
+RI. The meter has a full scale trip value of 510 MA but is
normally set for about 200 MA, because the ncrmal groumd current
is atout 50 MA.

Vcltage Feedback Crticn Board Figure 7

The voltage feedtack option board ccntains operaticnal amplifiers
to provide:

1.Isclaticn asplifier so that the regqulaticn amplifier
system can te at ground potential and not tied to the
dc voltage buses.

2.%0cltage output to CAMAC for readocut in FEP Control,
Voltage feedkack, Sgan (Range), etc
Zeroc adjustments are provided for calilkration.

3.An adjustaktle "vVcltage Limit"® circuit that allows one
to set a limit on how high the vcltage cutput can be set.

The voltage take cff from the power supply DC output to the
regulator (this is a vcltage regulator nct current regulator) is
from ahead cf the 1-C filter; this is tc partial eliminate the
50.8 or 38.2 Hertz resonance of the filter frcm the regulation
loop. The vcltage take off ahead of the filter puts a large
voltage ripple signal intc the optical isclation differeatial
amplifier AD284J, section G on the print, which is the first
active unit in the regulaticn loop. The follcwing cperational
amplifier has a freguency rocll off 16 Hertz which makes it the
dominate roll-off frequency of the requlator and discriminates
against the ripple voltage output of the tridge rectifier.

The next driver in the lcop has a freqency roll off of 338 Hertz
and the ccmparatcr amplifier on the timing card rolls off at 50.2
Hertz.

OVERALL REGULATICY LGOGCP Figure %
See Figure 6 for a simplified block diagram of this voltage
regulation systes for the BI power supglies at Regions 4, 12,
and 8. Note that this regqulation loop has the same sort of
elements that rost of the current requlators for other power
supplies caontain.
The tasic elements are:

1. SCB kridge rectifier.

2. 1Trigger generator. This is a phase locked lccp system; all
triggers are controclled once fer cycle as a group.
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The tasic frequency of the phase lock loop allows a
jitter of the firing pulses of S50 micro-seconds which
corresponds to a jitter in output voltage of 2 percent.
This ampunt of jitter is not desired sc we are replacing
this part ¢f the regulation system with an analog type
triggeringisystem for the bridce rectifier.

3. Conmparator.
4. Beference ﬁoltage input with fprovisions for local control.

5. Voltage feed-back amplifiers with an isolation amplifier
so that the regqgulator circuits can be near ground potential.

6. DNumerous SkAN(range) and zero adjustments of various
operaticn amplifier circuits.

The actual regulation circuit as shown in Secticn D of prinmt
SD-2(7-001-02 is a universal type unit that can be used to
regulate varicus parameter of ac power. Certain jumpers are in
place on the card?to set up the particular vcltage regulation
system that we use at PFEF. This means that scme of the elements

on this card are nct used.
Reference Ycltageg SL-207-305-00

The 0-10 volt signal used as a reference voltage ccmes from a 12
bit LAC {12 bits Pives a least count c¢f cre in 4,09€). This DAC
is located in the CAMAC crate in Rack 08CH40 and is carried to a
buffer amplifier [in the BI power supply (see Secticn E, right
side of print, cp Figure 8). The D2C signal has the negative
side of the voltage grcunded imn rack 40 so the rest of the
regulaticn syste; that ties electrically to this signal must be
isclated frcm grcund to set up a one pcint grcunding of the
regulation system. Note that the voltage feedkack ccmes through a
optical isclation amplifier, and the trigger outputs to the SCR's
are also isclated with optical isolatcers (see Section C on

print) . ‘

If any point in the regulation loops at the BI's beccmes grounded
it will introduce electrical noise intg the system and the
voltage output will nct be properly requlated. One can check
that this circuit is isclated from grcund by pulling the DAC
input signal plugq E6 con the back of tke RMS Ripple Current &
Blown fuse indicator chassis S§D-207-304~-G0 in the BI, then check
test pcint 17 tc ground with an ohmreter. It is normally greater
than 2,000,000 o@ms tc ground at this pcint sith P6 pulled.

The EMS Riprle Current and Blown fuse indicatcer chassis has a
provisicn for lccal reference voltage with helipot control for
those times when you dc not want to use the D/A converter in rack
uo.

CURRENT CCNIECL MOLULE Figures 9 and 1C TFef KD4705

This current contrcl card ccontains;

1. Three curient transfcrmers and tkridge rectifiers to
transform the ncrmal 5 amp current transfcrmer
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currents, that measure the main rectifier input line
currents) intc a low current dc.

2. Operaticnal amplifiers IC-1 and RMC14076 (a 4 Bit
D~1ype Begister) IC-4. The outrut cf this circuit
selects the highest of the three dc signals
represerting the ac line currents.

3. An analog Multiplexer CDY4051 IC~F that takes the
signal, frcm IC-4 above, that indicates which 1line
current is highest and connects that current signal
through IC-1 to and BMS converter IC-3,

4. A relay K1 is provided that picks up through a gate
signal into SCR1. This relay opens the interlock chain
as an ac line current trip.

The input to the gate of the SCR1 comes from either
the:

a. Sum of the three dc signals representing the ac line
currents. It's prcbably the highest cne that will trip
the detectcr, or

b. The dc cutput cf the EMS converter that represents
the EMS of tie highest of the three ac line currents.

5. The dc level representing the cutput of the RMS
converter alsc goes to an adjustahle ccmparator so that
che cam electxcnlcally set the maxiruz value of current
that the main fower supply can go tc. This signal goes
into the 1imit line of the timing kcard ard is a fast
turn off signal tc the SCR's. It ¥ill normally make
sure that the triggers to the main SCE's are removed
tefore the main ccntactor cam ofen.

A small latching SCRBR and Yellow LED is provided to
indicate if this signal has exceeded its preset limit.

A small latching SCR and a BRed 1IEL is provided to
indicate if the sum of the three signals for the line
current has exceeded its set trip value. Eoth of these
signal SCR'S can be reset by disccmnnecting a marked
jumper cn TIBC3 of the test blocks con from pamel of the
BI's.

3-PHASE TIMING MCDULE (Ref XD 46998)
This present card of the BRI regulator contains the following
sections, but remember that this fphase locked loop systenm
is being replaced with an analog type trigger systen.
a. Buffer amplifier faor voltage feedtack,
b. Comparator asplifiers,

c. Input for Fast limit turn off,

d. a-c l1line vcltage zero-cross-over circuoit to
initiate a clcck signal for timing.
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€. Fhase-lock-lcop circuit to generate six
triggers, equally spaced in one cycle cf the 60
Hertz input vcltage and bigh frequency clock signal.

f. Circuit to delay all six triggers as a function
of the output cf the ccmparator cutput vcltage,

g. Slow fphase ﬂorvard turn—-on circuit for easy-on
{no vcoltage surge) at power turn-cn.

h. Circuit that counts and separates the train of
six triggers i to single triggers for e€ach of the

6 SCR's.

Tke 6 SCE trigqger drivers for the main rectifier

SCR's are on tke three top cards cf this regulator package.

The following ulll describe each of the above functional systenms
and how they are dcordinated together. Maintenance hints will be
given where possille.

a. Buffer vOltageered—back Amplifier
The C+ line is nct used in this voltage

The follouing suiiches are open for tke voltage regulation mode

The following swltches are closed for ncrsal cperation; S1-6, and
S1-7. regulaticsn., W®e have also lifted the ccnnections at Rl and
BR19 to be sure a c¢cmpcmnent failure will nct cause an operative
prokblesn.

The buffer amplifier pins 8,9 and 10 of 1C-D4 is used to give
some sigmral isclation to the card and tc insert ths “SPAN®
potentiometer P2 that allows one tao adjust the ratic of voltage
feed back signal tc the actual dc output vecltage of the power

supply.

This ratic in efféct sets the ratio of TAC Reference voltage
input to the DC V¢ltage output.

The ontput of this op—-Amp is fed through a FET toc the summing
point of the ccnp¢rator amplifier (rims S, 6, &€ 7 of IC-D4).

The FET is in the circuit of this upiversal card to allow a
spec1a1 gated sigral to be put into the regulator. Switch S1-2
is opean; therefore, this circuit is nct used.

b. Ccmparator Amplifiers Figure 11

The input to the ccmparatcr error amplifier receives a + (plus)
reference vcltage input through a 120K resistcr into the -SUM JCT
and a negative vcltage feedback from the vcltage feedback buffer
amplifier ( a plus voltage comes from the Voltage Option Board).
S1-6 is closed tc put a little fixed fositive bias into the
summing juncticn. Fotentiometer P1 allcws an adjustment of this
bias level and is set so that the ccrparator amplifier will
slowly go tc a negative ocutput for a zeroc reference voltage input
and a zero dc vcltage out of the bridge rectifier; this is
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required tc be suvre the power supply ccmes on and up to voltage
and regulates at zero vcltage. The cutput cf this ccmparator goes
to tke circuit that delays the triggers tc the SCR bridge
rectifier.

Note that the vcltage range of this signal can cause a phase
shift of 180 degrees in timing while cmly 120 degrees is regquired
for 100 percent range c¢f voltage contrcl.

The ac power intc this regulator for toth the -BI and +RI comes
from the same phase of ac control voltage amnd its zero cross—over
is the same fcr bcth systems. The -§I supply is fed from a
DELTA-DELTA transfcrmer while the +EI is fed from a DELTA-WYE
transfcrmer; therefore, a different aksclute dc voltage is
required out of the ccmparator to give, say 150 volts ount of each
bridge rectifier because of the 30 phase shift of secondary ac
voltage input. The range of control is sufficient for both of
these power sufpplies even though the timing starts cut with the
same zero cross—cver for Lboth RI's at Hegion 8.

A "LIMITY circuit pin 11 on the plug krings in another circait
that biases the cutput of the comparatcr tc ccmmon vhenever the
ac current input Peak, ac input current BMS, cr LDC voltage output
exceeds scme preset limit. This is a fast protectiom circuit that
stops the next SCE pulse in case of a protlen.

There is also an input into pin 5 of the ccmparator that comes
from the phase-lcck-loop system that triases off the comparator so
that it will start the SCE triggers at full off and come up to a
prper value slcwly after a failure in the coperatiocn of the
phase-lock-100f system.

RAMP GENEEATOR Figure 12

The circuit elements IC-D4{pins 12, 13, & 14), IC-20{pins 8, 9,
£13) and ¢2{2830f3) comprise a ramp generator corcuit.

The cutput of the ramp is a negative going signal. The starting
time of the ramp is always the same time as ccntrolled by the
gate into gin 12 c¢f IC-D4 fro IC-A5 in the phase lccked lopp
systen. )

This negative going ramp and the (-) negative vcltage level out
of the comparater IC-D4(pins S, 6, & 7) are ccmpared in the
operational amplifier IC-D4( pims 1, 2, &§ 3) to give a gate that
starts the train cf six pulses to the main SCR'S. Note that this
signal re-cccurs cnce each cycle of the 60 Hertz.
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Sp-207-110-03

Grcund Fault LDetector Card {(The chassis at the bottom of each
chopper rack also contains the Transductor monitoring card.)

The ground fault detector card wmas designed to give an alarm
and shut off the system whenever the current going out to a
magnet is not the same as the current in the lead returning
frcm a given magnet system. This wmeasurement is via a
torroidal transformer located in each chopper rack.

The intent ua# that the supply and return lead to a given
magnet string,would pass through the torrcid in such a
direction that the electronic circuit ccnnected to a winding c¢n
the torroid we¢uld measure any differenmtial current betveen
these two maip conductors.

Unfortunately this is a pulsed system and the high potential
lead going tc the magnet also drives the stray capacitance of
the many magnets in series. This means that there are pulsed
currents intc these stray capacitances that do not return
through the return lead from the ragnet. <Conseguently this
ground detector may show a differential grcund current trlp or
alarm when tlere is really no prcklem.

Some time in the future we will wcrk cver the circuit to make
it not sensitive to these fast pulses. In the meantime, se
have buggered out this alarm by either rerlacing the card with
a dumay card with the interlock jumpered or jumpering the
interlock on an active card. The meter may read off scale if
an active card is in place, but this dces not hurt.

The ground preotection is still prcovided with a 100 ohm water
cocled resistcr in the positive 8EI that is ccnnected to a
meter relay. ' The full scale trip valve of this circuit is
about 210 MA. At 14.5 GeV this meter reads about 180 MA).

Most of this current seems to be of am AC variety. When we
ty-pass this ground resistor with a large capacitor, the ground
current meter| reads conly about 40 MA. The lead tkat does this
by-passing is a green lead coming cut of the bottom of the
front door of the 8RI+ and connected to the external ground
bus. This by-pass capacitor will slow the response time of the
ground fault detecticn meter, but there will still be
jrotection pricvided.
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SD-207-110-02
Transductor kKR Suprly PCB Schematic

Tvo three—core transductors are acunted in most cf the chopper
racks. One cf the transductors is called the mcnitor transductor;
its output signal is routed through the CAMAC, Scanner and Digital
Voltmeter in rack 40 to the PEP ccnputer for mcnltorlng the current
into each of tke magnet systenms.

The other transductor is called the regulating tramsductor. The
ocutput of the regulating transductcrs are routed directly tc choppe:
contrcllers in Rack 08CM41. There the signal is compared with the
reference veoltage and the difference voltage is used by the
regulatcr tc set the pulse width cf the chopper to supply the
correct average voltage to a magnet systesn.

The transductoxr output signal is grcunded at the Scanner for the
monitor tramsductor and at the Chopper Contrcller regulator in the
case of the requlating transductors.

Two of the tranductor cores are used to develop the appropriate
cutput conversion signal to give a dc voltage proportional to the d:
current being weasured. The third core is used to provide filterin
of the cutput signal and to couple in an apropriate ac signal to
make the output signal clear of extraneocus notches or spikes. The
output signal of a transductor is electrically isolated froa the bu.
carrying tke high current.

These transductors are provided with scre auxilliary windings used
for calibrating the transductors against each other or to a ‘
standard. A special coax is connected sequencially from Rack 30 to
Back 67 to interconnect the calikraticn winding circuit. Gne amper
through this winding is equivalent to 500 ampere through the window
gf the 500 asfere transductor. .
Cne ampere im the calibration winding cf the 1,500 ampere transduct
is equal to 1,500 ampere through the main cne turn winding.

The calibraticn winding circuit is

trought to Back 08CM20 where it is available tc be connected tc a
special high stability power supply for calibration purposes. The
power supply for calibration must have a high impedence output to a
voltage, otherwise the transductors will not operate satisfactorily

During those times when the calibration windings are not in use,
they must be disconnected from each other so that stray capacitance
and cable capacitance will not cause voltage disturbances in the
cutput signal. This iscolation is provided with multi-pole switches
cn each of the of the the transductcr cards. The switches are down
for normal running.

#e have also fcund that the cable Letween the transductor chassis
and the transductor head had to te made up using shielded pairs for
ceach of the separate traansductor windings. If these wires were al
under one sirngle shield the capacitance ltetween windings caused a 6
hertz errcr signal to be introduced on the output sigmal. This
error signal was large enough to cause requlaticn problems with
systems having closed loop gains c¢f mcre than ome at 60 HERTZ,
tecause it introduced 60 Hertz ripple in the fpover supply output.
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2 full discrigtion as to how transductors work is given in octher
documentaticn.

SD-207-102-001

Clock Mcdule

Iwoc clock mcd&les are provided in tke CAMAC crates in Rack C8CHN41.
One of these generates clock pulses at 360 Hertz, the other prcvide:
a clock rate ¢f 2160 Hertz. ©Note that both of these fregquencies ar:
harmonics of the €0 Hertz power line and are therefore synchronized
to the line.

A secial header is provided on tke card to allow the choice of whic!
outprut signal is desired by changing the connections to several
counters on the card. A phase lccked loop provides the initial 23K
bertz that is used into the coanters.

There is a liﬁtle Froblem with tke phase locked loop stability that
sometimes causes the output clock signal to oscillate about its
synched signal, but overall it is satisfactory.

The switch S2 cn the front panel is normaly in the line synch
positiocn for froper creration.

The output pulses on J3, J4, JS5, & J6 contains a master synch pulse
and 12 cutput pulses. These are used in the crate controller to
prcvide the agrrorriate triggers fcr talancing the chopper triggers
in time, and tc make for a more uniform loading on the output filte:
cf the Main EI powver supplies.

Sb-207-101-0C
CRATE CCNTEBECLLER

Ihe crate controller has two cards that plug into position 23 amnd 2
of the crate.

The card in mcdule 24 controls the relative phasing of the main
triggers with respect to the master trigger and to each of the 8
choppers in a crate. A special interconnect header is on this card
¥2 and V3 that allows a choice as to how each chopper is contrclled
relative to €each other. Pins 1 to 12 ¢cn ¥2 and V3 are the 12
triggers available; the time separation ketveen possible pulses is
cne twelfth of the clock period. EFins 13 to 16 on V2 are tkhe
trigger drives for Modules 1/2, 3/4, £5/6, 7/8. Pins 13 to 16 on VY3
are the trigger drives for Mcdules 9/10, 11/12, 13/14, and 15/16.

The header ccmnnections are set up to ralance the AC transient
loading on the filter capacitors cf the main BRI power supplies. Th
beaders are alsc set up so that each of the pair of double chofrers
receives its fpulse from the same phase. If this is not done, the
doukle choprers will not functicn properly.

It is therefqgre vital that these fulse headers stay with a
particular crate. We have modified the Crate Ccatrollers so ttat i
is €asy to le€¢ave the headers in the aprrorriate Crates.

SAVED AS ¥YL.RA.CAH.CAH1 ON EDITE1 NGV 24, 1880
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CHCFPER QPERATICN

It is appropriate to discuss the main features of a chopper (Eulse
Ridth Modulated) type of powver supply and ®hy it is nsed as a scurce
cf dc power to the main magnets in the PEP Bing.

The magnetic field, stability and reproducibildty, in many of the
magnets for the PEP Ring requires that the current regulation syste:
be good to about 0.01%. The current nmust be adjusted over wuide
ranges.. Some of the seriesed systems, there are 21 in all, wuere
exgected tc have fairly short time constants (L / R)a.

It was thought that a six pulse bridge rectifier with a basic outpai
frequency of 360 Hertz would not have a high enough frequency" o
response tc hcld the magnet current within spcifications during a
typical type of expected line vcltage transient.

‘A short deviation of the magnet current outside of the prescribed

tolerances {even for a short time) may cause a loss of the beam tha-
could take a long time to recover frox; therefore, it is important
that the regqulator be able to requlate against most line voltage
disturbances.

A typical curren£ regulation system using an SCR controlled ttree
pulse bridge rectifier might have a clecsed loop gain of one at cnly
20-30 Hertz.

Cne would have twc main choices tg get a higher fregquency resgcnse.
*x1, Use a linear series regulator such as a transistor bank, or
** 2, go to a higher frequency.

The first is very costly and power uasteful.

In the second, it would be difficult to raise the frequency intc a
standard bridce rectifier, but it is easy to use a staandard power
supply to supply a regulated DC vcltage and a high fregquency (2K
hertz) chopper tyre {Pulse Widtbh Ecdulator) tyge controller to
supply pulsed dc povwer to a magnet. Just as im our standard SCE
kridge rectifier power supplies we use a freewheeling diode to
maintain current in the load during those times that the power
supply or chorper is not supplying pulsed voltage to the magnet.

The DC fcer supply must have a large capacitor filter on the cutput
so that the ocutput voltage is not significantly changed during a
pulse or it sculd interfer with other choppers connected to the san
terminals but delivering current tc a different magnet string at a
different but overlapping time.

*%Figure I shows a typical SCBR tridge rectifier and the wave shapel
of the voltage to the magnet when delivering about 25% of maxirum
voltage.

**¥Figure 2 shows a typical chopper (Pulse Width Modulator) tyge
power supply and the wave shape of the vcltage to a conmected magne
load. With circuit of Figure 2, cme is not tied to the 60 hertz
line freguency, but can use a chopper frequency as high as practica
considering tbe turm cn and turn off times cf the large SCR's. Thi
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is about 15,000 Hertz for the SCE's that we are using; that is the

approximate tasic frequency of the computation pulse used to turn
the main powepr SCR off.

The choppers |for Pulse Width Modulatcrs) for the PEP Ring must have
a saximum fpulsge width much greater than the commutation Pulse;
therefore a pulse repetition frequency of 2,160 Hertz is used for
the critical circuits. 360 Hertz is used con sextapole circuits were
a greater ramge of ccntrol is required. The sextapole circuits are
also less critical in stability than the Bend magnets or QD and QF
circuits. Thése two frequencies were chosen as harmonics of the 60
Hertz line freguency so that they could ke synchronized with the
line frequency.

Keer in aimnd khat it is the average Vclts of the pulses supplied to
the magnet, and the magnet resistance that determines the average
current in the magnet.

In the case cf the three pulse tkridge rectifiers, we usually use a

"choke and filter capacitance (sece Figure 1) with the free-wheeling

diocde to supfply a ripple free Vcltage to the magnet. The filter is
used so that the closed loop regulaticn system is less semsitive to
the frequency response of a given magnet (we may use one type of
regulator to gnergize many different magnet systems). In the case c
PEP, an attempt was made to use cnly the free-suheeling diode tc
maintain constant current in the magnet, and save the cost of the
filters. This has rroved satisfactcry except that this means that
the square wave Voltage pulses {(with fast rise and fall times) are
applied to the magnet terminals and cables. Since there is a
considerable amount of stray capacitance of the magnets and catles

 to ground there is a considerable asount of tramsieat ac pulse

currents in the grcunding network between the IR-8 Support Building
and the Eing.

These transieﬁts set up antennas that radiated into the experizenta.
equipment at DELCO (Begion 8). FWe bave added chokes in series wsith
each dc lead leaving the choppers in the sugport kuilding of IE-8
(See Figqure 3-3). These chokes slow down the steep voltage rise
times tc the magnets. These chokes (EEEEEEEEEEE) have lovwered tke
frequency of the ringing and have elipinated the pick up probles at
DELCC, but as a conseguence one will see considerable ringing of th
voltage sgquare waves to the magnets. Sceetime in the future, we ma
add BR-C filters tc grcund to damp this ringing, but for now be awar
that the ringing is present. The Vcltage Wave forms in Figure 3B 1
an idealized wave sithout the ringing.

At Region 2 tte air core chokes were nct emough so We added anm E-C
circuit (20 chms and 0.1 ¥FD in series) from line to line and tc
ground tc shift the frequency and damp out the ringing.

We have alsc had a transient noise frcblem intc the experimental
equipment at Region 4. This was isclated as ccming from the EI
Booster supplies for the Main Ring Eend magnet system at this r
Begion. To reduce this noise vwe installed some cores around all
four DC leads| leaving the top of the supgply and connected 1.0 MEED
capacitors frcm each of the DC leads, cn the lcad side, to ground.
This has reduced the noise pick ur to tolerable levels.

UNDERSTANDING THE CCMMUTATION CIECUIT
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Refer to Figure 4 through 10: Note that under Figure 4B is a heavy
line that indicates the time interval inveclved, and a heavy line in
4~A shows the path of the current during this interval.

A discussion follows for each of the defined intervals of time.
**Figure #4

The magnet curremt is flowing in the magnet and free wheeling diode
cnly at this time just before a Mainm trigger pulse.

The transductor and a metering shunt are connected on the load side
of the Pree-wheeling diode of the Choprer so that they monitor the
current in tke magnet at all times, and are therefore not pulsed
currents.

The vcltage cn the Comnmutation Capacitor has been recharged to a.
Voltage higher than the supplied L[C Vcltage frcm the BRI power
supply; therefore, the resistor E{c) acts as a tleeder to reduce the
capacitor vcltage. It has been shown that this resistor connected
frcm the CCMMCN toc the junction of the ccmmutation capacitor and
inductance is not required for circuit operaticn. The voltage con
the capacitor will be higher if crne disccnnects this loading
resistor.

The capactor can ke charged equally well through the Diode-2 and ths
¥agnet. The resistor tends to hcld dcwn the over charging of the
Capacitor ty tleeding scome of the enerqy out of the C between
Cozmutation fulses.

**Figure 5

The main pulse trigger has turned on SCR-1 transfering the current
cut of the Free-Wheeling Diode. 7The magnet current is now being
supplied frcr the large capacitor kank that is connected to the
cutput of the RI DC fpover supply.

A transient Vcltage has occurred across the Free Wheeling Diode
tecause when the SCR-1 is closed, the voltage from A-B is only the
diode drop and there is a high current sugplied in the reverse
direction through the PFWD to buck cut the magnet curremnt that was
flowing just before the main pulse trigger. W®hen the current
through the ¥WD is buck down to zerc there is thenm a small amcunt o
reverse current to clear the carriers, then the diode goes to a
btlccking vcltage polarity and the current from the pover supply goe
only to the Lcad. Note that the Commutation circuit is not
functicning as yet.

*»*Figure €

AT about 77 smicro-sec before it is desired tc end the pulse, (the
current regulator determines the time) a Commutation trigger is
given to SCB-2, and the first half of the commutation pulse passes
current through the Commutation Capacitor, inductance and SCR-2.
Note that the load current path is not involved.

This circuit resonates at 12.9K Hertz for the main 1,400 amp

choppers and 15.53K Hertz for the 700 amp choppers. At the end of
the first half cycle of resonance, the current reverses and SCE-2
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can no longer carry current and it goes open. The volttage orn the
Commutation Capacitor is now of a reversed polarity.

**xFigure 7

The commutati¢n current now passes through DIODE-2 and in oppesitia:
to the current in SCB-1. This current builds up to a value equal t:
the magnet current that was passing through SCBR-1 and SCR~1 beccnmes
tack biased, and it goes out. DNote that the peak current available
fror the ccmsutation must be greater than the magnet current flowin:
at that time or the SCB-1 cannot Le turned cff. The peak
commutation current, with 700 Volts cn the capacitor is about 2,859
Amps for the 1,400 amp choppers and 1,027 amps for the 700 amp
choppers.

lovwer BI vcltages will give a progorticonately less commutation
current for the same magnet current. The peak commutation curcent
must always be at least 40% above the running curremt to give a
safety operating margin.

*¥Figure 8

fhen the main SCR goes out, the ccmeputaticn current changes over to
DICDE-1, and the magnet current rlus the commutation current passes
through the ccmmutation capacitor and into the magnet load. At son
particular time the voltage at the magnet terminals is caused to be
driven to zeroc. Note that the ccrmutaticon capacitor is now being
charged with @ voltage of the same polarity as the main power
supply Vcltage. At that time the Free-Wheeling diode starts tc
conduct current.

**xFigure 9

There is still current flowing frcm the DC fpower supply through the
Commutation Caracitor, Inductance, L[icde-Z and through the F¥D tack
to the commecn of the fpower supply. This current continues to flow
recharging thle commutation capacitor to a higher voltage until this
current decreases to zero and the Licde-2 becomes back biased.
There is ncw a short period of time when the load current is passin
cnly through the Free-%heeling dicde and the c¢ycle repeats itself.

Go back to Figure 4. The cycle regeats itself.

i
i

[
FULSE THIGGEE LIIMITATIONS

First note that from the time of the Ccmmutaticn trigger to the tim
when the capacitor is fully recharge is about 90 micro-sec. %€ see
then that (fdr maximum pulse width) the the ccmmutation pulse .
trigger must never be later than about 90 micro-sec before the main
fulse trigger. This will leave about 20 micro-seconds as the
smallest allgwable off time betveen pulses at 2,160 Hertz pulse
rate; the mnext pulse may occur while the capac1tor is being
recharged, see Figure 9. The maximum fpulse width is then 95.7% of
the full pulse width for 2,160 Hertz cr 99.3% for 360 Hertz pulse
rate.

The mipimum #cltage setting of a choprer is (100/462) * 100 = Z1.6
for 2,160 Hertz and (100,2777) * 100 = 3.6% for the 360 Hertz rate.
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The range of ccntrclled output vcltage is then 21.6 % to 95.7 % of

the base powver sufpply voltage fcr 2,160 Bertz and 3.6 % to 99.3 %
for the 360 Hertz rate. Magnet systen systems that require 0.01 %
regulaticn are pulsed at the 2,160 rate. The systems, such as
sextapoles< that need only 0.1% regqulation but need a wide range of
contrcl are rulsed at a rate of 3€0 Hertz.

If the commutation pulse occurs ahead of the main pulse the vcltage
will be apfplied to the magnet. In actual set ur and adjustment of
the contrcller the minimum time of the ccmmutation pulse is set at
30 micro-seconds after the main fulse; this means that the mininusnm
rulse length cculd be as short as 100 picro-seccnds for low magnet
currents. At high magnet currents the minimum fulse length will bke
longer.

The set up for the chopper contrcller card contains circuit

ad justments that prevents the comzutation pulse from coming earlier
than about 30 micro—-seconds after tke main punlse and no later than
about 90 micrc—-seconds before the next main pulse.

The chopper control requlator ccmpares a reference voltage wth the

magnet current transductor output. This difference signal is then

conpared with a ramp generated in tke chopper controller {(See Figur
11). A trigger is generated when the absclute voltage of the ramp

Voltage exceeds the absolute voltage cut of the ccamparitor U27.

Note that if the-reference Voltage is raised to call for more
current, that the cross over on the ramp Voltage is later in tine
making the pulse to the magnet lcinger.

Two factors are ccmbined to give a particular average voltage tc th
gagnet.

¥hen the Hain SCR is turned on, tke full power supply Voltage is
aprlied to thke Magmet. The voltage to the magnet is removed akcut
S0 ricro-secconds after the commutation trigger is sent to the
Commataticn SCH.

The average Vcltage to the magnet is the Power Supply Voltage times
the Duty factor for the timing of the applied Voltage.

See Figure 122 and 12B. Note that the same average Voltage is
delivered tc a Load for an RI power supply Vecltage of 600V with a
Duty factor of 1/3 and that of an EI Vcltage of 300V and a Duty
factor of 2/3. i

Conversely one should note that when the regulator is requlating to
sore constant current and something causes the EI Voltage to gc up,
then the pulse length will automatically be made shorter to maintai
the current cobstant.

So if one notices, on an COscillcscope, that the prulse length is
varying, it can be either a problem in the chopper controller
regulator or it is a consequence of a change in RI power supply
Voltage.

Figures 13A and 13E shows the relative time of the main and
comrutation pulses for the maximunr and minimum fpulse lengths.

DUAL CHCPPER SYSTENS
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The chopper system sc far discussed is configured for a chopper
connected to a positive voltage fpaower supply, and gives positive
voltage pulset to a magnet system. We also use chopper systems tha
have all of the SCB's and diodes reversed from those shown in Fig.
3~A. These choppers are connected tc a negative voltage power
supply and give out negative voltage rulses into a load.

Cne negative and cone positive choprer, connected to their respectiw
negative and fositive power supplies, is used for higher resistance
magnet systezs where the voltage is expected tc be above 500 vclts.
{See Fig. 14)'

ihere are sevbn of these dual chopper systers. The beands and the 4Q
circuits need more voltage than can be supplied by two chopper
systems; in these two cases there are additional SCR voltage
regulated pover supplies located in the sugprort tuildings of IE-4
and IBR-12 that are connected in series with each of these systeas.
The outfput vcltage of these SCR ccntrolled booster power supplies i
controlled thircugh the computer.

]

Figure 15 shcws the various typical system ccnnections of the
chcppers. :

A. Single positive chopper and a series of magnets around
the ring; there are 6 systems:
3, 1CQF, 8QD, 1sp, 5sD, 7SL

. S .
B. Single negative chopper and a series of magnets around
the ring; there are 6 systems:
2QF, 3QF, 9CF, 1SF, 6S¥, &SI

€. Two choppers {(one negative, cne fpositive) energizing the
magnets arcund the ring; there are 5 systems:
1QC, 4QD, 3SF, 25D, RIGGLER

C. Two choppers {one negative, one gositive) with two
bocster surplies emnergizing magnets arcund tke ring; there
are :z systess:
EENDS, 8QF )
The 480 vclts to supply power for the HQF boost circuit is
derived frxcm the 480 volt 3 phase tuses in the BRI power
supply that supfplies the boost supplies for the Bend
Magnets.

BE. Opne cther system of twelve magnets, 9SF, was imstalled and
connected with water cooled cakles the same as the rest of
the magneéts. It was originally planned to energize this
systea with a chopper, but this was not feasible because cf
tbe lcow vcltage required. Tke 9SF system of magnets is now
energized from a H.P. supply loccated in rack 08CHM22.

ERECAUTIONS XITH DUAL CHCPPERS
The chcrpers in the dual mode must toth be enabled at the same time
The enakling for the dual choppers must cnly be done when the EI

voltages at ﬁegion 8 are at least 100 veclts dc, and any boost
supglies at Begions 4 and 12 must te cff. The pemalty for violatin
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these rules is that one of the chcppers may turn on, but not have

encugh stored energy in the commutation capacitor to be sure that
the next ccmmrutation pulse can turn the main SCR off.

Note that when the commutation pulse is present on SCR-2 {(Pigure 3A)
that there is a path to the load throcugh DIODE-2; this applies a
einisum pulse length voltage to tke magnet system and there will be
same magnet current even if no main pulse is givenm to SCR-2.

1f one choprer of a seriesed pair has commutaticn pulses and the
cther one does mot there will be magnet current flowing through the
free wheeling diode of the chopper nrot receiving pulses. This
current decreases the possibility fcr that chopfper being able to
commutate of the current when first pulsed with a main trigger.

The chopper controller cards applies both the ccammutation pulses an<
the main pulses when the controller is enabled. The computer
program goes through the following stegs in the order given to be
sure that the choppers will functicn froperly.

1. All BI's, Begions 4, 8, & 12 are turned off.

2. All chopper ccntrcllers are given appropriate signals
to:

a) Turn off the ENABLE

b) Set DAC's to zero.

c) Set read out from the chopper ccntrcller to
transductor {not reference vcltage).

3. All single choppers are enalkled; this gives a prelcad on
the EI's at Region 8 when they are turmned on.

4. The RI's at REegion 8 are turned cmn.
S. The RI's at Region 8 are ramped up to 100 vclts.

6. The enables for the double chcppers are tursed on whemn, and
only when, the vcltage signal frcm the {(-) and (+) RI's at
Region 8 indicated that they are set to at least 100 volts.
The main bend magnets are anabled first then the rest of the
doubkle chcocppers are enabled after a 5 second delay.

7. The remote boost power supplies at Regicns 4 and 12 are
turned on. The boost voltage cut of the BI's at Regions
4 ad 12 depends upon the current in the main bend magnets
and is ccntrolled by the computer.

a. The boost voltage for the Fends is a linear function of the
Eend
I-Les, and it is set to go tc 600 vclts at 18 GeV. It is
zero vclts at abcout 4.5 GeV.

k. Each boost veltage for the 4¢F circuit {one at Region 4, and
cne :
at Regicn 12) is controlled with a ramp vcltage from the
CAMAC in those regions, but the cutput vcltage of each U4CF
bocst power supply is restricted to cne of three valves
0.C, 100Y or 200vV.

The ramp input is set by the ccmputer sc that the boost
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voltages come on at the aprpropriate times as a function of
the Bend I-Des.

8. At this ;cﬁnt the computer will adjust the LAC voltages
into the chopper controller tc set the individual magnet
currents as desired.

Cne should ncte that under "hand-ccntrclled” testing of the magnet
chopper systes it wculd be possikle that the above order might te
viclated. 1If icne, for instance, turned on the remote Booster.
supplies first, there would be current flowing in the given magnet
circuits. Under these conditions cne could not then turn on tle
BEI's at 8 and enable the choppers, Lecause they may not commutate
cff.

1f for scome r€gason, cne of the dual chcepper systems hangs up {does
not commutate off) the regulator will see this as an increase in
systen voltagé and automatically shorten the output pulse on the
remaining chcgper. If the pulse can nct be shortened enoungh tc keej
the magnet currert within tolerarce cf the chopper, you will find
that the syster will sit there as though there was no trouble,
except that the display in the EEF ccntrcl rocm would indicate that
the current sas out of tolerance. If the coperator imdicates to the
ESGG technician that the I-MON is greater than the I-DES then the
technician shculd suspect a ™hung up®™ chcopper if a dual chopper
system is invclved.

If on the cther hand the regulatecr conld shorten the pulse width
encugh on the remaiming chopper tc keep the.magnet current within
tolerance, the PEP operators would not recognize a problem. In thi:s
case, the cnly way the trouble wculd ke ncted is for the PSGG
technician tc note that the ocutput vecltage of the seriesed voltage
chcppers were not equal. This must be scmething the technician
should ke auware of, and inspect fcr; the cutput voltages of each of
a pair of dual chorpers should te equal. Scome day we may get arcunc
to installing an alarm for this type of malfunction.

It would alscfbe possible to build an electronic sensor that would
detect the presence of an actual voltage turn off of the choppers a
few micro-seccnds after the commutaticn pulse is given to a chopper.
This systenm 5culd be functionm on all choppers as a signal of
zalfunction.

Scme day e may install such an alars.

The regulatlcm loop oreration to the dual choppers depends upcn eac!
chepper contrpller (Master and <lave) to generate its own main ad
commutatiaon ;mlses. The slave ccantrcller input is an amalog dc
voltage that is a function of the difference vcltage between tke
reference vcltage and transductcor current feedtack sigmal in tkhe
master cocntrcller.

Since the ccemutation pulses and main pulses are generated within
each contrcller and are a functicn cf various adjustments (rang
voltages and timing) in the contrcller you will find that the main
Fulse and ccrmutation pulses of a pair of seriesed choppers may not
te exactly at the same time.

¥e are considering a change in the methcd of deriving the pulses fo:
the slave chopper. This would ke Lty taking the pulses from the
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master contrcller and triggering the SCR's in the slave chopper
directly instead of going through the slave normal controller. This
would force tke triggers to be at ttke same time and might eliminate
much of the electronics in a "Slave" ccntrcller.

GEMEEAL CCUHMMENIS

There are tires when the operators want tc be sure that there is nc
magnet currert in scme of the systems; this is quite often done on
the Wiggler circuit at high energies.

The scftware program does not allcw the operator to dis-able one of
the chopper ccrtrcllers from the ccntrcl room. We have on occasioan:
disabled the chopper controller ty hand after the system has keen
ad justed to the desired levels, but this is not too satisfactory
kecause it wculd have to be done every time the power supplies are
off and turned back on or standardized. A Letter method has been t:
Full the ccmmutatiocn and main pulse trigger cables on the rear of
the crate for that particular chcpper circuit.

One must keep in mind though that, if the chopper is in operaticn
and one pulls the commutation tricger first that the main pulse wil.
turn oa the main SCR, but there will ke no commutation pulse tc tun
it off; therefore, it will go full cn.

The order of disconnecting or plugging in the triggers is impcrtant.
Turning Off: |

First pull the main pulse then tke comnutaticn pulse.
Turning Ons:

First plug in the commutation prulse then the main pulse.

Remember that <¢n the Main Bend ccntrcllers, there are two main puls
triggers {twc SCR's are gated alternately to be able to handle 1,40
angs to the lcad).

The peak currest in the commutaticn circuit must exceed the magnet
current, for a given steady state cperation, with some safety margi
or the chcrrer may not commutate cff.

The current ¢n the commutation circuoit is a direct function of the
voltage on the capacitor of the ccmmutaticn circuit. The capacitor
voltage is higher than the BRI vcltage and is a function of the
magnet current flcwing. It, therefore, requires some previous
pulses in the circuit at lower currents to Lke sure that the
capacitcr vcltage is higher enough to ccmmutate off a higher magaet
current.

The ccmmutaticn capacitor voltages may be 200 vclts or more ahave
the BRI voltage feeding the choppers at Begicn 8. In the case of th
low vcltage choppers in Hegion 2 that feed the SQ rotated quads of
the 2-Gamma experiment you will find atout 300 volts on the
commutation caracitors for omly 3% volts intc the choppers from the
Lasic power sufpply.

MAGNET ACCIDENTAL GRQUNEDS OR SHCEIS
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A system of pogwer supplies and magnets such as for the PEP magnets
{there are 656 magnets) presents scme prcblems when trying to find
one magnet shcrted to ground or if an intermittant coil to coil

short exists ¢n one magnet. We have had many shorts of both tyges.

The hoses used to carry the Low Ccnductivity Water {LCW) to tkhe
variocus magnets is of a wvery high resistance SYNFLEX hose so that
its resistanci can be neglected. The ICW is very high resistance
(about 10 Megchms across a faces c¢f a 1CM cube) and camn usually be
ignored. A typical 1,4 inch hose three feet long would measure
about 100 Megchms. There are aktout 3,000 such hoses. So for, very
tough numbers, the resistance tc grcund is to Le expected to be Inm
fact we measure about 27,000 ohms to ground for the entire circuit,
which is reas¢nable.

The complete Ragnet system is ket isclated frcsm ground except at
cne point G (see Figs. 14 & 15)

At that point we cornect a 100 chr resistor to ground through a
knife switch. A knife switch is used so that this grounding
resistor may be easily disconnected to enable a measurement of the
system resistance to ground to be made. A kridge rectifier and a
meter relay is connected across tiis resistcor so that either
polarity of vecltage across the grcund resistor E1 (FIGURE 14) will
indicate on tPe meter M1,

The pulsed choppers and the ac vcltage of the BI povwer supplies
working against the stray capacitnaces of the system to ground
introduce conEiderable ac voltage across the ground resistor. 2an
cil-paper capacitor C1 is connected across B1 tc typass this noise
signal. The meter across the ground resistor is calibrated tc abou
300 Milliamps full scale. At present the ground meter reads about
20 Milliamps for 14.5 GeV magnet current settings.

The wire that ccnpects C1 to grcund is a green wire coming out of
the bottanm unﬂer the door of the (+) kI. This allows one to
temporarily disconnect the capacitor for special tests. Sometimes
though, this wire is not out and available.

¥1 is set to trip at about 300 Kiliamps if 'this occurs, then tte
complete magnet power supply systemz is turned off and a ground faul
indication is locked cut on the alarss.

if a grcund aurrent trip is noted, then the first step one should
take is to ogen ur the (+) RI poser supply, open the Grounding Rnif
switch, and measure the resistance of the system to ground c¢n the
common. It will be necessary to make up the key system with a door
left open so that the grounding mecharism is ofen.

Cne should use an analog type ohmmeter for +this measurement (nct
the FLUKES) S0 that enough voltage is available from the chm-meter
to go through the free Wheeling dicdes of the dual chopper systens,
and remcte bacst power supplies. 1If nc troukle is found then cne
will have tc set up fcer operaticon and go to "Energized Ground
Checking® pracedures, otherwise proceed to "Non-Energized Ground
Checking".

NCN-ENEEGIZEL GROUND CHECKING
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Cpen one of the doors of each of the dual chopper systems and
measure the resistance to ground from the magnet output terminal of
each of the seven dual chopper systems. Ee sure all other grounds
and ground hecks are off for the measurement. If one of the magnet
systems for the dual choppers does not show a lower resistance to
grcund the prcblem may be: system then the troukle may be:

1. One or more of the single chcpger circuits.
2. @ne of the seccndaries of the main BI transformers.

Note that these transformers are disconnected from the
rest c¢f the pover supply sjysten.

I1f one cf the systems shows a lower resistance to ground than the .
others, the dc cables to the magnets of that system in the
appropriate chopper racks should te disccrnected and the systesms be
rechecked. It has usually been easy to isclate the faulty system b}
the akcve prccedures. The next step is tc find the the particular
prcblem in a given circuit. Several different procedures have Leen
used with varying amcunts of success to find a specific g:ounded
gagnet.

1. Use a temfporary 24 volt suppply and connect its output to tte
magnet circuit leads as shown in Fiqure 16. Note that the magnet
leads have been lifted from the chopper, and that the power sugrrly
and magnet ncw "floats" on the unkncwn resistance to ground of the
defective system. The current rating of the temporary power supply
must be at least 35 amps since tle lowest resistance magnet circuit
is 0.75 ohms for the 6SF and 1SF circuit. The highest resistance
circuit is 4 chms for the 4QF system where cmnly 6 amps will flcu foi
an apglied 24 volts. SEE Table 22 for the resistances of the cther
circuits. A resistance B1 may be added to l1limit the current flowin:
in a circuit to match a lower rated pcwer supply. Any added
temporary power supply for testing must ke applied in the sa=me
polarity as the normal chopper vcltages tc keep magnet residual
fields uncharged.

Cne then measures the voltage to grcund at foints A and B and
calculates the aprroximate positicn of the short to ground. Under
ideal conditicns, if there were nc, other stray voltages to ground
one would be able to go to that calculated position and (Keep in
zind that there is additional voltage in the circuits of the Eends
and U4QF because of the free wheeling diodes for the bocsters) use a
sensitive pulti-vocltmeter to find the exact spot of a single point

grcund. The pclarity of the measured voltage to ground will change

as you pass the grounded point.

Cne must be very careful when using a tempcrary power supply tc
energize cne cf the magnet strings. large voltages can be
generated, because of the inductance in the system of magnets, if
cne tries to open a magnet lead cnce the fower supply is turned cno.
Be sure the temporary supply is turned cff tefore conmecting cr
disccnnecting any leads.

During this measurement of small vcltages, cne should use a
voltmeter whcse internal impedance is high relative to the measured
resistance tc ground. The original resistance to ground should be
measured with an analog meter that places a few volts on the
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systems; the resistance measurement should ke made with both

[olarities of the chm-meter and the average taken between the
readings. If @ difference in resistance to ground of the system is
noted, it implies that there is scme stray dc vcltage biasing the
system above ground pctential. This voltage may be measured with a
high impedance meter, say a FLUKE. Any voltages that can be
measured frcm the system to ground, whem all other known voltages
such as the temporary 24 volt supply, are turned off, will cause the
position of the calculated short to grcund to be in error. Many
times these stray voltages, caused bty dissimilar metals and wet
surfaces may create such large errors in trying to calculate the
exact positicn of the short, by the ratio c¢f vcltages, that this
method will nct wecrk effectively.

In this case, cne makes a general guess as to where the short may be
and goes intc the ring and disconnect magnet cables in come logical
crder to secticnlize the areas to ke checked.

There are spllce Foints on the water-cooled cables outside the ring,
such as south lof the support building Begion 2, north of the access
road Begion €, and near the transfcrrer Fad east of the Supgort
building at Beglon 12, where one can gain access to the water-coolec
caktles, but it is a 1lct easier to go tc the magnmets in the ring to
isclate the circuits.

Cne must keep 'in mind that the problem could also be in the Bocster
fower supplies at Regions 4 or 12 if the circuits for the Bend or
4#QF are in trquhle.

The prints in 'the series ¥D-207-0C9-001 through ®D-207-009-11 will
ke helpful tc locate a given magnet that is connected to a given
system in the ring. Each of the magnet circuits have identifying.
nugbers that are noted on each magnet in the ring to aid in
checking. ‘

MINI-BETA because of the reversing switches and ty-pass regulatcrs
that are part cf these systems. 1Thke systess involved xith Mini-
Peta are: Bends {(C1, ¢2), @3, 1CF, 2¢F, 10D, 3QF.

Cne must be v;ry careful in checking cut the systems used for the

ENERGIZED CHE¢KING FCHE INTEERMITTANT GRCUNDS

Hany times there will be a ground fault indication only when cre
tries to go alove scme value of current. These are the more
difficult tyre of grcunds to locate. First of all, a very thcrcugh
understanding of how the system is connected and bhow it works must
ke bad; otheryise, you may easily get off cn the wrong track in
locking for a protlem.

Iwc major types of problems may e€ixists:

1. Voltage retated breakdowns; water leakage on insulators, clcse
clearances, €tC.

2. Current or magnetic field related breakdowns were a magnetic
piece of meta} moves to hit a cconductor or a magnet coil or lead
moves 1in the @agnet.

First: Bememkber that this is a fulsed systes; therefore, the vcltag
to a magnet string is a series of square wave tlocks of voltage.

- 31 =



1980.
1981.
1982.
1983.
1984,
190 .
1986.
1987.
1988.
1989.
1994Q.
1991.
199 2.
. 1993.
1994.
1995.
1996.
1997.
1998.
1999.
2000.
2001.
2002,
2003,
2004,
2005.
2006.
2007
2008.
2009.
200 .
201 (w
2012,
2013,
2014,
2015.
2016.
2017,
2018
20194
2020.
2021.
2022.
2023,
2024.
2025,
2026.
2027.
2028.
2029.
2030.
2031.
2032
203 3.
2034,
2035,
207 .
205 /.
2038.
2039.

Second: See Figure 15, note that there are koth positive and
negative vcltage systenms.

Third: Note that it is possible tc change the current in a given
circuit without changing the applied reak pulse voltage. The magne
current will change as the duty factor of the applied pulse is
changed. :

To start in sclving this problem, I will assusme that the ohmneter
does not indicate a froblen. ’

1. Connect an cscilloscope to measure the voltage to ground of the
ground bus. Set the vertical calikration of the scope to 2 volts D
per CM; this gives 200 volts per CM because the dividers are 100 to
1-

Set the sweep speed tc about 8 MM-sec per CM so that one can
recognize a 60 cps wave form. SYNCH the scope on the ac line =g
that there is always a trace on tlke scope.

Nox turn on the system via the ccmputer and have the operator trimng
up the whole system of magnets slowly. Keep an eye on the abaove
scope for an indicatior if the system turns off. I think that I
would leave the booster voltages cff for the first test.

If the system does turm off on grcund current, make a note in the
log as to the dc vcltage on the BI's and the Bend magnet current.

. Note alsc the type of signal and values on the cscilloscope at the

tize of failure.

1. Is it a negative voltage; %hat Value?
2. Is it a pocsitive voltage; What Value?
3. Is it a 60 Hertz signal; Khat Value? What Wave Shape?

The answers tc the above guesticns will give scme rough ideas where
the problem may be. The dc voltage and pclarity that shows ufp on
the scope can ke used to roughly deterwine wshere in the ring the
prcblem may be once the particular system is identified. Now turn
of f the whcle system and operate the choppers and RI's by hand.

First disakle all but one of the chcprers. Leave on ome that ycu
may think is the culpit; keep in mind which polarity showed up on
the scope during the previous check, this could help identify the
correct systen. _

Set the chopper current at minimum and bring up the one RI invclved
to the value <¢f vcltage that was present during the previous test.

Now adjust the chopper'iidth for kigh currents. Go up to the
paximum possible. Control one chcpper at a time for the given FI
voltage. Control both single and dual chopper systems.

%hile ccntrclling the magnet current, cne should watch the grcund
current meter for any unexplainakle changes in measured ground
current. You may want to disconnect the ty-pass capacitor across
the ground resistor to display tle ccrrect valtage wave fornm.

Bepeat this urtil all systems have teen checked with ore RI.
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2040,
204 1.
2042,
2043,
2084,
200 .
204 6.
2047,
2048.
20449,
2050
2081,
2052.
2053.
2054,
2055.
2056.
20587.
2058.
2059.
2060.
2061,
2062.
2063,
3002.
3003,
3004.
3005.
3006.
3007.
307 7.1
30vu.
30083.
3010.
3011,
3012,
3013.
3014,
3015,
3016.
3017.
3018,
3019.
3020.
3021.
3022.
3023.
3024,
3025.
3026.
3027.
3028.
3029.
30340.
3031,
3032.
307 .
305~
3035.
3036.

If the trouble is not found, then go tc the other RI polarity and
repeat contrclling each chopper invclved.

|
If the trouble has nct been found yet, bring up both RI's to the
operating vcltage (without the becster supplies) and again check
each chopper and newvw fairs of cheppers to find the problen.

Still nc proklem fcund? Turn on the tooster supplies for the Eends
then the 4CF's.

If still nc fproblem found, turn off everything and have the PEE
cperater bring up the system again as a total system again to see i
the problem still exists.

Cnce one finds which system is giving the problem, then it may fpay
to go into tke ring and inspect thcse magnets closely for a prchlenm
Cne should esfecially inspect the magnets where one would guess the
frcblem is ky the voltage measurements on the ground resistor.
This, by pclarity, may at least say which way to go first.

If one still has not found the fprcokler, then try hi-potting tke
particular system up to a maximuwm of 2,500 vclts dc. Be sure all
cther systems' are grounded for suchk a bi-pot ard of course the ring
and all choppers and kI's must te closed for safety.

i CHCFFEB CONTROL ICREI CHECK GUT

* S —— A . A S T I —y > Ay I W ) D D Y W iy i s S N b,

Erint No. SD-207-103-00-RO

—

Summary of Choprper COperation
R.¥N. Fuller PFarxrch 26, 1982

!

The chopper can be simplified by ccsparing its main SCR (or
SCE'S) to a switch being easily turned on with the main firing
rulse {(rulses) .£rom the controller toard. The comrmutator SCH
is alsoc a switch which turanas on a rimging circuit that can
shut off the main SCE and reset itself whem given about 80
picro seccnds tc ccmplete its cycle.

|
Therefore, by cperating the mair SCHE{s) for a lcnger or
shorter time into a magnet and repeating this cycle many times
a seccond so that the magnet smocthes cut the variations in
current, a re€qulated current can ke maintained in the magnet.
1f the ccmmutator firing pulse is delayed further in time the
current in tlHe magnet will increase. If the main pulse is
folloswed shortly by the commutator pulse, curremt in the
magnet will decrease. The increments of increase or decrease
are very small due toc the shortness of the cycle compared to
the time ccnstant of the magnet.

|
The purpose ¢f the pulse contrcller is then to deliver a main
pulse train and a commutator pulse train properly spaced
for regulatic¢n in the 400A choprer. ¥or the 1400 A chapper
the main pulses must also be alternated between two SCR's so
they can share the lcad curremt. The ccntrcller also
establishes limits for the pulses to allow safe operation for
the magnet and the chopper.

|
The minimum julse length to the magnet is 10X of the period at
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3037.
3038.
3039.
30404

3041,

300 .
3043.
30448,
3045.
3046.
3047
3048.
3049.
3050.
3051.
3052.
3053.
3054.
3055.
3056.
3057
3058.
3058.
3060.
3061.
3062.
3063.
3064.
3065.
3066.
307 .
30uus
3069.
30790.
3071.
3072.
3073.
3074,
3075
3076.
3077.
3078.
3079.
30890.
3081.
3082.
3083.
3084.
3085.
3086.
3087
3088.
3089.
30990.
3091.
3092.
30( .
30% 4.
3095.
3096.

2,000 hertz. The maximum pulse length is 95% of the period at
2,000 hertz. Scme of the choppers run at 360 bertz, for this
lower frequerncy the minimum pulse length is 1.8% of the period
{the same nurber of micro-seconds), and the maxisum length is
99% of the period. HNcocte that the lower frequency gives a
wider range at a sacrifice of frequency resionse.

Initial Set Up of Ein and Ccntrcller

**1., Install the "MASTER BIN CKRTEL" {(207-101) in slot 24 and
25 of the CRAKAC bin.

**2, Install the "CICCK MODULE™ (207-102) in sliot 18 of the
btin. Ccnnect the jumper cable frcm any cne cf J3 thru J6é6 on
the "CLCCK MCDULE"™ to J5-CLK connector on the"MASTER BIN
CNTIEL"™ mcdule.

#*3, Install a "DATANAY EXTENDEE" ¥ECG1 in slot 2 of the CANMAC
tin, and install a current meter {0-500 ma) in place of the
-24V. jumper. An extender for both P1 and P2 are necessary
for checkout through the bin connectcrs.

*¥8§, Set all switches on the WMASTER EIN CNTRL™ to the
following:

Horizontally mcunted (bit) switches numbered 1 thru 16 to the
left cr low pcsiticn; "LCL"/"REM" swuitch to "LCLY;
"DAC"/MCNTEL"® switch in WDACT™; "SICI ALDRESS" switch to
position 2.

*%5, Set the "LINE SYNC"/"NCBMAL® to "LINE SYNC" and frequency
switch to™24 KHz"™ om the "CLCCK MCDULE".

Chopper Ccantrcller Check Qut and 2djustment

NOTE: 1If any conditicn of any step is not met, do not proceed
to the pext step withcut troubleshcoting the problen.

**¥1, On a new choprer controller module adjust R24, 27, 36

and 48 for minimur settings of all regulators (B36 and R48
clockuise, BRZ7 and R24 counter clockwise.) For an operaticnal
unit check the respective regqgulatcr outputs first. If their
voltage outputs are ck proceed to next ster.

*x2_, For the initial alignment of a new module remove U1, U2,
and Uz1 IC's. OCn an operatiomal unit in for trcubleshooting
it is only necessary to remove 01 and U2 if there is trouble
with the unit missing or having iaproper output pulses. It
should only tke necesary to remove 0Z1 if there is an indicated
problem with the DAC not functioning properly.

#x3, Ccnnect contrcller board tc the e€xtender and turn on
fower tc CAMAC bin. Allow 1 minute for clock to stabilize and
monitor it at the end of R113 closet to U08. Adjust the
frequency if necessary to 2,160 Hz {4€3 micro seconds for a
bigh frequency type madule or 2777 micro seconds for the

360 Hz low frequency type clock mcdule. +/- 10 micro seconds
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3097.
3098.
3099.
3100.
3101.
310,
3103.
3104.
3105.
3106.
3107.
3108.
3109.
3110.
3111,
3112,
3113.
3114.
3115.
3116.
3117.
3118.
3119.
3120.
3121.
3122.
3123.
3124,
312s.
3126.
3177,
31eun
3129.
3130.
3131.
3132.
3133.
3134,
3135.
3136.
3137.
3138.
3139.
3140.
3141,
3142,
3143,
3144,
3145,
3146,
3147,
3148,
3149,
3150.
3151.
3152,
317 .
31% e
3155.
3156.

tetween pulses) by changing the adjustment pct marked "LINE"
cn the "CLCCKX MODULE").

**§., Mcpitor current in the —-24 V power supply while
adjusting R3€ until the voltage reaches -15.0V at the output
{pin 3) of VE'4, current must not rise above 250 ma and will
te about 50 tu 100 ma. Turn povwer cff and move the current
reter tc the +4Q V. Jjumper and reinstall the -24V. jumper.

**%5. Mcnitor the current in the +24V power supply while
adjustlng 848¢ The voltage at pir 3 of VB3 should come up to
.0 without! exceedlng 260 nma.

*x6. Adjust hzv so that pin 3 cf VB1 reads +11.75 V +/- 0.25
tefore the cu;rent in the +24 V line reaches 260 ma.

**7. Adjust t2u so that pin 3 of VB2 reads +5.0 V, but do not
exceed 260 ma in the +24 V power supply. Shut —off the CAMAC
kin power.

#x8, Ccnnect! or check cobnecticn tetween point A and B near
U39, and adjust E110 for a resistance of 5.11 kilohas
measured frcm| U39, pin 12 to comwmcn, using a Fluke DMM

set on the 20F range. BRestore pcower tc the board.

**9_, Measure vcltage at A, it shculd ke about -9 volts, then
at E39 it Hil& ke about 9V. Alsc, check pin 12 of U038 to see
that it is within 1% of the reading at E39.

**10. Check ﬁor clock pulses at pin 12 of U110, they should he
positive going 10-14 V peak and akcut 5 micro-seconds in
length, £=2160 Hz fcr a high frequency type module and
£f=360 Hz for a low frequency tyre mcdule.

|

#*11. Check and adjust B19 (Trig. Lelay) for am 80 micro
second width icut of the one shot zultivitrator U010 pin 10.

**12. Cutput of 010 pin 6 should be a 5-8 micrc second pulse
rising to abcut 12 V starting when pin S goes low. Check pin
7 for the invlerse of the pulse and then the cutput of U13 pin
13 for the corliginal pulse amplitude and duraticn.

**13. Check U038 pin 1 and adjust E101 for a vcltage ramp

rising fronm a
results frca
The capacitan
in the lcw fr

bcut 0.2 V to 11 V in a certain time period, which
€70 being charged with a ccnstant current source.
ce value required for €7C is 0.22 micro-farads
equency type module and 0.1 micro-farads in the

high frequency type module. The rise time is adjusted to

2777 micro se

¥* 14, Check

conds or 463 micro seccnds resgectively.

for unity gain from pin 1C tc 8 U3S. i

*%15, Switch the mode switch tc "LCC" and check at E27 (mear

035) for -10

¥V +/- 1 VDC when E114 (c¢p frent panel) is set in

raximum clcck-wise position.

*+16. At E29
width as RB114
low setting ¢

(near U32) check for a pulse which has variable
("LCCAL") is changed {pulse will disappear with
f “LCCAL"). A commutator pulse is produced when
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3157.
3158.
3159.
3160.
3161.
310 .
3163.
3164,
3165,
3166.
3167.
3168.
3169.
3170.
3171,
3172.
3173.
3174,
3175,
3176.
3177.
3178.
3179.
3180.
3181.
3182.
3183,
3184.
3185,
318¢6.
31 .
C I
3189.
3190.
3191,
3192.
3193,
3194,
. 3195.
3196.
3197.
3198.
3199.
3200.
3201.
3202.
3203.
3204,
3205,
3206.
3207.
3208.
J209.
32104
3211.
3212,
32[’ »
32 ~V ' -
3215.
3216.

034 goes low at pin 7 which determines how long the chopper
rain SCE{s) stay cn in a cycle. Current in the magnet is
fropocrtional te this duty cycle.

*k17. Flug the test cable with the dual kanana plug on one
end intc the M"EXTERNALY" jack on the tack of the CAHAC crate
marked C€C0s02, J10. This point is available cn the Chopper
Contrcller Patch Fanel and is laltelled J10.

Short the kamnana plug with a clip lead and arply ar AC voltage
{of 60-10,000 Hz, no offset) between the clip lead and the
shield wire cf no more than 5 VYEMS. Cbserve the output of U36
at pin 14 (or E32) and adjust BR92Z for minimum AC voltage.

In a "Slaved" contrcoller this amplifier is used as
a buffer on the signal from the "Master"
contrcller to generate the main pulse trigger from
the ramp in the slave contrcller.

Turn on power to the Chopper Contrcller Module Test Chassis.

*x18, FKemcve jumper and AC voltage. Connect the dual banana
rlug to a 0-10 V. positive DC supply ,gqround on plug is low.
Qutput of U36 at E32 should now track the input voltage but
with opposite pclarity. Switching the mode switch to ®EXT
ERR" should now cause the output of 834 (E25) to change pulse
width as vcltage changes positive on E30. BRemove connector
frcm €C0S02, J10.

Set all bit svitches on the Master Ein Ccotroller Module (1-16)
to their low fpcsition.

FEemove power. Install U21, and restcre pcwer. Put
WLCL"/"EEM" switch in ®LCL" and push "SENL" button. Monitor
voltage at U025 pin 6 and adjust "CF¥SET", ccntrel, R43, for
0.00000 V.

Move probe tc E17 and see that it is also 0.000 V. Switch bit
switches to high position and press "SENI", an cutput of 10.0
V should be read. Mcnitor pin 6 c¢f UZ5 again and adjust this
point to 10.0C00 V witkh B45 ("GAIN"). Rereat until both
readings are ccrrect.

*%2(0, Switch 16 to low position and push "SEND™.

Monitor pin € of 025 again (it will be 5.00 V) and then change
each bit svitch in corder down to the kit 1 switch, each time
Fressing "SENI" and observing the SC% decrease in voltage at
U285 or (17, for each tit.

*x71. Connect the cakble used tc test "EXTERNALY input to the
WXDCTRB®™ ccnnector C0S02, J9. This foint is available on

the Chopper Ccntrcller Patch Panel and is labelled J9.

Put a clip lead between the pins cf the kanana plug and check
the output of U31 for 0.00v. Conpect the AC source (0—10000 Hz)
used in stefp #*17 to the clip lead and shield of the test cable
and observe the output of U31 with a scope while minimizing

the output with the adjustment cf E7S.

This prccedure tests the comecn mcde rejection of
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3217.
3218.
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3220.
3221,
320,
3223.
3224,
3225,
3226.
3227.
3228.
3229.
3230.
3231.
3232.
3233.
3234.
3235.
3236.
3237.
3238.
3239.
3240.
3241,
3242.
3243,
3244,
3245.
3246.
3277,
3 2\\ ~ e
3249,
3250.
3251.
3252.
3253.
3254.
3255,
3256.
3257.
3258.
3259.
3260.
3261.
3262.
3263.
3264,
3265.
3266.
3267.
3268.
3269.
3270.
3271.
3272.
327",
32\ ..
3275.
3276.

Amp U31 used to tuffer the transducter signal into
the differential amplifier. 1Thbere shculd te less
than 100 micro-volts peak to peak at EZ20 for an
input c¢f |1 vclt peak to peak of any frequency from
IC to 10,000 hertz. Any lcss of coxmon mcde
rejecticn introduces noise (soretimes 60 or 120
hertz) in the output of the choprer that cam not
ke taken out by the regulatcr. There is a large
common mcde signal on the transductor ountput with
respect to the rack frames.

*%22. BRBemove the clip lead and AC supply ard connect the dual
tanana plug to the 0-10 volts positive LC fpower supply. Set
the supply fcxr 10 velts Check E20 for a -10 V cutput and
reduce the LC to S V to see that the output tracks the input
within +/-1%.

**23, Rith i#put of 5 V to U371 set bit 15 to high and press
"SEND". Set mode switch to "ERE". Ccnmnect a scope to E27
{near 035) and set it to olserve a #+#/- 15 V swing as bit 16 is
toggled high and low (each change must be followed by a "SEND"
command) .

**24, Monitcr E19 (near U30) with a volt meter as the 1nput
to U31 is changed. B112 should cause about a 14% change in
gain frcm stop to stop. Set B112 to read the same as ER20 (it
will be ofppcsite polarity) and change the input to U031 to see
that ingut and ocutput track, then return to 5 V.

*%25, Set all kit switches high and fress "SENI", then change
“DACH/ "CNTBLM™ switch to "CNTRL™. Set all bit switches low,
now while mcnitcring the output of U24 at EI15 with a
voltmeter, toggle bit 13 high and lcw, fcllcwed each time by a
WSEND" command. When bit 13 is higk, vcltage at E15 will be
the same as at E19 (SV). E15 will ke the same as E17 or E16
{(10V) when bit 13 is low. ©HNow ccnnect an isclated voltmeter
to pins A and B of C0S02 JS5; the reading will ke the same as
at E15, pin 2 will Lbe positive.

**26. Fush tme chopper controller "BESETI" kuttcn, "GL" light
should ke out. Mcmentarily, remcve the infut tc U031 to verify
that the glitch detector circuit lights the ™GL" light, then
push "RESEIY lagain to extinguisk it.

*x27. Adjust B87 to maximum counter-clockwise position, and
set the input to 031 at 9.20V. GEeset the comtrcllier board
("cC® over current light should ke cut) and slowly adjust RE7
clcckuise until the *OC"™ light ccaes cn. Lower the input
voltage and neset again, then raise input voltage until the
ngC" light cdmes cn. Read this vcltage and if it is not 9.2V
ad just B87 until it is within 0.1 volts. Lover input of 031
to 7V and push "RESET" to extinguish all lights.

**28., Turn ¢ff power to the board, then ccnnect the KBRP 11
24 VDC relay |and test connector assemkly to the "OC RELAY™
recepticle, €0s02, J6. This has already been done via the
patch panel and is lakelled acccrdlngly. Restcre power, then
as the input tc the circuit is raised to 9.2 v the relay will
release and shen the voltage falls to approximately 7 volts
it will fpull 'in. The status of the relay is indicated on tke
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3280.
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patch panel by twc LEDs labelled "CC EELAY"™. Check between
pins A and C with an chmmeter for the relay blocking diode

as indicated cn the schematic. Festore power tc the bin only
and push "RESET", all lights will ncw be cff.

*x29. With Ein Ccantrcller "DACY",/CNIRL" switch in ®“CNTRL"™
position enatle the controller koard bty switching only bit 15
to high and pushing "SEND®,

The "EN" ligbt will come on and remain on.

*%x30. Switch bit 16 to high, all cthers low, and push "SEND",
this will extinguish the "EN" light.

**x31, Bepeat step 29.

*%32, Short pins 11 and 12 togetter on U5, all 1lights will
now be cn except the "OC" light. Set the input voltage to U031
to +10 volts to trip the overcurrent grotection circuit and
light the *0C" light. When the "(CC" light comes on the "EN™
light will gc out.

**¥33. Switch bit 14 to high and press "SEND", the ¥OC® and
MP® lights will go out; "EN" will ccme on if bit 15 has been
left high.

*%x34, Switch bit 12 to high and rress "SEND", the "GL",light
shculd go out.

NOTE: The ®"CC", "MP®,  and "EN" circuits are very similar
tecause the led's have built in current limitation which
allows them to be driven by simple emitter follcwers im a
CA3082 I.C. The 4043, quad B-S latch, toggles cutput at ¢
either high if S is high or low if E is high. 1If both are
high, ocutput at Q goes high; if none are low, nc change of
cutput state cccurs. The 6N139 is am -optically coupled
isclator whichk rereats the input signal at its ocutput.

**35, Set ufp a scope to chop twc inputs and with one channel
check for a pulse with no offset rising tc +12V at socket for
U2 pins 9 thru 12. ©Period of pulse will te 463 (2,777 for low
freguency ccrptrecller) micro second and pulse width will be S
to 8 micro-seccnds. This is the single chcpprer main pulse.

**36. Enable module. Move the prote to the socket of U1,
Fins 9 thru 12 and sync the scope to that channel It will be
a similar pulse to that in 35 but with a period of
approximately 926 micro-seconds for the high fregquency
contrcller and approximately 5,55% micro-seconds for the low
fregquency ccptroller. Connect the channel 2

frcbe to U1 sccket, pins 2 thru £, the twc traces now will
show the pulses appearing on alternate channels at 463 micro
second intervals for the high frequency ccntrollers and 2,777
ricro-second interval intervals for the lcw fregquency
contrclliers. This is to allow the 1400 A choppers two main
SCE's to ke fired cn alternate main pulses and divide the
average load current equally betseen them. US is the JK
flip-flocp that prcvides this alternation by keeping one of the
U3's one shot multivilirators fror firing cmn alternate MTRIG"
fulses (which are delayed clock rulses). See Chopper
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Contrcller Schematic.

*x37. Eepeat step 30 while monitcring the main pulses at U1
and U2, all shculd disappear when "ENY light goes off.

I
**38. Disccnnect the clock input to the chopper controller by
switching the “12KHz/EXT/2Q KHz" switch cn the clock module to
"EXT" and check pins 4 and 11 on toth U1 and U2 sockets for a
LC voltage, n¢ne of these should te more thanm 10 milli-volts.

#x39. Shut off power to the comtrcller tocard install U1 and
U2 and retursnclock module switch tc crginal pcsition.

Bestore power| to the board, tarn "LCCALY pot fully cC.Cuv¥., and
switch mode tc ¥LCCY,

**40. Move channel 1 scope proke to ®TRIG™ ocutput at 010, pin
6, SINC cn thfs channel and connect 2 prchbe to U9, pin 6, thesn
ad just "EABLY' contrcl (E15) so that the chamnel 2 pulse is 30
micro second /- £ micro second wide. Bothk pulses will be 12
V peak with wc offset.

*¥417. Move the channel 2 probe tc the end of EB8 closet to U2
{(the pulse will be 12v, 5 to B micrc-seconds in duratiom),
rotate the lccal pot fully clockwise and see that the pulse
moves (xea<ur§d from the leading e€dge) frcx a pcint 30 micro-
seconds +/- £ micro-seconds to 373 micro-seconds +/- 10 micro-
seconds for a lov freguency type 2odule. For the high frequency
tyre module tbe pulse should ramge fron 30 micrc-seconds +/- 5
sicro—-seconds| tho 2,333 micro-seconds +/- 50 micro-seconds.

**x§2, Move the channel 1 probe tc tin & of U9 and turn "LGCAL™
pot fully clcckwise. Beconmect the 10 VIC supply to the input
c¢f U31 to trip the "CC" light. ©Ecth the rain firing pulse and
the ccmputaticn pulse will disappear due to the enable
modification which takes away all fulses if the enable of the
module is lost.

**43. Fush the "RESET™ button and enahble the unit. The "ME"
light will ccme on when gin 10 of U4 scocket is grounded
romentarily with a jumper. Push "EESEI"™ cn the controller
frent panel and the light will go out. Bemcve fpower from board
and discconnect the 10 ¥ supply.

The commutatgr pulse control circuit is comgocsed of U110, 1/4
013 (pins 9-12, and 13), 038, U35, 039 (excluding "ERERCR
BUFFER"), U34, U9 (Early limit) UE&, U6, 1,4 D7 {(pins 4,5,and
6) and U4 (cdtput pin 10).

U010 supplies a pulse 5-8 micro second wide, delayed behind the
clock by the setting of R19. This pulse, called "TRIG"™ on the
Chopper Ccntrcller Schematic, is used tc set the "Q" output of
U8 high and is then lengthened by the setting of R15 and
aprlied to pins 9 and 12 of U6. Eoth CR gates of U6 will now
bave high outputs which cause U7 gin 4 to be high. Rhen the
output of US9 qoes low after the ("EAELY LIMIT™) delay the
output cne or both U6 OR gates (and ccnsequently the output of
07) may go l¢gw if the error input from the ccmparator, U34, is
low (06 pin 13 is still set high frcm TRIG pulse applied to
U8). This will fire the one shot multivibrator (U4) for the
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3397. computator circuit since it is set to resgond to a negative

3398. going wavefcrn.

33949,

3400. If the ccmparator, U34, has not qone tc a low cutput, U6 pin8g
3401, will be high and its cutput will nct change state, so there
340 can ke no change of state at U7 pin 4 or U4, pin 10.

3403,

3404, If an over current fault happens after this point in time, 08
3405. gets reset by a high on pin 12, which krings pin 15 low along
3406. with the cutpots of U6 (pin11) and U7 {(pin 4), which fires the
. 3407, commutator cne shot multivibrator. Through the succeeding
3408. cycles if the cver current remains neither the main pulse nor
3409. the ccmmutaticn pulse will appear due to the enakle

3410, scdificaticn.

3411,

3412. If there is no change of state of tle comparator {(U34) or no
3413. over current fault, the commutator pulse is suprlied when the
3414, next clcck pulse acts on U8 to transfer the low at pinm 10 to
3415. pin 15, which w¥ill make the output cf U6 (pin 11) and U7 (pin
3416, 4) go 1lcw to fire the commutator cne shot multi-vibrator

3417, {H.V.) :

3418,

3419. Puring normal regulaticn cycles the commutator pulse is placed
3420. tetween the early and late limits by ccmparing an error or
3421, . reference signal {(scme DC level letueen 0 and -10 Vv, with a
3422, positively raxping vcltage of betsieen aboat .2 and + 11V. At
3423, the point in the time that the aksclute value of the twxo are
3424, equal at 034, pin 3's ocutput goes lcw and causes 06, pin 10,
3425, to go low. Since U6 pin 11 was high from the action of TRIG
3426 setting U8 pim 15 high, the resulting negative going waveforn
3477, changes the state of U7 pin 4 and fires thke commutator one

4. .. shot m.v. The voltage ramp for tke ccmparater input is

3429. initiated by an inverted TRIG signal driving the pin 1, 2, and
23430, 3 transistor of U38 to saturation and discharging €70, which
3431, is then allcwed to recharge with a corstant current source
3432, composed of U39 and the remaining transistcrs of U30 and U39.
3433, This ramp is linear vhen points A and E are connected but may
3434, ke (by ccnnecting A to C) Ainstantanecusly changed with an
3435. ingut (FEED EWD) from the chopper pcwer supply voltage. This
3436, change pre—ccmprensated the commutator pulse so that the

3437, feed-back locp does not have to respomd toc the resulting

3438. change of manget current caused ty power supply voltage

3439. variaticn.

3440,

3441, **x44, Discconect P2 and connect test plug A. Connect yellow
3442, lead of the test plug to pimr 23 cf Fl. Connect the black lead
3443, of the test plug to the board ground. This is the lead

3444, referred to as "Clip lead" in the fcllowing text. Restore
3445, power to board.

3446,

3447, **45, QMcnitcr pin 1 of U 18, it should be low when the clip
3448, lead is attached and high when not. Naw monitor pin 11 of
3449, U018, it will be high with the clip connected and low when not.
3450.

3451. **46, Switch mode to "DAC REF" and mcnitcr pinm 60 of P1,U018 pin
3452, 16, connect the clip lead to the resistor as in step 45, pin 6C
34F 7, will be low. Switch the mode to "EER" while mconitoring pin
34L .. 60, it will remain low umtil the clip lead is mcmentarily
3455, removed, and when reccnnected will go high.

3456. :
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457,
458,
1459.
1460.
1461,
w(
1463,
464,
1465,
1466.
1467,
}468.
1469,
1470,
471,
1472,
3473,
1474,
1475,
1476.
3877.
478,
1479,
1880.
3481.
3882.
3483,
484,
3485.
J486.
340
34 ..
3489.
3490.
349 1.
3492,
3493.
34594,
3495,
3496.
3497,
3498,
3499,
3500.
350 1.
3502.
3503.
3504.
3505.
3506.
3507.
3508.
3509.
3510.
3511,
3512.
357",
35\, ..
3515.

Data is shifte
cn pin 10 or 1
are lcw.

**x47, MNMcnitor
mode to HEXT E
step 46, pin S

+x48., Mcpoitcr
to "LOC" and m

now be high.

**49, Monitcr
to MEXT ERBY a
will pnow be Li

**¥50. Manitor
push "RESET" a
Bomentarily di
high.

**51. Connect
test plug A (E
and "GL" ligh
lead while mcn
pims will now

Disconnect pcq
sire frcm EUé

**k52. BRemove
point F to ;cn
already wired
Bestore gower
and check U039
the "LOCAL" ¢
receptacle (C0

d to the output of U18 when U4 is clocked high
1, data is held and accessitle while those pins

pin 59 of P1,018 pin 9, it will te low. Switch
ERY and momentarily disconnect clir lead as in
S will now ke high.

pin 61,018 pin 15, it will be low. Switch mode

cmentarily disconnect the clifp lead, pin 61 will

pin 62, U018 pin 12, it will be low. Switch mode
nd momentarily discconect the clip lead, pin 62
gh.

pins 57 and 58,018 pin 5 and pin 6 respectively,
nd confirm that the ®CC" and "GL" lights are ocut.
sconnect the clip lead and bcth pins will now be

the 10 vclt power supply to the gray leads on
lack is positive) tc zomentarily trip the ®woCn

tls on. Now momentarily disccnnect the Black clip

itoring pins 57 and S€,018 pin 5 and pin 6, the

both be low.

exr to the board, thern install or check for a
tc EFz—-1€.

‘test rlug A completely. Reccnnect P2l Jumper
nt D (btoth near U35) check tc see if E is

'to D and if so, remcve wire at E and move to F.
to board, then switch the mcde ssitch to “LGC?®
YERBCR EUF" for unity gain and inversion with
t. Check pins A and E of the "BUFF ERROR"
S02), J7) for the same fositive cuotput as

monitored at the output of U39 {E36), use an isclated
voltmeter; pin A will be positive.

*%*53, Bove the pluq from the "XLUCTR"™ JI9 of CO0SC2 and coamnect

it to the "F¥}L FRD™, J8.

to + 10V., che

‘ With the surply ccnnected and set
ck with an isolated vcltmeter at E40 and E41 for

the same vcltage; E40 will be pcecsitive.

%54, Remove
Fositica 2 of

**55, Enakble:

**56, Hun a
catble tc COSC%
teeing off tc
thru J4 to ke

the extender. Install the ccantrcller board in
the bin and restore pcuer.

the bcard ty repeating step 29, also push reset.

0* cr lcnger RG58 {or eguivalent impedance)

J1 and terminate tte line with a 50 ochm load
the scope input. Ckserve each of the cutputs J1
a minimum of 35 ¥V Peak 10 +/- 1.5 micro second

wide at the 40 V level, with a rise time of 200 nano—-seconds.
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«Chapter 'Introduction?
Saved as PEPZ cn edit52
.chapter 'Misc Information!

The following takle shows the numler of

Magnet Main Trim
System or Rinding Winding
Tyre Tuzrns Turns
- i- ---1 --=- -
(of] 104 64
g2 104 64
Bend 32 19+1
L.F. Eend < 43 (vert)
71CS400
100Q1000
100Q730
160Q550
1208250
1205450
Wiggler

pain and trim windings turas.

Max Current
Kater Pres Diff

1,487,
395.
286.
346.

£4q6.
3s5a.
Sus.

amps

(65 C out)

«chapter 'Expanding the Systems to Full Bing Cpgeration®

- 58 -

Trinm

20 A @

13 Volts



52.

56.

65.

“.-a

97.

-tabtegin

.table DEOPN 'MAIN PEP MAGHNET SYSTENS , PORER EARANETERS

i
i
i
i
|
+

on s an

Bevy 8, Sept 15, 1981

THE YOLTAGES SHCWY IN THIS TAELE ARE FOR AS 3EASUBED LOGP RESISTAMCES.

Bagnet| CablejRacksjlaguet

Syse | I.D.¥|Used [Type iUsed|Besis @|Besis | Loop * RBun |} Sum * Kun | Bun * Run | Run =
1 1 i 1 1X 10¢3-3110¢¢-3| Besis* Aaps | Volts* Amps) Volts* Agps | Volts*
] [} I { | Ohas {Chss [10*e-3% 1 * i * 1 .
i 1 1 [ | each  |Total | Ohas ¢ i . t . 1 pe
m———f e nan | 1 | === -1 {Measur* | . i * I .
Q 1 13,1910Z/471160Q2000] ¥2 |} 12.2 | ] * 1 » 1 » Il *
0BL | 13,19)42/47) 71C2700§ 12 | 0.367} ] * 1 * 1 = { *
1BL | 13,19142,47) 71€2700] 12 | 0.36Z} 1 . i » 1 * i .
BENDS|)13,19 427471 71C5400]181 | 5.5 | 82. 11,372.+%1,037 | 1,"51‘1,073.'”,555.t 283.| &10.*
i 1 | 1 i i i * { * i * 1 *
¢3I | 15 137 +1100Q1000)12 | 144.0 148, }1,757.% 114 } 193%  122.] 207.% 38.} 6U.*
1
1P } 20 13€ +410001000§12 | 137.6 1B, |1,602.% 132 | 222*% 42,1 240.» 39.9 66.*
|
QD | 12 }32/35)100Q550 136 | €z.5 (154. |}3,183.* 182 | S61* 194.] 598.% 82,1 129.»
2QF } 17 131 =1100C10009 12 | 144, §148.  §1,954.* 146 | 251*% 15641 269.* 28. ) 48. %
!
3¢ | 1 130 -1100¢730 |12 | 10S8.2 {148, (1,415.* 184 | 250  198.1 269.» 35.] 48.*
{
4QF | 18 1337341100Q730 |60 ]| 105.2 160, |}6,864.% 145 ) 891* 156.| 959.* 34.) 209.*
] { 1 1 1 1 * | b 1 * 1 *
40D L1 3 153/541100Q550 48 | £2.5 1168. j4,101.* 159 | 637+ 171.] 68S5.* BRI} 164.*
f
8QD L} 9 155 431000730 {12 | 105.2 {148. 11,4807.* 157 |} 213+ 168, 228.* 42, 57.%
; 1
9QF L] 21 §52 -|100¢550 13 | 82.5 |146. |1,137.» 110 ) 134% 118.} 1u4.+ 29.1 35.
[
Q2 )} 4 161 ~-1160Q1500112 | 9.87 g148. | 328.% 753 | 231* 807.| 248.¢ 215, 66.*
1sD i] 16 166 +1120S450 12 | E1.5 J148. ]1,118.* 30 ) 33s 32.1 36, 20.1 22.%
5sb L} 2 157 +)120S450 )12 |} €1.5 1148. 11,157.+ 87 969 93.1 102.% 50.% 55.¢
: 1
6SE L} 14 §151 =}120S250 12 | S0.7 }j148. | 744.» 371 i 27+ 39.1 28, ¢ 704} 51.%
i
6SD L} 6 {50 -11205450 112 | €1.5 |148. (1,137.%¢ 91 | 101* 98.] 108.% 80.] 8B.*"
| R
sp Ly 1 {56 +1120S450 |12 | £1.5 J148. [1,162.% 174 | 194+ 186.] 206.% 8041 88.*
35F L} 8 162/€51 1205250 160 | 50.7 [161. |3,152.* 122 | 373* 130.4 397.# 30414 92.*
25D 1} 10 162,€411205250 188 | S0.7 |157. 12,571.% 113 | 280 120.] 298.% 35.1 87.%
1
BE L] 5 §6Cs67)%Wiggler | 3 | 250. g1, | 900.% 34 { 31+ 34.} 31.% 400.] 360.%
9SF | 7 122 HP) 1205250 ilZ I S0.7 J148. | 756.% 2?7 | 2% 2.4 2272 22?1 222
| 1 ! | | 1 ] . » | *
1SEF |} ] 11205250 }12 | ¥0T CONNECTED TO A.*WATER COCLED7LOCP [} * i *
{1 Aluaminum rcund water cooied bus 2 20.36 X 10%+-5 Ohas/foot 3 20 degrees C.
(2) Bepnds use 2 of 500MCN in!parallel for jumspers; @ 0.0222 chas/ 1,000 ft. 8 1/2 feet per magnet.
(3} Cuads and Sextapoles use 250KCE for juxfers; @ 0.0484 ohas/ 1,000 ft. Ten feet per magnet.
{4) One locp arcund the ring ' is 6,575 feet long.

| Mags|

Bagnet | Eus

C. Harris®

| Total*<<~-14 Ger=>d>¥<<(~~15 GeV-ID>¢((~~04 GaV~>>*
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BINI-BETA

AINI-BRTA
BINI-BRTA
MINI-BETA
BINI-BRTR

BINI-BETA



1z,

«tabend
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113.
114,
115.
116.
17,

119.
120.
121.
122.
123.
124,
125.
126.
127.
128.
129.
130.
131.
132,
133.
134,
135.
136.
137.
138.
139.
140.
141,
1424
1.
| TP
145,
146,
147,
148.
9.
150.
151.
132,
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163,
164.
165.
166.
167.
168.
.
Trv.
171,
172,

~tablkegin

-table DECPK *MAIN PEP MAGNET SYSTENS , PCWER FARAMETERS Rev 7, Sept 15, 1981 C. Harris®

THE VOLTACES SHBCHN IR

Magnet| Cable|Backs|Magnet

L] gsl Bagnet |} Bus

THnS TBELE AEE FOR AS NEASURED LOOP RESISTANCES.

| Totals<<~-18 Gev=->>#<%==11 Ga¥V-D>>%Ll~=04 GeV->>*

Sys. | I.L.#)Used |Type {Used|Fesis @{Resis | Loop * Run | 5un * Hun | Bun #* Bun | Run #
] i | | 1X 10%*-3]10*#-3| Resis* Aaps | Volts® Amps] Voltse* Aaps | Voltss
i 1 ] | | Obxs j0has | 10%%-3» i » . i .
1 [} i ] I each {Total |} Ohns t " i * 1 -
[ Rttt il Tttt Indeintetunind Sntntnad Rebd I I%easuc* { * { . 1 -
01 1 13,19{42,/4871160Q2000) 12 | 12.2 | 1 . i . 1 . 1 -
P OBL | 13,1942,47) 71C2700F 12 } 0.3623 ] * 1 » 1 * 1 -
1 YBL ] 13,19142/47] 77C2700] 12 |} 0.362} ] * ] » ] * 1 'Y
- BBHDS]1J 19 3&2/071 7154004181 | 5.5 ] 82. 11,372.%1,365 ] 1,979* 786.11,100.% 283.| 410.%
i { 1 | 1 * | | { *
+ Q3 l 15 |37 01100Q1000|12 | 144.0 1148, §1,757.% 204 § 346" 90.1 153.¢ 38.] 64.*
|
+ IQF | 20 13€ +1100¢1000112 § 137.6 |148. }1,602.% 247 | 416* 104.] 175.¢ 39.4 66.*
| .
+ 10D | 12 1327351 1000550 136 § 82.5 ]154. }3,183.% 250 § T771% 44,1  4ug. = 42,1 126.»*
+ 2QF | 17 131 -}1100Q1000112 |} 1%4. 1198, }11,954.¢ 236 | 406* 114.]1 196,.% 28,1 48. ¢
[}
+ 3QF 1 N 130 -}100Q730 §12 | 105.2 |7148. [1,415.% 253 § 3ua¢  144.4f 196.%  35.}) n8.*
i
+ 4QFr § 18 133/341100Q730 160 | 105.2 | 160. [6,864.% 215 | 1,321% 114§ 701.% 34, 209.*
1 1 1 { [} i i | * | i he i *
¢ 4QD Lj 3 1537541 1000550 |48 | €2.5 1168. {u4,101.* 214 § 8578 128.} 497.s §1.1 165.%
1
+ BQC L} 9 |55 +1100¢730 112 | 105.2 148, [1,407.% 218 | 296* 123.| 167.» 42,4 57.#%
|
¢ 9QF L} 21 $52 ~1100Q550 §13 | €2.5 (146. |1,137.% 155} 189+ 87.1 106.%  29.1 3S5.¢
|
- Q2F .H] & 161 =116001500112 | 9.8 (148, | 328.¢ 968 } 297+ S591.] 181.* 215.4§ 66.%
- 18D L} 16 166 11205450 J12 | E€1.5 1148, 11,1 14.%¢ 350 | 390+ 23.1} 26, 20.1 22.%
* 55D LI 2 157 11205450 12 | €1.5 J148. ]1,157.= 216 | 238» 67.1 Té.*  50.% 55.%
|
- 6SF L} 14 151 -11208250 112 | S0.7 ji48. { 7u4.s 404 | 292+ 27. 4 20.* 70.1 51.%
1
- 65D LI 6 150 —{1120S450 (12 | €1.5 148, 1,137.% 404 } 447 70.% Tl.#* 80.} 88.¢
H
- 75D-L} 1 156 +11205450 J12 | €1.5 JI48. |1,162.*% 404 | 450 133.] tH48.» 80.} 89.%
|
¢+ 3SF L} 8 162/65] 1205250 |60 | S0.7 [J161. 13,152.% 243} T43* 102, 312.¢ 30.] 92.¢
I
¢+ 25D 1] 10 [63,64) 1205250 188 | 50.7 J157. 12,57%.% 244 | 606* 98.] 283.* 35.4 87.%
[}
¢+ B¥ L) S }]60/671 Wiggler ] 3 | 2%50. 148, § 900.,¢ 000 | 000* 275.1 248.* AQ0.] 360.*
- 9SF | 1 122 BP11205250 112 ) 50.7 J148. |} 756.* 90 | 82+ 5. U.5¢ 00.) 0.0%*
i ) ] ] [} 1} 1 1 * . 1 .
1SF | | 11205250 (12 } BNC1 CONNECTED TO A. WATER CGCLED LOCP [} hd 1 *
(1) alusinus tround sater coolled tus 2 20.38 X 10+#¢-6 Ohas/foot 2 20 degrees C.

(2)
)
)

Bends use 2 of S00xCH Lz
Quads and Sextagoles us

2508CK for jumpers;
Cne loap around the ring is 6,

575 feet long.
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parallel for jumpers; @ 0.0222 ohms/ 1,000 ft.
@ 0.0444 ohasy 1,000 ft. Ten feet per magnet.

8 1/2 feet per magnet.

BSINI-BETA

MINI-BETA
MINI-BEIA
MINI-BETA
MINI-BETA

MINI-BEZ2



173.
174,
175.
176.
177,

179.
180.
181.
182.
184.
185.
186.
187.
188.
189.
190.
191.
192,
193.
194.
195.
196.
197.
198.
199.
200.
201.
202,
2 .
v+,
205.
206.
207.
208.

~tabbegin 1

~table SIN *SOUTH INJECTICN MAGNETS®

Magnet
Systen

Ecwer Supply
Location

Feference

Prints

Cable
Size

Loop
Ohms

40B1
4082

41B3
41B4
41BS

4186
4187
4188
4189

41001
41QF2
41Q03
41084
41005
41QF6
41QD7
41QF8

41QD9
41QF10
410011
41QF12
41QF 14
41QD15
41QF16

~tabend

-==1

Sec 30

Sec

Sec
”

Sec

Sec

Sec

30
30

30

30

30

ID~308-515-41

ID-308-515~-41

ID-308-515-41

ID-308-515-41
n "

ID-308-515-40
n

ID-308~-51
"

5-

40

- 62 -

Nopinal
Anrs
}-14.5Gev}
740,
788.
794.
]

795.

June 8,
¥ominal
Volts

e

19.6
19.1
18.5

18.8
19.9
19.3
20. 1

80.

110.

1980



209.
210.
211.
212.
213,
2
215.
216.
217.
218.
219.
220.
221.
222.
223.
224,
225.
226.
227.
228.
229.
230.
231.
232,
233.
234,
235.
236.
237.
238.
2" ".
25 ve
241,
242.
243.
244,
245,
246.
247,
248.
249,
250.

-tabbegin
«takble SINcon

Magnet
Systesn

O ‘ - - -

410013
41QL17
41BVa

41BV1
41BVv2
41BV3
41BVY
41BYVS
41BYe

FE.F.S. Gate

4IQE18>>24
410D19>>
41QF20>>
41810
41Q021>>
41BH1
41QF22>>
41877
41QD23>>
BEDHY
41BH2
BIQF2455
8EBN3
41811
BEBMN2
8EBM1

«tabend

Loca

Power Supply
icn

'SCUTH INJECTION MAGNEIS, PAET 2°

sec 30
Sec 30
Sec 30
Sec 30
Sec 30
Sec 30
Sec 30

Sec 30
Sec 30

cecuz2s

¢8cKi10
08CH2€-31
08Ccu27-29

c8cuzi-25
08CM26-29

o8cnzi1-27
cecu11
cscnuos
c8cMz6-27

June 8, 1980

Loop Norinal

Feference Cakle Bominal
Friots Size Ohas Aafs Volts
-------- - |- j14.5-Cey |~~—mm=m}
ID-308-515-40
ID~-3€8-£15-40
105. 19.
ID-308~-518~41
ID-3CE-515~-41
ID-308-515-41 )
ID-3CE-515-41
ID-3(8-515-41
ID~-3(8-515-41
ID-308-515-40 3/0 0.83 7 100. 83.
370 100.
.3/0 100.
ID-308~-515~41 2X250M 0.018 784, 4.1
. 3/0 100.
ID-3C8-515-41 #6 ANG 1.0 20. 20.
3,0 100.
ID-3C8-515-41 $6 ARG 0.9 20. 18.
3/0 100.
ID-308~-515-41 #2 ANG 0.8 60. 48.
ID-308-515-41 #6 ANG 1.0 20. 20.
3,0 100.
ID-3C8~-515-41 #2 ANG 0.9 60. 54,
ID-3C8-515-41 2X2504C 0.02 508. 10.2
ID-3C0€8-515-41 $2 ANG 0.49 100. 49.
ID-308~515-41 #2 AWG 0.5 60. 30.

.chaprter *'Testing of the Imjection Kagnets, NIT®
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251.
252.
253.
254,
258,
251.
258,
259.
260.
261,
262.
263,
264,
265.
266.
267.
268.
269.
270.
271,
272.
273.
274,
275.
276.
2717.
278.
279.
280.
2 .
2v4.
283.
284.
285.
286.

-tabkegin

-table BIM 'NORTH INJECTIICN MAGNETS?

Magnet

4282 4181

4283
4284
4285

42B6
4287
4288
42B9

420L1
42QF2
42003
42QF4
42QL05
42QF6
42007
42QF8

42QD9
42CF10
420011
§2QF12
42QF14
42QD15
42QF 16

~tabend

Fcwer Supply
location

Sec 30

Feference
Prints

Catle
Size

Loop
Ohms

ID~-306-S1Z-41
ID-308-51E5-41

ID-308-515-41
n n
" n

ID-3CE-515-41
" "

1D-3C8-515-40
n n

n

n

n

(]

n

L

ID-308-515-40
n "
"

2 2 22 3
2 23 3

- 64 ~

Nominal
ARgs
[14.5-GeV|
740.

801.

798.

"

797.

87.3

June 8, 1980
Nominal
Yolts

4.1

18.8
19.0
18. 4

18.5
20.6
19.3
18.7

82.

110.



287.
288.
289.
290.
291,

293.
294.
295.
296.
297.
298.
299.
300.
301,
302.
303.
304,
305.
306.
307,
308.
309.
310.
311.
312,
313.
314,
31s.
316.

Jio.
319.
320.
3a21.
3z2.
323.
324.
325.
326.
3a7.
328.
329.
330.
331.
33a.

-tabkegin
.table NIMcon "NOBTH INJECTION MAGNETS, PART 2°

Magnet Power Supply

Systen locatjon

o T=

42QD13 Sec 30

429017 Sec 30

42BvA-1

42BV1 Sec 30

428792 Sec 30

4zBV3 Sec 30

42BV4 Sec 30

42BVS Sec 30

42ZBVE Sec 30

P.P.S. Gate

42QF18>>24 10€n15

42QD19>>

42QF20>>

42810 10CHu20

42ZQ0215>

42841 10CH12-31

42QF22>>

42BY7 10CH13-31

420D23>>

10AENY 10CH13-25

42BH2 10CH12-29

42QF24>>

10ABH3 10CH13-27

42811 10CcHz1

10ABNM2 10CH12-25

10ABM1 10CKH12-27
-tabend

.chapter 'Testing the Steering Magnets For FPEP*

.section 'Test Steering Magnet Systems Eegiom 2t

- 65 -

Eeference Cable Loop Hoginal
Erxints Size Ohns Ants
------- i | | 14.5-GeV]
ID-308-515-40
ID-308-515-40
108.
ID-306-51:-41
ID-308-515-41
ID-308-515-41
ID~-3CE-S15-41
ID-308-515-41
ID-30€-515~41
ID-308-515-40 3/0 0.78 100.
100.
100.
ID-3G6-515-41 2X250M 0.016 784.
100.
Ip-308-515-41 $#6 236 0.7 20.
100.
ID-308-515-41 #6 ANG 0.7 20.
100.
ID-308~515-41 $#2 ANWG 0.7 60.
ID-308-515-41 #6 ANG 0.6 20.
100.
ID-308-515-41 #2 ANG 0.6 60.
ID-3C8-515-41 2X250H8 0.0185 S08.
ID-308-515-41 $#2 ANG 0.4 120.
ID-3C8-515-41 $2 ANG 0.4 60.

14.

June 8,

Foainal
Valts

20.

78.

12.5

14.

R3/

42,
12.

12.
9.4

48,

24,

1980



333.
334,
335.
336.
337.
3 .
339.
340.
341,
342,
343,
344.
345,
346.
347.
348.
349,
350.
351,
352.
353.
354.
355.
356.
357.
358.
359.
360.
361,
362.
3’~.
3. ..
365.
366.
367.
368.
369.
370.
1.
372,
373.
374.
375,
376,
377.
378.
379.
380.
381.
382.
383.
384.
385.

«~tablegin

- 66 -

0

at

at

at

at

0.2622 Ohas

magnet

mnagnet

magnet

magnet

.table STEEE2 °*STEERING MAGNETS, REGICNS: 1B, 2A, Exp Hall, 28, 3a° June 8, 198
Magnet Fower Surply Feference Loop Nominal Ncminal
System location Erints Chas Amps Volts
jrem e o -=- { | j-- i
1EBEV 0zCcCc12-31 WD-207-009-01,1 1.4 20, 284
1E8E1/2 Trm 02CC12-27 ¥D-207-009-01,1 2.0 20. 40.
1E6B1/2 Trm (2zCC12-38 WD-207-009-01,1 1.714 20. 34. 1leads = 0.3954
1E4EY 02€C12-29 WD-207-009-01,3 1.4 20. 28.
1B4E1/2 TRM 02C€C12-25 WD-207-009-01,3 1.7 20. 34.
1B2E1,/2 TRM 02CC12-36 WD-207-0C69-01,4 1.615 20. 32. leads =
1E1E1/2 TRM 02CC12-23 WD-207-0G9-01,4 1.6 20. 32.
1EOEL/1BL-V 02CC12-17 WD-207-0C9-01,4 - 60 20. 124
23Q2/2Eg2TRY 02CC12-15 WD-2C¢7-0€9-01,4 0.75 60. 45. . 0.235 ohus
MULTI 2AMBE gzcc12-21 WD~207-009-01,4 1.7 20. 34.
” ZANBO 0zcCct2-19 ¥D-207-009-01,4 1.7 20. .
" 2AMEQ o8cM23~-19 @D-207-009-07,4
22Q1/2EQ1TEM 02€C11-15 WD-207-069-01,4 0.85 60. 51. 0.298 ohas
See next table for Fower sources for the Experimental Interacticr Region $2
2BQ1/2AQ1TEN 02CC11-15 WD-207-009-01,4 See 2AQ1/2BQ1THA 0.299 ohnms
MULTI 2BMBE 0z2¢cCc11-21 WD-207-009-01,4 1.7 20. 34,
" 2BXBO 0zcC11-19 ¥D-207-009-01,4 1.75 20. 35.
" 2BNRQ 08CHM24-19’ WD-207-009-07,4
2EQ2/2AQ2TRM 02CC12Z-15 ¥D-207-009-01,4 See 2AQ2/2BQ2TRM 0.234 ohms
320BL/1BL-V 0QzCC11-17 wD-207-009-03,1 0.67 20. 13.4
3a1B1/2 TRN 02CC11-23 WD~-2€7-009-03,1 1.68 20. 34,
3A2B1/2 TRN 02CC11-36 WD~-207-009-03,1 1.66 20. 33. leads = 0.3133 ohns
3a4B1/2 TRM 02CC11-25 WD-207-009-03,2 1.8 20. 36.
3A4EV 0z2CC11-29 ¥p-207-009-03,2 1.4 20. 28.
3A6B1/2 IRN 02CC11-38 ¥D-207-009-03,2 1.756 20. 35. leads = 0.4114 ohms
328B1/2 TBM 0zCC11-27 ¥D-207-009-03,2 2.0 20. 40.
3A8EV 02¢Cc11-31 WD-207-009-03,2 1.5 20. 30.
-tabend
.section YEXPERIMENTAL HALL POWER SCUBCES REGION 2°



386.
387.
388.
389.
390,
392.
393,
394.
39S,
396.

209
I e

398.
399,
400.
401,
§802.
403.
404,
405.
406.
307.
408.

.tabbegin
.table EXPR2 'EXFERIMENfAL HALL POWEE SCUECES BEGION 2!

June 8, 1980

$ 2-Gamma Septum uaghet 1,100 2 2 209 v 1.2 MV supply #1 (Load= 230k¥)

(Probably Jlimited to 1,100 anps do to saturation)
#¢ TEC 2-Gamea Skew Quads Choppers 200 k§¥ supply
1 Chopper 500 A @ 72 V
3 Choppers 500 A @ 34 ¥V ( Fonme used )

TEC 2,200 A @ 486 Volts 1.2 BW Supply #2 (Load=1.07 H¥)
TEC Superccnducting Compensators (Frcs LBL; Rob Smit)
Chas Alps
1

$ 2EXP-A 02CC11-40 ID-3C8-515-48

& 2EXP-B 0z2CcC11+~38 ID-3CE-515-48

$ 2EXP~C 02cCc11-36 IL~308-515-48

+# 2EXP-D 02ZCC12~40 ID-308-515-48

4 2EXP-E p2cc12-38 IC-308-515-48

¢ 2EXP-F 02CC12-36 ID-306-515-48

.tabend

.section 'Test Steering Magnet Systems Fegiom 4°
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Left racks

Right racks

4 Required:
n L]
" "
n n

future, not
future, not



409.
410.
411.
§2.
4113,

415,
416.
417.
418.
419.
420,
421.
422.
423.
424,
425.
326.
427.
428.
429.
430.
431.
432.
433.
434.
435.
436.
437.
438.

Yo,
441.
442,
443,
b4y,
445,
446.
447,
448,
449,
450.
451,
452,
453.
454,
455.
456.
457,
4s58.
459,
460.

-tabkegin

1980

0.4538 ohas

0.3487 ohms

at

at

at

at

nagnet

magnet

magnet

ragnet

0.2993 ohas

0.422 ohas

.table STEERY4 'STEERING MAGNETS, REGICNS: 3JE, 4A, Exp Hall, 4B, S5A° June 8,
Magnet Eower Sugpply Eeference Loop Nominal Nosinal
Systen Location Frints Ohns Amps Volts
f-—m— bt ittt - -1 —==i- =1
3ESEY c4rc12~31 ¥D-207-0C09-03,3 1.6 20. 2.
3E8B1/2 TREM 0Q4DC12-27 ¥D-207-009~-03,3 2.0 20. 40.
3B6E1/2 TRM 04DC12-38 WD-207-009-03,3 1.8 20. 36. leads =
3BUEY o4rci12-29 WwD-207-009-03,3 1.5 20. 30.
3B4E1/2 TBM 04DC12-25 WD-207-009-03,3 1.9 20. 38.
3B2E1/2 TRM 04DC12-}136 WD-207-009-03-4 1.76896 20. 3. leads =
3B1B1/2 TBRM (Q4DC12-23 WD-207-009~-03-4 1.70 20. 4.
3BOEL/1BL-V 04pC12-17 WD-207-009-03,4 .60 20. 12.
4AQ2/4EQ2TRYM Q4LC12-15 WD-207-009-03,4 0.70 60. 42. 0.236 ohns
MULTI 4AMBE o4pci12-21 WD-207-009-03,4 1.8 20. J6.
" 4AMBO o4pCc12-19 WD-207-009-03,4 1.8 20. 36.
" 4ANRQ 08CH23-19 ®D-207-0039-07,4
4AQ1/4BQ1TRM 04DC11-15 WD-207-009-03,4 0.9 60. Su4. 0.300 ohnams
See next table fcr Fower sources for the Experimental Interaction Region #4
4BQ1/42Q1TEN C4DC11-15 WD-207-009-03,4 See 4AQ1/4BQITEHM 0.303 ohnms
¥OLT1 4BNBE 04pc11-21 ¥D-207-009-03,4 1.8 20. 36.
" 4BEBO 04pc11-19 RD~-207-009-03,4 1.7 20. 348,
" UBNRQ 08CH24-19 %D-2€7-009-07,8%
4BQ2/4AQ2TEN (04CC12-15 WD-207-009-03,4 See 4AQ2/4BQ2TRHN 0.236 ohnms
5A0EL/1BL-¥V 04DC11-17 ®D-207-009-05,1 0.6 20. 12.
SA1E1/2 TRY 04DC11-23 ¥D-207-009-05,1 1.7 20. 34,
SA2B1/2 TREM (Q4DC11-236 BD-207-009-05,1 1.7639 20. 34, leads =
SA4B1/2 TBEM (4DC11-25 WD-207-0089-05,2 1.8 20. 36.
SA4EV 04DC11-29 WD-207-009-05,2 1.5 20. 30.
SA6B1/2 TRM 04DC11-38 WD-207-009-05,2 1.766 20. 36. leads =
5A8B1/2 TBRM 04DC11-27 WD-207-009-05,2 1.9 20. 3s.
SABEV 04DC15~-31 WD-207-009-05,2 1.4 20. 28.
-tabend
.sectiogn 'EXPERIMENTAL HALL POWER SCUECES REGION 4
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461,
462.
463.
4e4.
465.

467.
468.
469.
470.
471.
472.
473.
474,
475,
476.
477.
478.
479.
480.
481.
482.

.tabkegin

-table EXER4 ’EXPEEIMINFAL HALL POWEF SCUKRCES

# MAC Sclenoid
{5 kg)

# MAC Toroids
(20 kg)

H4EXP-A
JKEXP-B
4EXP-C
YEXP~-D
YEXP-E
4EXP~F

%k S dx ¥ e 4

.tabend

.section 'Test Steering Magnet Systems Begion 6!

6,00002 2 150 V (0.025 chems)

2,500 A

08CcC11~40
04cc11-38
04cCc11+36
04CC12+40
04CC 12-38
04CC12+36

2

96 v

{0.0384 ohas)

ID-308-515-48
ID-308-515-48
IL-308-515~48
ID-308-£15-48
ID-306~-515-48
ID-308~-515-48

- 69 -

REGICN 4!

June 8, 1980

1.5 H¥ P.S. {Load= 90kWu)

400 k® supply (Xoad= Z40kW)

25. 32. left racks

'

25. 32. Right racks

Chms Aups Volts
1

1.25

1. 45 25. 37.

1.55 25. 39.

1.25

1.3 25. 33.

MAC Hor Ste
MAC Vert St
MAC Solenoi
Spare

MAC Vert St
MAC Hor Ste



483.
484.
uas‘
486.
487,

489.
490.
491,
492,
493,
494,
495.
496.
497.
498,
499,
500.
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
511.
512.
577,
5.4-
515.
516.
517.
518.
519.
520.
521.
522.
523.
524.
525.
526.
527.
528.
529.
530.
S31.
532.
533.
534,

~tabbegin
.table STEEEK6 'STEERING MAGNETS, REGICNS: 5B, 6A, Exp Hall, 6B, 7A* June 8, 1980
Hagnet Fover Supply Beference Loog Nominal Noxinal
Systen location Frints Ohes Amps Volts
jomm e - - - i i | |
SE8EV 06CC12~-31 WD-207-009-05,3 1.22 20. 24.2
SB8E1/2 TRN (CE€CC12-27 ¥D-207-009-05,3 1.72 20. 34.4
5B6B1s2 TRY (06CC12-38 WD~-207-009-05,3 1.6419 20. 32.4 leads = 0.2969 ohas
SE4EV g6CCc12-29 wD-207-005-05,3 1.13 20. 22.6
SB4B1/2 TRM 06CC12-25 ¥D-207-009~-05,3 1.62 20. 32.4
SB2B1/2 TRM (€6CC12-36 WD-207-009-05,4 1.5438 20. 30. leads = 0.1984 ohams
5B1E1/2 TRM (€6CC12-23 WD-207-009-05,4 1.5 20. 30.
5B0BL/1BL-Vv (06CC12-17 ¥D-207-009-05,4 -5 20. 10.
63Q32/6EQ2TRE (6CCi2-15 ¥D-207-005-05,4 0.70 60. i§2. 0.233 ohms at magnet
MULTI G6AMBE 06cCc12-21 WD-207-009-05,4 1.6 20. 32.
" 6AXBO o6cc12-19 ¥D-207-0059-05,4 1.4 20. 28.
o 6AMNRQ €8Cu23-19 ID-308-515-60 20.
63Q1/6EQ1TRY 06CC11-15 WD-207-00¢9-05,4 0.9 60. sS4, 0.313 ohms at magnet

See next table fcr Power

6EQ1/6AQ1TRN 06CC11-15

MULTII 6EBMBE 06CcC11-21
" 6BNMEC 06cc11-19
" 6EBRC c8CMzy-19

6EQ2/6AQ2TRM 06CC12~-15

WD~207-009-05,4
WD~-207-C09-05,4
¥D-207-009-05,4
ID-308-515-60

¥D-207-009-05,4

See 6AQ1/6BQITRY

1.75
1.7

20.
20.

See 6A4Q2/6BQ2TRHE

7A0EL/1BL-V (6CC11-17 WD-207-009-07,1 0.61 20.
7418172 TRM C6CC11-23 ¥D-207-009-07,1 1.34 20.
7A2E1/2 TRM C(Cé6CC11-36 WD-207-0C9-07,1 1.3568 20.
7A4E1/2 TBE (Q6CC11-25 WD~207-009-07,2 1.7 20.
TA4EY 06CC11~-29 ¥D-207-009~-07,2 1.3 20.
7A6B1/2 TEM (06CC11-38 ¥b-207-009-07,2 1.806 20.
7A8E1/2 TBM (6CC11-27 Wp-207-009-07,2 1.7 20.
7ABEV €6CcCc11-31 wD-207-009-C7,2 1.5 20.

.tabend

~Section YEXPERIMENTAL HALL POWER SCURCES BEGION 6!
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3s5.
34,

12.2

26.8
26.8

34,
26.
34,

34.
30.

sources for the Experimental Interactior Region #6

0.300 ohms at magnet

resis 3/4
resis 3/4

0.238 ohms at magnet
R 3/4

resis 3/4
leads = 0.3621

resis
R3/11
leads 0.4584 ohns

3/8

resis 3/4
53/11

R

R



«tablkegin
.table BXPR6

*EXPERINENTAL BALL POHESP SOURCES REGION 6
|

# BBS Solenoid superconducting sud;ly (2,000 amps @ 10v

# BRS Ccafpensator supetconducting;su;ply {560 amps @ 8V

4 BRS Skew Cuads

# G6EXP-A 06CC11-40 I10-308-515-48
$ 7a681/2 ¢6CcC11-38 10-308-515~48
$ 7128172 06CC11-36 10-308-515-48
¢t 6EXP-D 06CC12-40 I11-308-515-48
¢ 5B6B1/2 06CC12-38 It-308-515-48
#+ 5828172 06CC12-36 I14-308-515-48
* 6S5Q13/B

¢ 65Q2A/B11 06CC13-36 CH B9

# 6S5Q3A/B 06CC13~38 CHB~10

$ 6SCUA/B 06CC13-30 CH|BS

HBS PEP Begion 6 contrcls (see J.J. Lipari)

Crate 1422 HAcdule 19 Coatrol Punctiocns
Channel 1 LC C¥ Command :

2 IC CFF Comnand

3 Fast Discharge swjtch CFF

§ Fast Discharge switch ON

Crate 1422
Channel

sodule 18 Status Sigrals
Ic cu ;
Systea BReady
ECR Fesmcte COntroE
Fast Discharge Switch QFF
Fast Discharge Switch C»¥
D-4 Converter at F!io

Swnes Wi e

1
1 Emergency Dump Swufitch Statas
Crate 122 Module 17 DAC Contrcl Nedule

16 B1l
-tabend ;
-section 'Test Steering Magnet Systkxs Hegion 8¢

Chas

June 8, 1980

30ky)
5ky)

Anps Volts

| |
chassis not installed

chassis not installed

0.408
0. 437
0. 463

0.2735 ohas
0.2772 ohas
0.2756 ohas

leads
Leads
Leads

Left racks

Right racks

60. 24.5

Eags 0.142 & 0.141 ohas Term 162 TBO1-361
60. 26.2 Bags 0.142 & 0.140 ohms Term 384 TBO2-351
60. 27.7 Fags 0.140 & O0.141 ohns Term 566 TBQ3I~-351
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581.
582.
583.
S84.
585.

587.
588.
589.
590.
591.
592.
$913.
594.
595.
596.
597.
598.

599.

600.
601,
602-
603.
604.
606.
607,
608,
609.
610.
6‘ .
br5a
613.
614.
615.
616.
617.
618.
619.
620.
621.
622.
623.
624.
625.
626.
627.
628.
629.
630.
631.
632.

.tabtegin

«table STEEF8 *STIEERING MAGNETS, REGICNS: 7B, 8A, Exp Hall, 8B, 9A°

dagnet
Systen

|- frmmmm

7EBEV
7E8B81/2 TBM

7B6E1/2 TRBM
7B4EY
7B4E1/2 TRM

782E1/2 TRM
7E1E1/2 IBRM

7BOEL/1BL-V

Povwer Supply
Location

Feference
Frints

08CC15-31
t8cc15-27

cgcc15-38
€8CC15-29
€8CC15-25

¢8CCi15-36
¢8CCc15-23

c8cci15-17

8402/8BQ2TRE C8CC15-15

MULTI BAMEBE
" 8AN¥BO
" 8ANEQ

¢8cc1s5-21
08cc1s-19
08CH23-19

BAQ1/8EQ1TEM C8CC16-15

See next table for Eower

8EQ1/8AQ1TRM 0BCC16~15

¥OLTII BEMBE
" 6BEBC
" 8EMRQ

c8ccie—-21
¢8cc1e-19
o8CM24-13

8EQ2/8AQ2TRN 08CC15-15

9AOEL/ 1EL-V

9A1E1/2 TBM
9A2E1/2 TRM

9A4E1/2 TRM
SGA4EY
926B81/2 IRH

9A8E1/2 TRM
9A8EYV

.tabend

.secticn 'EXPEEIMENTAL HALL POWER SOUECES

€8CC16-17

€8CC16-23
C8CC16-36

€8CC16-25
(BCC16-29
c8cc16-38

¢8cc16-27
(8CC16-31

Wp-207-0¢9-C7,3
WD-207-009-07,3

WDp-207-009-07,3
wD-207-009-07,3
WD-207-009-07,3

WD-207-009-07,4
WD-207-009-07,4

RD-207-009-07,4
¥D-267-009-07,4
WD-207-009-07,4
WD-207-009-07,4
WD-207-009~-07,4

WD-207-009-07,4

WD-207-009- u8
WDp-207-0€9-07,4
WD~207-009-07,4
WD-207-0C9-C7~4

WD-207-0C9- 48

--------- 1=======1

Norinal
Yolts

Loop Nominal
Chns Anrps
1.6 20,
1.97 20.
1.7214 20.
1.8 20.
1.81 20.
1.76181 20.
1.70 20.
-70 20.
0.70 60.
1-.68 20.
1.68 20.
0.875 60.

See 8AQ1/8BQ1TRN

.72 20.
1.75  20.

See 8AQ2/8BBQ2TRH

®D-207-009-09,1 0.6 20.
WD~207-0C3%-09,1 1.7 20.
¥D-207-009-09,1 1.6666 20.
WD-207-009-09,1 1.78 20.
WD-207-009-09,1 1.5 20.
WD-207-069-09,1 1.766 20.
WD-2€7-009-09,1 1.9 20.
WD-207-0C¢9-09,1 1.7 20.
BEGION 8*
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l——’

2.

39.4

Jé.
30.
3é.

34.
.

4.

52.5

sources for the Experimental Interaction BRegion #8

4.4
3s.

124

34.
q.

35.6
30.
35.6

38.
3y,

leads = 0.2787

leads = 0.3379 ohss

ohns

magnet

magnet

magnet

magnet

ohnms

ohns



633.
634.
635.
636.
637,
6 .
639.
640.
641.
642.
643.
644,
645,
646.
647.
648.
649.
650.

-tabbegin

.table EXPRS8

# DELCO

% Micro-Beta

SEXP-A
8EXP-B
8EXP-C
8E3P-D
8 EXP~B
8EXP-F

L LR

.tabend

i

|

(3kg) 3,000 A 2 190V {0.056S ohms)

-

08CC15-40
08CcC15-38
08CC15-36
08CC16~-40
08CcCc16-38
08CC16~36

2 of BCUB magnets

(2 * 0.038 ohns)

ID-308-515-48
Ip-308~-515-u8
IC-308-515~48
IC-308-%15-48
Ir-30E-515-48
IC-308-515-48

- 73 -

'EXPIRIHEMTLL HALL POKEF SCUECES REGICN @¢

825 kW povwer Supply 1

Amps

25.

25.
25.
25.

826 kW Supply #2

June 8, 1980

Volts

20.
20.
20.
20.
20.

left racks

Right racks

.

' DELCO,

DELCO,
DELCO,
SPARE

DELCO,

Hor
Yer
Sol

Yer

DELCO, ,Hor



651.

652.
653.
654.
655.

657.
658.
659.
660.
661.
662,
663.
664.
665.
666.
667.
668.
669.
670.
671,
672.
673.
674.
675.
676.
677.
678.
679.
680.

6bca
683.
684.
685.
686.
687.
688.
689.
690.
691.
692.
693.
694,
695.
696.
697.
6%8.
699.
700.
701,
702.
703.
704,

1980

at

at

leadsl= 0.2704 ohnms

magnet

.tabkegin
.table STEN10 *STEERING MAGNETS, BEGICNS: 9B, 10A, Exp Hall, 10B, 11B* June 8,
Magnet Ecwer Sugpply Feference Loog Nominal HNozinal
Systenm Location Erints Chus Anps VYolts
R nd b --- i I ===
9BOEY 10CC13-31 #D-207-009-09,3 1.4 20. 28.
9E8EB1/2 TBRM 10CC13-27 WD-207-009-09,3 1.9 20. 38.
9E6E1/2 TRM 10CC13-38 RD-2(¢7-009-09,3 1.696 20. 34, leads = 0.3644 ohnms
9B4BY 10€C13-29 WD~-207-009-09,3 1.3 20. 26.
9E4B1/2 TRM 10CC13-25 ¥D-207-009-09,3 1.7 20. 34,
9B2E1/2 TRM 10CC13-36 ¥D-207-009-09,4 1.606 20. 32.
9B1B1/2 TRM 10CC13-23 ¥D-207-008-09,4 1.6 20. 32.
9BO0EL/1BL-Y 10CC13-17 ®D-207-009-09,4 - 56 20. 11.2
10AQ2/10BC2T 10CC13-15 WD-207-009-09,4 0.68 60. 40.8 0.233 ohnms
MULTI 1034BE 10CC13-21 ¥D-207-009-09,4 1. € 20. 30.
" 10A8B0 10C€C13~-19 WD-207-009-09,4 1.5 20. 30.
" 10A8RQ C8CHM23~18 WD-20¢7-009-07,4
10AQ1,10BCIT 10CCI4-15 ¥D-207-009-09,4 1.0 60. 60. 0.301 ohas

See next table fcr Power

sources for the Experimental Interacticp Region #10

10B¢1/102Q1T 10CC14-15 WD-207-009-09,4 See 10AQ1/10BQ1T 0.302
MULTII 10EMBE 10CC14-21 wD-207-009-09,4 1.8 20. 36.
" 10BMBO 10CC14-19 ¥D-207-003%-09,4 1.8 20. 36.
" 10EMRQ C8CMZ24~-19 ¥D-207-009-07,4
10BQ2/102Q2T1 10CC13-15 WD-207-009~-09,4 See 10AQ2/10BQ2T 0.234
1120BL/1BLl-V 10CC14-17 WD-207-009-11,1 0.58 20. 11.6
1141E1/2 TRH 10CC14-23 ®¥D-207~-009-11,1 1.6 20. 28,
11A2B1/2 1IRK¥ 10CC14--36 ¥D-207-0C09~-11,1 1.6 29820, 28. leads
1124E1/2 TRM 10CClu4-25 Wp~207-009-11,1 1.8 20. J6.
TT1A4EV 10CC14-29 ¥D-207-009-11,2 1.28 20. 13.6
1146B1/2 TRM 10CC14-38 ¥D-207-009-11,1 1.7242 20. 36. leads
11A8B1/2 TRN 10CC14-27 WD-207-009~-11,2 1.7 20. 34,
1128EY 10CC14-31 wWD-207-009-11,2 1.4 20. 28,
~.tabend
.section 'EXPERIMENTAL HALL POWER SOUECES REGICN 10t

74 -

ohnms

ohns

at

at

magnet

magnet

magnet

0.2948 ohnms

0.3828 ohas



705.
706.
707.
T08.
709.
7

711,
712,
713.
714,
715.
716.
717.
718.

«.tabtegin
-table EXP10

10EXP-12
10EXP-E
10BX1E~-C
10Exp-D
10EXP-E
10EXp-F
-tabend

LA R B N = J

'EXPERISENTAL HALL POWEE SCUBCES REGION 10°

10CC14~-40
10CC14~-38
10Cc14-36
10C€C13-40
10Ccc13-38
10CC13-36

1

' 1p-3C8-515-48

1L-308~515-48
1D-308-515-48
I10~-308-515-48
1p-308-515-48
ID~308-515-48

Chas ANps

June 8, 1980

Left racks {none
(none
{none
Bight racks (none
{none
(none

now) Leads 0.1981 ohas
now) Leads 0.1978 chas
now) Leads 0.1981 ohms
now) .

now)

ROV)



719.
720.
721.
722.
723.
7

725.
726.
727,
728.
729.
730.
731.
7132,
733.
134,
135.
736.
737.
738.
739.
740.
141.
742,
743,
744,
745.
746.

751.
752.
753.
754.
755.
156.
157.
758,
159.
760.
761.
762.
763.
764.
765.
766.
767.
768.
769.
770.

.tabtegin
«.table STEN12 *STEFRING MAGNETS, REGICN: 11E,
Magoet Pcwer Supply feference
Systen Location Erints
e
11EBEV 12€C12-31 ¥D-207-009-11,3
11B8E1/2 TBRH 12CC12-27 ¥D-207-009-11,3
11B6B1/2 TIR¥ 12CC12-38 WD-207-009-11,3
T1B4EV 12C€C12-29 WD-207-G09-11,3
11B4B1/2 TRM 12CC12-25 WD-207-009~-11,3
11828172 TBM 12€C12-36 WD-207-009-11,4
11B1E1/2 TIRM 12CC12-23 WD-207-009-11,4
11BOEL/1BL-V 12CC12-17 WD-207-009-11,4
12AQ2/12BC2T 12€C12-15 ¥D-207-009-11,4
MULTI 1238BE 1zCC12-21 ¥D-207-009-11,4
" 12a4MBC 12CCi12-19 ®D-207-009-11,4
" 1228MEQ 12CH23-19 RD-207-009-11,4
122Q1/12BC1T  12CC11-15 WD-207-009-11,4

12A, Exp Hall, 128, 1A*
Loop Nominal Ncminal

Ohms Amps VYolts
1.4 20. 28.
1.9 20. 38.
1.758 20. 36.
1.32 20. 26.
1.8 20. 36.
1.68 20. 34.
1.70 20. 4.
-6 20. 12.
0.80 60. 48.
1.8 20. 3é.
1.8 20. 36.
0.75 60. 4c.

June 8, 1980

-t - - l--_--—.— l-——---- '-——-———_'

leads = 0.4206 ohns

leads = 0.3363 ohss

0.233 ohms at magnet

0.300 ohms at magnet

See next table fcr Power sources for the Experimental Interacticn Region #12

12BC1/122Q1T
MULTI 12BMBE
" 12EMBO
n 12EMEC
12BC2/122Q21
120BL/ 1BL-V

1A1E1/2 TRY
1A2B1/2 1EM

1A4B1/2 TRH
1A4EV
126B1/2 TRH

128E1/2 TBM
1A8EV

.tabend

.section

12€C11-15
12€C11-21
12C€C11-19
08CK24-19

12€C12-15

12¢€C11-17

12€C11-23
12C¢C11-3¢€

12¢C11-25
12¢C11-29
1zC€C11-38

1z2¢C11-27
12CC11-31

¥D-207-009~-11,1
WD-207-009-11,4
WD-2C7-008-11,4
WD-207-009-07,4
¥D-207-009-11,1
WD-207-009-01,1

WD-207-009-01,1
¥D-207-009-01,1

WD-207-009-01,2
WD-207-€08-01,2
RD~-207-009-01,2

¥D-207-008-01,2
WD-2€7-009-01,2

See 12A01/12BQI1T

1.8
1.7

See 12AQ2/12BQ2T

0.

1.
1.705

1.
1.
1.

- 76 -

- 45

6
7
7
5
4
80

SEXPERIMENTAL HALL FORER SOUECES REGICN 12°

7

20.
20.

20.

20.
20.

20.
20.
20.

20.
20.

3€.
34.

12.

3u.
34,

30.
28.
36.

3€.
29.

0.299 ohms at magnet

0.232 ohms at magnet

leads = 0.375 ohsms

leads = 0.475 ohms



171,
772,
773.
774.
775,

1717,
778.
779.
780.
781.
782.
783.
784.

T3
€07

786,

¢ MABRK-II magnet; 4,500A at (58
4,500 at 300

12E1e~2
12EXP~B
12EXp~C
12EXE~D
12EX2~E
12EX8~F

W W W N N S

*
«tabend

SEXPERINENTAL HALL POREF SOUBCES REGION 12¢

12CC11-40
12cc11-38
12CC11-36
12¢C12-40
12¢C12-38
12CC12-36

J.ane
olts (0.1288

| 1C~-308-515-48
| 1D~-308-515-48
| ID-308-515-48

1D-208-S15-48
[ ID-308-515-48
| 15-308-515-48

|

i

June 8, 1980

P.S. (Used 2,650 X§¥) opew

ochss) Repaired coil Maxch 23, 1982

Chas Amps  Volts
l}

1.4 25, 35. lLeft racks
1.0 - 25, 25.
1.2 25, 30.
1.3 25, 33, Rigbt racks
1.15 25. 29.

- 77 -

Ir
11
I1
I
II
11

Hor
Ver
Sol
Hor
Ver
Sol

Steering
Steering
Tcim 40 anp max
Steering
Steering
Tria &0 amp max



.tabkegin

.table DVMAS *ASSIGNMERT OF DVM SCASNEB EGSITICOHNS, BACK 08Cuaie

¥AG SYS
I. D.

R Rt

3¢F
2¢F
1CD A/E
4CF A/B
4CF E/A
1¢D E/A

1CF
Q3

* Q2
BENT A/B
BEND E/A

g2-Micro
65D
6SFP

* 9CF
4CD A/B
4GD B/A
8¢D
75D
55D

* BW A/B

3SF A/B
25D A/B
25D E/A
3SF B/A

* 15D

* E¥ E/A
Special
Special
Special
Special
+BI ACANP
-RI ACAMP

~-TABERD

-chafter 'Testing the Power Supplies for the BI Experimenters’

REGLOOP CHOEPER

PEP CCHRT
MCRIICR OR REF
CHAX # CHAN #
0o 30
01 31
02 32
03 33
0u4 (Ref) 34
05 {kcne) 35
06 36
07 37
19 49
08 (Ref ) 38
09 {Ncne) 39
10 40
11 41
12 42
13 43
14 (Ncne) 44
15 45
16 486
17 47
18 48
20 50
21 51
22 (None) 52
23 {Ncne) 53
24 £y
2% 55
26

27

28

29

31

32

m = [ oo

(Sl o i 2B ol ol 2 I o o

(ol N ol o ol

BACK {S)
USEL

30
31

324135
33,34
34,33
35732

36
37

61
u2,47

47,42

50
51

2
53,54
54,53
£5
S6é
57
60,617

62,65
63,64
€4/ 63
65,62

67,60

.chapter 'Puture Chapters to be Added*

.section *'Diary cf the Testing of These Systess!

NOKINAL CHOPPER
CALIBR  CONTROL
AMES/Y  PGSITION
50. 4137,1/2
50. 4137,3/4
50. 4137,5/6
50. 4137,7/8
40. 4137,9/10
50, 4137,11/12
50. 4137,13/14
50. 4137,15/16
4132,1/2
150. 4132,3/4
4132,5/6
150. 4132,7/8
4132,9/10
150. 4132,11/12
4132,13/14
4132,15/16
50. 4122,15/16
50. 4127,13/14
50. 4127,1/2
50. 4127,3/4
50. 4127,5/6
50. 4127,7/8
50. 4127,9710
50. 4127,11/12
50. 4122,13/14
50. 4122,1/2
50. 4122,3/4
50. 4122,5/6
50. 4122,7/8
50. 4122,9/10
4122,11/12

50.

.section 'Special Information for Future Eing Magnet Testing'
.section tSpecial Topics Good for Cconference Reports!
.section 'Suspary of Test Results®

-.Ccontents
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Sept 15, 1981
CHCEEER TEIGGER 8 Gev
FREC. PEASE Volts
HEETZ PCSITION
'——
2040 7 130.
2040 8 125.
2040 6 160.
2040 9 230.
2040 9 160.
2040 6 140.
2040 5 100.
2040 4 85. .
2040 3
2040 6 132,
2040 1 100.
2040 2
2040 1 160.
2040 5
2040 3
360 9 50.
360 10 40.
360 2 60.
360 3 185.
360 3 145.
360 7 100.
360 1 45,
360 1 40, .
360 9 -
360 12 150.
360 6 95,
360 6 70.
360 12 22
360 5 40.
360 9 —_—



g46. EEE CHOPPEE FACKS CABLE ASSIGNBEKNIS Sept 15, 1981
847.

848. CIRCUIT BACK # CCEMON LEAD OUIPUT LEAD

849,

850, 9SF HE 22 ~ Begion 9 #7 + Region 7 #7

8 . ’

852. 3QP H 30 #+ Begion 9 111 - Region 7 #11 MIKI-BETA
853.

854, 2QF H 31 # Region 9 #17 - Begion 7 #17 MIEI-BETA
855. ; o
856. 1QD H 32 ¢, 35 ~ Region 7 #12 BINI-BETA
857.

858. CF{4CF) H 33 / 38 - Region 7 #18

859.

860. QF (4CF) H 34 , 33 + Region 9 #18

861.

862. 1QD B 35 4 32 : + Begion 9 #12

863.

864, 1QF H 36 ~ Region 7 420 + Begion 9 #20 MIRI-BETA
865. '

866. Q3 B 37 ~ Begion 7 #15 + Begion 9 #15 MIXI-BET2
867. : : )

868. BENRD H 42 s 47 - Begion 9 #13,19

869. . '

870. . BEND H 47 / 42 + Region 7 #13,19

871.

872. 6SD L 50 # Region 7 {16 - Begion 9 &6

873.

874. 6SF L &1 + Begion 7 #14 - Region 9 #14%

875.

8 . 9QF L 52 4 HRegion 9 #:21 - Region 7 #21

80 LY

878. oD (4gD) L S3/%84 - Hegion 7 #3

879.

880, ¢D(4¢D) L =4/53 + Begion 9 #3

881.

g8g2. 8QD L 55 ~ Region 7 #9 + Begion 9 #9

883.

884. 75D L 56 - Region 9 #1 + Region 7 #1

88s.

886. 55D L E7 ~ Begion 7 §2 + Region 9 #2

887.

se8. BW L 60 ;/ 67 - Begion 7 #5

889.

890. Q2 H €1 # Region 7 414 - Region 9 #4

891.

892, SF(3SF) L 62 , €5 - Begion 7 #8

893. ‘

894, 25D L 63 s €4 - FRegion 7 #10

895.

896. 25D L 64 , €3 + Region 9 #10

897.

898. SF(3SF) L 65 , €2 + Begion 9 #8

899.

900. 1sD L 66 ~ Begion 9 #16 + Region 7 #16

901. ,

9r BW L 67 , €0 + Hegion 9 #5

YUo. . .
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904.

SF

NGT USEEL,

NQOT SIBED TO A BUS.
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905.
906.
907.
908.
s04.

911.
912.
913.
914.
915.
916.
917.
918.
919.
920.
921.
922.
923.
924.
925.
926.
927.
928.
9289.
930.
931.
932.
933.
934.

95u.
931.
938.
939.
940.
941,
942.
943.
944,
945,
946.
947,
948.
949.
950.
951.
952,
953.
954.
955.
956.
957.
958.
§59.
960.
97
Ste.
963.
S64.

.tabtegin
-table MAGTE *MAIN PEE MAGNET SYSTEMS 1C EE TESTED at BRI 8 !
Sept 15, 1981
THE RESISTANCES FCR THE 10CPS H AVE XCT EEER CORRECTED FOR MEASUREL VALUES.

Magnet]| Cable]kacks]| Magnet |Mags| loop * lcop | Loop * |
Syse. | I.C.#{Used | Type ]Used] lLocp *Resis jResis *Besis |
i 1 i I J10##-3%10%%=-3[ 10$*~3* 10%*-3} .
i i | 1 {Chas *Ohxs |Ohss #*0Oham [} ;
i 1 i i {Calcul*10 amp}11 GeV*14.5GeV f
| Rt Inlandetsiadf Rubeboiiel Eabeiuindoinsntetesll Ruindeindl Enbetnd el it Bt oo [
I Q1 I 13,19}42/47F 160Q2000) 12 | 10,7S* 10,79 7/80% 3/82 |
I Q2 | 13,19{42/47) 160¢1500] 12 | * * {
} OBL | 13,19]42,471 71C2700] 12 | * i * 1
I 1BL | 13,19142/47] 71C2700) 12 | * 1 * i ) '
| BENDS}13,19 42,47} 71C5400}1193 )1,415.%1,440.(1,568.%1,372 | EEND
| 1 i i | * | * |
§f Q3 | 15 {37 +f 100C¢1000§12 |1,606.%1,840.)1,696.%1,757 | Q3
. i
§ 19F | 20 136 +] 100¢1W000j512 |1,606.%1,743.11,685.%1,602 | 1QF
‘ |
| 1gb | 12 1327354 1000550 136 12,771.%3,300.]3,084.%3,183 |} gD
i i | i ‘ i i * 1 * i
| 2QF | 17 131 =) 10dc1000112 11,606.%1,870.]11,722.%1,954 | <QF
: ! 1
{ 3¢F | M 130 -] 100¢730 112 11,250.%1,410.]1,361.%1,415 }* 3QF
1
{ 4QF | 18 {33/34] 10QC¢730 ]60 |5,668.46,480.]16,148.%6,864 | ugr .
i i | | ] 1 * | * i ! . L
| 4¢D L} 3 §153/54] 100Q550 ju8 }3,658.44,105.}4,007.%4,101 ] 40D ' ;
| i | i | i * 1 * i : g N
| 8gb 1} 9 §55 +] 100¢730 §12 |1,250.%1,401.11,357.%1,407 | 8QD o e
1 "
{ 9QF Li 21 {152 -} 100¢550 (13 11,018.%1,254.11,217.%1,137 | ) 9QFP
, ] B
| Q2 | 4 161 -] 160¢1500112 | 266.* 307.} .¥0.328 | €2
| i i i ] | * I * i
| 1Sb L} 16 166 ¢] 120s450 12 }11,044.%1,300.11,114.* | 18D
} .
] 55D L} 2 157 +} 1205450 §12 | S€8.%1,220.]11,103.%1,157 | §sD
1 . R
| 6SF L} 14 1S1T -] 1208250 }12 | 676.* 6840.] 724.%0.744 | 6SF . =,
. 1 ;
] 6sp L] & {150 -} 1205450 (12 |} 9€8.#%1,276.11,106.%1,137 | €SD :
|
]} 7sp 1} 1 156 +] 120S450 |12 | 988.%1,080.11,113.%1,162 | 71SD
i 1 i i i | * | * |
] 3SF 1y 8 §j62/65] 1205250 j60 12,801.%3,290.)3,057.%3,152 | 3SF
‘ |
|} 2sD L} 10 1€3/€4] 1205250 48 |2,2€69.*2,576.]2,482.%2,571 | 25D
|
! Bx |} 5 160,67] wiggler | 3 | 894.% 900.] 900.* i * BNW
i 1 l 1 i i | * | * |
{ 9sr | 7 122 HP|'12b5250 112 } 676.* 910.] ¥ . ~ SSF
l | i I ] i * 1 * |
1SF | i 11205250 112 | ¥CT CCNNECTED TO A.*WATEB COCLED7LOCP ] * 1
! i i i 1 * [ * '

I (1) Aluminum rcund sater cooled bus @ 20.38 X 10**-6 Ohms/foot & 20 degrees C. . R
i (2) Bends use 2 of S500HMCM in parallel fcr jusmpers; 2 0.0222 ohms/ 1,000 ft. 8 1/2 feet per
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965.
966.
9617.
968.
969,

§71.
972.
973.
974.
975.
976.
977.
978.
979.
980.
981.
982.
983.
984.
985.
986.
987.
988.

989..

990.
991.
992.
993.
9914.

95v.

997.

998.

999.
1000.
1001.
1002.
1003.
1004.
1005.
1006.
1007.
1608.
1009.
1010.
1011,
1012«
1013.
1014,
1015.
1016«

10°°,
10 rva
1019.
1020.

I (3) Quads and Sextapcles use 250NCK for julfpers;

(4) One loop atcund the ring is 6,575 feet long.

.tabend

.chapter *Testing of the
«CHAETER *MISC NAMEELATE

TWO TRABSFOEMERS FCR THE
C¥E IS DELTA - DELIA,

Injection Magnets, SIT*
DATA?

BRIDGE BRECIIFIEES COF 8RI- AND BRI+
THE OTHER IS LELTA -~ WYE.

Standard Transfcrmer Inc

Warren, chio Usa

3 phase Tyre B

2,500 » 2,800 kKVA CA continuous rating
3,125 7 3,500 kVA FA continuous rating

Class QA/FFA £5/¢€5

Primary 12,470 Delta
Seccndary 4680 Delta

LY amps 1,736 angs;

degrees C rise

for the 8FI- sufpply

SHOULD BE 3CCE8 ARMES LINE CURRENT.

5.51% impeadance at 2,500 kVA

Serial PJF 1942

Spec E325D1227.8XX0100

S primary tags 13,094 to 11,846 vclts
primary axgps, 110.1

v e s o o e D oy a8 e S i

Main chopper desigm info
500 asps max for Quads,

Sextapoles, and %igglers

comrutation inductance 7 micro~tenries
capacitance 3 X 5 micrc-farads

resonance fregqg agprox

Inpeadance L = 0.683
Peak current agprox

15.53 X hertz
chms.
1,025 amps (600v on BRI, 700V on caps)

1,500 amp max for Main Bend choppers.
cconsutation inductance 3 micro-tenries
caracitance 10 X 5 wmicrc-farads

Bescnance freq aprrox 12,99 K hertz
Impeadance L = 0.2448 ohms

Peak current approx

- s . s D 2 > W A o o o s

2,859. amps (600V on RI, 700V on caps)

region 8 sugport bldg PA panel breakers

Injection 50 amps

- 82 -
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1021.
1022.
1023.
1024.
1025,

1026.
1027
1028.
1029.
1030.
1031.
1032.
1033.
1034.
1035.
1036.
1037.
1038.
1039.
1040.
1041.
1042,
1043.

1044.
1045.
1046.
10° .
10%0ua

1049.
1050.
1051.
1052.
1053.
1054.
1055.
1056.
1057.
1058.
1059.

1060.

1061.
1062.
1063.
1064.
1065.
1066.
1067.
1068.
107 .

10 rve

1071.
1072.

¥ Irip Bac, type IC 200 k amps trig
Type FB3060FL

Also there are sczme W HFB3040 at 25 kasps 22?7 is that too low2??

e . w2 o . o e i A S D M o

TTransformer at BI 4 and 12 Support Euilding

1500 7 1680 kva CA rated
1725 ;s 1932 Kva FA rated

12,470 delta prisary
480 delta secondary

low voltage amps 1802.
impeadance 5.£5% 75 degree C at 1,500 kva

serial PJD 1757
Spec B3L5D12228XX010

——— e e ——— o ————

Frames for power suppli?s at Regicus 4 and 12 to Loost the uqf
voltage are ERCA 39540M and 38541k

o o s et s s o ST

Westinghouse bus ways {fro main transformers to the RI's

"EQOK-BR-R2Y
BUSEAY

Style 66-E-5624A-93
2,500 amgs €00V 3 wire

S04 ground bus

STUOFF for 4QF Locst ciricuit
Shawsut fuses form 101
300 amp cat 4 A25X300
250 veclt Tyre 4

Posssible diodes

IR 70UfE0
700100A HS8
T0UR100A cathode on lead, stud type.
JO0URSOA same
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1073. ¥ 439K diodes

1074, ¥ 1N40ES1 diodes

1075.

Ll I

1077. June 22, 1981 The inductance of tle water cocled cable around
1078. PEE for the Wiggler circuit (no magnets) is;

1079. 0.0028 Henries at 60 Hertz

1080Q. 0.0017 Henries at 1,000 Hertz {Q= 6.25)

1081. X(L) = 10.66 ohms E = 0.144 cohss

1082.

1083, ——eme—m e e st — e [— -

1084.

1085, June 22, 1981 The inductance of the Bend system: (no DC excitation)
1086. 1.01 Henries {108 voclts Pk/Pk at 0.1 amps 60 Hertz)
1087. X(L) = 381.9 Chms

1088.

1089. -

1090.

1091. Inductance of Prototype (2 magnet at 60 Hertz {np. DC excitaticn)
1092. 0.016 Henries 13 turns , no lteans pirge

1093. 0.00€3 Heunries 8 turns , no Leas pige

1094. 0.0092 Henries 13 turns , with beam pipe

1095. 60 Hertz rirple inside pipe reduced by 100/1

1096. .

1097. e ——————
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