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Introduction 

The PEP Magnet Power Supply System represents a 
siqnificant departure from previous technology with 
thi goal of improved performance at lower cost. In 
nineteen of the magnet families around the ring, 
"Cnopper" power supplies are used. The many choppers 
are powered from two 21%' DC 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 
coyand. Most of the energy is recirculated, 
resulting in high-efficiency. The two kilohertz 
chopping rate allows a one kilohertz unity-gain 
bandwidth in the current-regulator loop, and this 
wide 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. 

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 lair inductance (0.8Ph), 
oarallel bus feeds. The rest of the 5COA ChODDerS 
are fed from the output busses through 4/O quadraflex 
cables run through cable trays above the racks. 

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 s stems is available in 

1 previous conference papers, so only the barest 
introduction will be given here.' There are 240 power 

1M 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 Tr im and Steering 
Sys iems. 

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: CAM4C crates for input/output comnuni- 
cation with the PEP Central Control Computer, CA&X 
crates containing all the Chopper Controllers, a 
multiplexer and Oigital Voltmeter for sampling magnet 
current levels in all the monitoring transductors 
(also the levels of the Loop transductors and 
references if necessary), cross-connect relay 
modules, and appropriate power suppl.ies. There are 
up to eight Chopper Controller Cards per CAMAC 
crate. Each card contains a complete chopper control 
system from the input 16 bit referrnce 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 CAMX-card 
through a 50n coaxial cable-connector system to a 
pulse transformer (insulated for 16OOV) mounted in a 
shielded-box on the chopper unit. 

Rinq Systez 

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 twenty-four of 
tne SOOV, 500A choppers, and two of the SOOV, 1400A 
choppers. All of these supplies are located in 
standard racks at the Region 8 surface-building as 
shown in Figure 2. These supplies provide separately- 
controlled, current-regulated power to the following 
families of magnets: one Bend circuit, nine Quad- 
rupgle circuits, eight Sextupole circuits, and one 
Wiccler circtrit. These magnet families are all 
se;ies connected strings of magnets around the 6,575 
foot long ring. Those families with more than 12 
magnets 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. 

There is a Chopper Crate-Controller card in each 
of the four CGMAC crates which distributes both 
digital comnand words and appropriately phased clock 
signals to each of the chopper cards. The clock 
sionals are ohased SO as to minimize the rms current 
flowing in the large capacitor bar&, Tne output: . 
siqnals 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. 

Three of the rows of racks in Fig. 2 each contain 
eicht choppers (all the 5DOA choppers). The row in 
thi middle houses the two 2MW DC po:ier supplies which 
fe+d all the choppers. The soft ground (1092) for 
the whole system is located electrically between the 

+%N two supplies, so that the maximum voltage away from 
tne ground on any'magnet circuit is 600 volts in 

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 su,pplies in 
Regions 8 anJ 10. All of these supplies are 6 pulse, 
AC-line conznutated SCR circuits purcltased 
commercially. Tne requirements of these circuits are 
currents regulated to *O.l:: , compared to *0.01X for 
the main-ring chopper systems. 

r lnis work was supported by the Director, Office of 
Energy Research, Office of High Energy and lluclear 
Pnysics, High Energy Physics Division of the U.S. 
Department of Energy under Contract No. W-7405-ENG-48. 
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Trim-and-Steering Sbstem Economics of Chopper System 

-This system is by far the mostinumerous of those 
employed at PEP, with 170 units installed in all the 
surface buildings and Sector 30. Host of the units 
are used for bipolar trim-and-steering applications 
with a rating of l 37V at 60A but some are used as 
unipolar 120A units and others as JOA shunts around 
Bend magnets in the injection-magnet families. These 
units are used as power sources in conjunction with 
*42V, 1OOOA 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 CAIN crate located nearby in 
an adjacent rack. The analog sign8ls are developed 
in 12 bit D/As in the CAF:4C crate and processed 
through a Distribution chassis. With this brief 
description of the PEP system, the rest of the paper 
will concentrate on the chopper sy5tem. 

The Chopper as a System Component 

As stated in the introduction, the dual promises 
of high performance and economy fueled interest in 
usino choooers as the controllinq element in the PEP 
magnet-power-supply system. Both of these goals have 
been possible because of the particular nature of the 
load placed on the supplies and the favorable 
logistical nature of the PEP magnelt 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 19716 confirmed that 
the magnets were effective filters between applied AC 
voltages and their corresponding currents. 
Subsequent measurement have shownthat with the 
additional shielding of the aluminum vacuum pipe, the 
attenuation of all frequency terms from a chopper 
running at 2.16 kHz iS sufficient lto reduce the 
magnetic field variation to less than * O.OIil in the 
bend magnets. The field measurecrsnts were made with 
a vacuum pipe and b coil that extended well beyond 
the end of the magnet coil, so asto measure any 
contribution of the stray field at the ends of the 
magnet. The magnets are laminated because of the 
construction technique used in th$ir fabrication, but 
individual laminations were not coated, 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 gr 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 a:6 or 12 pulse cont- 
rolled rectifier. Running at 2.16 kHi the chopper 
current-loop unity-gain bandwidthican be as high as 
1 khz The chopper therefore has substantial gain for 
any low-frequency voltages comin9 from the rectifiers. 
The one khz unity-gain bandwidth Of the chopper also 
provides relatively fast transient response to changes 
in the reference and reduction of line perturbations. 
Closing the loop at a frequency within a factor of 
two of the repetition frequency i5 generally not 
possible with line-conmutated, multi-phase firing- 
circuits because oscillations develop at the sub- 
harmonic frequencies. The wide bandwidth of the 
chopper coupled with currently avbilable operational 
amplifiers of vet-Y lov drift and noise, provide the 
means for * O.Ol:.. current regulation with 1 ktiz 
bandwidth in the magawatt power range with better 
than 95i effciency. 

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 NW OC suoolies in turn 

--I. ~~ 

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,1 AC utility-distribution system to the 
power-supply area independent of what kind of power 
supplies uere used. So the cost of transformers and 
switchgear is eliminated from the power-supply 
expense. The circuit breakers employed operate as 
Oh-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 DC busses): 

(1) Cost of 503 V, 503 A chopper 810,600 (S42lKW) 
(2) Cost of 500 V, 1400 A cllopper 
(3) Cost of 2KJ DC feeder supplies 

$12,700 (ElB/KL’) 
$54,000 (827/W) 

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 i;W Bend 
Booster supplies at Regions 12 and 4. The chopper 
costs include the cost of the separate monitoring and 
loop transdtictors used in each chopper, and all the 
chopper controller cards, clock cards, crate 
controller cards, and modified CAKX 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 paver capacity of all the choppers 
just described plus the two bend boost supplies at 
regions 12 and 4 is 9/U, whereas the maximum power 
required by a?1 the ring magnet families at 18 GeV 
beam energy level is only SMW. The sum of all the DC 

- stipplies at Regions 8, 12, and 4 is 5.7 MU; this 
number more closely matches the maximum power 
required. The discrepancy occurs because many of the 
sextupolc and qusdrupole 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 volta9e values based on the 
ratings of the fast turn-off SCR used (the Westcode 
K220). Therefore unless a future application could 
be mdtctred 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 $442K against the 
5Ki, for a figure of $88/KW. 

1 

c’ C. 

The reason that the 14QQA chopper is so much more 
economical than the 6OOA unit, is because to raise 
the current'rating Of the chopper unit from 6QOA to 
14Qc); basically requires only the addition of a 
second SCR of equivalent size to that already in 
operation, increasing number of 5pfd 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 
rezained essentially the same. 

Performance and Operation 

Tine choppers have performed their function as 
*Q.Cl'r current regulators up to highest expectations. 
The current-monitoring multiplexed Digital Voltmeter, 
a HeziTett Packard 3455, shows performance better than 
the *lJ.Ol';: required. At higher performance levels 
than *Q.Ql;, both the monitoring and loop transductors 
have to be called into question, particularly with 
respect to line voltage variations. 

The choppers have also operated reliably; most of 
do,,+time during the first year of operation has been 
froa other parts of the poxer supply system. Two 
types 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 
sooq be installed to correct this problem. The water- 
cooled resistor has also failed due to localized 
heating of the carborundum resistor near the ends. A 
ner r;eans of connection is now being tested. 

In the larger chopper-pogrer-supply system there 
have been two sources of operational difficulty: 
erratic operation of the 21.:X DC power supplies, and 
erroneous dioital-word reception at some of the 
choi?er DACsI The most recent difficulty (in 
Fe>cuarv) was the failure of one of the 2.5HVA 
distribution transforn?rs feeding a DC supply; one of 
the 45fjc)Y'leads was not securely connected internally 
to a stud on the transformer, and arced in the oil 
until a phase-to-phase short was initiated. This 
transformer arcing intermittently may account for 
some of the power supply difficulties over the past 
year, but it seems clear that the firing circuit is 
unressonably sensitive both to line voltage noise and 
tne characteristics of a flip-flop used in the 
zer;-crossinq part of the circuit. The SCG-bridqe 
and firing circuit, both mounted on a large panei, 
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., to become one of the four DC supplies used. 
Se;a;1se the supplies are not used as current 
re3Jldtors, 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 
;;;rent-tranformer), and advertised insensitivity to 

,e-voltage noise were desirable features. The 
firing circuits turned out to be very sensitive to 
the line voltage when operating above 1N'Y, and during 
tht very-short P.S. check-out period (two weeks 

r- before PEP operation), wtre a source of grave 
concern. After various filtering schemes were 

L unsdccessful, phasing the units from a separate 
feeler was finally adopted and is still in use. 

During the initial F.S. checkout period, and 

given the substantial difficulties with the DC 
supplies, it was very encouraging that the choppers 
were well-behaved and exhibited no problems of 
interaction due to running in pa'ralle'l and series, or 
false triggering due to noise from other choppers. 
Two choppers had been run in parallel 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 
operation 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 CAI'AC 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 voltage 
output and reduced the noise belowthe 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 output voltage range of the 
chopper. There are a variety of possible chopper 
circuit configuarations to perform the basic function 
of turning-off the output voltage (V,) on conand. 
Of these various circuits only two will be discussed 
here: the current-commutated (Fig. 4 and 5) and the 
voltaoe-commutated circuits2. The current- 
commutated-circuit (CCC) turns off the QIJ series SCR 
(labeled CRl) bv circulatins current throuoh the 
reverse diode Oi across CRl-during the sec&d-half- 
cycle of the ringing period of the high-Q resonant 
circuit (the first=half-cycle is through initiating 
Cr.3). The forward-voltage of 01 reverses biases CR1 
during the time when the ringing current is greater 
than the load current (IL): this time must be 
sreater than the turn-off time (t,ff) of the SCR at 
maximum IL. 

.  “III 

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 min = (TLC'Tper) VB = (rep rate/fo)VB (1) 

The voltage-comilutated circuit (VCC) has the 
advantage of providing full-range voltage control, 
counterbalanced by a propensity for large voltage 
spikes appearing across the corn;::utating SCR during 
reverse-recovery. 'The voltage spike, even though 
below the rating of the SCR, occurring immediately 
follo,wing high-current conduction in the $CR, causes 

-4- 



high failure rate. Independent of which comnutating 
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 

! ,(I) upon turn-on of the chopper SCR, 

L min = vBli (2) 

The VCC was the initial choice to satisfy the 
early PEP requirements of 300V at 1pOOA for the Gend 
magnet circuit. The prototype chopper worked well at 
this supply voltage level, because the sum of VB 
and the transient voltage was no more than 8ODV on 
9OOV rated SCR's with moderate snub ers. Hhen the 
magnet design changed and 600V oper i tion was more 
appropriate, the reduction of transiient voltages to 
acceptable levels became more difficult and costly 
and put far more uncertainty on lonlg-term reliability. 
A quick circuit reconfiguration to current commutation 
was done, and immediate successful operation of the 
circuit, simplicity of operation, alnd easing of the 
transient problems resulted. It wals then determined 
that the range requirements of the circuits could be 
satisfied with the chopper minimum ;of V. = 0.15 
VB, where VB varies above 103V proportional to beam 
energy. The SCR Bus supplies were 'originally chosen 
over diode-bridges primarily because of the quick turn- 
off feature and low cost ($8/V,\;) of the Research, Inc. 
packaged controller. But now the controlled-output 
capabilities would also be used to follow a 
programned input. 

On the basis of the variable-voltage DC bus 
operation, the non-minimum output, current-comutated 
chopper was adopted for PEP. Sincq achieving 
operating status the minimum output OF selected 
sextupole choppers has been lowered from 14: to 2: by 
running them from a 350 hertz cloc$ rather than the 
2.16 I:HZ 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 wnanswered what 
additional development and cost the wider-range VCC 
would incur to achieve reliability, 

Designing the c&rent-commutated-chopper does not 
involve changing any of the basic circuit elements 
sho,,n in Fig. 5. and therefore only the L, C, R. and 
LR values are available as variables. The R is the 
liast useful of the variables, serving to reduce the 
"ring-up" value of V, above VB during the period 
bet.,*:ecn commutation. If a satisfactory design can be 
achieved without R, it can be eliminated, resulting 
in a more efficient design. An additional variable 
not sho*wn in Fig. 5 is the effective Q of the LC 
circuit. Selecrion of component values involves more 
than a simple LC circuit because of the final part of 
each commutation cycle. After Dl has carried the 
ringing current 'ic that is greater than IL for a 
long enough period to allor CR1 to recover, 03 stops 
conducting and IL flows through C and L. Shortly 
after, when V, becomes greater than VB, the 
free-wheeling diode 03 starts conducting, and the 
capacitor voltage V, increase in miagnitude by: 

Av, = IclwlC (3) 

during the X/Z period that IL commutates to D3. In 
the pictures shown in Fig. 5, conditions are such 

! 
that Dl ceases conducting and 03 starts conducting at 
the same instant. The inductance 'of the bus, LG, 
enters into the circuit during this last part of 
CO:~7!‘JtdtiOn , and enters Eq. 3 through _ .^ 
Wl = [ (L1 + L)c]-‘Y 

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 
comutatlon. Although specified for 1OOOV 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 5OOV, where all the 
18 GcV current requirements can be mot. An opposite 
example, where the ringup voltage is desired, is in a 
group of choppers used for PEP experimenter magnets, 
where the VG = lZOV, and the AV, = 339V. The 
Gend, Quadrupole, and Experimeter choppers are listed 
in Table l.with the appropriate parameters as three 
design examples. 

Previous to discovering the long-term failure- 
.mode in the comnutating capacitors at approx. E k = 

;c&A; ;;:'u,;: -,;"p& -= 'rh"B";,;~;a~$ 

T,ff = 15 psec for voltage commutation, and a 
T,ff = 17 usec rating for current conmutation (only 
1 volt reverse voltage applied). Used also for CRl, 
the R220 with a lOOOA,-ms rating is used singly for 
the lower current choppers, and doubly with alternate 
pulse firing for the 140ClA choppers. The 250kX and 
7CNkU ratings on the choppers are because of the 
capacitor voltage limitation (otherwise 360kU and 
840kk' are appropriate at Vb = 6OOV). 

Because the capacitor ringup voltage, bEC, 
affects the peak ringing current and therefore the 
t,ff applied to CRl, the load current IL has to 
rise with a T >> T period, to allow Vcpk to build- 
up in step wilh IL. This condition.is satisfied 
with inductive loads. With series choppers, both 
choppers have to be enabled simultaneo:Jsly 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-whoeiing diode 03 of 
the second unit until it is turned on. At the time 
the second unit is fired, if the IL has reacned a 
current higher than that which can be successfully 
corln#Jtatcd 'th just VB stored on the co;nnutating 
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 rust 
be included. Without transformer losses to consider 
as part of the power <upply, the rectifier itself 
loses less than 1 percent of rated power. The 
co,zbination of bus and chopper losses are also less 
than 1 percent, so the overall efficiency should be 
98 percent. 

Conclusion 

The chopper system pro<lides 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 EM1 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. Kinimum 
output-voltage requirements must be considered in the 
choice of the chopper circuit used. Two areas are 
particularly appropriate for chopper application: 
(1) large power supply systems with a c0:11non DC 
supply where the system using the power is disabled 
uhcnever any individual chopper must be shut-darn, 
and (2) rcirofitted on rxisting supplies where higher 
performance is required. 

Depending on the parameters involved in each 
application, the ringup voltage AV, can be a help 
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Table 1: Parameters of the Three Chopper Designs now in use at PEP 

--Chopper IL, VB L LB .c w 9 70 AEc V V cpkl c2 Ipk? toff 

:c- (A) W I (PHI (PHI (ufd) (x~O-~) (x10-~) (n) (VI (VI (VI (A) (us) 

Bend 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 71 0.45 339 459 459 920 19.2 

Kate: wl = [(L + L&1 -"',A$ = ]c/w,~,~o= (Lc)-1'2, 2, = (L/c)"', 

V cpkl = VB + AE, = peak Vc at end of ringup, 

V c2 = Vcok,e-t'RC = Vc at beginning of cotnnutation (with RB 5 5OQ RO = 1OOD 

I pk2 = 019 vc2/2, = peak ringing current of 2nd 

t off = (90 - sin-l 1L/Ipk2) (90)-l (R/w,)= time 
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PEP Magnet Eover $upp.ly Operations FieFart 

Research Inc (.RI) Power Supplies 
.Firing Circuits, Regulation and Erotection Circuits 
Operation and 'Haintenance 

Instructions ! 

Plain King Power Sd~ply SD-207-001-02 

Xntraduction 

!Ehis section will he devoted to the explanation of the voltage 
regulation, contrcl, and protection circuits built into the 
Research IncarEor+ted (RI) supplies that supply the regulated DC 
voltage to the pu.$se width chopper regulators, 

It is assumed that the reader has had a thorough introduction to 
the aperation of $ilican Controlled Bectifiers (SCB*s) used in 
three phase bridg$ rectifiers. If tbe reader is not so 
acquainted, then I suggest that he/ske study the following 
documents before continuing with this regcst, 

lqAC/CC Eouer Syst INS E discellaneous Informatianll 
CI A. Harris - J,ne 30, 1978 T 

mBridge Bectifierk Instruction Test AssemblyM "The Beast" 
C, A, Harris/F, flrldhuizen - Harch 5, 1981 

HPhase Con-trclledm Current Begulated Ecuer Snpplies" 
C, A. Harris/F.Veldhuizen - June 21, 1578 

#*Three-Phase Powet Cantrcller Model tSCn 
Instruction Han+ by Research Xnc 

Gverafl System Ccpfiguration See (Pigure 1) - 

The main dc poue% for the chopper regnlatian system for the PEP 
Ring magnets is CcBeEosed of: 

1, Region 8; two 
F 

awer supplies each rated for 3,000 Amps dc at 
600 volts. (One $s negative voltage output (-RI) and the other 
is positive voltajge output (+RI)- Each of these units is 
energized frcm a ~2,500 KVA (12,470/480 volts) transformer located 
oit the transfcrxaeir Ead outside of the support building at Begion 
a, 

2, Region 4 and 12; additional booster Eauer supplies are 
required at Regims 4 and 12 are to suEEly enough total voltage 
to supE1y the rednirements of the 242 magnets in the PBendP 
system and the 601 zagnets in the ra4CTH system, 

The booster suEE1Yes far the main bend magnets are similar to the 
nRIea power supElks at Begion 8, erceEt that they are each fed 
from 1,500 KVA transfcrmer, They have an cutEnt rated at 600 
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valts, 2,000 amps. 

The bocster supplies for the 14QFrr s yttetP of magnets are located 
at Begions 4 and 72, These supplies rEceive their primary 480 
volts 3 Ehase gower frcm the a-c buses in the Hain Eend magnet 
booster supFlies; therefore, they are energized when the main 
bend magnet boost supplies are turned on. 

There are tmo full wave bridge rectifiers (3 diodes and 3 SCB’S) 
in each of these 4QF Boost pouer supplies with separate 
transformers. These supplies are not voltage regulated, but 
instead they are ccntrclled in two steps using the 3 SCB*s in 
each bridge, The cutput voltage steps {zero, 100, or 200 volts) 
are deterained by an analog O-10 volt signal put into the 
supplies from the CAWAC systen from FECK, dore vi11 be said 
about these suEFlies later in this repart, 

Rx su.pFlies at Region 8 

The tasic regulaticn system of booster FiI supFlies at Regions 4 
and 12 is very clcse to the scheme at Eegioa 8, so cne 
e.xFlanation shculd be sufficient. Sea print SD-207-001-02 At 
sometime later this print may be dividti into several separate 
sheets. 

A C Power 

The main rectifier transformers for these snp;Flies are located on 
the transfarEer Fpds outside of the auFFort buildings, They are 
energized at all tiaes from 12,470 vclt fused disconnects also 
located OKI the pad, See Figure l,, 

At Region 8 there are tuo (480 volts 3 phase) circuit breakers 
(WEE1 or 2 and SEEP41 or 42) connected to the seccndary of these 
transformers, One (8FEPl or 2) .is lccated next to the 
transformer on the pad; the other (aFEE or 42) is located in 
the suEFort buildings near the RI supplies. The outside breaker 
is ccntrolled at the outside breaker cr froas push buttons on the 
cabinets of the circuit breakers in the support building. The 
outside breaker is interlacked aith the Kirk Key of the inside 
breaker so that the Kirk Rey must be in place before the ontside 
breaker can be turned on, It then stays on as long as the Kirk 
Key is left in pasiticn at the inside breaker, 

Note that at Region 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 hreakers 8FEP41 and aPEP have given considerable 
eaintenanc.e problems and it is difficult to obtain spare parts; 
therefare, it is planned to replace these inside breakers with 
contactors during the shut down starting July 1981, 

The control of the inside breaker is interlocked vith the BI 
pouer supply safe,ty interlock system so that it can be closed 
only when the safety interlocks so permits it to be closed, The 
on/of.f ccntrcls can be either by local cantrals at the RI pouer 
supplies or via CABAC ccntrols from FEFCB, 

During times when ESOG is uorking in the racks of the ring power 
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supplies, OS when Fersons are working near magnets in the ring it 
is established Frocedure that the inside breakers be rolled out 
to m”IESI” positicd, Since the Kirk Key is removed for this 
operation, it meatis that the outside breaker is also opened; this 
applies also to the breakers for the EI's at Regions 4 and 12, 

one must not rcll the PEP41 and PEP42 breakers clear out because 
the FPS interlccks depend upon the breakers being in the test 
positicn to allou entrance into the ring. 

The Bridge Eectifier 

This is a convent cnal three phase br.idge rectifier (see Section -i- A on the print or,Bigures 2, 3, I; 4) using a single Hockey-Puck 
type blLl699P SC3 kn each leg of the bridge, 

The bridge rectifper outpnt is filtered with an L-C filter 

Begicn 4 and 12: 
200 Bocro-hen ies and 49,600 Micrc-farads 

f Eesanant freq ency 50.8 Hertz 

and 86,800 Micrc-farads 
38-2 Hertz 

This large value kf total capacitance is required ta minimize the 
voltage change in' the autFut voltage during the operation of the 
pulse width choppter regulators that are the connected load on 
these Fouer suFFl,ies, 

This capacitor kaink is ccnstructed in, individually fused, 
parallel modules land in a manner to Fravide a fou self 
inductance. The 'leads 
aEe either lcu i ductance d 

that snpply each chopper rack at Region 8 
buses or fcur cables quaded to provide 

a low inductance :lead, 

For instance, thei main bend choppers at 78GeY will -t-e regulating 
1365 Amps; this urrent vi11 be of a &UlSed nature and Pay be a 
length cf 450 rai ro-seconds, 

Charge;Q = APPFS 'i Tiae 
O-00045 seconds 

The voltage chande during this pulse is then expected to be: 

Delta II = c/c ' 
= 0.614~C,O868 
= 7-07 hts. 

This amount of v ltage change, about 1.6X, is not expected to 
came a disturba ce in .the current regulation stability of other 
Choppers connect d to the same capacitor Lank. 

Of course one ca 
1 

expect larger transient voltage changes on the 
voltage across t e output capacitor because of the influence of 
the sharp rise apd fall of currents in the caFacitors and the 
self inductance of the caFacit.ors and leads. 
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Another ccncern that one has, is relative to the resoaant 
frequency of of the L-C filter (50.8 Bert2 Region 4 and 72, and 
38-2 Hertz Eegion 8). See Figure 2, 

This frequency is determined by: 

frequency = l/ ( 2 X Fi X LC 1 
Pi = 3.1459 

z = LOO02 henries 
c = 0.049 farads 

= 50-8 Hertz 

Note that if the value of fi.e filter capacitor were to decrease 
to 0,035 farads, then the resonant freguency would be 60 Hertz, 
It is very iaFerative that such a resanant frequency of this 
filter be avoided since it uould take only a sxall driving force 
at 60 Hertz to cause a large 60 Hertz oscillation, The filter is 
a high Q systen, It is very easy to get a 60 Hertz output from a 
bridge rectifier to drive this resonance, because of slight 
unbalances of the triggers or line vcltages. An unbalance of 
trigger timing is not very likely, because the six triggers are 
generated as a grcup frcm a phase leek loop sytem, but there 
could .be a phase cx voltage unbalance of the line valtages that 
could introduce 60 Hertz ripple, A luss of two of the eight 
fuses in Regions 4 or 12 uonl-d give a rescaance of 58.7 Hertz 
which is too clcse to 60 Hertz for ccmfort, Interlocks are 
provided that require all of the capacitor bank fuses to be in 
operation, . 

SCE and Diode 9cltage Transient Protection See Pignre 3 

The surge Erotection across the SCB*s ccnsists of on B-C circuit 
equivalent to 7 xicro-farad in series vith 4-16 ohms in parallel 
with 47OK ohms, There are also some lhyrite type GE surge 
suppressors (V57ZEA80A) connected in parallel uith the R-C 
netwcrks, !Ihese devices have a very non-linear 
voltage-resistance characteristics and uill absorb the energy.in 
any voltage spike that exceeds 1,000 vclts, The SC3.s have a 
1,200 vclt rating. There is also an K-C surge protection network 
across the free-wheeling diode. 

Surge Frotection circuits are required in Farallel with most 
SCB*s cr Free-U.heeling diodes to absorZ the stored energy 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 bleeder resistor to discharge the stored energy 
of the capacitor bank, This is especially irgortant at Region 8 
where the only ccnnected loads are tEe choppers which might be 
not pulsing, and therefore are not a lead. 

The SCB's (Region 8) have an average current rating of 
amps; therefore, the bridge has a rating of -- anFs. 

The transformers at BEgion 8 are rated at 2,500 LYA, 3,008 anps 
ac; therefore, they can feed a bridge rated UF to 3,686 amps. 

At Region 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, 
242, 
243. 
2 4, 
2 
246: 
247, 
248, 
249. 
250. 
251, 
252. 
253, 
254. 
255, 
256, 
257, 
258, 
259, 
260, 
267, 
262. 
263, 
264. 
265, 
266. 
267, 
268, 
269. 

-T 

2  l 

2. .* 

272, 
273, 
274. 
275, 
276. 
277. 
278. 
279, 
280, 
281, 
282. 
283, 
284, 
285. 
286, 
287, 
288, 
289, 
290, 
291, 
292. 
293, 
294, 
295, 

Xl: 
298, 
299, 

SCR’s are rated for amps and w--w welts which gives a bridge 
rating u& to -I_--- amF= - 

The voltage out cf all four transformers is 480 volts R!lS which 
gives a maximum c$ 600 valts dc when full cn, 

Be vculd not nant to operate these transformers up to the full 
current rating beyansa they are standard distribaticn 
transformers, and they are not constructed to handle the large 
harmcnic currentslhecause of the rectifier service, 

Pouer SuFFly Betering 

The original gauef supFly meters were located near *he high 
current ac buses +f the bridge rectifier, This proved to be a 
poor location, because the magnetic fields fraa the buses upset 
the readings of various meters. These meters have keen moved to 
the toF of the saFFly. 

The follouing met+rs have been providEd: 

1, Three ac line pcltage meters; these are fed through 
conventional 4ao/p20 9olt transformer (not instrument potential 
transformers); thkrefore, they may not be precise, 

Oscillcscope prok&s (100 to 1) are Frcvided ccnnectrd to the 3 
phase input 480 vclt line s and the DC output of the bridge 
rectifier before @d after the filter for disFlaying the phase 
relaticnships and; wave forms. See Eigure 

2. DC cutput vcltage 

3, DC output cnrrknt frcm a 1500A, fOUV shunt, 

4. RBS ac line clrfrent into the bridqe rectifier. This meter 
indicates the highest of the three IiU5 line currents into the 
bridge rectifier,, 

The ac current into this bridge rectifier contains many harmonics 
other than the 601 Eertz fundamental, The current read by this 
meter is the same: as indicated by the current meters on the pad 
for SPEPl and BPEP2, but their actual values may differ because 
of the type of sy/stem used for readout. The wave farm of the 
current is as shclwn in Figure 19; ncte that it is not a flat top 
as might be expected if the choke of the filter were infinatelp 
large, The 200 nicro-henry choke let s thruugh appreciable AC 
currEnt and this shows UF on the uave fcra. Gne should also note 
that the total AC) current on the 8PEEZ transfcrmer includes the 
-RI: SUFF~Y @us tlhe pouer to the auxiliary paver panel known as 
the IA panel. Th~is panel feeds such loads as some of the 
injection lines Ficwer supFlies and hicra-beta supplies, 

5, Two meters to rrcnitor the ac current input to the filter 
capacitor and the1 may differ in readings: 

a, One is directly off of a current transfcrmer. 

b, The second one, is through an electronic circuit to read the 
RklS value after scne frequency. roll-off ,that roughly compensates 
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for the current bandling capabilities of the filter capacitors at 
different frequencies. 

Note tbat these aeters read the SUB of the ac currents froa the 
bridge rectifier and the ac currents frcrs the operation of all of 
the pulse width chopper loads, 

6, DC ground current meter relay that monitors the current in the 
100 chm resistor used to ground the CCIEOD bns ketueen -Bl and 
+3x. The meter has a full scale trip value of 510 TIA but is 
normally set for about 200 dA, because the normal ground current 
is about SO EA. 

Voltage Feedback CEtion Eoard Pigure 7 

The voltage feedlack option board contains operaticnal amplifiers 
to prowide: 

1,Isolation arPlifier so that the regulation ateplifier 
system can be at ground potential and not tied to the 
dc voltage bases, 

2,Poltage output to CAHAC for readout in PEP Control, 
9oltage feedback, Span (Bange), etc 
Zero adjustBents are provided for calibration, 

3,An adjustable "Vcltage Limit" circuit that allows one 
to set a limit on how high the voltage uutpu-t can be set, 

The voltage take hff from the power supply DC output to the 
regulator (this is a vcltage regulator not current regulator) is 
frora ahead cf the I-C filter; this is tc Partial eliminate the 
SO-8 or 38.2 Hertz resonance of the filter frcm the regulation 
loop- The voltage take off ahead of the filter puts a large 
voltage ripPle signal into the optical isclation differential 
amplifier AII2845, section G on the Frint, which is the first 
active unit in the regulaticn loop, lihe follauing cperational 
aaplifier has a frequency roll off Id Rertz which makes it the 
dominate roll-off frequency of the regulator and discriminates 
against the riPple voltage output of the bridge rectifier, 

The next driver in the loop has a freqency roll off of 338 Eertz 
and the ccnParatcr amplifier on the timing card rolls off at SO.2 
Bertz, 

OVERALL REGUZATICI LOOP Eigure 6 

See figure 6 fcr a siaplified block diagraa of this voltage 
regulation systea for the BI power supPlies at Regions 4, 12, 
and 8. late that this regulation 1ooP has the same sort of 
elements that most of the current regulators for other power 
supplies contain, 

The Basic elements are: 

1. SCE? bridge rectifier. 

2* Trigger generator. This is a Phase locked 1ooP system; all 
triggers are controlled once pr cycle as a group, 
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The basic frequency of the phase leek loop allows a 
jitter of the firing pulses of 50 micro-seconds which 
corresponds to a jitter in output voltage of 2 percent, 
This amgun 

1 
of jitter is not desired so we are replacing 

this part f the regulation system with an analog type 
triggeringisystem for the bridge rectifier, 

3. Comparator, 

4. Deference boltage input with Frovisions for local control. 

5. Voltage fe'd-back amplifiers with an isolation amplifier 
so that th f regulator circuits can be near ground potential, 

6- biumerous SEAN(range) and zero adjustments of various 
operaticn /amplifier circuits. 

The actual regulakion circuit as shown in Section D of print 
SD-2C7-001-02 is ia universal type unit that can be used to 
regulate various parameter of ac power. Certain jumpers are in 
place on the card;.to set up the particular vcltage regulation 
system that we use at EEF, This means that some of the elenents 
on this card are net used, 

Reference Pcltage! SD-207-304-00 

The O-10 volt sigjnal used as a reference voltage comes from a 12 
bit EAC (12 bits gives a least 
is located in ! 

count cf cne in 4,094). This DAC 
the CAfiAC crate in Back 08CB40 and is carried to a 

buffer amplifier 'in the BI pouer SUFFIX (see Secticn E, right 
side of print, o 4 Figure a), The DBC signal has the negative 
side of the volt ge grcunded in rack 40 so the rest of the 
regulation syste 1 that ties electrically to this signal anst be 
isolated frca grcund to set up a one point grounding of the 
regulation system. Note that the voltage feedback ccmes through a 
optical isolation amplifier, and the trigger outputs to the SCRg.s 
are also isolated with optical isolatcrs (see Section C on 
print), 

If any point in Dhe regulation loops at the BIr.s becomes grounded 
it vi11 introduc 
voltage output Y 11 not be properly regulated. 
that this circui 
input signal plu i 

electrical noise into the system and the 
One can check 

is isolated from ground by Fulling the DAC 
E6 an the back of the BDS Bipple Current & 

Bloun fuse indicator chassis SD-207-304-00 in the 31, then check 
test point 17 to ground uith an ohmmeter. It is normally greater 
than 2,000,OOO ohas to ground at this pcint with P6 pulled, 

The IidS BipFle Cqrrent and Blow fuse indicator chassis has a 
provisicn for lcoal reference voltage with helipo-t control for 
those times when iyOU do not want to use the D/A converter in rack 
40, 

CUBBENT CCNIIEOL BODULE Figures 9 and 1C lief KC4705 

This current contrc.1 card contains; 

1, Three current transfcrmers and bridge rectifiers to 
transform the normal 5 amp. current transfcraer 
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currents, that measure the main rectifier input line 
currents) intc a low current dc, 

2, Operational amplifiers XC-1 and HC14076 (a 4 Bit 
D-llyge Register) XC-4, The output cf this circuit 
selects the highest of the three dc signals 
representing the ac line currents, 

3, An analog flultiplexer CD4051 IC-5 that takes the 
signal, frcm .IC-4 above, that indicates which line 
current is highest and connects that current signal 
through XC-1 to and ENS converter IC-3, 

4, A relay Kl is Erovided that Eicks UF through a gate 
signal into SCBY, This relay opens the interlock chain 
as an ac line current trip. 

YIhe input to tbe gate of the SCEl comes from either 
the: 

a, Sum of the three dc signals representing the ac line 
currents, It's probably the higbest cae that will trip 
the detectcr, or 

b, The dc outEnt cf the BHS converter that represents 
the EflS of the highest of the three ac line currents, 

5, !She dc level representing the cutgut of the RHS 
converter als,o goes to an adjustable ccmparator so that 
cne can electrcnically set the maximum value of current 
that the main Cover supply can go to, This signal goes 
into the lixit line of the timing board and is a fast 
turn off signal tc the SCR*s, It vi11 normally Bake 
sure that the triggers to the main SCE's are relnoved 
before the main ccntactor can oFen, 

A small latching SCR and Yellow ILED is Frovided to 
indicate if this signal has exceeded its Freset liait, 

A small latching SC3 and a Bed IEC is Frovided to 
indicate if the sum of the three signals fdr the line 
curren-t has exceeded its set triE value. Eoth of these 
signal SCRIS can be reset by disccnnecting a marked 
junper cn YE!03 of the test blocks on from Eanel of the 
RI's* 

3-PHASR TItiIliG HCDULE (3ef I(11 46998) 
This present card of the RI regulator contaims the following 
sections, but remember that this share locked loop system 
is being reElaced with an analog type trigger system, 

a. Euffer amplifier for voltage feedback, 

b, Comparator amplifiers, 

C. Input for East limit turn off, 

d, a-c fine vcltage zero-cross-over circuit to 
initiate a clcck signal for tiaing, 
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480, 
481, 
482, 
483, 
484. 
4 
486: 
487, 
48t3, 
489, 
490, 
491, 
492, 
493. 
494, 
495, 
496, 
497, 
498, 
499. 
500, 
501, 
502, 
503, 
504, 
505, 
506, 
507, 
50 8. 
509, 
3’ -. 
5 . ,a 
512, 
513. 
.514, 
515, 
576, 
517, 
518. 
519, 
520. 
521, 
522. 
523, 
524, 
525, 
526, 
527, 
528, 
529, 
530, 
531, 
532, 
5.33, 
534, 
535, 

2: -- -r,* 
538, 
539, 

e, Fhase-lock-lcop circuit to generate six 
triggers, equally spaced in one,cYcle cf the 60 
Hertz input vcltage and high frequency clock signal, 

f, Circuit to dielay all six triggers as a function 
of the output o!f the ccmparator oritEut voltage, 

4. Slow phase f'oruard turn-on circuit for easy-an 
(no voltage sudge) at Eower turn-cn. 

h, Circuit tha counts and separates the train of 
six triggers i single triggers for each of the 
6 SC.B’s. 

The 6 SCFi er drivers for the xain rectifier 
SCB*s are on e three top cards cf this regulator package, 

The follouing uilj describe each of the above functional systems 
and hou they are 

% 
'cordinated together, tiaintenance hints uill be 

g.iven uhere Fossi le, 

a. Buffer Voltage /Feed-back Amplifier 

The C+ line is ncq used in this voltage 

The follouing suijches are open for the voltage regulation mode 
at PEP; Sl-1, SY-2. 51-3, Sl-4, Sl-5 and Sl-8, 

The following sui+iches are closed for normal operation; Sl-6, and 
51-7, regulaticd, Re have also lifted the ccnnections at 31 and 
319 to be sure a ccmponent failare nil1 net cause an operative 
problea, 

The buffer anplifler pins 8,- 9 and 70 of lC-D4 is used to give 
some signal iscla+ion to the card and to insert ths nSPAN" 
potentiometer P2 hat allous one to adjust the ratio of voltage 
feed back signal c the actual dc outEat voltage of the power 
supply- 

This ratic in effect sets the ratio of EAC Beference voltage 
input to the DC V41tage output. 

The ontput of this op-AmE is fed through a PET to the summing 
point of the ccn@rator amp.lifier (pins 5, 6, E 7 of IC-D4). 

The EET is in -the circuit of this universal card to allow a 
special gated signal to be put into the regulator. Switch Sl-2 
is opea; thereforh, this circuit is net used, 

b, Ccmparator Am&Bifiers Figure 77 

The input to the ccmparatcr error anElifier receives a + (plus) 
reference vcltage input through a 120X resister into the -SUX JCT 
and a negative vcRtage feedback from the voltage feedback buffer 
amplifier i a plus voltage comes from the Voltage Option Board), 
Sl-6 is closed ta put a little fixed Fositive bias into the 
summing junction, Eotentiometer Pl allcvs an adjustment of this 
bias level and is set so that the ccmEarator amplifier will 
slouly go to a negative output for a zero reference voltage input 
and a zero dc vcltage out of the hridse rectifier; this is 
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540, required ta be sure the power supplp ctmes on and up to voltage 
541, and regulates at zero valtage. The outgut af this ccnparator goes 
542. to the circuit that delays the triggers ta the SC3 bridge 
543, rectifier. 
544, 
3' . 
546. 
547, 
548, 
549, 
550. 
551. 
552. 
553, 
554. 
555, 
556, 
557, 
558. 
559, 
560. 
561, 
562, 
563. 
564, 
565, 
566, 
567, 
568, 
569, 

2 
-. . 
\I (1. 

572, 
573, 
574, 
575. 
516, 
577, 
578. 
579, 
580, 
581, 
582, 
583, 
584, 
585. 
586, 
587, 

Note that the vcltage range of this signal can cause a phase 
shift of 180 degrees in timing while cnly 120 degrees is required 
for 100 percent range cf voltage contrcl, 

The ac power intc this regulator fox Lath the -3X and +BI comes 
fron the same phase of ac control valtage and its zero cross-over 
is the same far bath systems. The -61 supply is fed from a 
DELTA-DELTA transfcrmer uhile the +BI is fed from a DELTA-UYE 
transfcrmer; therefore, a different atsclute dc voltage is 
required out of the ccnparator to give, say 150 volts out of each 
bridge rectifier because of the 30 FBase shift af secondary ac 
voltage input. The range of control is sufficient for both of 
these Fauer snFElies even though the timing starts out with the 
same zero cross- aver far both Bits at Begian 8, 

A VJ?lI!P circuit pin 11 on the plug krings in another circuit 
that biases the outgut of the comparator ta ccmmon whenever the 
ac current input Peak, ac input current BBS, or DC voltage output 
exceeds scme preset limit. This is a fast Fratection circuit that 
stops the next SC3 pulse in case of a FraIlen, 

There is also an input into pin 5 of the ccmparator that comes 
from the phase-leek-looF system that biases off the comparator so 
that-it will start the SCB triggers at full off and cone up to a 
prper value slculy after a failure in the operation of the 
phase-lack-loup system. 

RAHP GEMEEA'ZOR Iigure 12 

The circuit elements IC-DU(pins 12, 13, E 14), XC-20(pins 8, 9, 
G13) and C2(2N3053) comprise a ramp generator carcuit, 

The outgut of the ramp is a negative going signal. The starting 
time of the raug is always the same time as ccntrolled by the 
gate into gin 12 cf IC-D4 fro IC-A5 in the Fhas_e lucked lopp 
system, 

This negative going ramp and the (-) negative valtage level out 
of the comparator IC-Dtl(Fins 5, 6, E 7) are ccmgared in the 
operational amplifier IC-D4[ pins 1, 2, & 3) to give a gate that 
starts the train cf six pulses to the main SCB'JL Note that this 
signal re-cccars cnce each cycle of the 60 Bertz, 
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1098. 
1899. 
1100. 
llOl* 
1102, 
li 
1104: 
1105. 
1106, 
1107. 
1108, 
1309. 
1710. 
1111, 
1112, 
1113. 
1114, 
1115. 
1116, 
1117, 
1118. 
3119. 
1120, 
1121. 
1122, 
1123, 
1124, 
1125, 
1126, 
1127. 
11;” - * 
11,/* 
1130, 
1131, 
1132, 
1133, 
1134, 
1135, 
1736. 
7 137. 
1.13 8, 
1139, 
1140. 
1141. 
7742- 

SD-207-110-03 

Grcund Panlt Detector Card 4The chassis at the bottom of each 
chopper rack also contains the Transductor monitoring card,) 

The ground fa 'It detector card yas 
'; 

designed to give an alarm 
and shut off he system whenever the current going out to a 
magnet is notIthe same as the current in the lead returning 
frcm a given lpagnet system. This measurement is via a 
torroidal transformer located in each ChaFFer rack, 

!Ihe intent ua8 that the supply and return lead to a given 
magnet string~uould pass through the torroid in such a 
direction that the electronic circuit ccnnected to a winding on 
the torroid uquld measure any differential current between 
these tuo main conductors, 

Unfortunatelpr this is a FUlSed systein and the high potential 
lead going tc~the magnet also drives the stray capacitance of 
the many magnets in series. This aeans that there are pulsed 
currents into these stray capacitances that do not return 
through the return lead from the rragnet. Consequently this 
ground detector may show a differential grcnnd current trip or 
alarm uhen t&are is really no prctlen. 

Solie time in the future ue vi.11 wcrk ever the circuit to make 
it not sensitive to these fast pulses, In the meantbe, we 
have huggered out this alarm by either reElacing the card vitfi 
a dumray card 'with the interlock julaFered or jnmEeri.ng the 
interlock on pn active card. The meter may read off scale if 
an active carp is in &lace, but this dces not hurt, 

The ground protection is still grcvided with a 100 ohm water 
cocled resist/cr in the positive SE1 that is connected to a 
meter relay. The full scale triF valve of this circuit is 
about 210 PlA- At 14-5 GeY this neter reads a.bout 180 PIA), 
Best of this current seems to be of an AC variety, Hhen tie 
by-pass this ground resistor with a large capacitor, the ground 
current meter1 reads only about 40 IA. The lead that does this 
by-passing is: a green lead coming out of th‘e bottom of the 
front door of the 8RI+ and connected to the external ground 
bus. This byesass capacitor vi11 slow the resganse time of the 
ground fault detecticn meter, but there will still be 
gratection Frovided, 
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7143, 
1344, 
1145, 
1146. 
1147, 
1 li 
11us: 
1150, 
1151. 
1152, 
1153, 
1154, 
1155. 
‘1156, 
1157. 
1158, 
1159, 
1160, 
1161, 
1162, 
1163, 
1164. 
1165, 
1166, 
1167. 
1168, 
1169, 
1170, 
1171, 
1172, 
7 l(- '. 
11’ a +r 
1175, 
1176, 
1177, 
1178, 
1178,@1 
1178.02 
1178-S 

- 1179. 
1180. 
1181, 
1182. 
1183, 
1184, 
1185, 
1186, 
1187, 
1188. 
1189, 
1190, 
1191, 
1192, 
1193. 
1194, 
1195, 

::i I: 
1198. 
1199, 

30-207-310-02 

Transductor EEB Sug~ly PCB Schematic 

TUG three-core transductors are mcunted in most of the chopper 
racks. One cf the transductors is called the mcnitor transductor; 
its outgut signal is routed through the CABAC, Scanner and Digital 
Voltmeter in rack 40 to the PEE ccmputer fcrr mcnitoring the current 
into each of the magnet systems. 

The other transductor is called the regulating transdnctor, The 
output of the regulating transductors are routed directly to cboppel 
contrcllers in Rack 08CM41, There the signal is compared with the 
reference voltage and the difference voltage is used by the 
regulatcr to set the guise width of the chopper to supply tbe 
correct average voltage to a magnet spstea, 

The transductor output signal is qrcunded at the Scanner for the 
monitor transductor and at the Chopper Controller regulator in the 
case of the regulating transductors, 

Tuo of the tranductor cores are used to develop the appropriate 
output coarrersion signal to give a dc voltage proportional to the dc 
current being measured, The third core is used to provide filterinl 
of the output signal and to couple in an apropriate ac signal to 
make the output signal clear of extraneous aotches or spikes. The 
output signal of a transductor is electrically isolated from the bu. 
carrying the ,high current, 

These transductors are provided uith scme auxilliary uindings used 
for calibrating the transductors against each other or to a 
standard. A special coax is connected sequentially f.rom Back 30 to 
sack 67 to interconnect the calibration ainding circuit, One aniper 
through this winding is equivalent to 500 ampere through the window 
of the 500 aslere transductor, 
Cine ampere in the calibration winding of the 1,500 ampere transdnct 
is equal to 1 ,500 ampere .through the nain one turn winding, 
Ihe calibraticn uinding circuit is 
brought to Back 08CH20 where it i, = available to be connected tc a 
special high stability power snp~ly for calibration purposes. The 
,Fouer 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 strap capacitance 
and cable capacitance will not cause voltage disturbances in the 
cutput signal. This isolation is Frowided with multi-pole switches 
on each of the of the the transductor cards. The sul'tches are damn 
for normal running, 

We have also found that the cable between the transductor chassis 
and the transductor head had to he made up us.ing shielded pairs for 
each of the separate traansductor windings. If these wires uere al 
under one single shield the capacitance between windings caused a 6 
hertz error signal to be introduced on the outgut signal. This 
error signal uas large enough to cause regulaticn problems vith 
systems having closed loop gains af more than oae at 60 IiZ%TZ, 
because it introduced 60 Hertz ripple in the saver supply output. 
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1200, 
1201, 
7202, 
1203, 
120&m 
12( 
1206: 
1207, 
1208. 
1209, 
1210, 
1211, 
1212. 
1213. 
1214, 
1215, 
1216. 
1217, 
1218, 
1219. 
1220, 
1221, 
1222,. 
1223, 
7224, 
1225. 
1226, 
1227, 
1228, 
1229, 
12’ l 

12><L 1 a 
1232. 
1233, 
1234, 
1235. 
1236, 
1237, 
1238. 
1239. 
1240. 
1241, 
1242. 
1243. 
1244, 
1245, 
1246, 
1247, 
1248, 
1249, 
1250, 
1251, 
1252, 
1253. 
1254, 
1255, 
12; , 
123,. 
1258. 
1259. 

A full discription as to how transductors uork is given in other 
docunentaticn, 

S-207-102-00 ’ 

Clock Elcdule 

Two clock mcdules are provided in the CAt!AC crates in Back C8CE41, 
One of these generates clock pulses at 360 Hertz, the other prcvide: 
a clock rate @f 2160 Hertz, Mote that both of these frequencies arc 
harmonics of the 60 Rertz power line and are therefore synchronized 
to the line, 

A secial head$r is provided on the card to allow the choice of which 
output signallis desired by changing the connections to several 
counters on t&e card, A phase lacked loop Provides the initial 28K 
hertz that is used into the coanters, 

'ihere is a little problem with the phase locked loop stability that 
sometimes can$es the output clock signal to oscillate about its 
synched signal, but overall it is satisfactory, 

Ihe svitch 52 cn the front panel is normaly in the line synch 
position fcr &roper cperation, 

The output pn&es an 53, J11, 55, E 56 cantains a master synch pulse 
and 12 output pulses, These are used in the crate controller to 
prcvide the a,ppropriate triggers fcr balancing the chopper triggers 
in time, and tc make for a more uniform loading on the output filte: 
of the Main BJ power supplies, 

SD-207-lOl-OC 

CRATE CCNT'tiCLLEil 

Zhe crate con/troller has tuo cards that plug into position 23 and 2 
of the crate,, 

The card in apdule 24 controls the relative phasing of the eaain 
triggers with; respect to the Baster trigger‘ and to each of the 8 
choppers in ai crate. A special interconnect header is on this card 
iI and 13 tha/t allows a choice as to how each chopper is contrclled 
relative to each other. Pins 1 ta 12 cn 82 and V3 are the 12 
triggers avaiJa.ble; the time separation between possible pulses is 
one twelfth oif the clock period. Pins 13 to 16 on ~2 are the 
trigger driveis for Bodules l/2, 3/4, 5/6, 7/8, Pins 13 to 16 an V3 
are the triggier drives for Modules 9110, 11/72, 13114, and 15116, 

3he header ccnnections are set up to balance the AC transient 
loading on the filter capacitors of the main Bf power supplies. Th 
headers are also set up so that each of the pair of double choppers 
receives its ,Fulse from the sane phase. If this is not done, the 
double choppers will not functicn properly, 

Xt is therefqre vital that these Pulse headers stay with a 
particular cqate, Me have modified the Crate Ccatrollers so that i 
is easy to leave the headers in the appropriate Crates, 

SAVED AS iiiYL~RA,CA3,CAHl .ON EDIT51 NUV 24, 1980 
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1260, 
126 1, 
1262, 
1263, 
1264, 
li 
1266: 
1267, 
1269, 
1269, 
1270. 
T’271, 
1272, 
1273. 
1274, 
1275. 
1276, 
1277; 
1278, 
1279,. 
1280, 
1281, 
1282, 
1283, 
1284, 
1285, 
1286, 
1.287 w 
1288. 
1239, 
12’ -. 
l2+ 4* 
1292, 
1293. 
1294, 
1295, 
1296, 
1297, 
1298, 
1299, 
1300, 
1301, 
1302, 
1303. 
1304. 
1305, 
1306. 
1307, 
1308. 
1309, 
137 0, 
1311, 
1372, 
1313, 
1314, 
1315, 
13’-. 
1 A . . 
7318, 
1319, 

CHCPPEE OPERATICki 

It is appropriate to discuss the main features of a chopper [Pulse 
iiidth tiodulatrd) type of power sng&lp and ahy it is.used as a scurc~ 
of dc pouer to the main magnets in the PEE Eing, 

The magnetic field, stability and reproducibility, in many of the 
magnets for the PEP Ring requires that the current regulation syste! 
be good to about O-01%, The current must be adjusted over wide 
ranges,. Some of the seriesed systems, there are 21 in all, were 
expected to have fairly short time constants (L / fo, 

It was thought that a six pulse bridge rectifier with a basic oatpnl 
frequency of 360 Hertz uould not have a high enough frequency, 
response tc held the magnet current within spcifications during a 
typical type of expected line voltage transient, 

A short deviation of the magnet current outside of the prescribed 
tolerances (even for a short time) nay cause a loss of ..l&e &earn tha- 
could take a long time to recover fros; therefore, it is important 
that the regulator be able to regulate against most line voltage 
disturbances, 

A typical current regulation systen using an SCR controlled three 
pulse bridge rectifier might have a closed loop gain of one at only 
20-30 Hertz, 

one would hav,e twc main choices tc get a higher frequency respcnse, 

+*1, Use a linear series regulator such as a transistor bank, or 

** 2. .go to a higher frequency, 

!Lhe first is very costly and power vasteful, 

In the secand, it uould be difficult to raise the frequency into a 
standard bridge rectifier, but it is easy to use a standard pouer 
supply to sugp1.y a regulated DC vcltage and a high frequency (2K 
hertz) chopper type (Pulse 5fidtb Bodulator) type controller to 
SI.I~F~Y Eulsfd dc power to a magnet. Just a% in our standard SCR 
bridge rectifier po'wer supplies ue use a freewheeling diode to _~ 
maintain current in the load during tbose tines that the power 
SUFF~Y or Chopper is not supplying pulsed voltage to the magnet, 

The DC peer supply must have a large capacitor filter on the output 
so tha,t the output voltage is not significantly changed during a 
pulse or it rsould interfer with other Choppers connected to the sam 
terminals but delivering current tc a different magnet string at a 
different but overlapping time. 

**Figure I shows a typical sCB bridge rectifier and the wave shape 
of the voltage to the magnet when delivering about 2.SX of maximum 
voltage. 

**Figure 2 shous a typical chopper (Pulse Width modulator) type 
paver supply and the wave shape of the voltage to a connected magne 
load. iiith circuit of Figure 2, CDE is not tied to the 60 hertz 
line fxeqnency, but can use a chopper frequency as high as practica 
considering the turn on an.d turn off times cf the large SCR*s, Thi 

- 20 - 



is about 15,000 Hertz for the SCFiVs that we are us.ing; that is tbe 
ap,proximate basic frequency of the commutation pulse used to turn 
the aain power SCB off. 

?he choppers /(or Pulse Bidth flodulators) for the PEP Ring nust have 
a maxinun pulge width rsuch greater than the commutation Pulse; 
therefore a pulse repetition frequency of 2,160 Ber-tz is used for 
the critical circuits, 360 Hertz is used on sextapole circuits were 
a greater range of control is required. The sextapole circuits are 
also less critical in stability than the Bend magnets or QD and QF 
circuits. These two frequencies nexe chosen as harlnonics of the 60 
Hertz line f XegUeIICy so that they could be synchronized with the 
line frequency. 

1320, 
1321, 
1322, 
1323, 
1324, 
73! 
1326: 
1327, 
1328, 
1329. 
1330. 
7331, 
1332, 
1333, 
7334, 
1335, 
1336, 
1337, 
1338, 
1339, 
.1340, 
1341. 
1342, 
1343, 
1344, 
1345, 
1346, 
1347, 
1348, 
1349. 
13“. 
13;,, 
1352, 
1353, 
1354, 
1355. 
1356, 
1357, 
7358. 
1359. 
1360. 
1361. 
1362, 
1363, 
1364, 
1365, 
7366.. 
1367, 
1368. 
1369, 
1370, 
1371, 
1372, 
1373. 
1374. 
7375, 
13l“ I 
13ir I. 
1378, 
1379. 

Keep in mind 1 hat 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 bridge rectifiers, ve usually ns.e a 
choke and fil er capacitance (see Figure 

i 
1) with the free-wheeling 

diode to supp y a ripple free Voltage to the magnet. The filter is 
used so that the closed loop regulation system is less sensitive to 
the frequency response of a given magnet (we may use one ty,pe of 
regulator to energize many different aagnet systems), In the case c. 
PEP, an atteisit was made to use cnly the free-uheeling diode to 
maintain constant current in the nagnet, and save the cost of the 
filters. This has ErOVed 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 'aeount of stray capacitance of the magnets and catles 
to ground there is a considerable amount of transient ac pulse 
currents in the grounding network .bctueen the IR-8 Support Building 
and the Bing, 

These transie'ts 
E 

set up antennas that radiated.into the experiaenta. 
equipment at ELCO (Region 8), Re have added chokes in series nith 
each dc lead leaving the choppers in the support building of 13-8 
(See Figure 3-A)- These chokes slan doun the steep voltage rise 
times tG the magnets, These chokes ~E&&&G&&&E4&) have lowered the 
frequency of the ringing and have eliainated the pick up probleo.at 
DELCC, but as a consequence one will see considerable ringing of th 
voltage sqaarb uaves to the magnets, Sometime in the future, we ma 
add B-C filters tc ground to darsg this ringing, Dut for now be auar 
that the ring$ng is present. The Vcltage Cave forms in Figure 33 i 
an idealized Nave without the ringing. 

At Region f t e air core chokes mese not enough so Ye added an 6-C 
circuit (20 c % as and 0.1 MPD in series) from l.ine to line and tc 
ground to shitft the frequency and damp out the ringing. 

iJe have also had a transient noise prchlem intc the experimental 
equipment at Region 4, This was isolated as taming from the HI 
Booster supplies for the Main Ring Eend magnet system at this r 
Begion, To rkduce this noise ue installed some cores around all 
four DC leadsileaving the top of the supply and connected 1-O RFD 
capacitors frcm each of the DC leads, en the .load side, to graund. 
This has reduked the noise pick up to tolerable levels, 

UNDEBSTANDING~ THE CCRflUTATION CIECUIT 
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1380, 
7381 m 
1382, 
1383. 
1384, 
13j 
1.38 4: 
7387, 
1388, 
1389, 
1390, 
i391. 
1392, 
1393. 
1394. 
1395. 
7396, 
1397, 
139 8, 
1399, 
1400, 
1401, 
1402. 
1403, 
1404, 
1405, 
1406, 
1407, 
1408e 
1409. 
14’ -. 
74.4. 
1412, 
1413, 
1414, 
1415, 
1416, 
1417, 
1418, 
1419, 
1420. 
1421. 
1422. 
1423, 
1424, 
1425, 
1426, 
1427, 
1428. 
1429, 
1430. 
143 1. 
1432, 
1433, 
1434. 
1435. 
1 

f 
_ - 

14, .: 
1438, 
1439. 

Refer to Pignre 4 through 10: Note that under Eigare 4B is a heavy 
line that indicates the time interval invclved, and a heavy line in 
4-A shous the path of tbe current during this interval, 

A discussion follows for each of the defined intervals of time. 

**Figure 4 

The magnet current is flouin'g in the Eagnet and free wheeling diode 
only at tbis time just before a Rain trigger pulse- 

The transductor and a metering shunt axe connected on the load side 
of the Free-wheeling diode of the ChoEzer so that they monitor the 
current in the magnet at all times, and are therefore not pW4Ised 
currents, 

!ihe voltage on the Commutation Capacitor has been recharged to a. 
Voltage higher than the supplied CC Vcltage from the RX power 
suFFly; therefore, the resistor S(c) act s as a bleeder to reduce tht 
capacitor vcltage, It has been shown that this resistor connected 
frcm the CCdMCN to the junction of the commutation capacitor and 
inductance is not required for circuit operatica, The voltage on 
the capacitor mill be higher if ane disconnects this loading 
resistor, . 

The capactor can .be charged equally uell thrangh the Diode-2 and tht 
Plagnet. The resistor tends to held dcvn the over charging of the 
CaFacitor by ,blceding some of the energy out of the C betveen 
Commutation Eulses, 

*+Pigure 5 

The main Fulse trigger has turned on SCE-1 transfering the current 
out of the Free-Vheeling Diode. 'fhe magnet current is now being 
sugElied from the large capacitor tank that is connected to the 
output of the 81 DC Iover supply. 

A transient Vcltage has occurred across tbe Tree @heeling Diode 
because when the SCB-1 is closed, the voltage from A-B is only the 
diode drop and there is a high current SuFp'lied in the reverse 
direction through the 4UD to buck out the magnet current that was 
flowing just hefore the main pulse trigger, 8hen the current 
through the ERC is buck down to zero there is then a small amount o 
reverse current to clear the carriers, then the diode goes to a 
blcckiog vcltage Folarity and the current from the power supply goe 
only to the Load, Note that the Commutation circuit is not 
functioning a: yet. 

**figure 0 

AT about 77 ricro-set before it is desired to 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 SCB-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 1 5,53K Hertz for the 700 amF choppers, At the end of 
the first half cycle of resonance, the current reverses and SC&-2 
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can no longer carry current and it goes open, The volttage on the 
Comautation Capacitor is nou of a reversed polarity, 

**Figure 7 

The commutation current now passEs through DIODE-2 and in opposition 
to the current in SCB-1, This current builds uy: to a value equal tc 
the magnet cutrent that uas passing through SC&l and SCB-1 beccmes 
back hiased, ind it goes out, Note that the peak current available 
from the coaaatation must be greater than the magnet current flowin! 
at that time or the SCB-I cannot be turned off, The peak 
commutation cprrent, uith 700 Volts cn the capacitor is about 2,859 
Amos for the 1,400 amp choppers and 1,027 amps for the 700 aap 
choppers, 

Lover BI vcltgges will give a proportionately less coinmutation 
current for the same magnet current. The peak commutation current 
must always be at least 40X above the running current to give a 
safety operatiing margin, 

**.Pignre 8 ~ 

@hen the mainSC3 goes out, the ccmautation current changes over to 
DIODE-~, and khe magnet curren-t ~1~s the conmutation current passes 
through the cpmmutation capacitor and into the magnet load, At som. 
Farticular time the voltage at the magnet terminals is caused to be 
driven to zero, Note that the commutation capacitor is now being 
charged with ia voltage of the same Eolarity as the main pouer 
SUEFly Ycltag,e. At that time the Pree-#heeling diode starts tc 
conduct current, 

**Figure 9 

There is still1 current flowing frca the DC Eower supply through the 
Commutation CjaFacitor, Inductance, Cicde-2 and through the PZ~D back 
to the commoq of the Fouer supply. This current continues to flou 
recharging thle commutation capacitor to a higher voltage until this 
current decre'ases to zero and the Diode-2 becomes back biased, 
There is ncv ia short period of time when the load current is passin 
only through the Eree-Pheeling diode and the cycle repeats itself- 

Go kack to Pilgure 4. The cycle repeats itself. 

EULSE TBIGGEEi IIHITATIOW 

Pirst note that fram the time of the Ccmmutatica trigger to the tim 
uhen the cap citor is fully recharge is about 90 micro-set, 

1 
id4 see 

then that (f r maximum pulse width) the the commutation pulse 
trigger must never be later than about 90 micro-set before the main 
Fulse trigger, This uill leave about 20 micro-seconds as the 
smallest allowable off time betueen pulses at 2,160 Hertz pulse 
rate; the ndxt pulse may occur while the capacitor is being 
recharged, see Figure 9, The maxianm Fulse width is then 95,7X of 
the full Fulse uidth for 2,160 liertz cr 99-3X for 360 Hertz pulse 
rate. 

The minimum qcltage setting of a chapger is (100/462) * 100 = 21.6 
for 2,160 HeZtz and (100/2777) * 100 = 3.6% for the 360 Hertz rate. 
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lfhe range of ccntrclled output wcltage is then 21-6 X to 95.7 I of 
the base paver supply voltage for 2,160 Eertz and 3.6 X to 99.3 X 
for the 360 Hertz rate, Hagnet system systems that require O-01 X 
regulaticn are pulsed at the 2,160 rate, The systems, such as 
sextapoles< that need only 0.1% regulation but need a wide range of 
contrcf are xnlsed at a rate of 360 Bertz, 

.If the commutation pulse occurs ahead of the main pulse the vcltage 
vi.11 be aF&lied to the magnet, 1x1 actual set up and adjustment of 
the contrcller -the minimum time of the ccamatatian pulse is set at 
30 micro-seconds after the main Eulse; this meaas that tbe mininum 
pulse length cculd be as short as 700 micro-seconds for lou magnet 
currents. At bigh magnet currents the minimum pulse length will be 
longer. 

'i-he set up for the chopper contrcller card contains circuit 
adjustments that prevents the commutation pulse .from coming earlier 
than about 30 micro-seconds after the main pulse and no later than 
about 90 micrc-seconds before the next main pulse, 

II-he cho,pper control regulator ccmzares a reference voltage vth the 
magnet current transductor output, This difference signal is then 
compared uith a ramp generated in the chopper controller (See Eigur 
11). B trigger is generated vhen the absolute voltage of the ramp 
Voltage exceeds the ahsolute voltage cut o,f the ccaparitor B27. 

Rote that if th@-"TeTerence Voltage is raised to call for more 
current, that the cross over on the ramp Yoltagr .is later in tine 
making the Fu,lse to the magnet fcnger. 

Two factors are combined to give a Earticular average voltage ta th 
magnet. 

Hhen the i4ain SCE is turned on, the full Eower snpply Voltage is 
apElied to the Hagnet, The voltage to the magnet is removed abcut 
50 micra-seconds after the commutation trigger is sent to the 
Commataticn SC& 

The average Ycltage to the magnet is the Pouer Supply Voltage times 
the Duty fat-tor for the timing of the applied Valtage, 

See Figure 12A and 12B, Note that the sane average Voltage is 
delivered ta a Load for an RI pouer supply Voltage of 600V with a 
Duty factor of l/3 and that of an 61 Ycltage of 3OOV and a Duty 
factor of 2/3, 

Conversely one should note that'vhen the regulator is regulating to 
same constantcurrent and something causes the RI Voltage to gc up, 
then the pulse length will automatically be made shorter to naintai 
the current constant, 

So if one notices, on an Cscillcscope, that the FUfSe length is 
varying, it can be either a problem in the ChOJZFez controller 
regulator or it is a consequence of a change in RI pouer supply 
Voltage- 

Figures 13A and 13E shous the relative time of the main and 
commutation pulses for the maximum and minimum Eulse lengths. 

DUAL CHCPPEB SYSTEIS 
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The chopper system so far discussed is configared for a chopper 
connected to a Eositive voltage dower supply, and gives positive 
voltage pulses to a magnet system. Re also use chopper systems tha 
have all of the SCB's and diodes reversed from those shoun in Rig. 
3-A. These choppers are connected to a negative voltage pouer 
SU@Y and give out negative voltage Eulses into a load, 

One negative bnd one Eositive chopper, connected to their resRectiv1 
negative and 

f 
ositive power supFlieS, is used for higher resistance 

magnet syster 
(See Fig, 14)' 

uhere the voltage is ex&ected to be above 500 volts, 

‘Ihere are sevbn of these dual choFFer systems. The bends and the.44. 
circuits needi more voltage than can be supplied by two chopper 
systems; in these two cases there are additional SC3 voltage 
regulated Roukr suEplies located in the supFort buildings of IR-4 
and Ii+12 that are connected in series with each of these systrns, 
The outpt vc/ltage of these SCR con,trolled booster power supplies i. 
controlled thkough the computer. 

Figure 15 shc;ws the various typical systea connections of the 
ChGEFerS, 

A. Single ,positive chopper and a series of magnets around 
the ring; there are 6 systems: 

Q3, ;lQF, 8QD, ISD, SSD, 7SC 

8, Single neg!ative chopper and a series of magnets around 
the ring; ithere are 6 systems: 

2QF; 3QF, 9CF, lSF, 6SP, OSD 

C, Tuo cho&pers (one negative, cne Fositive) energizing the 
magnets arcnnd the ring; there are 5 systems: 

'IQD, 4QD, 33, 2SD, RIGGlE8 

D, Two chopp rs (one negative, one Eositive) uith tuo 
bocster S :: EFlies energizing magnets araand the ring; there 
are E systems: 

EENJjS, 4QF 

'ihe 480 volts to supply power for the 4QF boost circuit is 
derived fxcm the 480 volt 3 phase kuses in the RI power 
supply that suEFlies the boost sup&lies for the Bend 
Clagnets, 

IL One other system of twelve nagnets, 9SF, was installed and 
connected uith water cooled cables the same as the rest of 
the magnets, it x-as originally planned to energize this 
systea uith a ChOFpr, but this was not feasible because cf 
the IOU vcltage required, The 9S.F system of magnets is now 
energized from a Ii-P, supply located in rack 08CM22, 

PBECAOTIQNS ClTH DUAL CHCPPEHS 

The ChcFpers, in the dual node must both be enabled at the same time 
!Ihe enahling,for the dual chopper, = nust only be done when the RI 
voltages at Region 8 are at least 100 volts dc, and any boost 
sugglies at 3egions 4 and 12 must ke off. The Fenalty for violatin 
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these rules is that one of the chcEFers may turn on, but not have 
enough stored energy in the commutation capacitor to be sure that 
the next ccmautation pulse can turn the main SCB off. 

Note that when the commutation Fnlse is present on SCB-2 (Pigure 3A) 
that there is a path to the load through DIODE-2; this applies a 
t~inimum pulse length vo.ltage to the magnet system and there wi31 be 
some magnet current ewen if no main pulse is given to SCR-2, 

If one chopper of a seriesed pair has commutation pulses and the 
ether one does not there willbe aagnet current flowing through the 
free wheeling diode of the chopper not receiving pulses. This 
current decreases the possibility for that Chopper being able ta 
conmutate of the current when first pulsed with a main trigger. 

The chopper controller cards apElies both the ccnnutation~pulses ant 
the main pulses uhen the controller is enabled. The computer 
program goes through the following steps in the order given to be 
sure that the cho&pers u.i.11 functicn properly. 

1, 

2. 

All RI's, Regions 4, 8, E 12 are turned off, 

A11 chapeer ccntrollers are given appropriate signals 
to: 

a) Turn off the ENABLE 
b) Set DAC*s to zero, 
cl Set read out from the ChOpFer controller to 

transductar (not reference voltage). 

3. All single choppers are enabled; this gives a prelcad on 
the BI*s at Region 8 when they are turned on. 

4, 

5, 

6. 

The 31ws at Region 8 are turned on, 

The 31's at Region 8 are ramped up to 100 volts. 

The enables far the double chcFFers are turned on when, and 
only when, the vcltage signal fram the (-) and (+) RI's at 
Begion 8 indicated that they a.re set tam at least 100 volts. 
The main bend magnets are anablEd first then the rest of the 
double choppers are enabled after a S second delay. 

7, The remote boost Fouer supplies at Begicns 4 and 12 are 
turned an. The boost voltage cut of the RI's at Regions 
4 ad 12 depends aFan the currEnt in the main bend magnets 
and is ccntrolled by the computer, 

a. llhe baost voltage for the Eends is a linear function of the 
Eend 

I-l;es, and it is set to go tc 600 vclts at 18 Gel!. It is 
zera vclts at about 4-5 Ge9. 

b* Each boost voltage for the 4CF circuit (one at Region 4, and 
cne 

at .Region 12) is controlled with a rams vcltage from the 
CAlAC in those regions, but the output voltage of each 4CP 
boast Fcuer supply is restricted to cne of three valves 
0.0. 1001 or 2OOV, 
The raaF input is set by the ccmputer sa that the boost 
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voltages come on at the appropriate times as a function of 
the Bend J-Des, 

a. At this pcl'nt the computer uil.1 adjust the CAC voltages 
i' into the c,hopper controller to set tbe individual magnet 

currents ass desired, 

One should ncte that under "hand-ccntrclled" testing of the magnet 
chopper system it would be possible t.hat the above order might be 
viclated. If jone, for instance, turned on the remote Booster. 
suEplies first, there would be current flowing in the given magnet 
circuits, Unqer these conditions cne could not then turn on the 
81:'s at 8 and !enabIe the choppers, kecause they may not commutate 
cff, 

If for some rqason, one of the dual chopper systems bangs up (does 
not caPanutate Ioff) the regulator will see this as an increase in 
system valtag$ and automatically shorten the output pulse QD the 
renaining chcpper, If the pulse can net be shortened enongh tc keel 
the magnet cuzfrent within tolerance cf the chopper, you will find 
that the systen will sit there as though there was no trouble, 
except that the display in the EEE ccntrcl roam would indicate that 
the current *as out of tolerance. If the operator indicates to the 
ESGG technician that the I-IION is greater than the I-DES then the 
technician should suspect a %ung up" chopper if a dual chopper 
system is involved, 

If on the ctb$r hand the regulator could shorten the pulse width 
enough on the remaining chopper tc JreeF the+aagnet current within 
tolerance, the PEP operators uould not recognize a problem, In thiz 
case, the cnfJ uay the trouble wculd be nated is for the PSOG 
technician tc note that the output voltage of the seriesed voltage 
chcppers were not equal, This must be something the technician 
should be aware of, and inspect fcr; the outgut voltages of each of 
a pair of dua;2 choppers should be equal. Some day we may get arounc 
to installingian alarm for t&is type of malfunction, 

It would alsc'be possible to build an electronic sensor that would 
detect the prbsence of an actual voltage turn off of the choppers a 
few micra-seconds after the commutaticn puise is given to a chopper. 
This system fould be function on alf choppers as a signal of 
Ealfunction, 

Scme day Fe may install such an alara. 

The regulaticn loop operation to the dual choppers depends upon eat! 
chapper contrbller (aaster and Slave) to generate its own main ad 
coz8mutation pblses, The slave ccntraller input is an analog dc 
voltage that 5s a function of the difference vcltage betueen the 
reference vcltage and transductor current feedhack signal in the 
master cantrcJler- 

Since the ccnrmutatian pulses and aain pulses are generated within 
each cantrcll/er aad are a function cf various adjustments (ramp 
voltages and timing) in the contrcller you will find that the nain 
pulse and ccwutation pulses of a pair of seriesed choppers may not 
be exactly at the same time. 

Fie are considering a change in the method of deriving the pulses fo: 
the slave chopper, This uould be by taking the pnlses from the 
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master contrcller dna triggering the ICR*s in the slave chopper 
directly instead of going through the slave normal controller, Thiz 
would force the triggers to be at tbe same time and might eliminate 
nuch of the electronics in a "Slave" ccntrcller. 

GEIEBAL CCflBEbilS 

There are tires when the operator+ vant to be sure that there is no 
magnet curre+it in scme of the systems; this is quite often done on 
the niggler circuit at high energies, 

The software Frogram does not allcv the operator to a&-able one of 
the chopper ccdtrcllers from the ccntrol room. Be have on occasion: 
disabled the chopper controller by hand after the system &as been 
adjusted to the desired levels, Lot this is not too satisfactuq 
because it would have to be done every time the power supplies are 
off and turned back on or standardized, A better method has been tr 
~~11 the ccmnutation and main pulse trigger cables on the rear of 
the crate for that particular ChCgFer circuit, 

One must keeF in mind though that, if the chopper is in operation 
and one ~~11s the commutation trigger first that the main pulse wil. 
turn on the main SCB, but there vi11 be no commutation pulse tc turl 
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 the corautation pulse. 

Turning On: 

First Elug in the commutation pulse then the main pulse, 

Remember that an the Hain Bead ccntrcllers, there are two main Buls 
triggers l,tuc SCB's are gated alternately to be able to handle 1,40 
am1.s to the load). 

l'he peak current in the commutaticn circuif must exceed the magnet 
current, for a given steady state operation, with some safety nargi 
or t.he ChGFEer may not conmutate off, 

The current cn the commutation circuit is a direct function of the 
voltage on the capacitor of the ccamutation circuit. The capacitor 
voltage is higher than the RI voltage and is a function of the 
magnet current flcwing, It, therefore, requires some previous 
Fulses in the circuit at lower cnrrents to be sure that the 
capacitcr vcltage is higher enough to commutate off a higher magnet 
current. 

The commutation capacitor voltages may be 200 vclts or more above 
the RI volta<;e feeding the chop&ers at Begicn 8, In the case of th 
lou vcltage choppers in Eegion 2 that feed the SQ rotated quads of 
the 2-Gamma experiment you will find ahout 300 volts on the 
commutation capacitors for only .35 volts into the choppers from the 
kasic pouer SUEFly- 

HAGBET ACCIDEB:TAL GBCIUEDS 08 SHCBIS 
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A system of 1 
% 

uer supglies and magnets such as for the PEP magnets 
(there are 65 magnets) presents scme prcblems when tryring to find 

one magnet shorted to ground or if an interaittant coil to co-i1 
short exists dn one aagnet, We have had many shorts of both types, 

The hoses use 
P 

to carry the Lou Conductivity Oater ILCB) to the 
various eagne s is of a very high resistance SPNFLEX hose so that 
its resistant 

ti 
can be neglected, The LCR is very high resistance 

(about 10 Heg .hms across a faces of a 1CEI cube) and can usually be 
ignored- A t 
about 700 8 

pica1 l/4 inch hose three feet long uould measure 
Heg hms. There are about 3,000 such hoses, So for, very 

rough numbers, the resistance tc ground is to be expected to be In 
fact ue measuie about 27,000 ohms to ground for the entire circuit, 
uhich is rea&nable, 

The carnIle te agnet spstem is kept isclated frca ground except at 
cne point G ee Pigs, 14 & 15) 

At that point) tie connect a 100 ohm rer&Mor to ground through a 
knife suitch,, 
resistor may 
system resist ii 

A knife switch is used so that this grounding 
e easily disconnected to enable a measurement of the 
nce to ground to be made. A bridge rectifier and a 

meter relay is connected across t&is resister so that either 
polarity of vcltage across the grcund resistor El [FIGUBE 14) will 
indicate on t e meter fll, P 
The pulsed chbppers and the ac vcltage of the RI pover,supplies 
working again 
introduce con iderable ac voltage across the ground resistor. An 

Ii 

t the stray capacitnacet of the system to ground 

cil-paper cap citor Cl is connected across El to bypass this noise 
signal. The /ateter across the ground resistor is calibrated to abou 
300 MilliaaFs full scale, At pre+ent the ground meter reads about 
20 Milliamps for 14-S GeY magnet current settings, 

Ihe wire that1 connects Cl to ground is a green vire coming out of 
the bottam unlder the door of the (+) KI. This allow one to 
temporarily d!isconnect the capacitor for special tests, Sometimes 
though, this vire is not out and available, 

ail is set to trip at about 300 Eiliamps if -this occurs, then the 
complete eagniet pouer supply system is turned off and a ground faul 
indication is! locked out on the alarms. 

of a grcund durrent trip is noted, then the first step one should 
take is to op/en up the I+) RI paver supply, open the Grounding Knif 
switch, and measure the resistance of the system to ground on the 
common. It will be necessary to rake up the key system uith a door 
left open so #that the grounding mechanism is open, 

Cne should u& an analog type ohmmeter for this measurement (not 
the PLUBES) so that enough voltage is available from the ohm-meter 
to go through the free Vheeling diodes of the dual chopper systems, 
and rencte bocst Power supplies. If no trouble is found then cne 
vi11 have to set up for operation and go to "Energized Ground 
Checkingi* grwedares, otherwise proceed to "Non-Energized Ground 
CheckingN, 

NCN-ENEKGIZEI! GROUND CEECKXBG 
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1860, 
1861, 
1862, 
7863, 
18 4, 

8p 1 
laii6: 
7867, 
1868, 
1869. 
1870. 
183 7. 
1872, 
1873, 
1874, 
1875. 
1876, 
7873, 
1878, 
1879. 
1880. 
1881, 
7882, 
1883, 
1884, 
1885, 
1886, 
1887, 
ma. 
1889. 
lay -. 
185 ,. 
1892, 
1893, 
1894, 
1895, 
1896. 
1897, 
1898, 
1899, 
1900. 
1901. 
1902. 
7903. 
1904, 
1905. 
1906. 
1907, 
1908. 
1909, 
1910. 
1911, 
1912. 
1913, 
1914, 
1915, 
19; P 
19;. . 
1918, 
1919, 

Cpen one of the doors of each of the dual ch0p~e.r 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 hccks are off for the measurement, If one of the magnet 
systems for the dual choppers does not shorn a lower resistance to 
grcund the prcblem may he: system then the trouble may be: 

1. One or more of the single chcpger circuits, 

2. One of the secondaries of the main RI transformers, 

Note that these traasfornexs are disconnected from the 
rest cf the Eouer supply systelm, 

If one of the systems shows a lover resistance to ground than the 
others, the dc cables to the magnets of that system in the 
appropriate chopper racks should he disconnected and the systems be 
rechecked. It has usually been easy to isolate the faulty system b] 
the above Frccedures, The next step is to find the the particular 
I;roblea in a given circuit, Several different procedures have been 
used mith varying amounts of success to find a specific grounded 
magnet. 

1. Use a tenswary 24 volt suppply and connect its output to the 
magnet circuit leads as shovn io Xignre 16. Note that the magnet 
leads have been lifted from the ChOFpeJL, and that the power su~gly 
and magnet ncx nfloatnl* on the unknown resistance to ground of -the 
defective sys,tema, The current rating of the temporary pouer supply 
must be at least 35 amps since tte lowest resistance magnet circuit 
is O-75 ohms for the 6SF and 1SE circuit. The highest-resistance 
circuit is 4 ohms for the 4QP system where cnly 6 amps will flcv fol 
an applied 24 volts, SEE Table ?? for the resistances of the ether 
circuits, A resistance El may be added to liait the current flovinl 
in a circuit to match a lover rated gcwer sn~ply, Any added 
temporary Fewer SUFF~Y for testing must be applied in the same 
polarity as the normal chopper vcltages to keeF magnet residual 
fields unchanged, 

One then measures the voltage to ground at Eoints A and B and 
calculates the approximate positicn of the short to ground. Under 
ideal conditions, if there uere no, other stra3 voltages to ground 
one uould be able to go to that calculated Fosition and (Keep in 
kind that there is additional voltage in the circuits of -the Eends 
and 4QP becanse of the free wheeling diodes for the bousters) use a 
sensitive multi-voltmeter to find the exact spot of a single point 
'ground. The &clarity of the measured voltage to ground will change 
as you Fass the grounded point. 

One must be very careful vhen using a terFcrary power supply tc 
energize one cf the magnet strings. large voltages can be 
generated, because of the inductance in the system of magnets, if 
one tries to oFen a magnet lead cnce the Fouer supply is turned cn, 
Be sure the temporary supply is turned off before connecting ax 
disconnecting any leads. 

During this measurement of small vcltages, cne should use a 
voltmeter uhcse internal impedance is high relative to the measured 
resistance tc ground. The original resistance to ground should be 
measured w.ith an analog meter that Flaces a feu volts on the 
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1920, 
1921, 
1922. 
1923, 
192’1. 
l9! 
19261 
1927, 
1928, 
1929. 
1930, 
193 1, 
1932. 
1933, 
1934, 
1935, 
1936. 
1937, 
1938, 
1939. 
1940, 
1941, 
1942. 
1943, 
1944. 
194s. 
1946, 
1947, 
1948, 
1949. 
19' 
1953 1: 
1952. 
1953. 
1954. 
1955. 
1956. 
1957, 
1958. 
1959. 
1960. 
1961, 
1962. 
7963. 
1964. 
1965. 
1966. 
1967. 
1968, 
1969, 
1970. 
7971, 
1972. 
1973, 
1974. 
1975. 
19i' . 
79'r d. 
1978, 
1979. 

systems; the resistance measurement should be made vith both 
Eolarities of the chm-meter and the average taken between the 
readings, If a difference in resistance to ground of the systea is 
noted, it implies that there is some stray dc vcltage biasing the 
system above gnoand potential. This voltage may be measured uith a 
high impedance) meter, say a FLUKE, Any voltages that can be 
measured frcm 'the system to ground, when all other bnomn voltages 
such as the telmporary 24 volt supply, are turned off, vilf cause tht 
position of the calculated short to ground to be in error. Many 
times these stray voltages, caused ky dissimilar metals and uet 
surfaces may create such large errors in trying to calculate the 
exact positicn of the short, by the ratio cf vcltages, that this 
method uill nc!t work effectively. 

In this case, lane makes a general guess as to where the short xay bc 
and goes into Ithe ring and disconnect magnet cables in come logical 
crder to secticnlize the areas to be checked, 

There are splice paints on the uater-cooled cables outside the ring, 
such as south lof the support building Begion 2, north of the access 
road gegion 0; and near the transformer pad east of the Snpport 
building at Region 12, where one can gain access to the rater-coolei 
ca.kles, but it is a let easier to go to the magnets in the ring to 
isclafe the circuits. 

Gne must keel 'in mind that the problem could also be in the Pocster 
fouer supFlieS at Begions 4 or 12 if the circnits for the Bend or 
4QE are in tryuble, 

'Ihe prints in'!the series BD-207-CC+001 through 1D-207-009-11 will 
be helpful tc locate a given magnet that is connected to a given 
system in the,ri.ng. Each of the nagnet circuits have identifying 
numbers that are noted on each magnet in the ring to aid in 
checking, 

cne must be v ry careful in checking out the systems used for the 
!lIIII-PEIA bet use i of the reversing switches and Ey-pass regulators 
that are part,of these systems, 9he systems involved mith I!ini- 
Eeta are: Bends (Cl, C21, 43, l(;F, ZGF, IQD, 3W- 

ENBRGIZED CHEiRING PO3 INTE3HITTANT GE!aUBDS- 

tiany times there vi11 be a ground fault indication only when one 
tries to go a$ove same value of current, These are the more 
difficult type of grounds to locate, first of all, a very thorough 
understanding of how the system is connected and hou it uorks aust 
be had; otheqise, you may easily get off en the wrong track in 
locking for a:problem, 

TUG major types of proble&s may exists: 

I, voltage re ated breakdowns; uate.r leakage on insulators, clcse 
clearances, 

2, Current or magnetic f.ield related breakdowns uere a magnetic 
piece of metar moves to h.it a conductor or a magnet coil or lead 
moves in the Qagnet, 

Pirst: Bemeabsr tbat this is a pulsed system; therefore, the vcftag, 
to a magnet string is a series of square wave blocks of voltage. 
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1980, 
1981, 
1982, 
1983. 
198U. 
19( 
1986: 
1987, 

,1988, 
1989, 
1990, 
1991* 
199 2, 
1993. 
199 4, 
1995, 
1996, 
1997. 
1998, 
1999, 
2000, 
2001, 
2002. 
2003. 
2004. 
2005. 
2006, 
2007, 
2008, 
2009. 
2Q' . 
20.1 dm 
2012, 
2013, 
2014, 
2015. 
2016. 
2017, 
2018, 
2019, 
2020, 
2021. 
2022.. 
2023, 
2024, 
2025, 
2026, 
2027, 
2028, 
2029, 
2030, 
2031, 
2032, 
2033. 
2034, 
2035m 
2q' -. 
20"s Ir 
2038, 
2039, 

Second: See Eigure 15, note that there are both positive and 
negative vcltage systems- 

Third: Note that it is possible tc change the current in a given 
circuit without changing the applied Feak pulse voltage, The aagne 
current Sri11 change as the duty factor of the applied pulse is 
changed, 

To start in sclving this problem, I will assume that the ohmmeter 
does not indicate a ,Froblem, 

1, Connect an cscilloscope to measure the voltage to ground of the 
ground bus, Set the vertical calibration of the scope to 2 vults D 
per Cd; this gives 200 volts per CB because the dividers are 100 to 
1, 

Set the sweeF speed -to about 8 rlfl-set Fer CM so that one can 
recognize a 60 cps uave form, sYECE the scope an the ac line so 
that there is always a trace on the sccpe, 

lou turn on the system via the ccngnier and have the operator tring 
up the uhole system of magnets slacly. Keep an eye on the above 
scope for an indication if the system turns off. I think that 1 
would leave the booster voltages cff far the first test, 

If the system does turn off on grcund current, make a note in the 
log as to the dc vcltage on the RI 's and the Bend magnet current, 
late also the, type of signal and values on the oscilloscope at the 
tine of failure, 

1, Is it a negative voltage; h'hat Value? 
2, Xs it a positive voltage.; Phat Value? 
3, Is it a 60 Rertz signal; Ehat Value? @hat Uave Shape? 

The ansuers tc the above questions vi11 give scme rough ideas uhere 
the problem nay be, The dc voltage and pclarity that shows up on 
the scope can be used to roughly determine where in the ring the 
Ercblea may be once the particular system is identified Nou turn 
off the whcle system and operate the ChaFFerSi and BI1s by hand. 

First disable all but one of the ChOFEer+. Leave on ome that yen 
may think is the culpit; keep in mind which polarity showed up an 
the scope during the Erevious check, this could help identify the 
correct system, 

Set the c.hcF&er current at mininum and bring up the one BI invclved 
,to the value cf vcltage that was Iresent during the previous test, 

Pow adjust the Chopper width for high currents, Go up to the 
maximum Fossible, Control one chc&Fer at a time for the given ISX 
voltage. Control both single and dual chopper systems. 

Phile ccntrclling the magnet current, one should watch the grcuod 
current meter for any unexplainable changes in measured ground 
current, You may uant to disconnect the by-pass capacitor across 
the ground resistor to display the correct valtage wave form, 

BeFeat this urtil all systems have been checked with one BI, 
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2040. 
2047, 
2042, 
2043, 
2040, 
201: 
2046: 
2047, 
2048, 
2049, 
2050.. 
2051, 
2052.. 
2053- 
2054. 
2055, 
2056, 
2057, 
2058, 
2059. 
2060. 
2061. 
2062, 
2063, 
3001, 
.3003,, 
3004. 
3005, 
3006, 
3007, 
30' -.-II 
3OL,J, 
3009, 
3010, 
3011, 
3012, 
3013, 
3074, 
3015, 
3016, 
3017, 
3018, 
3019, 
3020. 
3021, 
3022. 
3023, 
3024. 
3025, 
3026, 
3027, 
3028, 
3029, 
3030, 
303 1, 
3032, 
30; 
3oL 
3035, 
3036, 

If the trouble is not found, then go tc the other RI polarity and 
rePeat contrcqling each chopper invclvsd, 

xf the troubl4 has not been found yet, bring up both RI's to the 
operating vcltage (without the bocster supPlies) and again check 
each chopper and neu pairs of C~CFFEIS to find the problem. 

Ztill nc protlem fcund? Turn on the &oOSteK supplies for the Eends 
then the 4QF.s. 

If still no Problem found, turn off everything and have the PEE 
cperator brirb up the system again as a total system again to see i. 
the problem still exists. 

Cnce one find$ which system is giving the problem, then it may pay 
to go into the ring and inspect those magnets closely for a prcblem 
Cne should eskecially inspect the magnets where one would guess the 
problem is by the voltage measurements an the ground resistor, 
This, by pclarity, may at least say which way to go first, 

If one still has not found the prablea, then try hi-potting the 
particular system up to a maximum of 1,500 vclts dc, Be sure all 
ether systems! are grounded for such a hi-pot and of course the ring 
and all C~CIFFEIS and EI*s must be closed .for safety- 

+ 
/ CHCPEEB CONTROL ICBBI CHECK OUT 

---------------------------- 

I Erint No, SD-207-103-OO-BO 

I Summary of Chopper ageration 
LW, Fuller Earth 25, 7982 

Ihe chopper clan be simplified by ccaparing its main SC3 (or 
SCB'S) to a s/witch being easily turned on with the main firing 
plse (pulses,) from the controller board, The commutator SC3 
is also a suiitch which turns on a ringing circuit that can 
shut off the ~main SC'3 and reset itself uhex given about 80 
micro seconds tc ccmplete its cycle.. 

Therefore, by operating the main SCB(s) for a lcnger or 
shorter time iinto a magnet and repeating this cycle many times 
a second so tlhat the magnet smoathes ant the variations in 
current, a r gulated 
Xf the CCEBIR 1 

current can te maintained in the magnet. 
ator firing pulse is delayed further in time the 

current in the aragnet Mill. increase. If the main pulse is 
followed shortly by the commutator pufse, current in the 
magnet will decrease, The increaents of increase or decrease 
are very small due to the shortness of the cycle conpared to 
the time ccn&tant of the magnet. 

Ihe purpose cf the pulse controller is then to deliver a main 
pulse train and a commutator pulse train praperly spaced 
for regulatitn in the 400A ChopFez, Ear the 1400 A chopper 
the main pul$e s must also be alternated between tuo SCR*s so 
they can shaxe the lead current, 'Ihe ccntrcller also 
establishes iimits for the pulses to allow safe operation for 
the magnet aQd the chopper, 

flhe minimum Pulse length +o the magnet is 10% of the period at 
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3037, 
3038, 
3039, 
3040- 
3041, 
3d 
3043: 
3044, 
30451 
3046. 
3047, 
3048. 
3049, 
3050, 
3051a 
3052m 
3053, 
3054.. 
3055. 
3056. 
3057, 
3058.. 
3059w 
3060. 
3061. 
3062, 
3063e 
3064, 
3065e 
3066. 
30.' -. 
30tJJ.. 
3069, 
30701 
3071m 
3072, 
3073, 
3074, 
3075. 
3076, 
3077. 
3078. 
3079, 
3080, 
3081. 
3082. 
3083, 
3084. 
3085. 
3086. 
3087, 
3088. 
3089m 
3090. 
3091. 
3092w 
30; . 
3Ob** 
3095. 
3096. 

2,900 hertz. The maximum pulse length is 95% of the period at 
2,000 hertz- Scme of the choppers run at 360 hertz, for this 
lover frequency the minimum pulse length is l-8% of the period 
(the same number of micro-seconds), and the maximum length is 
99% of the period, Note that the lcwer frequency gives a 
wider range at a sacrifice of frequency response, 

Initial Set Up of Ein and Ccntrcller 

**1, Install the NMAS2ER BIN CNThfgl (207-101) in slot 24 and 
25 of the CAKAC bin, 

**2. Install the WLGCK HODULE*l (207-102) in slot 18 of the 
bin. Connect the jumper cable frcm any ane of 53 thru 56 on 
the 81CI,CCK BCDULEn to JS-CLK connector on the8*MASTE3 BIN 
CNIIEiL" module. 

**3. Install a ttDA2ANAY EXTENDERn EEOl in slot 2 of the CABAC 
bin, and install a current meter (O-500 ma) in place of the 
-24V. jumper, An extender for both P1 and P2 are necessary 
for checkout through the bin connectors, 

**4* Set all s-witches on the "MASTER EIN CNTRL" to the 
following: 

Horizontally mcunted (bit) switches numbered 1 thru 76 to the 
left or low pcsition; nLCLm/aBEEfl svitch to flLCLn; 
1*DAC~*/~*CNT6LN suitch in "DAC"; flSIC'I AEDRBSSm switch to 
position 2, 

** 5. Set the "LINE SYBCi9/nBGRHALn to "LINE SYNC" and -frequency' 
svitch to"24 KR2" on the nCLGCK MCUULE". 

Chopper Ccntrcller Check Gut and Adjustae.nt 

NOU: If any condition of any step is not met, do not proceed 
to the next step vithcnt troubleshooting th-e problem, 

**1, On a neu Chopper controller nodule adjust 824, 27, 36 
and 48 for ninimun settings of all regulators (336 and 348 
clockr.ise, 227 and B24 counter clockwise.) For an operational 
unit check the respective regulatcr oatpats first, If their 
voltage ou-tpats are ck proceed to next step- 

**2, For the initial alignment of a neu module remove Ul, ~2, 
and 027 ICC's, On an operational unit in for troubleshooting 
it is only necessary to remove Ul and U2 if there is trouble 
with the unit missing or having imProPer output pulses, It 
should only be necesary to remove 021 if there is an indicated 
problea with the CBC not functioning properly. 

**3. Ccnnect contrcller board to the extender and turn on 
pouer tc CAMAC bin. Allou 1 minute far clock to stabilize and 
monitor it at the end of 8113 closet to 08. Ad-Just the 
frequency if necessary to 2,160 Hz 1463 micro seconds for a 
high frequency type module or 2777 micro secands for the 
360 Hz lou frequency type clock mcdule, +/- 10 micro seconds 
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3097. 
3098, 
3099. 
3100. 
3701, 
31( 
3103: 
3104, 
3105, 
3106, 
3107, 
3108, 
3109, 
3110, 
3111, 
3112, 
3113, 
3114, 
3115, 
3116, 
3117, 
3118, 
3119, 
3120, 
3121, 
3122. 
3723, 
3124, 
3125, 
3126, 
31,” -. 
31 L.4. 
3129. 
3130. 
3131, 
3132e 
3133, 
3134, 
3135, 
3136, 
3137, 
3138, 
3139. 
3140, 
3141, 
3142, 
3143, 
3144, 
3145, 
3146, 
3147, 
3148, 
3149. 
3150, 
3151, 
3152, 
31’ . 
3lL 
3155- 
3156, 

ketueen pulses) by changing the adjustaent Fat marked wLIBE*a 
CA the nCLCCX,KIDULE~~). 

**4. Ilcnitar current in the -24 V ~ouer SUEply while 
adjusting B36 until the voltage reaches -15-OV at the output 
(pin 3) of VB4, current must not rise above 250 ma and will 
be about 50 tb 7DO ma. 
meter to the )24 V. 

Turn power off and nave the current 
jumper and reinstall the -24V, jumper, 

**!5. Mcnitor the current in the +24V rower supply while 
adjusting B48, The voltage at Fin 
+75-O uithoutlexceeding 260 ma. 

3 of VB3 should come up to 

**6, Ad just $27 so that pin .3 of VBl reads +31,7!3 v +/- o-25 
before the current in the +24 V line rraches 260 ma, 

**7, Adjust $24 so that pin 3 of UB2 reads +5-O V, but do not 
exceed 260 maiin the +24 V power supply. Shut -off the CAIAC 
bin Fewer, 

**8, Ccnnect!or chec.k connacticn between p'oint B and B near 
039, and adjust BY10 for a resistance of 5,Yl bilohms 
measured frcla!U39, pin 12 to COIGIDCU, usiing a Pluke DRIB 
set on the 20 

1 
range, Restore ~cver tc the board. 

*+9. tieascrel vcltage 
at E39 it wil. 

t 

at A, it should ke about -9 volts, then 
be about 9V. Also, check Fin 12 of U38 to see 

that it is wi hin 1% of the reading at E39, 

** 10. Check $or clock pulses at gin 12 of 010, they should be 
Eositive goinb lo-14 V peak and abcut 5 micro-seconds in 
length, f= El610 Hz for a high frequency type module and 
f=360 82 for a low frequency type ncdule, 

**11, Check bnd adjust R19 (Trig. relay) far an 80 micro 
second width oat of the one shot multivibrator UlO pin 10, 

**12, Output of 010 pin 6 should he a S-8 micrc second pulse 
rising to abciut 12 V starting when Fin 5 goes lou, Check pin 
7 for the invprse of the pulse and thea the output of U13 pin 
13 for the ortiginal guise anplitude and dur‘ation, 

** 13. Check 038 pin 7 and adjust 3101 fur a vcltage ramp 
rising from abcut O-2 V to 31 V in a certain time period, which 
results frcm /C70 being charged with a constant current source, 
The capacitance value required for C7C is O-22 micro-farads 
in the low fnequency type module and O-1 micro-farads in -the 
high frequendy type module, The rise.time is adjusted to 
2777 micro s&onds or 463 micro seccnds respectively, 

** 14, Check 'far unity gain from Ein 10 tc 8 U39, / 

** 15, Switch the mode suitch tc mLCCn and check at E27 (near 
035) for -70 v +/- 1 VDC when B 114 (cn frcnt panel) is set in 
maximum clcck-wise Fosition, 

** 76, At E25! (near U32) check for a Eulse which has variable 
width as B114 ('@J,GCAL*~) is changed (pulse will disappear with 
lou setting cf "LCCAL"), .A commutator pulse is Froduced uhen 
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3157, 
3150, 
3159, 
3160. 
3161, 
31( 
3163: 
3164. 
3765, 
3166, 
3167. 
3168, 
3169. 
3170, 
3171. 
3172, 
3173, 
3174, 
3175, 
3176, 
3177, 
.3178, 
3179, 
3180, 
3187, 
3182, 
3183, 
3184, 
3185, 
3186, 
3 I' - . 
31t,, 
3189, 
3190. 
3191, 
.3192, 
3193, 
3194. 
3195, 
3196, 
3197, 
3198, 
3199, 
3200, 
3201. 
3202- 
3203. 
3204, 
3205, 
3206. 
3207. 
3208, 
3209, 
3210, 
3211, 
3212. 
32,' , 
32 't -w - 
3215, 
3216, 

034 goes lau at pin 7 which determines hou long the chopper 
main SCB(s) stay cn in a cycle, Current in the magnet is 
Eroportional ta tbis duty cycle, 

**17. Elug the test cable with the dual banana Flng on one 
end into the n.EXTEBNAt*q jack on the back of the CAUAC crate 
marked COS02, JlO, This point is available cn the Chopper 
Contrcller Patch Fanel and is lakellcd JlO, 

Short the banana plug with a clip lead and a&ply an AC voltage 
(Of 60-10,000 Hz, no offset) between the clip lead and the 

shield wire of no more than 5 VBJ?!IS, Gbserve the output of II36 
at pin 74 (or E32) and adjust B92 for minimum AC voltage- 

In a uSlaved#' controller this amplifier is used as 
a buffer on the signal from the "Haster" 
contrcller to generate the main pulse trigger from 
the ramp in the slave contrcller. 

Turn on power to the Chopper Contrcller Bodule Test Chassis, 

**18, Femcve jumper and AC voltage, Connect the dual banana 
plug to a O-10 VW positive DC supply ,ground on plug is lou, 
Cutput of U36 at E32 should now track the input voltage but 
with opposite polarity, Switching the mode switch to "EXT 
EB11fl should nou cause the output of U34 (325) to change pulse 
width as vcltage changes positive on E30, Remove connector 
frcm COS02, JlO, 

Set all bit iuitches on the Uaster Ein Ccntroller Nodule (l-16) 
to their lou pcsition, 

Re5ove Fouer- Install U27, and restore power, Put 
~*LCLJJ/n6El!~~ svitcb in T+CL*1 and push nSENCag button, Honitor 
voltage at 025 pin 6 and adjust llCFFSET**, ccntxol, 343, for 
0, coooo v* 

Hove probe tc El7 and see that it is also O-000 V. Suitch bit 
switches to high position and press NSEBI;8t, an output of 10.0 
V should be read, Ucnitor pin 6 cf UPS again and adjust this 
point to 10,OCOO V w.ith 345 {~QGAIH"), Bepeat until both 
readings are correct, 

**20. Switch 16 to low position and push nSEBU", 

Bonitor pin 6 of 025 again (it will be S-00 V) and then change 
each bit switch in order down to the bit 1 switch, each time 
pressing nSELCM and observing the 50% decrease in voltage at 
U25 or E17, for each tit, 

**21. Connect the cable used to test nEXTEBNAL*J input to the 
"XCCTBa ccnncctor COSO2, 39, This Joint is available on 
the Chopper Ccntrcller Patch Panel and is labelled J9, 
Put a clip lead betueen the pins cf the banana plug and check 
the output of U3l for O.OOv, Connect the AC source {O-10000 Fiz) 
used in step **17 to the clip lead and shield of the test cable 
and observe the output of U31 with a scope while minimizing 
the outgut vitb the adjustment of E75. 

This FrcCedure tests the comacn mode rejection of 
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3217, 
3218. 
3219. 
3220. 
3221, 
321 
3223: 
3224, 
3225, 
3226, 
3227, 
3228. 
3229. 
3230, 
3231, 
3232. 
3233e 
3234. 
323% 
3236, 
3237, 
3238, 
3239. 
3240, 
3241, 
3242. 
3243, 
3244, 
3245m 
3246. 
32(" - . 
32‘\4- 
3249, 
3250, 
3251, 
3252, 
3253. 
3254. 
3255, 
3256. 
3257, 
3258, 
3259. 
3260, 
3261, 
3262, 
3263. 
3264. 
3265, 
3266, 
3267, 
3268, 
3269. 
3270, 
3271. 
32724 
32-'. 
32', . . 
3275. 
3276. 

Am& 031 used to buffer the transductar signal into 
the differential amplifier, There should be less 
tha.n 100 Imicro-volts peak to ~fak at E20 for an 
inI;ut cf il vclt peak to peak of any fre,gueacy from 
CC to lC,ClOO hertz, Any less of ~ca~mon made 
rejecticn introduces noise (Eanctirses 60 01: 720 
hertz) ir/ the output of the chopper that can not 
be takenlout by the regulator, There is a large 
common nade signal on the transductor output with 
respect to the rack fraaes. , 

*'*22. Remove /the c1i.F lead and AC s~g~;ly and connect the dual 
tanana Flug td the O-10 volts Eositive DC Eower supply, Set 
the su~zly fox 10 volts Check E20 for a -10 V ou,tput and 
reduce the DC to 5 V to see that the output tracks the input 
within +/- 1%. 

**23, Yith i6ru.t of 5 V to U31 set bit 15 to high and press 
"SEND", Set *ode switch to "EB6". Ccnnect a scope to E27 
(near 035) an49 set it to &serve a +/- 15 V swing as bit 16 is 
toggled high And law (each change lanst be followed by a "SEBD" 
command). . 

**24. ffonitc$ El9 (near U30) with a volt meter as the input 
to 031 is changed, B112 should cause about a 14% change in 
gain ffCm Stol; t0 StOE. Set 3112 to read the same as B20 (it 
will be ogFc&ite polarity) and change the input to U31 to see 
that in&ut and output track, then return to 5 V. 

**2!i, Set a$% bit switches high and Eress nSEBC*i, then change 
rrDAC*i/ i4CBTIiLfi switch to nCBTBL", Set all bit switches lou, 
nou while mcn/itcring the output of U24 at 275 with a 
voltneter, toggle bit 13 high and lcw, fcllcued each time by a 
~'SEPICi~ cammanjd, Phen bit 13 is high, vcltage at El5 will be 
the same as ap El9 (5V). El5 will be the same as El7 or El6 
(1OV) when biit 73 is low, Dow ccnnect an isolated voltmeter 
to Fins A and! E of COSOZ 55; the reading will be the same as 
at E15, Fin A vi11 be positive. 

**26. Push tihe chopper controller "BESET" buttcn, liGLir light 
should be out/. Bcmentarilp, remove the infut to Cl37 to verify 
that the gfitch detector circuit lights the WGLn light, then 
gush 'BESE'Z" iagain to extinguish it, 

**27* Adjusti 887 to maximum counter-clockwise Eosition, and 
set the input; to illi1 at 9,2OV, Beset the contrcller board 
("CP over current light should be out) and slowly adjust 287 

clcckwise until the "CC" light ccmes cn, Lower the input 
voltage and reset again, then raise ingut voltage until the 
lfocn light ccues on- Dead this vcltage and if it is not 9,ZV 
adjust 387 until it is uithin 0.1 volts, Lower input of 031 
to 7V and push "RESET" to extinguish all fights, 

**28, Turn tiff power to the board, then connect the KBP 71 
24 VDC relay iand test connector assembly to the "OC RELAY" 
recepticle, COSO2, 56, This has already been done via the 
Fatch panel dnd is labelled accordingly, Bestore pouer, then 
as the input ito the circuit is raised to 9-2 v the relay will 
release and 3hen the voltage falls to approximately 7 volts 
it will &:ulllin, The status of the relay is indicated on the 
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3277. 
3278, 
3279. 
3280, 
3281. 
32( 
3283: 
3284, 
3285, 
3286. 
3287, 
3288, 
3289. 
3290, 
3291, 
3292. 
3293. 
3294. 
3295. 
3296. 
3297, 
3298, 
3299. 
3300. 
3301, 
3302, 
3303, 
3304, 
3305, 
3306, 
33r-. 
33Ld. 
330 9. 
.33 10. 
3311. 
3312, 
3313, 
3314, 
33Y5, 
3316, 
3317. 
3318, 
3319. 
3320. 
3327, 
3322, 
3323. 
3324, 
3325. 
3326, 
3327. 
3328, 
3329. 
3330, 
33.31, 
3332. 
33". 
331 a. 
3335. 
3336, 

Latch panel by tvc LEDs labelled "CC BILBPw.. Check betueen 
pins A and C with an ohmmeter for the relay blocking diode 
as indicated cn the schematic. LiEstore Iover to the bin only 
and pusb giRESET1t, all lights will ncw be off. 

+*29* Eitb Eia Contraller nDAC"/CN3BL18 switch in tiCNTBLw 
position enable the controller board by suitching only bit 15 
to high and Fnshing 'eSEND*3, 

The rtEB1s light will come on and remain on. 

-30. Switch bit 16 to high, all others law, and push *~SEND*f, 

this uill extinguish the "EN" light, 

-3 1, Bepeat step 29. 

**32, Short Fins 17 and 72 together on U5, all lights will 
now be on except the *@WY light.. Set the input voltage to II31 
to +lO volts to trip the overcurrent Erotection circuit and 
light the nOCn light, Yhen the nOCn lig.ht comes on the “ENn 
light will gc out, 

**33, Suitcb bit 14 to high and gress nSINDa, the wOCa and 
flP" lights will go out; trEN1* will ccme on if bit 15 has been 
left high- 

**34* Switch bit 12 to high and fress y'SENDn, the "GLn,light 
should go out, 

NOTE: The *ICCn, HtiPn and "EN'* circuits are very sinilar 
because the led's havi built in current limitation which 
allows them to be driven by simple eaitter follcvers in a 
CA3082 1-c. The 4043, quad 3-S latch, toggles output at Q 
either high if S is high or low if Ei is high, If both are 
high, outrut at Q goes high; if none are low, no change of 
autput state cccurs. The 6N139 is as--optically coupled 
isclator which reFeat+ the input signal at its output, 

**35. Set u& a scope to chop tuo inputs and with one channel 
check for a ~;ulse uith no offset rising to +12P at socket for 
02 pins 9 thru 12. Period of pulse vi11 be- 463 (2,777 for IOU 
frequency ccntroller) micro second and pulse width will be 5 
to 8 micro-seccnds, This is the single chopper main pulse. 

**36, Enable module. Move the probe to the sacket of Ul, 
gins 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 far the high frequency 
contrcller and approximately 5 ,555 ricro-seconds for the lox 
frequency controller. Connect the channel 2 
grobe to Ul sccket, pins 2 thrn 5, the two traces nou will 
shaw the balsas appearing on alternate channels at 463 micra 
second intervals for the high frequency ccntrollers and 2,777 
xicro-second interval intervals for tbe low frequency 
contrcllers, This is to allow the 1400 A choppers tuo main 
SCR*s to be fired cn alternate main pulses and divide the 
average load current equally between them, US is the JK 
flip-floF that ,prcvides this alternation by keeping one of the 
03's one shot multivibrators fram firing on alternate wTRIG'l 
guises (which are delayed clock pulses). See Chopper 
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3337. 
3338, 
3339, 
3340, 
3341, 
33( 
3343: 
3344. 
3345. 
3346, 
3347, 
3348, 
3349, 
3350, 
3351, 
3352, 
3353, 
3354, 
3355, 
3356, 
3357, 
3358. 
3359. 
3360, 
3361, 
3362, 
3363, 
3364. 
3365, 
3366. 
33,/'. 
33'L dw 
3369, 
3370. 
3371. 
3372, 
3373, 
3374. 
3375. 
3376, 
3377, 
3378, 
3379, 
3380, 
3381, 
3382, 
3383. 
3384. 
3385. 
3386, 
3387, 
3388. 
3389. 
3390, 
3391. 
3392, 

3 1: 
3395, 
3346, 

Contrcller Schematic, 

-37. Bepeat stei 30 while monitoring the main pulses at ~1 
and U2, all spculd disappear vhen llEN1l light goes off. 

**38. DisccnAect the clock input to the chopper controller bg 
switching the "12KHz/EXT/24 KHz *I s&itch CA the clock moaule to 
HEXT" an'd check pins 4 and 11 on koth 01 and 02 soc.kets for a 
DC voltage, ncne of these should be more than 10 milli-volts, 

-39, Shut off pouer to the contrcller board install Ul and 
02 and returnclock module switch to crg.inal position, 
Bestore Eower,to the board, turn nLCCBLH got fully c,c,v,, and 
switch mode tb "lLCC1l, 

**40, Hove c.hannel 1 scope probe to "TBIG" output at UlO, pin 
6, SYK on th's channel and connect 2 Frcbe to 119, pin 6, then 

t adjust mEABLY,v contrcl (ElS) so that the channel 2 pulse is 30 
micro second hi- 5 nicro second wide, Both pulses will be 12 
V Eeak vith no offset. 

**41, Hove tihe channel 2 probe tc the end of B8 closet to U2 
(the pulse wig1 be 1213, 5 to 8 xiCrC-seconds in duration), 

rotate the lccal got fully clockvise and see that the pulse 
moves (veasurkd from the leading edge) frcr a Feint 30 micro- 
seconds +/- 5' micro-seconds to 373 aicro-seconds +/- 10 micro- 
seconds for ai low frequency type nodule- Par tfre high frequency 
ty&e module the pulse should range frGn 30 micro-seconds +/- 5 
xicro-seconds/ tho 2,333 micro-seconds +/- 50 micro-seconds, 

-42. move tlhe channel 1 probe tc FiA 6 of U9 and turn mZCCBLJ* 
got fully clcckuise, Beconnect the 10 VCC supply to the input 
cf U3l to trig the "CC" light. Ecth the main firing pulse and 
the ccmmutaticn pulse vi.11 disaEl;ear due to the enable 
modification which takes away all Fulses if the enable of the 
Nodule is losit, 

-43, Eush the atRESET11 button and enable the unit, The *nFn 
light vi11 ccjme on when @n 10 of U4 rocket is grounded 
nomentarily dith a jumper, Push nbESETn cn the controller 
frcnt panel ajnd the light vi.11 go out. 3em6Ve power frcn board 
and disconnect the 10 V supply. 

The commutator Fulse control circuit is ccaEosed of UlO, l/4 
013 [Fins 9-12, and 13), 038, 035, 039 (excluding "ERBOB 
EUFPEP~) , U34, U9 iEarly Limit) Ue, U6, 114 U7 {pins 4,S,and 
6) and U4 lout$ut Fin IO), 

010 supFlies a pulse 5-8 micro second uide, delayed behind the 
clock by the setting of Ii19, This ~Ubie, called "TBZG" on the 
Chopper Ccntriclfer Schematic, is used to set the nQ1l output of 
08 high and is then lengthened by the setting of 815 and 
apElied to Fins 9 and 12 of 06, Eoth CR gates of U6 vi11 ncu 
have high outFnts which cause 07 Fin 4 to be high, Phen the 
output of U9sgoes low after the (flEllIIZY LIMIT*) delay the 
output cne ct: both U6 OR gates (and ccnsequently the output of 
07) say go lc$u if the error input from the ccmgarator, U34, is 
lam (U6 pin 13 is still set high from TRIG pulse applied to 
U8). This vi11 fire the one shot xultivihratcr (U4) for the 
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3397, 
3398. 
3399. 
3400. 
3401, 
34i 
3403: 
3404, 
3405, 
3406. 
3407,. 
3408, 
3409, 
3410, 
3411, 
3412, 
3413, 
3414, 
3415, 
3476, 
3417, 
3418, 
3419, 
3420.. 
3421, 
3422. 
3423. 
3424, 
3425. 
3426, 
347'. 
34',,, 
3429, 
3430, 
3431, 
3432.. 
3433, 
3434. 
3435, 
3436. 
3437. 
3438, 
3439. 
3440. 
3441, 
3442, 
3443. 
3444. 
3445. 
3446, 
3447, 
3449, 
3449. 
3450, 
3451, 
3452, 
34y 
34!..* 
3455. 
3456, 

commutator circuit since it is set to resEcnd to a negative 
going wavefcrm. 

If the ccaEarator, U34, has not gone to a lor output, U6 pin8 
will be high and its output will net change state, so there 
can ke no change of state at 07 ~:in 4 cr U4, pin 10. 

If an over current fault happens after this point in time, 08 
gets reset by a high on pin 12, Ybich brings pin 15 low along 
uith the cutguts of U6 (pinll) and U7 (pin 4), which fires the 
commutator one shot multivibrator, Through the succeeding 
cycles if the over current remains neither the main pulse nor 
the ccmmu.taticn pulse vi11 appear due to the enable 
ncdificaticn. 

If there is no change of state of the ccmEaratcr (034) or no 
over current fault, the commutator pulse is supplied when the 
next clock pulse acts on iJ8 to transfer the lou at pin 10 to 
pin 15, uhich vi11 make the cutEnt of II6 (pin 11) and '07 (pin 
4) go lcw to fire the commutator cne shot multi-vibrator 
(M.V.) 

During normal regulation cycles the commattator pulse is placed 
hetueen the early and late limits by ccmgaring an error or 
reference signal [scme DC level ketueen 0 and -10 V, with a 
positively ramping vcltage of Oetveen about -2 and + 71V. At 
the Faint in tbe time that the abscluta value of the tuo are 
equal at 034, pin 3's output goes lcu and causes U6, pin 10, 
to go low. S,ince U6 pin 11 was high from the action o,f TRIG 

setting U8 pin 15 high, the resulting negative going waveform 
changes the state of U7 pin 4 and fires the commutator one 
shot m-v. Tbe voltage ramp for tte ccmparator input is 
initiated by an inverted TBIG signal driving the pin 1, 2, and 
3 transistor of U38 to saturation and discbarging C70, which 
is then allcuEd to recharge vitb a constant current source 
composed of 039 and the remaining transistors of U30 and U39, 
Ihis ramp is linear when points A and E are connected but may 
be (by ccnnecting A to C) instantanecusly changed uith an 
inPut (FEED EBD) from the chopper .Fcuer supply voltage, This 
change pre-ccapensated the commutator guise so that the 
feed-hack lccp doe s not have to IeSgand to -the resulting 
change of manget current caused by Power supply voltage 
variaticn, 

**44, Disccnnect P2 and connect test plug A. Connect yellow 
lead of the test Elug to pin 23 of El. Connect the black lead 
of the test Flng to the board ground. This is the lead 
referred to as "Clip Lead" in the fcllawing text, Bestore 
gouer .to board. 

**45, hcnitcr pin 1 of U 78, it should he lox when the clip 
lead is attached and high uhen not, lou monitor pin 11 of 
U18, .it vi11 Ce high u.ith the cliP connected and lou when not, 

**46, Switch mode to "DAC BEF1l and maaitcr pin 60 of P1,018 pin 
16, c0anec.t the clip lead to the resistor as in step 45, pin 60 
vi.11 be low, Suitch the mode to flEB.B" while monitoring pin 
60, it uill remain low until the clip lead is ncaentarily 
removed, and when reconnected vi11 go high. 

- 40 - 



1457, 
1458, 
1459, 
1460, 
1461, 
14c 
1463: 
1464, 
1465, 
1466, 
1467, 
1468, 
1469, 
j470, 
!477, 
1472m 
3473, 
1474, 
3475. 
1476, 
3477, 
IU78, 
1479, 
1480, 
3481, 
3482, 
1483, 
3484, 
3485. 
3486, 
34:‘. 
34L ae 
3489. 
3490. 
3491, 
3492. 
3493, 
3494. 
3495, 
3496. 
3497, 
3498, 
3499. 
3500, 
3501, 
3502. 
3503. 
3504, 
3505. 
3506, 
3507. 
3508. 
3509, 
3510, 
3511. 
3512, 
35,' -. 
35,. l - 

3575, 

Data is shifted to the output of U18 uhen 014 is clocked high 
cn Pin 10 or 11, data is held and accessible while those pins 
are lcbf, 

**47, Bcnitor pin 59 of Pl,U18 pin 9, it will ke low, Switch 
mode to HEXT EBB" and momentarily disconnect clip lead as in 
step 46, Pin 59 will now be high, 

**48, dcnitcr pin 61,(118 pin 15, it vi11 be IOU. Switch mode 
to *cX,0Ct4 and momentarily disconnect the clip lead, pin 61 will 
EOY be high, 

**49* Honitor &in 62, U18 pin 12, it will be lou, Switch mode 
to "EXT l?BB~~ a 

i" 
d momentarily disccnnect the clip lead, pin 62 

vi11 nou be high, 

**50, Monitor pins 57 and 58,018 pin 5 and pin 6 respectively, 
push lqRESETf* a;nd confirm that the "CCn and nGL1a lights are out, 
Bomentarily disconnect the clip lead and bcth Pins will now be 
high, 

-5 Ia Connect the 10 vclt power supply to the gray leads on 
test Plug B (Black is 
and g*GLtl ligh& on, 

positive) to xomentarily trip the "CC" 
fJou momentarily disconnect the Black clip 

lead while mcniitoring gins 57 and Se,1118 pin 5 and pin 6, the 
pins will noti Iboth be low, 

Disconnect lcyer to the board, then install or check for a 
wire frcm E44to EI-16, 

*+52, Remove test plug A completely. Heconnect P2, JUlEpX 
Point P to Pcint C {both near 035) check tc see if E is 
already Mired ito 0 and if so, remcve wire at E and move to' P. 
Restore gower to board, then switch the mode switch to "LOCK 
and check U.39 @lERBOB EIIF" for unity gain and inversion uith 
the **LOCAL*' &ot, Check pins A and E of the "3UEP E.BBOR* 
receptacle (CdSO2), 57) for the same Fositive output as 
monitored at the output of U39 {E36), use an isolated 
voltmeter; pin A vi11 be positive. 

**5.3* Hove t&e plug from the NXCilCTB** J9 df COS02 and connect 
it to the REE$C FUD1', 58, Pith the suPply cannected and set 
to + ?OV,, check with an isolated vcltlseter at E40 and E4l for 
the same vcltage; E40 will be pcsitive, 

**z4, Remove the extender. Install the ccntrcller board in 
position 2 of: the hin and restore ~cuex. 

+*55* Enable the beard by repeating eteP 29, also push reset, 

**54. Bun a 
E 

O* ~1: lcnger BG58 tar equivalent impedance) 
cable tc COSC 57 and terminate tte line vith a 50 ohm load 
teeing off tc/the scope input- Userue each of the outputs ~1 
thru J4 to be a minimum of 35 V Eeak 70 +/- l-5 micro second 
wide at the 40 V level, with a rise time of 200 nano-seconds, 

- 41 - 



. i .  
e  

.  ,  
. ,  ‘. :  

k - -  

.  
.  .  L J  

- . - - -c - - ._  _ _ _ _ _ _ _ _ . _ _  -  - - - .  -  -... ..I. .-. _ .  ._ ._  



-1 

I 
’ . !f-y 

! - 43 - I 



F/G +A 
’ 

- * 

-. 

1 
I 



Ft G  5-d 

. 

r 

1 

:.  

I  
.’ 

---. _ .A 
.r~. 

/  . 
I 



I ‘.., . . _ __ :. 
, .-’ 

.:. 

I 
.j .i’ 

/-.- 
I 

&C .. i 

0 -.- ! 

I 

-4’ 
i i 

- 46 - 



-j 

F/G.?-A 

-.-_ 
.* 

. 



-. 
, 

” . ’ 

--- - 48 - 



I : :. 
,?-I -c“ -: . I . 

. ,.___.. -_ _ . . . . - .-. - 
‘i‘ 

& . . 

I 

B 



, . 

___ ._-.... _“.^ _ _... . _ . . . _ . 
a 

B 

- 50 - 



. 

, 

1 51 - 



a-c-- .” ,\/c I- . m : 
i 

,_ ..b’_ 

9 
i 
-I .. -----m 
-i- 

-cc 

. . . . & I . . . . . - .-__-. __-. 
4 



i‘ 3’ - 
. 

- 

-‘ 
53 

- 



. 

X 
_-... - 

I .%
 I 

I 
I 

! 
i 

t 

- 
54 - 



i ’ 1 
A . 



d , 
. . . , 

, : I2 7f / 60 Q l&z0 . . 

fE-f c92 



.---i-i- 
, 

I 
I 

I 



1. 
2, 
3. 
4 

.6: 
7. 
8. 
9. 

10, 
11, 
12: 
13. 
14. 
15. 
16. 
1P. 

ii: 
20. 
21. 
22. 
23. 
2u* 
25. 
26, 
27. 
28. 
29. _ 

;;: 
33, 
34, 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45, 
46. 
47. 
48. 
49. 

.SK FUblDyhS = 3 
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,in syspub layout=ranual 11=66 
.CII ,ud in effect 
.hy add ccses 
.hy add title 
.hy add after 
.hy add begin 
.hy add seai-cclcn 
.hy add other-uise 
.tt 1 ///Testing of the EEP Bagnet-Fouer-Supply Systems/ 
-tt 2 ///Ii. Boatner, C-A, Harris, HAFCR 25, 1982 / 
.titlepage 
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.chapter '1Jisc Informaticn8 

The following table shows the number of Pain and trim win,dings turns. 

Magnet Wain Trim lax Current 
System or Binding Uinding Water Pres Diff 
Type Turns Turns 74 PSI 

1 ---------- -e--------- ---------- I I i --------------I- I 
Gl 104 64 
EZ 104 64 
Bend 32 19+1 Trir 20 a a 13 Volts 
L.E. Eend 2 93 (vert) 
71c5400 1,487, asps 
lOOQfOOO 395. 
1004730 286. (65 C out] 
100Q550 346. 

l~OS250 596. 
liOS450 352. 
iliggler 545. n 

-chapter 'Expanding the Systems to Full Bing Operationv 
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52. 

E: 
55. 
56, 

sa: 
59, 

2:: 
62. 
63. 
64. 
65. 
66. 
67. 
68, 
69. 
70. 
71. 

;:: 
74. 
75. 
76. 

2 
79. 
80. 
81. 
p-. 
c <a 
84. 
85. 
86. 
07. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98, 
99. 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
If+'. 
1L. 
110. 
111, 

.tdbteain 
stable-DBOPI '8111 PEP SdGNET SYBTEIIS , DOPER EAUAllETER.5 per 8, Sept 15, 1981 C. Barris' 

'MB POLTAGES SHCYU IN THIS TAELB ABE FOE AS BBASOBBD LOOP BBSISTAJCBS. 

Magnet1 CableiEackslJagoet JHajgsI lagnet I EUS 1 Total*<<--14 cev->>*<<-- 15 Gel->>*<<--04 WV->,+ 
sys. I I.D.JlUssd IType Iusledlfiesis aleesis I LOOP * au0 1 no0 + mn I RUU * Eien 1 xun l 

I I I 1 11 lo**-3110**-31 l ieSis* AKPS 1 Volts* Asps1 volts* Amps 1 volts* 
I * I l 

f 
l I l f 

I I I I OhKS Ioh~s ilo**-3* - i l - 

I-- --,------ ;---- f -I-- -’ 
I each ITotal 1 ohm l 

,--C-,--------,------iaeasuc*-----f------:-~- 
I 01 1 13,1914;/471160920001 1'2 I li.2 1 I l . 

1 OBL 1 13.19192/971 71C27001 112 I 0.3621 1 l 

1 ~BL I 13,19142/471 71C27001 12 I 0.36iI 
I' t 

- EEYDSll3.19 142/471 71C54001181 I 5.5 I 82. ,1,372.=1,037 f 1,451:1,073, 

I +,100Q1000112 I 137 t 144.0 fl4B. 11.757.: 1lU ; i G3 f 15 
l 

1935 122. 

222* 142. 

561* 19U. 

251* 156. 

250* 198. 

891* 156. 
l 

637, 171. 

213+ 168. 

13U* 118. 

231* 807. 

33* 32. 

i 
1,556.: 283.1 

207.: 

l 
l 
+  

410.* 

60-f 

66.+ 

129-b 

u8.+ 

4e.* 

209.* 
* 

1s4.* 

57-e 

35.* 

66.+ 

22.* 

55. l 

51.+ 

aa.+ 

88.* 

92.* 

87-a 

360-D 

711+ 

+ 

l lpP I20 

l 1QD 1 12 

+ ZQB 1 17 

+3cP ill 

l 4QP I 18 
I I 
+ 4QD Li 3 

t BRD 11 9 

I 

t 9QF &I 21 

i 

-02 I4 

- 1SD I.1 16 

t 5SD tl 2 

- 6SP tl 14 

1SF I 

- 650 11 6 

-7SDLJ 1 

+ 3SF 11 8 

+ ZSD A.1 10 

l 811 11 5 

- 9SP I 7 

136 +~100Q1000112 1 137.6 1148. ;1,602.* 132 1 

~3i/35~1OOQ550 I36 I ei-5 1154. !3,183.* 182 1 

I31 -~100~1000~12 I 14u. 114s. l1,954.+ 146 l 
I 

I30 -1100(;730 I12 I 105-Z 1148. 11,415.* 184 I 

133/3411004730 160 1 

fS3,5Uf loop550 f 48 f 

155 +I lOOQ730 1111 I 

i 

151 

i 

- -~lOOQ550 113 I 

i i 

161 

I 

-I l6OQl5OOll~ I 

166 4~120su50 112 l 

l l2OS250 I12 I 

157 +11205450 112 ,I 

I51 -1liOS250 111 1 

I50 -11208450 112 1 

156 +112OS450 112 1 

l6i/CSlliOS250 I60 1 

163/6411iOS250 IO@ 1 

160/671lliqgler I 3 1 

I22 HP112OS250 i12 I 

105.2 

ei,5 

105.2 

e2.5 

9.07 

El.5 

El.5 

50.7 

El.5 

ei.5 

50.7 

50.7 

250. 

50.7 

YOS 

1160. 

:168. 

1148. 

1146. 

1148. 

1148. 

(140. 

1140. 

1146. 

1148. 

1161. 

llS7, 

1144, 

I 
t 
f 
I 
f 
I 
1  

f 
I 

I 

I 
I 

f 

f 
I 

I 
I 

,D 

I 148. 
I 

CONUECTE 

6,864.+ 195 I 
l 

4,101.+ 159 t 

1,407.r 157 l 

1,137.*-110 1 

328.* 753 I 

1,114.* 30 I 

1,157.* 87 I 

744.8 37 I 

1,137.* 91 I 
1,162.* 17U I 

3,152.* 122 I 

2,571.* 113 I 

900.+ 34 I 

756.* ?? I 
. I 

2uo,* 39.' 

59e.* 62.1 

269.+ 28.1 

26X* 35.1 

959. l 34.1 
* I 

685.* 41.1 

22lJ.* u2.1 

144.+ 29.1 

248,4 215.1 

36.* 20.1 

96* 93. I 102.; 

27* 39. I 2e.* 

1d1+ 98. I loa.* 

1941 186.1 206.* 

373, 130.1 397.+ 

2ao* 120.1 29a.* 

31+ 34.1 31.* 

17* 7.1 777* 
l I l 

50. I 

70.1 

80.1 

80.1 

30.1 

35.1 

400.1 

???I 

SO A.*PJTER COCLBD7LOCP I * I 

f 
(1) Iluainun ~cuad water cooled bus J i0.38 I 10+*-L Ohas/foot 1 20 degrees C. 
(2) Bends use 2 of SOOKH in~parallsl for juapers; a 0.0222 ohms/ 1 000 ft. 8 l/2 feet per magnet. 

I (31 Goads and Sextaroles use 25OJCS for junkers; 
14) One locp arcund the ring'is 6,575 feet long. 

a 0.0444 OAKS/ I:000 ft. Ten feet per magnet. 

BIUI-BBTA 

ELBI-BBTA 

LIIUI-BBZJ 

SISI-EBTJ 

LIIYI-BBTJ 

BIYI-BETJ 
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112, . tabend 
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113. 
114. 
115. 
116. 
117. 

:19. 
120: 
121. 
122. 
123, 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
130. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 
1' - . 
1. .- 
145. 
146. 
147. 
148. 
149. 
150. 
151. 
152. 
153. 
154. 
155. 
156. 
157. 
158. 
159. 
160. 
161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 
1' -. 
lh. 
171. 
172. 

. tdbleqis 
-table DLGPl *flAIIl PEP HAGNET SIjSTEMS , PCYEA PABAIBTEBS Rev 7, Sapt 15, 1981 C Bards' 

TEE VOLTAEIS SIICUN IN THIS TAEIE A6E EOR AS SEASOBBD LOOP BESISTAYCES. 

laynetl CablelBackslHagnet la ‘Qsl 
sys. 1 I.C.:jused Ilyre %  

SagaPt l BUS l Total*<<--18 per->>e<<-11 Get’->>+<<--04 &~->>a 
IV edlhsis AlBesis l LOOP L BUM l 611s l Iha l 

I I I I II lo*'-31 10**-31 Besis+ ADDS I Volts* Aspsl 
I f f I------,---- ,-----,----- -- ,-+- 

I 01 I 13,1914i/47116OQ20001 I2 
I OBL I 13,1914;/471 71C27001 12 
I 1BL I 13,19142/471 71C27001 12 

- BEliDSl13,19 i42/471 71C54OOllf l l  

I 0brs i0h.s ilo+*-3* - 
I each /Total 1 ohm c 

,,--------,-----(I(eaSur*----- 

t 
12.2 I I l 

0.3621 I * 

f 5.5 0.3621 I 82. f1,372.:1.365 

l - 
+  

---m-t----- 
* 
l 
l 

1.979+ 786. 

Btlll l Bun l BUD l 
Volts* Asps l Volts* 

l I l 
l I + 

-e-e.. c---- , -----* 
l i 
+ I 
+ 

1,140.* 2B3.l 
* 

153.* 38.1 

175-e 39.1 

440. l 42. I 

196.8 28.1 

196.8 35. I 

701.8 34. I 

* 
* 
l 

410.* 
* 

64.* 

66.0 

126.+ 

ua.+ 

18. * 

209.* 

165.: 

57. * 

35. l 

66.* 

22.+ 

vi.+ 

51.* 

BE.* 

a9.+ 

92.* 

e7.* 

360.* 

0.08 

l 

IIYI-BETA 

IINI-BETA 

HINI-BETA 

MINI-BETA 

MINI-BETA 

IINI-BEZA 

! Q3 f15 

l 1QP I 20 

l 1QD 1 12 

l 2QP I 17 

l 3QP 1 11 

l 4QP 1 18 

137 +f lOOQ1000112 1 144.0 1148. 11,757.: 204 1 i 346: 90. 

136 +~100~1000112 I 137.6 1146. :1,602.* 247 1  416* 104. 

13i/35IlOOQ550 I 

131 -I lOOQlOOOl 

130 -1lOOQ730 I 

133/341 1009730 I 

;53,54; 1009550 f 

155 t~looQ730 1 

I52 -I 100Q550 1 

161 -116OQ15001 

I66 *I1205450 1 

157 +I1205450 1 

I51 -Il iOS250 ( 

I50 -l l iOS450 1 

(56 *I1205450 1 

~62/65~12OS250 1 

163/64112OS250 1 

36 

12 

12 

60 

I@ 

82.5 1154, :3,183.* 250 

144. 1198. 11,954.e 236 

105.2 Il4B. 11,415.. 253 
I 

105.2 1160. 16,864.* 215 

771* 144. 

406* 114. 

344* 144. 

1,321s 114. 
* 

857s 12~. 

296* 123. 

189, 87. 

297+ 591. 

390, 23. 

23B+ 67. 

292, 27. 

497* 70. 

450* 133. 

743* 102. 

606+ 98. 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I I 
l 4QD Ll 3 

r -- 
ei.5 1168. ~4,101.: 214 

f1,407.+ 218 
I 
11,137.L. 155 
I 
I 32B.* 968 

12 I 105.2 1148. 

18 I E2.5 1146. 

1P I 9.8 1148. 

12 I El-5 1148. 

12 I e1.5 1146. 

12 I 50.7 1148. 

12 I ei.5 1140. 

1P I El.5 Il4B. 

6D I $0.7 1161. 

a I 50.7 1157, 

* i 
497-e 41. l 

167.+ 42. I 

106,+ 29. I 

lBl.* 215. I 

26.* 20. I 

7u.* SO. I 

20.+ 70. I 

17.+ 80. I 

14e.+ 80. I 

312.+ 30. 1 

243.+ 35. I 

11,114.* 350 

11,157.; 216 

t 744.* 404 
I 
11,137.* uou 
I 
I1,162.* 404 

;3,152.* 243 

;2,571.* 244 

+ 8QC Ll 9 

l 9QP I) 21 

-Q2PHI 4 

- 1SD I.1 16 

* 5SD 11 2 

- 6SP Ll 14 

- 6SlJ Ll 6 

- 7SO.Ll 1 

+ 359 L) 8 

l 2SD Ll 10 

+ BY Ll 5 ~60/67~Uiggler I 3 I 250. 1144. f 900.r 000 I 

I2i BPj1205250 1112 1 50-7 1146. I 756.* QO I 

000, 275.1 248.+ 400.1 

- 9SE 1 7 
I 

1st f 

a2+ 5.1 u.s* 00.1 
1 I l I 

l l iOSi50 fl;2 f 
I 

UC1 C~)PYECTE!I X0 A.+YATBB CCCLED LOCP I l I 

I 
I 

(1) Alaainua round uatet coolled tus A 20.38 x lo*+-6 ohs/foot a 20 degrees c. 
(2) Beads use 2 of 5OOMCI i parallel for jumpers; a 0.0222 obmsj 1,000 ft. 

1 
8 l/2 feet per maqnet. 

I (3) Quads and SextaEoles us 25OACI for jumpers; 
14) One loop around tbe rind is 6,575 feet long. 

a 0.04u4 ohms/ 1,000 ft. Ten feet per sagset. 
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173. 
174, 
175. 
176. 
177, 
1 
179: 
180, 
181. 
182, 
183. 
184. 
185. 
186. 
187. 
188. 
189. 
190. 
191. 
192. 
193. 
194. 
195. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 
2 ‘. 
21,. 
205. 
206. 
207. 
208. 

. tabbeqin 
. table-S18 *SOUTH XIIJECTION MAGNETS* June 8, 1980 

lagnet Fever Supply Feffrence Cable 
tot a tion 

Loop Nominal Uominal 
Spsten Prints Size Ohms AUFS Volts 

1 -------- l --------------- I ---------------I-------,----- 
4OBl Set 30 

I-lU.SGeVl------I 
ID-308-515-41 740, 13-6 

4002 Set 30 ID-308-515-41 798. 

4 lB3 Set 30 ID-308-515-41 
41B4 II ” ,I 
41B5 8, (I w 

4186 Set 30 ID-308-515-41 
UlB7 n II ” 
41B8 ” II n 
4 189 8, (I ” 

4 lQD1 Set 30 ID-308-515-40 
4 lQP2 11 ” II 
41QO3 I‘ ” ” 
4 lQ$U n ” II 
U 1QDS n ” ” 
4 lQF6 
4 lQD7 tl I I 
4 lQF8 ” ” (I 

4 3QD9 Set 30 ID-308-515-40 
4 lQP10 II n 9, 
4 lQDl1 (1 I II 
4lQF12 II ” n 
4 1QP14 ” n ” 
4 1QD15 n 11 ” 
4 lQP16 ” I( ” 

.tabcnd 

794. 19.6 
” 19.1 
n 18.5 

795. 18.8 
II 19-s 
n 19.3 
(1 20-l 

87.3 80. 
” 
I( 
(1 
n 

(I 

I 

110. 
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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. 

f--- -4. 
241. 
242. 
243. 
2U4. 
2u5. 
246. 
247. 
248. 
2U9, 
250. 

.tabbegin 

. table SXNcon 'SOU'IH IT$ECTION HAGNEIS, PAET 2' June 8, 1980 

fiagnet POW-K UPPlY liefetence Cable LOOP Nominal Nominal 
System Loca ion 

f 
Erints Size ohm A~FS Volts 

,-----------I-------- -----I----------------,------,------- j 14-SCevl-------I 
-4lQD13 - Set 30' 

4 1QC17 Set 30 

4lBVA SEC 30 

41811 set 30 
4 lBV2 Set 30 
4 1813 Set 30 
4 1BVU Src 30 
41BV5 Set 30 
41BV6 Set 30 

E.F.S. Gate 

ID-3C8-515-40 

ID-3C8-515-40 

105. 19. 

ID-308-515-41 
ID-3OE-515-41 
ID-30@-515-41 
ID-3CE-515-41 
ID-3oa-s15-41 
ID-3C8-515-41 

4 1QF 18>>2U 
4 lQD19>> 
4 lQFZo>> 
4lBlO 
4 lQD2 I>> 
4 lBB1 
4 lQF22>> 
418117 
4 lQD23>> 
BEBI4 
4 lBH2 
4 1QF24>> 
8BBH3 
41811 
8EB12 
8EBBl 

. tabead 

C8Cfl25 ID-3oa-515-40 

08CBlO ID-308-515-41 

08CB26~3 1 ID-3i8-5 15-U 1 

oaca27-29 ID-3CB-515-41 

cacn27-25 ID-30a-115-41 
08Cfl26-‘29 ID-308-515-41 

08CH27-427 ID-3C8-5 15-4 1 
CBCWll  ID-3ca-515-41 
cacti09 ID-3CE-5 15-41 
C8CH26-27 ID-308-515-41 

. cha&ter 'Testing of the Injection Eagnets, NIT' 

3/o 
3/o 

3/o 
2x25on 
3/o 
16 AYG 
3/o 
16 AUG 

3/o 
#2 BUG 
t6 AH6 
3/o 
t2 BUG 
2x25onc 
#2 AWG 
t2 AWG 

0.83 7 

0.018 

1.0 

0.9 

0. a 
J-0 

0.9 
0.02 
O-49 
0.5 

100. 
100, 
100, 
784, 
100, 

20. 
100, 

20. 
100. 

60. 
20. 

100. 

5% 
100. 

60. 

83. 

14.1 

20. 

18. 

48. 
20- 

54. 
10.2 
49. 
30. 
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.tafitegin 
-table PI!.! 'YOETH INJECTICN flAGNETS' Jane 8, 1980 

Magnet Ecver SUFply Eeference Cable Loop Nonina Ioeinal 
System Location Prints Size Ohms Ampi Volts 

I ___---_---- 1 --------------- I --------------- I ------- 1 ------I 14, s-t&V 1 -------j 
4iBl SEC 30 ID-308-515-41 740, 

251. 
252. 
253. 
254. 
25% 
2 
257: 
258. 
259. 
260. 
261, 
262. 
263. 
264. 
265. 
266. 
267. 
268. 
269. 
270. 
271. 
272. 
273. 
274. 
275. 
276. 
277. 
278. 
279. 
280. 
2' . 
2bL. 

283. 
284. 
285. 
286, 

42B2 4181 Set 30 ID-3oe-51"-41 801. 14-l 

42B3 Set 30 ID-308-515-41 798. 18.8 
4284 n n " II 19.0 
4285 " (1 n w 18.4 

42B6 Set 30 
4287 w 
42BB " 
4iB9 I, 

ID-3CE-515-41 
I " 
R n 
I II 

42QCl 
42QF2 
42903 
42QF4 
42QC5 
42QF6 
42QD7 
42QZ8 

ID-3C8-515-40 87.3 82. 
A n I 
(I n II 
II I " 
I( n I, 
" I, " 
n n " 
* (1 " 

4iQD9 Set 30 ID-308-515-40 
42QPlO " n 9, 
42QDll (1 II " 
42QF12 " n (I 
42QFlU 0 " I! 
42QDlS n I " 
42QF16 (1 n " 

.t'abend 

797. 18.5 
(1 20:6 
" 19.3 
" 18.7 

87.4 
II 
n 
I 
II . I 
II 

110. 
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287, 
288. 
289, 
290. 
291, 

293: 
294. 
295. 
296. 
297, 
29 8. 
299. 
300. 
301. 
302. 
303. 
304. 
305. 
306. 
307. 
308. 
309. 
310. 
311, 
312. 
313. 
31L 
315. 
316. 
3 -. 
3.0. 
319. 
320. 
321, 
322. 
323. 
324. 
325. 
326. 
327. 
328. 
329. 
330, 
331. 
332, 

.tabhe gin 

. table NIticon 'NClBTH INJfCTION CIAGNXlS, PABT 2' June 8, 1980 

tlagnet Paver SQ~ply Gefexence Cable Loop Nominal Iioninal 
System Locatjon Eriets Size Ohms AMES Volts 

,-----------, ---------C----,----------------I ----e-w I ------,14'(-5-GeV)------I 
‘4ZQD13 

42QD17 

42BVA-l 

428Vl Set 30 
42B12 Set 30 
4iBV3 Set 30 
42ElV4 Set 30 
42BV5 set 30 
42896 Set 30 

P-PA. Gate 

42QP18>>24 
42QD19>> 

Set 30 

Set 30 

1OCHlS ID-306-515-40 

UZQIZO>> 
42810 lOCH20 
42QD21>> 
42BHl lOCB12-El 

42QP22>> 
42897 1ocn13-31 
42QD23>> 
1 OA614 10cn13-izs 
42882 lOCB12-29 

42QP24>> 
lOABEl lOCH13-27 
42Bll 1OCWi 1 
lOAEB2 1oca12-25 
10ABBl lOca12-37 

ID-308-515-40 

ID-308-515-40 

ID-3a6-515-41 
ID-300-515-41 
ID-308-515-41 
ID-306-515-41 
ID-30e-E1=-41 
ID-306~s15-41 

108. 20. 

ID-300-'15-41 

ID-308-515-41 

ID-308-515-41 

ID-308-515-41 
ID-30th515-41 

ID-306-515-41 
ID-308-515-41 
ID-308-515-4 1 
10-368-515-41 

.tabcnd 

,chaFter 'Testing the Steering Bagnets Ior PXP' 

.section 'Test Steering (Nagnet Systems Eegion 2' 

3/O 0.78 100. 78, 
100. 
100, 

2x2501 O-016 784. 12-s 
100. 

#6 BUG 0.7 20. 14. 

100, 
#6 BUG 0.7 20. 14, E3/ 

100. 
#2 AYG g-7 60, 42. 
116 AWG 0.6 20. 12. 

100, 
#2 ARG 0.6 60. 12. 
2X25OM 0,0185 508. 9.4 
t2 AWG 0-4 120. 48. 
12 APG 0-4 60. 24.. 
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333. 
334. 
335. 
336, 
337. 
3 
339: 
340. 
341. 
342. 
343. 
344. 
345. 
346. 
347, 
348, 
349. 
350. 
351. 
352. 
353. 
354. 
35s. 
356. 
357. 
358. 
359. 
360. 
361. 
362. 
3’ - . 
3%. ,. 
365. 
366. 
367. 
368. 
369. 
370. 
371, 
372. 
373. 
374. 
37s. 
376. 
377. 
378. 
379. 
380. 
381, 
382. 
383. 
384. 
385. 

. tabtegin 

-table STEE62 'STEERING UAGNETS, REGICNS: lB, 2b, RXp Hall, 2B, 38’ June 8, 1980 
Bagnet Paver SuFEly fieference Loop Uominal NGsinal 
System location Erintr Ohms Amps Volts 

1 ----------- 1 ----^-------- _---_------w---- ------w --e-e- -aB-w---, 1 I I I 

lE8EV OiCC12-3 1 
lE8El/2 Torn azccl2-27 

lE6B1/2 Trm OiCCl2-38 
lE4EV 02cc12-29 
lEUE1/2 TRN 02cc12-25 

lR2El/2 TRN OiCC12-36 
lElBl/Z TRN OiCC12-23 

lEOEX./lBL-V OiCC72-17 

2dQ2/2ECZTBN OZCCl2-15 

WD-2a7-009-01,l 
WD-2a7-oa9-01,l 

l-4 20. 
2-O 20, 

28, 
40. 

3 wD-207-009-01,1 
WD-207-a09-01,3 
wn-2a7-ao9-01,3 

1.714 20. 
1.4 20. 
l-7 20. 

6 wo-207-ac9-oi,4 
WD-207-0a9-01,4 

wD-2a7-ao9-oi,4 

1,615 20. 
1.6 20. 

-60 20. 

WD-207-OC9-01,4 0.75 60. 

WULTI 2AHBE o;cc12-21 
II iANB0 oicc12-19 
I, 2AllEQ 08CN23-19 

ZAQl/ZEQlTBH 02CC11-15 

See next table far Eower 

wD-207-009-01,4 
WD-207-009-01.4 
WD-207-009-07,4 

1.7 20. 
l-7 20. 

ID-207-OC9-01,4 0.85 60. 51. 0.298 ohms at magnet 

sources for the Experimental Interacticn Region t2 

2BQ1/2AQlTRN OZCCll-15 WD-207-009-01,4 See 2AQ1/2BQlTRH 

NUL'II 2BNBE 02cc11-21 
H 2BlBO OiCCl l-19 
8, ZBBRQ 08CN24-19’ 

2EQ2/2AQ2TEN OZCClZ-15 

3AOBL/lRL-V 0iCC11-17 

wD-2a7-a09-oi,4 
uD-2a7-009-01,4 
wD-2a7-ao9-07,4 

1.7 20. 34. 
1.75 2b- 35, 

WD-207-009-01,4 See 2AQ2/2BQ2TRN 0.234 ohms at magnet 

WD-207-009-03.1 

3AlE1/2 TBM OZCCll-23 WD-207-009-03,l 
3A2Bl/2 TBH OZCCll-36 4 WD-207-OOg-03,1 

3AUBl/2 TRN 0;iCCl l-25 
3A4EV OiCC 1 l-29 
3A6E1/2 TEN 02CCl l-38 

3A8B1/2 1'88 OiCC 1 l-27 
3A8EV OZCCY l-3 1 

. tabend 

UD-207-009-03,2 
wn-207-oa9-03,2 

8 wD-207-ao9-a3,2 

WD-207-009-03.2 
WD-207-009-03,2 

0.67 20. 13.4 

l-68 
1.66 ii: i:: 

1.8 
1.4 

22:: 36. 
28. 

1.756 20. 35. 

2-o 20, 40, 
1.5 20. 30. 

34. leads = 0.3954 
28. 
34. 

32. leads I 0.2622 ohms 
32. 

12. 

45.. a.235 ohms at aagaet 

34. 
34. 

0.299 ohms at magnet 

. section 'EXPERINBNTAL HALL FOYER SOURCES BEGION 2' 

leads = 0.3133 ohms 

leads = 0.4114 ohms 
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366. 
387. 
388. 
389. 
390. 
3. . 
392. 
393. 
394. 
395. 
396. 
397. 
398. 
399. 
400. 
401. 
402. 
403, 
404; 
405, 
406. 
407. 
400. 

.tabbegin 

.table EXPR2 'EXFEBIHEN$AI HALL POliKfi SOOGCES BEGlOB 2' June 8, 1980 
/ 

# 

Y 

2-Gamma SeEtam Uagtret 1,100 A a 209 V 1.2 IYE supply #l 
(Probably jlimited to 1,100 amps do to saturation) 

(Load= 23OkP) 

TEC 2-Gamma Skew Quads Choppers 
1 ChOFpG 500 $ la 72 V 

200 ku supply 

3 CboFpers 500 b a 34 V ( None used ) 
TPC 2,200 A a 486 Volts 1 ,f EY SU@Y #2 (Load=l.07 MU) 
TFC SuFerccnducti~g Compensators (From LEG: Bob Slit) 

ohms Alps 
****-*-- ***** I ** 

ZBXF-A 02CC11~40 ID-308-515-48 Left racks 4 Required: 
ZEXl?-8 OfCC11+38 ID-306-515-48 n ,I 
ZEZF-C OZCCll-36 IE-308-S 15-48 " " 
ZKXF-D OZCC12-40 III-308-515-48 Right racks m n 
ZEXF-B GZCC12-38 XC-308-515-48 future, not 
2 IXP-F 02CC12-36 ID-3GE-515-48 future. not 

-tabend 

. section 'Test Steering #Magnet Systems Fegiom 4' 
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409. 
410. 
411. 
412. 
417. 
4. 
415. 
416. 
417. 
418. 
419. 
420. 
421. 
422. 
423. 
424. 
425. 
426. 
427. 
428. 
429. 
430. 
u31. 
432. 
u33. 
434. 
43s. 
436. 
437. 
438. 
4' . 
4C.0. 
441. 
442. 
443. 
444. 
445. 
446. 
447. 
448. 
449. 
450. 
451. 
452. 
453. 
454. 
455. 
456. 
457. 
458. 
459. 
460. 

.tabtegin 
-table STEER4 'STEERING MAGNETS, BEGICIS: 3E. 4A, Exp Hall, 4B, 5A' JUAe 8, 1980 

Magnet Eouer SUFply fieference Loop loninal Nonina 
SIstea Location Erints Ohms Amps volts 

1 *-*******- *************** -**************- ***--* -***** ***--** I I I I I I 

3E8EV G4JZC12-31 
3E8B1/2 TRI¶ OUDC12-27 

33681/2 TBB 04DC12-38 
3l34EV 04cc12-29 
3BUEl/2 TBH G4DC72-25 

3BZE1/2 TBfl G4DC12-136 
3BlE1/2 TEEl G4DC12-23 

3EOEL/lEL-V 04DC12-17 

4AQ2/4EQ2TBH GUCC12-15 

HULlI 4AtiBE 04x12-21 
*a 4AIBO G4DC12-19 
I, 4AUEQ G8CL123-19 

'+AQ1/4BQlTEH 04DCll-15 

RD-2G7-GC9-03.3 1.6 20. 
WD-207-OG9-G3,3 2.0 20. 

6 WD-2G7-GG9-03,3 
WD-207-009-03.3 
ND-2G7-GG9-G3,3 

1.8 20. 
1.5 20. 

RD-2G7-GG9-03-4 
RD-207-009-03-4 

WD-2G7-OG9-03,4 

ED-2G7-OG9-G3,4 

UD-207-009-G3,4 
YD-207-009-03.U 
RD-2G7-009-07.4 

WD-2G7-GG9-03,4 

1.9 20.' 

1.76896 20. 
1.70 20. 

-60 20. 

0.70 60. 

1.8 20. 
1.8 20. 

0.9 60. 

32. 
40. 

36. leads = 0.4538 ohms 
30. 
38. 

34. leads 0.3487 ohms 
34. 

T 

12. 

42. 0.236 ohms at magnet 

36. 
36. 

54. 0.300 ohms at magnet 

See next table for Fouer sources for the Experimental Interaction Region 14 

4EQ1/4AQlTBU GUDCll-15 YD-2G7-GG9-03,4 See 4AQl/4BQlTEtl 0.303 ohms at magnet 

HOLTl 4BHBE 04DC11-21 WD-2G7-009-03.4 1.8 20. 36. 
" 4BUBO 04DCll-19 PD-2G7-OG9-03,4 1.7 2q. 34. 
a* 4BllBQ 08CH24-19 ID-2C7-009-G7,P 

4fiQ2/4AQ2TfiH G4CC12-15 YD-2G7-009-03,4 See 4AQ2/4BQ2TllN 0.236 ohms at magnet 

SAOEL/lBL-V 04DCll-17 WI-207-009-05.1 0.6 20. 12. 

SAlE1/2 TBkl G4DCll-23 WD-2G7-OG9-G5,l 1.7 20. 34. 
5A2E1/2 TBH G4DCl l-236 4 UD-2G7-G09-G5,l 1.7639 20. 34. leads = 0.2993 ObRS 

58481/2 TBH 04DCll-25 WD-2G7-009-GS,2 1.8 20. 36. 
SAYEV 04DCll-29 UD-207-OG9-OS,2 1.5 20. 30. 
5A681/2 TEH 04DCll-38 3 UD-2G7-GG9-OS,2 1.766 20. 36. leads = 0.422 ohms 

5A8Bl/2 TRn G4DCll-27 UD-2G7-009-05.2 1.9 20. 38. 
SA8EV G4DC15-31 YD-2G7-GG9-GS,2 1.4 20. 28. 

.tabeAd 

. section 'EXPEBIEEliTAL HALL POWER SCUHCES BEGION 4' 
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461. 
462. 
463. 
464. 
Y65, 
u 
467: 
U68, 
U69, 
470, 
471, 
472. 
473, 
474. 
475, 
476. 
477. 
478. 
479. 
480. 
481, 
482. 

. tabtegin 
-table EXPB4 'EXFEBItiIHPAL HALL POSE6 SOUPCES REGlCN 4’ June 8, 1980 

# MAC Solenoid 6,OOOjA a 150 V (0,025 ohms) 1.5 RY P-S, (Load= 90kY) 
I5 kg) 

I MAC Toroids 2,500 A B 96 V (0.0384 ohms) 400 kP supply (load= i40kP) 
(20 kg) 

Ohms Amps Volts 
-------- 1 ------ 1 ---- 

t 4EXP-A a4cciwo ID-308-515-48 l-25 25. 32, Left racks HAC nor Stc 
# 4EXP-B a4ccll+38 XII-308-51%U8 1.45 25, 37, MAC Vert St 
# UEXP-C 04CCl lt36 IC-308-515-48 1.55 

4:: 
39, MAC Solenoi 

# 4EXP-D a4cci2t40 m-308-515-48 1.25 32. Right racks Spare 
* 4EXP-E 04CC12-38 10-308-S 15-U8 l-3 25. 33. HAC Vert St 
It 4EXP-P 04CCl2b36 ID-308-515-48 MAC iior Ste 

. tabcnd 

. section 'Test Steering bagnet System Begion 6' 

- 69 - 



483. 
484. 
485. 
486. 
487. 
4 
489: 
490. 
491. 
492. 
493. 
494. 
495. 
496. 
497. 
498. 
499. 
500. 
5oi. 
502. 
503. 
504. 
505. 
506. 
507. 
508. 
509. 
510. 
511. 
512. . - 

55,.: 
515. 
516. 
517. 
518. 
519. 
520. 
521. 
522. 
523. 
524. 
525. 
526. 
527. 
528. 
529. 
530. 
531. 
532. 
533. 
534. 

.tabbegin 

. table STEELi 'STEERING BAGNETS, REGICNS: 5B, 66, Exp Hall, 68, 7A' June 8, 1980 
Magnet Power Supply Reference LOOF l?ominal Iiorinal 
System Location Frints Ohms APPS Volts 

1 -____-- ---- I --m----------- I -- ----------- -- J--I-l ------_ I-----l 

5E8EV 06CC12-31 
58881/2 TBM C6CC12-27 

58681/2 TRH 06CC12-38 
5E4EV 06Cc12-29 
5B483/2 !IBl!l 06CC12-25 

58281/2 TBII C6CC12-36 
5BlE1/2 TEN 06CC12-23 

5B0BI./lBz-V 06ccl2-17 

6AQ2/6EQ2TBB 06Ccli-15 

lULT1 6AtiBE 06CC12-21 
II 6AI!iBO 06CC12-19 
II 6AtiBQ 08CH23-19 

6AQ1/6IQlTBH 06Ccll-15 

RD-207-009-05.3 1.22 
uD-207-oa9-a5,3 1.72 

24.2 
34.4 

6 WD-207-Oa9-05,3 1.6419 
MD-207-009-05.3 1.13 
PD-207-009-05.3 1.62 

20. 
20. 

20. 
20. 
20. 

32.4 leads = 0.2969 ohms 
22.6 
32.4 

a YD-207-aa9-05,4 1.5438 
WD-207-009-05,4 1.5 

30. leads 7 0.1984 ohms 
30. 

an-2a7-009-05,4 .5 

20. 
20. 

20. 10. 

~D-207-a09-05,4 0.70 60. 

MD-207-009-OS,4 
PD-207-a09-a5,4 
ID-308-515-60 

1.6 
1.4 

20. 
20. 
20. 

42.. 0.233 ohms at magnet 

32. 
20. 

wD-207-aa9-a5,4 0.9 60. 54. 0.313 ohms at magnet 

Se'e next table fcr Power sources for the ExFerimental Interaction Begion #6 

6EQ1/6AQlTRfl 06CC11-15 PD-207-o09-05,4 See 6AQ1/6BQlTRfl 

IUL'II 6BWB6 06CCll-21 
I, 6BIBO 06X11-19 
II 6EbBC cacw24-19 

6EQ2/6AQ2TRM 06CC12-15 

uD-207-aa9-05,4 1.75 20. 35. 
YD-207-0a9-05,4 1.7 25). 34. 
ID-30e-515-60 

YD-207-009-05,4 See 6AQ2/6BQ2TBI 0.238 ohms at magnet 

7AOEL/lBL-V 06CCll-17 

7AlBl/2 TBH C6CCll-23 
7A2E1/2 TBH CCCCl l-36 

7A4E1/2 TEH 06CCll-25 
7A4EV 06CCll-29 
786E1/2 Tati 06CCll-38 

7ABE1/2 'IEM 06CCll-27 
7A8EV C6CCll-31 

.tabmd 

wD-207-009-07,1 

WD-207-0a9-07,1 
4 wD-207-009-07,1 

13D-207-aa9-07,2 
YD-207-009-07,2 

3 MD-207-aa9-07,2 

uD-2a7-a09-a7,2 
an-207-009-C7.2 

0.61 20. 

1.34 20. 
1.3564 20. 

1.7 20. 
1.3 20. 
1.806 20. 

1.7 20. 
1.5 20. 

. section 'EXPERIUENTAL HALL PQWEB SCOBCES BIGlON 6' 

12.2 

26.8 
26.8 

B 3/4 E 

resis 314 B 
leads = 0.3621 

34. resis 3/4 
26. 83/11 
34. leads 0.4584 ohms 

34. 
30. 

resis 3/4 
63/11 

0.300 ohms at magnet 

regis 3/U 
resis 3/4 

-- 
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535. 
536. 
531. 
538. 
539. 
5 
%I11 
542. 
543. 
54Q. 
545. 
546. 
5c7. 
548. 
549. 
550. 
551. 
552. 
553. 
ssu. 
555. 
556. 
557. 
558. 
559. 
560. 
561. 
562. 
563. 
564. 
5“. 
5a.J. 
Sbl. 
568. 
569. 
570. 
571. 
572. 
573. 
570. 
575. 
576. 
577. 
578. 
579. 
580. 

. tab be gin 

.tabla HP86 ‘EXPFEItlEUTAL BALL POf(E6 SOOBCES EEGIOY 6' 
I 

# BBS Solenoid superconducting suqFlF (2,000 amps ii 10~ 3Oku) 

A SSS CcmFensator superconducting &."Fp3, (560 i ImfS a BV 5kll) 

# HES Skeu Cuds 

6SXP-A OLCCll-UO 19-308-515-48 
71681/2 C6CCll-38 xd-ma-sis-48 
7628 I/2 06CCll-36 Id-306-515-48 
6EXP-0 06CC12-UO Id-3oe-sl5-4i3 
5BbB l/2 ObCC12-38 1$-3OE-515-J10 
58281/2 06CC12-36 I$-iOf+515-48 

06CC13-36 CH B9 0.408 60. 24.5 Bags 0.142 t 0.141 ohms Term 162 TBOl-361 
06CC13-38 CHB-10 0.437 60. 26.2 Bags O.lU2 6 0.140 ohms Term 3E4 TB02-361 
OdCC13-PO Cal69 0.'463 60. 27.1 Pags 0.140 E O.lUl ohms Term SC6 T603-3Gl 

KBS PBP Begion 6 controls (see J,J. LiFari) 

Crate lOi Bcduli 19 Control Ibncticme 
Channel 1 CC CU Command 

2 CC CPF Command 
3 Fast Discharge switch OFF 
u Fast Discharge su$tch 011 

Crate lU22 Bodole 18 Status Signals 
Channel 1 tc CM 

32 
System Eeadg ' 
FCB Pemcte Contra 

4 Fast Discharge Se t tch OFF 
5 Fast Discharge Svktcb CU 

13 E-A 
1U Emergency Dump Su'tcb Status 

Converter at 1 IS0 

Crate 1422 Bodule 17 DAC Contrcl Bcdula 
16 81’1 

.tabend 
-section *Test Steering Bagnet Systkss Begiom 8' 

June 8, 1980 

ohms Amps volts 
------,----I-------- 

chassis bt i&alled Left racks leads O-2735 ohms 
Leads O-2772 ohms 
Leads 0.2756 ohms 

chassis not installed night racks 
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581. 
582. 
583. 
584, 
58% 
5 
5871 
588, 
589. 
590. 
591, 
592. 
593, 
594, 
595, 
596. 
597. 
598. 
599.. 
600. 
601, 
602. 
603. 
6OU. 
605. 
606. 
607. 
608. 
609. 
610. 
6' 
6rr: 
613. 
61Um 
615. 
616. 
617, 
618. 
619. 
620, 
621. 
622. 
623, 
624. 
625, 
626, 
627. 
628, 
629. 
630. 
631. 
632, 

. tabtegin 
-table STEER8 gSTEERING MAGNETS, REGICNS: 7B, 811, Exp Hall, 88, 91' June 8, 1980 

lagnet Power Supply feference LOOF Bon inal Borinal 
Spstea Location Prints Ohms Amps volts 

1 ----------- I --e-w--------- I ---------------- 1 ------- I -----_ I ------- 1 

7E8EV oacc 15-3 1 
78881/2 TBH CRCcl!+27 

7B6E1/2 TEH Cf3CCl5-38 
7BYEV CRCClS-29 
78461/2 3RH 08CCl5-25 

782B1/2 TRH 08CC15-36 
7ElE1/2 TBA CEccl5-23 

WD-207-OC9-C7,3 
AD-207-009-07,3 

6 WD-207-009-07,3 
WD-207-009-07,3 
WD-207-OC9-07,3 

8 WD-207-009-07,4 1.76181 20. 34. 
WD-207-009-07,U 

leads*= 0.2787 ohms 
1.70 20. 34. 

7BORL/lEL-V C8CCl5-17 PD-207-009-07,U 

EAQ2/8EQ2TRH 08CC15-15 YD-2C7-0a9-07,4 

HOL'II BAilBE 08CClS-21 
11 8AHBO 08CC15-19 
II 8ABfiQ oacti23-19 

EAQl/EEQlTEfl CBCClb-15 

WD-207-009-07,4 
WD-207-0a9-07,4 
wD-207-009-07,4 

WD-207-009-07,4 0.875 60. 52.5 0.306 ohms at magnet 

1.6 20. 
1.97 20. 

1.7214 20. 
c 

kii 
20. 
20. 

-70 20. 

0.70 60. 

l-68 
1.68 2:: 

32, 
39-4 

36. leads = 0.3379 ohms 
30, 
36. 

19. 

42. 0.23U ohms at magnet 

34.6 
33.6 

See next table for Eouer Sources for the Experimental Interaction Begioa 18 

EEQl/EAQlTB~ 08CC16-15 ID-207-009- 48 

MOLT1 BEllBE C8CCl6-2 1 
II 8BHBO CECCl6-19 
#I f3EtiRQ 08CN24-19 

EEQ2/8AQ2TBH 08CC15-15 

UD-207-cc9-07,4 
WD-207-009-07,4 
WD-207-OC9-C7-4 

WD-207-009- 48 

9AOEL/lBL-V CECCl6-17 

9AlE1/2 TBfl CBCCl6-23 
982B1/2 TRH C8CCl6-36 

WD-207-009-09,1 

WD-207-GO+09,l 
4 WD-207-009-09,1 

9A4El/2 'IRH CBCCl6-25 
9A4EV CRCCl6-29 
98681/2 IRII C8CCl6-38 

9A8El/2 TBH CBCC16-27 
9AEEV C8CCl6-3 1 

. tabend 

WD-207-009-09,l 
WD-207-009-09,l 

3 WD-207-OC9-09,l 

WD-207-009-09.1 
WD-207-oa9-09,l 

See EbQl/8l3QlTEB 0.305 ohms at magnet 

1.72 20. 34.4 
1.75 2q. 35. 

See EAQ2/8BQ2TBE 

O-6 20. 12. 

0.233 ohms at magnet 

l-7 20. 34. 
l-6666 20. 34. leads = 0.3379 ohms 

1.78 20. 35.6 

1.5 20, 1.766 20. :50:6 leads = 0.4262 ohms 

2; 20. 20- 38. 34. 

w section 'EXPEG1iENTA.L BALL POWER SOOECES BEGION 8' 
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633. 
634. 
63% 
636. 
637. 
6 
639: 
640, 
641. 
642. 
643. 
649. 
6U5. 
646. 
647. 
648. 
649. 
650, 

. tabbegin I 

. table EXPBB 'EXPEBIHE!jTAL IIALL POCEE SOUBCES BEGIGI 6' June 8, 1980 

I) DELCO (3X9) 3,000 A 1 19OV (O-0569 ohms) 825 kl power supply (1 

# Micro-Beta 2 of 8cua magnets (2 * 0,038 ohms) 826 kW Supply #2 

# EIEXP-A 08CC13-40 
I BEXP-B oacc 15-38 
t abxp-c 08CClEk36 
r BBXP-D 08CCl$-40 
a aExP-B 08CCltb38 
# OEXP-P 08cCld-36 

Ohms Amps Volts 
e--e-- -, -- -- - -- 

xn-308-z 15-48 0.8 25. 20. Left racks DELCO, Aor 
x.8-308-5 is-48 0.8 25. 20, DELCO, Ver 
xc-308-C 15-48 --- --- -- DELCO, Sol 
xc-308-s 15-48 0.8 25. 20. Bight racks SPARE 
IE-30e-515-48 0.8 25, 20. DELCO. Ver 
xc-308-z n-48 0.8 25. 20. DELCO,,Hor 

.taband 
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651. 
652, 
653.. 
654. 
655. 
6. 
657: 
658, 
659. 
660. 
661. 
662. 
663. 
664. 
665, 
666. 
667. 
668. 
669, 
670, 
671. 
672. 
673. 
674. 
675, 
676. 
677. 
678. 
679. 
680. 
6' . 
6b~. 
683. 
684. 
685. 
686. 
687. 
688. 
689. 
690. 
691. 
692, 
693. 
694. 
695. 
696, 
697. 
698. 
699. 
700. 
701. 
702. 
703. 
704. 

.._ 

-. . 

.tabteqin 

.table STEHIO ~STEEEING HAGNETS, EEGICNS: 9B, 108, Exp Ball, 11~1' 108, June 8, 1980 
Magnet Fever SuFply Eefarence LOOF nominal Boxinal 
system Location Friuts ohms Amps Volts 

1 ----------- I ------------mm I ----------------J -------, w----_ -------- 1 I 

9B8EV lOCC13-31 
9E8B1/2 TBH lOCC13-27 

9E6E1/2 TRH lOCC13-38 
9B4BV lOCC13-29 
9E4E1/2 TRH lOCC13-25 

9BZE1/2 TRH lOCC13-36 
9BlB1/2 TRR lOCcl3-23 

9EOEL/lBL-V lOCC13-17 

lOAQZ/lOBQ2T lOCC13-15 

BULTI lOABBE 1OCC13-21 
II lOABB0 lOCC13-19 
" IOARRQ CBCM23-19 

lOAQl/lOBQlT lOCC14-15 

See next. table fcr Power 

lOBQl/lOAQlT lOCC14-15 

MULTI 1OBlBE lOCClP-21 
I, lOEBB lOCC14-19 
‘I 1OEHRQ C8CM24-19 

1CBQ2/lOAQ2T 10CC13-15 

11AOBL/l EL-V lOCC14-17 

llAlE1/2 TBH lOCClU-23 
llA2B1/2 TAB lOCC14-136 

llA4B1/2 TRE lOCClU-25 
llA4EV lOCC14-29 
llA681/2 TBII lOCC14-38 

llA881/2 TEtR lOCC14-27 

llA8EV lOCC14-31 

.tabend 

WD-207-009-09,3 1.4 
UD-207-009-09,3 1.9 

3 RD-207-009-09.3 1.696 
UD-207-009-09.3 l-3 
SlD-207-009-09,3 1.7 

4 YD-207-009-09,4 
AID-207-009-09,4 

liD-207-009-09,4 

WD-207-009-09,4 

VD-207-009-09,4 
YD-207-cog-09,4 
WD-207-cog-07,4 

l-606 
l-6 

-56 

0.68 

1 c 
12 

2: 
20. 
20. 
20. 

20. 
20, 

20. 

60. 

20. 
20. 

28. 
38.. 

34. 
26. 
34. 

32, 
32. 

11.2 

leads = 0.3644 ohms 

leads,= 0.2704 ohms 

40.8 

30. 
30. 

0.233 ohms at magnet 

!iiD-207-009-09,4 1.0 60. 60. 0.301 ohms at magnet 

sources for the Experimental Interaction Begioo 610 

WD-207-009-09,4 See lOAQl/lOBQlT 0.302 ohms at magnet 

UD-2C7-009-09.4 
WD-207-009-09,4 
WD-207-009-07,~ 

PO-207-009-09,4 

YD-207-009-ll,l 

UD-207-009-11,l 
8 HD-207-CC9-11,l 

YD-207-009-11.1 
RD-207-CC9-11,2 

6 UD-2C7-C09-ll,l 

RD-207-009-11,2 

WD-207-009-11,2 

1.8 20, 36. 
1.8 29. 36. 

See lOAQ2/ lOBQ21 0.234 ohms at magnet 

O-58 20. 11.6 

1.6 20. 28. 
1.6 29820. 28. leads = 0.2908 ohus 

1.8 20. 36. 
1.28 20. 13.6 
1.7242 20, 36. leads = 0.3828 ohms 

1.7 20, 34. 

1.4 20. 28. 

. section 'EXPERIMENTAL HALL POWER SOUECES REGICN 10' 
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705. 
706. 
70-l. 
708. 
709. 
7 
711: 
712. 
713. 
714. 
715. 
716. 
717. 
710. 

.tabDegis 

. table EXPlO 

b lOEYE'-A 
i IOEXP-E 
t lOEXP-C 
0 lOXXP-D 
I lOEXP-E 
t IOXXE-P 

-tabend 

'EXPFAUBEHTAL t lALL PPYEE SCOECBS BEGlOll 10' Jane a, 1980 

10cc14-uo 
lOCClr(-36 
lOCc14-36 
lOCC13-40 
lOCC13-38 
lOCC13-36 

OhSS Asps 
---a--- -,----- -- 

ID-x8-515-48 Left racks 
XC-308-515-48 

(Wile DOW) Leads 0.1981 abas 

Ill-3OB-'15-98 
(none now) Leads 0.1978 ohms 

ID-308-515-48 
(none non) Leads 0.1981 ohms 

Bight racks (none nov) 
10-308-515-48 (none now) 
ID-308-515-48 tnone IOU) 
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719. 
720. 
721, 
722. 
723, 
7 
725: 
726. 
727. 
728. 
729. 
730. 
731. 
732. 
733. 
734. 
735. 
736. 
737. 
738. 
739. 
740. 
741. 
742. 
743. 
74u. 
745. 
746. 
747. 
740. 
7r-. 
7, - -. 
751. 
752. 
753. 
754. 
755. 
756. 
757, 
758. 
759. 
760, 
761. 
762. 
763. 
764. 
765. 
766. 
767. 
768. 
769. 
770. 

. tabtegin 
-table STEN12 ‘STEERIUG MAGNETS, EEGICIJ: 11E. 12A, Exp Hall, 128, IA' June 8, 1980 

Wagnet Pcver Supply Eeference Loop Nominal lorinal 
System Location Erints Ohms Amps Volts 

I ----------- ------w------- ---------------- ------- ------_ -------m I I I I I I 

llE8EV liCC12-3 1 WD-207-009- 11.3 1.4 
1 lE8E1/2 TBM liCC12-27 YD-207-009- 11.3 l-9 

118681/2 3EM lXC12-38 6 PD-207-009-11.3 1,758 
llB4EV 12cc12-29 WD-207-009-11,3 l-32 
llBUBl/2 TBI liCC12-25 WD-207-009-11,3 1.8 

1182B1/2 TRR liCC12-36 8 WD-207-009-11.4 1.68 
llBlE1/2 Tan liCC12-23 YD-207-009-11,4 1.70 

20. 28. 
20. 38. 

20. 36. leads = 0.4206 ohms 
20. 26. 
20. 36. 

20. 34, leads,= 0.3363 ohms 
20. 34. 

llEOEL/lEL-V liCC12-17 YD-207-009-11,4 .6 20. 12. 

12AQ2/12BC2T liCCli-15 YD-207-009- 11.4 

MULTI 12AtiBE 
II 12AnBO 
” 12AiIEQ 

12AQ1/12BClT 

liCC12-21 HD-207-009-11,4 
liCCli-19 UD-207-009-11.4 
12CI!I23- 19 RD-207-009-71,4 

12CCl l- 1s WD-207-009-11,U 

0.80 60. 48. O-233 ohms at magnet 

1.8 20. 36. 
1.8 20. 36. 

0.75 60. us. 0.300 ohms at magnet 

See next table fcr Paver sources for the Experimental Interaction Region t12 

12BQ1/12AQlT 12CC11-15 YD-207-009-11,l See 12AQ1/12BQlT 

1.8 20. 36. 
1.7 2q. 34. 

0.299 ohms at magnet 

MULTI 12BHEE 1icc 11-2 1 
II 12EHBO liCCll-19 
n 12EHBC 08CCI24-19 

128~2/12AQ21 IiCCli-15 

lAOEL/lBL-V liCCll-17 

181 El/2 TEtl liCC1 l-23 
lA281/2 'IEH 12CCll-36 

lA4B1/2 TRIl 12CCl l-25 
IAUEV liCC1 l-29 
lA6E1/2 TBH liCC1 l-38 

1 A8E1/2 ‘IBN liCC1 l-27 
lA8EV IiCCll-31 

AD-207-009-11,4 
YD-2C7-009-11.4 
MD-207-009-07,4 

YD-207-009-11,l 

MD-207-009-01,l 

WD-207-009-01,l 
4 ED-207-009-01,l 

WD-207-009-01.2 
PD-207-009-01,2 

3 RD-207-009-01,2 

See 12AQ2/12BQ2T 0,232 ohms at magnet 

0.6 20. 12. 

::?os ::: 34. 34. leads = 0.375 ohms 

1.5 20, 30. 
1.4 20. 28. 
1.807 20. 36. leads = 0.475 ohms 

RD-207-009-01,2 1.8 20. 
MD-207-009-01.2 1.45 20. it: 

. tabend 

. section ‘6XPERIHENTAL BALL POWER SOOECES REGICN 12’ 
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771. .tabbegin 
112. .table BXPli 'LxPIRInEYTAL HALL POMEF 

I UABK-IL magnet; 4,SOOA at (58 ) 
4,500 at 300 olts 

778. 
779. t IZXXP-1 12CCll-40 
700. A 12BXPE 12CCll-38 
761. I: 12XXG 12CCll-36 
702. : IZEXF-D 12CC12-40 
783. 1 IIEXP-X 12cc12-38 
784. I 12zxe-P 12CC12-36 
785. A 
106. .tabend 

SOOECXS BECIOY 12' June 0, 1960 

3.4119 P.S. 
(0.1288 ohm) 

(Wed 2,650 kli) Dew 
Repaired coil larch 23, 1982 

OhSS Asps volts 
-----'-',.-.-..,----. 

XL-308-515-48 1.4 25. 35. Left racks UK XI Her Steering 
ID-308-E 15-48 1.0 25. 
ID-308-515-48 1.2 25. :z: 

Ill II Per Steering 

ID-308-Z 15-46 l-3 
HR II Sol Trim UO amp mas 

ID-308-r; 15-48 1.15 ::: 
33. Bight racks IYK II Aor Steering 
19. 

xc-308-51sU8 
1X II Ver Steering 
IK 11 Sol Trim 40 amp ma1 
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787. 
788. 
789- 
790. 
791. 
7. 
793: 
794. 
795. 
796. 
797, 
798, 
799. 
800. 
801. 
802.. 
803w 
8OU. 
805. 
806. 
807. 
808. 
809. 
810. 
811. 
812. 
813. 
814. 
815. 
816. . . 8. 
8 *or 
819. 
820. 
821. 
822. 
823. 
824. 
825. 
826. 
827. 
828. 
829, 
830. 
831. 
832. 
833. 
834, 
835. 
836. 
837. 
838. 
839. 
840. 
841. 
8U2. 
8' 
84~: 
845. 

*tabbegin 
. table DVNAS lASSIGNMENT OF DVll SCAIUEB ECSITIOUS, BACK 08C101' Sept 15, 1981 

BAG SYS PEP CCNT EEGLOOP CHOPPER tiOl+INAL CROPPER CHCPFEB TEIGGEB 8 GeV 
I. n. HCNIICB OR REP BACK (S) CALIBA CONTBOL FEEF. PEASE Volts 

CRAli t CHAN # USEC AnPs/v POSITION ABE'IZ PCSITIOH 
1 _-------- --------- I I -------- 1 -----w-- ------4- ------e---- ___----- -------- -----w-, i I I I I 

3CP 
2cp 
1ED A/E 
4CF A/E 
4CP E/A 
1CD E/A 

1 CF 
43 

* Q2 

BENC A/B 

BEUD %/A 

QZ-aicro 
6SD 
6SF 

* 9cF 
4CD A/B 
4CD b/A 
f3CD 
7SD 
5SD 

* BW A/B 

3SF A/B 
2SD A/B 
2SD E/A 
3SF B/A 

* ISD 
* 6E E/A 

Special 
Special 
Special 
Special 
tEI ACAM 
-BI ACAMP 

,TABEUD 

00 30 
01 31 
02 32 
03 33 
OU(Ref) 34 
OS(lcne) 35 

06 
07 

08(Bef ) 

09 (Ncne) 

36 
37 

49 

38 

39 

10 
11 

40 
41 

12 42 
13 43 
lc)(lcne) 44 
15 45 
16 46 
17 47 
18 48 

20 
21 
22 (None) 
23 (Ncne) 
24 
25 
26 
27 
28 

3: 
32 

50 
51 
52 
53 
54 
55 

.chaFter 'Testing the Pouer 

H 30 
ii 31 
R 32/35 
E 33/34 
El 34/33 
H 35/32 

H 36 
H 37 

I. 61 

H 42/47 

B 47/42 

L 50 
I, Sl 

L 52 
L 53/54 
L 54/53 
I 55 
L 56 
L 57 
L 60/67 

I 62/65 
L 63/64 
L E4/63 
L 65/62 
L 66 
L 67/60 

SO. 
50. 
SO. 
SO. 

:,": 

50. 
50. 

150, 

lS0, 

150. 

50. 
SO. 

50. 

::: 
so. 
SO, 
50. 
50. 

50. 
50. 
50. 
SO. 
50. 
50. 

U137,1/2 
4137.3/u 
4137;5;6 
4137,7/a 
4137,9/10 
4137,11/12 

2040 7 130. 
2040 8 125. 
2040 6 160. 
2ouo 9 230, 
2040 9 160,. 
2040 6 lU0. 

4137,13/14 
4137,15/16 
4132,1/2 
4132,3/U 
4132.5/6 
4132,7/8 
4132,9/10 
4132,11/12 
4132,13/14 
4132,15/16 
4122,15/16 
4 127,13/1U 

2040 5 
2040 4 
2040 3 
2040 6 

100. 
85.. 

132. 

2040 
2040 
2040 
2040 
2040 

360 
360 

: 

: 
3 
9 

10 

100. 

160.. 

50. 
40. 

4127,1/2 360 
4127,3/4 360 
4127,5/6 360 
4127,7/e, 360 
4127,9/10 360 
4127,11/12 360 
4122,13/14 360 

: 
3 
7 

11 
1 
9 

60. 
185. 
145. 
100. 

4s. 
40.. 
-- 

1(122,1/2 360 12 150. 
4122,3/4 360 6 9s,, 
4122,5/6 360 6 7 o., 
4122,7/e 360 12 ?? 
4122,9/10 360 5 40, 
4122,11/12 360 9 -- 

Supplies for the BI Experimenters' 

.chaFter 'Future Chapters to be Added' 

.section *Diary cf the Testing of These Systers 

.section 'Special Information for Future Iiing magnet Testing' 
-section *.SFecial Topics Good for Ccnference BeForts' 
-section 'Sunnary of !Xest Results' 
-contents 

- 78 - 



846. 
8U7. 
848. 
8U9. 
850. 
8 
852: 
853. 
854. 
855. 
856. 
857. 
858. 
859. 
860. 
861. 
862. 
863. 
864. 
865. 
866. 
867. 
868. 
869, 
870. 
871. 
872. 
873. 
874, 
875, - 
8. 
88.. 
878. 
879. 
880. 
881. 
882. 
883. 
884. 
885. 
886, 
887, 
888. 
889. 
890, 
891, 
892. 
893. 
894, 
895. 
896, 
897. 
898. 
899. 
900. 
901. 
9' I 
9lm. 

EEE CBOFQEB EBCKS 

CIRCUII BACK X 

9SF BE 22 

3QF H 30 

2QF H 31 

JQJJ H 32 / 35 

CFi4CF) H 33 / 34 

QFt4CF) H 34 / 33 

1QD H 35 / 32 

1QF H 36 

43 H 37 

BElD n 42 1 U7 

BEND H 47 / 42 

6SD - L 50 

6SF L 51 

9QF L 52 

QD (4'3) L 53/E4 

GO L’JCD) L 54/53 

8QD L 55 

7SD I. 56 

SSD L 57 

BY L 60 / 67 

Q2 Ii 61 

SF(3SP) L 62 / 65 

2% L 63 / 64 

2SD L 64 / C3 

SF (3SF) L 65 / 62 

1SD L 66 

BW L 67 / 60 

CABLE ASSIGNI!EL!IS Sept 15, 1981 

COllMOH LEAD 

- Region 9 07 

i) Eegion 9 #ll 

t Region 9 117 

- Region 7 420 

- Begion 7 115 

n Region 7 16 

* Begion 7 114 

+ Begion 9 #if 

* Begion 7 19 

- Begion 9 I1 

- Region '7 42 

* Region 7 14 

- Region 9 116 

OUTPUT LEAD 

t Aegion 7 t7 

- Region 7 tll 

- Region 7 117 

- Begion 7 112 

- Region 7 118 

t Region 9 118 

+ Eegion 9 Cl2 

t Begion 9 120 

t Begion 9 115 

- Region 9 t13,19 

l Region 7 #13,19 

- Pegion 9 16 

- Region 9 #la 

- Region 7 t21 

' - Begion 7 X3 

l Region 9 13 

+ Begion 9 $9 

+ Region 7 tl 

t Region 9 #2 

- Region 7 15 

- Region 9 14 

- Eegion 7 18 

- Region 7 110 

l Begion 9 110 

t Region 9 18 

t Region 7 $16 

t Begion 9 IS 

CIINI-BBTA 

IIEI-BETA 

IIIII-BETA ' 

MINI-BETA 

IJINI-BETA 
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904. SF NOT USES!, tiCIT SIRED TO A BUS. 
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905. 
906. 
907. 
908. 
90s. 
9 , 
911, 
912. 
913. 
914, 
915. 
916. 
917. 
918, 
919. 
920. 
921. 
922, 
923. 
924. 
925. 
926. 
927. 
928. 
929. 
930. 
931. 
932. 
933. 
934. 
9 - _ 

9L 
937. 
938. 
939. 
940. 
941. 
942. 
943. 
944. 
945. 
946. 
947. 
948. 
949. 
950. 
951. 
952. 
953, 
954. 
955, 
956. 
957. 
958. 
959. 
960. 
9f 
9b-i 
963, 
964, 

. tabkegin 
-table HAGTE ‘ZtAIN PEE HALNET SYSTEMS IC EE TESTED at 61 8 I 

5eFt 15, 1981 
THE RESISTANCES ECR THE Leaps H AVE ttaI EEE~D CORRECTED FOE ~~EASIJKEC VALUES. 

Magnet) Cablelbacks) Hag:net )Bags) loop * Zoop ) Loop * I 
sys. 1 I.C.I)Usrd ) Typic losedl loop *Resis iResis *Besis 1 

f 
1 

f 
J10**-3*10*+-3~10**-3*10**-3~ 
iabms *ohms lohas *ohm 
~Calcul+lO amp111 GeV*lU.SGei 

I ---f----f- ----,----- ;--.. -..---e* ------ I ----a-+ -----_ 

I Ql 1 13,19,42,47: 16oiQ2000~ 12 f 10/79* lo/79 7/80* 3/82 ; 
I Q2 1 13,19142/471 16Ol~l500~ 12 1 * I * I 

OBL 1 13,191 
1BL 1 13,191 
BENDS1 13,19 1 

I 
I 

1 
Q3 I 15 

1QE 1 20 

1QD 1 12 
1 

2QP 1 17 

3QF I 11 

4QP 1 18 

4QD Lf 3 
I 

42/471 
42/47] 
42/47/ 

I 
37 +I 

IS5 +I lOl)G730 I12 ~1,250.*1.401. j 1,357.*1.p07 I 

I52 -1 lOOc550 113 ~1,018.*1,254,~1,217.*1,137 f 
I 

1’51 -1 16OQ1500112 I 266-i 307.1 .+0.328 I 
I i I 1 l I * 1 

I66 +I 12OS450 112 I1,044~*1,300.~ 1,114.* 
: 

157 +I 12(DS450 112 I S68.*1,220.1 1,103.*1,157 I 
I 

I51 -I 12OS250 I12 I 676-r 840.1 724.30-744 1 

150 -I 1205450 112 1 988.*3,276,1 i,io6.*i,i37 I 
I 

156 +I 128S450 112 1 9ea.+i,oao. 1 i,ii3,*1,162 i 

f62,65f 120S250 f60 ;2,801.:3,290.;3,057.:3,1~2 t 
I 

I 8QD 11 9 

1 9QF LI 21 

IQ2 14 

1 1SD L: 16 

1 5SD tj 2 

1 6SF LJ 14 

1 6SD LI 6 

1 7SD LI 1 

: 3SP L: 8 

1 250 Lj 10 

I 8U I 5 

f 9SF f 7 
I I 

1SP 1 

I I 
(1) Aluninui rcund oaker cooled Lus 

* I * 
a iO,38 X lo**-6 Ohms/.foot a 20 degrees C, 

(2) Bends use 2 of SODHCH in parallel fcr jumpers; Zb 0.0222 ohms/ 1,000 ft. 8 

36 +I 

321351 
I 

31 -I 

30 -I 

33/34J 

53,541 
I 

7liC27001 12 I t i * i 
7X2700 J 12 1 I * 
71IC5400) 193 11,415.~1,440.11,56a.*1,372 f 

J I * I * I 
100~1000~12 ~1,606.*1,840,~ 1,696.*1,757 1 

lOol~lOOO~ 12 ~l,606.+1,743.~1,685.*l,602 f 

lod~550 136 ~2,771.*3,300.~3,084,*3,183 : 

lodgooof 12 f 1,606.:1,870. f 1,7X-:1,954 f 
‘I 

lOac730 112 ~1,250,*1,410.~ 1,361,*1,415 1 ’ 

lOac730 I60 I5,668.*6,480. I6,148.*6,864 : 
I I 

10OQ550 I48 ~3,658.:4,105.~4,007,fU.101 f 
I I t I * I 

l63/64] 1205250 (48 12,269.*2,576.12,482,*2.571 I 

1 I 
112os250 *:2 I’ 

* I * I 
1 IiCT CCNNXTBD TO A.*WATEB COCLED7LCIOP ) 

ItiC/ Yi$gler I 3 I 894.* 900.1 900,* ! 

f22 liP1. 12bs250 ;12 ; 
* 

676-r 910.; 
* 
* I 

iEND 

43 

1QP 

lQD 

iQP 

3QP 

QQP 

4QD 

aQD 

9QF 

c2 

1SD 

5SD 

6SP 

CSD 

7SD 

3SF 

2SD 

+ BU 

SSF 

I, 
I- 

., 

* I 

1/2’feet’$r 
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965. 
966. 
967. 
968. 
96Q. 

871: 
972. 
973. 
974. 
975. 
976. 
977. 
978. 
979. 
980. 
981. 
982. 
983. 
984. 
985. 
986. 
987. 
988. 
989. 
990. 
991. 
992. 
993. 
99u. 
9' 
93,: 

997. 
998. 
999. 

1000. 
1001. 
1002. 
1003. 
1004. 
1005. 
1006. 
1007. 
1008. 
1009. 
1010. 
1011. 
1012. 
1013. 
1014. 
1015. 
1016. 

10". 
10'l-o. 
1019. 
1020. 

I (3) Quads and SextaPcles use 25ORCW for juapers; i2 0.0444 ohns/ 1,000 ft. Ten feet pet sag 
(4) One loop arcund the ring is 6,575 feet long. 

.tabend 

-chapter 'Testing of the Injection Hagnets, SIT* 
.CHAETBB 'RXSC BAREELATE DATA' 

TWO TBABSFOE8EBS ECB THE BRIDGE RECTIFIERS OF ERI- AED BEI* 
CYE IS DELTA - DELTA, THE OTHER IS BELTA - WYE. 

Standard Tranrfcrmer Inc 
Warren, chio USA 

3 phase TyFe B 
2,500 / 2,800 kVA CA continuous rating 
3,125 / 3,500 XVA FA continuous sating 

Class OA/PPA 55/65 degrees C rise 

Primary 12,470 Delta 
Scccndary 480 Delta for the ERI- suPply 

LV amps 1,736 amps; SHOULD EE 3GO8 AEFS LINE CURB.BBT. 

5.51% impeadance at 2,500 kVA 

Serial PJF 1942 
Spec E325D1222.8XXOlOO 

5 primary taps 13,094 to 11,846 volts 
prwnary amps, 110.1 

Hain chopper design info 
500 amps max for Quads, Sextapoles, and Bigglers 

commutation inductance 7 micro-henries 
capacitance 3 X 5 micrc-farads 

resonance freg aPprox 15.53 k hertz 
Impeadance I = 0.683 ohms. 

Peak current aE &IO1 1,025 amps (600~ on 81, 700V on caps) 

1,500 amp nax fcr Uain Bend choppers. 
ccmnutation inductance 3 micro-benries 

capacitance 10 X 5 micrc-farads 

Rescnance freg approx 12.99 K hextz 
Impeadance L = 0.2448 ohms 

Peak current approx 2,859. amps (6008 on RI, 70011 on caps) 

-------------------- 

region 8 support bldg PA panel breakers 
Injection 50 amps 
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1021.. 
1022. 
1023, 
1024. 
102% 

1026. 
1027m 
1028. 
1029. 
1030. 
1031. 
1032. 
1033. 
1034, 
103% 
1036. 
1037. 
1038. 
1039. 
1040. 
1041. 
1042. 
1043. 

1044M 
lOUS- 
lOU6. 
10' .* 
10t.J. 

lOU9m 
1050~ 
1051. 
lOS2- 
1053, 
1054. 
105s. 
1056. 
7057, 
1058. 
1059. 

1060. 
1061. 
1062. 
1063. 
1064. 
1065. 
1066- 
1067. 
1068. 
10' 
1oL 
1071, 
1072. 

U lrip Pat, tyle IC 2100 k amps trip 
Q&e PB306OFL 

Also there are scge U BFB;3040 at 25 kamps ???? is that too low??? 

_---- ----- -------.w---- 

TTransforner at EI 4 and, 12 Support Euilding 

1500 / 1680 Kva OA Kated 
1725 / 1932 Kva FA rated 

12,470 delta Frirary/ 
480 delta secoada/ty 

low voltage al&s 1802, 

impeadance 5.55% 75 degree C at 1,500 kVA 

serial PJD 1757 
SEec B3L5D122i8XXOlO 

-------------------- 

Frames for paver supFlips at Regicns 4 and 12 to boost the 4qf 
voltaye are EBGA 39541OB and 38541K 

Westinghouse bus uays Lro main transforrers to the RI'S 

"EOE-B-PAX 
BCISYAX 

Style 66-E-56248-93 

2,500 anEs EOOV 3 *ire 

503 ground bus 

SIOFE for 4QF tOOSt CirlcUit 

Shawaut fuses form 101 
300 asp cat I 825X,300 
250 vclt Type 4 

Posssible diodes 
IA 7OUSO 

70UlOOA H8 
70URlOOA catholde on lead, stud type. 
70UR90A same 
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1073. 
1074. 
1075m 

10 . 
1077, 
1078, 
1079, 
1080, 
1061, 
1082. 
1083, 
1084. 
1085. 
1086. 
1087. 
1088. 
1089, 
1090. 
1091. 
1092. 
1093. 
1094. 
1095. 
1096. 
1097. 

K 439K diodes 
Y IN4051 diodes 

---------we 
June 22, 1981 The inductance of the water cooled cable around 
PEP for the Yiggler circuit (no magnets) is; 

0.0028 Henries at 60 Hertz 
0.0017 Henries at 1,000 Bert2 (Q= 6.25) 

x (II = 10.66 ohms K = 0.144 ohms 

-----------------1(--- 

June 22, 1981 The inductance of the Bend system: (no DC excitation) 
1.01 Henries (108 volts Pk/Pk at 0.1 amps 60 Hertz) 

X(L) = 381.9 Ohms 

-------------------- 

Inductance of Prototype Q2 magnet at 60 Aertz (np.DC excitaticn) 
0.016 Henries 13 turns , no hear piPe 
0.0063 Henries a turns , no heam pipe 
0.0092 Henries 13 turns , uith beam pipe 

60 Hertz ripple insi.de pipe reduced by 100/l 
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