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The chopper cau pe =implirled Ly comparing itz main SCR (ot
SCR'S) to & switch belrny waslily turned on with the main firing
pulse (pulses) frcm the contrcller board. The ccmmutator SCR
is also a switch which turrs on a ringiny circuit that carn
shut off the maln SCE and reset itself when given atcut 80
picro seconds tc ccmplete 1ts cycle.

Therefore, by opecrating the main SCE(s) fcr a lcnger crc
shorter time into 4 mraghet and repeating this cycle many times
4 second s0 that the maguet smccthes out tle variations in
current, a reguiated cutrent can be maintained 1in the magnet.
It the commputator tiringy julise is delayed further in time the
current in the maghet will increase. 1If tle main fpulse 1is
followed shortly bty the commutator pulse, currert in the
ragnet will decrease. ihe 1ncrements of increase ¢r decrease
are very swals Jdue to tre shoertness ol the cycle cecmparcd to
the time ccnstant cl the wagnet.

The purpose of the jpulsc cortvcller is then tc deliver a malin
pulse train and 4 Ccrmitator pulse train prcperly spaced

for reguiaticn in the U4GUA chcepper. For the 1400 A choprer
the maln pulses nmust alsc Le alternated between twc SUR's so
they can share the lcad current. The conticller also
estaplisnes limits fcor the pulses to allow scate operation for
the magnet and the chojfer. -

The minimum pulse length to the magnet 1s 20# of the period at
2,000 hertz. 1The maxitum pulse length 1s SZ% cf the period at
2,000 hertz. Scme of thke chcppers run at 3€C hertz, for this
lower fregquency the mirinum jpulse lenygth 15 1.8% of the pecriod
(the same number ¢t micrc-seconds), and the gaximum length is
99% of the period. Note that the lower freguency gives a
wider range at a sacritice of trequency respcnse.

Initial Set Up cf Bin and Ccntrcller

*%x 71, Install the "JASTEL 1N CNTRL"™ (207-101) in slot 24 and
25 of the CAMAC D1lu.

«%2_, Install the “CLUCHK SCDULE" (207-102) 1in slct 18 of the
bin. Counect tiue jumper cacle trom any one c¢i JJ thru J& on
the YCLCCK dCDJLEM te J5-CLk connector ou the"™MASTER ETN
CNTRL" module.
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*%*3, Install a "CATAWAY EXTENDER" EBO1 in slot 2 of the CAMAC
bin, and install a current meter (0-500 ma) in place of the
~24V. jumper. An extender for koth P1 and E2 are necessary
for checkout through the kin connectors.

*%l_. Set all switches <n the "MASTER BIN CNIFL" to the
fcllowing:

Horizontally mcounted (bit) switches numbered 1 thru 16 tc the
left or lox position; "LCLY/"REM" switch tc "ICL";

WDACH /JWCNTEL" switch in "“DACY"; "SLCT ADDRESSY™ suitch to
position 2. ‘

%5, Set the "LINE SYNC"/"NCEMALY to "LINE SYNC" and frequency
switch to*24 KHz" on the "CLCCK MODULE".

Chopper Contrcller Check Cut and Adjustment

NOTE: If any ccndition of any step is not met, dc nct proceed
to the next step without troubleshooting thke prcklem.

**¥1, On a new chopper c¢cntrcller module adijuvst E24, 27, 36

and 48 for minimum settings of all requlators (K36 and R48
clockwise, R27 and k24 counter clockwise.) Fcr an cperational
unit check the respective regulator outputs first. If their
voltage outputs are ck proceed to next steg.

**x2_, Por the initial alignment of a new mcdule remove U1, U2,
and U21 IC's. Cn an ojreraticnal unit in fcr troubleshooting
it is only necessary tc recove U1 and U2 1f there is troulle
with the unit missing c¢r having improper cuttrut pulses. It
should only Lke mecesary to remcve U21 if there is an indicated
problem with the [AC nct functicning properly.

*%*3, Conhect controller btoard to the extender and turn on
power to CAMAC bin. Allcw 1 minute for clcck tc stabilize and
monitor it at the end cf R113 closet to UB8. Adjust the
frequency if necessary toc 2,160 Hz (463 micrc seconds for a
high freguency tyfe module or 2777 micro seccnds faor the

360 Hz low frequency tyje clock module. +/- 10 micro seconds
between pulses) by changing the adjustment fot warked "LINE"
on the “CLCCK MODULE").

*%{§_, Monitor current in the ~-24 V power scpply while
adjusting B36 until the voltage reaches -15.0V at the ocutput
(pin 3) of VR 4, current must not rise above 25C ma and will
be about 50 to 100 ma. Turn power off and mcve the current
meter to the +24 V. jumprer and reinstall the ~-24V. jumper.

#%5_, Monitor the current in the #24V power supply while
adjusting B48. The vcltage at pin 3 of VEJ should ccme up to
+15.0 withcut exceeding 2060 ma.

**6. Adjust E27 so that pin 3 of VR1 reads +11.75 V +/- 0.25
before the current in the +24 V line reaches 260 na.

#*%7, Adjust R24 5o that pin 3 of VR2 reads +S.C V, but do not
exceed 260 ma in the +Z4 V pcwer supply. Shut -off the CAMAC
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bin power.

*%8, Connect or check ccnnecticn between point A and B near
U39, and -.adjust K110 fcr a resistance of 5.11 kilohms
measured fromz U39, pin 12 to common, using a Fluke L[HM
set-on the 20K range. HKestcre power to the tcard.

*%9_, Measure vcltage at A, it should ke abcut -9 wvclts, then
at B39 it will be about 9V. Also, check pin 12 cf 038 to sece
that it is within 1% of the reading at E39.

*%x10. Check for clock pulses at pin 12 of U1C, they should be
positive going 10-14 V peak and about 5 micro-seconds in
length, £=2160 Hz for a high frequency tyre mcdule and

£f=360 Hz for a lcw freguency tyre module.

**¥11. Check and adjust R19 (Trig. Delay) fcr an 8C micro
second width cut cf the one shot multivibratcr U10 gin 10.

¥**12. OQutput of U010 pir 6 shculd be a 5-8 nicroc second pulse
rising to abcut 12 V starting wheun pin 5 gces lcw. Check pin
7 for the inverse of the pulse and then the cutput cf U13 pin
13 for the original fulse amplitude and duraticn.

**¥13. Check U38 pin 1 and adjust R101 for a voltage ranmp
rising from about 0.2 V to 11 V in a certain tire period, which
results from C70 being charged with a constant current source.
The capacitance value regquired for C70 is 0.22 micrc-farads

in the low frequency type module and 0.1 micrc-farads in the
high fregjuency type mcdule. The rise time is adjusted to

2777 micro seconds or H4€3 micro seconds respectively.

**%14, Check for unity gyain frowm pin 10 to € 039.

*¥%15, Switch the mode switch tc "LOC" and check at E27 (near
U35) for -10 vV +/- 1 VIC when R114 (on frent panel) is set in
maximum clcckrwise pcsition.

**16. At E25 (near U3z) check for a pulse which has variatle
width as BE114 ("LCCAL") is changed {(pulse will disappear with
lcw setting of "LCCAL"). A ccmmutator pulse is prcduced when
U34 goes lcw at pin 7 which determines how lcng the chcepper
main SCR(s) stay cn in a cycle. Current in the magnet is
proportional to this duty cycle.

*¥17. Plug the test cable with the dual tamana plug cn cne
end into the “EXTEENALY" jack on the back c¢f the CAMAC crate
marked C0S02, J10. This point is available cn the Chopper
Controller Patch Panel and is labelled J10.

Short the kanana plug with a clip lead and agrly an AC vcltage
{(cf 60~-10,000 Hz, no offset) Letween the clip lead and the
shield wire of nc mcre than 5 VREMS. Observe the cutput of U36
at pin 14 (or E32) and adjust R92 for minimum AC vcltage.

In a "Slaved" ccntrcller this amplifier is used as
a buffer on the signal frcm the "Master"
contrcller to generate the maln pulse trigger frcm
the ramp in the slave ccntroller.
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‘Turn on power to the Chcpper Controller Hodule Test Chassis.

*%¥18. Remove jumper and AC voltage. Connect the dual tanana
plug to a 0-10 V. positive DC =upply ,ground on plug is lcw.
Output of U36 at E32 shculd now track the input voltage Ltut
with opposite pclarity. Switching the mode switch to "EXI
ERR™ should now cause the output of U034 (EZEZ) to change fulse
width as vcltage changes positive on E30. ©Femcve ccnnector
from C0S02, J10.

Set all bit switches con the Master Bin Contrcller Module (1-16)
to their lcw position.

Remove power. Install U021, and restore power. Fut
MLCL" /" REM" switch in "ICL" and push "SEND" Lutton. Monitor
voltage at U025 pin 6 and adjust “OFFSET", ccntrol, R43, for
0.00000 v.

Move probe to E17 and see that it is also C.CC00 V. Switch bit
switches to high positicn and press "SEND", an cutput of 10.0
V should be read. #cnitor pin € of U2S again ard adjust this
pcint to 10.0000 V with ER45 ("GAIN"). Repeat until Ltoth
readings are correct.

*%¥20. Switch 16 to low fposition and push Y“SENCY.

Monitor pin 6 of U025 again (it will be 5.00 V) and then change
each bit switch in crder down to the bit 1 switch, each time
pcessing Y“SEND" and ckserving the 50% decrease in vcltage at
U25 or E17, for each bit.

*%21. Conpect the cable used to test "EXTEENAL"™ inprut tc the
WXDCTR" connector C0S0Z, J9. This point is available on

the Chopper Ccntrcller Fatch Fanel and is lakelled J9.

Put a clip lead between the rins of the banana plug and check
the output of U31 for (Q.00v. Ccnnect the AC source (0-10000 Hz)
used in step **17 to the clip lead and shield c¢f the test cable
and observe the output cf U31 with a scope while mirimizing

the output with the adjustment ctf R75.

This prccedure tests the common mede rejectiocn of
Amp U31 used to buffer the transductor sigmnal intc
the differential dasplifier. There shculd te less
than 100 micro-vclts peak to peak at E20 for an
input of 1 vclt feak tc peak of any frequency fronm
DC to 10,000 hertz. Any lcss of commcn mode
rejecticn introduces noise (sometimes 60 or 120
hertz) in the output of the chopper tkat can nct
be taken out by the regulator. There is a large
commnon mode signal cn the transductor cutput with
respect to the rack frames.

*x22, Remove the clip lead and AC supply ard connect the dual
banana plug to the 0-10 volts positive DC pcwer supply. Set
the supply for 10 volts <Check E20 for a -1C V cutput and
reduce the DC to S V t¢ see that the output tracks the input
within +/-1%.

*%23. With input cf 5 V to U331 set bit 1% to high and rress
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"SEND". Set mode switch to "ERE". Counnect a scope to E27
{(near U35) and set it tc cbserve a +/- 15 V swing as bit 16 is
toggled high and low (each change must be followed ty a "SEND®
compand) . -

*%24. Momitor E19 (near U30) with a volt meter as the ingut
to U31 is changed. R112 shculd cause about a 14% change in
gain from stcp to stop. Set R112 to read the same as E20 (it
wvill be opposite polarity) and change the input tc U31 to see
that input and ocutput track, them return tc 5 V.

**25. Set all kit switches high and press "SENL", then change
"DAC"/ WCNTIRL" switch tc "CNTEL". Set all tit switches low,
now while monitoring thke ocutput of U24 at F1% with a
voltmeter, tcggle bit 13 high and low, follcwed each time by a
“SEND" command. When kit 13 is high, voltage at E15 will be
the same as at E19 (SV). E15 will be the same as E17 or Ei16
(10V) when bit 13 is lcw. Kow connect an isclated voltmeter
to pins A and E of C0SC2 JS5; the reading will ke the same as
at E15, pin A will be pcsitive.

**¥26, Push the chopper centrcller "RESET" tuttcn,the “GL" LED
should be out. Mcmentarily, remove the input tc U31 to verify
that the glitch detectcr circuit lights the *GL" light, then
push "RESEIY" again tc extinguish it.

*%27. Adjust R87 to maximum counter-clockwise position, and
set the infput tc U31 at 9.20V. Reset the ccntrcller Ltcard
("OC" over current light should be out) and slowly adjust R87
clockwise until the "0C"™ light comes on. Icwer the input
voltage and reset again, then raise input vcltage until the
"CC" light ccmes cn. ©Feada this voltage and if it is nct 9.2V
adjust R87 until it is witkin 0.1 volts. Icwer input of U31
to 7V and push "RESEI" to extinguish all lights.

**28. Turn cff pcwer tc¢ the board, then ccnnect tke KEP 11
24 VDC relay and test ccnnector assembly tc the "CC RELAY™
recepticle, C€0S02, J6. This has already Lteen dcne via the
patch panel and is labelled accordingly. Festore pcwer, then
as the input to the circuit is raised to 9.z v the relay will
release and wken the vcltage falls to appreximately 7 vclts
it will pull in. The status of the relay is indicated on the
patch panel by twc LEDs labelled "CC RELAY". Check between
pins A and C with an ohmmeter fcr the relay btlccking diode

as indicated on the schteratic. Restore power tc the bin cnly
and push "BESET", all lights will now Lke cff.

**29. With Ein Ccntrcller "LCAC"/CNTRL"™ switch in “CNTRL"
position enable the ccntrcller board by switching cnly bit 15
to high and fpushing "SENL".

The "ENY" 1light will ccme cn and remain on.

*#30. Switch bit 16 tc high, all others lcw, and push "SEND™,
this will extinguish the "EN" light.

**31. Repeat step 2¢.

*%32. Short pins 11 and 12 together on U5, all lights will
now pe on except the "CC" light. Set the input voltage tc U31
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to +10 volts to trip the overcurrent protecticn circuit and

light the ®OC" l1light. Wwhen the "OC" light ccmes cn the "EN"
‘light -will gc out. ‘

*%33., Switch bit 14 tc high and press "SEXI", the "OC" and
MP" lights will go out; "EN" will come on if tit 15 has been
left high.

**%34, Switch bit 12 tc¢ high and press "SENI", the "GL",light
should go out.

NCTE: The "CCM, "MNP", and "EK" circuits are very similar
btecause the led's have Luilt in current limitaticp which
allows them to be driven by simple emitter follcwers in a
CA3082 I.C. The 4043, gyuad R-S5 latch, toggles output at ¢
either high if S is high or low if R is high. If tcth are
high, output at Q goes high; if none are lc%, nc change of
output state occurs. The 6N139 is an optically coupled
isolator which repeats the input signal at its output.

*¥35., Set ufp a scope tc chop two inputs and with cne channel
check for a pulse with nc offset rising tc +12V at sccket for
U2 pins 9 thru 12. Period of pulse will Le 463 {2,777 for low
frequency contrcller) ricro second and pulse width will ke S
to 8 micro-seconds. 1This is the single chcpper wmain pulse.

¥**36. Enable the nmodule. Hove the probe to the sccket of U1,
pins 9 thru 12 and sync the sccpe to that channel It will be
a similar pulse to that in 35 but with a pericd of
approximately 926 nicrc-cseconds for the high freguency
controller and approximately 5,555 micro-seconds fcr

the low frequency ccntrcller. Connect the channel 2

probe to U1 socket, pins 2 thru 5, the two traces now will
show the pulses appearing on alternate channels at 463 micro
second intervals for thke high frequency ccntrcllers and 2,777
micro-second jinterval intervals for the lcw frequency
controllers. This is tc allcw the 1400 A choppers twc main
SCR's to be fired on alternate main pulses and divide the
average liocad current ecually between them. US is the JK
flip-flop that prcovides this alternation ty Xeeping one of the
U3's one shot multivibrators from firing cn alternate "TRIG"
pulses (which are delayed clock pulses). See Choprer
Controller Schematic.

**x37, PRepeat step 30 while mcnitoring the gain fpulses at U1
and U2, all should disagpear when "ENY light goes off.

*%38. Disconnect the clcck 1nput to the chcpper ccntroller by
switching the “12KHz/EXT,/24 KHz" switch on the clock module to
"EXT" and check pins 4 and 11 on both U1 and U2 sockets for a
DC voltage, none cf these shculd be more than 10 milli-vclts.

*¥39. Shut cff pcwer tc the contrcller kocard irstall U1 and
U2 and return clock mcdule switch to orginal fositicn.

Restore povwer to the board, turn "LCCAL" pct fully c.c.w., and
switch mode tc "LCC".

*%040. Move channel 1 eccpe fproke to "TRIG" cutput at U110, pin
6, SINC on this channel and connect 2 proke tc U9, pin 6, then
adjust M“EAELYI" contrcl (E15) so that the ckannel 2 pulse 1is 30
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micro second +/- 5 micrc second wide. Both fpulses will ke 12
V peak with no offset.

¥*x41. Move the chaunel 2 prcbe to the end cf E8 clcsest to U2
(the pulse will be 12v, £ to 8 micro-seconds in duration), now
rotate the lccal pot fully clockwise and see that the pulse
moves (measured from thte leading edge) from a proint 30 micro-
seconds +/- 5 micro-seccnds tc 373 micro-seccnds +/- 10 micro-
seconds for a low frequency type module. For the high fregquency
type module the pulse stculd range fron 30 micro-seconds +/- 5
micro-seconds tho 2,33 micro-seconds +/- S0 micro-seconds.

**42, Move the channel 1 prcbe to pin 6 of U9 and turn "LOCAL"™
pct fully clockwise. FKeconnect the 10 VDC supply to the input
of U331 to trip the "oC" light. Both the main firing pulse ang
the commutation pulse will disappear due to the enable
modificaticn which takes away all pulses 1f the enakbtle of the
mcdule is lost.

*x43, Push the "RESET" tutton and enakle the unit. The "HP"
light will ccze on wher pin 10 of U4 socket is grouwmded
momentarily with a jumgper. FEush "EESET" cn the ccntrcller
front panel and the light will go out. Remcve pcwer frcm board
and disconnect the 10 V supply.

The commutator fulse ccntrol circuit 1is ccrpcsed cf U010, 1/4
of U13 (pins 9-12, and 13), 038, U35, U39 |excluding "ERECR
BUFFER"), U34, 09 (Earldy Limit) U8, U6, 1,4 U7 {(pins 4,5,and
6) and U4 (output gpin 10).

010 supplies a pulse E5-f micro second wide, delayed Ltehind the
clock by the setting cf K19. This pulse, called "TRIG" cn the
Chopper Contrciler Schematic, is used to set the "“C" output of
U8 high and is then lengthened by the setting of BR1S and
applied to pins 9 and 12 of U6. Both OR gates of U6 will now
have high ocuttuts which cause U7 pin 4 to ke high. When the
output of U9 goes low after the ("EARLY LIKITI") delay the
output one or toth U6 "CK" gates (and consequently the output of
U7) may go lcw if the error input from the ccmraratocr, U34, 1is
low (U6 pin 13 is still set high from the "TRIG" pulse arplied
to U8). Tnis will fire the one shot multivitratcr (U4) for the
commutator circuit since it is set to resgpcrd tc a negative
going wavefors.

If the ccmparator, U34, has not gone to a lcw cutput, U6 pin 8
will be high and its cutput will not changeé state, so there
can be no change c¢f state at U7 pin 4 or U4, pin 10.

If an over current fault happens after this pcint in time, U8
gets reset by a high cor pin 12, which bring¢s pin 15 lcw along
with the outputs of U6 (pinl11l) and U7 {pin 4), which fires the
commutator one shot multivitrator. Throuabk thke succeeding
cycles if the cver current remains neither tle main fulse nor
the commutation pulse will appear due to tle enakle
modificaticn.

If there is no change cf state of the comparatcor (U34) or no
over current fault, the ccomutator pulse 1s suprlied when the
next clock pulse acts ¢n U8 to transfer the lcw at gin 10 to
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pin 15, which will make the output of U6 (pin 11) and U7 (pin

"4) .go .low to fire the ccrmutatcr one shot wsulti-vikrator
(MN.V.)

During ncrmal regulatic¢n cycles the commutator pulse is placed
between the early and late limits by comparing an error otc
reference signal (scme [EC level Ltetween 0 ard -10 V, with a
positively ramping vcltage of Lbetween about .Z and + 11Vv. At
the point in the time that the absolute value of the two are
equal at U34, pin 3's cutput goes low and causes U6, pin 10,
to go low. Since U6 pin 11 was high from tke action of TRIG
setting U8 pin 15 high, the resulting negative ¢cing waveform
changes the state c¢f U7 pin 4 and tires the ccmmutator one
shot m.v. The voltage raumwp for the comparator input is
initiated by an inverted "TRIG" sigral driving the pin 1, 2, and
3 transistcrs cf (38 t¢ saturation and disckarging C70, which
is then allowed to recharge with a constant current source
composed of (39 and the remaining transistors of U30 and U39.
This ramp is linear when points A and B are ccnnected but may
be (by conpecting A to () 1instantaneously changed with an
input (FEED FWD) from the chopper power supily vcltage. This
change pre-ccumpensated the ccmmutator pulse sc that the
feed-back loop does not have tc respond to the resulting
change of magnet current caused by power supply vcltage
variation.

**4l4, Disconnect P2 and connect test plug 2. C(Connect yellow
lead of the test plug'tc pin 23 of P1. <Connect the tlack lead
of the test plug tc the toard ground. This is the lead
referred to as "(Clip Le¢ad" in the following text. Restore
poewer to board.

*%45, Monitor pin 1 cf U 18, it should be lcw when the "Clip
lead" is attached and high when not. Now mcnitor pin 11 aof
U18, it will ke high with the cliy connected and low when not.

**46. Switch mode tc "™L[AC REF" and monitcr pin 60 of F1,U18 pin
16, connect the "Clip lLead" to the resistcr as in step 4%, pin 60
will be low. Switch the mode tc "EERY while mcnitcring pin

60, it will remain low until the "Clip Lead" is mogentarily
renoved, and when reccnnected will go high.

Data is shifted tc the cutput of U18 when U114 is clccked high
on pin 10 or 11, data 1is held and accessikle while those fpins
are low.

*%47. Monitcr gin 59 c¢f P1,U18 pin 9, it will ke low. Switch
mode to "EXT EKE" and mcmentarily disconmect "Clip Lead" as in
step 46, pin 59 will ncw be high.

*%48, Monitor gin 61,018 pin 15, it will ke low. Switch mode
to "LOC" and momentarily discecnnect the "Clip Lead", pin €1 will
now be high.

*%49, Monitor pin 62, U18 pin 12, it will te low. Switch mode
to "EXT ERK" and mcmentarily disconnect the "Clip Lead", rin 62
will now be high.

**50, Monitor pins S7 and 58,018 pin 5 and pin € respectively,
push "RESET" and confizrm that the "CC" and "GL" lights are out.
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Momentarily disconnect the "Clip Lead" and tcth pins will now
be high.

*%¥51, Ccnpect the 10 vclt pcwer supply to tke gray leads on
test plug A (Black is pcsitive) to momentarily trip the "cC@»
and "GL" lights on. Now momentarily disconnect the Elack "Clip
Lead"” while mcnitoring pins 57 and 58,018 rin € and pin 6, the
pins will now both be lcw.

Disconnect pcwer to the board, then install cr check for a
wire from E46 tc P2-16.

**52. Bemcve test plug 2 ccmpletely. Reconnect P2. Jumger
pecint F to pcint [ (bcth near U35) check tc see if F is
already wired to D and if so, remove wire at F and move to F.
hkestore power to board, then switch the mcde switch to ™LCCT
and check U39 "ERROR BUF" for unity gain and inversion with
the "LOCAL" pot. <Check fins A and B of the "EUFF ERRGR™
receptacle (C0502, J7) for the same positive cutput as
monitored at the output ct 039 (E36), use ar isclated
voltmeter; pin A will ke positive.

**¥53. Move the plug frc¢r the “XDUCTR"™ recegptical, (C0s02, 4J9),
and connect it tc the "EEED FWD" receptical, (€C0S02, J8). kith
the supply ccnnected and set tc +10V, check with an isclated
voltmeter at E40 and E41 for the same voltage; E40 will be
positive.

*%¥54, Remove the extender. Install the ccntrcller koard in
position 2 of the bin and restcre power.

**55. Enable the board bty repeating step 29, also push reset.

**¥56. Bun a 20' c¢r lcnger RGS58 (or equivalent inpedance)
cable to C0SC2 J1 and terminate the line with a 50 obhm load
teeing off to the scope input. Observe each of the outputs J1
thru J4 to be a minimus cf 35 V Peak 10 +¢+,- 1.5 micro seccnd
wide at the 40 V level, with a rise time of 20C pnanc-seconds.



