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The chokper crl~i cs s i:niiiricd i;y coFpari.ny ii> 5ain SC? (CC 
SCii'S) to a svitch t,eil:s; tdsiiy turned '31: k.ith the main firing 
pulse (pulses) frcln the corltrclier board, The ccmmutator ScR 
is also a svltch wluch turr--~ on a rinyilll;l circuit that cat 
shut off the main SCli d~(l rcsC!t itself when yivtn atcut 00 
rcicro seconds tc ccm~lett 1ts cycle:. 

Sf.erefore, by O,eCdtiIl(j the n:dil: SCK(S) tcr d lcngfr cc 
ShOrter time ilIt0 cl udycc?t dnd Le[Jeati.n; this Cycle many times 

d second so tiidt tI:t: rudcfIl~:t. Znccthes out tlE variations in 
current, d reyuldtdc! cucrc-:r;t cd11 be maintaintd in the maynet. 
III the con,mutatar tlrirlg i ulse is dela-yed fljrther in time the 
current 111 the uidijllct will increase, IL: tfe aain Fulse ris 
followed Shortly ki; tilt CoK.E:UtdtOr pulse, Ccrrert in the 
rcaynet vi.11 decre;ise. 'ihc increments of increase or decrease 
are very s;mdll ~UC to ttc st;hCLtrreb:s 0i the cycle ccrcparcd t0 

the time ccnstdilt ci tit Lac;fli;t. 

'Ihe purpose of tilt: i,;llsc ccr.ticller is t.hEn tc dEliver il mitin 
pulse t1a.i.n artii d ccr;.nctator FU:Se train tIcFErly spaced 
.for rogiilatlcn ill t!le 4tiO,\ c,',cl:ter, E'or the 1400 A chcppcr 
the main i.'uijes nuct also te dltecnated betucsn tvc Si‘R's so 
they can share the icad current. The contrclier also 

establisiles 1imLts ;cr the pulses to allox safe 01:eration for 
the magnet and the cholkec. - 

Tlie minrmum iul3e length to t!le mdynet is 2i).l( of the Feriod at 
2,dLIO hertz, The 111s.x15liu: i.ulse length is 53X of the period at 
2,0C0 hertz. seine of tl:e chc;;pers run dt 3tC ticCtz, fcr this 
loli;er frequency the nicirrum Eulse leIi(jth is 1.8% of the period 
(the sarue numi;er CL micrc-seconds), and the aaxiffium length is 
99% of the period. tiote that tl,e lover frG(juency gives a 
wider rarrge at 3 sacriiice of trc!jutncy tFC~.cIise. 

Inltidl Srt Up Cf Din anJ Ccntrclier 

* Work supported by the Department of Energy, contract DE-AC03-76SF00515. 



**3. Install a "CATAZAI EXTENDER" ED01 in slot 2 of the CAtiAC 
bin-, and- install a cur-rent meter (O-500 ma) in Elate of the 
-24V. jumper. An extender for both Pl and E2 are necessary 
for-checkout through the bin connectors. 

**4. Set all suitches cn the "IYASTER CIN CS‘IFL" to the 
follouing: 

Horizontally mounted (bit) switches numbered 1 thru 16 to the 
left or lo? position; "LCL1f/"REM" svitch to @*LCI.**; 
"CAC"/"CNTRL" switch in "DAC"- , "SLCT ADDRESS" s&itch to 
position 2, 

445. Set the "LINE SYli;C"/"NCFMAL" to "LINE SYHC" and frequency 
suitch to"24 KHz" on ttf "CLCCK tiODULE". 

Chopper Contrcllel; Check Cut and Adjustment 

NOTE: If any ccndition of any step is not set, dc net proceed 
to the next ste.F without troubleshooting the Erchlem, 

441. On a neu chopper controller module adjust B24, 27, 36 
and 48 for minimum settinys of all regulators (Ii36 and t;48 
clocknise, R27 and 1:24 counter clockwise.) Fcr an cFerationa1 
unit check the respactive regulator outputs first. If their 
voltage outputs are ck ~;coceed to next step, 

4*2. Pot the initial'alignment of a new mcdule remove U1, U2, 
and U21 ICas. Cn an oFeraticna1 unit in fcr troubleshooting 
it is only necessdry to rccove Ul and U2 if there is trouble 
with the unit missing cr having improper cctKut pulses. Pt 
should only re uscesary to remcve 021 if there is an indicated 
problem uith the I:AC net functicning properly, 

*+3. Connec+ controller board to the extender and turn on 
power to CA?lPC bin, Allow 1 minute for clcck to stabilize and 
monitor it at the end ICI? R113 closet to U8. Adjust the 
frequency if necessary to 2,160 Hz (463 micrc seconds for a 
high frequency type moldule or 2777 micro seccnds for the 
360 Hz low frequency tyke clock module. +/- 10 micro seconds 
between pulses) by chan\;ing the adjustment Fat nar.ked MLIBEtl 
on the I 'CLCCK MODULE"). 

*+4. Monitor current in the -24 V power sc~&ly vhile 
adjusting R36 until the voltaye reaches -15.OV at the output 
(pin 3) of VE 4, current must not rise above 25C ma and uill 
be about 50 to 100 ma. Turn pouer off and move the current 
meter to the +24 VI jumper and reinstall the -24V. jumper.. 

445. Monitor the current in the +2YV power supsly while 
adjusting R48. The vcltaqe at kin 3 of VR.3 should ccme UF to 
+15-O withcut exceeding iG0 ma. 

4+6. Adjust R27 so tllat Fin 3 of V.R1 reads tll-75 V +/- 0.25 
before the current in the +24 V line reaches 26C ma, 

447. Adjust 824 so that pin 3 of VR2 reads t5.C V, but do not 
exceed 260 ma in the +24 V pcwer supply. Shut -off the CAPIAC 
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bin power. 

X*8. Connect or check ccnnecticn between Faint A and E near 
'U39; and -adjust Ii110 for a resistance of 5.11 kilohms 
measured from U39, Fin 12 to common, using a Fluke CP1M 
set:on the 20K range. iiestcre rower to the beard. 

**9. Heasure vcltage at A, it should he abcut -4 vclts, then 
at E39 it will be about 9V. Also, check pin 12 of 038 to see 
that it is within 1% of the reading at E39, 

**lo. Check for clock pulses at pin 12 of UlC, they should be 
positive going lo-14 V Leak and about 5 micro-seconds in 
length, f=2160 Hz for a high frequency .type mcdule and 
f=360 Hz for a lcw frequency type module, 

**11. Check and adjust B19 (Trig. Delay) fcr an 8C micro 
second width cut cf the one shot multivibratcr UlO Fin 10. 

++12. Output of UlO Eic 6 shculd be a 5-8 nicro second guise 
rising to abcut 12 V st,arting when pin 5 gces low. Check pin 
7 for the inverse of the pulse and then the cutFut cf U13 pin 
13 for the original pulse amplitude and duration. 

**13. Check 038 Fin 1 and adjust RlOl for a voltage ramp 
rising from about 0.2 V to 11 V in a certain tine Feriod, uhich 
results from C70 being #charged with a constant current source, 
The capacitance value rsequired for C70 is 0.22 nicrc-farads 
in the low frequency tysie module and O-1 micrc-farads in the 
high frequency type mc‘dule. The rise time is adjusted to 
2777 micro seconds or 463 micro seconds respectively- 

**14. Check for unity gain from pin 10 to f U33. 

++15. Suitch the Node switch tc ilLOC1f and check at E27 (near 
U35) for -10 v t/- 1 VLC r;hc?n Rll4 (on frcnt lanel) is set in 
maximum clcck;uise Fcsi-tion. 

**16, At 125 (near U3i) check for a pulse which has variable 
width as RI14 ('@LCCAL") is changed (pulse gilI di.saFFear with 
low setting of BgI.CCAL81). A ccmn;utator pulse is produced uhen 
U34 goes lou at Fin 7 which determines how lcng the ChcpFer 
main SCR(s) stay cn in a cycle, Current in the magnet is 
proportional to this riutl cycle. 

**17. Plug the test cable with the dual banana plug cn cne 
end into the **EXTEKMAL" jack un the back cf the CAMAC crate 
marked COS02, J 10. This Faint is available cn the Chopper 
Controller Patch Panel and is labelled JlO. 

Short the banana Flug nith a clip lead and aFFly an AC vcltage 
(of 60-10,000 Hz, no offset) between the cliE lead and the 
shield wire of nc mere than 5 VRMS, Observe the cutEut of u3G 
at pin 14 (or E32) and adjust R92 for minimum AC vcltage, 

In a ItSlaved" ccntrcller this amplifier is used as 
a buffer on the signal frcm the l'Mastefll 
contrcller to generate the main pulse trigger frcm 
the raml: in the slave ccntroller. 
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,Tuq on,pouer to the ChcLker Controller bcdule Test Chassis- 

**la, Remove jumper and AC voltage, Connect the dual banana 
plug to a O-10 V. positive DC supply ,ground on plug is low. 
output of U36 at E32 shculd now track the input voltage but 
with opposite pclarity. Switching the mode switch to "EXI 
ERR" should nou cause the output of 034 (E25) to change pulse 
uidth as vcltage change2 positive on E30, Femove ccnnector 
from COS02, JlO. 

Set all bit switches on the Plaster Bin Contccller Hodule (1-16) 
to their lcw position. 

Remove power, Install 021, and restore power, Eut 
rrLCL1t/'8REM8' suitch in IILCLt' and push "SENDfl hutton, Monitor 
voltage at 025 kin 6 and adjust "OFFSET", ccntrol, R43, for 
o,ooooo v, 

Move probe to El7 and see that it is also C,COO VI Switch hit 
switches to high positicn and Fress 8qSENDty, an output of 10.0 
V should be read, Hcnitor pin 6 of U25 again acd adjust this 
pcint to 10.0000 V with R45 (q'GAIN1*), ReFeat until both 
readings are correct. 

**20. Svitch 16 to lou Fosition and push *1SENC8', 

Monitor pin 6 of U25 again (it uill be 5.00 V) and then change 
each bit snitch in order down to the bit 1 switch, each time 
pressing "SEND" and cbzerving the 50% decrease in vcltage at 
U25 or E17, for each bit- 

'9421, Connect the cable used to test '*EXTEENAL" input to the 
"XDCTR" connector COSOZ, J9. This Point is available on 
the Chopper Ccntrcller Fatch Fanel and is latelled J9, 
Put a clip lead between the pins of the hanana Plug and check 
the output of UIl for O,OOv, Ccnnect the AC source (O-10000 Hz) 
used in step **17 to the clip lead and shield of the test cable 
and observe the output cf Uil with a scope while minimizing 
the output uith the adjustment cf R75. 

This prccedure tests the common mode rejection of 
Amp U31 used to buffer the transductor signal intc 
the differential axzlifier, There shculd te less 
than 100 micro-vclts peak to peak at E20 for an 
input of 1 vclt Peak to peak of any frequency from 
DC to 10,000 hertz. Any less of commcn mode 
rejection introduces noise (sometimes 60 or 120 
hertz) in the outgut of the chopper that can not 
be taken out by the regulator. There is a large 
common mode signal cn the transductor cutFut with 
respect to the rack frames. 

**22. Remove the clip lead and AC supply acd connect the dual 
banana plug to th: O-10 volts positive DC Pcber SUFF~Y, Set 
the supply for 10 volts Check E20 for a -lC V cutput arid 
reduce the L)C to 5 V to see that the output tracks the input 
uithin +/-I%- 

**2.3. With input of 5 V to U31 set bit 15 to high and Press 
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"SE'ND", Set mode switch to "ERR". Connect a scoFe to E27 
(near U35) and set it tc chserve a +/- 15 V swing as bit 16 is 
tog-gled high and low (each change must be followed by a "SEND" 
command). - 

**24. Honitor El9 (near U30) vith a volt meter as the input 
to ~31 is changed. R112 shculd cause about a 14X change in 
ga.in from stop to stop, Set RI12 to read ths same as E20 (it 
will be opposite polarity) and change the input tc O31 to see 
that input and output track, then return tc 5 V, 

**25. 
"DAC"/ 

Set all bit switches high and press 'SINIn, then change 
f*CNTRLff suitch tc "CNTBL". Set all tit switches low, 

now while monitoring the output of U24 at El5 with a 
voltmeter, tcggle bit 13 high and low, follcwed each time hy a 
‘8SENi)” corumand. When bit 13 is high, voltage at El5 will be 
the same as at El9 (SV). El5 will be the same as El7 or El6 
(1OV) when bit 13 is lcu. Row connect an isclated voltmeter 

to pins A and E of COSCZ 55; the reading will he the same as 
at E15, pin A will be pcsitive. 

+*26, Push the chopper controller "RESET" tutton,the "GL" LED 
should be out. Mcmentacily, remove the input tc LIZ1 to verify 
that the glitch detectct circuit lights the "GL" light, then 
push "RESET" again tc extinguish it. 

**27. Ad3ust ~187 to maximum counter-clockwise position, and 
set the input to US1 at 9.2OV. Reset the ccntrcller hoard 
("OC" over current light should be out) and slcwly adjust R&37 

clockwise until the f'OC'O light. comes on. 
voltage and reset again, 

Lcwer the input 
then raise input vcltage until the 

"CC" light ccmes cn. Feati this voltage and if it is net 9.2V 
adjust R87 until it is within 0.1 volts. 
to 7V and push "RESET" 

Lcwer input of U31 
to extinguish all lights. 

+*28. Turn cff power tc the board, then ccnnect the KRP 11 
24 VDC relay and test ccnnector assembly tc the "CC RELAY" 
recep-title, COS02, 56. This has already teen done via the 
patch panel and is labelled accordingly. Restore pcuer, then 
as the input to the circuit is raised to 9-i v the relay will 
release and when the vcltage falls to approximately 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 uith an ohmmeter fcr the relay blccking diode 
as indicated on the schematic. 
and push **EESET**, 

Restore power to the bin cnly 
all lights will now lx off. 

**29. With Ein Ccntrcller- "CAC"/CNTRL" switch in "CNTRL" 
position enable the ccntrcller hoard by switching only bit 15 
to high and pushing "SEMII'*. 

The ItENt* light will ccme cn and remain on. 

**30. Switch bit 16 tc high, all others lcw, and push *'SEbiDJ', 
this will extinguish the "EK" light. 

*+31. Repeat step 25. 

**32. Short pins 11 and 12 together on U5, all lights will 
now be on except the "CC" light. Set the input voltage tc ~31 
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to +lO volts to trip the overcurrent yrotecticn circuit and 
light the IIOC1t light. khen the tVOCtt light ccmes cn the JJEN1l 

'light -will gc out. 

**33- Suitch bit 14 tc high and press 'JSEE;l:Jt, the JJOCJJ and 
UP" lights will go out; "EN" will come on if tit 15 has been 
left high. 

**34. Suitch bit 12 tc high and press JJSEh'IJ', the JJGLJJ,light 
should go out. 

NOTE: The JJCCJJ, JJBPJJ, and I'EM1' circuits are very similar 
because the led's have built in current linitaticn uhich 
allows them to be driven by simple emitter follcvers in a 
CA3082 1-C. 'Ihe 4043, 'quad R-S latch, toggles output at Q 
either hiyh if 5 is high OK low if R is high. If bcth are 
high, output at Q goes ,high; if none are lcu, DC change of 
output state occurs, ?,he 6N139 is an optically Coupled 
isolator which repeats the input signal at its output. 

**35.. Set UC a scope tc chop t&o inputs and with cne channel 
check for a pulse with nc offset rising tc +lSV at sccket for 
U2 pins 9 thru 12, Period of pulse will be 46.3 12,777 for low 
frequency contrcller) n,icro second and pulse width will be 5 
to 8 micro-seconds, This is the single ChcFper main pulse. 

**36. Enable the module. Move the probe to the sccket of Ill, 
pins 9 thru 12 and sync the scope to that channel It uill be 
a similar pulse to that in 35 but with a pericd of 
approximately 926 nicrc-seconds for the high frequency 
controller and dpproxiuately 5,555 micro-seconds for 
the low frequency ccntr'cller. Connect the channel 2 
probe to Ul socket, pins 2 thru 5, the two traces nom vi.11 
shou the pulses appearing on alternate channels at 463 micro 
second iutervals for tble high frequency ccntrcllers and 2,777 
micro-second interval intervals for the lcu frequency 
controllers. This is tc allow the 1400 A ChOFFerS tuc main 
SCR's to be fired on alternate main pulses and divide the 
average ioad current ec_ually between them. 05 is the JK 
flip-flop that Frovides this alternation by keeping one of the 
U3Js one shot multivibrators from firing on alternate JJTRIGJJ 
pulses (which are delayed clock pulses). See Chopper 
Controller Schematic, 

**37. Repeat step 30 uhile mcnitoring the ua.in pulses at Ul 
and U2, all should disapi:ear when JJENJJ light goes off. 

**38. Disconnect the clcck input to the ChcFEer ccntroller by 
switching the "12XHz/EBY/24 KHz" switch on the clock module to 
JJE.xTJ' and check gins 4 and 11 on both Ul and U2 sockets for a 
UC voltage, none cf these shculd be more than 10 milli-vclts, 

**3x Shut cff pcuer tc the controller board install Ul and 
U2 and return clock module switch to orginal iositicn, 
Restore power to the board, turn 'JLCCAL'J pet fully c-c-w., and 
switch mode to OLCCJ1, 

+*40, Move channel 1 cccl;&? Frobe to tlTRIGJi Output at 010, pin 
6, SYNC on this channel and connect 2 probe tc U9, pin 6, then 
adjust JJEALiLYtl contrcl (Rl5) so that the channel 2'pulse is 30 
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micro second +/- 5 micrc second wide. Both Fulses uill be 12 
V peak with no offset. 

**(j. tiov-e the channel 2 probe to the end cf R8 clcsest to U2 
(the pulse vi11 be 12v, 5 to 8 micro-seconds in duration), now 

rotate the lccal pot fully clockwise and see that the pulse 
moves (measured from the leading edge) from a Eoint 30 micro- 
seconds +/- 5 micro-seccnds tc 373 micro-seconds t/- 10 micro- 
seconds for a lou frequency type module. For the high frequency 
type module the pulse sbculd range fron 30 nicro-seconds +/- 5 
micro-seconds tho 2,333 nicro-seconds +/- 5G micro-seconds. 

**42. Move the channel 1 prcbe to pin 6 of U9 and turn "LOCAL" 
pot fully clockwise. Reconnect the 10 VDC su~~ly to the input 
of IJ31 to trig the "CC" light. Both the main firing pulse and 
the commutation pulse will disappear due to the enable 
modificaticn which takes away all pulses if the enable of the 
mcdule is lost, 

**43. Push the "RBSE?" button and enable the unit. The rcHP't 
light will ccme on wher Fin 10 of U4 socket is grovolBGd 
momentarily with a jumper. Fush "RESET" cn the ccntrcller 
front panel and the light will go out, Remcve pcuer frcm board 
and disconnect the 10 V su~&ly, 

The commutator pulse ccntrol circuit is CcnEcsed cf UlO, l/4 
of U13 (pins 9-12, and 'l3), U38, U35, U39 (excluding "ERfiCR 
BUFFER"), U34, U9 (EarJJ Limit) U8, U6, l/4 U7 {Fins 4,5,and 
6) and U4 (outGut Fin 10). 

UlO supplies a pulse 5-E micro second wide, delayed behind the 
clock by the setting cf Rl9, This pulse, called "TRIG*' cn the 
Chopper Contrciler Schematic, is used to set the I'(;" output of 
u8 high and is -then lengthened by the setting of R15 and 
applied to pins 9 and 72 of U6, Eoth OR gates of U6 will now 
have high outtuts which cause U7 pin 4 to be high. When the 
output of U9 goes low after the ("EARLY LIr:ITf') delay the 
output one or both U6 "CR" gates (and consequently the output of 
~7) may go Icw if the error input from the ccmFarato.r, U34, is 
low (U6 Fin 13 is still set high from the "TKIG" pulse applied 
to U8). Tuis will fire the one shot multivitratcr (04) for the 
commutator circuit since it is set to res&crd to a negative 
going vaveforn, 

If the ccmEarator, U34, has not gone to a lcw cutput, U6 Fin 8 
vi11 be high and its octFut will not change state, so there 
can be no change cf state at U7 pin 4 or U4, pin 10, 

1.f an over current tault happens after this Feint in time, U8 
gets reset by a high cc iin 12, which brings Fin 15 lcv along 
with the outputs of U6 (FiLlI) and U7 {pin 4), bbich fires the 
commutator one shot uultivibrator. Through the succeeding 
cycles if the over current remains neither tte main Fulse nor 
the commutation pulse will appear due to ttc enable 
modificaticn. 

If there is no change cf state of the Comparator (U34) or no 
over current fault, the ccnmutator pulse is SupFlied when the 
next clock pulse acts cn U8 to transfer .thE: lcw at Fin 10 to 
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pin 15, uhich will make the output of U6 (Fin 11) and U7 (pin 
'4)...go.low-to iire the ccmmutatcr one shot aalti-vibrator 

(M.V.) 

During normal regulaticn cycles the commutator pulse is Flaced 
between the early and late limits by comparing an error or 
reference signal (scme LC level betveen 0 ard -10 V, with a 
positively ramsing vcltage of between about .Z and + 11V. At 
the point in the tine that the a'bsolnte value of the two are 
equal at U3U, pin 3's output goes low and causes U6, Fin 10, 
to go low. Since U6 &in 11 vas high from tte action of TRIG 
setting 08 pin 15 high, the resulting negative qcing waveform 
changes the state of U7 Fin 4 and fires the ccmmutator one 
shot m-v. The voltage ramp for the comparator input is 
initiated by an inverted tlTRIGV' signal driving the &in 1, 2, and 
3 transistcrs cf U3Ei tc saturation and discharging C70, which 
is then allowed to recharge with a constant current source 
composed of 039 and the remaining transistors of U30 and 039, 
This ramp is linear vhen points A and fj are ccnnected but may 
he (by connecting A to C) instantaneously changed with an 
input (PEED P&D) from the ctiop~er power su~ily voltage. This 
change pre-ccmpensated the ccnmutator pulse SC that the 
feed-back loop does not have tc respond to the resulting 
change of magnet currerit caused by power suk~ly vcltage 
variation. 

++44. Disconnect F2 and Connect test FlUg El Connect yeilou 
lead of the test ilug'tc Fin 23 of Pl, Connect the black lead 
of the test slug to the hoard ground. This is the lead 
referred to as "Clit: Lead" in the following test, Restore 
power to board. 

**45* Monitor kin 1 of U 18, it should be lcw when the tlClip 
lead" is attached and high when not. Now mcnitor Fin 11 of 
U18, it vi11 be high uith the clig connected and low when not- . 

*+46, Suitch mode tc llLAC REE" and monitor pin 60 of Fl,U18 pin 
16, connect the llCliF Lead" to the resister as in step 45, pin 60 
will be low. SrJitch the mode tc IrERRql while mcnitci-ing Fin 
60, it uill remain low until the llClip Lead" is momentarily 
removed, and when reccncected vi.11 go high. 

Data is shifted tc the cutput ot IJ18 when U14 is clccked high 
on pin 10 or 11, data is held and accessible while those Fins 
are low. 

**47, Monitcr iin 59 cf Pl,U18 pin 9, it will he low. Switch 
mode to "EXT EBli" and mcn;enta.rily disconnect "Clip Lead" as in 
step 46, pin 59 will new be high, 

**48. fionitor Frn 61,[P18 pin 15, it will be low. Switch mode 
to l'LOC'l and momentarily disconnect the llCliF Lead", Fin 61 vi11 
now be high. 

++49, Honitor Fin 62, U18 pin 12, it will te low. Switch mode 
to "EXT EBH" and mcmentarily disconnect the "Clip Lead", Fin 62 
vi11 now be hi9h. 

**so., Monitor pins 57 and 58,018 pin 5 and Fin 6 rFsypectivel.y, 
push "RESET" and confirm that tlio ItCC1' and IlGL" lights are out- 
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. 

Momentarily disconnect the 'tClir Lead" and tcth pins will now 
be h.igh. 

.***‘s 1, Cc‘nnect -the 10 vclt E;cwer supply to tke gray leads on 
test plug A (Black is gcsitive) to momentarily trip the @@CC" 
and IcGLll lights on. Now eomentarily disconnect the Black @ 'Clip 
Lead*’ while mcnitoring'lins 57 and 58,018 pin 5 and pin 6, the 
pins vi.11 DOW both be lcv. 

Disconnect pcwer to the board, then install cr check for a 
uire from EU6 tc P2-16. 

+*52. Remcve test plug A ccnpletely. Reconnect P2. JumPer 
point F to pcint C (bcth near U35) check tc see if E is 
already wired to D and if so, remove wire at E and move to F. 
Restore poker to board, then switch the mode switch to '*LGC" 
and check U39 ltERROH EijlE I1 for unity gain and inversion v.ith 
the "LOCALt' Fat, Check Fins A and B of the llEUEF ERROR" 
receptacle (COSO2, 57) for the same positive CutPut as 
monitored at the output ct 039 (E36), use ar: isclated 
voltmeter; pin A vi11 he Positive. 

**53. Hove the plug frca the ~fXDUCT'R~fi receptical,(COS02, J9), 
and connect it tc the *lEEED FIND" receptical,(C0:02, J8). Llith 
the supply ccnnected and set tc +lOV, check with an isolated 
voltmeter at E40 and E41 for the same voltage; E40 will be 
positive. 

**54. Remove the extender. Ins-tall the ccntrcller hoard in 
position 2 of the bin and restcre Power, 

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

**56, Run a 20' cc lcnger RG58 (or equivalent iltEedance) 
cable to COSC2 Jl and terminate the line with a 50 ohm load 
teeing off to the scoPfj input. Observe each of the outputs Jl 
thru J4 to be a tcinimun cf 35 V Peak IO +I- l-5 micro seccnd 
wide at the 40 V level, bith a rise time of 2CC nanc-seconds, 
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