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THE HYDRAULIC SERVO-ACTUATOR INTERLOCKS AND CONTROLSH. Dijkhuizen
1. GENERALThe hydraulic servo-actuator Interlocks and Controls System( ICS )) forms a part in a Fast Ejection System (FES) to be installedin the Russian accelerator at Serpukhov.The servo-actuator is used to bring a septum magnet into a pre­selected position, which can be programmed as a function of time. Theservo-actuator will be installed in the accelerator tunnel, while,for reasons of limited access, the rest of the equipment is locatedoutside the tunnel in the Pumping Room (PR) and in the Local Control  Room (LCR) at a distance of Μ 50 meters. The ICS takes care of the correctfunctioning of the servo-actuator and the involved complex hydrauliccircuit. In addition it combines the interlock requirements necessaryfor switching the correct input signal to the servo-amplifier. Forpractical reasons the ICS has been split up into three parts :1· Control unit2. Signalization unit for the interlocks3· Repeaterrelay rack for the interlocksThese 3 units will be installed in the PR, but remote control from theLCR is included.2. THE ICS CONTROL UNIT (drawing 362-100-0, 362-001-1, 362-301-2)To come to a preprogrammed operation of the servo-actuator inthe FES the following operations must be controlled by the ICS ;1. Hydraulic circuit under pressure2. Servo-actuator must be mechanically unlocked3· Switching the programmed input signal to the amplifier3. THE HYDRAULIC CIRCUITThe hydraulic circuit is supplied by 1 or 2 pumps in parallel.Both pumps are started by star triangle switches. These switches, eachlocated in a separate rack, with the necessary fuses and interlockcircuits are energized from the ICS by intermediate 24 D.C. relays. The
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switches are delivered by the manufacturer of the hydraulics.The ICS is operating from, a 24 D.C. supply. It can only beswitched on in the PR by energizing R1. The supply voltage is thenapplied to all controls, interlocks and its signalization. A built-inflashing circuit will flash the interlock signalization until pushing’’Reset”, whereafter, if the interlocks are O.K., the signalization isconstant illuminated.After this one should select which pump(s) should be used,pump 1, 2 or both together. This selection can only be made in the PR(R24, R25). To cancel a selection both push-buttons must be pushed atthe same time. Coupled with the pump-selection is the opening of thecorresponding suction valve. This opening is only possible if the 220deviated from the 380 V~ of each pump is switched on. The followingcontrols are available in the PR and in the LCR.Pump 1 on/offPump 2 on/offServo-actuator lock/unlockServo-amplifier control manual/programAfter switching on the supply voltage, the controls mentionedabove are automatically in the PR (R11). By pushing the LCR-button inthe control room the controls can be switched over to the LCR under thefollowing conditions :1. Actuator mechanically locked (R8)2. Actuator on servo-stop exterior (R2)3. Servo-amplifier input on manual (R16)4. PR stroke magnifier on ’’zero” (R3)5. LCR stroke magnifier on ’’zero” (R4)The same requirements must be fulfilled for switching the controls fromLCR to PR. One should keep in mind that ”servo-stop ext.” is by-passed(R58) as an interlock if :1. Servo-amplifier input on manual and (R16)2. Signal is under a specific predetermined value, the so-called”base-line”-level (signal generated in the programmer).After the selection ”PR” or ”LCR” control, the pump(s) thathas been preselected in the PR as described before, can be startedunder the following conditions :1. Servo-actuator locked ~2. ” ” on servo-stop3. Stroke magn. PR on ’’zero” > R104. ” ” LCR ” ”5. Servo-amplifier input on ’’manual”
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6. The "emergency" switch-off circuit must be "O.K." (R. ). I Μ7. The various valves must be in the following position : (The ref. valve number indication is according to the drawing "The pump group hydraulic circuit).oil supply valve open (41) oil return valve open (42) leak oil return valve open (43) valve first accumulator open (47) oil supply valve test-bench closed (44) oil return valve test-bench closed (45) leak oil return valve test-bench closed (46) oil filling valve closed (40) actuator oil leak return valve open (62) actuator oil return valve open (63) actuator oil supply valve open (65) actuator oil supply servo-valve open (66) actuator leak oil return valve open (67)The signals of the valve positions are transmitted through the interlock repeater relay rack and summarized by R^^.8. The following interlocks must be "O.K." (^22^ : oil level tank too high (1O) oil level tank too low (11) valve main return filter open (83) nitrogen pressure first accumulator normal (94) " " second " " (98)" " third " " (100)" " return " " (102)oil level shaft lubrification too high (73) oil level " " too low (74)nitrogen pressure shaft lubrification normal (104) oil temp tank too high (12) " " " too low (13)oil return pressure too high (95) " " " too low (96)piston position first accumulator normal ( 3) " ” second " " (50)" « third « " (61 )" " return ” " (60)oil supply pressure too high (93) oil return pressure too high (1O1) leak oil return pressure too high (1O3) shaft temp, too high (75) oil leak actuator too high (68) oil leak pump station too high (4) return oil filter △ p too high (80) leak return oil filter △ p too high (81 ) oil supply filter servo Δ p too high (64) water filter p too high (85) "servo-stop ext." (71 ) " int. (72)
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mechanical stop ext. (70)mechanical stop int. (73)accelerometertank position9. The following interlocks must be "O.K." within ~30 sec.after a pump-start (Rg^) :oil pressure too low (92)water pressure normal (107)air pressure normal (108)waterflow too low (84)oil flow shaft lubrication too low (76)water pressure normal (77)10- The following interlocks must be "O.K." before the correspond­ing pump can be started ;380 V ~ on-Supply valve openpressure too high11. The following interlocks must be "O.K." within ~30 sec. afterthe corresponding pump-start ^25? Rgy)suction valve openpump-switch in triangleby-pass valve closed12. Between both pumps a time-delay interlock inhibits thestart of both pumps within ~60 sec (r^).Coupled with any pump-start are j1. The connection of the to the output of theservo-amplifier (R^).2. The start of the shaft lubrication pump (R,,)333. The main by-pass valve closes (R^)4. The water supply valves are opening (R,_)335. A time-delay is started, which will make an automatic resetafter ~30 sec, whereafter the by-pass for the various delayedinterlocks is taken out (R_^, R„,, R™).35 36 37When a pump motor-switch changes its position from star totriangle, its by-pass valve closes automatically (R^, R ). The followinginterlock conditions,active during the pump(s) starting procedure, areby-passed when the oilpressure comes within the normal operating range( pressure between interlock "pressure too low and too high”) (R, ).
181. Actuator on servo-stop2. Stroke magnifiers on "zero” position3. Actuator locked4· Servo-amplifier on "manual" control.



- 5 -
When the hydraulic circuit has the normal operating pressure the actuator may oe unlocked under the following conditions :1. Actuator on servo-stop2. Stroke magnifiers in "PR" and"LCR" on "zero”3. Servo-amplifier under ’’manual” control4. Start by-pass interlocks outPushing the "unlock" button will energize the magnet valve of the security air-cylinder, whose piston releases the piston of the main air­cylinder. When this piston has been released, the magnet valve of the main air-cylinder is energized and it unlocks the actuator, by pulling its own piston up, which will be automatically locked in its upper posi­tion by the piston of the security air-cylinder. The reverse "locking" action can be done, if the 3 first conditions, mentioned above, are ful­filled.Automatic locking wil-1 occur if :1. Servo is "unlocked"2. Actuator on ’’servo-stop’?3. Any interlock signal, indicating a faulty situationAfter unlocking the actuator, one can switch to "program” if :1. Stroke magnifiers on "zero"2. Actuator on "servo-stop"The second condition is in programmed operation an interlock, which would immediately act, when "program" is pushed. Therefore this interlock is by-passed during ~0,5 sec after pushing "program". During this time the actuator will move automatically from the "servo-stop" to the position, determined by the minimum input-signal of the program, the so-called "base-line" (R^q).Some other modes of operation may be selected from the actuator test-panel, i.e. î1. Electronics alone2. Pumps only (complete hydraulic dircuit without electronics)3. Test-benchThese selections can onl^ be made if ?1. Actuator locked2. Actuator on servo-stop3. Amplifier on manual control4. Stroke magnifiers on "zero"5. Pumps off6. Control from PR



- 6 -
When the selection ’’test-bench" has been chosen, the various valves should be in the following positions :oil supply valve closed (41) oil return valve closed (42) leak oil return valve closed (43) valve first accumulator open (47) oil supply aalve test-bench open (44) oil return valve test-bench open (45) leak oil return valve test-bench open (46) oil filling valve closed (40) actuator oil leak return valve closed (62) actuator return valve closed (65) actuator oil supply valve closed (65) actuator oil supply servo-valve closed (66) actuator leak oil return valve closed (67)Switching "off" the ICS, i.e. the 24 V d.c.,is only functioning after closing the suction valves, which can be done by pushing the dual push­button selector P, and P_ at the same time (R^,, R„r).1 2 v 24 254. The repeater relay-rack (drawing 362-200-4, etc.)As a general rule in the FES an interlock has the following functions in the system :1 · it must protect the related equipment2. it should signalize its state3. any appearing fault should be memorized by the signalization.As these various functions cannot be realized by the interlock contact itself, a repeater relay is introduced for each interlock. The basic configuration of such a relay is given in drawing 362-1 01 -4· All contacts, which may be subject to different interconnecting, are for overall flexibility available on terminal strips, where they can be crossconnected according to the various requirements.The + 24 V d.c. will each time be routed over the interlock to one side of .the relay. If the interlock is O.K. the "0" 24 V d.c. can be applied to the other side of the relay by pushing "Reset" on the control unit. The relay is then energized and will be maintained over contacts 1-3· Contact 5,6,7 is taking care of the signalisation. Contact 6 will be connected to the corresponding lamp, while the flashing signal will be connected to contact 6. This signal is routed over the terminal strips because the flashing signal may be connected according to the selected mode of the hydraulic circuit. Contact 9-11 is used as the interlock contact. Some 300 free terminals are available for spare crossconnections.
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5  Signalisation of Interlocks (drawing 362-505-2)All signal-lamps are centralized on one panel. The lamps aresupplied from the repeater relays in the following way :

”Q.K.” -   -- > continuous illumination’’Fault”-------- > flashingThe lamp groups ’’normal” or ’’testbench” and pump 1 and pump 2are operating according to the selected mode on resp. the testpaneland the control unit.
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