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8.1.1.31 Test of Safety Interlocks of Dual Acme Power Supplies

1.0 Purpose and Scope

1.1 To provide a procedure for testing the Kirk Locks, electrical door interlocks,
"crash" push buttons, water flow interlocks, and warning lights associated with
the Dual Acme Power Supplies.

2.0 Responsibilities

2.1 The Cognizant Engineer for the Dual Acme Power Supplies, or the Electrical
Support Section Head, shall:

A. designate those persons authorized to perform the procedure;
B. establish and maintain a list of authorized persons;
C. appoint a Cognizant Technician for the interlock test database;

D. review the completed "Check List for Safety Interlock Test" (Attachment
1) and sign the "Interlock Test Approval Form" (Attachment 2).

2.2 The Cognizant Technician shall:

A. initiate the procedure, when required;
B. establish and maintain a paper database for the interlock test;
C. arrange for the "Interlock Test Approval Form" to be posted at the

required locations.
23 The Authorized Person shall:
A. perform the main actions of the procedure;

B. complete the "Check List for Safety Interlock Test".
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3.0 Prerequisites
3.1 The Authorized Person shall:
A. Instructed by the Cognizant Engineer, or designee;

B. Trained as a "Authorized Employee", as per ES&H 1.5.1,
"Lockout/Tagout Requirements".

C. Operator must be trained in NFPA 70E Personal Protective Equipment
Requirements and Arc Flash Hazards.

D. Operator LOTO OJT Training on Power Supply System must be current.

E. Operator must follow SMD-OPM 8.1.1.44 Generic LOTO Procedure.

3.2 The Magnet Test Operator shall be an authorized control room operator for the
Magnet Test Facility.
33 The Authorized Person shall be accompanied by a second Authorized Person who

will act as a safety watch while testing the interlocks.
4.0  Precautions

4.1 The procedure requires that the Kirk Lock system be bypassed, or "defeated",
during some tests. The Kirk Lock system shall be restored to full working order
after the procedure is completed.

4.2 All doors that were unlocked for the purpose of testing the interlocks shall be
locked when the procedure is completed.

4.3 Personal Protective Equipment must be worn as defined in NFPA 70E for
verifying LOTO, 480V is a category 2 hazard. When LED Meter UT-100 and AC
Panel Meters monitoring each AC Phase to ground are installed on the 480V
Disconnect the Hazard Category is reduced to (—1), operator can then follow PPE
requirements for the lower classification. (See Attachment 3).

5.0 Procedure

NOTE 1 Use the Check List (Attachment 1) as a guide in locating each safety
device. As each device is tested successfully, check it off.
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NOTE 2

If a device fails, stop work and immediately notify the Cognizant
Engineer and the ES&H Coordinator.

Kirk Key Lock Mechanical Interlock

NOTE The Supplies do not need to be activated for sections 5.1 and 5.2 of the test.

A.C. Section

5.1 Start with the main disconnect switch, I-13, configured as follows: switch in open
position, lock plungers engaged into switch plate, keys #21, #22, #23, #24 in their
respective Kirk locks.

5.1.1

5.1.5

5.1.6

Verify that Access Keys #23 and #24 are removable and that Control
Keys #21 and #22 are not removable.

Remove the Access Keys. Verify that the Kirk locks cannot be turned
with the Control Keys.

Insert all keys. Turn the keys clockwise to retract the lock plunger.

Verify that Control Keys #21 and #22 are removable and that Access
Keys #23 and #24 are not removable.

Insert all keys. Turn the keys counter clockwise to engage the plunger.

Remove the Access Keys. Verify that the switch cannot be placed in the
closed position.

WARNING

Failure to perform the next step could result in injury

5.1.7

5.1.8

SMD-OPM 8.1.1.31
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Place a padlock and red tag on the main disconnect switch per
Lockout/Tagout training.

Insert the Access Keys in their respective locks on the A.C. compartments
at the rear of the Supplies.

Turn the key and open the A.C. compartment door. Verify that the key
cannot be removed. Lock the door and remove the key.
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5.1.10 Insert Access Key #23 into the Kirk lock on the Step-Down Transformer
Link Box.

5.1.11 Turn the key and open the Link Box door. Verify that the key cannot be
removed. Lock the door and remove the key.

D.C. Section

52 Start with the D.C. contactors of each Supply configured as follows: contactors in
closed position (down), Kirk locks engaged (plungers blocking contactor blade),
keys #38, #39, #40, #41 in their respective Kirk locks.

5.2.1 Verify that Access Keys #39 and #41 are removable and that Control
Keys #38 and #40 are not removable.

5.2.2 Remove the Access Keys. Verify that the Kirk locks cannot be turned
with the Control Keys.

5.2.3 Insert all keys. Turn the keys clockwise to retract the lock plunger.

5.2.4 Verify that Control Keys #38 and #40 are removable and that Access
Keys #39 and #41 are not removable.

5.2.5 Insert all keys. Turn the keys counter clockwise to engage the plunger
and remove the Access keys.

5.2.6 Insert the Access Keys in their respective locks on the D.C. compartments
at the front of the Supplies.

5.2.7 Turn the key and open the D.C. compartment door. Verify that the key
cannot be removed. Lock the door and remove the key.

5.2.8 Insert the Access Keys into the Kirk lock on the D.C. Output Link Box.

5.2.9 Turn the key to retract the lock plunger. Verify that the key cannot be
removed.
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Electrical Door Interlocks

CAUTION

Step 5.3 is shall be performed by an authorized operator for the Dual Acme Power
Supply System. Connecting the load incorrectly could cause damage to the load.

All steps in the remainder of the procedure that involve controlling and operating
the Supply shall be performed by an authorized operator for the Dual Acme Power
Supply System.

53 Connect the Supply output to the dipole calibration magnet.

NOTE

Remember to connect the P.S. Interlock Cable from J7 to J8.

54 There is only one electrical door interlock, located on the D.C. Output Link Box
front cover panel. It is tested by performing the following steps.

54.1

54.2

543

544

54.5

54.6

5.4.7

54.8
549

5.4.10
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Defeat the Kirk locks on the D.C. Output Link Box, permitting access
with power on.

Leave the door open enough to activate the Interlock switch.
Remove the padlock from main disconnect switch I-13. Activate the
Supplies. Refer to SMD-OPM 8.1.1.21, "Operation of Dual Acme Power

Supplies." for the proper procedure.

Through computer command, attempt to reset faults. Verify that the fault
does not clear.

Attempt to turn the Supplies on through computer command. Verify that
this cannot be done.

Deactivate the Supplies.

Re-install the cover onto the Link box. Restore the Kirk locks to working
order and lock them.

Activate the Supplies.
Through computer command, reset faults. Verify that the fault clears.

Proceed to step 5.5.
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Crash Buttons

55 The crash buttons are tested by performing the following steps:

5.5.1 Through computer command, reset faults and place the Supplies in the
ON state with an output of zero amps. A small idle current will be
present.

5.5.2 Depress a crash button. Verify that the Supplies shuts off (a loud "thunk"
should be heard, indicating that the main input contactor has released and
the AC input to the Supplies has been disconnected).

5.5.3 Repeat steps 1 and 2 for the other crash buttons to be tested.

5.5.4 Proceed to step 5.6.

Water Flow Interlocks and Warning Lights

5.6 The water flow interlocks and warning lights are tested for each magnet load.
Start with the Supply connected to the dipole calibration magnet.

5.6.1 Turn on the Supply and command an output of 25 amps.

5.6.2 Verify that the "P.S. ON" warning light over the Supply, and the "Magnet
On" warning light over the magnet, are both flashing.

5.6.3 Shut off the water supply valve associated with the magnet.
5.6.4 Verify that the Supply turns off.

5.6.5 Connect the Supply to the quadrupole calibration magnet.
5.6.6 Connect P.S. Interlock Cable between J7 and JO9.

5.6.7 Repeat steps 5.6.1 to 5.6.4.

<Authorized Person:
5.7 Complete, date, and sign the Check List.

<Cognizant Engineer:
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5.8 Review the Check List and, if approved, sign the "Interlock Test Approval" form
(Attachment 2).

<Cognizant Technician:

5.9 Post a copy of the signed "Interlock Test Approval" form on the front panels of
each Supply and next to main disconnect switch I-13.

5.10  File one copy of the Check List and one copy of the Approval Form.

6.0 Documentation

6.1 Check List for Test of Safety Interlocks.
6.2 Interlock Test Approval Form
7.0 References
7.1 ES&H 1.5.1, "Lockout/Tagout Requirements".
7.1.1 SMD-OPM 8.1.1.21, "Operation of Dual Acme Power Supplies."

7.2 SMD OPM 8.1.1.44, Generic LOTO Procedure Incorporating UPA-100 Led
Meter and AC Panel Meters.

7.3 NFPA 70E, Standard for Electrical Safety in the Workplace.

7.4 System Specific SMD LOTO OJT Training.

8.0 Attachments

Check List for Test of Safety Interlocks
. Interlock Test Approval Form
3. Interpretation by the Laboratory Safety Committee — June 2005.

N —
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Attachment 1

Check List for Test of Safety Interlocks

Dual Acme Power Supplies

RHIC-OPM 8.1.1.31

Category A

Revision 01
May 20, 2005

DESIGNATION DESCRIPTION %
DAPS KL-1 Kirk lock system on main disconnect switch I-13, consisting of 4 individual locks
DAPS KL-2 Kirk lock on step-down transformer link box
DAPS KL-3 Kirk lock on D.C. output link box
DAPS KL-4 Kirk lock on D.C. output link box
DAPS KL-5 Kirk lock system on PS #326 D.C. output contactor, consisting of 2 individual locks
DAPS KL-6 Kirk lock on PS #326 D.C. compartment
DAPS KL-7 Kirk lock on PS #326 A.C. compartment
DAPS KL-8 Kirk lock system on PS #327 D.C. output contactor, consisting of 2 individual locks
DAPS KL-9 Kirk lock on PS #327 D.C. compartment
DAPS KL-10 Kirk lock on PS #327 A.C. compartment
DAPS KL-11 Kirk lock on PS #326 front panel
DAPS KL-12 Kirk lock on PS #327 front panel
DAPS DIL-1 Door Interlock on D.C. output link box
DAPS CB-1 Crash button on step-down transformer link box
DAPS CB-2 Crash button on filter enclosure
DAPS CB-3 Crash button on wall outside entrance to office
DAPS CB-4 Crash button on wall next to dipole calibration magnet
DAPS CB-4 Crash button on remote control rack
DAPS WL-1 Warning light (full size) over Supplies
DAPS WL-2 Warning light (half size) over dipole calibration magnet
DAPS WL-3 Warning light (half size) over quadrupole calibration magnet
Test date Tested by Life#
Tested by Life#
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(Attachment 1 cont=d)

Check List for Test of Safety Interlocks (cont=d)
Dual Acme Power Supplies

Notes:
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Attachment 2

Safety Interlock Test Approval

The safety interlocks of the Dual Acme Power Supplies System have been tested and approved
Approval Date

The approval is valid until the expiration date shown. DO NOT OPERATE THE DUAL ACME POWER
SUPPLIES AFTER THE EXPIRATION DATE.

Expiration Date

Approval Signature (CE or ESSH)

Post on ps #326 front panel

Safety Interlock Test Approval
The safety interlocks of the Dual Acme Power Supplies System have been tested and approved
Approval Date

The approval is valid until the expiration date shown. DO NOT OPERATE THE DUAL ACME POWER
SUPPLIES AFTER THE EXPIRATION DATE.

Expiration Date

Approval Signature (CE or ESSH)

Post on PS #327 front panel

Safety Interlock Test Approval
The safety interlocks of the Dual Acme Power Supplies System have been tested and approved
Approval Date

The approval is valid until the expiration date shown. DO NOT OPERATE THE DUAL ACME POWER
SUPPLIES AFTER THE EXPIRATION DATE.
Expiration Date

Approval Signature (CE or ESSH)

Post above main disconnect switch

Safety Interlock Test Approval
The safety interlocks of the Dual Acme Power Supplies System have been tested and approved
Approval Date

The approval is valid until the expiration date shown. DO NOT OPERATE THE DUAL ACME POWER
SUPPLIES AFTER THE EXPIRATION DATE.
Expiration Date

Approval Signature (CE or ESSH)

File copy
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Attachment 3

Interpretation by the Laboratory Electrical Safety Committee — June 2005

Engineered Voltage Monitoring Solutions for Lockout/Tagout

Properly engineered and installed voltage monitoring can simplify operations by providing a
method of implementing lockout/tagout without requiring the use of personal protective
equipment.

When used according to approved procedures, the systems described in this document can
establish that system voltage has been reduced to levels where subsequent zero-voltage tests may
be made using a hand-held meter and wearing safety glasses, and without additional personal
protective equipment. In some engineered configurations, the installed devices will serve to
indicate zero voltage without the need for further tests.

The Importance of Procedure and Timeliness

Zero-voltage verification during electrical lockout/tagout follows an A-B-A sequence. A
hand held meter is tested on a known voltage source, the equipment voltage is measured to
confirm a zero-voltage state, and the meter is tested once again on a known voltage source.

Timely performance of this sequence is required, with the A-B-A steps performed within
minutes of one another. It is not sufficient to believe that the meter worked in the past, to
measure the equipment, and to start work on the equipment intending to verify meter operation at
a later time. The principle of timeliness is vital in considering alternative methods of assuring a
zero-voltage state.

If a technician arrived at equipment with front panel voltage-indicating devices and observed the
devices indicating zero voltage, it would not be clear if power were truly removed or if the
measuring devices were simply defective. On the other hand, if the devices indicated the
equipment was being powered, and when power was removed the devices responded in a timely
manner to indicate zero voltage, then the device indication can be trusted to show the true
condition of the equipment. In an operational situation, if a technician called to fix a piece of
equipment arrived to find panel-mounted devices indicating voltage, and the equipment was then
turned off and the devices indicated zero voltage, the technician could complete lockout/tagout
while using safety glasses and without additional personal protective equipment and work could
begin. If the technician arrived to find the devices already indicating zero voltage, the technician
would have no way of knowing if the equipment were powered down or if the voltage-indicating
devices were defective. In the latter case, direct contact measurement would have to be made to
execute lockout/tagout, while wearing full appropriate PPE in accordance with the NFPA 70E
tables appearing in the SBMS Personal Protective Equipment Manual.
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Engineered Voltage-Monitoring Systems
1. Front Panel Meters

Front panel meters, commonly used on equipment handling large amounts of power, can be used
to confirm a zero-voltage state. Meters used for this purpose should be wired so they directly
monitor the source of power. Meter switches, if used, should be industrial-grade devices intended
for this service, such as GE type SB switches.

2. Voltage Indicators

A UPA-100 “Universal Power Alert,” a UL listed voltage indicator, is available from STC
(Automatic Timing and Controls, Lancaster, PA). The voltage indicator can be used in the same
way as front panel meters, to assist in confirming a zero-voltage state. The indicators may be
wired to monitor ac or dc power, and LED lamps are lighted whenever the device senses voltage
more than 40 volts. The single design operates to 600 volts and has four leads, one for each
phase and one for connection to ground. This arrangement allows the device to be used on single
phase and three phase circuits, and even on direct current circuits. A data sheet on the UPA-100
is attached to this document.

The device works reliably with grounded systems. Some facilities on a site have ungrounded
power distribution systems designed to enhance operational reliability. These systems actually
have high-resistance grounding due to the equipment continually monitoring for ground faults on
any phase. The UPA-100 has a 470-k ohm resistor in each leg, and will operate properly on less
than a tenth of a milliampere. Since the voltage indicator requires minimal current for proper
operation, the high-resistance grounding is adequate for proper operation of the indicator.

As noted, the LED lamps are lighted whenever the device senses voltage more than 40 volts.
While deployment of the UPA-100 does not permit voltage verification to zero volts, use of this
device allows access to the equipment for further testing using a hand-held meter with no
requirement for personal protective equipment since the voltage has been established through use
of the device as below 50 volts.

3. Voltage Test Points

Personnel protective equipment (PPE.), including voltage-rated gloves and leather glove
protectors, must be used when measurements are made on circuits normally energized at voltages
greater than 50 volts. Aside from safety glasses, no additional PPE. is required for measurements
on power-limited voltage sources less than 50 volts. If voltage step-down devices are designed
into equipment normally operating more than 50 volts, and with the reduced voltages available at
test points, then the zero-voltage lockout/tagout confirmation measurements can be made at the
test points while using safety glasses and without using additional PPE. Preferably, the test
points would be available at the equipment front panel.
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A voltage step-down can be achieved using transformers. Three transformers would be required
for three-phase power supply circuits.

A voltage step-down can also be achieved using resistive voltage dividers. The disadvantage of
this approach is that heat would be continually released into the enclosure. Resistors chosen for
this application should be wire-wound or equivalent in reliability (not metal film). They should
have identical power ratings, selected as at least three times the anticipated continuous power
dissipation as if the test point were connected to a solid ground. A 10:1 divider is suggested for
this application, so that a 120-volt source would present 12 volts to a test point.

Level of Safety

Commercially off-the-shelf (COTS) components are used to assemble electrical equipment.
These COTS components have all been examined by a Nationally-Recognized Testing
Laboratory (NRTL) and are labeled or listed. Finally, when the COTS components are
assembled into their final configuration, all systems must be reviewed and accepted by a
representative of the Authority Having Jurisdiction (AHJ). It is by use of labeled or listed
components such as switches, fuses, circuit breakers, and similar devices that safety of the
electrical installation is assured.

Use of engineered voltage monitoring solutions for lockout/tagout follows the same safety
pathway. ATC’s UPA-100 “Universal Power Alert” is a commercial off-the-shelf device listed
by UL, an NRTL. When installed under engineering control, and with the installation (and
associated procedures) reviewed and accepted by a representative of the Authority Having
Jurisdiction, the device is equal to switches and circuit breakers and conduits in affording
personnel protection.

Installation of other means of engineered voltage monitoring solutions for lockout/tagout,
including installed metering and voltage test points, follows a similar pathway. The major issue
with these alternate devices is that they are not labeled or listed like the UPA-100 and therefore
more engineering controls and AHJ reviews are required.

The initial topic in this document discussed The Importance of Procedure and Timeliness. Using
procedures discussed under the second topic, Engineered Voltage-Monitoring Systems, the
techniques discussed in this document are classified as Hazard Severity Category IV. This
category is shown in the table below, which has entries typical of many versions of the same
material available in the military and civilian sectors. Aside from the engineered aspects of each
installation and the fact that the UPA-100 is UL listed if this is the chosen device, the basic
reason lies in procedures. Since verification of voltage must occur first, followed by removal of
power and timely verification that voltage has been removed, the devices are, in effect, being
tested each and every time they are used. Further, no periodic testing is required since they are
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repeatedly tested at each use. No other component of an electrical system is periodically tested,
except for items like insulation tests for transformers and large motors.

Hazard Severity
Category | Descriptive Word Potential Consequences
1 Catastrophic May cause death or system loss
11 Critical May cause severe injury, severe occupational illness, or major system damage
111 Marginal May cause minor injury, minor occupational illness, or minor system damage
v Negligible Will not result in injury, occupational illness, or system damage

Routine Voltage Testing on De-Energized Equipment

It should be noted that careful technicians routinely apply meter leads to test for voltage on parts
they know to be de-energized, such as equipment which has been unplugged or locked and
tagged. While safety glasses are required for this and all electrical work, the technicians do not
need additional PPE for this operation.



