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This report describes a general but unified set of procedures to be 
followed by engineers who are designl.ng accelerator controls" It serves 
not only as a detdgner 1 s guide but also as a supplement to local and national 
sets of mechanical and safety codes that may be applicable to any given ac= 
celerator, and includes also areas not specifically covered in the safety 
codes . 

*work performed under the auspices of the U.S. Atomic Energy 
Commission. 

t Present address: Stanford Lin~ar Accelerator Center, Stanford, California. 
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1. Introduction 

A large variety of engineering principles must be applied in the design 
of a control system for an accelerator, large or small, linear or circular. 
This guide is a general but unified set of procedures to be followed by 
engineers designing accelerator controls, in order that such controls may 
have some degree of consistency. The guide not only supplements the national 
and local sets of mechanical and safety codes that may be applicable to any 
given accelerator, but it also includes areas not covered specifically in the 
safety codes. 

2. Power Sources, Controls, Neutral and Grounding 

Base the design-center voltage on 115-V ac 60 cps, and multiples 
thereof. All 115- V ac equipment shall operate satisfactorily on voltages 
from 105 V to 120 V. 

Supply general building power and lights from 115 to 200- V delta
wye four-wire transformer banks. This allows adequate line balance for 
115- V power throughout the building. 

Derive the ac power for accelerator loads from delta-delta trans
former banks (see Fig. 1). Voltages available shall be: 

11.5 kV or as the system voltage in the area prescribes, 
2,300 V {if required for large loads), 

460 V--moderate power, 
230 V -general power, 
115 V -derived from a midtap of the ac phase of the 230- V general 

power bank. See Fig. 2. 

Maintain the phase relationship {rotation and absolute) the same for 
all accelerator voltages. A consistent phase relationship allows the same 
phase voltage to be used for 115- V control regardless of which voltage 
level the control power is derived from. See Fig. 3 for phase relationship 
when the 115-V control power originates from 460- V feeder lines. 

Supply load-changing taps for adjustment of the building voltages 
in the main transformer banks. 

Free at least one transformer bank feeding general power to the 
accelerator controls from large pulsed loads or mag-amp and silicon-con
trolled-rectifier loads. Preferably this transformer bank would be equipped 
with automatic changer or an IVR control to maintain the output voltage con
stant to ±1o/o over the expected supply-line voltage changes. The kVA re
quirement for this bank would be determined by the overall accelerator re
quirements. 

A. Control Power 

The control power will be 115-V ac for moderate-size accelerators-
those whose control cables are not longer than about 400 feet. There will 
be many minor sources of this control voltage throughout the accelerator, 
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but limit each source to 5-A circuit breakers. In a few cases a 10-A cir
cuit breaker may be necessary to allow for the in-rush current to some 
control devices. 

Always route the control voltage through the eros s -connect. It is 
important that the phase-voltage relationship be maintained throughout the 
machine to ensure that the maximum voltage in the cross -connect is 115- V 
ac. 

The 5-A 115- V control circuit will allow many small positioning 
motors to be run directly from the control voltage without auxilia.ry relays. 

B. Control Power Neutral System 

The control power may originate at any of the racks in the accelerator 
building and be routed through cross-connects to all parts of the building. To 
facilitate controlling devices or lights in another part of the building, con
nect the neutral of each power source securely to a neutral that is common 
throughout all control racks; this neutral system will have a copper size 
adequate for the maximum unbalance of power and be grounded at only one 
place- -at the building ground network near the largest transformer bank 
supplying control power. 

Make the building ground network comply with all applicable building 
codes. Give special consideration to the grounding system if large pulsed 
magnets are used for the accelerator. The large stray fields that some
times accompany large pulsed magnets may introduce heavy currents in the 
building grounding system and even in the building itself. Special precautions 
may thus have to be taken (see Sec. 27). 

3. Building Utilization 

In the building layout, allow space near the main control room for 
the following: 

a. Electronics maintenance. This is an electronics -oriented machine 
for which maintenance men must be nearby. 

b. Operator technicians. Provide a work area for these men near 
the control room for miscellaneous duties performed away from the control 
desk. 

c. Conference room. Provid.e a conference room next to the control room 
to minimize the confusion at the control desk. 

d. Critical-instrument storage. Store many critical instruments 
near the control room in order that they be easily accessible to both the 
electronics maintenance and the main control room. 

Make the main control room remote from noice-generating equip
ment such as: 



Motor generator sets, 
Mechanical pumps, 
Large power supplies, 
Large motors or fans, and 
Large transformer banks._ 
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The main control room should give easy access to the accelerator proper, 
and should be as near as practical to the rf and beam-detection systems. 
When practical, there should be only one central control room. 

Provide storage space in the building for spare parts and assemblies, 
and for moderately radioactive materials. 

4. Control~Room Layout 
A. Major Controls . _ 

·ue_s1gn the control-room with all major controls .in one central area 
so that if necessary one man can operate the accelerator. Place the follow
ing major controls within easy reach o.f an operator at the control desk: 

Magnetic field,~ 
Injector parameters, 
Particle-accelerating voltages, 
Beam controls, 
Beam monitoring, 

· Target controls, 
R~diation monitors, 

. Accelerator-access gates, 
Building communication, 
Signals from the experimenter that indicate beam received. 

Sectionalize the main control-desk controls so that when the machine 
is malfunctioning more than one operator can work at the desk. Put the fol
lowing controls and indicators within sight of the operator at the c:Ontrol 
desk, even though he may have to move from his chair to reach these con
trols: 

Vacuum-system controls; 
Major accelerator interlock chains, and 
Alarm panels. 

B. Racks 

To facilitate easy viewing, align the racks at the main control desk 
in a curve, with the desk inside the curve {Fig. 4). The main control-desk 
racks _shall be eight feet high and have a sloping section for push-button con
trols and those used most often, and a flat table or desk section large enough 
to hold log books. The area under the control desk shall not contain any 
protrusions or controls. 

C .. Alarm Panels· 

Locate alarm panels in the main control so that they give audible and/ 
or visual alarms for the following malfunctions: · 
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a. Low liquid~level alarms, 
b. High~temperature alarms, 
c. Low-temperature alarms in areas where ice may develop in the 

cooling towers, 
d. High conductivity for low-conductivity water systems, 
e. Water~system low pressure, 
L High-temperature warnings for magnet, 
g. Lubrication systems, 
h. Fi,!.~,..,.or smoke alarms for the building. 

5. Standard Racks and Panels 

Use the same style for all electronic -equipment racks on a project 
(Figs. 5-8) and use standard Western Electric drilling for the mounting of 
panels 19-inches wide. The vertical racks at the control desk may be de
signed with 24-inch wide panels, which will make possible maximum panel 
usage in the curved section of the desk when 19-inch panels are used in 
sloping section. 

When possible, do not include any side panels between racks mounted 
permanently side by side. 

Place permanently mounted racks, seven-feet high, on an eight-inch 
raised base, forming a metal-enclosed wire way that extends from rack to 
rack. These wire ways provide divided space for low-level coax signals 
and the control and power wires. 

Many wires to the main control~room desk are required. If low
level coax signals and control cables cannot be satisfactorily separated, 
consider bringing coaxes in at the bottom of the racks and controL-power 
Circuits in gutters at the top. 

Behind the main control-room racks provide a raised floor for addi
tional wire-way space for the many wires radiating from this location. 

Do not use sliders to roll out chassis from a rack as this flexing of 
cables can lead to broken wires and loose connections. Instead of flat 
chassis and sliders, it is better to use more rack room and vertically 
mounted chassis for in-place servicing. 

As compact transistor circuits require plug-in boards and bins, pro
vide check points on the boards for in-place checking. 

Hinge rack panels that must be removed for servicing o~e side of a 
vertically mounted chassis. 

Provide the backs of control racks with doors and locks to keep out 
unauthorized personnel. Secure panels in the racks with captive-type panel 
screws. 
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Wire the components of each panel to a terminal strip or other con
nector on the rear of the chassis in some standard grouping. The layout and 
spacing of components on the front panels of standards shall be similar from 
panel to panel, i. e. , the spacing of the lights on interlock chain lights shall 
be the same as the lights and push buttons of a control panel. See Sec. 13 
for layout of interlock chains. 

Separate push buttons that are mounted side by side by a barrier to 
minimize the chance of someone 1 s accidentally pushing two buttons instead 
of one. 

As sign to each of the standard panels holding many individual controls, 
or indicating or monitoring devices, an identifying letter such as: 

G for Light Indicators, 
B for Push Button Panels, or 
A for Relay Panels. 

Design push buttons and indicator lights for interlocks similarly, 
and illuminate the push buttons by at least two lights. 

Operate the indicator lights at a reduced voltage for longer life and 
elimination of glare in a darkened control room. 

Sometimes special combination panels may be desirable for the inter
locking, control, and monitoring of many similar power supplies. A typical 
panel (Fig. 9) might include several interlock lights, off/on controls, meters, 
and voltage or current controls. If several (e. g., 10 or 20) of thes;e unitized 
control panels were required at the control desk, the most valuable space 
would soon be taken by items that need not be so easily reached by the operator. 
Such a unitized (combination) panel could be best used where only two or three 
of them are required at a given location, and where the circuits are firm 
enough to ensure that panel changes or additions will not be required. 

At the control desk it is desirable to have all like elements- -for ex
ample, all push buttons for off/on circuits- -in a row on one panel, according 
to the following grouping; 

a. Interlock lights together, off to one side; 
b. Meters together and probably higher; 
c. Controls even more accessible than off/on controls. 

Voltage levels or time functions generally require more adjustments 
than having the appropriate switches turned on or off. 

. As monitoring devices for accelerators, meters are used less often 
than oscilloscopes. 

Some of the required standard panels are: 

a .. Small control relays (0-10 A ac) 115- V 
b. On/off controls, 
c. Raise/lower and limit light controls, 



-14- UCRL-16016 

I R! I IRaE I [TIJ 2 ~ 6 

IR~ I IR7E I [ill I [[] 5 

I R2E I IRi I ~ 0 [m· 4 

[1] I R5E I I R9E I [ill 3 

Cutout for wiring 

!Block #I II Block #21 

MUB-7140 
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d. Time-delay panels, 
e. Moderate power relays 0-30 A ac, 115/230-V, 
f. Meter panels, 
g. Interlock lights, 
h. Breaker panel 5 or 10 A, 
i. Breakerpanel 15-30A, 115-V, 1 <j>, 230-V.3<j>, 
j. Overload panels, 
k. Oscilloscope-signal switching, 
1. Coax patch panels, 
m. Vari"ac control paneL 
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Some of the standard chassis -control panels that may be required are: 

a. Time delay and gate pulse generators, 
b. Ionization vacuum gauges, 
c. Current regulators for magnet power supplies, 
d. de Voltage-regulator chassis. This might be a subchassis for 

mounting integral with the power supply. 

The wire grouping of each individual standard panel is identical to 
that on any other standard panel. 

When the circuit of a standard panel requires a neutral wire con
nection, use a separate terminal labeled Neutral (N). 

In standard panels, such as relays or time delays, that are used for 
control interlocking, incorporate a standard cross -connect block so that the . 
panel may be mounted in the cross-connect rack in place of one of the stand
ard blocks. 

Identify an 11 A'' panel designed for mounting directly in the cross
connect racks with the cross-connect block number, such as AX-140A2. 
This number means the 11 A 11 panel is in position 140 of the AX cross-con
nect and relay 2 of the "A11 panel. 

Design larger control panels mounted in the sub racks and to be 
wired to the cross -connect racks with taper-pin-type terminals for the con
trol wiring. Such panels might have a few larger relays with only a few 
terminals used for controls, Connect each of the control wires to two ad
jacent points on the terminal blocks and mount the terminal block on the front 
of the panel. If possible, use a feed-through type of taper-pin block {Fig. 10) 
or mount it in a cut out in the panel so that the front of the block will be 
available in the front of the rack and the rear of the terminal block will be 
available from the rear of the rack. 

The panel described in the preceding paragraph is so designed that 
the eros s -connect jumpers can be made directly to the control panel when 
this panel is mounted in a rack next to the cross-connect blocks. {See Figs. 
11 and 12 for the layout of a cross-connect patch panel designed around this 
concept.) When this unitized cross-connect panel system is used, record 
the number associated with a given point as AX1838-89. Special panels re
quiring only a few tie points would have the terminal blocks at one end of the 
panel (see panels AX1737 or AX1733, Figs.11,12, and8). 
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The cross-connect panels described above may be used to set up a 
very local cross-connect patch panel to suit some special application. A 
hinged door may be necessary to protect the jumpers when the cross-connect 
panel is only a small part of a tan rack. 

So far in Sec. 5, two methods of numbering cross-connect blocks have 
been described. 

a. In the system now used, one large rack contains all of the eros s
connect blocks with each block serially numbered; in some cases components 
are mounted directly on the block, but space is limited for this application. 

b. A better way is to associate the cross·-connect blocks with standard 
panels in normal racks. This system allows an easier insertion of special 
panels into the cross-connect system and allows the setting up of small 
eros s -connects in existing racks to cover special local conditions. 

The longer number required to identify a cross-connect point is of 
some concern, but in the long run I believe this newer system is better. 

6. Rack and Terminal Identification 

(See Figs. 5, 6, 11). Assign individual numbers to all electronic
equipment racks that are not duplicated elsewhere on the project. These 
rack numbers shall consist of a letter to indicate an area of the project, fol
lowed by a two-digit number assigned serially for that area. When several 
racks are lined up in a row, as sign the numbers from left to right as viewed 
from the front of the racks. Stencil the area letter and rack number (i.e, 
B17) at the top of both the front and back of the rack. When assigning rack 
numbers, be sure to leave numbers available for additional racks in the 
same·area. 

Assign a two-digit position number to each of the 1. 75-inch panel 
units of the standard rack .. Start with 01 at the bottom of the rack and 
number sequentially upwards so that a given number is always associated 
with the same distance from the floor. The upwards numbering also allows 
an automatic extension of numbers when additional racks are added on top of 
an existing rack. 

A panel located in the rack will be automatically identified with the 
lowest position number of the group of positions that the panel covers. 

The lower part of the rack will hold connection terminal blocks and 
a neutral power block if required. Number the blocks at the bottom of the 
rack 01, 02, 03, 04, 05, 06, and 08 as required. There will be occasions 
when no blocks are required at the bottom of the racks. 

Stencil the unit-space number on the inside of every fifth rack; this 
aids in the location of a panel in the rack. 

If a chassis with several terminal strips is installed in a rack, re
tain for identification the TS-X number shown on the chassis schematic. 
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Number all items or channels on a panel left to right from the front 
of the rack, This numbering system applies to all items such as: 

a. Push buttons, 
b. Indicator lights, 
c. Functional channels, 
d. Coax plugs, 
e. Switches and controls, 
f. Meters, 
g. Plugs, even if on the rear of the chassis, 
h. Terminal points on all terminal strips, even if mounted on the 

rear of the chassis, 
i. Relays in standard relay panels. 

The consistency of numbering all items from left to right from the 
front will help avoid confusion between channel numbers and plug and termi
nal numbers. 

If channels a,re numbered left to right from the front and plugs or 
terminal point are numbered left to right from the rear, the wiring of com
ponents or channels to the rear plugs or terminal strips will require cross
chassis wiring to maintain ascending numbers for both channels and plugs. 

Stencil the number of at least every fifth terminal- strip tie point on 
the strip. 

Automatically as sign every terminal point or plug an individual 
identifying number whenever a panel is located in a rack. Such a number 
might be R1732.~TS1.~3 

R = area in which the rack is located 
17 = rack number in that area 
32 = thirty- second 1. 75-inch rack unit from the bottom of the rack 
TS1 =first terminal strip on the chassis 
3 = third terminal point on that terminal strip. 

Whenever two or more wires are connected at such a terminal point 
as described two paragraphs back, place the number on the wiring schematic 
to identify the connection as it actually is made. Show the connection as an 
X on the line in the schematic. 

Show on the wiring schematic every connection made in the wiring 
( s e e Fig. 13) . 

The wiring schematics furnished to the electronics maintenance men 
shall be in a schematic and block diagram form emphasizing the circuit 
function. 

Wiring diagrams may be used during the construction period but they 
should be replaced with schematics for the purpose of maintaining a com
pleted circuit. 

" 



-23- UCRL-16016 

7 .. Wiring Methods and Construction Techniques 

A. Gutters and Wireways 

Use gutters or wireways instead of conduits for all right of ways 
larger than a 2-inch conduit. It is always easier to add a new wire or cable 
to those in a gutter than to increase the number of cables in a conduit. 

When possible, install gutters and conduits on the surface rather than 
bury them in a concrete slab or wall. It is easier to modify the building floors 
or walls if there are no conduits buried. 

Provide separate wireways or gutters to separate low-level signals 
from control and power circuits. High ac currents in power circuits should 
be more than two feet from low-level coaxial signals for long runs unless 
provision has been made for magnetic shielding. 

Some of the low-level signals associated with counting techniques and 
transistor circuits may require special consideration. Insulate gutters and 
conduits for cables carrying these low-level signals from the building ground 
and frame. The conduits would then be grounded at one location as a one
point ground. 

Early in the planning, identify the wireways and gutters so that the 
control wiring can be placed in the correct wireways or gutters and be 
specified by the engineer. 

In order to eliminate cross talk, separate right of ways, gutters, 
or conduits may have to be installed to bring the following signals to the 
main control room: 

a. Monitoring signals from the rf system; 
b. Monitoring signals from the beam-detection equipment, 

Concrete does not make a very effective insulator. Steel bolts and 
re-bar show an electrolytic action with concrete that forms an equivalent 
low-impedance circuit. 

B. Control Circuitry 

In designing the basic circuitry of an accelerator use the central 
cross -connect or patch-board technique. The cross -connect patch-board 
system is based on the assumption that all major controls are connected to 
the main cross-connect with multiconductor cable. These cables may be 
from the standard panels in the control desk, from relay or breaker panels 
in subcontrol racks, or from a connection box in some remote area. 

These interconnecting cables and trunk lines may be installed long 
before the control circuits are detailed. The number of interconnecting lines 
required may be estimated with reasonable accuracy long before the final 
circuits are developed. The major part of trunk lines may be installed and 
standard panels wired to terminal blocks long before the coordinator is able 
to request the appropriate jumpers on cross-connects that set up the final 
control circuits. 
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Gutters shall have hinged covers that are locked closed with some 
simple latch (not screws that can be lost). 

When gutter covers or lids are to be used in stray magnetic fields 
of 100 G or more, they should be made of aluminum so they will not move 
and be noisy when the field is turned on, 

Insulate all wiring with a fire retardant. 

C. Hook-up Wires 

Use hook-up wires of bunched tin (rather than solid) in chassis con
struction. Bunched-tinned wire forms like a solid wire but is as notch re
sistant as normal stranded wire and will not fray out as does other stranded 
wire, 

D. Insulation 

Place. at least 1/16 ~in. insulation between the terminal strips and 
ground. If conducting parts are exposed on the rear of the strip, mount an 
insulated strip behind the terminal strip, 

For best connections, install compression-type lugs that are soldered 
on cables such as 4/0 with extra-flexible stranding, Unsoldered compression 
lugs alone are not sufficient. 

E. Cable Length 

Terminate cables or wires coming from some remote location to a 
terminal strip at the bottom of the rack before wiring the equipment in the 
rack. (Exceptions to this rule would include cables from a standard panel 
to the main cross-connect rack,) In general, the location of equipment at 
the main control desk is not considered permanent, and when changes are 
made the long cables may not reach, the new location. When a p9-nel is shifted, 
only a short piece of cable is sacrificed if the original cable has been termi
nated at the bottom of the rack before being attached to the paneL 

It may save money if slack is left in the long runs directly to a panel, 
and room is left at the bottom of the rack for cable terminations that may be 
required by some future change. 

When wires of a cable are terminated .on a terminal strip, leave 
enough slack on each wire to prevent stresses on the wire. ••Enough" slack 
means at least 2 inches, so that the wire can be reterminated if accidentally 
broken. 

F. Junction Boxes and Terminal Strips 

Install junction boxes and terminal strips as collecting points for 
miscellaneous <;ontrols in remote areas, Connect these terminal strips to 
the main cross-connect via a multi·conductor cable. Make several spare 
wires available for new cir.cuits. 

" 
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For most of the control and interlock wire trunk lines, use 52 con
ductor # 16 wire. 

For the jumpers used in the cross-connect, use #18 glass-braid
covered rockbestos stranded wire, 600-volt insulation. 

For the cross~connect terminal blocks, use the taper pin type, ar
ranged as double points {Reynolds Industries part No. R-101467), . Control 
cables from equipment shall approach the cross-connect blocks from the 
rear ofthe racks, but the cross-connect jumpers will be made from the 
front of the rack, Leave the wires loose to facilitate tracing of a wire in a 
large group of wires, This setup (control cables from the rear and jumpers 
in the front) allows two sets of workmen to work simultaneously. 

All cross-connects blocks and terminal strips shall have fanning 
strips to help guide the wire to the terminals. Design the cross-connect 
rack deep enough ( 18 to 24 inches) so that relays and other equipment can be 
mounted on the rear of the cross-connect blocks. 

G. Cross-Connect Panels 

In large installations more than one cross-connect panel may be re
quired. Locate each panel in the area where it is most needed, such as; 
the motor generator room, rf system controls, injector area, main con
trol room, experimenters 1 area, vacuum-control area, and others. 

When several cross -connect panels are required, use interconnecting 
trunk lines between the panels and the main control. 

Identify a given connecting point in the eros s -connect racks on a print 
with a number such as AX201-15: 

A= area letter where the cross-connect is located 
X= cross-connect terminal 

201= block number in the cross connect 
15= terminal on block 201. 

When a standard panel is installed in a rack, connect the N or 
neutral terminal to the neutral block in the same rack. 

H. Trunk Lines 

Four classes of trunk lines are required from the main control area 
to other parts of an accelerator:· 

a. Control cables to cross-connect, usually 52 conductor #16, 32 
conductor #16, or 12 conductor #16, all with 600-volt insulation. 

b. Low-power circuits from the base racks. These lines (which 
might be 12 conductor #12 to carry moderate amounts of power) connect to 
the blocks at the bottom of the racks. 
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c, Low-level metering circuits, These might be 12 conductor #16 
wires or in some cases, they should be twisted and shielded pairs such as 
several Beldon #8422 microphone cables. 

d. Coaxial cable trunk lines. These are also required· but are 
covered in Sec. 35. 

8. Meters and Instruments 

Select the type and style of meters carefully. Some of the points to 
be considered are: 

a. Choose the same style for those in the main control rooms so that 
the control desk has a unified look. 

b. Use illuminated meters in the main control to allow reading when 
the rest of the lights are dimmed. 

c, Choose core-type meters so that stray magnetic fields and close 
steel panels will not affect their calibration. 

d. Supply meters with adjustable magnetic shunts to allow easy 
calibration. 

e, ·Do not use loose-fitting plastic-covered meters because dust will 
get into the meter and cause stickiness. 

f. When possible, use the taut-band type of meter for ruggedness 
and calibration stability. 

g. The scale divisions on the meter should be based on 5 or 10 di
visions per unit, not on 4. 

h. There should be no live parts exposed on the front of the meter. 

i. Use expanded-scale or offset meters with a rugged meter when 
greater accuracy is required; this is better than trying to read to 1% on a 
.moderate-size panel meter. 

j. When many meter readings must be recorded, digital readout is 
desirable because of the lessened chance of recording error. Straight meters 
are good for qualitative readings of slowly varying functions. 

k. Do not depend upon a meter when a rapidly varying function must 
be read. 
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9. Indicator Lights and Push Buttons 

Illuminated push buttons are desirable for circuits on the main control 
desk. Here space is congested and the combining of the push button, light, 
and name plate into one control is desirable. However, the cost of this com
bination makes its use questionable for other less-crowded panels away from 
the main control desk. 

With the many very small controls available, quite compact control 
panels can be designed. However, compactness not only raises the design 
and construction costs of the package, but also makes the panels harder to 
service and eliminates adequate room for labels. 

Panels with a high density of controls seldom pay of£ when ease of 
service and aqequate room for labels are considered. 

Even the smallest practical incandescent light gives of£ considerable 
heat. This heat is especially noticeable to one standing in front of a large 
bank of interlock-light chains. One way to reduce the infrared output is to 
use neon lights as indicators, The number of jewel colors available with 
neon is limited but the lights are very reliable and consume little power. 

The low power required to light a neon can bring about other problems 
when used on interlock chains using long wires. Refer to Fig. 13, The wire 
between :AX172-03 and E3001-02 may be 100-feet long or more; this wire 
connected to chain light C0125-G2 is located between two interlocks and may 
be adjacent to other wires energized with 115- V ac. If both the power-supply 
doors and the water-flow switch are open, there is a good chance that a neon 
in position C0125-G2 would light up because of capacitive coupling to energized 
circuits. Under these conditions the light would be misleading. 

An incandescent light at C0125-G2 would not give this trouble, If a 
neon is desired for the interlock light, connect a 10 kQ resistor in parallel 
with it to minimize the effect of the capacitive pickup. 

When low-voltage (24 or 48 V) incandescent lights are to be used on 
115- V interlock chains, drop the voltage either with a midget transformer 
(preferable) or a dropping resistor. Less heat is given off in the panel when 
a transformer is used, and there is less hazard·when the bulbs are changed. 

Use snap-action type push buttons and switches for all accelerator 
controls. They should have at least a 6- to 10~A rating at 115- V ac. 

When push-button switches are used in standard panels, leave room 
for changing the push button while the adjacent controls are energized, 
Leave plenty of slack in the wiring and make sure that the mechanical design 
allows for this consideration. 
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10, Control System and Interlocks, Small Accelerators 

The primary purpose o£ a system of controls is to bring together in 
one place the controls required to operate a device. These controls may be 
either mechanical or electrical and must be organized so that the operator 
has all the information necessary at all times, 

Those controls most used should be within easy reach of an operator 
sitting down; the distance between the operator and other controls will de"' 
pend on their use and criticalness. An emergency-shutdown control may 
never be used but it should be immediately available, 

The various considerations to be applied to control-system design 
include: 

a, The system should allow a large part of the work to proceed be
fore the actual circuits have been detailed, 

b, The system should allow a change in the interlock sequences with 
a minimum of lost effort. 

c. The system should be designed to be fail-safe with the minimum 
of redundant circuits. 

d. An accelerator-circuit failure is not like a missile control; 
some failure rate is permissible if minor loss time is the penalty, 

e. Where personnel safety is involved {for example, doors to 
high-voltage area), the system of controls or interlocks should have some 
back-up protection, Note the redundancy of two door interlocks, so use in
stead one door interlock, an automatic grounding switch, and a hand-held 
ground hook. 

f. Interlock lights should be designed to that when the light is on 
everything is working properly; a light that is out indicates trouble in that 
circuit. (It may also be a burned-out light, quickly determined, ) 

g. Connect the interlock chains as a sequential chain with an indicator 
light after each function (see Figs, 13 and 14), 

h. Ifmany functions are to be sequentially interlocked, break the 
chain into groups or subchains of 10 or 15. The number of lights in a 
horizontal row across the panel will determine the number of sequential 
interlocks (Fig. 14). 

1. Start each subchain with.a white control-power on-light and end 
with a subchain complete light. 

j, Each subchain should be a combination of logical sub groupings of 
the interlock system. 

k. A master chain with relay interlocks from the completion of the 
subchains would then complete the system {Fig, 14), 
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L There may be intermediate connections (such as AX150-Al) from 
the main interlock chain that allow the operation of some other part of the 
system {Fig. 14). 

m. Use only snap-action contact-making devices. Slow-breaking 
contacts such as those in some thermal switches are especially poor in 
low-voltage circuits or in a vacuum; slow-making contacts may cause burnt 
contacts or even an open circuit if the oxides and dirt are not ruptured on 
the contact. 

n. In m9derate-sized accelerators where interlock cable runs are 
less than 400 feet long, use the interlocks, such as a door switch, directly 
in the interlock chain {see Fig. 14). 

o. Consider carefully the use of static control devices, such as 
Clark Industrial Static Control, for particular accelerator functions that re
quire 200 000 or more relay operations per month. 

p. Use plug-type Control Relays in interlock sequences so that they 
can be easily replaced without .disturbance of other nearby relays. 

q. Do not use hermetically sealed ControP Relays, unless of course 
they have mercury-wetted or vacuum-type contacts. The organic vapors 
from the relay insulations and the metal vapors from arcing contacts will 
eventually cause relay malfunctions. It is desirable that relay contacts 
can be seen during operation in order to allow the detection of excessive 
arcing that may lead to early relay failure. 

r. Many of the control circuits considered in this section involve 
fire or life hazards and as such are Class I control circuits as defined in 
Article 725 of the National Electrical Code 1962. In Class I control circuits 
the power is limited to 1 kW and no wire smaller than #18 can be used. 

s. The limit of 1 kW for Glass I control allows these interlocks 
and circuits to drive directly many small devices such as positioning 
motors and power relays. 

t. When a control function causes some remote device to move, a 
separate indication at the control point should show that the required action 
has occurred. Because a solenoid valve has been energized to supply air 
to move a valve does not mean the valve has moved. Checking switches 
mounted at each end of the valve travel is one sure way of knowing its position. 
Remotely driven Variacs or. industrial regulators should have either some "-, 
position indication at the control point {preferable) or limit lights to indicate 
the end of travel {less preferable). 

u. When the series -chain-interlock system is laid out, the stems 
operated least should be first in the chain. The door interlocks to an en
closure should be located in the chain after all interlocks within the enclosure 
that may require servicing with the doors open. 
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v. A digital read-out of valve position is preferred if the position 
must be recorded for future reference. Direct meter readings are satis
factory if only qualitative information is required. It should be possible to 
read digital readouts directly in the quantity recorded rather than having to 
use some conversion numbers on tables. 

w. The label or interlock lights should show both the function of the 
light and the number of the schematic diagram on which it appears. 

x. Set up a control system of an accelerator in the following way: 

a. First estimate the total number and type of controls required in 
the main control room. 

b. Make up tentative rack layouts of all of the intended control panels. 
c. Make up tentative assignments for the use of all known push 

buttons and controls. 
d. As a rough guess you will need at least three small 11 A 11 panel 

type control relays for every two push buttons and one relay 
for every five indicator chain lights. 

e. For interlock chain sequences of small controls, there should be 
at least one 5-A circuit breaker for every seven interlock 
lights. 

f. There should be at least one 15-A 1-<j> circuit breaker available 
for power in the main control room, and one for base plugs 
for each control rack . 

.g. At least 50o/o spare room should be left in the eros s -connect 
racks after: 

1. Cables from all panels from the main control room have 
been tied down, 

2. All special panels have been installed in the eros s -connect 
racks, and 

3. All remote trunk-line cables are tied down. On the average, 
assign room for about 52 wires for each multiple-
button control panel in the main control room plus one 
52-conductor cable for each row of indicator lights. 

h. Allow at least 50o/o room in the racks installed for growth. 
Plan for adding 20o/o more racks later. 

i. When considering the equipment controls, realize that the operators 
will want to control all devices that can be controlled. If an 
item is controlled there must also be some means to show the 
position of the control. 

j. Control chains may be broken up in such a way that a trip to the 
equipment will be required to determine which of several 
critical items is holding off the control. This applies if it 
is necessary to be at the equipment to repair any one of those 
items. If additional help may be required when you see the 
interlock chain at the equipment, then this information should 
be made available in the interlocks at the main control room. 
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11. Control Systems and Interlocks, Large Accelerators 

For large accelerators (those whose major parts are 600 feet or 
more apart) the control problems are treated separately. 

At discrete subsections of control, the wires of all controls and inter
locks are less than 500 feet long. These subsections have local controls 
that meet all of the requirements shown. in all preceding sections. A 
typical subsection might include: 

a. Power distribution, 
b. Main magnet power, 
c. Main control room, 
d. Injector section, 
e. Acceleration voltage section, 
f. Experimental beam station, 
g. Vacuum system . 

. Each of the subsections must have enough controls remote from the 
main control room to enable the operators to have a complete picture of all 
major operati-ons. 

In some cases, a few subsections may have operators on continuous 
duty; therefore only a few critical timing signals would be under the control 
of the operator in the main control room. 

Long single-wire circuits using 115-V ac are not satisfactory for 
energizing remote relays or lights for which the neutral bus system is used. 
The capacitive coupling of the long wire to other energized circuits can 
cause a series resonance with the inductance· of relay cores, and give faulty J 

·relay operation when the circuit is supposedly open. 

Twisted-pair wire circuits (number 20 or 22 wire) may be used as 
Class 2 system controls under the National Electric Code if the power is 
limited to 100- VA per circuits, and if no fire or life hazards are part of 
the control system. Class 2 systems may be used for the remote control 
and indications of circuits that used Class 1 wiring for all the vital functions. 
When Class 2 system wiring connects the subcontrol rooms to the main con
trol room, the wiring insulation shall be for 600 V. Class 2 wires insulated 
for 600 V maybe mixed in with the control wires of Class 1 control without 
special provisions. 

The 100- VA per circuit limits the use of the Class 2 controls to one 
operation per circuit. The long wires would prohibit the equivalent of many 
interlocks directly in series; instead, each twisted pair must terminate in 
a reiay, push button, or light and probably use de power. Each pair of 
wires can be used in control multiplexing with de voltages and diode-po
larity-selection circuits, but this complication may not p;:t.y for itself unless 
the main control room is 1,000 feet from the subcontrol station. 

In some cases special panels may be required to allow Class 2 cir
cuits to control relays in Class 1 protective circuits. 

~-. 
\ 
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12." Remote- Position Controls and Indicators 

If the device controlled by the operator is used to maximize a quantity 
while he is watching an oscilloscope or meter, the control shall be a knob to 
turn rather than two push buttons, one for up and one for down. The turning 
control is especially important if the information being monitored is pulsed 
at a repetitive rate of 4 per second or less, 

Digital readout is preferred to meter-pointer readout. If digital
position readout is not presented, then calibrated dials shall be used, 

Servo systems or selsyn controls may be used as position controls. 
Servo systems are good for single-point controls but are not good for dual
control points where calibrated dials are necessary, Selsyns can provide 
dual-control points, with dials at both controls always in calibration. 

Acclerators are manned by experienced personnel; therefore, when 
control must be available in two locations such as the subsection and the main 
control room, both sets of controls shall be active at all times, NO transfer 
o£ controls is required, 

One of the most reliable remote-position monitors is the closed
television system. I£ the monitor can be read, then you know that you are 
seeing the situation correctly and that there is no transmission error. 

When appropriate lenses are used, the TV camera can monitor 
remote meters and oscilloscopes that are biased at high voltages, In most 
cases the TV system is the most economical as well as the most reliable. 

13, New or Used Componeni!:s 

If the designers of a circuit will be the users of the equipment, it is 
permissible to use surplus or used equipment of known condition, 

But if the engineer specifies the parts for a unit to be fabricated by 
some other contractor, then the only way to be sure of quality merchandise 
is to specify new components of current manufacture; otherwise the parts 
may be difficult to replace. 

14, . Alarms 

Many functions require an alarm bell to alert the operator to a faulty 
condition. Some functions require immediate attention, but others may be 
only warnings of greater hazards to follow, 

An alarm panel should provide for the following functions: 

a. It should contain a battery-driven audible alarm to indicate that 
the main alarm panel is not functioning. 

b. All alarm functions should be of a fail-safe type that applies power 
to silence the alarm; a loss of power makes the alarm ring, 
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c. A momentary interruption of the monitored voltage should sound 
the alarm until a recognition button has been pushed. 

d. A new incoming alarm should be different (such as a flashing 
light) from an existing alarm already acknowledged, 

e, The use of an energized light to indicate an alarm is preferable, 
because an energized light in a darkened panel can be seen more easily than 
a darkened light on a light paneL 

£. A push-to-test-the-light button should be available for periodic 
checking. 

g. There should be two separate bulbs in the alarm light. 

h. It is assumed that there are only a few alarms energized at any 
one time. 

L Each alarm function should have an individual light so that any 
new incoming circuits are immediately recognized. 

When possible, there should be alarms to warn of impending trouble, 
so that corrective action may be taken to eliminate an emergency shutdown 
of operations. 

When a series of sequential timing signals must periodically appear 
for proper accelerator operation, the following type of monitor may be use
ful. All of the sequential signals are brought into one alarm panel, wired 
to extinguish its own alarm light when the signal appears, At the beginning 
of each operation all alarms are reset to a condition of energized lights, and 
as the sequence continues each light in turn is extinguished. If a light is left 
on it means a signal is missing and an alarm is sounded to alert the operator. 

Label the alarms well so that there is no question as to the action to 
be taken when the alarm sounds, 

Use different and distinctive sounds for the three major types of 
alarms: 

a. Hazardous gases, impending explosion (Klaxon horn). 
b. Fire or smoke detection (siren), 
c, Miscellaneous alarms for other equipment (bells). 

Any more variation of sounds would lead only to confusion, 

Certain alarms, such as those for hazardous gases, may require 
the automatic shutdown of ignition sources in the area of the hazard. Con
sider this shutdown problem carefully when experiments require the use of 
hydrogen, propane, or other flammable gases. 

See the last paragraph in Sec. 4 for additional circuits that may re
quire alarms to alert the operator to approaching problems. 



-35- UCRL-16016 

During periods when only a few persons are present in the accelerator 
buildings, connect the emergency-alarm-panel warning to the main public
addr'ess or paging system so that the warning may be heard all over the ac
celerator building. 

Use a modulated or interrupted sound for warning, because such 
sounds are more attention getting than a steady tone. If the device used to 
interrupt the alarm tone fails to operate, make it fail in the direction of a 
steady note, not to an off condition, 

15. Relays and Push Buttons 

As relays and push buttons are the heart of a control system, use 
industrial-rated controls to ensure reliability. Always use relays and con
tacts well within their ratings and pick ones rated for 50 million operations. 

Allow for voltage-limiting protective devices across the coils of all 
relays. 

Make the contacts of relays visible for inspection during operation. 
Design relay-contact surfaces in the vertical plane to keep contaminants off 
the contact surface's. Do not seal relays hermetically unless the contacts are 
of the vacuum or mercury-wetted type. 

Use loose-fitting, see-through, fire-retardant-type dust covers un
less the atmosphere requires more dust protection. 

Prohibit the paralleling of contacts if they are to carry more current 
than a single contact is rated for; substitute a larger relay instead. 

Use mag-amp-type controls, silicon-controlled-rectifiers, or other 
static devices instead of mechanical relays for those circuits requiring many 
repeated operations. 

Provide relays for control circuits that involve fire or personnel 
safety and that are rated for at least 10-A 115-A service. Then when possible 
use them at less than 5-A, 115-V. 

Ground relays used in standard panels for control circuits by one of 
the pins of the plug. 

With all relay coils, use some voltage-limiting device connected in 
parallel with them to minimize inductive voltage transients when the current 
to the coil is interrupted. Low-voltage circuits < 50V may use neon lights 
without a series resistor for transient protection. 

For a discussion of push buttons see also Sec. 5. Use snap-action
type push buttons, the contacts of which are rated for 10-A at 115- V and 
the control circuit of which requires less than 5-A at 115-V :wherever pos
sible. 
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16. Drawings and Wiring Records 

Design the wiring schematics and records with the. maintenance man 
in mind. Give all pertinent information, including warnings andprocedures, 
on the prints used as reference in the field. List also expected currents 
or voltages for normal operation of the circuit (see Fig. 13), 

On the wiring records, keep track of al1 trunk lines and cable assign
ments so that spare wires for new circuits may be easily located, Indicate 
circuit changes on the wiring records with the work-order reference number. 
This indication allows the tracing of a circuit in case a faulty wire as sign
ment is made. 

Indicate by references in the wire table on which schematic a wire is 
used (Table I), The reference need not be on every wire but should appear 
frequently enough to indicate the print involved without much reference to the 
records. 

Keep a record of every relay, lift, or push button in standard panels 
so that they are easy to find on the appropriate schematic. 

Table I. Typical terminal block at bottom of rack. 

Wire Wires Block Wi.res Wire Notes 
size within rack A13 external size 

01 to 
rack 

A 10 A13 36--: r.-.o,t; A.13 3 z ~r:r.c-,,O.:L 01 A1403-0i 10 l Steering 

B 10 A1336-I-02 02 A1403-02 10 J 25A magnet #1 

c 10 A1336-I-03 03 A1403-03 10 1B6204 

A 10 A1336-I-04; A1332-H-02 04 

} B 10 A1336-I-05 05 25A 

c 10 A13 36·- I- 06 06 

A 10 A1336-I-02 07 

} B 10 A1336-I-08 08 15A 

c 10 A1336-_I-09 09 

A 10 A 13 3 6 -I- 1 0 ; A 13 3 2 - H- 0 3 10 

A 10 A1336-I-11 ;A1332-H-04 11 

A 10 A1336 -I-12;A1332-H-05 12 
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Draw a front view of each control rack, with one inch on the drawing 
equal to four inches on the rack. This scale allows three racks to be drawn 
on one 22 inch by 34 inch prinL See Fig. 6 for a partial view of such a 
drawing. This scale is large enough to allow plenty of room on the print for 
such things as the following to be shown for each panel: 

a. A simplified pictorial view of the panel; 
b. Terminal block numbers of the standard panel; 
c. Print identification of the panel; 
d. Schematic diagrams on which the particular control chassis is 

shown. 

Make a full-scale drawing for each rack, showing all name-plate 
strips exactly as they are to be made. On the name-plate strips, show all 
possible information for the function being controlled. Make the name-plate 
area as large as possible so that the lettering used can be easily read. Give 
the control schematic number as well as the title of the controlled function. 

Make the standard cross-connect records look something like Table II. 
The information on the left side of the block is made up in final fashion. The 
cross-connect jumper information is to the right of the terminal-point number. 
Make special sheets for those standard circuits, such as plug-in relays, that 
are mounted directly on cross-connect blocks. Note that the double points 
are shown tied together. 

The first of the cross-connect sheets should be a layout showing the 
general assignment and use of all the blocks. 

Combine a control schematic and a block diagram in the prints (see _ 
Fig. 13). This combination allows a quick analysis of the circuit function 
with reference to further details. 

Show every wiring-connection point on the schematic with its terminal 
identification number. Nothing should be left to the imagination of the main
tenance men. 

A control system may be easily modified by changing the jumpers in 
cross-connect. The complete identification of every connection allows changes 
to be planned and executed easily. The complete identification of each tie 
point makes it easy for the maintenance men to find trouble in a working cir
cuit. 

The value of up-to-date control prints is sometimes underestimated. 
Arrange a system of up-dating prints early in the construction of a project. 
Whenever a control system is changed even slightly, up date the control 
prints immediately. (This may be done with colored pencils.) In this way 
the men on the following shift will have up-to-date information to work with. 

Compile a print-list index early in the project so that required prints 
can be found easily. The print-list index should be divided into many logical 
subdivisions to ease the problem of searching. On the master print list for 
the maintenance men list all prints that he is likely to use, but do not clutter 
the list with references to construction or fabrication prints that the main
tenance man has no use for, 
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Table II. Typical block in cross- connect 

Cross-connect Cross -connect Notes 
trunk lines and equip. AX-100 jumpers 

C0615 
Off C0615-01 

01 200-03 Steering magnet 
B-1 I -02 51-09 #1 

I 

I 

68-03 1B6204 
'03 

Seal -02 lo4 Job order 321001 

On ..:o3 105 68-01 
06 100-07 

On 107 100-06 

light -04 
08 

C0615 Off -05. 109 
B-2 10 

Seal ' -06 j11 I 12 I 
! 

113 On I -07 
I .14 
1. 

II~~ On i -08 
light t 

B0615 i 
117 

B-3 Off I :.:o9 
18 

I 
! 

119 Seal 
l 

-10 ! 
~ 20 

On -11 m21 
22 

On 
-12 123 

light 24 

B0615 
Off -13 125 

B-4 26 

Seal -14 127 
28 

On -15 1.29 
.30 

On 
-16 131 

light 32 

B0615 
Off -17 f3 

B-5 34 

Seal -18 f5 
.36 

On -19 ~~7 
38 

On 
~ J39 light -20 

~0 
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On each print tabulate the sections of the print list where that print 
is listed. This reference allows easy location of all references in the Index 
when the information is to be modified. 

To the identification serial number of a print, assign a letter that 
indicates a particular is sue of the print. This identification shows which is 
the up-to-date version if two copies of the same print are available. 

As many of the control prints become long and involved, to aid in 
finding a particular relay coiler contact on such .a long print mark the edge 
of the print in areas, the same as is done on a road map. The road-map 
identification letter such as B (the B area) is then added to the print number 
when referencing a coiler .contact to a print, such as; see print 1B6204 B 
for the control of relay A1420-E1. Make the divisions of the road-map 
areas coincide with the folds of the print. 

17. Vacuum Controls and Precautions 

The vacuum controls are an essential part of any accelerator. The 
controls are most used during first start up, but should always be within 
easy control of the operator. Provide interlock chains to prevent faulty 
operation of valves, especially those that could cause delays because of 
damaged pumps or vacuum systems incorrectly returned to air pres sure. 

Do not depend upon people to control valves in the correct sequence. 
If certain s equeilces must be followed, force them with interlocks. As the vac
uum system may operate without trouble for long periods of time, operators 
may forget the correct procedures. 

Many valves or gates are remotely controlled with electric;:al solenoids 
and four-way air valves. Do not depend upon power to the solenoid as an in
dicator that the valve has been actuated. The only way to ensure that a re
mote gate valve has indeed operated is to have microswitches mounted di
rectly on the valve, with one switch to show the valve fully closed and one 
switch to show it fully open. 

Design a map showing a one-line diagram of the vacuum piping 
system. Place lights directly on the map to indicate the condition of each 
valve and pump. 

Locate the remote-control buttons for each valve on this map so 
that there is little chance of valve-control error. 

The several ranges of vacuum-pressure interlocks used depend upon 
the type of vacuum system and the required operating pressures. Use fail
safe vacuum-pressure interlocks to prevent high voltages from being applied 
in the vacuum tank. --If ion gages are used for interlocks, be sure the system 
monitors for correct electron emission in the gauge, as well as for excessive 
pressure. 

Control all water-cooling systems that enter the vacuum tank with 
solenoids and interlock the systems with the tank vacuum. This control and 
interlock will prevent large amounts of water from being dumped into the tank 
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in the case of a water leak. Be sure solenoids are on both the supply and 
return 'water lines. 

On some solenoid-controlled air valves, a small pilot valve controls 
the main air to the plunger. Take care in applying these valves because 
some modelS may incorrectly open, then close, if the building air pres sure 
is first removed, then reapplied to the valve. This occurs during the time 
the pilot valve is gaining controL 

Vacuum tanks that must be returned to atmospheric pressure for 
servicing should be filled with dry air to minimize the time required for 
the subsequent pump down. Exhaust even small vacuum pumps (especially 
oil and mercury systems) to the outside and release the exhaust high in the 
air; these exhaust gases should not be breathed. 

Install meters on large diffusion pumps to monitor the power applied 
to each pump. An over-temperature on the base of a diffusion pump should 
be installed and calibrated to turn off the power to prevent the oil or other 
li'quid from boiling away. 

Qil;..diffusion pumps should be well baffled to prevent oil from 
strea:ming back into the vacuum tank. 

All remote air-operated gate valves should require electrical power 
to the valve to keep the gate open. In case of a power failure the air-storage 
tank should have sufficient capacity to close all gate valves simultaneously 
with plenty of reserve. 

design: 

18. Ventilation Systems 

Those used in the main control room should have two functions in 

a. Keep electronic equipment to ensure long life and reliable operation; 
b. Do not subject the operator to undue temperature variation during 

normal operation. 

In the design of the control racks containing large amounts of elec
tronic equipment, provide for adequate cooling of the chassis. Allow space 
for the required ducts when designing the first layout out of the racks. Do 
not place banks of interlock lights that give off much infrared next to the op
erator at the desk. 

Keep the wind noise of ventilation systems to a m1mmum, as this 
noise is very distracting to an operator on duty for long periods. 

19. Noise Levels 

Noisy equipment is bound to be part of any large accelerator. Large 
generators, vacuum pumps, and motors should not be so near to the main 
control room that they contribute most of the background-noise level. 

The control room sho'uld not be graveyard quiet because the silence 
does not give the operators a sense of operating something tangible. The 
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sounds of small relays operating make a pattern of background noises valu
able for detecting abnormal operation sequences. ·Disturbing high-frequency 
whines or howls should be eliminated, 

Include a low-level one-stroke bell or gong that can be heard through
out the building to indicate the start of some particular sequence. This 
sound is invaluable to aid in trouble shooting innumerable problems that may 
arise. 

20, Cooling Systems: Water, Oil, and Air 

Unfortunately most of the equipment used on an accelerator consumes 
power and gives off heat that is wasted. When a device gives off more than 
2 kW of power, seriously consider water cooling. Although water cooling 
may involve large water towers, it is an effective way of transferring heat 
fron;1 within to outside a building. Two water systems may be usedJ 

a, Plain water treated to prevent rust and used for cooling of dif
fusion pumps and other liquid-to-liquid heat exchangers, 

b. Treated and deionized low-conductivity (L. C. W.) water used for 
the cooling of electrical equipment such as vacuum tubes and magnets. This 
system is a closed self-contained copper system. 

In the low-conductivity system, stainless steel fittings are used where
ever voltage gradients in the water are present, Stainless steel has such a 
low erosion rate by electrolysis that sacrificial anodes are not required. 

Design the water-cooling system for constant flow of water through 
the loads. Do not turn the water of£ just because the equipment is not in 
use. Small particles that cannot be removed with filters will settle out when 
the water is turned off and may accumulate and eventually restrict the water 
passages, 

Specify that the piping used in the plain-treated-water system should 
be oversize by 50 or 100% to allow for deposits accumulating in the pipes 
over a period of 10 years, 

Design magnets and other loads that have small water pasages to 
withstand hot acid flushes to remove material that settles out in low-velocity 
systems. Also design flow-rate indicators into the water circuits. 

Place flow switches used to interlock equipment in the exit-water 
circuit. Make them of simple design with passages many times larger than 
the particles allowed through filters, Do not use pressure-sensitive flow 
switches or ones that freeze up or become sticky after several years of 
service with one rate of water flow. 

There shall be no dead ends in the water system. If a load is re
moved that creates a dead end, then add jumpers to maintain water flow 
through that part of the system, 

Provide a flow switch for each path of parallel liquid cooling. When 
this is not feasible (for example, with multiconductors in a magnet), then 
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protect each copper circuit that may overheat because of low rate of water 
flow with some sort of thermal indicator and switch on each· conductor; a 
thermistor should be considered for this application. 

If many flow switches are mounted in one bank of controls that termi
nates in one interlock system, it might be preferable to show circuit function 
by indicator lights at each flow switch rather than to show them on a rack re
mote from the switches. 

As the water rushing through pipes may be very disturbing to those 
in the main control room, keep large water pipes away from such quiet 
areas. 

As water towers constructed of redwood can be an extreme fire 
hazard, design the tower and associated buildings with this fire hazard in 
mind. Install an exterior sprinkler system or use a nonflammable material 
(such as transite) for water towers. 

Monitor the following functions with alarms on the critical valves; 

a. Water conductivity, 
b. Water temperatures {high and low), 
c. Water pressures, 
d. Total flow rates, 
e. Water levels in tower. 

As. water towers with forced-air cooling can freeze up during moder
ately cold weather, precautions should eventually be taken for this. 

Some systems may require a more constant coolant temperature 
than can be obtained with the standard cooling towers. Ones such as high
power ignitrons may require specially designed closed systems that can 
maintain accurately controlled water temperatures. L. C. W. systems 
must contain only copper, brass, or stainless steel. Beware of cast-iron 
impellers in some pumps, as they will erode away if the case is brass. 

If special conditions require an oil coolant, be sure to explore the 
use of liquids with a high flash point. The storage tanks of oil-coolant sys
terns should have critically set liquid-level indicators that will shut off the 
pumps if a loss of oil is indicated. Consider fire protection also during the 
design of such oil-cooled equipment. 

Air-cooling systems are sometimes used on accelerator equipment. 
Usually the high-speed fans involved are quite noisy and the noise is especi
ally disturbing if the fans or blowers are on portable equipment located near 
an experimenter 1 s set up. Include dust filters on air-cooled systems, especi
ally if high-voltage equipment is being cooled. 

Monitor the make-up water for the water-tower cooling circuits so 
that an abnormal loss of water may be detected. 
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2L Motor Generator (M. G. ) or Alternator Sets 

A. Advantages 

These will have their place in the accelerator field for some years 
to come, as they are better than static rectifiers in the following ways: 

a. By means of large flywheels, they can supply large pulsed loads 
without prohibitive transients on the supply power line. 

b. M.G. sets with de generators or alternator-rectifier combina
tions can supply large de power with very little voltage ripple. 

c. Synchronous motor drivers can be used for power-factor line cor
rection. 

d. The output voltage of a de generator or alternator- rectifier 
combination may be varied over large ranges without changing the percent 
ripple-voltage output. 

B. Disadvantages 

Motor-generator sets have some of the following disadvantages com
pared to static power supplies: 

a. Maintenance cost per kW is higher for the M. G. 

b. M.G. sets are noisy. 

c. M.G. sets require more floor space per kW output. 

d. Foundation requirements for motor-generator sets are more 
stringent than those for static power supplies. 

e. The ratio of the voltage-response time constant of the generator 
to the change in voltage of the generator field is many times greater than 
the response time of a silicon-controlled rectifier. This long time constant 
for generators can lead to regulation problems. 

C. Other Factors 

When a comparison of M.G. sets has been made and a piece of ro
tating equipment is determined to be the best for a given power-conversion 
job, then consider several other factors in the system design: 

a. If rectification-inversion power transfer is required, a consider-· 
able torsion-shock load may be transferred to the motor-alternator foundation. 
As this shock loading will tend to consolidate any loose-rock fill under the 
foundation, design the bed for the foundation without compacted rock as a 
base. 



-44- UCRL-16016 

b. Large motor-alternator-flywheel combination requires that 
several bearings be adjusted to rather low tolerances. Make the foundation 
for the base as rigid as possible and use the same material for all bearing 
supports. Design the same temperature environment for all sections. of the 
foundations to minimize differential thermal expansions that would affect the 
shaft alignment. 

Design the rotational direction of the machine so that in case the 
rotating parts failed mechanically the pieces are more likely to be carried 
away from inhabited areas and from other expensive equipment. 

Large rotating power converters are sometimes used with flywheels 
and pulsed loads. Do not use stepping power relays in the secondary circuits 
to control the peak power to the motor. 

First, the many operations required for such a power relay require 
a lot of maintenance on the relays and timing circuits. Second, it is better 
to use some static type of circuitry to limit the motor-power input so that 
line transients can be held to a minimum. 

Although a stepping relay system may introduce only 1 or 2% line
voltage change, the fact that the transients are repetitive and synchronized 
with accelerator operation could be troublesome in other current-regulation 
systems fed from the same power source. 

Provide a de polarity-reversing method for motor-generator sets 
used to energize .experimenters 1 magnets. This reversing is most easily 
done on the field of the generator, with appropriate changes in the de cur
rent signal to the regulator. 

Install a ground-current detector and trip-out circuit on one of the 
de buses of the generator; see tenth and eleventh paragraphs in Sec. 22. 

Motor-generator sets with one motor and two generators can be easily 
used with the generators either in series or parallel. When ordering a 
double-ended generator, remember that many generator brushes riding on a 
commutator that is not furnished de current to a load will have a short life. 
Current through the brushes is required for proper operation. Do not plan 
to use one generator on a unit with the other unit unloaded, unless the brushes 
are on the unused unit. 

It is satisfactory if there are no contactors installed-in the main de 
output lines from a generator. In case of minor de overloads, the inter
locks may turn off the generator field power. For heavy de overloads, 
ground current alarms, door interlocks, or magnet water failure, the 
power to the motor should be interrupted. 

Some loads connected to motor-generator sets may have to be pro
tected from sudden changes in voltage. A typical type of load might be that 
from a liquid-hydrogen bubble chamber. Sudden changes in the surrounding 
magnetic field may induce eddy currents in the bubble chamber that are suf
ficient to cause undue heating and a consequent dangerous pressure rise in 
the vessel. Protect by electronic means the current regulator connected to 
the motor generator feeding such .a load against fast changes. In case of a 
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general power failure, short the field circuit of the generator to provide the 
longest time constant possible for the decay of magnet current. Motor-gen
erator sets with flywheels are an aid when this slow decay system is a re
quirement. 

A line-to-line short on the output of a generator that does not have 
contactors or other current-limiting devices in its output may result in a 
commutator flashover and some equipment damage. A line-to-line de 
short would be .a very rare condition in a properly maintained system, but 
if de contactors were used there is a real possibility that accidental open
ing of the contactor may cause excess voltages on insulation because of the 
inductive load. I believe it is better to eliminate any device that i:nay in
advertently attempt to open the leads to a de magnet~ 

22. Static Rectifier Power Supplies 

Section 21 dealt with a few comparisons of motor-generator sets 
with static rectifiers. This section deals with static power supplies only. 

A. Disadvantages 

One of the main disadvantages of static rectifiers is the large voltage 
ripple that results when the power supply is operated at a reduced voltage. 
What follows are some thoughts on this problem, 

If silicon-controlled rectifiers are used in a phased-back condition 
for supplying a magnet with power, a large filter may be required, The 
filter may increase the response time of the regulator loop enough to cause 
instability in the regulator system, 

. Eddy-current filters of thick copper sheets or pipe can· be placed in 
the magnetic field to filter the ripple in the magnet. If there is space avail
able, eddy-current filters can be as effective as inductance filters on the 
power supplies, 

When .magnet-cu:r:rent regulation is used (not field regulation), an 
eddy-current filter is better than an equivalent inductance-capacitance filter, 
The eddy-current filter does not increase the response time of the current
regulator loop, but it may increase the time constant if the filter is monitored 
and regulated, 

If eddy-current filters cannot be used because of space limitations 
or pulsed magnets, some other way must be found to eliminate voltage 
ripple. If the magnet is used only over narrow voltage ranges, then taps 
might be added to the plate transformer so that an adjustment can be made 
to keep the ripple low at reduced voltage, 

If a wide range of control is desired, then tap changing might be done 
with transistors or silicon-controlled rectifiers on the 480- V 3-<jl power 
side of the plate transformer. 

Mag-amp power supplies 
trolled rectifiers are available, 
to the regulation,loop, 

are becoming outmoded since silicon-con
Mag-amps introduce long time constants 
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High-current-metering shunts developing 50 or 100 MV for regulator 
inputs are now obsolete; it is far better to use transductors as current de
tectors because they give large signals and provide a metallic isolatiort be
tween the regulator amplifier and the power circuits. 

One combination of components for supplying regulated de power 
for magnets is silicon-controlled rectifiers on the 480- V line with the plate 
transformer. These controlled rectifiers would be in several sets so that 
different taps into the transformer would be used for different voltage out
puts with a small-angle phase-back for additional voltage control. This 
system would hold the de-output ripple voltages at reasonable levels. 
Standard silicon diodes would be used for the rectifier section. Trans
ductors would supply a signal proportional to de current. 

Most de magnets for experimenters require from 200 to 2000 A of 
·de current with regulation accuracy to about 0,1 o/o. Any error in current 
beyond about 1/4A can cause serious experimental errors, 

Isolate the magnet-power-supply combination from ground by some 
known resistance. Then monitor the current through this resistance to 
determine that there are no ground currents above about 1/4 A. If the 
ground current increases beyond this value (de or ac), turn off the power 
supply on ground current alarm. This alarm should seal up and hold until 
reset at the power supply. 

Surround the primary windings of the plate transformers of magnet-
. power supplies with a metallic shield. Design either the primary shield or 
some other isolation device into the transformer s.o .that an· isolation failure 
of the primary windings cannot apply 480- V arc to the windings of experi
metal magnets connected to the de power-supply output. 

The ground-current detector should be able to withstand 480- V ac 
for the time necessary to trip out the ac power to the power supply before 
the ground-current detector fails. 

The water cooling in the power supply should include cooling of the 
plate transformer as well as of power diodes. 

Furnish all portable power supplies with a line breaker as well as a 
contactor for control. Do not have a low-voltage drop-out interlock on the 
line breaker; if this breaker drops out in case of trouble you may lose in
formation such as a sealed-up ground-current alarm signal. 

In order to reverse polarity of the output leads, use a simple link 
system with all portable power supplies used for experimenters' magnets. 

. When silicon-controlled .rectifier or mag-amps are used in the high
current de output circuits, connect a reverse diode(s) across the output of 
the rectifier section.so that when the rectifiers are phased-back for delayed 
firing, the reverse diode carries current for part of the cycle and prevents 
a reverse voltage from appearing on the magnet terminals, Locate the cur
rent- sensing unit on the line between the free-wheelirtg reverse diode and 
the load. The diode lowers the ripple voltage on a magnet under low-voltage 
conditions. 
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There should be at least two sets of de overloads: 

a. One set is mounted on the power supply and calibrated to protect 
the power supply. This set should not be easily available, 

b .. The second overload set is adjustable; and is used to protect a 
low-powered magnet connected to a high-power power supply. 

Equip with interlocks the large plugs that feed the portable power 
supplies that require 480- V ac output .. so that the plugs cannot be engaged 
or pulled out when the circuit is energized. 

Equip the portable power supplies with appropriate bolted ears for 
crane handling. Lifting eyes are not permitted. Make provisions also for 
fork-lift handling. · 

23. High- Voltage Power Supplies 

Furnish high-voltage power supplies with automatic grounding devices 
and hand-operated ground hooks for personnel protection. 

If at all possible, a gas dielectric should be used as a portable high· 
voltage power supply. If this is not possible, oil-filled equipment can be 
used, but in experimental areas such equipment should not contain more 
than 25 gallons of oil. 

Use high-voltage shielded cables for de transmission from the power 
supply to a load (such as a spectrometer). Open nonshielded cables radiate 
too much energy whenever there is a spark. 

Large high-voltage capacitors (such as 0.10-MF 20-kV or larger) 
that are sealed should have a pressure-relief valve or indicator on the ca
pacitor case. This relief valve is required especially if the capacitor case 
is of a brittle material or if the capacitor is used in parallel with many other 
capacitors. Pressure can be created inside of a high-voltage capacitor when 
one of the series sections shorts out and is subjected to a delay that causes 
continued internal spark at this shorted section. 

24. Counting Areas and Equipment 

Small accelerators that have limited areas for experimental equip
ment may have permanent racks installed to hold the necessary electronic 
counting equipment. Very few records of the wiring are maintained in these 
racks. Most of the cabling between special chassis is done by the experi
menter. Records would be kept of only the permanent wiring, such as that 
for ac and de power distribution. 

The ac power to the counting chassis is usually electronically regu
lated to the precise voltage required. The frequency response of sola 
transformers is not high enough to remove line ~voltage transients that may 
disturb critical counting equipment. 
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In some cases the counting racks and all gutters or conduits that ex
tend out from these racks should be insulated from building grounds. When 
this is done those rack systems are grounded at one point in such a way 
that the ground insulation may be checked. 

The insulated ground system in the preceding paragraph is necessary 
to eliminate stray currents that may flow in the shields of coax cables and 
give spurious signals to low-level input circuits·. When the insulated g·round 
system is required, it is also necessary to have primary and secondary 
shields on all transformers feeding power to the counting area; primary 
shields are tied to building ground and secondary shields are tied to the 
insulated racks. 

The special ground isolation of racks may not be required if the 
experimental equipment and counting equipment are within 30 or 40 feet of 
each other of if critical signals transmitted in coax cables are kept above 
10 volts. 

When counting equipment is used in experiments of large accelerators, 
long cable runs for signals are impractical because of attenuation and delay 
times of fast-rising pulses. In this case the counting equipment may be set 
up adjacent to the experiment. 

25. Radiation Protection 

This section does not deal with radiation hazards as they apply to 
materials or electronic equipment. The design questions that are critical 
to radiation exposure should be answered with the aid of the volumes of 
material published on the subject and the specific radiation levels expected 
for the particular accelerator under consideration. 

In this section we dis¢uss instead some of the problems encountered 
with controls and interlocks designed to protect personnel from serious nu
clear radiation exposure. The accelerator has a sufficiently high nuclear 
radiation level to make shielding walls necessary for personnel protection, 
but this radiation hazard is not present when the accelerator is turne& off. 

Design any doors, gates, or other barriers protecting the entrances 
to the accelerator so that they automatically permit free access to the rna. 
chine in case of a power failure. Design all labryinths or major passages 
so that they permit the passage of standard-size. stretchers. 

Install permanent white lights inside all shielded areas in which men 
work, Make the light level high enough that not many portable lights need 
be used for local illumination. If there are areas where portable lights are 
required, then feed their outlets from the same circuits as feed permanent 
lights. 

Control the permanent white lights remotely so that they are turned 
off when the safety chains are completed and a beam acceleration is per. 
mitted. Provide a second group of lower-level permanent lights for· colored 
illumination, magenta or red, inside of the shielding whenever the main 
white lights are turned off. 

(' 
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Design the interlock chain to fail safe in such a way that power is 
required to energize the power relay that turns on the main white lights. 
Energize the colored lights with normally closed contacts on these same re
lays. Make control power from the colored light circuit one of the permissive 
interlocks for accelerating a beam. 

Provide additionally for emergency battery lighting that turns on 
automatically during total power failure. 

Locate many safety switch boxes throughout the shielded area. Make 
at least two of these boxes always visible and easily accessible. Provide 
the safety switch boxes with a light of distinctive color, such as orange, to 
be plainly visible. Locate on the box a safety toggle switch clearly labeled 
as to which way to throw the toggle to prevent an accelerated beam. This 
throwing turns off the colored light on the box and the appropriate interlocks 
force the white general lighting to stay on. Additional interlocks prevent an 
accelerator beam or any other condition. that might be a radiation hazard. 

Large accelerators have several classes of conditions that may cause 
a radiation hazard. Each of the conditions must be individually analyzed for 
the degree of hazard: 

a. The injector when run by itself may create a radiation hazard. 

b. The injected beam might cause a local hazard any place around 
the main machine if it is injected with the correct guide field turned on and·· 
the beam is not accelerated. 

c. High levels of radiation might exist within the primary shielding 
when normal beam is being accelerated. 

d. Special local areas of high radiation levels are created when the 
primary particles are allowed to strike a target. 

e. When the primary particles are extracted from the accelerator, 
they may create a far greater radiation hazard than.when they are allowed 
only to strike a target in the machine. 

Do not allow an accelerator to accelerate a beam after an unsupervised 
work period during which personnel have been allowed within the shielding un
less there has been a complete search for personnel in all areas of the ma
chine by competent operating personnel. When the search has been made, 
allow no additional person within the shielding unless he carries an inter-
lock key that will keep the machine from operating. Have some designated 
operator keep track of those persons within the shielded area during this 
supervised period. 

When people wish to go inside the shielding area during the supervised 
periods, they shall be watched as they enter, either directly by a responsible 
operator or a television monitor from the ·main control rooml ensure that 
they are carrying an interlock key to determine how many persons actually 
entered. Phone contact is not a sufficient guarantee. Lock the barriers or 
doors behind the person as he enters to ensure that only those persons 
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monitored shall enter. When.the person has completed his work inside, 
require him to request clearance to leave. The clearance may be by an 
electrically operated lock controlled .at the television monitor from the con
trol room or by some other means. 

Actuate several interlocks to ensure that there is no accelerated beam, 
or that any other radiation hazard exists whenever the major radiation chain 
is broken. Some of the protective devices may be as follows: 

a. rf acceleration voltage turned off, 

b. A solid target raised between the injector and the system used 
to guide the beam into the major orbit, 

·c. The injector high voltages .turned off, 

d. The main accelerator guide field turned off. The numbe.r .of these 
interlocks used will depend upon the particular hazardthat exists. 

Locate enough radiation particle detectors in those areas where per
sonnel are permitted and within the shielded area of the machine to guarantee 
to the operator that the radiation levels at various locations are within ex
pected tolerances. Connect the detectors remotely to the main control room 
with alarms for any unexpected high radiation levels. 

Design radiation monitors used for alarm functions so that they give 
an alarm if they malfunction. Provide an indicator panel in the main control 
room to tell which of the many safety-box switches are thrown to a safe con
dition. 

26. Warning Signs and Lights 

Place on all warning lights that turn on to indicate some particular 
hazard a.written sign that explains the hazard and that indicates when the 
hazard exists. Although illuminated signs are best to indicate a hazard, it 
should be obvious when the sign is on or off. 

Design signs that warn of an immediate life hazard with no less than 
two flashing lights, each flashed with its own flasher. Use a reduced voltage 
to operate the bulbs in warning signs or lights in order to give the bulbs a 
long life. Do not let flashing warning lights go completely out but alternate 
them from low to high brilliance, · 

For the flashers in warning lights or signs, use static devices with 
silicon-controlled rectifiers; a mechanical-contact-making relay is too un
reliable. Rotating beacon lights make very effective flashing lights. 

Flashing lights should attract the attention of those persons in the 
immediate area of the hazard, but the light should not annoy those well out 
of the range of the hazard. Lights that have a search-light effect, such as 
beacon Jights, should be angled downward. 

. 

(' 
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2 7. Communications 

Plan the communication network setup for an accelerator carefully. 
It is the heart of the accelerator and will be used inore than many ?f the 
other facilities. 

Provide a communication link between all local control areas and the 
main control room so that each local control area can contact any other con
trol points. Make it possible for each of the control-rack groupings and the 
cross-connect areas ~o also have communication between each other. 

The communications mentioned in the preceding two paragraphs are 
best provided for with some form of a private-dialing telephone system; the 
number of lines required depends upon the size of the accelerator. 

In addition to a phone system, the main-control-desk operator shall 
have a paging system either to the whole accelerator area or to local subareas. 

Certain main control points will require a m.ore direct link to the 
Main Control room than can be provided with a dialing phone system. This 
communication might be provided with appropriate amplifiers and micro
phones from the local areas. Control such local communications from the 
main control room so that only one voice channel at a time is allowed into 
the control desk. 

Design the communication. links, phones, and paging so that they are 
able to function for at least an hour during total power failure to the accelera
tor because it is during such a period that communications are needed the 
most. This provision requires that batteries and transistor amplifiers be 
used. 

During off hours and holidays, connect the main alarm system to the 
general paging system of the accelerator so that it can be used by the few 
maintenance men present when the main control room is not occupied, 

If certain persons are paged more than others, consider the silent 
type of personal paging. This system broadcasts a frequency-coded rf 
signal that can be detected with small shirt-pocket-size receivers. With 
this system, several persons may be paged without disturbing everyone in 
the building. 

28. Electromagnets and Stray Magnetic Fields 

Electromagnets are a vital necessity for the guiding of high-energy 
charged particles; they come in all shapes and sizes, each with its own set 
of design problems. This section does not relate to the specific magnetic
field design parameters, but covers only other considerations sometimes 
overlooked. 

Provide magnets that have stray fields of 50 gauss or more with 
some form of flashing light that warns personnel that the magnet is on. See 
last paragraph of Sec. 26. Use flashing lights if the gap of the magnet can 
be approached with magnetic hand tools .. 
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Protect the circuits of magnets using parallel water-flow circuits 
with flow switches or thermal interlocks mounted on each set of conductors 
that may overheat in case of water failure, Use a water-flow switch to in
terlock for total water flow leaving the magnet, 

Pulsed electromagnets may create stray fields that induce currents 
of a hundred amperes or more in nearby building columns or pipes, These 
currents may not be bothersome if enough cooling areas are available, but 
steel buried in .concrete may have a long thermal time constant and there
fore should be considered as a design factor, 

Stray magnetic fields of 100 gauss or more may seriously shorten 
the .life of ordinary incandescent lights, Fluorescent lights operate satis
factorily in .stray fields of 100 or 200 gauss. The individual fixture should 
be checked for magnetic fields greater than 200 gauss, because the orienta
tion of the ballast transformer may be critical in minimizing partial mag
netic-core saturation, Core saturation will increase the transformer ex
citation current and may consequently cause ballast overheating. 

Design magnets that hold experimental equipment sensitive to rapid 
magnetic-field fluctuations or fast current decay with large eddy-current 
filters or low-impedance shorts surrounding the magnet~c field, If this 
type of a structure is not feasible, then supply the magnet from an energy
stora·ge device such as a motor-generator set with a flywheeL See Sec, 2LG, 
paragraphs 10 and 1 L 

29. Stray Electromagnetic Radiation 

Particle accelerators always have associated with them high power 
levels of radiofrequency power, The designer of the rf equipment must 
minimize stray rf radiation and conform with the allowable F, C, C, limits 
in this regard, 

Eliminate stray radiation not only because it is required by F, C, C, 
but also because the stray fields may be picked up by the low-level rf con
trol system and introduce undesirable anomalies in the control of the acceler
ated beam. 

This sort of( pick-up problem can be quite hard to eliminate if the 
high-power-level rf is not adequately shielded, It is cheaper initially to 
design shielding into a system than to add it later, 

30, Fire Protection and Flame-Retardant Materials 

Check the flame retardant properties of all materials used in an 
accelerator, including wires and terminal blocks to wooden floors and water 
towers, When a choice of m.aterials is available, choose one that is the .. 
best fire retardant. 

When inflammable materials must be used, make fire detection and 
control part of the design study, Use combustion-product detectors to dis
cover a fire early before rate of rise or temperature indicators give an alarm, 
in order to catch the fire in an early stage, 

( 
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An electronic chassis may not be capable of starting a large fire, but 
a combustion-product detector such as Pyra-a-larm would warn of an over
heated transformer and prevent damage to electronic equipment. 

Classify unmanned areas such as those within the radiation shielding 
as 11 No· Smoking11 areas.· 

Place the annunciator panels for the fire-detection system in the main 
control room, with one appropriate remote annunciator panel at the main 
door of the accelerator to aid outside firemen in locating a fire on holidays, 

31. Cranes and Controls 

In most cases standard cranes and controls can be used. What fol
lows are a few suggestions that may make the cranes more useful with ac
celerators. 

Design the cranes to lift the heaviest section of shielding or magnet 
that they may be required to move. Make it possible to advance the cranes 
easily one-fourth inch at a time in.any direction in order to set magnets and 
shielding precisely. Also make it possible for the crane hooks to slowly 
raise, lower, or set down large or small loads without jarrin_g the load. 

Remote radio or pendant control of the crane may be desirable for 
the handling of some loads in crowded areas. 

Consider radio communication between the ground crew and an operator 
riding in the cab; direct communication is safer than hand signals during 
handling of critical loads. 

Provide the crane with automatic devices for locking all directions of 
travel and the hoist mechanisms in case of power failure. Make the power
failure locking system capable of being easily disengaged by hand to allow a 
load to be moved or lowered slowly. Make emergency power available to 
operate the cranes in case of a power failure. 

Equip cranes with lights to illuminate both the load and the floor under 
the load. This light is a personnel warning as well as an aid to the ground 
crew. Make warning bells available to the operator. 

32. Equipment Location 

See also Sec. 19 for noise levels. 

Do not locate equipment such as large air compressors, vacuum 
pumps, M.G. sets with pulsed loads, and other vibration-producing equip
ment near the experimental area or near the main control room. Sensitive 
levels and surveying equipment are difficult to use in the presence of heavy 
vibrations. 

Rotate equipment with large rotating masses in such a direction that 
in case of mechanical failure the rotating pieces will travel toward the less
occupied areas. 
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If valuable equipment must be located underground, drain the system 
from these areas by gravity. If it is necessary to use sump pumps, make 
provisions for emergency power or gasoline-driven pumps for use during 
power failure. 

Equip tunnels or trenches located in.experimental areas in which 
heavy inflammable gases (such as propane) are used with gas detectors that 
operate automatically. 

3 3. Paint and Colors 

Choose the color scheme for the building as soon as possible and 
harmonize the colors of the racks and the surrounding areas. 

When portable equipment such as power supplies are purchased, use 
the same color for those units of a similar rati~g. Whenever possible, paint 
in different colors portable power supplies of different ratings. 

Be sure that areas of low illumination have light-colored walls and 
ceilings. 

Seal the surfaces of all cone rete floors, walls, and shielding blocks 
. to prevent dusting. 

Paint the major systems of pipes different colors and attach many 
labels. identifying _the system. 

Paint iron.members. with rust-preventative paints. 

34. Specifications and Component Ratings 

Components used in electronic equipment are generally rated as 
though. they were used in _free air with unrestricted cooling. Under most 
practical conditions the components are crowded together on a chassis and 
therefore the manufacturers 1 ratings must be reduced to allow for the re
stricted cooling environment. In many cases it is necessary to operate the 

.component at 50o/o or less of the manufactuers 1 design.value. 

Construct equipment in. agreement with .all local and national codes. 
When equipment is to be constructed in a state other than that in which it 
will be used, it is the designer's responsibility to point out the differences 
in code requirements. 

Set some standards to define the types and styles of equipment and 
components to be used. Without such .standards it is nece~ssary to stock _a 
very wide selection of components for spares. Strictly adhered to standards 
greatly minimize stock requirements. 

It is .the designer's responsibility to use, whenever possible, stand
ard components that are easily available. Especially designed components 
shall not be used unless there are no possible alternates available in the 
open .. market. 
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Specifications to be put out for bid shall clearly define the m1mmum 
standards of construction, so that all bidders are bidding on the same stand
ards. 

Equipment specifications shall point out to the bidder any obscure 
points or design.traps that are known to the designer and that might be over
looked by a bidder. 

Items should not be in the specifications unless they are to be strictly 
enforced. 

35. Oscilloscope Monitoring 

Oscilloscopes are a vital monitoring device in the main control 
room. ·Also make plenty of oscilloscopes available throughout the project 
for rapid use whenever electronic circuits are in trouble. 

The types of oscilloscopes and functions required will depend upon the 
accelerator. What follows are some points for the designer to keep in mind 
when he is laying out the signal-monitoring system: 

a. Signals that may need eros s correlation with each other should 
appear together in a rack. Do not attem.pt to correlate oscilloscope signals 
via phone communications. Because of the many signals that may require 
correlation, all major signals might be sent to the main control room. 

b. _ Signals sent severaLhundred feet may sufferin quality at the received 
end unless the coax cables are used at their rated impedances. 

c. Use line-driving amplifiers to send signals long distances, and 
let these amplifiers have output impedances equal to the line impedance. 

d. Use isolation amplifiers in the circuits of signals being monitored 
that are critical to the operation so that a short or wrong impedance at the 
monitored end of the cable will not cause the monitored circuit to malfunc
tion. 

e. Insure that the signal level of the signal sent to the main control 
room is well above the noise level in the cable, which may well be tens of 
millivolts. Therefore send signals in the tens-of -volts level for remote 
monitoring. 

f.·. ,Plan,multitrace os'cilloscopr~s..for mo.nito.r,~ng in, the.niain co.ntr·ol 
room. Although dual-beam scopes are about optimum, more beams per 
scope may be used for monitored functions required for continuous monitoring. 

g_, The signals being monitored on a dual-beam oscilloscop~ may 
originate from different areas; therefore use differential input to both oscillo
scope beams to cancel out any differences in ground potentials. 

h. For oscilloscope-signal switching circuits or switches used on 
one oscilloscope that may be switched to one of several signals, eliminate 
the effect of capacitive coupling between the open contacts of the switch. If 
this decoupling is not provided the signals may be misleadingly mixed. 
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i. Dual-beam oscilloscopes with differential input signals require 
the oscilloscope frames to be connected to. rack ground in the main control 
room. 

j. In some cases it may seem desi:r.able to leave the scope frame 
insulated from ground in the control room and let the cable ground the scope 
at the source end of the cable. Under these circumstances there is a temp
tation to use a single~ended signal instead of a differential inpuL This pro
cedure can be risky because the capacitance of the oscilloscope power trans
former to the power line can introduce 60 cps or other noise on the shield of 
the cable and this in turn will show as a signal on. the scope. 

k. Design critical low-level circuits that require continuity of shielding 
from one chassis to another so that they are totally enclosed in a floating shield. 
This provision may require some sort of insulated chassis within a chassis but 
it is the only sure way of keeping extraneous noise out of low-level circuits. 

1. Various trigger~ will be required throughout the projecL Provide 
enough trigger amplifiers and isolation circuits so that trouble with one trig= 
ger amplifier will not disable the complete monitoring system. 

m. Make standard signals or triggers available throughout the proj = 
ect so that they may be used.with the minimum of delayo 

n.. The· rf system amplifiers and modulators may be located with
in the radiation shielding; if they are, send the critical signals to some cen
tral monitoring point such as the main control room for correlations in case 
there is a malfunction of the rf system. These signals should be monitored 
and recorded under normal operating conditions so that abnormal conditions 
may be recognized. 

o. Prints that show various electronic equipment should also include 
wave shapes and voltages of all functional circuit blocks. 

p. The complex of coax cables required to carry signals and triggers 
·from one area to another will develop into a patch=board system as complex 
as the cross-connects for the control circuits. There should be two classes 
of coax patch panels: one that sets up the permanently required circuits and 
th'e other that makes functional signals available for monitoring in case of 
trouble. In general these two patch panels should be s.eparated to minimize 
the chance of disturbing permanent circuits when some simple maintenance 
monitoring function is performed. 

q. Establish throughout the project various coax patch panels with 
standard trunk Jines of coax cables installed to interconnect the panels. 

r. Develop a special connector to furnish two terminals on the front 
of the panel for each coax cable terminated on the rear of the patch panel. 

s. Show the coax cables on schematic drawings by some simple one
line=diagram method. The schematics must show and identify every con
nection in the routing of a coax cable and each connector in the circuit. 
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t. Just as with cross-connect trunk lines for control circuits, the 
coax cable trunk lines may be installed long before the final circuits are 
known. 

u. For more complete versatility, make both. singly shielded and 
doubly shielded coax cables available on the patch panels. 

v. Make full-size prints of each patch panel showing the plugs and 
name plate strips. Show the terminations of the trunk lines on the terminal 
strips, and the front panel patches that set up the required circuits on the 
prints. This print takes the place of other records, such as wire tables for 
control circuits, and must be updated whenever circuit changes are made. 

w. Choose coax cables and cable connectors early in the planning of 
the project. Cost and convenience should be the major items controlling the 
decision. Most of the coax connections will not be disturbed once they are · 
made up; therefore quick-disconnect types are not worth a premium price. 

The connector chosen should have available a full range of styles 
such as elbows, tees, feed-throughs, female -to-female cable connectors, 
and complete shielding. 

In some special circuits constant impedance through the connector 
is important to eliminate reflecting in_fast-rise-time signals. 

x. Some coax cables have a conductor with a copper-weld center. 
The copper-weld wire is magnetic and can introduce microphonic noise in 
the coax cable if used in pulsed magnetic fields of greater than about 500 
gauss. 

y. When twin-conductor coax cables transmit balance signals long 
distances, it is better to use the type in which the two conductors are twisted. 
The twisting aids in stray signal rejection and may be important for low-
level signals. · 

z. A pair of single-conductor coax cables may transmit most dif
ferential signals, if both cables are installed at the same time and take the 
same route through gutters. If these cables pass through areas of varying 
magnetic fields, the total enclosed area between the two signal cables may 
be a lower limit to the noise generated in the cable circuit. 

Check the specific environment for a given cable route to see if 
pairs of single-conductor coaxes may be used for differential signals . 

W?is a definite advantage to keep coax cables away from 6o:.cps 
power cables and from cables supplying power to phased-backignitrons and 
silicon-controlled rectifiers. Place coaxes in gutters and conduits that pro
vide some magnetic shielding from time-varying magnetic fields. 

Simple gutters should provide noise levels no higher than 10-MV 
when two coax cables 300-ft long are used for differential signals. You may 
have to work hard to get noise levels on cables 200:or 300-ft long down to 
1 MV. 
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36. Controls in Explosion-Hazardous. Areas 

Controls for equipment located in hazardous areas must meet the 
intent of all local and national safety codes. There will always be special 
conditions to be covered that are not mentioned in the codes. In the following 
subsections .few of these uncovered items are discussed, along with some dif
ferent ways of doing things: 

a. The codes mentioned low-power safe circuits as .a possibility for 
controls in explosion areas. Investigate this type of low-power circuit be
fore designing control systems for hazardous areas. The basic premise is 
that enough power is never available on an instantaneous condition to start 
an explosion. There are many conditions where this premise can be met and 
therefore the controls may be installed for less cost than explosion-proof 
wiring. See article 500 of the National Electrical Code, 1962. 

b. Pneumatic or pneumatic-hydraulic controls may be used for many 
functions from interlocks to positioning devices. As the possibilities of this 
type of control have not been fully explored, I believe they should be investi
gated in connection with development of such ultrasafe control systems. 

c. Light could be conducted from safe areas into hazardous areas 
via various types of light pipes. 

d. Pres sure controls can be remoted out of hazardous areas with 
low-pressure air tubes. 

e. Vacuum pumps could use air motors .that have well-designed 
mufflers on their exhausts. 

f. Air power equipment is very desirable because it remains in con
tinuous operation even through rather-long power failures. 
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