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SURVEYING PROCEDURES
1. Intrecduction

The PEP Survey and Aligrment System, designed by R. C. Sah and T.
Lauritzen of Laurence Berkeley Laboratory, empioys both laser-hased and
optical survey methods. The laser is operated in conjunction uith the
Tektronix 4051 computer and surveying instruments such as ARM and SAM, a
system which is designed to autiomate data input, reduction, and
production of alignment instructions. The laser system is used when
surveying ring quadrupoles, main bend magnets, sextupoles, and is
optional when surveying RF cavities and insertion quadrupoles.

Optical methods usually require that data be manualliy entered into
the computer for alignment, but in some cases, an eiement can be aligned
using nominal values of fiducial locations without use of the computer.
optical! surverying is used in the alignment of NIT and SIT, low field
bend magnets, wiggiers, RF cavities, and insertion quadrupoles.

I1. Ring Surveying - Laser

During PEP construction, 17 survey and alignment monuments uwere
cast into the floor of each of the ring’s six arcs. Moving clockuwisa
around the ring, starting at the beginning of region one (12 o’clock),
the monuments are numbered 20% on up to 302. Each mcnument indicates
the starting point of a "sector," which ends at the follouing monument.
The sector number is the same as the number of the beginning monument.
The components within a typical ring sector include three concrete rafis
on which rest three guadrupoles, three sextupoles, two complete bend
magnets, and one-half of a bend at the start of the sector and a half at
the end (the other halves of the bend magnets are consicesred to be part
of the neighboring sectors). Other seciors in the ring may differ from
this; they may include low~iield bend maynets, wicglers, RF cavities,
insertion quadrupagles, or no magnets at all.

Alignment proceeds one sector at a time: wunder directior of
program MEASURE, the elements of an entire sector are surveyed, after
Lhich MEASURE prints out the results of the survey and the changes to be
made in all of the stands in the sector. The foilowing outline (Table
I) is a suggested routine for two surveyors to follow in measuring a
ring sector. (Following the table, specific procedures uill be
etaborated.) We begin with the cart and trailer at the proper sector:
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Table I.

SURVEYOR A
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Suggested Routine in Measuring a Ring Sector

SURVEYOR B

disconnect trailer from cart

remove stands

from trailer

- stouw trailer underneath magnret

remove monument cover,
put target on monument
set laszr stand over
monument

put laser an stand,
turn it on

put liquid level rod
on well near laser
set up laser target
readou* near laser
calibrate laser

buck in laser for
elevation readings
attach fixtures to quads
and sextupoles

+ operate laser and

computer for SAM

- check laser buckin

set up laser stand for
offsets

set up laser stand optical
plummet

attach targets and cables
to plummets

buck in taser for offsets

« measure offsets uwith ARM

check laser buckin

+ set readout calibration

for ARTU

> cal) out numbers on

readout, drive cart,
operate computer

string out eleciric courds

turn on cart inverter, start
computer operation, prepare
for roll readings

attach fixtures to bend
magnets

« put liquid level rod on far

uell
string out laser target cahles

calibrate Talyvel (roll
measurement instrument)
neasure rolls, enter into
cemputer

set up and calibrate SAM
{elevation measuring
instrument)

measure elevations with SAM

check SAM calibration
set wp far target stand

set up far target plummet

attach targets and cables
to plummets

+ set up tripod and calibrate.

ARM (offset measuring
instrument), set readout
calibraticn for ARM

+ move ARM tripod, drive

cart, operate computer

» check ARM calibration
» prepare plummets and ARTU

(length measuring instrument)

- measure slant distances uith

ARTU

double-check and finish program
« break doun equipment



Surveying Procedures in Detail
<A,5A] Set laser stand over monument target:

The laser is used during elevation and offset measurements. The
location of tha laser is not important for elevations - it may be in any
position that vill permit sighting of both liquid level rods and
effective buckin. However, since the laser stand location is critical
for offset measurements, it is best to correctly position the stand
before elevation measurements so that it will be unnecessary to move it
later.

It is possible to place the laser over either monument, but the
preferred monument has both liquid levels to one side oi it. Generally,
one monument in a sector Will be so positioned; the other would lie just ;
inside a liquid level «ell. The postion of the laser is important for :
the following reason. The laser turret rotates from peointing at one
liquid level to the other during elevation buckin and measurement. If
this angle is reduced, inaccuracy caused by turret movement wil! hava
less chance of affecting the surveying. UWhen both liquid Tevel wells
are to one side of the laser, the maximum angle swkept is approximately
45 degrees, wherea: the alternate laser position requires a sueep
perhaps trice that.

The laser stand is leveled, pointed correctly, and roughly centered
over the optical tooling spherez:

1 Remove the monument 1id.

2) Clean the monument well of water, debris, dirt. Clean
especially carefully the stainless steel post znd its base.

3) Slip on the optical tooling sphere cup and set the optical
tooling sphere on it.

1) Roll the laser stand to the approximate position over the
target, so that the optical! plummet mount is betueen the laser
slide and the far mcnument.

5) Lowar the stand off its wheels.

6) Referring to the bubble level on the compound slides, level the
stand hv turning the screus in its base. UWhen the stand is level,
check to make sure that all three uheels are off the floor.
Tighten the leveling screws’ locknuts.

73 Adjust the position of the stand over the target so that:
a)the three white lines painted on two of the legs and the center
center post converge on the center of the target, and b) the laser
mounting plate points at the far monument (sight along the edge of
the plate to the stand over the far monument).
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8) Recheck that the stand is level. These sieps are necessary to
avoid time-consuming problems later when bucking in for offset
measurements. If the stand is not carefully pointed, the laser
slide may run out of travel! trying to compensate for i%e mis-—
alignment. The stand would then need to be moved and the plummet
releveled and recentered.

58] Turn on the cart inverter, start computer operation,
prepare for roll readings:

After the cart battery charger has been plugged intc a wall outlet
and is charging, the inverter may be turned on. The laser box should be
removed from below the inverter since it will impede the air flow to the
inverter cooling fans. Any of the other eluctronics may then be turned
on as needed.

Suitch the computer on. The "POWER™ light should turn on and the
cathode ray tube (CRT) should glow. After a moment, press the "HOME
PAGE"™ button to clear the screen. A blinking cursor in the upper left-
hand corner signals that the computer is rzady te accept a command.
Turn on the Texas instruments Silent 700 terminal. The toggle swiiches
should be set at "high-speed", "full duplex", and "on-line".

To prepare the computer to accept voll readings:

1 Insert program tape "MEASURE 5.4", or the most current version
MEASURE.

2) Type in FIND 4 (push return), OLD (return), and RUN (return),
or push the "AUTOLOAD"™ key. Autoload locates the first program
locates the First program on the tape (uwhich is on file four
in this case) automatically loads it into the memory, and runs
the program.

3 The remaining procedure is directed by MEASURE: the computer
operator enters information about the run, inserts the input
data tape, and is given options concerning data input and
output. The program tape is inserted and Overlay 1 of MEASURE
is fed into the memory. The computer is now ready to accept
surveying data.

6A) Set the laser on the stand and turn it on:

Before the laser is put on its single slide, check the screws on
the blue mounting plate and on the stand for tightness: remove the
laser mounting plate and check the 4 socket-head screws that hold the
chrome ring onto the compound stide, and replace the laser mounting
plate and check the socket-head screws that attach the securing lever to
the plate.
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Set the laser on the slide, centering it widthuise. Allou at teast
178 inch clearance betucen the laser housing and the mounting plate.
Turn on the two switchable permanent magnets. The laser should receive
current from the tunnel vouer supply, not the inverter. Turn on the
laser. If a red light does not seon appear in the housing cooling
holes, switch it ofY and on again. Roughly level the laser, using its
coarse adjustments.

68] Attach fixtures to bend magnets:

For directions concerning the proper use of the bend magnet
fixtures, refer to the section on eguipment. The guadrupole and
sextupole fixtures are not attached until the roll measurements have
been taken.

7] Install Jiguid level rods on wells:

D] txamine the liquid level uwell for looseness vr evidence that it
or the micrometer has been moved from its original position.

2) Check the number on the micrometer’s digital readout against
the labeled number on top of the uell. 1I1f the label is missing
refer to the latest entry in the liquid level log hook. Set
the micrometer to the correct reading, if necessary.

3 Attach the "flex-o-post™ indicator holder to the liquid level
rod steady-rest arm.

4) Clean off the bottom of the rod and put it on the micrometer
tooling balt.

5) Attach the fliexible holder magnet to the iron of a ring magnet,
or to a steel plate on a tripod.

6} Plumb the rod and tighten the clamp on the flexible holder.

7} Loosen the steady-rest thumb screw and rotate the rod so that
the target is pointing at the laser. Tighten the thumb screw.

3) Attach the grey cable to the laser target.

9) Check that the target is fully inserted in the collar, that
it is correctly rotated, and that its lock screu is tight.

16) Recheck that the rod is plumb.

SA] Calibrste the laser:

This procedure is not so much a calibration as an adjustment of the
lTaser optics. Each time the laser is switched on, the beam exits from a
slightly different point in the laser optics system. It then passes
vertically into a rotatable prism that reflects the beam horizontally.
If the vertical beam does not exactly coincide with the turret (prism)
axis of rotation, it will be reflected horizontally at slightly
different elevations as the turret is rotated. Therefore, each time
that the laser is turned on, and if the turret is to be moved during
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surveying (as in elevation measurements?), the Leam must be centered on
the turret axis. Calibration is not required if only offsets are to be
taken.

D Plug the short laser target cable into the top of the nearby
target box. The toggle switch in the rear of the box should be
pointed at the correct cannector.

2) The taser should be warmed up. Turn th2 target box cn and
suitch it to “fast response".

3 Bormally, the two blue rectangular knobs on the rear of the
turret will be pointing to 3 o’clock. This is the mode in which
surveying is done. For calibration, first turn the left knob to
12 o9’clock. This moves the internal prism off to the side.,
and the beam should exit the vertical aperture. Then turn
the right knob to 12 o’clock. This moves an internal photoelect-
ric target doun over the beam, uhich registers on the readout.

4) Rotate the turret to first position (12 0‘clock): a slot-head
index screw should face the center of the laser’s long-side
bubble Tevel.

5) Zero the readout’s horizontal and vertical scales by using a

3/32" allen head screpdriver to turn the set screus located

inside of the two holes in the short side of the laser housing,

belou the bubble level.

Rotate the turret 180 degrees to the second position (6 o’clock).

IT either the horizontal or vertical reading is greater than

.01 nm, haive it using the adjustment screwus.

8) Rotate the turret 90 degrees to third position (9 o’clock).

9) The horizontal and vertical scales are nouw reversad. Halve
any readings as before.

10) Rotate turret 180 degrees to fourth positinn (3 o’clock).

11) 1t the readout values aren’t yet within .0} mm, agair halve
them.

12) Check that all orientations of tha turret give acceptable
readings.

13) Turn the internal target knob to 3 o’clock. Turn the prism
knob to 3 o’clock. The laser is again in strveying mode.

~
~ v

9B] Calibrate Talyvel:

Catibration of the Talyvel insures that we have an absolute zero
roll angle reference, that the pointer readings are zgual to readings
taken in the null mode (pointer at 0 and reading taken from the leveling
knobs), that there is sufficient battery pouer, and that the electrical
balance is correct. Use the Talyvel instruction manval for further
reference to the following calibration procedures:

1) Remove the level unit from the back of the Talyvel meter unit.
Leave the back open.
2) Plug in the level un‘t.
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6)

7

8)
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Unscrew the Teveling knobs to 0: tuo short gradient gradua-

ticens are visible on the micrometer bharrel and one long

graduation is just visible underneath the leveling knobs, which

are tyrned to register 0 on the scribe on the barrel.

Check the battery voltage:

a) The range suitch is at any setting (including OFF).

b) Press the battery switch in back of the meter unit.

c) The meter needle should register to the right of the red
square on the face of the meter.

d) Replace batteries if the needle doesn’t reach the red square.

Check clectricat balance:

a) Place the level unit on a stable surface.

b) Turn the zero adjuster to point at the black mark.

c¢) Range is 100 sec.

d) Use the leveling knobs to zero the pointer.

e) Press the BALANCE suitch.

) The needle should move to the right four to five divisions.
1) Unscreuw the balance dummy knob.

2} While pressing the balance switch, simultaneousty turn
the balance adjuster screw and the leveling knebs to take
the needle as far to the right as possible (if the meter
has been zeroed correctiy in step d, the ieveling knobs
will already be at their optimum positions).

Adjust meter zero:

a) Range at any setting except GFF.

b) Press the meter zero suitch.

c¢) Turn the zero adjusiment knob to zero the needle
(generatly, the zero position of the knob is slightly
to one side of the black mark).

Check the level unit 2ero:

a) Set the level unit on an adjustable surface plate, such as
the bend magnet fixture roll plzte. Maxe sure that the
plate and level unit suriace are very clean. "Uring" the
unit onto the plate.

b) Set the leveling knobs to 0.

c) Set the range to 100 sec.

d) Adjust the plate by turning the micrometer until tha
meter reads 0.

e) Reverse the level unit. The meter shouid still read uithin
one unit of 0. If not:

1) Repeat steps a-e to verify the discrepancy.

2) Halve the meter reading by turning the pendulum zero ad-
juster screuw through a small hole in the side of the level
unit.

3) Reverse the level unit and repeat the proceduie starting
at step d.

Gain calibration:

a) Set the level unii en a flat surtface.

b) Set the range to 8 min.
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c)} Set one leveling knab to 0.

d} Zero the meter by turning the other knoh.

e) Turn the knob set on 0 ten divisions (ta the line marked 20 -
the needle should move to the tast major division marked with
red and green values (2 mm/M or .002 ins/in}. If not:

1) remove GAIN dummy knob.

2) Turn gain adjuster screw until the needle reads correctly.
Turn the leveling knob back to 0 and then on to 20 on the
other side of the scale - the needle should read at the
opposite end of the meter’s scale at .002 insin. 1f not,
repeat step e.

-~
~

10] Bucking in the laser - general principles:

There are tuo requirements for elevation and ofiset buckins.
First, the tuwo targets must be at greatly uneytal distances from the
laser or optical instrument ("near" and "far" targets), and second, the
instrument is translated uhen "sighting in" the near target and rotated
to center on the far target.

Translation means moving the instrument parallel to any fixed axis.
During elevation buckin, this is done by adjusting the elevation screu
of the laser stand, and in offset buckin, the laser is translated by
adjusting the compound slides or the optical beam transiater. Rotation
means changing the angle cf the laser beam and is done by adjustinc the
fevel screuws of the laser or by turning its turret.

This buckin method works only when one target is much nearer than
the other. 1+ the laser is vertically centered on the near target (one
meter from the laser, for instance) and the far target (100 meters away)
is low by 100 mm., vertically rotating the laser to center on the far
target wiil cause the near target to appear too high by only about i mm.
Then, the laser is raised about 1 mm. to center on the near target,
which causes the far target to appear 1 mm. too low. The laser beam is
rotated to center on the far target, meanuhile causing a location error
at the near target of only .01 mm. The laser is further translated and
rotated as required to reach a sufficientiy accurate buckin. (Since
during elevation measurements there is no requirement for a horizontal
Juckin, the laser turret is rotated te horizontally center on both near
and far targets.}

10A] Buck in laser for elevation measurements:

The laser buckin for elevation measurements places the laser at the
same height as the two liquid level rods’ laser targets, providing a
level suwept plan2 at a knoun elevation. Vertical measurements are taken
betueen this plase and the magnet fiducials using SAM. After the laser
has been calibrated:
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1 Connect by cable the nearby laser target readout box to both
liquid level rod targests. The readout may be set to fast
response.

2) Roughly level the laser before the stand is raised.

33 Check that the stand’s fine elevation screuw adjustment has
about 1/2" travel in ejther direction.

4) Raise the lasar siant o that the beam enters the center of
the nearby laser target. Set the target readout tcggle switch
to register the beam.

5) The other surveyor should point the target correctly by
revolving the liquid (evel rod and target until the beam enters
the targei shade squarely. There should be no crescent-shape
shadou inside the target caused by be~m cut-off by the shade.
At the same time, the laser operator must rotate the turret to
point directly at the target., Tighten the Tiguid level rod
rod locking screw and check that the red is plumb.

6) Lock the stand’s rough adjustment lever.

7 Level the laser in two directions using the coincidence bubble
Tevels, If a flashlight is needed, it must be at least one
foot away from the bubble and operated intermittently to prevent
the buildup of heat in the vial.

83 Use the stand’s fine elevation adjustment screw to bring the
laser to a height uhere the beam registers "0" on the verticail
scale of the readout. Keep the norizontal reading near "0" by
turning the turret with the turret azimuth adjusting screus.

9) Relevel the laser using the coincidence bubble levels.

NOTE - Both laser bubbles are precalibrated with respect to the beam in
the 1ab, but transport and use of the laser causes the vials to fall
stightiy out of adjustment. Therefore, in the most critical direction -
along the PEP beam line - ue use the liquid levels as an elevation
reference, and not the longitudinal laser bubble (the one parallel to
the beam), although it usually is close. The longitudinal bubble, then,
is not perfectly centered when bucking in the laser, and it will change
during the completion of this procedure.

The transverse bubble fperpendicuiar *o the beam line) is our only
referenc2 in that direction. Since the fiducials from which
measurements are taken are cleose in line with the 1iquid level rods, the
levelness of the transverse direction is not critical and ue have no
need of external elevation references. Houwever, ithe transverse bubble
should be as clasely centered as pocsible before elevations are started,
and it should be checked and adjusted during the measurements.

10) Repeat steps 8 and 9 (raising or louering the stand and
releveling it) until the laser is transversely level and close
to levei longitudinally, and the readout registers "0" an the
vertica: scale.

1) Suiteh the target readout bex to register the far target.
Suitch to "slouw response”™ if necessary.
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12) Point the turret at the far target. If the longitudinal
bubble is level, the beam will be slightly above or belou the
center of the target (usually by less than one millimeter).

13) Rotate the far target to align it. Check that it is plumb.

14) <Center the beam horizontally using the turret‘s fine azimuth
adjustment screu.

15) Turn the laser’s longitudinal fine level adjusiment so that
the readout’s vertical scale is "0".

16) .Rotate the beam back to the near target. Use the laser
stand’s fine elevation adjusting screw to translate the beam

vertically so that it registers "0" on the target readaut’s on

the target readout’s verticzl scale.

17) Repeat steps 11 through 16 until the beam is vertically
centered on both targets.

18) Check the level of the transverse bubble.

NOTE - The optical beam translater is not attached for elevation

measurements because it is easily disturbed when the turret is rotated.

10B] Take rol}) measurements, enter them inte computer:

Bend magnet rolls (Fig. 1):

13 The Talyvel shauld be calibrated and set on the 8 minute scale.

2} Check that the bend magnet fiducial fixture’s micrometer
reading corresponds to the number stamped and uritten on the
magnet above the fixture.

3 Clean off the fixture base plate and the Talyvel level unit
base.

4) Clamp the level unit onta the fixture with the cord on the
aisle side. “Hring" the unit onto the plate.

5) Check that both teveling knabs are set to O.

6) Take meter readings:

a) The reading is positive if the needle is to the right of 0,

negative if to the left.

b) Take reading values from the inches/inch scale - it is the
top green scale.

¢} €ach small divisian equals .000) in./in. and each major
division equals .001 in./in.

d) The meier can register a maximum of *.0025 in.sin., uhich
is adequate for nearly all of the ring magnets.

e) The meter reading is typed into the computer - for instance

*#-.0013". The program assigns to the input valve units of

radians instead of in.s/in., but the tuo units are equivatent

uhen measuring the small roll angles found in the ring
magnets,
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Quadrupoie and sextupale rolls (Figs. 2 and 3):

13 tlean off the ears or the ear clamps on the magnat.

2) Install the roll fixure. Check that the quadrupole clamps do
not interfere with the fixture, and that al!l inree fixture feet
are resting on the ears.

3) Clamp on the level unit with the cord on the aisle side.

4) theck that the leveling knobs are on 0.

5 Take the reading and enter it into the computer.

6} Sextupole rolls will tend to be larger than those of the other
magnets, and the meter may occasionally go off scale
(roll > +.0025 in.7in.).

In this case, measure the roll in the following manner:

a) Note whether the reading is + or -.

b) Turn either leveling knob until the needie returns to 0.
Note the numbering of both upper and louwer scales of the
knob: use the scale on which the numbers increase as the
knob is being turned.

c) Each small lined division is ,0002 radians. "10" represents
.0010 radians. Should more than one revolution of the knob
be necessary, make sure that the knoo is being turned in the
right direction to zero the needle. Each turn exposes a
a cgradient graduation an the knob barrel’s vertical scal:
which represents .0100 radians.

dJ When the ncedle is zeroed, take tke reading.

e) Boubte-check the rol! by taking the reading ag-.in.

7) After all the roll measurements have been taken, turn off the
Talyvel meter unit, screw doun the leveling knobs and put the
leveling knobs and put the level unit into the case.

11A] Place fiducial fixtures on the quadrupoles and sextupoles:

See the section on equipment for instructions on proper fixture
placement.

1181 Set up and calibrate SAM:

1 D] Connect the SAM cable to SAM and the blue box.

2) Insert the ltaser target into SAM. The target wil'l c¢lick into
place when it is correctly oriented "up". Attach the coiled
target cord to the SAM bady.

3) Turn on the Mitutoyu readout. Its suitches should be set at
mm. and direction = up.

4) Check the calibration pre-set number on the readout against
the number labelled on SAM. Each SAM has a different calibra-
tion number.



- 15 -

5 Turn SAH’s micrometer until the third black line on one of the
steel rods at the bottom of SAM has just appeared. Continue
turning the micrometer until the 0 on the thimble lines up with
the line on the barrel.

6) Push doun the preset suitch on the readout. The digital dis-
play should give the calibration numker.

7) Jo double-check the calibration, turn the micrometer several
times in either direction, and then bring it back to the cali-
bration position described above. Check the display’s number.

12,13} HMeasure elevations:

Gne creu member adjusts the laser to horizontally center the beam
in SAM’s target., as well as operates the computer and drives the cart
while the other operates SAM and cz2ils out horizontal target readout
nunbers if they can not be seen at the laser.

1 The computer is ready to accept slevation readings.

2) Push user key 10 - four lights should go on:

2) the green light on tep of the cart’s farget readout

b) the red ready light on the blue box

c) the red ready licht on the Fairchild Instrurent Coupler

d) the computer BUSY light

3) Prepare SAM for readings (Fig. 4):

a) Attack the flexible holder to SAM.

b) Prace SAM on the correct fiducial.

c) Attach the flexible holder to the ring magnet (the reck’s
clamp should bz loosened and adjusted).

d) Level SAM.

e) Tighten the clamp while keeping its slide attachment to SAM
in the middle of its travel. SAM should be securely held tut
free to travel! vertically as the micrometer is turned.

f) Point SAM -arget at the laser.

4) Turn the cart’s target readout so that the SAti operator can
see it. 1f the laser operator can not read the horizontal
stale numbers, the SAM operator must call them out (Fig. 85).

5) The SAM operator raises or louers SAM and helips the laser
operator to approximately center the beam in the target. Aim
SAM’s target.

6) The laser turret is rotated by hand or by use of the coarse
the coarse and fine azimuth adjusting screuws. Each screw should
be in the middle of its travel.

kD) SAM is raised or lowered until the vertical reading is 3. The
horizontal reading should ke within %.20 mm.

8) Check that the beam eaters the center of the targelt and that
SAM is level.

9) Push SANM’s input button. This feeds the distance from the
center of the tooling ball to the center of the target into the
computer. This number appears in three places: the Mitutoyu
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readout (ta one extra place), and after the button is pushed, on
the computer screen and on the Siltent 700 printout.

10) The laser operator checks the input elevation and the ele-
vation error (dE) to sez that they are close to the expected
values (i.e., not off by 1 msler).

11) Set SAM on the next fiducial and centinue elevation readings
in the preceding manner.

12) Periodically, in ketween readings, check and adjust the laser
buckin, especially if it seems to be unstsble.

13) After the last reading:

a) Check SAM’s calibration to *.1 mm.

b) Check the laser buckin to *.3 mm.

¢) 1f either of these tolerances are exceeded, try to determine
vhere in the sector the calibraiion or buckin lost accuracy,
and repeat the readings from there (input as dE’s all of the
of the correct measuremenis). Otherwise, repeat the readings
cver the entire szcter.

Check that the Silent 780 legibly printed out all of the

nurbers. If not, use the program’s reprint aeption to print

out the dE’s.

d

-

14A1 Set up laser stand for offset readings (Fig. 6):

The offset measurement reference line is directly above the center
of the sector’s two monumenis and at the average fiducial height. Kere,
He are primarily interest=d in bucking in the laser horizontally., but
since it is not designed to sweep a vertical angle, we also buck it in
vertically. The reference points that determine the line sre the near
and far plusmets., which are leveled and centered at magnet fiducial
height over optical targets in the monument we!lls.

1) Carefully louer the iaser stand so that the laser is at
fiducial height.

23} Lock the stand’s elevation adjustmant.

3) Check that the stand is closely located aver the center of
the monument target and that it is pointed at th. far stand
(see 4A, step 7).

4) Attach the optical translater and straighten out its elements.

5) Set the laser plummet on the stand.

63 Roughly level the laser.

7) Point the laser at a nearby magnet fiducial ball and adjust
the stand’s elevation using the fine adjustment screw until
the beam is o: the middle of the hall.

8) Point the laser at a far tooling ball. The beam shouild be
within a half inch of the ball if the laser s level. Spiit the
diffe.ence in fiducial elevation using the stand’s fine vertical ,
screm.

9) Set the optical tooling sphere on the laser plummet facing the
laser.
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Roughly level the plummet at the height where the beam

strikes the optical target in the center. 1If this step is
omitted, the plummet might be leveled and centered at toos high
or low an elevation for the optical translater’s vertical
adjustment. The plummet would then have to be readjusted before
the centinuation of the buckin procedure.

Remove the optical target and place it on the monument.

Aim the laser at the far plummet’s target for an elevation
reference for the far stand.

Set up the far stand for offsets:

Center and level the stand over the far monument target.
Check the locknuts. There is no need to point this stand.
Set the plummet on the stand.

Put the optical tooling sphere on the plummet, facing the
laser.

Adjust the stand’s elevation so that the beam strikes the
target’s center.

Lock the stand’s elevation adjustmant.

Place the optical target on the monument.

Level and center plummets (Fig. 7):

Loosen the plumnet’s rotational locking nut.

Set the plummet on the stand.

a) Paint the telescope in ihe direction of one of the adjustinz
SCreus.

b) Center the bubble {don’t use the coincidence bukble yet) by
turning the adjusting screw.
c) Rotate the plummet 90 degrees so that it is parallel to *he

}tine between the other tuo screus.

d) Level *he plummet in this direction by turning the tue screus
in opposite directions. The bubble will move in the same
direction as the left thumb.

Roughly center the plummet:

a) Rotate the monument’s optical target so that its pattern is
aligned with the angle of the cross slides.

b) Rotate the plummet until the cross hairs are linad up uwith
the target’s grid. focus the plummet and sharpea its cross
hairs using the reticle adjustment.

¢} Adjust the compound slides to center the plummet on the
target to uithin { mm. or so.

Find the plummet bubble’s calibration:

In general, the plummet’s bubkle is not perfectly calibrated; that

is, Wwhen the coincidence vial registers level, the plumnet’s

horizontal rotational plane is out of level by a small amount. Yhe
following procedure finds the relative position of the tuo
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halves of the coincidence bubble that indicates that the plummet’s
rotational plane is level.
a) Point the telescope at one of the adjusting screus.
b) Center the bubhle using the coincidence vial.
c) Rotate the plummet exactly 180 degrees and let the

bubble settlie down.
d) Observe the vertical! distance betueen the menisci on either
half of the coincidence vial {(a meniscus is the dark band
surrounding thz bubble). 1If this distance is greater than
2 cr 3 menisci widths, the plummet bubble neecs to he recali-
brated {see the section on plummat calibration).
Turn the screu with which the plummet is aligned until the
distance between the menisci is halved. Note the new dis-
tance and on which side of the vial the buhble is high.
Ratate the plumret 180 degrees (back to its original
pasition). The bubble should be within one-half meniscus of
the same position as before the rotation.
If not, turn the screw until the difference in the distances
is halved.
Repeat steps f and g until the bubble position is within one-
halt meniscus of being the same at 0 and 180 degrees. This
position is the "level" pasition of the bubble, and it
indicates that the pilummet is level along that line.
53 Level plummet:

a) The plummet bubble "level" has been found and, additionally,
the plumnmet is level along that line. Now, the plummet must
be leveled along the perpendicular direction. Turn the
plummet 90 degrees. The telescope is now rarallel to the
tio other adjusting screuws.

~

e

f

-

g9

h

-

b) M™Level" the bubble by turning in oppasite directions both
adjusting screus.
¢} Rotate the plummet 9C degrees to its original! position.

Relevel the bubble.

d) Repeat steps a-c until sufficient accuracy is achieved.

Check that the bubble is within one-half meniscus of the same
position at all orientations of the plummet.
6) Center the plummet:

Dua to limitations in the manufacture of the plummet, the optical
plumb can not ke made to be perfectly perpendicular to the horizontal
plane of rotation. Therefore, wuhen the plummet is Teveled and rotated
about its vertical axis, the cross-hairs will sueep a circle on the
monument target. To correctly pasition the plummet, tihe suwept circle,
not the cross-hairs, is centered on the target.

a) Focus the cross-hairs and the target image.

b) Align the plummet cross-hairs to the target grid.

c¢) Adjust the compound slides to center the cross-hairs over

the target.

d) Rotste the plummet 180 degrees.

e) Adjust the compound slides ta halve the distance between the

center of the cross-hairs and the center of the targei.

i
)
I
1
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Note the position of the cross-hairs on the iarget
i ) Rotate the plummet 180 deqrees. The cross-hairs should be at
‘he same relative position on the target as in step e.
: g) If not, repeat steps e~f, halving the difference in position
i each time. Generally, one iteration is sufficient if the
i plummet has been closely centered to begin with.
h) Check the plummet’s position and levelness in all
orientations.

16A] Prepare the laser stand plummet for offset readings:

1) Lock the plummet rotation screu.

22 Put the laser target safety chain around the stand and pl:ce
the laser target on the plummet.

3) Connect the cable between the target and the laser target
readout (not the readout on the cart).

4) Point the laser at the target.

53 Level and point the target and rotate it to the "up" posiiion.

NOTE - The weight of the laser target will appear to throu the plummet
out of adjustment. The bubble uill not be level and the cross-hairs
@itl be ungentered. Honever, the main effect of the weight of the
target is to slichtly bend the plate on which the plummet rests. This
movement is insignificant since the change in the horizontal position of
the plummet is very small. Recheck plummet positioning only with the
laser target off¥.

168] Prepare the far stand plummet for offset readings:

This procedure is the same as described above, exgcept that the
: target is clamped to the plummet.

17A1 Buck in the laser for offset readings:

1) The laser should be fairly level, and the target should te
off the laser stand plummet.
2) Suitch the target readout to “slow response" if necessary.
The toggle switch in the back of the box is set to register the
far target.
3) Point the laser at the far target.
42 Rotate the laser to center the beam in the far target
(£.20 mm. the first iteration, %.01 mm. thereafter).
a) Vertical beam rotation: wuse the longitudinal level adjusting
screws to raise or lower the beam.
Hortizantal beam rotation: rotate the laser turret by hand or
With the azimuth adjusting screus.

b

~
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5) Switch the target readout to register the near target. Use

"fast response™. Put the target on the near plummeat.

6) Translate the laser to center (.01 mm.) the beam in the near
target:

a) Vertical beam translation: only the optical beam translater
can be used, and since it has a limited range of adjustment,
it is impo -tant that the plummet has previously been set clase
to the correct height. If the horizontal translation knob
hits the top of the transiater frame as the beam is being
raised, rotate the knob and glass 180 degrees down past the
front of the beam so that the knob is hetou the glass uhere
it won’t interfere. This allous an additional amount of
vertical adjustment.

Horizontal beam translation: use the taser slide for adjust~
ments greater than 1-2 mm. Use the optical transiater for
for fine adjustment.

b

NOTE - Althouch the optical beam translater elements rotate, the
parallel air-glass and glass-air surfaces refract the beam equally and
in opposite directions so that the net resuit is a beam offset in the
direction of the glass rotation, with no change in the angle.

7 Remove the near target and suitch the target readout to
register the far target.

8) Repeat steps 4-7 until the readout shous the laser is horizon-
tally bucked in to within .01 mm. The vertical buckin should be
within .10 mm.

17B] Set up and calibrate ARM and set up the ARM tripod:
13 Turn on the Ideal-Aerosmith readout.

NATE -~ ARM and ARTU share tuwo someuhat different Ideal-Aerusmith digital
readouts, the "KIII" and the "Jigit-Read 8000". The round knob on the
iront of the KIII is set to M for metric. The switches in the back ot
the KIIl are set to REV and 1X and are never changed. The switches on
the front of the 8000 are set to HI and METRIC, and the directional
suitch is set to the left position. Push the 8000’s warning reset
button to step the blinking disptay (an interrupt warning).

2) Set the readout’s preset dials to the number taheled on the
ARM calibration fixture.

3 Insert the adapter ring into ARM’s target holder.

4 Place ARM in the calibration fixture.

5) Connect the ARM~ARTU cable to the blue box and to ARM.

6) Use the cearse adjusting uhee! to extend ARM to its maximum
length. UWhile continuing to turn the uheel (it will slip uhen
ARM reaches its maxinum extension in the fixture), push the
readout’s preset button. The readout should display the correct
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calibration number. Releasing the wheel before the preset

button is pushed uill permit ARM to relax, causing a calibration

error of a few hundredths of a mm.

Set up ARM lteveling tripod:

a) Erect the tripod anc mount the adjustable tooling plate.

b) Place the tripod near the firsit fiducial in the sector.

c) Tighten the elevation locking knob until the tripod coiumn
can be raised or lcuered only unith some resistance.

d) Turn the tripod until its legs are out of the way of the ARM
operator.

e) Loosen the tripod head rotation locking knobs and turn the
tooling plate to place the bubble level in the aisle. Lock
the head rotation knobs.

Take offset readings (Fig. 8):

Offset measurements are taken with ARM perpendicular to the beam
and at laser beam elevation.

The cart’s target readout may be on fast or slow response,

depending on cenditions and ARM‘s distance from the Jaser.

Push User Key 10 to enable the computer to accept ARM input.

Into ARM’s target holder insert and correctly orient "up" the

iaser target. Attach the coiled target cable to ARM.

While one surveyor supports ARM and places it on the magnet

fixture’s tooling ball, the other survayor adjusts the position

and elevation aof the leveling tripod so that:

a) ARM can arc cn the tooling pltate several inchkes in either
direction from 1its position perpendicular to thz beam line.

b) ARM’s target is at the same haight as the beam.

c) The adjustable tooling plate is level.

Rest ARM on the plate. Aluays keep one hand on ARM.

Extend ARM to intersect the beam line.

Adjust the tripod to bring ARM to approximately the right

elevation. Steps 6 and 7 should be checked visually.

Adjust ARM ito the correct position: Before an iaput signal

is sent to the computer, ARM must be perpendicular to the laser

beam line and the beam must be horizontally centared in the

target. Note that the offset reading is at right angles to

line of the laser (or monument line), not to the line of the

magnet or to the PEP beam line. To find the required perpen-

dicular direction, ARM is arced back and forth through the beam.

The cart’s target readout indicates uhere on the target the

beam is hitting. As ARM is arced, the following numbers might

might be seen on the horizontal scale, deperding upon the laser

setup and ARM’s length: (The readout’s vertical scale should

he kept to aithin *.15 mm. during this procedure by adjusting

the Teveling stand elevation.)
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a) The perpendicular is approached: large positive numbers

begin to decrease as the beam “"moves"™ from the outer (aisle-
side) edge ot the target touards the inner (fiducial-side)
edge.

ARM is perpendicular to the beam: The readout numbers reach

a minumum value as the beam stops moving inuard and begins to
move outward again. This minimum number will be negative if ARM
is longer than its ideatl length (the beam is striking inside of
the median line of the photoelectric cells) and it will be
positive if ARM is too short (the beam never reaches the

center of the target as ARM is arced).

The perpendicular is passed: The readout numbers begin to
increase as the beam moves to the aisle-side of the target.

I[f arcing is continued, the beam uill start to hit outside of
the beam uwiil start to hit outside of the target and the
readout numbers will begin to drop. Therefore, frequently
check that the beam is completely in the target during

arcing.

b

c

HOTE - As you face the laser target, the positive-value signalling
photocells are on the lett and the negative cells are on the right. 1f
the laser is on the lower-numbered fdownstream) monument, ARM is
oriented such that the positive cells are on the aisle-side of the
target. Therefore, as ARM is arced, the readout numbers will go from
higher values to a minumum, as in the example above. 1f, on the other
hand, the laser is set up on the higher-numbered (upstream) monument,
the negative cells will be in the aisle, and the procedure outlined
above will have all of its signs reversed, that is, the readout numbers
will go from low values (they may be large negative numbers) to a
maximum (negative if ARM is too short and positive if ARM is too long)
and then back to lou numbers as the perpendicular is passed.

d) The corre:t position of ARM, perpendicular to the beam line,
is found uhen the readout number is at a minimum, if the
laser is dounstream of ARM, or at a maximum, if the laser is
upstream of ARM.

9) Adjust ARM to the correct length:

a) Find ARM’s position perpendicular to the beam line.

b) Center the target on the beam by adjusting ARM‘s length using
the coarse and fine wheels. The readout’s horizontal scale
uwill show 0.60 mm. whep the target is centered.

10) Take the offset reading:

a) Repeat steps 8 and 9, arcing and adjusting ARM‘s length,
until the minimum (or maximum) value is 0.00 mm. ARM is nou
perpendicuiar to the beam and at the correct length.

b} Check that the beam is in the target.

c) Push the input button.

d) Check the input offset reading and the offset error (dF).

11) Move ARM and the tripod to the next fiducial.
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12) Atter the last offsat measurement, check that all of the
ingut values have been printed aut legibly by the Silent 700.
Reprint df’s if necessary.

19A) check the laser buckin:

Check the laser buckin at the near and far targeis. The horizontal
buckin shauld ae within £.05 mm. (if cuenditions permit). I[f the kuckin
is out of tolerance, recheck a feu offsets to determine where in the
sector accuracy uas lost. Repeat offset measurements from there.

198] Check ARM calibration:

1) Carefully remove the laser target from ARM.

2) Insert the adanter ring inte ARM.

3) Place ARM in the calibration fixture.

4) Extend ARM to its maximum length. {hile centinuing to turn
the wheel, check the calibration number. It should be within
+.10 mm. of the correct value. If not, see step 197 above,

S Put ARM back in its case.

20A) Preset ldeai-Aerosmith readout calibration for ARTU:

piat in the calibration number labelled on ARTU. Each ARTU has a
different number.

208] Prepare ARTU and plummets for slant distance measurements:

R Attach the ARM-ARTYU cable to ARTU. It s-ould aiready be
connected to the blue hox.

2) Push the preset button on the Ideal-Aerosmith readout. Check
the calibration number on the display.

3) Extend the ARTU tape a couple of feet and let it retract.
Do this sever:.l times, watching hou the readout recalibrates.
When the readout recalibrates accurately and consistantly, ARTU
is ready for slant distance measurements.

NOTE - The ARTU rotary dashpot is intended to slow tape retraction, but
it sworks poorly if the tape is dirty, permitting the tape to slip over
its rubber rollers, (If the tape slips badly, ARTU must be cleaned.)
Thaerefore, it is usually necessary to manually slou down the tape
retraction, especially as the tape end reaches the ARTU body. 1If the
tape end suddenly is stopped, the momentum of the inner gauge block
wheel (uhich rotates with the tape) will cause it to slip, thereby
producing a calibration error. Also, the Ideal-Aerosmith K11l readout
often recalibrates only if the tape is retracted very slosly. The
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ldeal-Aerosmith 8000 will accurately recalibrate uhen the tape retracts
at a norma! speed.

4) Turn off the laser.

5) Remove the laser targeis from the plummets.

6) Place an optical piummet tooling ball adapter in the tooling
sphz2re mount on top of each pilummet. Rotate it so that the ball
faces in the carrect direction and screw it doun. Since the
toaling ball extends to the center of the plummet’s vertical
axis, the exact orientation of the adapter is not important as
long as ARTU’s female tape end fits freely on the ball without
bending the tape.

21] Take slant distance measurements (Fig. 9):

One surveyor supports ARTU on a fiducial, arcs it to get the
shortest tape distance, and pushes the data input button. The other
surveyor assists by driving the cart, operating the computer, extending
and retracting ARTU’s tape, and calling out the readout numbers when
necessary.

N The computer is ready to accept ARTYU input.

2) Push the readout’s preset button.

3} Set ARTU on a fiducial.

43 Slouly pull the tape end staight out to a fiducial and slip it
over the tooling ball.

5) ARTU is rolled and rotated in all directions on the tooling i
ball so that the readout numbers tend touards a minimum value,
which is the straight-line distance between the two tooling
balis.

a) Before referring to the readout numbers, it is helpful to
visually orient ARTU to remove any kinks or bends in the tape
at the point where it exits the ARTU body.

b) If the readout can not be seen by the ARTU operator, the
numbers must continuously be called out by the other surveyor
until the input button is pushed.

6} hen the minimum readout number is reached, push the input
button.

D Let the tape slouly retract.

8) Check the calibration number on the readout. If it is off by H
greater than *.50 mm., then:

a) Ansuer "yes™ to the "redo measurement®™ query.

b) Preset the readout and push User Xey 10.

¢) Remeasure the distance.

If the calibration is within 2.58 mm., check the input value

and the  slant distance error (dS).

9 Go on to the next measurement.
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22] B0Oosuble check and finish the program:

Check that all of the input datz, espscially the dR’s, dE’s, df’s,
-and dS’s, are reasonable values before the program is continued. Once a
"return" is entered in response to the "ALL MEASUREMENTS ARE COMPLETE,
INPUT CARRIAGE RETURN TD PROCEED™ command, mistakes in the data can not
be corrected unless the entire program is rerun. The foliouing summary
describes the remaining program MEASURE procedure:

1) The "MCASUREMENTS ARE COMPLETE®™ return is entered.

2) gverlay 2 of program MEASURE is input into the computer
mamory.

3) Intermediate results are printed out.

4) The "output data tape" is inserted and data is Written on it.

5) Shimming and stand orientation data are printed out by the
Silent 700.

6 Program MEASURE ends.

T1f. RF tavities - Laser Survaying

Regions 4B, 8A, and 12A each contain 12 RF cavities. Since their
alignment tolerances are greater than those of the other ring magnets,
they are surveyed separately, either using optical tooling or the laser
system. Laser surveying proceeds in a 'similar mannsr as in the rest of
the ring, with the following exceptions:

A. Laser stand location:

In sectors 236 (4B), 2656 (8A), and 300 (12a), the mecasured elements
include cavit:' number 3A, which lies ocutside of the tuo monuments that
normally uwould define the limits of the sector. The inclusion of cavity
nurber 3A provides a better angle at which the first (or lasi) slant
distance is taken: if the sector begins (or ends) with cavity number
3B, the slant distance to it from the monument stand is nearly
perpendicular to the beam line, uhich causes problems in the use of ARTU
and in the data reduection.

Because of the arrangement of the cavities in these sectors, the
surveyors do not have a chgice of which monument to use as the "near
target monument" - the laser stand must be set over the monumert on the
Q3-side of the sector. Only from this position can cavity number 3A‘s
atfsets be read.

B. RF cavity roll:

on either end of the cavity is a thick aluminum clamping plate.
The Talyvel level unit rests on the machined upper surface of the plate
during roll readings. After lalyvel has been calibrated, a roll reading
is taken from each end of the cavity. In order to see the numbers on
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the level unit, it is necessary to reverse it wksn measuring the
dounstream end of the cavity (the level unit’s cord will be away from
the aisle). The sign of this reading is reversed, and the tuwo readings
are averaged and entered into the computer.

c. Ele.ation readings:

"One-inch"” tooling balls are required for the remainder of the
surveying. These tooling balls are relatively fragile, and care must ba
taken when resting any heavy instrument (such as ARM or SAM) on them.
Eince the cavity is almost entirely made of aluminum, a Gitze tripod
with a steel plate mounted on top is the attachment point of SAM‘s
flexible holder magnet.

D. Dffset readings:

As mentioned above, in sectors 236, 266, and 300, cavity No. 3A’s
fiducials are behind the far laser target. The target must be removed
before surveying these two fiducialts., It is best to check the faser
buckin just before the target is removed and after it is replaced.

E. slant distance readings:

Installation of equipment around the cavities prevents further
slant distance measurements from being taken in the normal manner.
Houever, since the alignment tolerance in the direction of the beam is
relatively large, the initial placement of the cavities is sufficiently
accurate.
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EQUIPMENT
1. Fixtures

PE? Survey and Alignment uses four types of ring magnet fiducial
fixtures. €Efach accurately places one or tuo reference tooiing balls
near the magnet surface, from uhich measurements of magnet elevation,
offset, and location along the beam line are taken. Quadrupole and
sextupole roll mzasurements are taken using large Y-shaped fixtures that
fit over the magnets. Injection iine magnets and some ring elements are
machined to accept a special "1 inch™ tooling ball as a reference point.

A. Bend magnet fixture (Fig. 11):

The bend magnet fixture incorporates a talibrated digital~readout
micrometer, the tip of which acts as one of the three contact points
that rest against the vertical aisle-side of the magnet. A numher
stamped on the top surface of the bend magnet above the fiducial is
dialed into the micrometer. This number is derived from magnetic
measurements, and it represents a corraction in the roll to be given the
bend magnet to compensate fo~ its sag in the middie and at both ends.
The other tuwo contact points are 1/2 inch tooling balls., They seat in a
horizontal v~shaped groove in the laminations, Which is accessed through
sliotted plugs welded into cut-outs in the magnet’s iron cover piate,

The sides of the groove determine the x and y position of the fixture.
Z-location is determined by the sides of the plug’s slot. The third
point, the micrometer foot, is below the tooling balls, and rests
against a fiat surface on the laminations. The micrometer lerjth
determines the roll of the fixture.

Proper empliacement of the bend magnet fixture is critical.
Improper attachment of the fixture will cause inaccurate readings and
also create the possibility that the fixture may fall off the magnet
during measurements, causing damage to the fixture and to the imnstrument
resting upon it. The following procedure is a reliabie method of
mounting the bend magnet fixture:

1) Uniock the micrometer locking screw. Preset the micrometer
readout to the number stamped and uritten above the fiducial on
top of the magnet. Lock the micrometer locking screu.

2) Clean any excess paint or dirt from the surface of the iron to
which the fixture’s magnet Will be attached.

33 Suitch the fixture’s magnet on - move the lever up and over the
front of the magnet.

4} Pull the black plastic permanent magnet slide out towards the
aisle.

5) Grasp the fixture in both hands, with the last three fingers
on each hand inside the raised portion ot the frame. The thumbs
are held on the aisle-side of the permanent magnet.
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Place the fixture against the bend magnet. The tuwo tooling

ball feet must each touch the upper and louer surfaces of the
groove in the laminations.

Press straight foruard on the permanent magnet until it clicks
into place against the iron cover plate. The space betuween the
permanent magnet and the frame should be equal on all sides and
the fixture’s compression springs should be perpendicular to the
frame. I1f the permanent magnet is too high or lou or pitched to
one side, the tooling balls may 1ift out of the groove, or the
fixture may bi easily knocked off of the magnet.

Slightly tuist the fixture to check that it is completely

seated and securely attached.

Push in the magnet slide unti} resistance is felt. The

uedging effect of the slide prevents the fixture’s tooling balls
from sliding dowun in the groove when ueight is put on the
fiducial ball during measurements.

Dataching the fixture:

Grasp the fixture as previously described.

While pushing in on the permanent magnet with one thumb, pull
the magnet switch lever doun uith the other, turning it off.
Slouly Tet the magnet spring back to its unioaded position off
the iron surface.

Bend magnet fixture calibration:

The bend magnet fixture must be recalibrated after any damage to it

due to dropping or shocks to the micrometer. It is aiso a good idea to
check the calibration after a few months of use. The fixture is
calibrated by attaching it to the iron calibration knee, setting the
micrometer to make the fixture roll pad parallel to the knee’s rol)
surface, and then adjusting the micrometer counter to read 00.00 mm.
The follouwing procedure is a modification of the instructions given on
drawing QT-201~-130-24-RO-E:

1)

Set up calibration knee, bend fixture, and Talyvel:

a) Set the knee on a flat stable surface. The surface need not

be perfectiy level. A wooden bench top will suffice.

Clean all contact surfaces on the knee, including the entire

upper surface, the tooling ball v-groove, and the micrometer

pad.

c) Clean the fixture’s Talyvel level unit pad.

d) Set the fixture micrometer to 006.00 mn.

e) Attach the fixture to the knee, making sure that the tooliny
oalis contact the upper and lower surfaces of the v-groove.

f) Calibrate Talyvel. Set the leveling knobs to U.

g) UHith Talyvel set to the 100 sec. scale, measure the knee’s
transverse roll - paraltel to the fixture mounting surface.
The roll skecild be within 2.0001 ins/in (or .1 mmsM or

b

~
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20 sec.). 1If not, rotzie the knee until the transverse rol}

is in tolerance.
2) Adjust the knee and fixture roll to the same value:

a) To measure the kree’s longitudinal roll, zet the level unit

on the knee parallel tc the fiwture’s level unit pad. Place
the level unit in the same place each time the réll is
measured. Since the level unit is not to be reversed during
this procedure, the kne2’s roll shculd be iaken with the level
unit cord extsnding to the fixture-side of the knze, so that
when the level unit is placed on the fixture, the cord will
noc¢ tnterfere with the fixture body.
Rather than memorizing the roll of the calibration knee, it is
simpler to turn one leveling knob to null the meter - to
center the needle at 0. Thus, with the level unit on the
fixture, the meier will read within one marked division of 0
when the fixture roll is sufficiently ciose to that of the
knee.

—

b

NOTE - The resolution of the Talyvel meter is one marked division, which
is 0.02 mrad on the 100 sec. scale. A 0.01 mm chance of the bend
fixture micrometer is equivalent to a change of 0.04 mrad in the roll of
the ievel unit pad. Since in this procedure the micrometer is to be
calibrated to 20.005 mm (one-half of a counter digit, or *0.02 mrad),
the Talyvel meter on the 100 sec. scale has sufficient resolution to
compare and adjust the rolls of the knee and the fixture.

c) Place the level unit on the fixture.

d) Adjust the micrometer to null the meter. Make sure that the
tooling balls are contacting the v-groove after the micrometer
has been adjusted. If either ball has "walked off" one of the
surfaces, remove the level unit and the fixture and reinstatl)
both items.

e) Repeat steps a-d until the roll ot the knee and the fixture
both register 0.
f) Check the micrometer digital readout. If it reads within

.005 mm (one-half of a counter digit) of 00.00 mm, it needs
no further calibration. Otherwise, lock the spindle lock,
recheck the roll, and continue on.

3 Adjust micrometer:

a) Remove the fixture and place it on its side, with the microm-

eter counter faging up.

b) Remove the tuo screus holding the lens and lens frame onto
the micrometer. Remove the lens and frame, exposing the
digital counter unit and its two hold-doun screus.

Loosen the digital counter screw and slide the counter auay
from the spindie lock until its gears disengage the micrometer
gears. The counter gears and uheels can now te turned

~ freely with a small screwdriver.

d) Turn the counter wheels until they read 0C.00 mm.

-

c
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e) Slide the countsr unit back into position to reengage its
gzars. Tighten the tuo screws. Adjust the position oi the
counter to both minimize backlash and prevent binding as the
spindle is turned. Measure backlash by laosening the spindle
lock -and holding doun the counter uheels with a finger while
turning the micrometer spindle. The spindle’s usual m'-imum
backlash (free play) is a large fraction (up to £.005 mm) of
a scribed unit on the spindie.

4) Recheck fixture calibration:

a) Leave the lens and frame off.

b} Remount the fixture on the knee.

c) Repeat procedures 2 and 3 until the counter reads within
£.005 mm of 00.00 mm when the fixture and knee rolls are the
same. Generally, one careful jteration is sufficient to
achieve this tolerance.

Remove the fixture and attach the counter lens and frame.
Mark the calibration date on the fixture.

d

Check bend magnet fixture dimensions:

1) The distance betueen the outer edges of the fiducial ball and
the magnet mounting ball is 2.5008 in.

2) Attach the fixture to the calibration knee. The horizontal
distance from the outer edge of the fiducial ball to the mounting
surface is 2,354 in.

B. Quadrupole magnet fixture (Fig. 12):

This fixture has two fiducial balis from which measurements are
taken. 1t is mounted against the aisle-side of the guadrupole using the
same compression spring and suitchable magnet arrangement as in the bend
magnet fixture. Three spherical buttons contact the vertical
taminations to give a location in x (offset). A hardened stainless
steel shoe on the bottom edge of the fixture rests against the
horizontal suriace of the magnet ears to provide a y-reference
(elevation). The fixture is located in z by a hole in a welded plate
just above the exposed vertical laminations into which fits a tooling
bail attached to a vertically-moving slide on the fixture. The free
travel of the tooling ball prevents it from constraining the fixture in
its vertical positioning. Use the following procedure to attach the
quadrupole fixture:

1) Remove the quad ear clamps it they interfere with the fixtur=.
Visually check that there is no contact once the fixture is in
place.

2) Clean all contact surfaces on the laminations of rust, metal
particles, tape, dirt, or paint.

) Switch on the permanent maanet.

4) Loosen the vertical loading screu.
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5 Place the fixture on the magnet, seating it well.

6) Press in on the permanent magnet until it contacts the
laminations.

7) Tighten the veirtical loading screw until the tongue is pressing
tightly up against the magnet’s ueld relief groove. This ensures
that the fixture firmly contacts the ears belou.

83 Check that:

a) The bottom plate contacts the ears along its entire length.
b} All three spherical buttons contact the laminations

(use a flashlight).

c) The vertically-moving slide has some free play. 1f not, then
an2 of the following problems exists:

1) The hoie in the uelded plate is too high or lou on the
magnet for the slide’s travel. A hole at the correct
height must be drilled.

2) The hole is tco small or shallow causing the tooling ball
to bind or bottom out. The hole must be enlarged or
deepened.

3) The uelded plate protrudes excessively into the aisle and
the aisle and contacts the movable siide. A shallow large
diameter hole accomodating tha slide must be reamed into
the uwelded plate, eliminating contact.

Since the quad fiducials are close together, any errors in fixture
attachment will be greatly magnified during the final computation of
magnet orientation and strut changes. For instance, a .010" space
betueen one of the buttons and the laminations might cause a .248" error
in the length of the horizontal strut.

Check quadrupole fixture dimensions:

1 Mount the fixture on the leveled bend magnet fixture calibra-
tion knee (remove parts as necessary).

2) The vertical distance from the bottom of the stainless steel
shoe to the top surface of the fiducial ball is 3.9%1 in.

3 The horizontal distance from the mounting surface on uhich the
spherical buttons rest to the outer edge of the fiducial ball is
2.260 in.

c. Sextupole magnet fixture (Fig. 13):

Two spherical buttons rest on the sextupole ear clamps to locate
the fixture in y, and three huttons seat against the sloping aisle-side
of the magnet to provide an x-reference. 2Z-~location uas not fixed on
the magnet during the early surveying of PEP, but the fixtures have
since been modified to provide a fixed 2-location by the addition of a
douwel pin that locates off of one end of the sextupole. There are
separate fixtures for use on the three sextupole types. Check for
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proper contact betueen the fixture and the sextupole after the permanant
magnet has been seated against the laminations.

Check the sextupole fixture dimensions:

1 Mount the fixture on the leveled bend magnet fixture calibra~
tion knee.

2) The horizontal distance frem the mounting surface to the outer
edge of the fiducial ball is 4.288 in.

3) Set the knee and fixture on a sin-bar adjusted to ar angle af
30 degrees.

4) The vertical distance from the bottom of the spherical
buttons to the top of the fiducial ball is 3.562 in.

0. Insertion quadrupole fixture:

An upstream (right-handed) and a dounstream (lett-handed) insertion
quadrupole fixture are attached at the ends of the magnet. Three
spherical buttons rest against the vertical aisle-side laminations to
Iogcate the fixture in x. A thin shim clamped horizontally to the bottom
of the fixture slides inte the magnet’s split plane to provide a
tocation in y. (1f the shim does not slide smoothly into the sptit
piane groove, it should be replaced by the next smaller size shim.) A
pin on the fixture butts up against a plate near the end of the magnet
for z-positioning. 1f the magnet coil’s sheet metal cover is installed
upside doun, the access hole for the pin will not be aligned. The cover
must then be removed and reinstalled.

The tolerances to which the insertion quadrupoles must be aligned
are the most strict of any element in the ring. Therefare, careful
placement of the fixtures is essential. It is most important to check
that all three buttons are set against the laminations. Use a
flashlight and a very thin feeler gauge to make sure that there is no
space between the magnet and the buttons.

Check insertion quadrupole fixture dimensions:

1 Remove the shim from the shim clamp and mount the fixture on
the leveled calibration knee.

27 The horizontal distance from the mounting surface to the outer
edge of the fiducial ball is 2.253 in.

3) Reinstali the shim,

4) The vertical distance from the center of the shim to the top
the top of the fiducial ball is 5.368 in.
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E. Quadrupole and sextupoile roll fixtures (Figs. 2 and 3):

Two buttons on the battom of one of the fixture Vegs rest upon the
ears on one side of the magnet and a third button sits on the ear on the
opposite side of the magnet, with the fixture arching over thes magnet in
between. The Talyvel level unit clamps to the top of the fixture. CcCare
must be taken that the magnet ears are free from dirt and that water
1ines or cables do not interfere with the fixture instaliation.

F. One inch tooling bzlls:

A specially made tooling ball is used in the surveying of RF
cavities, wigglers, lou field bend magnets, and all injection line
magnets. The center of the 172 inch diametar ball is one inch from the
magnet contact surface. The neck of the ball allows for a greater
degree of movement of the tooling scales or other surveying equipment
than does a normal tooling ball.

The tooling balls should periodically be checked for accuracy of
the one-inch dimension. The ¢ylindrical base is a press fit, and on
those balls where this part hasn’t been pinned to the ball“s shatft,
slippage may occur. Also, the welded ball-shaft joint receives
considerable stress during rf cavitiy surveying when SAM and ARM rest
upon it. A few of the balls have failed at that spot, and care is
required to protect the instruments from falling.

II. Tunnel Monuments (Fig. 14}

Into the PEP ring floor have been cast 102 iron monument wells.
NIT and SIT each contain 12 monuments, and there are sixteen brass plugs
in the junction area. Installed in each well is a monument pin, which
is a surveying reference point. Periodically, the well, pin, and
associated hardware should be cleaned of debris, rust and water.

A. Installation of the monument pin:
The following procedure is from PEP drawing AD-201~123-00-RO-E:

b Loose assembly:

a) Place the pin cup in the center of the well.

b) Remove the pin’s protective plastic cover and place the pin
in the pin cup. The stainless stee! pin has a spherical base
so that it can be rotated to a plumb position while being
clamped doun.

c) Place the pin clamp plate over the pin.

d) Place the triangular clamp ring on the pin clamp plate.
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e) Thread 3 hex head cap screuws through the clamp ring into the
bottom of the w2ll. Thread the screws the same number of
turns vatil they are finger-tight against the ring.

2) Leveling and tightening:

a) Fit the pin alignment fixture aver the pin and insert the pin
alignment rod into the pin.

b) Usinag the rod as a lever, rock the pin to center the alignment
fixture’s bubhble. The pin is now vertical.

c) With a torque wrench, slightly tighten each cap screuw, moving
from one to another until 150-175 lbs. of torque is reached.

The bubble will drift away from the screw being tightened.
Only if the torque is increased on each screw Ly smait incre-
ments can the bubble can be centered with proper torque on |
each screu.
3} Drilling:

a) Drilling preparez the monument for permanent locking of the
pin‘s positien.

b) Using the hole in the pin as a guide, drill inte the iron
base of the monument uith a Ro. & (.204") bit until an inden-
tation the diameter of the bit has been made.

4) Locking the pin in place:

a) Instali a set screw in the pin‘s hole and tighten it against
the indentatien in the bottom of the weltl.

b) Install a second set screw tight against the first.

c) Bolt down the monument 1id and o-ring with four hex-head
screus.,

8. Monument cleaning:

The menument’s stainless steel pin is the only piece of harduare
that must be clean during surveying. Slight amounts of dirt, rust, or
uvater in the well wil) not atfect the use of the pin as a reference
point. Houever, if the well has filled up with uater and cebris, it is
necessary to clean and dry the uell, tap out the monument iid screu
holes, and replace the o-ring if it is in poor condition. This will
ensure that the well can be properly sealed after surveying to protect
against further contamination.

1) Remove all water from the weli using a wet vac or a blow bulb.

2) Scrape off loase dirt and rust from the interior of the uell,
especially from the o-ring mating surfaces. Be very careful
that the pin is protected from any nicks, sciatches, or banging i
from the cleaning process. A great amount of time and effort is
required to replace and resurvey a damaged or moved pin.

3) Use an electric drill with a coarse uire brush to smooth the
smooth the o-ring mating surfaces. Other tools such as carbide
scrapers may be used as needed.

4) Drill out the compacted dirt from the monument lidscrew holes
with a 174" masonry bit. Vacuum up the loosened chips and dirt.
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5) Tap the screw holes with a 378" N.C. bottoming tap. Use
tapping oil. Remove tap and dirt frequently.

6) Spray the uell, screw holes, and 1id with a lubricant such as
WB~40.

7 Replace the o-ring it it is caked Wwith rust and dirt which
might prevent a rater-tight seal. Lightly grease the o-ring
and the iron mating surfaces.

8) Replace corroded or missing bolts with stainless steel
bolts. Tighten doun the monument iid.

1f1f. Liquid Level System (Fig. 15)

The liquid level system provides the elevation references for the
vertical alignment of the elements in the PEP ring. The system consists
of 110 liquid level wells in the arcs and interaction region halls
interconnected by valve-controlled unpressurized air and uater lines.
The uw2lils are glass containers partially filled with water. The height
of the too of the uwell relative to the surface of the water can be
measured (or “"read™) by a depth micrometer in the top of the well. A
tooling ball mounted on top of the micrometer provides the reference
fiducial for elevation measurements.

Tuice yearly, the uells are calibrated to determine the amount of
settiing in the PEP ring. Just before the calibration, all of the water
and air valves are opened to permit free flow throughout the system.

The height of the water in each well then adjusts to a single gravita-
tional equipotential surface. In other words, the water is at the same
elevation, in an ellipsoidal coordinate system. Also, the air pressure
in the system equilibrates, eliminating water level changes due to local
variations in the air pressure. Since temperature changes cause the
water level of the system to drift, simultanecus water level
measurements are taken at a master well and at some other uell in the
ring to give the difference in elevation. Each well is read in turn,
and the data are used to compute the amvunt of settling in the ring
refative to the last calibration. If the entire PEP ring is to be
resurveyed, all of the micrometers are changed to new calculated
settings so that the micrometer tooling balls are at the same
ellipsoidal elevation, the "master elevation", uhich is the average
height of the uwells in the tunneliled regions of PEP ~ those areas least
Tikely to have had a change in elevation due to movement of the earth.
Later on, during surveying, the computer program MEASURE Will compensate
for the deviation of the wells’ tooling balls, which are on an
ellipsoidal surface, from the flat plane in which the magnets are to be
aligned.

The resolution of the liquid level wells, fixed by the micrometer’s
digital readout, is *.01 mm., but systematic errors limit the accuracy
to about £.10 m. Over the large distances encountered in the ring, the
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liquid level makes it possible to measure slopes as small as #2E-7
radians (.29 mm. in 1000 M.).

A. Liguid tevel sysiem harduars and instatlation:

In eech of PEP’s six arcs are jocated 17 uwells. and tuo wells have
been installed in IR halls 2, 4, 8, and 12. Ffour-uay one-inch uater
valves, uiiich contral flow through the copper pipe, are located in
regions 2A, 2B, 4B, B6A, 68, 88, and 12B. Four-uay air line valves are
located in regions 28, 43, 8B, and 12B. The air and uwater lines are
discontinuous at r-:gion 6.

0 Liquid level wall assembly: The following well assembly
procedure is from drawing A0-~201-125-006-R1-0:

a) Micrometer top assembly: The micrometer unit is a modified
digital depth micrometer. 1ts standard rod has becn replaced
by a pointed stainless steel probe and a teoling ball hasbeen
mounted on its upper end {see drawing AD-201-125-20~R1-E).

1} Install a spring-loaded teflon seal in the stee! well top

using the seal tool and bushing.

2) Slide the micrometer through the hole in the seal and seat
it in the top of the uwell.
Install a brass-tipped socket-head set screu in each of
tuo locations in the well top and tighten them against the
micrometer.
4) Against the first pair of set screus install tuo cup-

point set screws, locking them tight.
Coat a feu threads of a brass union coupling uith
Loctite 277 high strength adhesive sealant and screu it into
the base of the well. Use only moderate torque to tighten
the fitting.
c) Spray six button-head cap screws and the tapped holes on
both ends of three tie rods with Loctite Primer N or T.
Use Loctite 277 on three of the screus and screw them into
the tie rods.
Clean the well base, top, glass housing, and micrometer tip
with alcohol.
Insert the three tie rods through the base and place the base
on a flat surface, rods pointing up.
g) Place a rubber gasket, the glass housing, and 3 sscond gasket
inside the tie rods.
Place the well top assembly on the rod ends so that the air
line fitting is on the same side as the water tine fitting.
Install the remaining three screws in the rods. Tighten the
screus while keeping the glass centered on the gaskets.
2) tell installation in the ring: The follouing proccdure is
from drawing AD-201-125-32-R0-E:
a) Install uwell floor mount:

3

b
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1) The floor mount is usually located near the end of a raft
ciosest to a monument. The liquid level rod, when in use,
must have clearance to be mounted piumb and unobstructed
along the line of sight at the elevation of its laser
target. The aiste-side of the fioor mount is located
3.25" into the aisle from the side of the horizontal
atuminum caver on the bend magnet under uhich the uell is
vlaced.

2} oOn the concrete floor, mark the location of the twe
mounting holes and remove the floor mount.

3) Use a Hilti TE 1/2-6 drill to drill two holes to a depth
such that the top of the Hilti drop-in anchor Will be
0.0 - 0.1" belou the surface of the floor. Remove dust
and cement particles from the holes.

4} Insert a drop-in anchor. 1If the hole is too deep, add a
fed concrete chips to the hole.

5) Place the special setting tesl in the anchor and pound the
top of the tool with a small sledge hammer until the
enlarged portion of the tool butts up against the anchor.
The anchar is nou seated.

6) Install the floor mount using two hex-head screws and

washers. The screus should be tightened until the washers
Warp upuard.

Install the floor bracket on the floor mount:

1} The bracket is located so that the micrometer tooling ball
will be 1" into the aisle from the side of the aluminum
cover on the bend magnet. Use a plumb bob to check this
dimension.

2) Four screuws and Unistrut nuts and springs hold the bracket
to the floor mount. Tighten the screus until the wmashers
warp upmard.

Install the well on the floor bracket:

1) Attach t/4" 1.D0. Tygon air line to the top of the well.
Tighten the coupling somewhat more than finger-tight.

2) Place a u-bolt on the well,

3) Insert the u-bolt ends through the bracket, a clamp
stiffener, and washers and tighten this assembly with two
nuts behind the stiffener. At this time, the well is not
leveled or placed at the proper elevation, so the u-bolt is
tightened just enough to temporarily secure the uell.

4) Insert a nut and nipple assembly into 3/8" I[.D. Tygon water
line and fasten it with a spring-~type hese clamp.

5) Place a union gasket over the well’s male union coupling
and screw on the water line nut.

6) Add a nylon quick-disconnect fitting to the Tygon air line

about 12" from the well. Attach the Tygon tubing to the

copper air line connector.

Attach the Tygon water line to the hose comnector on the

copper water line’s ball valve. Fasten it with a spring~

type hose clamp.

7

-
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d) Place a protective plexiglass cover over the well and secure
it with a cabie crimped with a Nico-Press stop sleeve.

Liquid level calibration:

Preparation: The preparation of the ltiquid level system may

take one or more days prior to calibration, depending on the
condition of the uwells and copper lines. For calibration to be

meaningful, all water leaks in the 1" copper water line joints, the

Tycon tubing, and in the uells and couplings must be sealed, the
copper and Tygon air lines must be dry and unbroken, air must be
removed from the water lines, the dWells must be filled to the
proper level, each micrometer must be functional, the micrometer
tip and water surface must be clean, and neuwly installed uells
should be leveled at the correct height. Careful preparation is
crucial since the results of the calibration kill rnot aluays
clearly indicate defects in the system. In the liquid level log
book, record all damage and repairs to the system, valves opened
and closed, other procedures involved in the preparation of the
wells, calibration readings taken, and calculations.

a) Inspect liquid level harduare for damage: Since the previous

calibration left all of the wells properly filled, their valves
shut off, and their Tygon lines in working order, any deviation
from these conditions found upon inspection of the system are a
result of either subsequent damage or deterioration of the
harduare or a chronic slow leak which may be difficult to find.
1) Each well is inspected for:

a) Damage to the well or mounting harduare: The uell and
mounting hardnare should shou no signs of damage from
beinn struck by equipment or people moving through the
tunnel. The screus should altl be tight and the entire
assembly should feel very solid. HNote any evidence
that the well position has been changed since the last
the last calibration.

Smoothly turning micrometer: In some locations, rust or
residue from ceiling seepage may jam the micrometer
mechanism. If this is the case, the uwell must be
replaced.

¢) Proper uater level: 1If the uwell is dry or nearly so,

most likely the well’s male water line coupling has a

Teak, either at the gaskel or where it screus into the

base. Test for a current leak by feeling underneath

the coupling for uater. Also look for a rupture in the

Tvgon water line. If the Wwell is overfull, there may

there may be water in the Tygon tubing air line and

possibly in the copper air line us uwell (see the next
section).

b

~
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Clean water surface and micrometer tip: [If either the
uater or the micrometer has a significant amount of
residue on it, the interior of the uell will have to
be cleaned.

2) Inspect water and air lines for:

a)

b

~

-

[+

d)

Leaks in the copper uater iine: A slou leak may creatz a
small puddle on the fleor. The exact location of a leak
is found Ly checking the underside of the pipe for uwater.
The entire length of the pipe, inciuding sections behind
the rafts, must be at least visually inspected. Most
teaks are due to poorly soldered joints, which must be
repaired.

Breaks in the copper air line: Occasional small air

leaks in the copper air line are not significant, but
large breaks in the pipe must be repaired.

Condition of the Tygon water line: Air in the water line
usually indicates a leak in the uell couplings or, less
frequently, a hole in the tubing itself. If the outer
surface of the Tygon is dirty, air bubbles can be seen
most easily by lifting various parts of the tubing and
watching for bubble movement. If the well’s ball vaive is
closed (as it should be), the air probably hasn’t entered
the copper line. The Tygon line should be free from
kinks, and no cables or other equipment should be resting
on it. Greyish algae may have grouwn in the tubing, and it
should be flushed out, or the Tygon repiaced.

Condition of the Tygon air line: Water in the Tygon

air line can be detected by raising the tubing and
watching for water movement, or, in more extreme cases,
air bubbles in the water. Even a short continusus section
of uater in the air tine uill effectively block the air
circulation necessary for proper calibration, so the air
Iine must be inspected carefully. Water in the air line
most likely has entered from an overfilled well, but it
may have entered from the copper line instead. Therefore,
if there is water in the Tygon tubing, the copper Yine may
be partially filled also. This can be checked by
detaching the quick-disconnect fitting or cutting the
Tygon tubing near the copper line connector, louwering the
copper air line by sliding it doun in its brackets, and
seeing if any water pours out. If there is water in the
air iine, note it down and repair it later.

3) check and adjust valves:

a)

b)

The wells’ ball valves should be closed: The stem and
handle are parallel to the main copper line {perpen-
dicutar to the Tygon line).

The air Yine valves are closed side to side: The
handles of the four copper air line valves are parallel
to the line, with the pointer, which marks OFF, in

in either direstion.
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c) The 1" uater line valves are open side to side: T
stamped CLOSE on ovne corner cf the valve is perpen-
dicular to the copper line and faces either the plain
face ot the valve body or a solid plug. The valve is
now open from one side of the line to the sther and
closed to the outside.

b) Make repairs as needed:

1
2)

3)

4)

5)

6)

Solder the leaking copper line joints.
Replace any damaged wells: With a pen draw a line on the
bracket across the top of the oid well before moving it.
Replace the uwell uith a neuw one and tighten it doun at the
same elevation on the bracket using a bullseye bubble
level 1o keep the well level. Attach the Tygon lines to
the neu uwell.
Replace damaged Tygon tubing.
Repair leaking uwell couplings: Unscrew the Tygon water
line from the well coupling, unscrew the coupling from the
base, clean and recoat the coupling threads with Loctite
277 and reassemble. Make sure that the fitting has a
gasket.
Remove water from the Tygon and copper air lines:
a) Try to determine and remedy the cause of the water in
the Tine. It may have come from a neighboring well that
uwas overfilled, in which case a large section of copper
line may be flooded.
Remove the Tygon tubing from the copper air line and
detach the quick disconnect.
c) Blow out the Tygon tubing.
d) Lower the copper air line and see if water drains out.
1f so, adjust the height of the air line so that it is
continuously sloping from a low point at the well to a
high point miduay betueen the well and each neighboring
well. Similarly check the neighboring sectors for uater
in the air line. Once all of the water has been drained.,
leave the air line as it is. Reattach the Tygon tubing.
Remove air from the Tygon and copper water lines (flush the
system): Large amounts of air will usually be found in the
Tygon water line connected to a leaky, dry well. It may also
enter through a break in the tubing. Bubbles over 1/4" in
diameter should be removed from the tubing uhen the uells are
filled. Air will not enter the copper water line unless it
is being filled improperly, through a major leak in a joint,
or untess a vaive to a leaking well is left open, causing
water to drein from the main line. To remove air from the
copper line, a pump is used to flush the system at high water
volume rates. Air is removed from the Tygon when the wells
are filled (see the next section). To flush the system:
a) Set the four stainless steel 508 gallon drums near the
i" valve to the left of the proten alcove in region 12B.

b
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Arrange the drums and the pump in the following order,
from right to left: the pump is to the leit of the valve,
then the drum with the valve shutoff (uith the shutoff on
the pump~side), then tuwo drums with two 2" openings. and
: finally the fourth drum, with one 2" opening.

i b) Interconnect the drums, pump, and valve with 2" and 1"

! hoses, adapters, and gaskets. Tighten the connections

! with a large pipe wrench. The pump is connected to a

junction box using a special cord that has a 3-prong

female end and a 5-prong male end, to convert from 3-phase

208 volts to single phase.

Attach the garden hose fire hydrant adapter to the

hydrant outside of region 12 and tighten it with the

special tool. Attach the garden hose to the adapter.

[ d) Remove the two screw caps from the top of each drum.

e) Fill the drums with water fram the garden hose and add
the appropriate amount of algicide. Keep the drums

full during the flushing of the system.

One person takes the long orange 1" diameter hose and a

gasket to the first valve heyond the section of copper

line that is to be flushed. Usually, the valve in 6A or

: 6B is used. The hose is attached to the valve and

i stretched to a drainage gutter or into & nearby tunnel

! access.

g) A1l of the Tygon air Vine quick-disconnects are detached
in the section of the line to be flushed.

h) At a pre-set time, the far valve is opened to the out-
side and to the pump-side of the copper line. The valve
should be closed to the other side of the water line.
Simultaneously, the drum and pump valves are opened, the

! water fine valve is opened to the pump and to the far-

valve side (closed to the other}, and the pump is turned
on. It will take a feuw moments for water to begin
streaming from the far valve hose.

i) Wait several minutes until the water has been completely
changed and all of the air in the line has been flushed
out. Stop the pump and close the valves at the pump.

) The far valve is shut off as soon as the flou of uater
starts to slou. Both valves are nou open side to side
but are shut off to the outside.

k3 Flush the other half of the ring in the same uay.

1} Connect the fourth barrel to the main valve. Using the
pump, fill the barrel with the remaining water. It will
be used to fill the uells.

c) Fill the wells:

1) Detach all of the Tygon air line quick-disconnectis.

2) Check that all well valves are closed.

3) Open the main water valves side to side, if this hasn’t
been done already.

o
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4) Prepare the 50 gallon drum (if not previously prepared

when the system was flushed):

a) Attach the drum with one 2" opening to the 1" vaive in
region 128 using the brass adapter and the long orange
hose.

b) Attach an adapter and a garden hose to the fire hydrant
outside of region 12,

¢) Fill the drum with water and the correct amount of
algicide.

Fill the wells:

a) Open the main valve at 128 to the drum and to the water
line on both sides of the valve.

b) Open each well valve and fill the nell to the height of
the micrometer tip uhen the micrometer reads 12.50 mm.
(about one-third full). Tuo people are needed for this
task; one opens and cleses the valve uhile the other
watches the water level in the well.

c¢) Wells and Tygon water lines that are dry or that need

to have dirt flushed out of them require a slightly

different procedure: One person unscrews the Tygon water

l1ine from the well and the other turns on the valve and
uater flous through the tubing until all of the air has
been flushed out. The well is partially filled and
drained several times to remove dirt and uhile the uater
is running, and the Tygon line is reattached to the uwell.

The wetl valve is shut off when the water is at the

correct height. The tubing is squeezed several times to

force any remaining air out of the couplings.

Close the main valve at the drum. The vaive is open

side to side.

Take calibration readings:

The procedures described above may be done the day before the
calibration readings are taken. To prevent contamination, the air
line gquick-disconnects should not be left detached longer than one
night, depending on conditions in the tunnei. Ccalibration readings
arc taken with the well valves open. The air line is open to the
atmesphere in only one place.

a) theck the system and open the valves:

1) Check all wells for proper water level, leaks, uater in
the air line, etc. Repair as necessary.

2) Disconnect and drain the drum,

3) Open the uell valves ~ the handle is paratlel to the Tygon
water line. The uater level in the first few uells may
change drastically as the valves are opened. This is caused
by an adjustment of the copper water line due to temperature
changes since the time the wells were filled. For instance,
the copper tubing may be constricted, causing the water in
the first one or two wells to be nearly completely drained as
the pipe readjusts. Shut the valves off before the uells go
dry and open several more wells to relieve the negative

5
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pressure. The water level may oscillate for a period of
time, causing same uells to overfill. As more uells are
opened, the water level will stabilize at an average height.

4) After a'l well valves have been opened, reattach the quick-
disconnucts.
5) theck that the main air and water line valves are open side

to side. (If the wells in only half the ring are to be
i calibrated (in which case the valve in region 12B would be
! closed side to side), uell 201 in region t must be calibrated
with the wells in region 11 since the 128 valve separates it
from rest of region 1.} One air line valve is opened io the
outside and to both sides of the line. The vaive at region
12B is usually used for this purpose. The air line should be
sealed from the atmosphere in the rest of the liquid level
system.
b) Final preparations and calibration readings:
For each uell in the ring a reading is taken at
the same time as a master well reading is recorded. The entire
set of readings takes a continuous period of about 140 minutes.
1} The equipment required by each of the tuwo surveyors
consists of a watch with a seconds display, a flashlight, and
a notebook and pen. The liquid level log book, which the
master well reader will use, is laid out in table form with
the column headings TIME., MASTER MWELL READING, OTHER WELL
READING, and OTHER WELL NUMBER. The master uwell reader uses
the first tuo columns. The other surveyor may take a small
notebook in uwhich will be recorded the time of the reading,
the well number, and the reading.
2) The choice of master well is somewhat arbitrary.
One surveyor is stationed at this well during the entire
calibration period.
3) Both surveyors synchronize their watches to %5 seconds.
4) The master uell reader takes readings for a few minutes to
check the stability of the water level. To take a reading:
a) Raise the micrometer tip from the water,
! b) On the initial reading, try to shake off any condensed
water drops that might fall into the well during a
reading. 1f water dves drip, wait a minute for the uater
level to stahiiize before taking the first reading.
As the time approaches the minute mark, stouly lower the
micrometer until the tip just touches the water surface.
Depending on uhether the uater and micrometer tip are
contaminated with 0il or other substances, the water will
either suddenly form an upward concave meniscus on the
micrometer tip as soon as the tip touches, or the tip may
slightty indent the water surface. The upuward meniscus is
easily detected since it refracts the 1ight and images
transmitted through the water. If the tip indents the
uater, it is difficult to see the contact point, so use a
flashlight to iltuminate the water surface.

~
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d) If possible, back off the micrometer and take another
reading Wwithin a few seconds o7 the minute mark.
Check the readings for stability: they should not
change by more than %.0! to .02 mm. per minute. The
readings change due to several factors; the uwater
temperature fluctuates, small leaks occur in the system,
etc. Over the course of the calibration, the usual rate
of water level change is about .20 mm. per hour.
5) Take micrometer readings:
a) Every minute on the minute the master uell is read in
the manner described above. The time and micrometer
reading are writien in the log book.
b) At the same time, each of the other wells are read on
the ninute. The well number, time, and the reading are
recorded. Usually one well can be read each minute, but
it is not necessary to do so, especialiy in the
interaction region halls, uhere it is sometimes difficult
to gain access to the uwells. (Since the wells in the i.r.
hatis are unnumbered, they are labeled by combining the
region number with the side of the hall that they occupy
("A" or "B"}: for example, uells 4A and 48.)
¢) Usually, one surveyor takes the master well readings
until the other has made a complete circuit, returning to
the master well. 1If only a part of the ring is to be
calibrated, the master well is read until the other
surveyor has returned after finishing his readings. This
will result in a few extra master well readings that were
taken during the other surveyor’s walk back.

—~

e

d) After the well readings have been finished, copy the
readings from the other wells on to the appropriate minute
line in the log book, next to the master uell readings.

e) Leave the valves open until the neu liquid leve!

settings have been gcalculated (if a micrometer reading or
recording error is found in the data reduction, the wells
in question can quickly be reread).

talculate new liguid level settings:

a) Theory and data reduction:

Since the uwater in all of the uells stabilizes at the same
ellipsoidal elevation, the difference betueen the master 1ell
and other uwell readings, defined as delta = other wzll reading -
master uwell reading, is simply the difference in elevation of
the two well assemblies, not of the water level at each uell.
For instance, well 290 may have been installed 3.00 mm. lower
than master well 224, in which case, during calibration, if uwell
224 had read 190.35 mm., the reading at well 290 would be 13.35
(deita = 3.00 mm.). WHell 290 has a higher number even though
the well is louer because the micrometer must be extended out of
the well body farther to reach the same elevation as the
micrometer in well 224, (The micrometer reads 0.00 mm. when
contracted and 25.00 mm. when fully extended.) The absoiute
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reading of a micrometer is of no importance since it is simply a
function of hou much water has been added to the system; oniy
the difference, delta, has significance. For example, if more
water had been added to the wells, the master well may have read
12.01 mm, and well 290 15.01 mm., but the difference in
elevation, 3.60 mm., would be the same.

To simplify the following explanation, let us assume that
uell 224 is the absolute elevation standard, in other uords, ue:
have confidence that it has not changad in elevation since the
last calibration. 1Its previous setting, the “master setting”,
would then be the master elevation to which all of the wells in
the ring are to be set. Since the master well’s micrometer and
another well’s micrometer are at the same etevation uhen there
is the difference delta betueen their readings, if we change the
master uwell reading from the water level reading to the master
setting, and also adjust the other well micrometer reading so
that delta is the correct value, the tuo micrometer tooling
balls are at the same height - the master elevation.

Therefore, to calculate the other uwell’s setting where its
tooling ball is the desired height, simply add deita to the
master setting. Thus, the new setting = (master setting +
(other well reading - master well reading)). For example, if
uell 224’s master setting is 9.11 mm. and delta for uell 290 is
3.00 mm., shen the neuw setting for well 298 is 12.11 mm.

Hell readings in the stable tunneled portions of the ring
such as Region 9 are used to calculate the master elevation, the
unchanging reference elevation. For wells 275-285, the average
change in elevation from the last calibration is calculated, and
this average is added to the master well’s old setting (the
"master setting" of the previous paragraph) to obtain the true
master elevation. To find the average elevation change (wmith
respect to the master well 224):

1} Calculate the elevation changes of uells 275-285.
Elevation change = (new elevation setting - old elevation
setting), where the old elevation is the last calculated
setting found in the most recent computer printout under the
heading "NEW ELEVATION™.

The above formula expanded is elevation change (with
respect to the master uell) = {((other uell reading - master
uell reading) + master uell setting) - other well old
settingl. By definition, the master well’s elevation change
is 0. A positive change results from a neu setting that is
higher, which means, as we’ve seen before, that the well is
nou louwer, or has sunk with respect to the master well. A
negative change indicates that the well has risen. 0o not
calculate an eievation change for a well that has been moved.

2) compute the average change, disregarding any anomalous
values.
3) To obtain the neu master elevation, add the average eleva-

ation change to the old setting of the master well, This is
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the value used in calculating the new elevation settings and
elevation changes throughout the ring.

Use the liquid level calibration computer program to
calculate the new well settings and the elevation changes. The
new setting = [(other uwell reading - master well reading) +
master elevation (found above)]. The elevation change, as
before, is (new setting -~ old calculated setting (see the last
computer printout)). A positive change indicatss that the well
has sunk relative to the average elevation of the wells in
region 9. As noted before, an elevation change can net be
calculated for uwells that have been moved, 50 in those cases,
when computing the elevation changes, input 0.88 mm. as the oid
setting, which will result in an easily identifiable bogus
number. Graph the changes in elevation. Check that the charges
are of reasonable magnitude and consistent with the past
behavior of the ring in the various regions. A large abrupt
change in either direction is likely to be the result of a
calibration error (such as air in the wuater 1ine) or a
repositioning of the well since the last calibration (in which
case the elevation change can not be calculated). Recheck the
calibration of the anomalous well if no error is found in the
data reduction.

1f the entire PEP system is to be resurveyed, all of the
wel! micrometers are reset to the neu values determined above.
Write the new settings in the back of the liguid level Tog hook.
Cross out the cld numbers.

New settings for partial recalibration:

Since it may be neither practical nor desirable to realign
all of the elements in the ring during a shutdown, the only
wells that should be reset are in those sectors that require
resurveying, and the neu settings are not necessarily those
calculated above. It may be that the function of the machine
dictates that only the interaction regions be resurveyed, along
with a feu sectors in the arcs that have experienced targe
amounts of settling. The "kinks" in the elevation of the
elements in these regions are smoothed by adjusting the stands
so that the elevation differences betueen the neuly aligned
magnets and those that ueren’t resurveyed are minimized. To
calculate the new settings for such a procedure, refer to the
graph of the elevation changes constructed above. Orau a line
from one end of the kinked region to the other, connecting the
elevation change points of the wells in the areas not to be
realigned. Neu uwell settings uill be interpolated using this
line. Notice that the line may be a large fraction of a
millimeter above or helow the horizontal reference axis (uhich
represents the ideal elevation settings), and, in addition, the
new line may not be horizontal. The interpolated elevation line
merely smooths out the elevation differences in certain areas,
without regarding any particular value as absolute.

The amount that a well has settled is found by drawing a
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vertical line from the point representing the elevation change
of the well to the interpolated line censtructed above,
measuring the length of the line in millimeters (on the scale of
the graph), and adding this value to the old well setting if the
weli has sunk below the interpolated Yine, or subtracting this
value from the old setting if the w211 has risen above the line.
In other words, the new setting = old setting + amount the weill
nas sunk belcu the interpolated tine. For instance, if well
238, uhose old setting is 8.95 mm., has risen 0.42 mm. above an
interpolated iine that includes sectors 233-240, then the neu
setting is 8.95 - 0.42 = 8.53 mm.

The well szettings are unchanged in the cther areas of the
ring, including those in which only a few elements are to be
resurveyed. MWrite the changed settings in the back of the loag
book.

4) change the micrometer settings:

a) Set the micrometer of each uell to the desired value.

b) Lock the micrometer spindle lock and recheck the setting.

c) Place a Dymo label with the calibration number on well.

Shut doun the system:

a) Close the weli valves.

b) Make sure that all quick disconnects are attached.

c) Recover the uells.

d) Disconnect the drum at 12B if this hasn’t already been
done. Drain it and place it in the proton alcove uwith
the three other drums.

5
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Optical Toaling and Equipment
Optical instruments:

Precision optical level: The K and E Tilting Level establishes

a plane level to 1 second of arc te which elevation measurements
are taken. Displacements to thousandths of an inch can be
determined at distances up to 100 feet from the instrument, but
rarely do shots exceed 35-40 feet.

Jig transit: A K and E Jig Transit establishes a vertical plane
along a line betueen two monuments to which offset measurements are
taken. The transit’s resalving pouer is 4 seconds of arc.

Optical plummet: The Kern Precision Plummets are used to vertically
center laser targets over ring monuments when laser surveying. The
plummet consists of a rotating nadir telescope on uhich is mounted
a 1-second co.ncidence bubble level. Three screus control the
level of the plummet. ODuring surveying, a small misadjustment of
the bubble level vials is teolerable, but a discrepancy of more than
3 menisci-uidths should be corrected in the following manner:



_48_

a) Complete procedure 15] steps 1-4d in the section on laser
surveying techniques. The bubble level is centered in one
orientation but is 2~3 menisci (or more} out of coincidence rhen
rotated 180 degrees to its present position (the plummet thus is
not yet level).
b) Tighten the rotational locking screw.
c) With the adjusting pins in the plummet carrying cass,

slightly loosen the adjusting nuts on one side of the vial.

d) Adjust both nuts until the error is halved. The nuts should
be tight when this step is completed.

e) Center the tubble by adjusting the leveling screus uith
with which the plummet telescope is aligned.

) Loosen the rotational locking nut and rotate the plummet 130
degrees.

g) Repeat steps b-f until the error is reduced te less than one-

half meniscus.

8. Optical tooling scales:

Optical tooling scales are used when surveying elements in RIT and
SIT, and wigglers, low field bend magnets, and rf cavities in the ring.
The 10", 20", 30", 40", and 60" scales consist of standard Brunson
Uhitetace scales fitted to specially made extenders and tooling ball
adapters. For the proper offset and elevation values, add to the
transit reading 1" uhen using the 110%™, 20", and 40" scales, 10" with the
30" scale, and 21" when using the 60" scale.

The 115" scale consists of an engraved 60" “arrett steel scale
screwed on to a 55" extender rod and tooling bal: adapter. The fiducial
offsets of NIT and SIT magnets Q20, B10, Q21, and BH1 are read from this
scale. Add 55" to the transit reading to obtain the correct offset
measurement.

C. Optical tooling spheres:

The 3.5 inch diameter hardened steel optical tooling sphere is set
in an adapter mounted on the monument pin. A target mounted in a
centered hoie in the sphere provides a reference point for offset
measurements when surveying optically or with the laser. The target is
mounted so that the patterned face is in the medial plane of the sphere.
Thus, the position of the center of the pattern is independent of the
sphere’s orientation. To recenter the optical target in the sphere:

1) With a spanner wrench, remove the tuo threaded rings, the
collet, and target.

2) Clean and reinstall the collet.

3 Screw in the rear ring until it is finger tight.

i
|
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4) Place the sphere upside doun on the spezial target-centering
fixture.

€) Inszrt the target face doun into the sphere. The target
should rest en top of the fixture.

6) Tighten the rear ring against thz collet.

7) Remove the sphere from the fixture and tighten the rear ring
as much as possible.

8) Reinstall the front ring (which is not functional).

V. Laser Equipment

A Hamar todel 71t laser provides a reference beam (equivalent to an
optical line of sight) for elevation and offset measurements in the
ring. The laser equipment includes a laser unit, an optical transtater
which attaches in front of the laser aperture, photoelectric laser
targets, and associated electronics.

A. Laser unit:

The laser unit, uhich measures about 8 in. wide by 12 in. long by 9
in. high, contains a taser, power supply, expanding and sueep optics,
tuo coincidence spirit levels, and the necessary mechanical adjusiments.

The laser housing consists of a base with switchable permanent
magnet mounts, a frame which can be tilted with respect to the base by
coarse and fine adjustment screws, and a horizontally-sueeping turret
through which the beam exits, which is turned by hand for coarse
adjustments or by coarse and fine azimuth screus for finer adjustments.

The laser output pouer is less than one milliwatt. The beszm
horizontally exits the laser tube, is reflected 180 dagrees by a
dovetaileu prism, after shich it passes through a series of optical
expanding elements, and then a mirror reflects it vertically up into the
turret. Tuo socket-head screus accessed through holes in the side of
the taser housing adjust the orientation of the mirror to provide a bezam
perfectly colinear with the turret’s rotationa! axis. The vertical beam
either may exit through an aperture on top of the turret, an internal
photocell target may be rotated into its path to provide calibration
readings, or an internal pentaprism may be introduced to reflect the
beam horizontally through the turret’s front aperture. The diameter o7
the exit beam is approximately one centimeter.

The tuo coincidence spirit levels are used to level the laser to
fairly close tolerances, but because the level vials may not be exactiy
parallel to the plane of the turret axis, final laser laveling is
accomplished during the buckin procedure. To adjust the the vials with
reasonable accuracy, follow the steps belou (refer to the procedure for
offset buckin in the section on laser surveying for details):
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Set the laser on its stand and mount the optical translater on

the taser.

Calibrate the laser and roughly level it using the bubble

levels.

Place an optical tooling sphere target on a stand negar the

laser. Adjust the height of the target to closely center the

beam in the target.

Place a second stand and optical target 20 meters irom the near

target.

With an optical level, adjust the far target to the same

elevation as the near target (%.003 in.).

Replace both optical targets with laser targets and readouts.

Center the beam on the far target by tiltirng the laser frame

or by rotating the turret.

tenter the beam on the near target by transiation using the

slide or the optical translater.

Complete the buckin by repeating steps 7 and 8 until there is

no misalignment error. The laser turret is nouw level in the

direction of the beam line {(within the accuracy to which the

targets were optically set).

Center the longitudinal (beam direction) bubble by loosening

and retightening the sppropriate adjusting nuts. The laser bubble

is now level to uWithin the forementioned accuracy. The following

steps will improve the accuracy by adjusting the far target’s

elevation in accordance with the increasingly accurate laser

bubble.

Reverse the laser on the stand.

Level the laser using the coincidence levels.

Horizontally buck in the laser, starting with the far targets.

vertically center the laser on the near target uith

the optical transtater. The bubbles (especially the longitudinal

bubble) should still be centered. [f not, recenter them and repeat

the buckin.

If the far target registers less +aan 20.05 mm. (£.002 in.)

on the vertical scale of the readout, the target elevation and

bubble adjustment are good. Otheruise, do the foilowing:

a) Vertically adjust the far target stand to reduce the mis-
alignment by hal¥f,

b) Tilt the laser housing to vertically center the beam.

c) Recenter the longitudinal bubble using its adjustment nuts.

d) Repeat steps 11-15 as necessary.

Calibrate the second coincidence spirit level as above, The

laser stand must be turned 90 degrees.

The bubbles may go out of adjustment after they are

calibrated, but it is sufficient if they will help center the beam

to within *1 mm. on the far target.
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B. optical translater:

The optical beam transliater consists of a parallel ground circular
plate of glass mounted in a frame and gymbals which can rotate on the
tro axes pa2rpendicular to the bean. The two air-glass surfaces refract
the beam equally and in oppesite directions so that the beam is
displaced without iieing changed in ancle. The maximum possibie beam
translation in either direction is rather smail (less than 2 mm.), so
that during buckin, the major portion of the beam translation is done by
adjusting the slide and the stand’s fine elevation screu.

c. Laser target:

A Hamar 2-axis quadrani photocell target is mounted in a housing
machined to precisely fit in a 3.5 in. dizmeter optical tooling sphere,
SAM. ARM, and the liquid level rods. The target cell face is 1.000"
irom the rear edge of the sphere so that it is in the sphere’s center
plane, as would Le an optical target. Periodically, the centering of
the Hamar target cell should be checked and adjusted if necessary (also
refer to LBL Engineering Note M5581):

1} Sat the laser and optical plummet on the laser stand.
2) Set the sphere and target on the plurmet and connect the read-
out. The iarget should be correctly oriented “up".
3 Roughly center the beam in the target.
4) Precisely center the laser beam in the target:
a) Bring both scales of the readout to 0.00 mm. using the
optical translater.
b) Rotate the target 180 degrees.
¢c) Using the translater, halve the readings on both scales.
d) Rotate the target 180 degrees. The errors should be the same
(the signs are reversed). [f nct, halve the reading differences
and repeat steps b-d.
Check the readout values at 90 and 270 degrees. The hori-
zontal and vertical scale values will be interchanged. The
laser beam is now exactly centered in the target.
f) 1f the readout numbers (centering errors) are greater than

30.02 mm., adjust the target position as follous:

1) Remove the target from the sphare.

2) Remove four socket-head cap screws and the end cover from
the target mount. Note the relative position of the end
cover to the target mount - they must be reassembled in the
same way.

~
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Inside of the end cover are four machine screus uchich

secure the target photocell. Loosen thes screus just enough

to permit the repositioning of ihe photccell.

4) Remove the four outer set screws from the target barrel.

5) Keeping in mind the direction of the centering errors
found above, adjust the four inner set screus to recenter the
targat. Each set screw has a 32 threadss/inch lead, and «ill
move the target cell 0.031 in./revolution.

6) Reassemble the target.

7) Recheck the centering of the target as above.

$8) The calibration of the target is ccmpleted when the

centering errors are Yess than *0.02 mm.

3
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V1. Automatic Readout Instruments
A. Small Automat ¢ Micrometer (SAM) and ligquid level rods (Fig. 16):

The Small Automatic Micrometer (SAM) provides elevation
measurements in the PEP ring. A laser is bucked in to the elevation of
tun liguid level rods resting on uells on either end of the sector. SAM
is set on a ring magnet fixture ficucial ball and its target is raised
or lowered to center on the beam. The length to which SAM has been
extended is automatically input into the computer by pressing a button.

n Small Automatic Micrometer:

A Mitutoyo 50 mm. micrometer and a suiveling luser target
holder are mounted on the body of SAM. The tip of the micrometer
is embedded in an assembly which receives the ring magnet tooling
ball. As the micrometer drum is turned, SAM is raised or lowered
uith respect to the fiducial ball. At the same time, an electronic
signal is sent by the micrometer to a Mitutovo readout on the cart
which records the change in SAM’s length from a precalibrated
value. SAM is made plumb by means of a bubble level, and then
SAM’s target is vertically centered on the laser beam by nulling
the vertical scale on a Hamar readout which receives signals from
the photocell in the target. The laser turret is rotated to center
the beam horizontally in the target. When the target readout shous
0.00 mm. on both scales, and the bubble leval is centered, SANM is
correctliy oriented to measure the vertical offset, or elevation.
from the fiducial ball and the laser beam. SAM’‘s length, as
displayed on the Mitutoyo readout, is input into the computer by
pressing a button on SAM.

During the elevation measurement, SAM is held plumb by a
flexible indicator holder. One end of the holder is attached to a
ring magnet or a steel tripod plate by means of a switchable
permanent magnet, and the other end is screwed to a shaft on a
vertically-sliding steady-rest on SAM. This arrangement allous SAM
to move vertically without changing its plumb orientation.
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The calibration number for SAM shauld be checked periodically.
To do this, open SAM to its calibration length (see the section an
elevation measurements for details), and with optical toaling.,
measure the distance beturen the centers of the target holder and
the tooling ball. This is the new calibration number, and it
should correspond to the number on SAM’s engraved plate.

2) Liguid tevel rods:

Tuo liquid level rods provide an elevation reference for the
buckin of the laser. On the lower end of the rod, a press-fitied
carbide button rests on a liquid level well micrometer tooling
ball. ©n the upper end of the rod is a laser target holder. The
rod is made plunb uwhen the bubbie level is centered by adjusting
the rod’s flexible holder. SAM’s target is rotated to point at the
laser beam by revolving the entire rod in the suiveling steady-rest
to uhich the flexible holder is attached. The target holder should
not move relative to the rod; if it does, the mounting screw must
be tightened. The length of the liquid level rod, from the center
of the tooling ball to the center of the target, is a nominal
58,820 *.002 in. Periodically, this dimension should be bench-
checked with optical tooling.

B. Autumatic Readout Micrometer (ARM) and standard gage (Fig. 17):

The Automatic Readout Micrometer (ARM) measures the horizontal
offset between a ring magnet fiducial bal) and a reference laser beam
that is centered over tuo survey monuments. After ARM has been extended
to measure this distance, its length is automatically input into the
computer by pressing a button.

1 Operation:

ARM is first set to a pre-calibrated length on the standard
gage on the cart (see the section on laser surveying techniques for
the calibration procedure). Then, ARM‘s tooling hall socket is
fitted over a magnet fixture fiducial ball and ARM is rested on a
teveling stand. Turning the coarse or fine thumb wmheel extends a
telescoping tube into the aisle until the target intersects the
laser beam. As the tube extends, it draus an internal steel tape
over a rotary gage block-optical encoder assembly which sends
electronic signals to the KII1I readout on the cart corresponding to
the changes in the length of ARM. Using the laser target readout
scales as a guide, ARM is correctly positioned and the target is
centered on the beam. The button on ARM is pushed, inputting the
number an the KIII readout (ARM‘’s length) into the computer.

2) Components:

The major components of ARM are a tooling ball socket, an
encoder tape unit, a gear box, and a telescoping arm to which is
attached a laser target.

The hardened stainless steel tooling ball socket accepts a 1/2
in, diameter tooling ball. There are two versions ot the socket,
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one of uhich has an internal teflon o-ring uhich helps to prevent
the socket from accidentaly slipping off the fiducial bzall.

Because some force is required to slip the o-ring over the tooling
ball, it is easy to jar ARM enougin to cause it to lose calibration.
Therefore, the second type of tooling ball socket, without an o-
ring, is most often used.

The encoder tape unit houses the Aeresmith KIII measuring
system, a momentary push button switch, and a 10 pin connecticn for
a cable leading to the electronics on the cart. As the telescoping
tube is extended, it pulls a 100 in, long stainless steel tape from
a storage drum over an Invar rotary gage block, which drives the
shaft of an optical encader through a series at anti-backlash
gears. The encoder sends an electronic signal to the cart. A
necater spring assembiy supplies constant tension to the tapa
through tihe storage drum.

The gear box contains tuo thumb wheesis, two sets of gears, a
slip clutch, a planetary reducer, and an output shaft. The gears
and the planetary reducer produce a reduction ratio of 23:1 from
the fine wheel to the coarse wheel. The siip clutch, between the
tus thumb wheels, is adjusted so that the fine uheel drives the
coarse wheel, but will slip when the coarse wheel is turned. The
gear box turns a long smooth output shaft which drives a threadless
nut in the telescoping arm assembly.

The telesnoping arm assembly consists of a stationary outer
tube, a telescoping inner tube, a threadless nut, a 3 pin connector
for the laser target cable, -and a laser target holder., The
threadiess nut is a spring-loaded split housing on which roller
bearings are mounted at an angle. The housing fits around the gear
box output shaft, and is mounted insidz the hard anodized aluminum
inner tube. This tube rides along Rulon bearings inside of a
stationary outer tube, and is prevented from rotating inside of the
outer tube by an internal key. The threadless nut, since its
bousing is prevented from turning, will move along the rotating
gear box output shaft, moving the inner tube uith it. Also, the
threadless nut is designed to slip along the shaft if a pre-set
Toad linit is exceeded. This feature makes it possible to rapidly
change the length of ARM by pushing on the tube, withoui having to
turn the thumb wheels.

On the end of the telescoping arm is the target holder and a
removable laser target. The target is radially aligned by means of
spring-loaded ball plungers in the holder and detents in the
target.

Maintenance:

ARM is normally reliable in operation, and the internal
components need little specia)l attention. The laser target, of
course, must be centered as described previously. The cable
betucen ARM and the "blue box" on the cart may occaisionally
mal function, requiring replacement. Other maintenance and repair
procedures are described in LBL Engineering Note M5581.



4)

- 55 -

ARM standard gage:

The ARM standard gage is used to adjust ARM to a pre-
calibrated length just before offset measuremznts are taken. ARM’s
fiducial ball socket fits over a tooling ball on one end of the
gage and ARM is extended until an adapter ring in ARM’s target
holder fits over a second tooling ball on the other end of the
gage. The KIII readout is then set to the premeasured distance
betueen the tuo tooling balls.

The gage consists of twe 1/2 in, diameter tooling balls
mounted on end plates which are rigidly held together by tuo
thermally stable Invar rods. One end plate is attached to an
aluminum base and the other is free to move as the base expands and
contracts due to temperature changes. The distance between the
centers of the tooling balls is the calibration number of the gage,
and it should be periodically checked (to %.0% mm.) in the lab
using optical tooling.

Automatic Readout Tape Unit (ARTU) and extension tapes (Fig. 18):

bperation:

The Autematic Readout Tape Unit (ARTY) measures lengths (slant
distances) up to 285 ft. Its range can be extended by using a 25
ft., 50 ft., or 75 ft. Invar extension tape. ARTU contains an
Ideal-Aerosmith KIII Linear measurement system, which works as
follous: a stainless steel tape, when pulled from the ARTU body,
travels over a rotary gage block, uhich, by means of an encoder,
sends an electronic signal to a readout on the cart. The readout
displays the length of the extended tape in millimeters or inches.
The reference end points of the slant distance measurement are 1,2
in. diameter tooling balls mounted on magnet fixtures, or, as in
NIT, SIT, and the RF cavity regions, mounted directly on the
element. The ARTU body has a socket that accepts one of the
fiducial balls and the female tape end accepts either the other
fiducial ball or the male end of an extension tape. After ARTU has
been extended betueen the fiducial balls and oriented properly, a
button on ARTU is pressed which inputs the number on the KIII
readout into the computer. A negator spring assembly supplies
several pounds of constant tension to the tape through the tape
storage drum. The tension serves both to enable consistent slant
distance measurements by preventing undue tape sag and to retract
the tape after the reading has been taken. To prevent damage to
the ARTU components and to improve the accuracy of the readings,
the rate of the tape’s extension and retraction is moderated by an
adjustable rotary dashpot.
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ARTY calibration:

ARTU’s calibration number is the distance betucen the centers
of its two tooling ball sockets when the tape is fully retracted.
This number is preset on the readout before the tzpe is extended,
and upon retraction of the tape, the readout should cdisplay a
number close to it (the difference betueen the tuo numbers is a
measure of the inaccuracy of the reading caused by slippage of the
tape over the gage biock; for an acceptable reading, the error
shouid be less than .50 mm.). The calibration nuwber for each ARTU
is diiferent, and after many hundreds of measurements, it may
change stightly due to wear of the gage block. Occaisionally, ARTU
shculd be recalibrated on the SLAC Alignment 109 ft. tape bench
below the ltinac at sector 10. The calibration number is found by
extendiny the ARTU tape to a measured length, presetting the
readout to that distaznce, and retracting the tape. The number on
the readout is the ARTU calibration number. ARTU has previously
been calibrated twice: on August 21, 1978 (see Survey 0ata Log
Book I, page 10) and on Ottober 29, 1980 (see Survey Data Log Book
X, page 64). As the calibration proceeds as described below,
record the results in the Survey bata Leg Book.

a) Six tooling ball holes have been drilled in the 100 ft.
tape bench. The distances from five of the holes to the 0 ft.
hole were measured August 16, 1978, and are as follous:
35.997 in. (about 3 ft.)
248.083 in. ( " 20 ft.)
360.0083 in. ( ™ 30 ft.)
660.600 in. ¢ " 55 ft.)
960.0081 in. ¢ " 80 ft.)
ARTU uill be extended between the tooling ball at 0 ft. and ore
at one of the above distances.
b) Place a 1 in. long tooling ball at 0 ft. and one at 3 ft.
¢) Conrect ARTU to the readout and prepare to take readings.
tn the readout, dial in the calibrated distzrce of the 3 ft.
hole: 35.997 in. (the readout should be on the English units
scale).
d) Place ARTU on the tooling ball at 0 ft.
e) Extend the tape to the 3 ft. tooling ball. Make sure
that the readout numbers increase as the tape is extended (if
not, reverse the direction suitch on the readout).
#) Find the smaliest readout number by arcing ARTU.
g) Push the readout’s preset button. The display should read
35.997. .
Slouly retract the tape. The final readout value should be
approximately 4.530 in. Record the number.
Repeat steps e~h four more times. The numbers should be
be within 0.005 in. of the average value. If not, check the
setup for errors and take additional readings.
j) Average the five numbers.
k) Repeat the steps above with a tooling ball at 20 ft. and with
the readout preset to 240.003 in. The larger distance is a

h

~
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check for scaling error of the gage hlock. 1t the gage hlock is
very worn, it will no longer be accurate over all distances.
This uwould be reflected by diftferent values for the calibration
number when the tape is extended to varying lengths. The
original ARTU calibration detected a scaling error in each
instrument, but subsequent use of the ARTU has worn the gage
blocks so that the scaling error has been nearly eliminated.

1) Average the tuo mean values abtained sbove. This is the ARTU
calibration numbar (in inches). Write the number (in
millimeters) and the date on the ARTU identification plate.

ARTU extension tape calibration:

The calibration numbers of the 25 §t., 50 ft., and 75 it.
Invar extension tapes represent the length between the centers of
the male tape end tooling ball and the female tazpe end socket.
This distance may change over time due to the tape stretching or
being bent or kinked during use. The length is found by attaching
the tape to an ARTU that has been recent:y calibrated, presetting
the KII! readout to the ARTU calibration number, extending the
female tape end to the nearest tooiing ball on the 100 ft. tape
bench, and subtracting the readout number from the calibrated
tooling ball distance. Record the calibration procedure c¢:d
results in the Survey Data Log Book.

a) Set up ARTU and the KIII readout. O0ial in ARTU’s calibration
number in inches on the readout, which is set on the English
units scale.

b) Unroll the 25 ft. extension tape and attach the female tape
end to a tooling ball in the 30 ft. hole.
c) Extund ARTU’s tape end and attach it to the extensian tape.

Straighten out the tape as much as possible, but do not add
any extra tension to it as the calibration proceeds.

d) Arc ARTU to find the smallest readout number (it will be
about 60.125 in.). Record the number and slouly retract the
tape. Make sure ARTU recalibrates to within %.005 in.

e) Push the readout’s reset button and repeat the steps above
four more times.

f) Average the five readings and check for consistency
{£.005 in.).

g) Subtract the average value from the 30 ft. hole’s distance
(360.003 in.) to get the tape‘s calibration number in inches.

h} Update program MEASURE, Overlay 1, step 3270 with the neu
25 ft. extension tape calibration number in millimeters. Also
urite the number and date on the tape reel.

i) Repeat the calibration procedure with the 50 ft. and 75 ft.

extension tapes, using the appropriate tooling ball holes and
distance measurements (see the ARTU calibration procedure for
these values). Update program MEASURE, Overlay 1, steps 3290
and 3310 with the newx 50 ft. and 75 ft. tape calibration
numbers, respectively.
ARTU cleaning (see drawing AD-201-132-D1-R0-E for details):
Periodically ARTU should be cleaned, especially when the tape
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slips aver the rubber wheels upon retraction. This occurs uhen

dirt from the tape transfers to the rubber, building up a2 slick

surface on the wheel. The path of the tape as it enters the ARTY
body is as follows: tape cleaner hody (layers of neoprene and
felt), Ho. 3 steel wheel. No. 2 rubber uheel, No. 1 rubber dashpot
uheel, rotary gage block, and the tape storage drum.

a) Clean the steel tape by extending and retracting it through
an alcohol~soaked rag.

b) Remove the steel and aluminum side covers from ARTU.

c) Slightly extend the tape and insert a small allen wrench or
similar object through one of the holes in the tape storage drum
into a small hole in the mounting plate. Allou the tape to
retract. When the storage drum jams against the allen wrench,
the tape wil! become stack.

d) Prevent the tape from unwinding from the storage drum by
stretching a rubber band around the drum.

e) Remsose the No. 3 whe2] cover, the composition thrust washer,
a roller-bearing wheel., and another washer.

f) Remove the No. 2 wheel cover, the nylon thrust uwasher, a rubber
wheel, and another washer.

g) Remove the dashpot and a rubber o-ring. Do not remove the

rubber wheel from the dashpot.

h) Clean the rubber and steel wheels, the washers, the rotary
gage hlock, and the interior of ARTU with alcohol.

i) Lightly grease the roller bearings uith Lubriplate.

j) Replace the tape cleaner componants:

1) Remove the internal circlip with a special tool.

2) Replace the tuwo pieces of neoprene and six pieces nf felt.
The neoprene half-circles are inserted so that their notched
corners are both on one side of the tape cleaner body.
Replace the circlip with the open end opposite the notches
of the neoprene pieces.

k) Reassemble the ARTU components.
1) Remove the allen wrench and allow the tape to retract.
m) Replace ARTU’s side covers.

3

Magnet Roll Instruments
Injection magnet roll fixture:

Operation:

The injection roll fixture measures magnet roll normal to the
beam line in NIT and SIT. It is similar in design to a sine-bar,
and consists of a top plate hinged to a base, and a bubble level
and a digital readout micrometer mounted on the top plate. The
fixture is placed on the upper surface of a magnet perpendicular to
the beam line. By turning the micrometer, tha angle of the top i
plate with respect to the hase is changed and the bubble is i
centered. The number N (in inches} on the micrometer’s digital
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readout is typed into the computer, which converts the reading into
radians R for further use, using the formula R=(2-N)/10.
Compcnents:

The roll fixture base is made of teflon coated hard anodized
aluminum plate. Three spherical butitons are pressed into the
bottom of the base. A hardened tool steel pin acts as a hinge
between one end of the base and the top plate. A Mitutovo digital
readout micrometer is mounted on the other end of the top plate.
The center of the micrometer shaft is 10.050 in. “rom the center of
the hinge pin, measured along the top plate. The micrometer has a
2 in. reznge and is graduated in divisions of .001 in. on the
readout and .0002 in. on the vernier scale (uhich is not used).
The micraometer shaft’s ball end is free to slide along a plate in
the fixture base as the micrometer is turned. A 60 second tubular
bubble level is mounted in the center of the top plate.
Calibration:

I1f the roll fixture is placed on a level surface and the
bubble level is centered, the micrometer should read 2.00G0 in. on
both the digital readout and the vernier scale. 1If this is not the
case, the fixture should be recalibrated using the follouing
procedure:

a) Place lhe injection roll fixture on & level surface.

b) Turn the micrometer to center the bubble,

c) Set the digital readout to 0.000 in. by using a screudriver
to press the small black reset button.

d) Reverse the fixture. The bubble should still be centered.

e) Raise the micrometer until the digital readout is at 8.000 in.

f) Push the reset button to set the readout to 0.000 in.

g) Lower the micrometer and center the bubble. The readout
should be at 2.000 in.

h) set the micrometer drum’s vernier scale to exactly 2.000 in.
by holding the upper knurled edge of the drum while twisting
the drum skirt belon (it is a slip fit).

Talyvel (Fig, 2)

Operation:

The Rank Taylor Hobson Talyvel measures ring magnet roll
normal to the beam line. The Talyvel consists of a meter unit and
a level unit interconnected by a cable. The Talyvel is calibrated
prior to roll measurements (see the section on iaser surveying
techniques). Then, the level! unit is clamped into a ring magnet
fixture., The amount of roll is indicated by the meter or by the
the graduated leveling knobs in units of inches/inch (which zre
equivalent to radians for small angles).

Comporents:

a) Level unit: The Talyvel level unit contains in its housing
a pendulum - electrical sensing system subassembly. The angular
orientation of the subassembly with respect to the housing is
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adjusted by leveling knobs on top of the level unit. The damped
pendulum is suspended by five wires., It is resirainad from
moving freely if the level unit’s sidevays tilt sxceeds one
degree. The pendulum’s damping permits the meter pointer to
com2 to rest within one second but also allows readings cn the
most sensitive scale in the presence of slight vibration. A
transducirg coil on each sidz of the penduium comprise an
inductive bridge circuit that senses the attitude of the
pendulum and sends an electrical signal to the metasr unit. The
roli reading depends on tuo factars: the angle betuween the
pencdulum - bridye circuit subassembly and the housing, which is
given by the leveling knob scales, and the distance betueen ihe
pendulum and the sensing coils of the bridge circuit, which is
transformed into angular or gradient units and rezad off of the
meter.

The tuo micrometer-type leveling knobs are scaled with five
vertical graduations on the soindle and fifty iiorizcntal
graduations encirciing the barrel of the knab. Each spindle
divisian r:presents .010 radians of rall. The third graduation
is elongated and represents the center of travel of the knob and
arbitrarily is used as a zero reference. Each division on the
barrel represents .0002 radians; thus a full rotation of thke
barrel! through fifty graduaticns represents a change of .010
radians, and correspondingly, a single spindle graduation is
expased or covered up by the barrel. The leveling knobs have
three functions: 1) uhen screwed all the way doun, the knobs
force the pendulum against a resilient abutment to prevent
movement during transport; 2) uwhen unscreued to the fullest
extent, the pendulum is unrestrained and the pendulum - bridge
circuit subassembly is made perpendicular to the level unit
base, so that the Talyvel acts as an absolute level; and 3) when
the two knobs are set to intermediate positions, the subassembly
is tilted by the difference in the amounts indicated on the
scales of the knobs. By using this last mode of operation,
rolls can be neasured which exceed the range of the meter
(+.0025 radians), up to a maximum aof *.040 radians (a little
over 2 degrees). The level unit normally is operated either
with both knobs set to the z2ro mark, in which case the reading
is displayed on the meter, or, when the Talyvel meter range is
exceeded, with one knab set to zero and the other adjustad to
null the meter, in uhich case the reading is taken off of the
non-zero knob.

Meter unit: The meter unit carries four controls on the top,
three push button switches behind the rear cover, a meter
movement, and a battery operated transistorized amplifier. 1t
also contains storage space for the level unit and cable.

The balance control screu, underneath a dummy knob, adjusts
the electrical balance of both the inductive and resistive
eltements of the bridge circuit. The zero adjuster knob adjusts
the meter 2ero. The approximate position of the knob is marked,
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but its exact position may be slightly to one side of the mark.
The range suitch has four settings: OFF, 8 min., 100 sec., and
50 sec. Roll readings are taken using the 8 min. range. The
meter, when in the 100 sec. range, is about five times as
sznsitive as in the 8 min. rangs. This scale is used only
during Talyvel calibration. The 50 sec. range, uhich is ten
times as sensitive as the 8 min. range, is not used. The gain
cantrol, below a dummy knob, adjusts the meter reading to
correspond with the movement of a leveling knob. The meter zero
and balance suwitches behind the rear cover are used in
canjunction with the control knobs to check and adjust the
Talyvel.. The battery volts suitch is pressed to check the
battery power. 1f, when the suitch is pressed, the meter
pointer travels only as far as the left margin of the red square
on the meter face, the batteries should be replaced. The tuo
Mallory batteries (type SKB-830) provide a nominal 6.7 volts
uhen new, but the Talyvel uill operate rith the voltage doun ta
4.3 volis. To remove the batteries., open the back cover of the
meter unit, remove the level unit, loosen two screws and remove
the battery clamping plate, and detach the snap connectors from
the batteries.

The Talyvel level unit is normally mounted on the magnet
fixture with its cord towards the aisle. [n this position, when
the pointer is centered on the meter face, the roll is 0 (the
magnet is level). 1If the pointer is to the right of center, the
rotl is positive (the magnet is tilted away from the aisle), and
if the pointer is to the left of zero, the roll is negative (the
magnet is tilted towards the aisle). Measurements in each of
the three neter ranges (8 min., 100 sec., 50 sec.) can be read
in angles (minutes or seconds) and in gradients (inches/inch and
millimeters/meter). 0Of these nine types of readings, eight are
read off of the upper graduated arc on the meter face, with only
angular measurements in the 8 min. range being read off of the
louwer arc. The advantage of having only two arcs is the
simplicity of taking readings and converting from seconds of arc
to gradients, but the follouing compromise has been made that
slightly reduces the accuracy of the measurement. The
applicable thearetical relatianship of gradients to angles (to
three significant digits) is .000485 in.s/in. = 100 sec. This
has been approximated on the meter scale by .0005 in.sin. = 100
sec. In this way, the seconds scale shares the same graduations
with the gradients scales of in.s/in. and mn./M. This compromise
introduces a 3% error when comparing the gradient to the angular
scale. However, since the calibration and use of the Talyvel
involves only the gradient scales, this error is not imporiant.

3} Check the absolute roll reading accuracy of Talyvel:
Talyvel’s absolute accuracy is not nermally checked during its
calibration. The following accuracy check may be done
periodically:
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Set the bend magnet fixture calibration knece on a level
granite slab.

Place a recently calibrated bend magnet fixture on the knee,
with the micrometer set to 00.00 mm,

talibrate Talyvel (see the section on laser surveying
techniques).

Measure the rol! of the fixture - it should be 0.

Remove the level unit and the bend fixture from the knee.
Change the fixture micrometer 5 mm. to 95.00 mm. and lock the
spindle. Replace the fixture on the knee.

Measure the fixture roll (r) using the leveling knobs to null
the meter. Either the 8 min. or 100 sec. scale may be used.
The distance from the center of the micrometer spindle to the
center of the upper tooling ball is 270 mm., and the fixture’s
dispiacement from vertical at the micrometer is 5 mm.
Therefore, the correct reading of the non~zero leveling knob can
be found by applying the formula sin(r)=r=5/270=.0185 radians.
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Fig. ). Measuring bend magnet roll}: Talyvel mounted on bend
magnet fixture.
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Fig. 2. Talyvel and Quadrupole roll fixture.



- 66 -

ALYVEL

Fig. 3. Talvvel and Sextupole roll fixture.
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Fig. 4.

Measuring bend magnet elevation:
(SAM) on bend magnet fixture.

Small Automatic

Migrometer



- 68 -

Fig. 5. Measuring bend magnet elevation: SAM, readouts, and computer.



Fig. 6.

- B9 -

Laser stand prepared for offset measurement buckin:
laser, optical plummet, Iaser target.



Fig.

7.

Leveling and centering optical plummet over monument target.




Fig.

8.

,,qé!” \ \%

Measuring sextupole offset: Automatic Readout Micrometer
(ARM) resting or sextupole fixture and tripod.
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Measuring slant distance between quadrupole and sextupole:
Automatic Readout Tape Unit (ARTU) mounted on quadrupole
and sextupole fixtures.
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Electric cart,

trailer.

laser stands.
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Fig. 11. Bend magnet fixture.
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fFig. 12. Quadrupole magnet fixture.



Fig.

3.

Sextupole magnet fixture.




Fig.
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Monument compenents, optical tooling sphere.
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Liquid Level Well and stand.

15.

Fig.
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Small Automatic Micrometer (SAM).

16.

Fig.
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Fig. 17. Automatic Readout Micrometer (ARM).



Fig.

18.
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Automatic Readout Tape

Urit (ARTUD.



