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Information on the Tower Shielding Reactor LI is contained 'in the

TSR-IT Design and Upcrqpio% Report and in the T?wer‘Shieiﬁing’FaCjiitx
j ¥

1 oo v \ i3 . o
Manual. ' ~ u . | g
+ The TSR-T1 bDesign and ppcration Report consists of three volumes:
FEES] ' u B f “

ORNL¢TM42893, Volumell; “Descriptién 6f the Tower Shielding

L v Reactor 11 anh Facility," by"L. p." -
| ". tlolland L

- - OﬁNLaTM-ZBQB,uvakume)Z, Vééfety Analysié of‘Fhe Towet”Shie%ding
’ ¢ Reactor 11," by L. B. Holland and J. O.

. W Kolb. - o v

¢ 6RNL#TM*2893, Volume 3, ”Aésembly and Testing of/the fowgr“” ﬁ
- . Shiel%idg Reactor II Cogtfol Mgéhaﬂiéﬁ

Aséembly,” by D. R, Ward and L. B.' .
Holland. ) '

s

The material presented in Vplume*B was originally written in 1967

tdrgz;be as «an informal guide for use in assembling and testing future
céntrol mechanism assemblies. The subsequent ORNL Quality Assurance v
(QA) Program will automdtically take care of many of the inspections
‘described here; however; Volume 3 also contains considerable material
outside the scope of the routine‘QA procedures which should be helpful,

f.o1

in the fabrication of future control'mechanism assemblies.
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TOWER SHIELDING'REACTOR 1T DESIGN AND OPERATION REPORT:
VOL. 3 ASSEMBLING AND TESTING OF'THE CONTROL MECHANISM ASSEMBLY

I . " W -
gy

) U 1. INTRODUCTION
" t ' i3

t The mechanisms that are«operated to control the reactivity.of the

.

Tower Shneldlng Reactor IT (TSR-T1I), Fig. 1, are mou%ted on a Controlu
Mechanism Housrng (CMH),eTlg W2y Lhat’is centered inside the reéctorﬁ
core. The operatlon of a control mechanlsm is descrlbed in section

3.6 of Vol 1 of this report. After a CMH is placed 1n service many =
parts”of it become very radloactlve so that, even if a CMH were acces-

sible, it is not practlcal to adjust, malntaln; or repair any part”of

e Whenever ‘a component of a CMH has not functioned correctly the CMH*®

has :been repléced. There LS, therefore, a great incentive to make each
.6 e -
CMH as reliable and durable as p0531ble.

12
“ ! ‘ -

The 1nformat10n requiréd to procure, fabricate,‘inspcct, and asseri-

ble a CMH is contalned in the ORNL engineering drawings llsted in Lhe

LYl

approprlate sections. The components are fabricated and inspected from

0y .
5

these drawings in accordance with a Qualrty Assurance Plan and a danu—
facturlng Plan The. materlal in this report describes the acceptance
g "b"w

and performance tests of CMH subassemblles used. by the Tower Shielding:

Fac111ty (TST) stait but it can also be used by personnel fabricating

) the components. This information which wag ‘developed and used before

the advent of the formallzed QA Program and ManuFacturlng Pians evolved

durlng the fabrlcatlop dnd testing of the “first flve CMHs. Some of the

3
‘1nformat10n dupllcates that covered in the shop draw1ngs, but it is re-

peated here because it relates to speclflc problems encountered during

the fabrication of previous CMHs. The numerous jigs and fixtures that

{e

have been‘developed specifically for use i fabricating and checking

v The 1nformat10n concerning each CMH is tabulated in a separate bound log

A

. various parts and subassemblies are stored at the Tower Shielding Tac111ty.

book Informatlon recorded 1nc1udes deviations, nonconformances, all test

results, photograpbs, discussions, and any information:that may be useful

#in evaluating the performance of the CMH.
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2, CONTROL MECHANISM COMPONENT CHECKS AND ASSEMBLY SPECIFICATIONS
\ . !

\ . : .
The contrnl mechanisms, Figs. 3 and 4, are fabricated in accordance
.

with ORNL Dwgs. M-20858-EM-002-D through -006-D. The procurement and *

“

fabrication have been performed by the ORNL Research Shops. Each mech-
anism is a custom-fitted assembly and all parts are"labeled to ensure

© "

that parts from different mechanisms are not interchanged. The inspeﬁ—‘

tions and certifications specified in the Manyfacturing Plan and in"the
s

Quallty Assurance requlrements result in completed components that are
X))
ready for acceptance testlng with little or no modlflcatjonsuk‘ " “

8] it
L b <)
0 -+ fat

The cerglflcatlon and 1nspect10n reporté are reviewed by TSTF person-
nel to ensure that they meet the specifications noted in the following

sections.. Then the mechanisms are partially disassembled, examined, «
#

Jdubricated as 1nd1cated and reassembled. When the work in this section

is completed the mechanisms are ready for testlng as described in sub-
Q

sequent sections, y = "
0 ] . ¥ o — [ o
’ 5
2.1 Piston’ Rings ' - ,

§ £

. » !
N The piston ringsused in CMH 2 through 6 were purchased on

o spec1al order from Pretlslon Plston Rings, Inc., Indianapolis,
Indlana. Several dozen rings are still in’ stock at the TSF for .

use in future control mechanism housings. 0 . N
il ”
=1 M
- [

o 2.1.1 Burrs - The piston rings are chromlum plated by the suppller,
. and a trace of chromium buildup is sometlmes noted at the
- ! 2 '
- RORS o . « . a
90 ™ corners of the rings., The excess is removed by careful

polishing with f1ne emery paper (400 to 600 grlt) C o
9 . o

]

2.1.2 Elﬁ&h - A micrometer’ splndle is 1ocked 0.093 in. from its ®
?anvll and the gap is used as a gage throughuwhlch each rlng
(“muét pass§. Speclal attentlon 1s given to the notched over-
lap sectlon of, the rlng Exce551ve width at this Jolnt
likely is ‘the result of chr&mium buildup in the notch and “
thlS is removed by careful honing with a fine-grit stone

having a corner angle of 1essfthan 90°
: "

m 2 :
‘ & 2.1 :

£

a

7
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2.2

2.1.7

Piston

2.2.1

2.4
Radial Thickness = The rings 'as, purchased arce about 0.065 1n,
thick radially. A weaker ring is desired, so the rings are
held in a special 1 and bored in the shop Lo leave a radial
thicknests of 0.01% in. This machining leaves a burr which

must be removed (sce ahbove)!

Diameter = Go, no-go gages arce used to check the diameter of ©
cacl ring. Fach ring must pass through a 1.757-in.-diam gago
to assurce frs fitfincto the 1.760 in. cylinder bore. To date
all rings have passed the 1.757 in. gage and have not passced

1 . . 4
the 1.754-in.~diam gage.
fa ‘

Roundness - Fach ring is chrefully fitted into the L.760-in.-

G
diam gage, then inspected for the leakage of Tight between

the ring and Lhe ;ngé. (Alternate ingpection method - A (.
narrow feeler gagetol 0.001 in., foil or plastic Film iswuécq
to probe for gaps between ring and gage.) The roundness of
rings has frequently been improved by judicious bending of
the ring by hand or, if the defect is ncar the end of the
ring, by very carceful bending with tools. A 0.001 in. gap
in ring fit looms large when comparcd with the 0.0006 in.

to 0.0008 in. final clearance in knife cdges between piston

and spool picce:

/s
Cencral - The piston assembly consists of the piston body

and two bronze bearings. The inspection reports are checked
to ensure that the dimensions arc within tolerance and checks
are made to ensure that other conditions are met. The dimen-

sions that are checked include: Maximum OD, OD of stem, ID

- of bearings, ID of knife edges, distance between knife edges,

and width of knife edges. Sensitive diameter measurements
must be accurate to 0.0001 in. as measured with a micrometer
and telescbping transfer gages and they must be free of taper
and out-of-roundness. The contact surfaces must be smooth,
but minor pitting may be acceptable. Peaks, such as those

formed by the additicn of gall metal, are not acceptable,



2.3

2,2.2

2.:2.3

2.2.4

2.2.5

2,.2.6

2.2.7

s
.
[

Piston Ring Grooves - The proove faces are checked toqensure
that they are smooth and truc enough to allow the rings to
form an effeetive seal.,  The rings are installed and checked
to ensure that they tarn frecly and they can be ecasily de-
pressed below the ceylindrical sarface of the piston. The
overlap joint of ecach ring is examined to ensure that it

fits correctly in its groove,

.EiﬁEQH"fﬁﬂﬂﬂ ~ The stem is checked to ensurce that it is smooth
and of uniform diameter so that it will ‘seal reliably ngnin?t
;
the bhronze F]ontkgg seal without scratching it. The threaded
end face of therpiston stem is checked to ensure that it is
flat and true so that it can scrve as a reliable stop when

the control plate adapter is screwed onto it.

e

Threads (Matching thodé on control plate adapter) - The threads
i b

,
¢

are inspected to ensure“that they are correctly made and free
o
of chips and burrs. Any such material is removed and the

threads are dressed.

Bearings - The bronze bearings are checked for smoothness and
for tightness of staking. Stake material has been found ex-

tending inward so far that it rubbed the shaft, in»which case
K 2
it was shaved back with a special tool.

Multiple Water lloles -~ Burrs are formed on the inside of -the

piston when these radial holes are drilled. DBurrs are re-
moved with gentle scraping, using care not to damage the

nearby knife-edge surfaces.

Knife Edges - The knife edges are inspected f[or smoothness
and their diameter measurements are checked versus allowable

tolerances.

Spool Piece

§o
The spool piece assembly consists of the spool body, two

notched pins, two dog-pointed setscrews, and two flat or cup-pointed

setscrews,
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e
2.4

if

H ¢

‘
.

2.3.1 Dimensions that are echecked - 0D of knife edges, distance ’
between knife edges, width of kniﬁ%cdge faces, and ID of Vi
bore, ‘ g
2 . o
2.3.2  pore - The bore is checked to ensure that it is smooth and
that there are no burrs where the two radial anchor pin i

it
holes enter the bore.

@

2,73 Multiple Warer Holes - Burrs have been found in these holes

in the past. Any ‘burrs or loose shreds of metal are removed.

2.3.4  Anchor Ping, Setscrews and lioles - The dog points of the set-

serews arce placed in the notches of the anchor pins to demon-

strate that the deg pointﬁ enter the notches freely. The

dbg—pointed sélscrcws are screwed all the way into the“spool
o picce to demonstrate that each dog point enters its anchgr
pin notch far ecnough to‘hold the pin, -and that no hurrs are
pushed into the holes. Then the pins are placed in the spool

f L
piece and the dog screws installed properly. The anchor pins
are observed to extend a small distaQFe into the central bore

of the spool picce.

4
2.3.5 Knife Edges - Knife edges are inspected for smoothness and the
measurcments of their diameters are chcckedFvegsus allBwable
/B
tolerances and the measurements of the matching knife edges

e
on the piston.

Control Plate Adapter

P
£
2.4.1 Threads - The threads are inspected for feathered créits 4

L
which might become broken off or folded over. The surface
to be contacted by the end of the piston stem is checked to !
ensure that it is smooth and clean so it will act as a def-

inite stop. ?

2.4.2 Fit to Piston - The shim-safety control plate adapter is
screved onto the piston and checked to ensure that it comes

to a definite stop without jamming. 2
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2.5 Cylinder Assembly o

e

v . ' f
) The cvlinder assembly consists of the cylinder body, port
7

adapter, floating seal bushing, seal retaining ring and threce screws.
{- N M
"2.5.1 Cvlinder Bodv - The bore is inspected for smoothness and for
prtAncer book 5
freedom from taper and out~of=-roundness. The water centrance
. a
o ptisage is demonstrated tp be unobstructed and free of chips

and oil. The recess which receives tle floating seal is
. - ' ' . . i
v, inspected for smoothness to ensure that it willibe dan effect-

ire part of the water scal. %

.5.2 « Port Adapter - Thé port adapter is fastened to the cyl%ndcx(

oo

with a light press f?t, with the pibtruding part rounded and

highly polished so it may be pushe3\into the gear block and
withdrawn many times, later without dnmngin% the hole in the

o - aluminum block, Tt may be nééessary~to chamfer a corner of

Gooee s 4.
the port agapter if it overlaps the cylinder bore and pre-
P % . i

Py .
fe " vents free withdrawal of the piston rings.

2 i 3

2.5.3 ~ Floating Seal - Poth® seal faces are checked to ensure that’ .

N N they nrevsmooth and free of burrs. When the seal bushing is
inst@}IEd and all three screws are tightened on the retaining o
ring, the seal bushing is checked to ensure that it can move E?
freely to be able to Align itself with the piston stem.
. The heads of the three screws are checked to ensure that
they are £lush wi%hhog&recessed slightly below theﬁsurface
Ses :

of the retaining ring.

2.6 Guide Stem Assembly

¢

The gulde stem“assembly consists of the guide stem body, lead

N . i, . o)
screw, lead screw bearings, and traveling nut,

. - v

2.6.1 Body - The guide stem body is fitted to the cylinder to check

. 7=

S . . L

rhe=closeness of fit. The stem is checked to ensure that it
. b . .

N is smooth, free of burrs, and without taper. The fit of.the

piston assembly over the guide stem is c%ﬁgked to ensure that

it is close but free.

3

i



2.0.2 Lead Serew - The lead scerew is checked to ensure that it is
1"

Htx'{li;ght, smooth, and {ree of hurrs.

2.6.3 Lead Scerew Bearings - These bearings are prossed into the guide

stem assembly, and they are checked to ensure that they fit

with no radial motion when anchored in place. y

2.0.4 Traveling Hut - This bronze nut is custom fitted to the lead

serew.  The nut is driven along the whole length of its slot
and If the nut wobbles up and down in the slot as the hori-
‘ zontal lead serew is rotated, it indicates the lead screw is

hent. A bent lead screw fgstraightened or replaced.

i

'

.7 Asscmbling of Mechanisms “
TN
L s
2.7.1 Spoal Piece to Guide Stem Assembly - The spool piece is 1l8osely

supported by the guide stem, and its locnt&on is accurately
indexed in relntioﬁ to the piston by their close Jitting knife
edges.  Thus the spool picce must.be free to conform to the
radial position demanded by the piston knife edges. The anti-
wotation wings of the traveling nut are checked to enéure

that they arc, recessed below the surface of 2the guide stem

to ensure noncontact hetieen the nut and the spool piece.

n

The two blind heles in the nut engaged by the pins which
transmit axial motion from the traveling nut to the spool
picce are match diilled. Care is taken to reassemble with
the spool pilece correctly rotated and not 180° with respect
to the traveling put. . When the déiyg pins are dropped into
" the holes of the spoo{ piece and on inte the blind holes in
the nut, the pins must share the load equally. The pin; are
withdrawn a few thousandths of an inch to permit the dog-
pointed- setscrews to enter the notches in the pins. The dog-
poinfedvsetscrews, in turn, are backed off a few thousandths
of an inch before the second setscrews are loéked tightly
apainst the dog-pointed setscrews. When this assembly*is

completed, the spool piece is checked to ensure that it floats

aw; freely on the guide stem, ready to conform to the location

w

©

1



2.7.3

2.7.4

demanded by the 0.0006 {n. to 0.0008 in. radial clearance

between the speol and piston knife edges. The drive pins

i
are checked to ensure that they can be moved but a very
small distunte both axially and rotationally, after the
't
other setscrews have been locked permanently in place.

Control Plate Adapter - A apec al ddaptex is required to con-

“

nect agshim-safetd pIdLL to the piston stem. When the adapter
N 7

is threaded onto the piston stem it comes to an abrupt stop

cat theand of itsstravel.v A blind hole in the piston stem

" is match drilled through a radial hole in the sleeve portion

of the adapter to receive a locking pin which eventually will

be staked in place. The control plate adapter must be removed

‘and reassembled to the piston stem several times during the

testing and final assembling prdcedure. Care must be taken
@ .
not to progressively ovet” tighten the control plate adaptenﬂ

g
gcach time it is reassembled to the piston stem, as this w11]
[§]

eventually cause mlsalignmcnt of the match-drilled holes.

N3

Side Load Test - In the CVHH four’ of the mechanisms \111 oper—

ate with Lhelr "axes horiz onLdl and the Wweight of the control
Y, \’

shim plate will place ‘a side load o the guide stem (radial

to the stem axis). The assembled mechanism (without the scra
spring) is LesLed with a 5-1b side load to see if the floatlng
seal reallgns and Lhe piston moves freely under these condl—

i

tions. o

Installing Scram Spring - This heavy spring may be daﬁgerous

if it is handled carelessly. (For spring specifications see
L4
Chapter 3.) It is assembled to the control mechanism by two

men as follows:

1. Traveling nut of mechanism is moved to scrammed position
(spool driven away from the miter gear). “
“ . :
2. Mechaniism is mounted securely on mechanism test stand.

v o i}
3. Scram sprifnig is placed over cylinder of mechanism.

N

-
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2.10 N

L

&
Lengehs of O.Iég-in.—dium nylon cord are tied 180° apart

one coil back from the adapter-plate end of the spring.
Thee spring is compresscd by pulling the cord loop azially

toward the mounting platec.

1e
.

While the spring is compresscd the, adapter plate is in-

stalled on the piston stem.’ 1t 1s sometimes necessary

to hold the stem with a fuse puller.

.
o

Spring is rcleased and made to n%st in space provided

7

Lock-pin hole is inspected for alignment“and . adapter is
/,ﬁ I

on control plate adapter.

shifted rotationally if necessary. Pin is installed but

is not staked until the final assembly.

e

Vi
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[ 3. SERAM SPRINGS y

" it )

g it s
Expericnce has shown that springs supplied by commercial spring manu-

facturers ar

Procurement

rather than

1t

PR
¢ the ones most likely to m#ut the required specifications.
a

of the springs has,otherefore, been hnndledﬁns a separate item
3

o . ¥
as another part of Lhe control mechanisms. ﬁFor these reasons

H

the requirements and tests’ for sclecting springs to be utsed for the con-

v
g

trol mechanisms are given in this chapter rather than as another item in

Chapter 2.

2, 3, 4, and

anism Assembly. ) e

Additio

1.

2.

4

.
3.

4,

Ly, e

6.

Force-v

The requirements for the controi mechianism scram spring, Figs.
,vl ’ i

i

(r . . s g e = .t
5, arce given in ORNL Drawing M-20858-1M-003D% Control Mech-
1 W '
1. . 0 N
nal requirements which the springs must satisfy:
u R

o) N
Ends of cach spring must be squared and ground so that

i

the spring will stand erect, unsupported.

Onéend of the spring must it into the recess provided
for it on the control platEymount (item 4, Dwg. M-20858-

EM-003-D) of the mechanism assembly.

Inside diameter of the spring must allow the spring to

pass freely over the cylinder of the mechanism.

. Qutside of the spring must fit freely intorthe cutout

provided for it in the innmer ball (item 15, Dwg. M-20858-" -,

¥
EM-013-D):
Each spring must register 70 + 5 1b when compressed to- o
6 in. and 90 + 5 1b when compressed to 4 in. v |
& >

No spring will be compressed to shorter than 4 in.

during testing to avoid giving it a permanent set.
o
s-length measurements are made at the TSF for each spring,

using a Baldwin load "cell to convert the load force into an electrical

- signal which is fed into a récorder, Fig. 5. Results(are plotted and

compared with similar curves of previous springs. “

3.1 ‘o
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4. MECHANTSM BENCH TESTS

It hias been found advisablé to bench Lv t each of the tive shim- 2

safetvy plate control mechanisms individually hefore installing them as

a

4

o

zroup in" the final CMII asscembly.

L1

i

&

£ oo

Description of Test Setup "

i
The Lest setup, Fig. 6, duplicates, as nearly as possible, a

water flow path through o mechanism on the reactor.  The normal
building water supply is used in a single-pass manner, and a pump

is available to raisce the water pressure above the 70 to 80 psi
normally available if more pressure is desired. Water flows through
a flow meter, through the scram volve (a sparce gcram solenoid that

fr -

can be used on the reactor), through 8 ft of copper tubing represent-
ing the passage down through the stem &F the CMH, into the mechanism
and out into a drain. Control valves and pressure gages are stra-

tegically located. y

The mechanism being tested «is mounted horizontally to a brass o
. . . o . ,
block whijch simulates the aluminum block surrounding the miter gears

in the center of'Lhe CMH. An extension shaft attached to the mech- -

"

anism permits rotation of .the mechanism lead screw manually or, as o -

may be seen in Fi%. 6,(%§(;;ZF§*UE an electric motor for repeated

cycling tests such as for endurance runs. A refinement not shown

in Fig. 6 was thehaddition of a spring to provide 10 1lbs of lift on

the scram valve shaft to simulate the effect of reactor core pressure
|

fam valve through the hateribypass line.

2

transmitted back to thq~sc

T

= The scrdm valve is powered by an ORNL magnet ampl&fler as shown

in block diagram, Fig. 74 Pressing the scram Button on the magnet
&

control box reduces magnet current, LhercbyxinlrléLlngfthe scram and

g . Y
simultaneously starting the timed sweep, of the osc1lloscope. The
mechanism scram mot]on operates the 511de of a 11near tranSducer

&

which alters the paLtern produced by the wave generator and which

.is displayed on the osc1lloscope. Thus the release,”travcl and
P

o%k total scram times can be displayed and photographed for the mech-

¢

b
% 2%.gnism under various test condLLons of flow and pressgre. Appendlx D
v . ! o

af? :‘1{:“ , : o

1

g ° ’ .

[
oL« o “ . : o

oo

o
i
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'I' U4

piver information ':f}lf(h w1V be helpfal o netting up and operating

I

the seram Lw't//')m:t rument o, “ t

Test Procedure

Flows, pregoures and goeram Cimes are measured with the mechanisns
just picked up and withdrawn by 5, 10, 19, and 25 turns of the lead
seroew,  Typieal aceeptable valowes for cach mechanism at the time of

v

1+ .
beneh teating are:
?') A

jfl)ifi'(,-ru.m;(: in knife-cdpe dinvaurn“ N0.0011 in. to 0.0014 in.
dinimom water flow at pick ﬁﬁ 0.7 to 1.1 up;} o
Water pressure at minimam {flow N3 to HO paig ' "
B L
«  Mechanism release time ‘ 30 to 50 msec )
Mechanism’travel time 20 to 40 msec
» , :
Total sceram time 50 to 90 msec

Lt should be noted that ihc rcléhsc, travel, and scram times are
shorter for the beneh tests than for the on-CMH final tests. This is”“
because the inertial an@ hydrnulid damping forces due to the BAC-
filled shim-saflcty plates are absent during thg(Pcnch@tcsting of the
mechanisms. On the bcnch.u rubber cushion is ﬁsed to absorb the

. = . » .
shock as the mechanism reaches the scrammed-out end of its travel.
¢ “ o

' “
1t ds important that the magnet amplificr supplies the proper
g i
current to the scram valve and that the scram,valve is correctly
adjusted mechanically, as these factors will influence the per-

formance of the mechanism being tested. °

The objective of the bench tests is to demonstrate that these
mechanisms have characteristics similar to those of earlier mechan-
isms which have operated satisfactorily in the reactor. The set of

five mechanisms should be reasonably uniform in their performance.

=3

ez
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. CONTROL ME#HANI%E HOPSTNG (CMH) AND SUPPORT TURE SUBASSEMBLY
! 0

The OB and support tube subassembly, il 8, is complex and of ters
many opportunities for crror, both in fabrication and assembly.  Efforts
have been made to improve the drawings with regards, Lo accuracy and claricy
but there are many places where extreme care must be used Lo interpret
hidden lines and prnjuv&od views correctly while fabricating the parts,
Also, there are many places where the order of assembly is very import-
ant.

f
5.1 CHMH Structure

7 The engincering details of a CHMI arce shown in ORNL drawings
M=20858-F4-012-D through 015-D where the CMII is referred to as
Control Support Ball. A photograph of an exploded Tayout of a

CHMH can b, seen in Fig, 9. The inner and outer portiaons af the

i

CHMIl are made of solid aluminum to displace as much water as possi-
ble for nuclear reasons.  The outer scction has several long holes
drilled through it to serve as water passages for the seat switch
system. Onc of these holes passes through a pair of structural
welds. These water passapes are checked to ensure that they do

thot leak.

5.2 Control Support Tube

I

The engineering details of the control suﬁﬁort tube are shown
in ORNL drawingsoMjZOSSS—EM—OO7 through 010-D and M-20858-EM-016~D.
The support tube contains ten water tubes, a solid shaft, a hollow
shaft, and a~total of 25 O-ring water seals. Dove-tail brackets
mounted near the lower end of the tube, Fig. 10, are used to support
the four upper fuel elements. Checks are made to ensure that the
correct rotational orientation of the various support tube parts

was,maintained in assembly.

3

5.3 Shafrts

o
Lack of straightness has been a problem with both shafts, Fig.

11, the solid one because it is so slender and the hollow shaft

. partly because it is fabricated from two pieces. The shafts sag

: 5.1

&
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Lo

Fig. 10. Adjusting control mechanism.
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A

under Lhedr own welpht o and may falsely appear to be <trajzht when
rolled horfzontally aerosg o flat sorface,  True straightness i+
aasseased more accurately by supporting the ends of the shaft on

Y=blaeks with the center harcly of f Lhe table, rotating the shaft

and obeerving any variations.  Considerable {mprovement in straight-

"
ness hag been achicved in the past by ecarcfal bending and rechecking.

LThe shaft to posicion the shim-safety plates is rotated inside che

shaft which 14 driven vertically ta position the regulacing plate.
The ortentation of the shafes at the top of the support tube is
shown in Fig, 11, The openings on Lthe top of the support tubae arc

for water lines to operate the control mechanisms and seat switches.,

Gear Block

PR, "

Jeeause many of its surfaces mave with other parts the gear
block scen in Fig. 12 is carefully checked vto ensure that its dimen-
sitons are.within the specificed tolerances. [n addition the water
passapes through the block, especially the tortuous one, for the
No. 5 scat switeh are checked to ensure that the flow PasSsSaARes are.

clear enough to permit adequate water flow and that they do not
Ty O

leak.

Miter Gear Pinning

When the shim rod drive shaft lower bearing iggfittéd to the
shaft, along with the bearing washer and upper miter gear, Lhere
should be virtually no backlash because vertical motion of the
shaft, either up or déwn, will cause binding of miter geavs, Fig.

12, At First it was assumed that there would be a continuous net
downward force on this long shaft due to its weight and that back-
lash in the upward direction could be tolerated. Then it was noted
that due to water pressure in the reactor the new force on this e
shaft is upward and that backlash in either direction could cause

binding at the miter gears.

This shaft bearing is carefully located vertically so thag the

tongue which terminates the lower end of the drive shaft mates pro-

perly with the slot of mechanism No. 5 lead screw shaft after mechanism

g
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5.6

No. 5 iy firmly mounted on the gear block. Then the teeth of the
upper miter gear should be located so”as to properly engage the
mating teeth of the upper two mechanisms (No. 2 and No. 4). It
should be noted that the miter gear teeth are rather sharply
tapered and that cven 1/32 in. of tooth-face displacement will
cause poor mating of teeth (mating a large tooth section against

i
a small one).

fn a similar manner the lower shaft miter gear should be

located to mate properly (full face) with mechanisms No. 1 and

No. 3. !

“
Next the spacer washers which fit between the miter gears
and the 1dad screw outer bearings of mechanisms L, 2, 3, and 4 are
arc selected. The thickness of cach washer determines both the
location of the mechanism miter gear, for proper depth of tooth
engagement with the mating shaft gear, and also the amount of
back lash (ﬁear zero s desirable) in the mechanism lead screw., 1t
is goqd practice to have a wide selection of spacer washers avail-
able in many thicknesses from 0.050 to:0.075 inches for =trial and
error Eitting. The desirable fit is that which permits about 0.004
in. of miter pgear tooth separation when both the mechanism lead
screw and the main drive shaft are forced into their positions of
minimum backlash. Diring the fitting of spacer washers, thgmygsher
thickness may be reduced a few thousandths of an inch by haﬂg pol-
ishing against emery paper if care is taken to keep their working
faces smooth and parallel to each other. All miter gears are held
in place by their setscrews during trial fitting operations and by
taper pins only after the final locations are determined. Double
drilling and repinning a miter gear in case of error seriously

weakens the shaft and this should be avoided.

Because any variation in the fit between a mechanism and the
gear block face will also affect the miter gear tooth fitup, re-
moval of burrs or other trimming in this face region is completed

before proceeding with the selection of spacer washers.- Each



5.7

mechanism is firmly bolted to the block during the final gear fitup
inspection before any drilling to installdl taper pins in lead scrow

shafts is started.

5.6 Tubes and Joints

The ten water tubes are retained in an orderly érray where they
pass through the long support tube by a pair of spider-shaped spacers.
“The central holes through the spacers scrve to lightly guide the hol-
low regulating rod shaft but are not intended to act as true bearings

for this shaft.

" The upper ends of the tubes are sealed by O-rings. The lower
ends are attached by welding or by liquid nitrogen shrink fitting,
the latter method being a later development. All tuses and joints

’ é;e pressure checked to insure against leakage and flow tested to
insure against plugging. If flow is inadequate, a glob of weld
metal inside a passage may be the cause of trouble and this can be

determined- by X-rays.

All tubes and passages are cleaned with degreaser, compressed
air or water to insure the removal of chips, cutting oil and dirt

before the fitting and sealing of tube joints is started.

5.7 Final/Assmmbly Suggestions

e s
The following order of assembly of major components is presented
here as a ggide. It is suggested that confirmation be made that mating
” parts fit properly before final permanent attachment procedures are *

initiated.
I ‘
i 3
. Water tubes are fabricated into support tube assembly.

. All O-rings are added.

-

1
2, Gear block is attached to support tube assembly.
3
4

(.
. Mechanisms are fitted to gear block and miter gear-
locations are determined. o
5. Massive aluminum ball sections are fastened to gear

Block and support tube assembly.



5.8

6. Repulating rod half-plates are attached to their
(hollow) drive shaft.
7. Water tube connceetors leading from support tuhe

assembly to ball are attached,



N

6. B, C~FILLED CONTROL PLATES
. "\

BAC-fi]led neutron absorbing control plates, Figs. 2, 3, 4, and 13,
are used both as regulating plates and shim=-gafety plates in the TSR—T]
CMH. The fabrication and inspection of the various control plates pre-
sents considerable challenge in the ficld of spherical geometry. The
details are given in ORNL Drawing M-20858-1EM-011-D. Trouble has bqeﬁ'
experienced in the past with plates having improﬁer curvatures, vofumeé,
lTocation of mounting surfaces, cxterior dimensions and other faults.v
Techniques have beern improved with time and experience, and the plates
for CHH No. 6 satisfied the dimensional requirements.

3]

6.1 Fabrication of Parts

[
Blanks for the major spherical surfaces are flow-turned (a

form of spinning) in a tracer lathe to the approximate radius and
the excess stock is removed. After being annealed in a controlled
hydrogen atmosphere the blanks are final formed in a hydraulic

press, using a male punch and a rubber die.

The various parts of the control plates are welded together
and inspected, then annealed again in a controlled hydrogen' atmos-
phere. Each assembly is then placed in a massive die and hydro-
statically formed at 450 to 500 psi pressure. This imparts the
desired shape and also serves to test the welds, both for strength
and for freedom from leakage. After a final mdchining operation
and a final weld inspectépn, the control plates are ready to be

filled with BAC granules. IR

6.2 Filling and Fill Inspection
Il
i

with B4C (36b mesh) granff?ug with light tamping and vibrating used

Each control plate is carefully weighed then completely filled

Y i
to ensure the proper coﬁbacting. If weighing reveals too much BAC
is in the control plate, the plate is emptied and the BAC is diluted
with a calculated amount of powdered graphite. Then the control |

plate is refilled with the mixture. If reweighing indicates that

6.1
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6.3

6.4

6.3

the control plate contains an acceptable amount of B, ¢, the filled

. &
plate is X-raved for voids. Finally the i1l hole is closed by
welding and the seal welds and nearby welds are inspected with
f&quid dye penetrant.  All weights and other' information concern-—
ing the loading of the control plates with ﬂAC are recorded in the

BFound log book.

¥

As a final inspection against leakape the finished control
plates are pressurized in an air chamber at 100 psi, then rapidly
transferred into a tank of water where they are kept under obser-

vation {or f{our hours. Leaks, if any, will be indicated by bubbles.

Confirmation of BAC Filler Material

As a final check to ensure that the control plates have been
filled with B,C, an actual neutron absorption test is performed
with each of the [inished cont'nol plates. The test sctup is shown
in Fig. 13. Powdered graphite is perhaps the most likely material
to be substituted in error for the BAC powder, so a direct comparison
is made of the transmission of neutrons from a source to a détector
through each completed control plate and a dummy plate filled with
powdered graphite. The numerical results are recorded in the bound

log book and compared with records for previous control plates.

Fitting Control Plates to CHH v

5

Wwith the five control mechanisms (without scram springs) attiizz;/¢

to the CMH, the five shim-safety control plates are mounted on the
mechanisms and inspected both for uniformity of edge clearance and
for proper continuity of spherical contour to‘%atch the body of the
CMH. A template is provided to aid in the comparison of contours.

In the past, edge clearances have been equalized by making a new éet
of off-center tapped holes in the control plate mounting bracket,

and plate angles have been corrected by remachining the control plate

hub, adding jackscrews, or by welding on shims.

%() * -
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Each control plate is observed as it is moved throughout its

full travel to assure that its leaf switch actuator is properly.

it e
4,"'7:3" N

‘

med to shape at this time (assuming that no reworking of the control

guided the full distance. The leaf switch actuating tongue 34

plate is necded). N

The regulating control half-plates are mounted rigidly to the
vertidally rising hollow shaft and are checked to ensure that there
is an acceptable edge clearance and préper spherical contour.. The
assembled regulating plate is also checked to ensure that there is
a verticaf>travel of at leasqil—B/A inches with no binding. The
regﬁlating rod half-plates are permanently attached to their con-
trol shaft before the seat-switch water tubes connecting stem to
ball arc welded in place because it is very difficult, if not
impossible, to maneuver these half-plates ‘into [inal position after

t 4
the water tubes are“installed.



7. FUEL LOADED LUNE-SHAPED PLATES

The four lune-shaped cover plates, Fig. 2, are fuel elements having
:nriched. uranium alloy sandwiched inside aluminum. The plates are fabri-
;ated at the ORNL Rolling Mill and are shaped and inspected for integrity

>f fuel enclosure before delivery to the machine shop.

7.1 Insgpecting and Marking ©

&
The lune plates are attached to the CMH by many small screws
N

passing through holes in the non-fueled borders of qbe plates, and

i, .
it is imperative that no“holes penetrate the fueled region. Each "
1....
plate is X-rayed and thc extent of the fueled reglon is outllned “W
,.P b

%
in ink on the plate, Fig. 14. Under proper lighting condltlouq Xéwj

ILJ‘"'
the dividing line,between the fueled and non-fueled regionswg;%
. u W
usually be confirmed optically by noting a variation in surface
. ;
texture. ’ - 6:
7.2 Fitting and Trimming & o &

Thé’luﬁé plates require considerable trimming:; to clear the
seat switch watet supply lines and at their”contact with the support
tube, Fig. 2. Trimming is routlnely restrlcted to no closer than
3/8 inch from:the fueled reglon Wlth 1/4 inch being Lhe absolute

minimum safe clearance. Trlmmlng has been successfully accomplished ,

i

by both filing and grinding. If grinding is used, great care must

4 0 "
be used to prevent the grinder from grabbing the plate and dlstort—
P . , 0 °
Jng it

7.3 Mounting

‘n [ N

Starting with CMH No. 6 two sets of lune-shaped templates aré
available to aid ip mounting the lune—shaped fuel pLates to thé CMH.
One set of templates is designed to locate positions on ‘the CMH for .
drilling and tapping. The second set of templates is designed to
locate positions on each lune fuel plate for drilling %oles through
the edge of the plate to match those tapped in the CMH. Proper" .
identity of fuel-loaded plates is maintained because three different

fuel loadings have been made. Q . . o u

7.1 RN

o
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7.4 Cleaning and,Storing

7.2

Fig. L4. Lune-shaped fuel plates: prior to rolling, shaped, and
assembled.

4 ' ‘

“After the attaclment qF the lune plates to the CMH has been
coﬁpleppd, the lune plafes are removed and the ball and plates are
cléanseduof‘aluminum chips and cutting oil or other lubricants
applied during the drillin& and tapping operation. Blind tapped

holes are cleaned with blasts from an air hose.

.

Since the lune plates Eontain/enriched uranium they are stored
in a security safe until time for their reassembly to the CMH. If
the fuel platgs are not to be used for an extended period they are
tfansferr@d, in accordance ‘with security prpcedhres, to Y-12 for

storage. & i
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The control mechiandam houslag b suspended aboyve thee fndoor tent
plt at the Tower Shiclding Faeflfty for the final ansenbling, adiuating

and test Ing operationa, Fly, #,

Fobo AdJuating Sent Sulteh Leaf Springo

The medt aswlteh water paasapes are recheckod by flowing water
Lthrough them with the orifiee nozzlen removed, then the aozzles

ares dparalled and tightened (irmly.

The seat switeh leal apringa, Figa, 7 oaad 10, are custom ficted
Lo the CHH while the control plates are removed. O corner ol voach
qpring near the anchor serews may have Lo be removed (b grinding,
. or Fiting) §f it cztends beyond the spherical contour of the MY

vhere Tt may touch o apherically shaped fucel plate.

Each leaf spring must make a4 reasonably tight seal over its
respective orvifice, so the maving sarfaces nre checked to ensure that
they arce smooth. A permanent compound bending of the leaf between
l;lhe anchor portion and the orifice closure portion is often reguired
to achicve the proper tilt, orifice closure and force. Final pol-
ishing of the assembled surfaces is sometimes required to affect a
tight seal.

Afrer all five leaf springs have been adjusted to give virtually
zero scat switch leakage with the control plates absent, the leaf

springs are removed until after the control mechanisms and control

plates are dinstalled and adjusted. ‘ ‘

8.2 Assembling and Lubricating of Mechanisms

Before being placed into service the control mechanisms are
disassembled for a final insﬁection, cleaning and lubricating. No
published information has been found which lists long life lubri-
cants, suitable for use in a high-level radiation field under water.
The mechanjsm lead screws of the first control ball were coated

with a paste mixture of powdered graphite in silicone stopcock

&y
8.1
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proage, Thia apparently worved well and a4 poctmorfen coamination

twer years Yater ahowed the Jead o pews were il :’u'u-xr-ri with the

R EHTITIN

Thia mlizture g the standard tobricant four use on mechaniom
fead cerew, eylinder walls, piston ringa, amd other czposed sur-
faces where Lhe material can be applicd.  Silicone ofl is used on
O-yings and benring: where lubricants can enter only by capitiary

e Lion,

Mo lubricant ia applled to Lhe close~fitting miter poears sinece
friction and wear ot the pear tecoth is minimal.  Also, the presence
of grease might cause dirt and Lrash to eling to the tecth and this

may Invite trouble. ”
"

Attaching Mechanisms and Rechecking Miter Coars
le L

The mechanisms are fastoened L(; and removed from the gear hlock
several times before they are mounted lor the tast time.  Each
attachment is made firmly to insure reliability of it and care s,
taken not to strip the threads a0 the aluminum block.  Damaped
threads have been repaired by the use of hardencd insur‘ts (such as
Helicoils). The two shallow tapped holes near the No. 5 water
passage must h(i clearly marked so that only the 1/2-in. Lohg rather

than the L1/L6-in.-long cap screws arce inserted.

i . . " o N
rhe mechanisms and other CMH parts undergo considerable handling
after the original fitving and pinning of miter gears, and a recheck

of the miter gear backlash is made at this time as follows:

L. With no mechanisms on the CMH the shim rod drive shaft
is votated to check that it turns freely and that a barely

discernable vertical backlash is present.

2. The lead screw of each mechanism is rotated to about the

midpoint of its travel.

. M
3. No. 5 mechanism is mounted on the CMH to confirm that the
tongue on the lower end of the shim rod drive shaft enters
a safe distance into the corresponding groove in the No. 5

&
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6.

lead sorew witheout hottomineg.  (Bottoming would create un-
i

desirable end thrust on both the mechanism lead serew and

thie shim rod drive shatft.)

Fhie shiim rod drive shaft s rotated to cheek that it drives

No. 5 onmechanism without difficulty,  1f trouble is encoun—
it
tered, the following items should be considered:

HIR The Moo 5 Tead serew onter (upper) bushing serves also
as an outboard bearing for the shim drive si/lf!_. If
the lower end of the drive shaft is bent o out of

L
alignment, binding mav occur,
- . ti
b. If the drive shafts are nor aliened so that the tongue

and proove connection match correctly for 360° of
rotation, the shafrs will be forced into misalign-
ment, causing binding in this bearing. LI remating
the tongue and groove at 1807 corrects the difflculty,
the parts should be carefully marked so that future

mating will always be at this preferred orientation.

With No. 5 mechanism remaining in place, a sccond mech-

anism is mounted firmly on the CMIU.

The shaft is rotated one turn, while both the lead screw
shaft and the ghim rod drive shaft are pressed axially :
in the direction of minimum miter gear backlash, to con-

43

firm that a small but definite backlésh exists at the

miter gears. ' 0

The second mechanism is remgyed and the other three mech-~
anisms are checked in similar fashion, with No. 5 mech-

anism in place.

Establishing Shim-Safety Plate Stops

The stops, Fig. 2, must be adjusted to limit the outward move-

ment of the five shim-safety plates to where they will not quite

contact the fuel-loaded lune plates when the shim-safety plates are

scrammed.

This is best achieved by attaching the mechanisms, to the
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one at oo time withont thelr seram spriongs, asccording to the
v

4347y

following procedures:

1.

4

The Hoo 5 mechaniom lead sorew is rotated exactly 10 turns
above fto mechanical scerammed Jimit and Lhe mechanism is

mounted on the CHMH,

The Ho.o 5 shim-safety plate, filler plug, and adjustment

serew arce attached.

The adjustment screw is turned clockwise until there is a
0.020 inch Lo 0.030 inch minimum clearance between the plate
and the template, then the sctscrew is tightened. The 8 3/8-
In. radius of the template represents ' the inner surfaecce of the

spherically curved fucl-loaded cover plates.

The shim=plate drive shaft at the top of the support tube is
rotated counterclockwise to count the number of turns until

it stops. (Approach this sLnﬁALLghtly at all times so as not

to damage the mechanism.)  This number is subtracted [rom 10
(sce step 1) to determine the number of turns of insert énd
piston loss of travel for mechanism No. 5. This value is re- °©
corded in the log book and, with a felt-tip pen, on the mech-
anism housing. (Typical example: 10 - 7.6 = 2.4 turns. Thus
the No. 5 shim-safety plate adjustment screw will stop the out-
ward travel at 2.4 tnrns of the lead screw before internal mech-
anjcal binding occurs in No. 5 wmechanism.) Similar information
can be determined if all measurements are made from the fully
withdrqyn position of the mechanism spool rather than the fully

inserted position.

13

The rotational position of the adjustment screw is marked with

aligned radial arrows on the screw head and on the filler plug.

‘The adjustment screw is removed and the number of turns for re-

moval is recorded in the log book andz with a felt-tip pen, on

the No, 5 filler plug.

7
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SR Woo 5 filler plup, plate, and mechanism are removed

{rom the CMH.  Then \1'«)1:1‘ mechanisms are checked in a

similar fashion with only one nu\wh;mism on the CMH at a time.

)
- \

\,
Sert oa oscram spring is instal ]o& on t\j ch mechanism (see pre-
W

Senchronicione Contrel Plate Pichap

cautions in Section Z.7.4), and the mMidda) pin which locks the

. . te.
threaded shim-safety plate adapter to the piston stem is permanently
staked in place. A check 0% made to ensure that the staked pin does

not cxtend through the stem wall and rub apainst the guide stoem.

L

. . . ' . .
The mechan i8ms Sre svachronized and installed for the final

)

time according o the following proccedurce:

1. With the mecdhanisms out of the CHH, cach lead screw is rotated
until its spool touches its piston, then it is backed off a
total of two turns plus the desired individual amount of piston
loss of travel noted on the mechanism.  (Left-handed lead screow
“threads on two mechanisms can cause confusionpas to which direc-

tion to rotate lead screw to move spool toward miter gear.)

An alrernate method of sctting this distance is to withdraw
the spool the number of turns determined in bench tests -to 0
move the spool from position where it contacts the p}ston tb
the position where the knife edges engage plus the turns for

piston loss of travel recorded in section 8.4.5.

2. The rotational angle of the No. 5 lead screw is cafefully
noted, then the mating tongue of the shim rod drive shaft
"is oriented to match. (Sometimes rotating Lhe shim rod drive

shaft at 180° improves the fit. See section 8.3.4b.)

3. No. 5 mechanism is installed and all four mounting nuts are

tightened. Care is taken not to rotate the shim drive shaft

. . . ) , 8
until all five mechanisms have  been 1nstg@led. ot
i
o ‘
’ . & .
¢

N o
kY ¢
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6.

The other foor mechaniosms are mounted on Lhe CMI, and their
mounting sercw: are plvin o final torquing.  The miter pear
baek tash s conflrmed after cach mechanism s mounted, exeept

for the last ane which canmmot he checled.,

The shim-safety plates and filler pluy are attached, waking

surce that the filler plupgs cannot contact the puide stems.

The plate stop scerevs are installed and adjusted cach to fts
proper predetermined position ng recorded on its filler plug.
Then the template is used to rechoeck the shim-safety place

surfaces for proper clearancoe.

With Lhe plate stop screws at their proper positions their sel-
serews are secured. [t should be noted that better binding can
be achieved by bottoming the rather small setserew, then apply-
ing the final wwisting of fore to the wide-headed stop scroew
with the T—wrcnch; and this technique is recommended.

The shim plate drive shaft is rotated counterclockwise to check
that it travels approximntely the two turns established in step

8.5.1 before coming to a halt, at which time the spool picces

of all five mechanisms theorctically are bottoming simultancously

apgalnst their respective pistons.

&
Warnings: Shaft rotational limits must be approached cautiously

and contacted gently. Control plate stops must not be read justed

while the drive shaft is in its rotational limit as this may

apply stress to a mechanism and damage it.

Final adjustments may be necessary to ﬁore accurately synchro-
nize the picking up of the five shim-safety plates. One method
of adjustment is to remove a given mechanism; rotate its miter
gear a few teeth in the proper direction (beware'of left-handed
lead screws), and reassemble. An easier adjustﬁth (and the
only one possible for mechanism No. 5) may be made by altering
the adjustmenE screw stop position if this can be done without
fgtd}ly'shifggbg'the stopping? place foerhe control plate.

-y -
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. o . #

%2 N - y
ool ¥ By o
cnoa ;2% CERN-1 o ‘S o

8 X
E e

13



8.6

N
The fullowing numbers will be helpful in computing correctional

increments when making final adjustments:

Mechaniam lead serew piteh: 14 threads per inch
Miter gear: 30 reech

Control plate adjustable stop screw: 16 threads per inch

o

v = 0,071 in. motion pur revolution of miter gear (or per
$ . . .
turn of shim rod drive shaft)
| o, . .
ST T 0.0024 in. rontrol plate motion per tooth of miter
i = ' b
L, gear :
Iy
e
H’
TZ = (0.0625 in. control plate motion per complete turn of
) adjustment screw
1 . . " .
T 0.0078 in. motion per 1/8 turn of adjustment screw
() )
0.0078 X )
}IYﬁTig = 3.3 miter gear tecth equal 1/8 turn ol adjustment

screw

Preparation for Shim-Safety Plate Response Measurements on CMil

The shim rodhtests require repeated turning of the shim rod
drive shaft at the top of the support tube, and this ca# be veryrv
tiring to the hand., The addition of a temporary crank is helpful,
but the greater leverage prqyided by a crank invites overs;ressing
the machinery when a mechanical limit is reached. A knob instead
of a crank is safer and is recommended, but even a knob must be

"

used with care.
0 )

The five mechanisms are tested one at a time. The number of
variables is mfﬁimized by testing all five mechanisms using the
same flow meter, pressure gage, scram valve, and water line. The
water line coming from the scram valve is transferred from one
feed hole to another at the top of thszsupport tube as the test
progresses. The friction grip of the C-ring is not quite suffi-
cient to hold the water line in place during a test, so additional

tie-downs are used. .
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Lt
~

The shim-safety plates hit the adjustment screw stops with
considerable force when scrammed out, and this shock should he
minimized during the plétc responsce scram tests. During much of
the testing, cover plates surround the CHMIE and a retarding dash-
pot action is achieved as the shim-safety plates move through the
enclosed water. This daplicates the action which occurs when the,
CMH is in secrvice in the reactor. During scram tests where the
cover plates are absent and there 1is no hydraulic cushioning, the
plate movement after scram ys iimited to 1/8 inch, unless a sup-
plementary rubber stop‘ié'cﬁéloyéd.

. The acdﬁrncy of mechanism pickup synéhronization is measured.

This is done by counting the number of turns the shim-safety platé
drive shaft makes from its inserted (scrammed) mechanic¢al limit to
where each mechanism starts to pick up. Tests are made at a stan-
dardized pressure of about 50 psig. (This is the pressure with the
shim-safety plate withdrawn a few mils from its scrammed position

and it will be lower before the pickup starts.) For observing the
approach to the mechanism pickup point, the rise in the pressure

gage reading is a more accurate indicater than the reduction in the
flow meter reading. If certain mechanisms pick up too early or too
late, they are readjusted according to step 9 in sectiqn 8.5. A

record is made in the log book, describing any adjustme;t and list-

ing the number of overtravel turns from the mechanical insert stop

to the position where spool and.piston knife edges engage for each f
mechanism before and after adjusting. The various limits and over-
travels are illustrated in Fig. 15, and care must be used when making
log book entries to adequately describe the item measured (e.g. this «
piston loss of travel corresponds to the one described in item 1 of

section 8.5).

The shim-safety plate drive shaft is rotated through its full
range of travel without any plates being moved and the total number .
of turns is recorded in the log book. Then, with the plates engaged,

the turns are gyunted from the scrammed mechanical limit to the

U
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N REACTOR 05 TURN | 1 nspeoovesTan
MECHANICAL INSERT LiMT
DURING TESTS ON CMH (5 10 3 TURNS SlaTon 08 OF
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Fig. 15. Typical guide points for ix1dicq,t‘12d operation of control mechanism drive.
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- 8.10

position where sach shim-safety plate is mechanically disengaged.

Subtracting these numbers from the total turns will give the amount
o 4

of upper end overtravel for cach mechanism, and these overtravel

numbers are recorded.,

The minimum pressure and flow neceded to keep the piston and
spool engaged to 25 turns withdrawn is determined. Response tests
from this position provide mazimum transducer mgtion'for the best
oscilloscg%e pictures. This value has heén chosen as a standard-
ized location for taking preésure and flow readiggs. bith pressure
at the minimum, the shim-safety plate is withdrawn 25 turns, then the
water supply is slowly throttled and the pressure and {low rates
are obscrved at the time the platehdisengages and-scrams. The next
step is to measure the response timcé of the coqprol mechanisms,
shim—safgty plate response times, under simulated reactor condi-
tions. These mecasurements are made with all mechanisms on the CMHB

and dummy lune plates on the CMH, and the CMH full of water.

. Shim-Safety Responsc Measurements with Transducer on CMU

Al

The CMH is first enclosed in a set of special dummywlune~shapeé
plates having holes to permit the transducer to contact the shi&~
safety plates for measuring their movement. The dummy plates are
held in place with Plastic tape, and all seams and unused holes
are carefully taped‘shut to minimize the leakage of-cthe water. Care
must be used when setting up the transducer slide to aim the con-
tact rod exactly in the direction of the shim-safety, plate motion,
othﬁﬁwi%e the rod may get wedged between the shim-safety plate and
the‘éové% plate. Wooden posts spanning from the CMH to the opposite
side of the test pit are used Lo brace! the CMH and eliminate reactive

motion due to scramming a, shim-safety plate.

Avgarden hose is used to maintain the CMH f4ll of water or the
pit is completely f?lled with water to submerge the CMH. Making
scram tests with the CMH less than full will reSult 4n unrealisti-
cally short travel times and ma; permit more shock than is desirable

when a plate contacts its stop.

Eol s

-
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Scram tests are made at water pressures’ harely adequate to

. . R . . &
maintain the spool and ylston engaged and also at a higher uniform

pressure of 55 to 60 psig for all mechanisms. The higher test 7

pressure éiightly lengthens the mechanism release time. Response

times are measured with the equipment shéwn in Flg. 7. Appendix

D gives information that is used in setting up and operating the A
[

o

"
scram test instruments.

Successive scrams are made with a given mechanism under identi-
cal conditions. When repeated oscilfbscope displayseshow little
variation, a typical scope display 1is phoggaia%ped with the Polaroid-«
camera, resulting in a picture like that shown in Fig. 16. Each
photograph is carefully marked with t%e data, test number, mechanism

: ..

i
EX ]l

number, water pressure and other pertinent data.. «
[

T

The shape of the shim-safety plate for No. 5 mechanism is dif-

ferent from the others. The different edge clearance and the absence

[\

of water-passage holes and the fact that its scram is gravity aided

{ B
results in scram performance slightly different from the otlers.

Seat Switch Tests u o

v

The five seat, switch leaf springs were adjusted earlier (step
8.1) to stop the flow of water through the seat switch orifices.
With' the shim-safety plates in place and adjusted, the seat switch
leaf ‘springs are reassembled to the CMH. The contact between the 0
leaf sp$ing and the actuator on the ﬁlate should be established to’

permit the required rate of water flow when its plate is in the o

scrammed position. ‘
. @ , .
Reshaping thew.leaf spring consists of bending.only the, end

section which contacts the actuator tongue of the shim—§afety plate,

L
the spring which produces the seal at the orifice whenqtheQShim—
G Yl
T

5

saféty plate is withdrawn. Metal may also be removedcor added to

E v o , Al
with care being taken not to disturb the previously sﬁaped part, of 9

the actuator. to provide the correct contact. Experience has ‘shown

" that a gap of 0.010 in. to 0.0l5 in. between the’orifice and the
. o o

4]
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Fig. 16. Oscilloscope trace of shim-satety plate
‘release and travel times.
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leaf spring will produce a flow of approximately 0.1 gpm at 5 to
15 psig, and this flow is satisfactory for indicating that the shim-

safety plate is scrammed.

buring adjustment of the leafl spring the following suggestions

. 1§
and precautions are recomménded:

i

1. Use feeler gages to measure the gap hetween the orifice and

the leaf spring.

2. Avoid scratching the sealing surface of the leaf. A small

toolmaker's vise is helpful in bending leaf springs.

3. Avoid bending the lecaf spring beyond its elastic limit by
mistake, as would happen if a shim-safety plate.were re-

moved while its seat switch leaf spring is in place.

4. Make sure the leaf spring makes reliable contact with its
o

actuator so that it will not slip ogf or bind.

5. Reshape therworking surface of the actuator, if necessary,

by removing metal or by welding on an extension.

Remember that any last minute adjusting of a shim-safety
plate stop will also alter the water flow gap between the

seat switch orifice and its leaf spring.

7. Be alert to the possibility that a leaf spring may contact
a fuel-loaded cover plate. This possibility should be in-
vestigated with the template andualso when the lune plates
are added to the CMH. If scratch marks are generated at
the suspected locations on the iﬁside surfageuof the lune .

plates, take corrective action.

8. Record in the log book the flow at 5. to 10,psig water pressure
for each of the five seat switches with the shim-safety plates
scrammed and also picked up (where the flow must be essentially

zero.l

feey O 7 i‘: Lg
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8.9

8.10

4.14

Shim-Safcty Plate Response Measurements with Seat Switch

The measurements in section 8.7 are repeated in the test stand
with the seal switches set up as they will be used in the reactor,
For these measurements the CMY is set up as described in section 8.7
and the CMH is submerged in water., A secat switeh flow transducer is
connected in the flow line to each mechanism as it is tested and the
signal is fed to the oscilloscopéisdn place of the linear transducer
signal. The scope is triggered by the scram signal described pre-
viously. Response Limes are measured and recorded of the shim-safety
plate for a high seat switch flow rate, that is, in excess of 0.25
gpm with pressure of approximately 30 psig, and the results are
compared to the values obtained with the trinsducer., The measure-
ments d}e repeated with seat switch pressure and flow comparable to
those encountered during reactor operation, approximately 0.1 gpm
and 10 psig, and these values are recorded for future reference.

The release plug travel time is shown in Fig. 17 as the elapsed time
from the start of the signal trace to the point where the signal

trace leaves the base line trace. .
[t

Regulating Plate (Two-Piece Plate) Test

Checks are made to demonstrate that the regulating plate will
move freely throughout its full travel, without tendancy to bind.
It is demonstrated that the regulating plate will move [rom its
uﬁper limit to its lower limit due to gggvity alone and that the
rotaQional position of the shim plate drive shaft does not affect
the freedom of regulating plate motion. Likewise, it is shown
that the vertical position of the regulating plates do not alter

the torque required to rotate the shim drive shaft.

i

O

¥
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Fig. 17: Oscilloscope trace of time required for release and
travel of shim-safety plate 1 during in-reactor test.



9.  SBTORAGE OF CONTROL MECHANISM HOUSTNG ASSEMBLY

Tap wnter js normally used for testing the control mechanism as-
sembly.  If the control assembly is not to be installed in the reactor
right away, steps are Laken to prevent the cvaporative deposition of "
minerals from the tap water remaining in the CMH.,  The control assembly
is rinsed with copious amounts of demineralized water, with careful
attention piven to Tushing the narrow passages leading to the seat

switches and the control mechanisms.,

Finally, the CMH is wrapped in a plastic bag to keep out dust, and
the top of the support tube likewise is covered te protect the ten tube

entrances and the scals for the control shafts.

9.1
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4.

6.

10.

11.

12.

APPERDIX AL SUMMARY OF FABRTCATTON, ASSEMBLING, AND TESTING

Order nonstock items from suppliers as needed, i.c. s¢ram springs,

piston rings.
"

; . . . N .
Start simultaneous shop fabrication of fiv® major components: mecha-

ni’ﬁ, CMH, stem, BAC—filled control plates, fuel-loaded lunc plates.

Do benceh tests of mechanisms: rework as needed.

&
Tnspect BQC—FiJ]ed control plates; confirm the filler material with

neutron absorption test. ! "
Make rrial it of CMH to stem; do not weld.

Make trial fit of regulating half plates to regulating plate drive

shaft in stem assembly; remove half plates.

Fit mechanisms to gear block in stem; locate and anchor shim drive
shaft bushing; add five spacer washers neecded to establish desired
backlash behind five miter gears; pin two miter: gears to drive‘shaFt
and four miter gears to four mechanism shafts; remove mechanisms

from stem #ssembly.

Clamp CMH to stem and weld tubes to make a*permanent CMl-and-stem
n i i
assembly after installing regulating plate segments or after dem-

onstrating that the segments can be installed after the tubes are

welded in place. )
P w7

s

Test mechanism water tubes and seat-switch tubes for possible

plugging or leaks. 9

Attach mechanism and control plates to CMi; inspect shim-safety
plate fit-ups; install seat switch leaf springs; trim actuators

on shim-safety plates approximately to dimension. o

Inspect fuel-loaded lune plates; trim to [fit templates; attach.to
CMH using femplates for drilling and tapping; remove lune plates

and store in accordance with security plan.

Synchronize mechanisms for uniform time of pickup; adjust shim-

safety plate stops, resynchronize if necessary.



A2

h

L3, Adjust seat switelh leaf sprinps for cemplete closure and praper

openings at nozzles.
14, Make Final tests of seat switches and mechanisms on GHMH.

15, Rinse water passages and whole assembly with demineralized water;
o

cover assembly with protective plastic sheet until time for instal-
Tation in renctor.

f

16, Bring documents up-to-date teo show latest corrections and improvements,

. 5

17. Dhemonstrate proper performance of control assembly again immediately
before installing it in the reactor. 4

N T M
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APPENDIX B.

Description of Test

Ly

t

FINAL ACCEPTANCE TESTS FOR TSR-11 CONTROL MECHANISM HOUSTNG

fr

Acceprance Test Limits

Shim-safety plate drive shaft must turn freely
with plates picked up or scrammed

i
Regulating plate shaft must move freely
throughout its entire range

Shim-safety plate travel, lower mechanical
stop to pull-off

Shim-safety plate variation of pickup
point

Water pressure required to hold shim-safety
plate at 25 turns picked up

Water flow per mechanism at 25 turns picked
up (af min. water pressure)

Photographs of response times of each
mechanism at pickup and at 5, 10, 15,
and 25 turns withdrawn at pressure and
flow to permit withdrawal to 25 turns

i
<

Seat switch flow, shim-safety plates
scrammed (at <10 psig water pressure)

Seat switch flow, shim-safety plates
“picked up (at <10 psig water pressure)

£

Weight of Bé

BAC welght, total in

C in shim-safety plates (g)

(e

Plates 1, 2, 3, 4, weight each,
including filler plug

Plate 5, weight

t 4]

Plates A and B, weight each

Filler plugs, each

(Acceptable torque values
have not been established)

Mlust descend by gravity

from any position

25

0.5

turns min.

turn max.

60 psi max.

1.1

gpm max.

Total scram time
at <200 msec
Total release time
at <80 msec

0.10 gpm min.

0.05 gpm max. -

4450 + 25

850
830

810

545
530
515

335
300
285

max.
nom.

min.

max.
nom,
min.

max. »
nom.
min.

23 max. .
0 min.



li
) Deseription of lest o fsceeptance Test Limits
Control plate filler material I’

3,0 powder, 300 to 450 mesh
+

Confirmation of control plate filler

Attenuation of thermal neutrons
material

through ceach shim-safcety plate
must be measured by approved
methods and must mateh the
attenuation of previous shim-
safety places.
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i
P4

"about 1.7 inches total original travel).

APPENDIXN C. BRIEF HISTORY OF TSR-11 CONTROL MECHANISM HOUSINCS

Ui

A review of the history of the TSR-11 CHHs shows: CMH 1 was a proto-

type used only for carly criticality studies; CMH 2 and 3 had useful lives

of about one year each; CMH 4 went into servide in November 1964 and was

operable until April 1972 at which time CGMU 5\\&4“5 installed. OMHs 2 and

3 continued in service after one shim-safcty pfgtg was inoperable. Their
useful life ended when the shim-safery plate drite shaft could be turned
only with considerable difficulty (and with occasional shearing of drive
pins) and a second shim-safety plate could not be picked up. Both CMls
required greatly increased water flows through their mechanisms during
their final days of operation. The ability for the shim-safety plates
tu scram, an usscnt}al safety feature, rvemaioned unimpaired throughout.
After two years of service, the forece required to rotate the shim-safety
ante drive shaft of CMH 4 increased, and the span of travel for the
vertically moving regulating plate was reduced by about 0.2 inch (out of
The causes of some of these

o

changes were not understood, even after the postmortem cxamination was

completed.

Postmortem examinations are very difficult since early inspections
are precluded because of the high radiation levels of the CMHs; and if
a year or more decay time is allowed before inspection, corrosion occurs

. (23 !
which masks the original causes of failure.

iy



APPENDIN Do INSTRUMENT SETTINGS FOR SCRAM TESTS

o

The circuitry and components needed for conducting the scram tests
are: shown in Fig. 7. The numerical values given below are thoge arrived
.
. o v i . .
at during a former sct of scram tests, They may serve as 4 guide in

sctting up for future tests but should not be regarded as rigidly fized.

tr

= .
D.TT HMagnet Amplificr

o ¥

Set up by standard procedurc.

D.2 Wave Generator {(Model M-2 RC Oscillator)

o
Range: 103 v &
Tuning: 8.6
Output: 8
NDial: 1L.6
D.3 Magncet Control Box ) ‘ i
Upper pot: 4.6 ~© M b“
¢ Lower pot: 6.0 )
‘MVoltage: 38 a ¢
D.4 QOscilloscope ”
Use a type oscilloscope similar to a Textronic 585-A which
ha§ a timed single sweep. Adjust amplitudes to provide the
largest complete picgture. "
D.5 Polaroid Camera (atta;hed to scope by'special fgame) ™
" Film: Any black and white film. with speed >200 N
Iris: Adjust to obtain best picture (F8 to Fll)
Shutter: On bulb | a

D.6 Photographic Technique

(1) Adjust camera iris, speed, and focus; adjust oscilloscope

brightness, focus, and scale illumination to give a shérp "

. Y @
picture.
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(2)

(4)

D.2

Set scope on single sweep and set time and amplitude to

3]

photograph the complete trace on scale.

With shim-safety plate positioned, open camera shutter and
press scram button on magnet current box, the sweeﬁ‘light

should go out verifying a sweep occurrred. C(lose shutter.

For pictures made using a flowmeter for thq}signal, after
trace is made, remove signal input cable to oscilloscope,
reset sweep, open shutter, press scram button again, close
shutter and reconnccet signal,lead. This action provides a

baseline trace on the photogréph.



