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PREFACE- (j (( ,, 
' ' ' ^ j 

Information on the Tower Shielding Reactor II is^on tained in the 
TSR-IT Design and Operation' Report and in the Tower Shielding' Faci lity, 

(f, O Manual. ' 

t- The TSR-Vi. Design and Operation Report consists of three volumes: 
, .. u • ' „ , ' 

ORNL-TM-2893, Volume-' 1°, "Description of the Tower Shielding 
' Reactor II and Facility," by"L. 11." 

'" Holland 
„ ORNL-TM-2893, Volume 2, !'Safety Analysis o'f the Towei" Shielding 

Reactor 1.1," by L. 15. Holland and'-J. 0. 
» Kolb. " " 

0 .. " 

ORNL-TM-2893, Volume 3, "Assembly and Testing of the Tower 
Shielding Reactor II Control Mechani'sm 
Assembly," by D. R. Ward and L. B 
Holland. 

The material presented in Volume 3 was originally written in 196 7 
/f^^ u " 

to serve as an informal guide for use in assembling and testing future 
control mechanism assemblies. The subsequent ORNL Quality Assurance 
(QA) Program will automatically 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,, U i in the fabrication of future control'mechanism assemblies. 

1X1 
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TOWER SHT.ELDINC' REACTOR II DESIGN AND OPERATION REPORT: 
VOL. 3 ' ASSEMBLING AND TESTING OF1THE CONTROL MECHANISM ASSEMBLY ^ 

, ' " "" ' 
' " I. INTRODUCTION 

" wThe mechanisms that are'operated to control the reactivity of the 
Tower Shielding Reactor IT. (TSR-T.I) , Fig. "1, are mounted on a Control 

V) , - r" t t " 
Mechanism Housing (CMH), -Fig.^2, Chat is centered inside the reactor// 

i. ,, 
core. The operation of a control mechanism is described in section 

' "O, 

3.6 of Vol. 1 of this report. After a CM1I is placed in service many ^ 
parts"of it become very radioactive so that, even if a CMH were^acces-
sible, it is not practical to adjust, maintain, or repair any part of 
'it. Whenever a component of a CMH has not functioned correctly the CMH "* 
has'been replaced. There is, therefore, a great incentive to make each 
CMH as reliable and durable as possible. 

The information required to procure, fabricate, inspect, and asseiii-
ble a CMH is contained in the ORNL engineering drawings listed in the 

M I 

appropriate sections. The components are fabricated and inspected from 
these drawings in aceordahce"iwith a Quality Assurance Plan and a Manu- ^ 
factoring,,Plan. The material in this report describes the acceptance 
and performance tests of CMH subassemblies used, by the Tower Shielding-
Facility (TSF) staff but it can also be used by personnel fabricating 
the components. This information which was developed and used before • ' t, <5 - '' the advent of the formalized QA Program and Manufacturing Pl'ans evolved h

 (t ' ' ' h , during the fabrication and testing of the first five CMHs. Some of the 
information duplicates that covered in the shop drawings, but it is re-
peated here because it relates to specific problems encountered during 
the fabrication o,f previous CMHs. The numerous jigs and fixtures that 
have been developed specifically for use £n fabricating and checking 
various parts and subassemblies are stored at the Tower Shielding Facility 
The information concerning each CMH is tabulated in a separate bound log "tr ., " >; 
book. Information -recorded includes deviations, nonconformances, all test 
results, photographs, discussions, and any information that may be useful 
•'in evaluating the performance of the CMH. 

1.1 

II 





c o i n P O L T U R R E T 

Fig. 1. Tower Shielding Reactor (Vertical Section). 



Fig. 2. Control mechanism housing. 



2. CONTROL MECHANISM COMPONENT CHECKS AND ASSEMBLY SPECIFICATIONS 

I •• " ' The control mechanisms, Figs. 3 and 4, are fabricated in accordance 
'j. 

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

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 inspec-
tions and certifications specified in the Manufacturing Plan and in the 
Quality Assurance requirements result' in completed components that are <J

 ' ' ' 'f«> 
ready for acceptance testing with little or no modifications,,-

1 <,. i, V—.'' 

The certification and inspection reports are^reviewed by TSF person-
nel to ensure that they meet the specifications noted in the following 
sections. Then the mechanisms are partially disassembled, examined, « 
^lubricated as indicated, and reassembled. When the work in this section 
is completed the mechanisms are ready for testing as described in sub- , 
sequent sections. • -s5-

0 ft. , • "' " " '' 
2.1 Piston' Rings ^ ' \\ • o 

tfzp The piston ringsSused in CMH 2 through 6 were purchased on 
U -

special order from Precision P.iston Rings, Inc., Indianapolis, 
Indiana. Several dozen rings are still in'stock at the TSF for -
use in future control mechanism housings. 0 

2.1.1 Burrs - The piston rings are chromium plated by the supplier 
and a trace of chromium buildup is sometimes noted at the , ' 'J 

90 11 corners of the rings.-. The excess is removed by careful 
poJ.ishing with fine'emery paper (400 to 600 grit). 

2.1.2 Width - A micrometer' spindle is locked 0.093 in. from its '•' — r
 0. .o 

anvil and the gap is used as a gage throughowhich each ring 
_ C' • o O * must pass. Special attention is given to the notched over-

-' Cr 0 " 

lap section of, the ring. Excessive width at this joint 
likely is the result of chromium buildup in the notch and 
this is removed by careful honing with a fine-grit stone 
having a corner angle of less'' than 90°. 
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\b) PISTON DISENGAGED FROM SPOOL~ 
SHUTDOWN SPRING HOLDING NEUTRON 
ABSORBER ADJACENT TO THE FUEL P L A T E S 

ENTRANCE PORT 

PISTON 

HOLES 1241 

SPOOLO 

SHUTDOWN SPRING 

BORON CARBIDE F I L L E D 

NEUTRON ABSORBING PLATE 

PIN O 

8 TRAVELING NUT 

9 LEAOSCREW 

10 MITER GEAR 

11 DOG SCREW 

12 GUIDE STEM 

13 STOP 

11 FLOATING BUSHING 

15 PISTON RINGS 

16 AXIAL "HOLE 

17 EXIT PORT ° 

18 FUEL 

T?ig. "3. Control mechanism. 
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B^C-Filled Shim-Safety 
plate (Control Plate) = 

Fig 
. 4. Control mechanism 

components. 
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2. I . 1 J<nrl I I JI'J»ickness - The r i rigs 'as . pn rchased a re about 0.065 in. 
thick r;idially. A woakr-r ring is desired, so the rings are 
held in a special i I v, and bored in t.lie shop Lo leave a radial 
Lh l.cknes'te of 0.0') 5 in. This machining leaves a burr which 
musL be removed (see above) ' 

2.1. A IHarneter - CIo, no-go gages are used to check the diameter of" 
each ring. Kacli ring must pass through a 1. 7 57-i n .-d i am gage-
to assure its Fit"in to the 1.760 in. cylinder bore. To date 
all rings have passed the 1.757 in. gage and have not passed 
the J.754-jn.-diam gage. 

• ' • 

2.,1.5 I'^iundness - Eaclt ring is "carefully fitted into the I.. 760-i n.-' 
o~ 

diain gage, then inspected for the leakage of light between 
the ring and Lhc; gage. (Alternate inspection method - A („ 
narrow TeeJer gage'of 0.001 :i.n. foil or plastic film is'used 
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 near the end of the 
ring, by very careful bending with too l.s. A O.OO'l. i.n. gap 
in ring fit looms large when compared ,wi.th the 0.0006 in. 
to 0.0008 in. fi.nal clearance .i.n knife edges between piston 
and spool picce: 

2.2 Piston 
<t 

2.2.1 General - The piston assembly consists of the piston body 
and two bronze bearings. The inspection reports are checked 
to ensure that the dimensions are 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 telescoping 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 addition of gall metal, are not acceptable. 



2.2.2 Pj /jj'ooves - 'Hit' groove faces ,1 re checked t o ensure 

tli.'if they are .smooth and true enough to allow the rings to 
form an cf furtive .seal. The rings -'ire installed and checked 
to ensure that they turn freely and they can he casilv de-
pressed below the cylindrical surface of the piston. The 
overlap .joint of each rin^ is examined to ensure that it 
fits correctly in its groove. 

2:2. 3 l'_i s ton Stem - The stem is checked to ensure that it i.s smooth 
and of uniform diameter so that il: will seal reliably against 
the bronze floating seal without scratching it. The tliread'ed 
end face of thepiston stem/is chc'kfd to ensure that i.C is 
flat and true so that it can serve as a reliable stop when 

Lt' the control plate adapter i.s screwed onto it. 

'-.2J> Threads (Matching thos/e, on control plate adapter) - The threads i 
are inspected to ensure "that they are correctly made and free 
of chips and burrs. Any such material is removed and the 
threads are dressed. 

2.2.5 Pjcarings - 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 

'r /, 
it was shaved back with a special tool. 

2.2.6 Multiple Water Holes - J3urrs are formed on the inside of the 
piston when these radial holes are drilled. Burrs are re-
moved with gentle scraping, using care not to damage the 
nearby knife-edge surfaces. 

2.2.7 Knife Edges - The knife edges are inspected for smoothness 

and their diameter measurements are checked versus allowable 

tolerances. 

2.3 Spool Piece 

The spool piece assembly consists of the spool body, two 

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

setscrews. 

) 



2 . f > 

2-3.1 JL'iIL(£Lsl'i'.n.K that arc: checked - OD of knife edj^es, distance 
between knife ed^es, width of knifettedge faces, and I U of 
bore. < ( 

" . ^ 

2.3.2 Hore - The,,bore is checked to ensure that it is smooth and 
that there are no burrs where the two radial, anchor pin </ 

i) 
holes enter the bore. 

2.3.3 ~ r r s have been found in these holes 
in the past. Any burrs or Loose shreds of metal are removed. 

2.3.4 Anchor pins, Sctscrcws and Holes - The dog points of the set- " 
O screws are placed in the notches of the anchor pins to demon-

strate that the clog points enter the notches freely. The 
i. || 

dog-pointed setscrews are screwed all. the v/ay into the spool 
t/ piece to demonstrate that each dog point enters its anchor 

pin notch far enough to hold the pin, and that no burrs are 
pushed, into the liol.es. Then the pins are placed in the spool 
piece and the dog screws installed properly. The anchor pins 
are observed to extend a small distance into the central, bore 
of the spool, piece. 

2-3.5 Knife Edges - Knife edges are inspected for smoothness and the 
measurements of their diameters arc checked,>versus allowable 
tolerances and the measurements of the matching knife edges 

o 
on the piston. 

a 
2.4 Control Plate Adapter 

•O • 

2.4.1 Tlireads - The threads are inspected for feathered crej'ts <> 
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. ° 

h 
2.4.2 Fit to Piston - The shim-safety control plate adapter is 

screwed onto the piston and checked to ensure that it comes 
to a definite stop without jamming. 
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2 • ^ 

Tht' cylinder'assembly consists of the cylinder body, port 
adapter, floating seal bushing, seal retaining ring and three'screws. 

2.5.1 (->lL-Lni—'J'_J:504_v _ horc is inspected for smoothness and for 
freedom from taper and ouL-of-roundness. The water entrance 

i/ ., ' a 

pC'isage is demonstrated to be unobstructed and free of chips 
' and oil. The recess which receives tlie floating seal, is 

inspected for smoothness to ensure that it'will.1 be an effect-
ive .part of the water seal. ^y 

2.5.2 <• Port Adapter - Thd* p'ort adapter is fastened to the cylinder^. 
with a light press with the protruding part rounded and 
highly polished so i't may be pushed|into the gear block and 
withdrawn many times,, later without damaging the hole in the 

. aluminum block,. It may be necessary to chamfer a corner of 
the port adapter if it overlaps the cylinder bore and pre-

r* . vents free withdrawal of the piston rings. 

2.5.3 Floating Seal - Both" seal' faces are checked to ensure that, • 
" thev are smooth and free of burrs. When the seal bushing is 

u 

installed and all three screws are tightened on the retaining 
ring, the seal bushing is checked to ensure that it can move 
freely to be able to align itself with the piston stem. 

• The heads of the three screws are checked to ensure that 
u 

they are flush with o^'recessed slightly below thej surface ii7"»" 
spf the retaining ring. 

2-6 Guide Stem Assembly 

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

screw, lead screw bearings^, and traveling nut." 

2.6.1 Body - The guide stem body is fitted to the cylinder to check 
the^closeness of fit. The stem is checked to ensure tha"t: it 
is smooth, free of burrs, and^without taper. The fit of the 
piston assembly over the guide stem is checked to ensure that 
it is close but free. 

C> 
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'l 

2.(i.2 l.ead Screw - The lead scrow i.s checked to ensure that it is 
k t ra i cji I:, .smooth, and free of burrs. 

2.6.3 l.ead Screw Bearings - These hearings arc1' pressed into the guide 
"stem assembly, and Lliey are checked to ensure that they fit. 
with no radial motion when anchored in place. 

Traveling Nut - Tlii.s bronze nut i.s custom fitted to the lead 
screw. The nut i.s driven along the whole length of its slot 
and if the nut wobbles up and down in the slot as the hori.-

i/ 

/.ontal lead screw is rotated, it indicates the lead screw is 
bent. A bent lead screw is tstra iglitencd or replaced. 

•^ Assembling of Mechanisms 

2.7.1 Spool Piece to Guide Stem Assembly - The spool piece is 16osely 
" supported by the guide stem, and its location i.s accurately 

indexed :i n relation' to the piston by their close fitting knife 
edges. Thus the spool piece must,, be free to conform to the 
radiaL position demanded by the piston knife edges. The anti-
,rotation wings of the traveling nut are checked to ensure 
that they are. recessed below the surface of-.the guide stem 
to ensure noncontact between the nut and the spool piece. 
The two blind holes in the nut engaged by the pins which 
transmit axial motion from the traveling nut to the spool 
piece are match drilled. Care..is taken to reassemble with 
the spool piece correctly rotated and not 180° with respect 
to the traveling nut. When the drive pins are dropped into 

•i ill '"' -
the holes of the spool piece and on into the blind holes in 
the nut, the pins must share the load equally. The pins are 

O 

withdrawn a few thousandths of an inch to permit the dog-
pointed' setscrews to enter the notches in the pins. The dog-
pointed' setscrews, in turn, are backed off a few thousandths 
of an inch before the second setscrews are locked tightly 
against the dog-pointed setscrews. When this assembly Vis 
completed, the spool piece is checked to ensure that it floats 
freely on the guide stem, ready to conform to the location 

I. 

<r 
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demanded by the 0.0006 in. to 0.0008 in. radial clearance 
between the sjvol and pi.ston knife edges. The drive pins 
are checked to ensure that they can be moved but a very 
small disLiimce both axial.lv and rota t i onal.1 y , after the • i'1 '' 
other selscrews have been locked permanently in place. 

2.7.2 Control Plate Adapter - A special adapter is required td con-
^ nect a^shim-safety plate to the piston stem. When the adapter 

is threaded onto the pi.ston stem it comes to an abrupt stop 
at the-and of Its-'travel.'.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 place adapter must be removed 
and reassembled to the piston stem several times during the 
testing and final assembling procedure. Care must be taken 

o 

not to progressively over tighten the control plate adapter^ 
each time it is reassembled to the piston stem, as this will 
eventually cause misalignment of the match-drilled holes'. 

j ' 

2.7.3 Side Load Test — In the CMHy four of the mechanisms 
11 oper-

ate" with their'axes horizontal, and the weight of the control 
shim plate will place a side load qn the guide stem (radial ti to the stem axis). The assembled mechanism (without the scram 
spring) is tested with a 5-lb side load to see if the floating o 
seal realigns and the piston moves freely under these condi-
tions. 

2.7.4" Installing Scram Spring - This heavy spring may be dangerous 
if it .is handled carelessly. (For spring specifications see 

a 

Chapter 3.) It is assembled to the control mechanism by two 
men as follows: 

1. Traveling nut of mechanism is moved to scrammed positdon 
(spool driven away from the miter gear). % 

2. Mechanism is mounted securely on mechanism test stand. 
<L <=> \\ 

3. Scram spring is placed over cylinder of mechanism. 

y, 



• ft. 

2 . 1 0 V 
v 

V ' o 

Lengths of 0.1 ii-i.n. -d i am nylon cord are tied 180° apart 
one coil back from the adapter plaLe end of the spring. 
The spring is compressed by pulling the cord loop axiall.y 
toward the mounting plate. 

While the spring is compressed the,adapter plate is in-
stalled on the piston stem.' It, is sometimes necessary 
to hold the stem with a fuse puller. 

Spring is released and made to n^st in space provided 
on control plate adapter. 

' / 

Lock-pin hole is inspected for alignment"and adapter is 
shifted rotational.ly if necessary. Pin is installed ,but 
is not staked until the final, assembly. 



, , " 3 . S C R A M S P R I N G S ';, 

' v . V-
Experience lias shown that springs supplied by comfnorc i a 1. spring manu-

facturers are the ones most likely to m|et Lhe required specifications. 
Procurement of the springs has ,0 therefore, been handled; as a separate item v 
rather than as another part of Lhe control, mechanisms, j!For these reasons 
the requirements and tests' for selecting springs to be used for the con-
trol- mechanisms are given in this chapter rather than as' another item in 
Chapter 2. The requirements for the .control mechanism scram spring, Figs. 
2, 3, "4, and 5, are given in ORNL Drawing M-20858-EM-0031)^ Control Medi-
an Lsin Assembly. ' '' 

u '' 
Additional, requirements which the springs must satisfy: 

it 
o - " 

1.. Ends of, each spring must be squared and ground so that 
the spring will stand erect, unsupported. 

2. One'end of the spring must fit into the recess provided 
for it on the control platre^mount (item 4, Dwg. M-20858-
EM-003-D) of the mechanism assembly. 

3. Inside diameter of the spring must allow the spring to 
, .. pass freely over the cylinder of the mechanism. 

4. • Outside of the spring must fit freely' into "the cutout Y 
: provided for it in the inner ball (item 15, Dwg. MT20858- V 

EM-013-D)l 
5. Each spring must register 7 0 + 5 lb when compressed to 

6 in. and 90 + 5 lb when compressed to 4 in. 
o 

6. No spring will be compressed to shorter than 4 in. 
during testing to avoid giving it a permanent set. 

Force-vs-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 recorder, Fig. 5. Results^are plotted and 
compared with similar curves of previous springs. 

3 . 1 
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4. MECHANISM BENCH TESTS 

It has bean found advisable to bench test each of the i'ive shim-
fctv plate control mechanisms individually bc-fore installing them as 
group i.n' tlie final CM1I assembly.^ ^ 

1 Description of Test Setup i, c 
The Lest setup, Fig. 6, duplicates, as nearly as possible, a 

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

is available to raise the water pressure above the 70 to 80 psi 
normally available Lf more pressure, is desired. Water fLows through 
a flow ineLer, through the scram valve (a spare scram solenoid that 

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

The mechanism being tested <is mounted horizontally to a brass o 
block wlujch simulates the aluminum block "surrounding the miter gears 
in the center of the CMH. An extension shaft attached to the mech-
anism permits rotation oj^jjie^niechanism lead screw manually or, as (| 
may be seen in Erg. tneanV-uii an electric motor for repeated 
cycling tests such as for endurance runs. A refinement not shown 

i in Fig. 6 was the addition of a spring to provide 10 lbs of lift on 
the scram valve shaft to simulate the effect of reactor core pressure 
transmitted back to the sciVam valve through the water°bypass line. 

il O The scram valve is powered by an ORNL magnet amplifier as shown 
in block diagram, Fig. Pressing the scram button on the magnet o , V-
control box reduces magnet current, thereby "initiatingjthe scram and <. ,, t>" t 
simultaneously starting the timed sweep, of the oscilloscope. The 
mechanism scram motion operates the slide of a ..linear r transducer 

~ which alters the pattern produced by the wave "generator and which 
' tis displayed on the oscilloscope. Thus the release,„travel, and 

Sjjc . total scram times can be displayed and photographed for the mech-
%?4'a~nism under various test conditons of flow and pressure. Appendix D 





W&m 
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Fig.-.7. Block diagram of setup to measure "shim-safety plate 
response time. 

o 



K f v<*\ info rmrtl ion wh i < h will he he, 1 p i u I in ;•,</11 i w. up and op^rai, i ny, 
the scram U ' s t ^ h d ruwnt 'i. ^ " 

Flows, pren: in r r • r i .*nul scr/un times are measured w f L h the mechanisms 

just |i i eked up find withdrawn by rj, 10, I 5, and 25 turns i>f the lead 

screw. Typical acceptable values for each mechanism at the time oi 

bench l.enling are.: 

'• 1 j i f Terence in knife-edge diameters 0.0011 i'ik to 0.001A in. 
Minimum water flow at pick up 0.7 to 1.1 gpin " 
Water pressure at; minimum flow r> r> to bO pr; ig 

i' Mechanism release time '',() to 50 msec 
Median i sin " t rave I. time 20 to 40 msec 
Total scram time 50 to 90 msec 

<1 0 
It should be noted that the release, travel, and scram times arc 

shorter for the bench tests than for the on-CMll final, tests. This is 
because the inertia! and hydraulic damping forces due to the I'̂ C-
fi.lled shLm-safety plates are absent during the; bench testing of the 
mechanisms. On the bench a rubber cushion is used to absorb the 
shock as the mechanism reaches the scrammed-out end of its travel. O 1 « 

It is important that the. magnet amplifier supplies the proper 
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. 0 

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. 

0 
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many ujiport mi i r i es for error, both in fab r i c;i l i on and as.semb 1 y. Kf forts 
have been made lo improve the drawings with regards 1. o accuracv ami clarity 
but there are many places where (•:•:t reme rare must he used Lo interpret 
hidden lines and projected views correctly while fabricating the parts. 
Also, there are many places where t lie order of assembly is very import-
a n L. 

i ri. 1 CMH_ rue tu_re 

•! The engi neer i ng details of a CMH are shown in ORNL drawings 
M-20858-FM-012-1) through 015-0 where the CMll is referred to as 
Control Support Hall. A photograph of nil exploded layout of a 
CMH can bu, seen in Fig. The inner and outer portions of the. 

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

chot leak. 

5.2 Control. Support Tube ^ 

The engineering details of the control support tube are shown 
in ORNL draw.i.ngs°M-20858-EM-007 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 
mo'unted near the lower end of the tube, Fig. 10, are used to support 

0 

the four upper fuel elements. Checks are made to ensure that the 
correct rotational orientation of the various support tube parts 
was0maintained in assembly. 

5.3 Shafts 
0 
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 
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Fig. 8. Support stand for control mechanism housing. 

1 
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Fi.g. 9. lixplotled view of control, mechanism housing. 

Fig. 10. Adjusting control mechanism. 
•<i 
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under their own weight and may falsely appear Lo be straight when 
roller! hor i zoii t a 1 I y across a flat, surface. True straightness is 
as.scssed more accurately by supporting Lhe ends of Lhe shaft on 
'-/-blocks villi Lhe center barely off Lhe Lable, rotating Lhe sli/ilL 
and observing, any variations. Considerable i rnp ro vetnen L in straight.- u 
ness lias been achieved in the past, by careful bending, and recheck i ng . 

The shaft: to position Lhe, sh i in-sa feL y plates is rotated inside the 
shaft which is driven vertically Lo position the regulating plate. 
The orientation of' the shafts at Lhe top of the support tube is 
shown in I'ig. 11. The openings on Lhe top of" the support tube are 
for waLur lines to operate the control mechanisms and seat switches. 

r> • Gear Block 

4 Because many of its surfaces mate with other parts the gear 
block seen in Fig. 12 is carefully checked to ensure that its dimen-
sions are within the. specified tolerances. In addition the water 
passages through the block, especially the tortuous one, for the 
No. 5 seat switch are checked to ensure that the flow passages are., 
clear enough to permit adequate water flow and that they do not 
Leak. . ,, 

5. 5 Miter Gear Pinning 

When the sh.im rod drive shaft lower bearing is fittc?d 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 down, will cause binding of miter gears, 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 " 
shaft is upward and that backlash in either direction could cause 
binding at the miter gears. 

This shaft bearing is carefully located vertically so that 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 



Fig. 12. Control mechanism housing gear block.. 

\ 
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Mo. 5 is 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 thra upper two mechanisms (No. 2 and No. 4). It 
should be noted that the rni.ter gear teeth are rather sharply 
tapered and that even 1/32 i.n. of tooth-face displacement will 
cause poor mating of teeth (mating a large tooth section against 
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 1 screw outer bearings of mechanisms 1, 2, 3, and 4 are 
are selected. The thickness of eacli washer determines both the 
location of tiie mechanism miter gear, for proper depth of tooth 
engagement with the mating shaft gear, and also the amount of 
backlash (near zero is desirable) in the mechanism lead screw. It 
is good practice to have a wide selection of spacer washers avail-
able in many thicknesses from 0.050 tof.0.075 inches for -trial and 
error fitting. The desirable fit is that which permits about 0.004 
in. of miter gear tooth separation when both the mechanism lead 

screw and the main drive shaft are forced into their positions of '' /f 
minimum backlash. During the fitting of spacer washers, the washer 
thickness may be reduced a few thousandths of an inch by hand 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 
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mechanism is firmly bolted to the block during the final gear fitup 
inspection before any drilling to instalsl taper pins in lead screw 
shafts is started. 

5.6 Tubes and Joints 

The ten water tubes are retained in an orderly array where they 
pass through the long support tube by a pair of spider-shaped spacers. 
The central holes through the spacers serve to lightly guide the hoi — 
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 tubes and joints >f 
are 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 Assembly Suggestions 
* ^ 

The following order of assembly of major components is presented 
here as a guide. It is suggested that confirmation be made that mating 

' parts fit properly before final permanent attachment procedures are ,J 

initiated. 
(i 

1. Water tubes are fabricated into support tube assembly. 
2. Gear block is attached to support tube assembly. 
3. All O-rings are added. 
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 ii 

(>. Regulating rod hal f-pla tes are attached to their 
(hollow) drive shaft. 

7. Water tube connectors lending from support tube-
assembly to ball are attached. 



ft. B.C-FILLEI") CONTROL PLATF.S 

B^C-filled neutron absorbing control plates, Figs. 2, 3, 4, and 13, 
are used both as regulating plates and shim-safety plates in the TSK-T1 
CM11. The fabrication and inspection of the various control plates pre-
sents considerable challenge in the field of spherical geometry. The 
details are given in ORNL Drawing M-20858-EM-O11-D. Trouble has bo,en' 
experienced in the past with plates having improper curvatures, volumes, 
location of mounting surfaces, exterior dimensions and other faults., 

° if 
Techniques have been improved with time and experience, and the plates 
for CMH No. 6 satisfied the dimensional requirements. 

[j 
6 .1 Fabrication of l'arts 

! } 

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 machining operation 
and a final weld inspection, the control plates are ready to be 
filled with B.C granules. •'< 

6.2 Filling and Fill Inspection 
II 

Each control plate is carefully weighed then completely filled 
• <":>.•* 

with B.C (360 mesh) grant*'. • with light tamping and vibrating used 
to ensure the proper compacting. If weighing reveals too much B^C 
is iti the control plate, the plate is emptied and the B^C 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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Fig. 113•. °Setup to check neutron absorption of control plates. 



5.3 ii 

the control plate contains an acceptable amount of B.C. the filled 
plate is X-rayed for voids. Finally the fill hole is closed by 
welding and the seal welds and nearby welds are inspected with 
liquid dye penetrant. All weights and oLher' information concern-
ing the loading of the control plates with Vi.C are recorded in the A 
bound log book. 

As a final inspection against leakage 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 for four hours. Leaks, if any, will be indicated by bubbles. 

6.3 Confirmation of B^C Filler Material 

As a final check to ensure that the control plates have been 
filled with B^C, an actual neutron absorpti on, test is performed 
with each of the finished control plates. The test setup is shown 
in Fi.g. '13. Powdered graphite is perhaps the most likely material 
to be substituted in error for the B, C powder, so a direct comparison 
is made of the transmission of neutrons from a source to a detector 
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. 

6.4 Fitting Control Plates to CMH 

With the five control mechanisms (without scram springs) attached/? 
to the CMH, the five shim-safety control plates are mounted on thcT^^^ 
mechanisms and inspected both for uniformity of edge clearance and 
for proper continuity of spherical contour to match 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 set <. 
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. 

Q 



Each control plate is observed as it is moved throughout its 
full travel to assure that its leaf switch actuator is properly, 
guided the Full distance. The leaf switch actuating tongue i^'^'rim-
mod to shape at this time (assuming that no reworking of the control 
plate is needed). <v 

The regulating control half-plates are mounted rigidly to the 
vertically rising hollow shaft and are checked to ensure that there 
is an acceptable edge clearance and proper spherical contour. The 
assembled regulating plate is also checked to ensure that there is 

V 
a vertical travel of at least 1-3/4 inches with no binding. The <Z> 

regulating rod half-plates are permanently attached to their con-
trol shaft before the seat-switch water tubes connecting stem to 
ball are welded in place because it is very difficult, if not 
impossible, to maneuver these half-plates into final position after 
the water tubes are'installed. 



7. FUEL LOADED LUKE-SHAPED PLATES 

The four lune-shaped cover plates, Fig. 2, are fuel elements having 
enriched 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 Inspecting and Harking ° 
iV 

The lune plates are attached to the CMH by many small screws " 
passing through holes in the non-fueled borders of the plates, and 

i f , Cj .1 

it is imperative that no'nioles penetrate the fueled region. Each 11 

plate is X-rayed and the extent of the fueled region is outlined^.V ; 
in ink on the plate, Fig. 14. Under proper lighting conditions', '{̂ tji 
the dividing line,,between the fueled and non-fueled regions ' 
usually be confirmed optically by noting a variation in surface 
texture. ' • ^ 

' " " 7.2 Fitting and Trimming " > r' ° 

The lune plates require considerable trimming; to clear the 
seat switch water supply lines and at their" contact with the support 
tube, Fig. 2. Trimming is routinely restricted to no closer than 
3/8 inch from (.the fueled region, with- 1/4 inch being the absolute 

O ,y , 

minimum safe clearance. Trimming has been successfully accomplished 
by both filing and grinding. If grinding is used, great care must 

i, o „ » 
be used to prevent the grinder from grabbing the plate and distort-o ,-ng it. 

a 
7.3 Mounting 

C O t. 

Starting with CMH No.' 6 two sets of lune-shaped templates are' 
available to aid in mounting the lune-shaped fuel plates to the! 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 

rC, 

locate positions on each lune fuel plate for drilling holes 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. ^ c

 ; % 
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Fig. 1.4. Lunc-shaped fuel. pJates: prior Co rolling, shaped, and 
assembled. 
a " 

7 .4 Cleaning and.,Sto ri ng 

After the attachment of the .lune plates to the CMH has been 
completed, the Lune plates are removed and the ball and plates are 
cleansed of aluminum chips and cutting oil or other lubricants 
applied during the drilling and tapping operation. Blind tapped 
holes are cleaned with blasts from an air hose. 

Since the .lune plates contain enriched uranium they are stored 
in a security safe until time for their reassembly to the CMH. If 
the fuel plates are not to be used for an extended period they are 
transferred, in accordance with security procedures, to Y-12 for 
storage. ^ « 





H. n:;Af, A';:;i:Mi',!.i.7, a : ; i j *icrn i:o< • r . o . \ " n " > i . <<r.cHMitr,:-: norr,i:;i, 

Tli'' control mci')i;jM I :it« limi-'i i n;', i •% .';u;.pen<le<) above the indoor (.'•'.! 
pit. at l. he Tower I'.li I <• I >1 5 n Facility for tli" final assenb 1 inv,, •»'! i'lM i ;>/, 
and t.cfil f 11 foperation';, V \ H . 

a . 1 AdJ u-il l nj; f'.eat '.\yi I t ch_ l.eaj' 

T h e r . i - . i l ' s w i t c h v a t »*r [ J . ' i ' i ' j / i j ' , ' " 1 r e c h e c k e r ) b v f l o v i n i ; w a t e r 

L h r o i i ' / j i ( h e m w l l . h l l i e o r i f i c e n o y . / l e r ; r e m o v e d , t h e n t h e . n o z z l e s 

/ i r e I n s t a l l e d a n d t i g h t e n e d f i r n i l v . 

'['lie s e n t switch l e a f v,p r i nf,:s, !•' i};;;. nii'l 1 0 , .< re cu:;torn f i t t e d 

L o L l i t : (.'Mil w h i l e L l i e control |;l;it.e.'. .'ire removed. O n e t u r n e r a ! t ; n h 

Kprin;', near i.he anchor screw.1; may have Lo he removed (by ;;'*'''d I n;', 
or H I ir>>;) if It extend.*; beyond the splie r I ca 1 contour of the C.MH 
whore iL may touch it spherically shaped fuel plate. 

K.'icli leaf spring r n u s L make a reasonably tij'.ht .seal over i Ls 

respective orifice, so the matinj; snrfaces are checked L o ensure l h a L 

they a re smooth. A permanent compound bending of the leaf between 
the anchor portion and the orifice closure portion is often required 
to achieve the proper tilt, orifice closure and force. Final pol-
ishing of the assembled surfaces is sometimes required to affect a 
tight sea I . 

After 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 installed and adjusted. 

8 .2 Assembling and Lubricating of Mechani.sins 

Before being placed into service the control mechanisms are 
disassembled for a final inspection, 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 mechanism lead screws of the first control ball were coated 
with a paste mixture of powdered graphite in silicone stopcock 

8 .1 
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I'/'Mii"'. This apparently worked veil and a ;ios i:uur S f • «"i i na L i on 
two ye,-if;, later shoved the ) / -, i rl • ,< \ were '.[.ill (fovejerj v/iuh the 
g r e a s e . 

This mlxLuri- Is I lie sL.'ind.i rd 1 ulir Irani, for use on median i sr. 
lead scp'Wi, cylinder walls, piston rings, and other e:<pose<| nur-
faees where Lin: maLerial ran be applied. Silicone oil is used on 
0-rings and hearisv/.s where lubricant.:; ran enl 'T only by eapillarv 
ac L i on . 

Mo lubricant, is applied to Lhe e. I ose-f i L L i ng miter gears .since 
friction and wear at. the gear LeeLli is minimal. Also, Lhe presence 
of grease might cause dirL and trash to cling, to the teeth and Lhis 
may Invite, trouble. 

i-
H. 3 Attaching Mechanisms and Kechecking Miter Gears 

The mechanisms arc: fastened Lo and removed from Lhe go a r 'b 1 ock 
several, t i.mes before they are mounled for the last time. Each 
attachment is made firmly to insure reliability of Tit and care is, 
taken not to strip the threads in Lhe aluminum block. Damaged 
threads have been repaired by the use of hardened inserts (such as 
lle.l. icoi l.s) . The two shal.l.ow tapped holes near Lhe No. 5 water 
passage must be clearly marked so that only Lhe l./2-in. Long rather 
than the 11./.L6- i.n.-.Long cap screws are inserted. 

The mechanisms and other CM1I parts undergo cons ul era b.le handling 
after the original fitting and pinning of mi.ter gears, and a reclieck 
of the miter gear backlash Is made at this time as follows: 

1. With no mechanisms on the CM11 the shim rod drive shaft 
is rotated .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. 

IS 
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 



lead hi" i w i t h o u t hut toning. ( Hot loin i ng. would rri'HU' un-
|F 

i! i-s i r aiil <- end thrust on both tin.- median i sin It-.id screw and 
the shin rod drive- shat . ') 

>'•. "11j»- shim rud drive shall is rotated to check Ilia! it drives 
No. r> nechan i sni without. d i f i' i en 1 t v . If troubli: is encoun-

II 
tered, the following items .should he cons i dered : 

a. The No. 5 lead screw outer (upper) bushing serves also 
as an outboard bearing for the shin drive sliaft. If 
tile lower end of the drive shaft is bent or out of 

1 i 
alignment, binding may occur. 

b. If the drive shafts are nor a i i c.neri so that the tongue 
ami groove connection match correctly for 3b()° of 

i ° rotation, Lhe shafts wil.1 be forced into misalign-
ment, hausing bind in;; in this bearing. If renin ting 
the tongue and groove at 180° corrects the d i f f i.etrity, 
the parts should be carefully marked so that future 
mating w.i.1.1 always be at this preferred orientation. 

5. With No. 5 mechanism remaining in place, a second mech-
anism is mounted firmly on the CMll. 

6. The shaft is rotated one turn, while both the lead screw 
shaft and the shim rod drive shaft are pressed axially ,, 
in the direction of minimum miter gear backlash, to con-
firm that a small but definite backlash exists at the 
miter gears. <i 

7. The second mechanism is removed and the other three mech-
anisms are checked in similar fashion, with No. 5 mech-
anism in place. 

a 
8.A Establishing Shim-Safety Plate Stops 

r 

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 

e 



CMH orif a L a time without Lli'-lr r-J f:i .'.prints, according to the 
f 'o l l o w i n g p r o c e d u r e s : 

).. The No. r) mi-iJiriiu lead screw is rotated exactly 10 turns 
above it.:; mechanical scrammed limiL and Lin- mechanism is 
mounLed 011 the CMII. 

2. The No. !) shim-safety plate, filler plug, ami adjustment 
screw .are attached. 

3. The adjustment screw is turned clockwise until. there is a 
0.020 inch t.o 0.030 inch minimum clearance between the plate 
and the template, then the setscrew is tightened. The 8 3/ft-
in. radius of the template represents' the inner surface of the 
spherically curved fuel-Loaded cover plates. 

4. The sh i.m-plate drive shaft at the top of the support Lube i s 

rotated counterclockwise to count the number of turns until 
It sLops. (Approach this sLop lightly at all. times so as not 
to damage the mechanism.) This number is subtracted from 10 
(see step 1.) to determine the number of turns of insert end 
piston loss of travel, for mechanism No. 5. This value i.s 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 wi.ll stop the out-
ward travel at 2.4 turns of the lead screw before internal mech-
anical binding occurs in No. 5 mechanism.) Similar information 
can be determined if all measurements are made from the fully 
withdrawn position of the mechanism spool rather than the fully 
inserted position. 

5. 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 and, with a felt-tip pen, on 
the No. 5 filler plug. 

o 



b. '.i'6. i filler piiiii, s¥i;i::t-s.i f i'LV plait', and mechanism arc removed _ i 
1 rom Liie (.Mil. lln.-n ilie otiifîiDiir median isms .ire cheeked in a 
similar fashion v.'illi onlv one ni\: hani sm on the CMH aL a Lime. 

8 . r> Synchro!) i .• i !)•.' I'mttri'l •' 1. > t < • Pickup 
:>'ext a scram spring is installed on mechanism (see pre-

cautions in Section 2.7.4), ;uui the p i n which locks the 
threaded shim-safety plate adapter tu Llie pisLon K t k - m ' i K permane.ntl v 
staked in place. A check is made to unsure Lh.it the sLaked pin does 
not extend through the stem wall and rub against the guide sLcm. 

The mechanisms .ve synch run i /.ed and installed for the final 
Lime according £o the following, procedure: ^ 

1. V.'itli the mechanisms out of the CMH, each le;id screw is rotated 
until its spool touches its pi,ston, Lhen it is backed off a 
total of two turns plus Lhe desired individual amount of piston 
loss of travel noted on Lhe median Ism. (Left-handed lead screw 
threads on two mechanisms can cause, confusion as to which direc-
tion to rotate lead screw to move spool toward miter gear.) 

An alternate method of setting this distance is to withdraw 
the spool the number of turns determined in bench tests to 
move the spool from position where it contacts the piston to 
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 carefully 
noted, then the mating tongue of the shim rod drive shaft 
is oriented to match. (Sometimes rotating the 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 
until all five mechanisms have'been instilled. 

k 

f 



Tlic o i l i e r f o u r m e c h a n i s m : ; a r e mount. e ( | on t h e Oil ! , am! t h e i r 

m o u n t i n g ; ; c r e v r : a r e g i v f i ' i a f i n a l t o r q u i n g . The m i t e r g e a r 

h.-u-k 1 i s c o n f i r m e d a f t e r e a c h m e c h a n i s m i s m o u n t e d , e x c e p t , 

f o r t h e l a s t o n e w h i c h cannoL be c h o c k e d . 

The sii f in-sa f e t.y p l a L e s and f i l l e r p l u g a r e a t t a c h e d , m a k i n g 

s u r e LhaL the. f i l l e r p l u g s c a n n o t . c o n L a c t t h e g u i d e s t e m s . 

Tilt; p l a L c s L o p s c r e w s a r e i n s t a l l e d and a d j u s t e d e a c h t o i L s 

p r o p e r p r e d e t e r m i n e d p o s i t i o n a s r e c o r d e d on i t s f i l l e r p lug , . 

Then t h e L e m p l a L e i s u s e d Lo r e c h c r k t h e sli i in-sa f e L y p l a t e ^ 

s u r f a c e s f o r p r o p e r c l e a r a n c e . 

WiLh t h e p l a t e s t o p s c r e w s a t t h e i r p r o p e r p o s i t i o n s t h e i r s o l -

s c r e w s a r e s e c u r e d . I t s h o u l d b e n o t e d t h a t b e t t e r b i n d i n g c a n 

b e a c h i e v e d by b o t t o m i n g t h e r a L l i e r s m a l l s e t s c r e w , t h e n a p p l y -

i n g t h e f i n a l t w i s t i n g e f f o r t Lo t h e w i d e - b e n d e d s t o p s c r e w 

w i t h t h e T - w r e n c h , a n d t h i s t e c h n i q u e i s r e c o m m e n d e d . 

The shim plate dri.ve shaft is rotated counterclockwise Lo check 
that i.t travels approximately the two turns established in step 
8.5.1 before coming to a halt, at which Lime the spool pieces 
of all five mechanisms theoretically are bottoming simultaneously 
against their respective pistons. 

u 
Warnings: Shaft rotational limits must be approached cautiously 
and contacted gently. Control plate stops must not be readjusted 
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 more 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 adjustment (and the 
only one possible for mechanism No. 5) may be made by altering 
the adjustment screw stop position if this can be done without 
fatally shifting the stopping^place for the control plate. 
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The following numbers will be helpful in computing correctional 
increments when making final adjustments: 

Mechanism lead screw pitch: 14 threads per inch 
Miter gear: JO teeth 
Control plate adjustable stop screw: 16 threads per inch 

-j- = 0.071 in. motion per revolution of miter gear (or per 
turn of shim rod drive shaft) 

-----—,~r ~ 0.0024 in. ,-jontrol plate motion per tooth of miter 30 14 v> '•i, gear i 
'V 
—- = 0.0625 in. conLrol plaLe motion per complete turn of 

adjustment screw 
o ~—1—_ = 0.0078 in. motion per J/8 turn of adjustment screw 16 >: H 

-jj'olpf- = 3 . 3 miter gear teeth equal L/8 turn of adjustment 
screw 

8.6 Preparation for Shim-Safety Plate Response Measurements on CM1I 
h 

The shim rod tests require repeated turning of the shim rod 
drive shaft at the top of the support tube, and this can be very J 

tiring to the hand., The addition of a temporary crank is helpful, 
but the greater leverage provided by a crank invites overstressing 
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. ' 

The five mechanisms are tested one at a time. The number of 
variables is minimized 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 tVjev support tube as the test 
progresses. The friction grip of the 0-ring is not quite suffi-
cient to hold the water line in place during a test, so additional 
tie-downs are used. 

0 



The shim-safety plates hit the adjustment screw stops with 
considerable force when scrammed out, and this shock should be 
minimized during the plate response scram tests. During much of 
the testing, cover plates surround the CMII and a retarding dash-
pot action is achieved as the shim-safety plates move through the 
enclosed water. This duplicates the action which occurs when the, 
CMII Is in service in the reactor. During scram tests where the 
covcr plates are absent and there is no hydraulic cushioning, the 
plate movement after scram is .limited to 1/8 inch, unless a sup-
plementary rubber s top i s- employed . 

i Tile accuracy of mcchanism pickup synchronization is measured. 
Tills ic done by counting the number of turns the shim-safety plate 
drive shaft makes from its inserted (scrammed) mechanical limit to 
where each mcchanism 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 indicator 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 section 8.5. A 
record is made in the log book, describing any adjustment 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 
mechanism before and after adjusting. The various limits and over-
travels are illustrated in Fi.g. 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 counted from the scrammed mechanical limit to the 
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Fig. 15. Typical guide points for indica/ed operation of control mechanism drive, 
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position where each shim-safety plate is mechanically disengaged. 
Subtracting these numbers from the total turns will give the amount 
of upper end overtravel for each mechanism, and these overtravel 
numbers are recorded. 

The minimum pressure and flow needed to keep the piston and 
spool engaged to 25 turns withdrawn is determined. Response tests 
from this position provide maximum transducer motion for the best 
oscilloscope pictures. This value has been chosen as a standard-
ized location for taking pressure and flow readings. With pressure 
at the minimum, the shim-safety plate is withdrawn 25 turns, then the 
water supply is slowly throttled and the pressure and flow rates 
are observed at the time the plate disengages and-scrams. The next 

step is to measure the response ti.mes of the control, mechanisms, 
o 

shim-safety plate response times, under simulated reactor condi-
tions. These measurements are made with all mechanisms on the CMH 
and dummy lune plates on the CMH, and the CMH full of water. 

8.7 ,, Shim-Safety Response Measurements with Transducer on CMH 
o , 

The CMH is first enclosed in a set of special dummy lune-shaped 
plates shaving holes to permit the transducer to contact the shim-
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 ofcthe 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, 
otherwise the rod may get wedged between the shim-safety plate and U '•> 

the cover plate. Wooden posts spanning from the CMH to the opposite 
side of the test pit are used to brace' the CMH and eliminate reactive 
motion due to scramming ay shim-safety plate. 

Avgarden hose is used to maintain the CMH full of water or the 
pit is completely filled with water to submerge the CMH. Making 
scram tests with the CMH less than full will result -in unrealisti-
cally short travel times and may permit more shock than is desirable 
when a plate contacts its stop. 

o 
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CJ 

Scram tests are made at water pressures"barely adequate to 
maintain the spool and piston engaged and also at a higher uniform 
pressure of 55 to 60 psig for all mechanisms. The higher test 
pressure slightly lengthens the me.cliani.sm release time. Response 
times are measured with the equip'ment shown in Fig. 7. Appendix 
D gives information that is used in setting' up and operating the 
scram test instruments. 

Successive scrams are made with a given mechanism under identi-
cal conditions. When repeated oscilloscope displaysoshow little 
variation, a typical scope display is photj^^rapihed with the Polaroid <-
camera, resulting in a picture like that shown in Fig. 16. Each 

i/ 

photograph is carefully marked with the data, test number, mechanism 
number, water pressure and other pertinent data.o ^ I 

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 
results in scram performance slightly different from the others. 

8.8 Seat Switch Tests 0 

The five seat, switch leaf springs were adjusted earlier (step 
8.1) to stop the flow of water through the seat switch orifices. 

a 0 

With the shim-safety plates in place and adjusted, the seat switch 
leaf 'springs are reassembled to the CMH. The contact between the f, 
leaf spring and the actuator on the plate should be established to V 
permit the required rate of water flow when its plate is in the 

-i scrammed position. 
V* Reshaping thfib-Leaf spring consists of bending,!only the0end 

" section which contacts the actuator tongue of the shim-safety plate, 
• ^ ' ' with care being taken not to disturb the previously shaped part0 of 

tr't 
the spring which produces the seal at the orifice when.-{the^shim-

° -̂ti 'Si" safety plate is withdrawn. Metal may also be removedoor add'ed to 
the actuator to provide the correct contact. Experience has '"shown 
that a gap of 0.010 in. to 0.015 in. between the3orifice and the '- 0 

a ' a 0 
" . c „ ' 
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Fig. 16. Oscilloscope trace of shira-safetv 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. 

During adjustment of the leaf spring the following suggestions 
and precautions are recommended: 

1. Use feeler gages to measure the gap between 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 leaf spring beyond its clastic limit by 
mistake, as would happen if a shim-safety plate.were re-
moved while its seat switch leaf spring is in place. 

r-

4. Make sure the .leaf spring makes reliable contact with its 
actuator' so that it will not slip off or bind. 

u 

5. Reshape theoworking surface of the actuator, if necessary, 
by removing metal or by welding on an extension. 

6. ^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 and also when the lune plates 
are added to the CMH. If scratch marks are generated at 
the suspected locations on the inside surface of the lune, 
plates, take corrective action. 

8. Record in the log book the flow at 5.> to 10a 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.) 
fl. Q 

» O 

O o 
O 
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8.9 Shim-Safety I'latc ReHpon.sc MeasuremenLs with Seat Switch 

The measurements in section 8.7 are repeated in the test stand 
with the seaL switches set up as they will he used in the reactor. 
For these measurements the CMH is set up as described in section 8.7 
and the CMll is submerged in water. A seat switch flow transducer Is 
connected in the flow line to each mechanism as it is tested and the 
signal IK fed to the osclllo-scope^n place of the linear transducer 
signal. The scope Is triggered by the scram signal described pre-
viously. Response times 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 pslg, and the results are 
compared to the values obtained with the transducer. The measure-
ments are 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 plus 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. (I " 
8.10 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 from its 
upper limit to its lower limit due to gravity alone and that the 
rotational 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. 

# 

o 

° O 

o 

o 
o 
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9. STORAOK OF CONTROL MI'XHANI SM HOUSING ASSEMBLY 

'I'np water is normally used for testing the control mechanism as-
sembly. If the control, assembly is not to be Installed in the reactor 
ri.ghL away, .steps are Laken to prevent the evaporative deposition of 
minerals from the tap water remaining in the CMH. The control assembly 
is rinsed with copious amounts of clem i no ra I Ly.ed water, with careful 
attention given to flushing the narrow passages leading to the seat 
switches and the control, median isms. 

Finally, the CMII is wrapped in a plastic bag to keep out dust, and 
the top of the support tube likewise is covered to protect the ten tube 
entrances and the seals for the control shafts. 

0 

l' 
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APPENDIX A. SUMMARY OF FABRICATION, ASSEMBLING, AND TESTING 

1 
1. Order nonstock Items from suppliers as needed, i.e. scram springs, 

piston rings. 
2. Start simultaneous shop fabrication of fivl;| major components: mecha-

nism, CMH, stem, B^C-fi.lled control plates, fuel-loaded lune plates. 

3. Do bench tests of mechanisms; rework as needed. 
IV 

A. Inspect B^C-filled control plates; confirm the filler material with 
neutron absorption test. 

5. Make trial fit of CM11 to stem; do not weld. 

f>. Make trial fit of regulating half plates to regulating plate drive 
shaft in stem assembly; remove half plates'. 

7. Fit mechanisms to gear block in stem; locate and anchor shim drive 
shaft bushing; add five spacer washers needed 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 assembly. 

8. Clamp CMH to stem and weld tubes to make a''permanent CMll-and-stem 
0 

assembly after installing regulating plate segments or after dem-
onstrating that the segments can be installed after the tubes are 
welded in place. 

9. vTest mechanism water tubes and seat-switch tubes for possible 
plugging or leaks. Q 

10. Attach mechanism and control plates to CMll; inspect shim-safety 
plate fit-ups; install seat switch leaf springs; trim actuators 
on shim-safety plates approximately to dimension. <>> 

11. Inspect fuel-loaded lune plates; trim toofit templates; attach to 
CMll using templates for drilling and tapping; remove lune plates 
and store in accordance with security plan. 

12. Synchronize mechanisms for uniform time of pickup; adjust shim-
safety plate stops, resynchronize if necessary.-

o 
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1.1, Adjust scat switch leaf springs for complete closure and proper 
openings at no-/'/, les. 

1.4, Make Final tests of seaL switches and mechanisms on CMH. 

15. Ki.nse water passages and whole assembly wi.th dem i ne ra I i zed water; 
cover assembly with protective plastic sheet until, time for instal-
lation l.n reactor. 

i. 

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

17. Demonstrate proper performance of control assembly again immediately 
before installing It in the reactor. 0 

.'! V " 

O 

V 
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APPENDIX B. FINAL ACCEPTANCE TESTS FOR TSR-TI CONTROL MECHANISM HOUSING 

D e s c r i p t i o n o f Test : A c c e p t a n c e T e s t L i m i t s 

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

(Acceptable torque values 
have not been established) 

Regulating plate shaft must move freely 
throughout its entire range 

Must: descend by gravity 
from any position 

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

25 turns min. 

Shim-safety plate variation of pickup 
po Lnt 

0.5 turn max. 

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

60 psi max. 

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

1.1 gpm max. 

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 

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

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

0 .10 gpm min. 

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

0 .05 gpm max. 

Weight of B̂ ,C in shim-safety plates (g) 4450 + 25 

B.C weight, total in A o 
Plates 1, 2, 3, 4, weight each, 

including filler plug 

850 max. 
830 nom. 
810 min. 

Plate 5, weight 

Plates A and B, weight each 

545 max. 
530 nom. 
515 min. 

335 max. c 
300 nom. 
285 min. 

& 

{ 

Filler plugs, each 

L< 

23 max. 
0 min. 
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J)esc_r i_pt i on of 'I e s t 

C o n t r o l p l a t e : f i l l e r m a t e r i a l 

C o n f i r m a t i o n o f c o n t r o l p l a t e f i l l e r 
m a l e r i a l 

/ ' I £ L 1 I . T ' I ) L F I I 1 C RJ C P S * L J - ' H L ' J 1 S 

15 0 p o w d e r , '500 t o 450 mesh 

A t t e n u a t i o n of t h e r m a l n e u t r o n s 
t h r o u g h e a c h s h i m - s a f e t y p l a t e 
mus t be m e a s u r e d by a p p r o v e d 
m e t h o d s and musL m a t c h t h e 
a t t e n u a t i o n o f p r e v i o u s s h i m -
s a f e t y p l a t e s . 

V. 
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APPENDIX C. HR1EF HISTORY OF TSK-1I CONTROL MECHANISM HOUSINGS 

A review of the history of the TSR-1I CMHs shows: CMH I was a proto-
type used only for early criLicality studies; CMll 2 and 3 had usefu.l lives 
of about one year each; CMH A went into service in November 1964 and was 
operable until April 1972 at which time CMll installed. CMHs 2 and 

3 continued in service after one shim-safetv plate was inoperable. Their h '' 

useful life ended when the shim-safety plate dritt.e 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. Roth CMHs 
required greatly increased water flows through their mechanisms during 
their final days of operation. The ability for the slum-safety plates 
to scram, an essential safety feature, remained unimpaired throughout. 
After two years of service, the force required to rotate the shimvsafety 
plate drive shaft of CMH 4 increased, and the span of travel for the 
vertically moving reguLati.ng plate was reduced by about 0.2 inch (out of 

n c-about 1.7 inches total original travel). The causes of some of these 
changes were not understood, even after the postmortem examination 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 
which masks the original causes of failure. 

o 
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APPENDIX D. INSTRUMENT SETTINGS TOR SCRAM TESTS 
c 

The circuitry and components needed for conducting the scram tests 
are shown in Fig. 7. The numerical values given below are those arrived 
at during a former set of scram tests. They may serve as a guide Ln 
setting up for future tests but should not be regarded as rigidly fixed. 

^ •'' Magnet Amp i i f i. e r 
p 

Set up by standard procedure. 
/1 

D. 2 Wave Cenerator (Model M-2 RC Oscillator) . 0 

in3 & Range: 10 

Tuning: 8.6 

Output: 8 

Dial: II. 6 

D.3 Magnet Control Box 1 

Upper pot: 4.6 •> u 

bower pot: 6.0 

Voltage: 38 " 
ti 

D .4 Oscilloscope 

Use a type oscilloscope similar to a Textronic 585-A which 
has a timed single sweep. Adjust amplitudes to provide the 
largest complete picture. o 

D.5 Polaroid Camera (attached to scope by special frame) # 

Film: Any black and white film, with speed >200 •£> 

Iris: Adjust to obtain best picture <(F8 to Fll) 

Shutter: On bulb 

D.6 Photographic Technique 

(1) Adjust camera iris, speed, and focus; adjust oscilloscope 
brightness, focus, and scale illumination to give a sharp 
picture. ^ 
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D . 2 

(.Set scope on single sweep and set time and amplitude to 
photograph the complete trace on scale. 

With shim-safety plate positioned, open camera shutter and 
press scram button on magnet current box, the sweep light 
should go out verifying a sweep occurrred. Close shutter. 

For pictures made using a flowmeter for the^signal, after 
trace is made, remove signal input cable to oscilloscope, 
reset sweep, open shutter, press scram button again, close 
shutter and reconnect s i gnal,. lead . This action provides a 
baseline trace on the photograph. 


