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(54) Jacking mechanism for upper 
internals structure of a liquid 
metal nuclear reactor 

(57) A jacking mechanism for rais-
ing the upper internals structure of 
a liquid metal nuclear reactor which 
jacking mechanism uses a system 
of gears and drive shafts to transmit 
force from a single motor to four 
mechanically synchronized ball 
jacks 2 to raise and lower support 

columns 7 which support the upper 
internals structure. The support col-
umns 7 each have a pin 23 (Fig. 6) 
which rides in a slot 27 in a hous-
ing fixed to the reactor head. The 
pin has two locking plates 26 
which can be rotated around the 
pin to bring the locking plates 26 
into engagement with the housing 
in a raised or a lowered position of 
the support column such that the 
support column is then supported 
by the locking plate and not by the 
bail screw jacks. 
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SPECIFICATION 

Jacking mechanism for upper internals 
structure of a liquid metal nuclear reactor 

5 
This invention relates generally to liquid metal 
cooled nuclear reactors, particularly to a jack-
ing apparatus for raising, lowering, and sup-
porting an upper internals structure in a liquid 

10 metal reactor. 
The design of the liquid metal nuclear reac-

tor known as the Clinch River Breeder Reactor 
Plant incorporates a structure called an "up-
per internals structure" (UIS). The UIS has 

15 several functions: support and alignment of 
control rods above the reactor core fuel as-
semblies, support of instrumentation, core 
holddown, and coolant flow mixing. The UIS 
hangs from support columns supported from 

2 0 an "intermediate rotating plug" which is part 
of the reactor vessel head. The UIS is posi-
tioned at it lower end by radial keys which 
engage slots in a core barrel structure. The 
keys are important since these control UIS 

25 alignment and also oppose flow induced vi-
brations. 

During reactor refueling the intermediate 
rotating plug must be rotated in order that a 
refueling machine may have access to ail core 

3 0 fuel assemblies. This operation requires that 
the UIS be hoisted upward a distance suffici-
ent to clear the UIS keys from the core barrel 
slots such that the UIS and intermediate plug 
are free to rotate. A jacking mechanism is 

35 used to accomplish the required hoisting and 
lowering of the UIS during refueling. 

The support system for the UIS includes the 
support columns which pass the dead weight 
and other loads of the UIS through the jacks 

4 0 to the intermediate plug which transfers the 
load to the reactor head, which in turn is 
supported by structural features of a surround-
ing building. 

During hoisting for refueling, the UIS sup-
4 5 port system must be capable of handling the 

UIS dead weight (approximately 5 0 , 0 0 0 kg.), 
and key-slot misalignment loads (magnitude 
varies with degree of misalignment). 

During reactor operation, the UIS support 
5 0 system must be capable of handling UIS dead 

weight, seismic loads ( 5 0 0 , 0 0 0 kg.) and, ad-
ditionally, possible forces, alternatingly up-
ward and downward, on the UIS due to rapid 
vapor expansion from the liquid metal coolant 

55 in the reactor due to an accident. This force 
could be of the magnitude of 2 , 0 0 0 , 0 0 0 kg. 
Since the accident involved is considered less 
likely during refueling, this large load capabil-
ity may not be required during refueling. 

6 0 During hoisting and lowering, small 
alignment errors between the UIS and the 
core barrel slots impose misalignment loads 
on the jacking mechanism in order to force 
the keys into or out of the slots. The misalign-

65 ment load which the jacking mechanism must 

overcome is a function of the misalignment 
magnitude. 

The UIS guides and aligns control rods to 
enable these to drop into fuel assembly con-

7 0 trol rod guide tubes during a reactor shut-
down or "scram". The time required for the 
control rods to drop into the reactor core, 
called the "scram time", is an important 
safety parameter which is adversely affected 

75 by any misalignment of the UIS with the 
reactor core. Therefore, the jacking mecha-
nism must be able to raise and lower the UIS 
for refueling operations with precision to pre-
vent alignment errors, particularly those in the 

8 0 vertical direction not corrected by key inser-
tion. The margin of error limit in lowering the 
UIS is considered to be 0 . 7 5 mm. over 7 m. 

In summary, the jacking mechanism and 
support system for the UIS of a liquid metal 

8 5 reactor of the Clinch River variety must be 
capable of handling very large forces, while 
also accomplishing precision UIS positioning. 

Conventional jacking systems which can 
meet the indicated load requirements are mas-

9 0 sive in size and are not sufficiently precise. 
Precision jacks are not sufficiently strong. Fur-
thermore, the area in which the jacks must be 
located is crowded with other necessary 
equipment such that massive jacks cannot 

95 easily be accommodated. 
Consequently, it is the principal object of 

the present invention to provide a jacking 
mechanism capable of reacting large forces 
and of precision positioning of a UIS for a 

100 liquid metal reactor. 
With this object in view, the present inven-

tion resides in a jacking mechanism for raising 
and lowering the upper internals structure of a 
liquid metal nuclear reactor, comprising sup-

105 port means for lifting, supporting, and lower-
ing said support column, a number of cylindri-
cal housings supported on said reactor and 
having axial slots therethrough, a support col-
umn disposed in each housing and attached 

1 1 0 at one end to said upper internals structure, 
and jacking means associated with said hous-
ing for raising and lowering said support col-
umn with respect to said housing, character-
ized in that, at its other end, said support 

11 5 column has a pin extending thereacross and 
through said slot so as to be movable therein 
during upward and downward movement of 
said support column, and said housing has 
surfaces for supporting said support column in 

1 2 0 predetermined positions, and that locking 
plates are pivotally supported by the portions 
of said pins which extend through said slots in 
said housing, said locking plates having load 
bearing abutting surfaces arranged to engage 

125 said support column with said housing in 
either the column 's raised or lowered position. 

The locking plates engage the housing 
thereby taking all UIS loads in either position 
off the ball screw jacks. 

1 3 0 The complete UISJM has precisely working 
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jacks operative during refueling hoisting (rais-
ing and lowering) operations sized to handle 
misal ignment and dead weight loads coupled 
wi th lock plates of sufficient strength to also 

5 withstand seismic and accident loads. The 
composite mechanism is relatively small. 

During the infrequent and short t ime inter-
vals during hoisting, when the lock plates wil l 
not be installed, the probabil i ty of an accident 

10 or seismic event is considered to be accept-
ably small. 

The invention wi l l become more readily 
apparent f rom the fol lowing description of a 
preferred embodiment thereof shown, by way 

1 5 of example only, in the accompanying draw-
ings, wherein: 

Figure 7 is a schematic elevation of a l iquid 
metal reactor having an upper internal struc-
ture; 

2 0 Figure 2 is a plan view of the jacking 
mechanism; 

Figure 3 is an elevation view of one ball 
screw jack column; 

Figure 4 is a plan view taken as indicated 
25 f rom Fig. 3; 

Figure 5 is a section detailed from Fig. 3 
shown in the " d o w n " position; 

Figure 6 is a detail f rom Fig. 3 shown in 
the " u p " position; 

30 Figure 7 is a plan view taken as indicated in 
Fig. 3; and 

Figure 8 is a detail of one locking plate. 
Refer to Fig. 1 which shows the general 

arrangement of upper internals structure 1, 
35 (UIS) UIS jacking mechanism 2 (UISJM), core 

barrel 3, keys 4 and slots 5. The UISJM 2 
provides positive vertical and lateral support 
of the UIS during reactor operation, and 
raises the UIS suff iciently to clear slots 5 prior 

4 0 to rotation of reactor closure head intermedi-
ate plug 11. 

The UISJM is composed of four identical 
ball screw jacks 6, (see Figs. 1, 2 and 3) one 
connected to each of the UIS support col-

4 5 umns 7, and mechanically driven by a motor 
8 mounted on one of the ball screw jack's 
support plate 12. An interconnecting drive 
shaft 13 and gear arrangement provides the 
driving torque from the single motor 8 to the 

5 0 four jacks. Each jack is mounted on a jack 
housing 9, which, in turn, is bolted to a 
UISJM nozzle 10. The four UISJM nozzles 10 
are part of the intermediate rotating plug 11 
of the reactor head. Vertical motion is im-

55 parted to each UIS support column 7 by the 
inverted ball screw jack located above the UIS 
support column 7. Each ball jack can exert a 
5 0 , 0 0 0 kg. thrust on its particular support 
column 7 in either direction of travel wi th a 

6 0 maximum jacking velocity of 1 .2 cm. per 
minute. The ball screw jack and drive compo-
nents are supported by the ball screw jack 
housing 9. 

As depicted in Fig. 2, four jack columns are 
65 incorporated into the UISJM. Three would 

suffice to bear all loads, but four are provided 
because columns 7 are also used to route 
instrumentation cables out of the reactor, and 
these cables are so numerous that four sup-

70 port columns are needed to meet this func-
tion. 

Referring to Figs. 3 and 4, the support 
column 7 on which the UIS is supported, is a 
hollow tube encased at the upper elevation 

75 shown in Fig. 3 by UIS nozzle 10 and jack 
housing 9. Ball jack 6 is affixed to column 7 
and can raise and lower column 7 and, conse-
quently, the UIS. The juncture between reac-
tor head 20 and nozzle 10, and the juncture 

8 0 between nozzle 10 and jack housing 9 have 
sealing systems comprising O-rings and inert 
gas purge streams to prevent gas f rom wi th in 
the reactor from escaping. 

The mechanical connection between each 
85 screw jack 6 and UIS support column 7 

consists of a preloaded clevis 21 (Fig. 5), a 
load cell and support pin 23 located wi th in 
the jack housing. The load cell monitors the 
vertical forces (either up or down) transmitted 

9 0 to the UIS support column 7. Any one of the 
four load cells wil l stop the drive motor 8 if 
predetermined loads are exceeded. The pur-
pose of the preload in clevis 21 is to eliminate 
positioning inaccuracies caused by backlash (a 

95 tolerance or clearance) in the clevis. The 
spring pre-loaded clevis 21 also limits the 
amount of operational loads that may be 
transmitted to the drive components. The pre-
loaded clevis also isolates the ball screws f rom 

100 large vertical loads during reactor operation. 
This is accomplished by preloading the attach-
ment using large Belleville springs 24 . These 
springs wi l l start to compress when the up 
load reaches a predetermined load l imit for 

105 the drive components. When the load limit is 
reached, the displacement of the springs is 
sufficient to compensate for clearances in the 
locking devices, wi thout over-loading the drive 
components. In addition, under extreme inser-

110 t ion loads of the UIS, the spring loaded clevis 
provides for " f lex ib i l i t y " in the system which 
prevents overloading of one jack due to small 
differences in displacement between the col-
umns. 

11 5 Anti-fr iction bearings are utilized between 
the UIS support columns and the UISJM jack 
housings to minimize loads in the UISJM. 

LOCKING PLATE SYSTEM 
1 20 Refer to Figs. 5, 6, 7 and 8. 

Each housing assembly contains a locking 
mechanism which locks UIS support columns 
7 in either an up (Fig. 6) or down (Fig. 5) 
position. The locking mechanism consists of 

125 two plates 26 bolted 1 8 0 degrees apart into 
vertical slots 27 in housing 9. One end of 
each plate 26 is designed to pivot about UIS 
support pin 23 and to provide a static bearing 
surface for UIS support pin 23. Lock plates 

130 26 are designed to be wi thdrawn prior to and 
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during either raising or lowering the UIS and 
to be immediately afterwards reinserted (in-
stalled), and bolted in place which locks the 
UIS in either the raised position (refueling) or 

5 in the lowered position (reactor operating). 
When installed, plates 26 are subject to all 

operational, seismic, accident, and other loads 
from UIS support columns 7 and transmits 
the loads to jack housing 9. Loads of nearly 

10 500 ,000 kg. per column are supported by 
these (there are four) plates 26 without caus-
ing the loads to be transmitted to the rela-
tively weaker ball screw jacks. This is critical, 
otherwise much larger drive components 

15 would be required which would cause formi-
dable problems with respect to space and 
drive component support. 

No special tools are required for disengage-
ment of locking plates 26. This is accom-

20 plished by having the dead weight load of the 
UIS on support pins 23 which rest on the 
bottom of slots 27 located in housings 7. This 
keeps loads, which could cause binding, off 
lock plates 26 making their disengagement 

25 load limited to essentially their own dead 
weight (about 50 kg. each). After lock plates 
26 are disengaged, the pins are free to travel 
up and down the slots (see Fig. 3). Lock 
plates 26 ride up with the support pins. They 

30 provide for extreme accuracy in repositioning 
the UIS after refueling. In fact, after the plates 
are installed, the top of the UIS support 
columns are within 1.5 mm. of an originally 
installed position assuming data appropriate 

35 to a preferred embodiment. (The originally 
installed position of the support columns is 
considered to have no vertical misalignment 
of the UIS with the reactor core or core barrel 
keys). 

4 0 Because misalignment of the UIS with the 
reactor core and the key slots of the core 
barrel is to be minimized, the preferred em-
bodiment of the UISJM includes a load cell 
which cuts off motor 8 when the first (of 4) 

45 support pins 23 bears against a hard stop 
with a load of 50 ,000 kg., indicating the first 
support column 7 (of 4) has reached the fully 
up (or down) position. The uncertainty in 
position of the support column for this first-to-

50 arrive pin is then the tolerance, (or "back-
lash") of the ball screws plus the gap between 
the sleeve 30 and the support column 7 is 
compensated for by the compression of the 
Belleville springs which start to deflect at 

55 42 ,000 kg. 
The invention described herein was con-

ceived during performance of a contract with 
the United States Government designated 
DE-AC15-76 -CL02395 . 

60 
CLAIMS 

1. A jacking mechanism for raising and 
lowering the upper internals structure (1) of a 
liquid metal nuclear reactor, comprising sup-

65 port means for lifting, supporting, and lower-

ing said support column, a number of cylindri-
cal housings (9) supported on said reactor and 
having axial slots (27) therethrough, a support 
column (7) disposed in each housing (9) and 

70 attached at one end to said upper internals 
structure (1), and jacking means (2) associ-
ated with said housing (7) for raising and 
lowering said support column (7) with respect 
to said housing (9), characterized in that, at 

75 its other end, said support column (7) has a 
pin (23) extending thereacross and through 
said slot (27) so as to be movable therein 
during upward and downward movement of 
said support column (7), and said housing (9) 

8 0 has surfaces for supporting said support col-
umn (7) in predetermined positions, and that 
locking plates (26) are pivotally supported by 
the portions of said pins (23) which extend 
through said slot (27) in said housing (9), said 

85 locking plates (26) having load bearing abutt-
ing surfaces arranged to engage said support 
column (7) with said housing (9) in either the 
column's raised or lowered position. 

2. A jacking mechanism according to 
90 claim 1, characterized by four support col-

umns (7), four associated housings (9), four 
associated jacking means (2), and two locking 
plates (26) associated with each support col-
umn (7). 

95 3. A jacking mechanism according to 
claim 1 or 2 characterized in that said jacking 
means (2) is a system of ball screw jacks 
arranged to transmit hoisting and lowering 
forces from a single motor to said support 

100 columns. 
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