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Summary 

The reel support lias three main functions. It 
must support the reel, which is 134 in. in diameter, 
40 in. wide, and stores up to 8,600 ft of super
conductor weighing 8,600 lb. It also must serve as a 
tensioning device for the superconductor, exerting a 
force of up to 600 lb. Further, the support must move 
the re*l vertically and laterally to facilitate the 
winding of the magnets. The support lias been designed 
and is now :-*-tr-i fabricated. This paper describes the 
performance requirements of this device and the evolu
tion of design from concept to completion. 

Introduction 

The mirror Fusion Test Facility (MFTF) at Lawrence 
l.ivermore Laboratory will use large electromagnets 
with superconducting ceils. The superconductors will 
be stored on wooden reels with dimensions shown in 
Fig. 1, Four layers of superconductor will be stored 
on each reel. Each layer will have one continuous 
length of superconductor — enough to provide a complete 
"pancake" of the MFTF coil. 

We chose the overall diameter of 134 in. to mini
mize the amount of bending stress and strain in the 
superconductor and still meet shipping constraints. 
(The 134-in. height is the maximum allowable for ship
ping the reel vertically on a low-bed truck.) The roe] 
must be 40 in. wide in order to have enough storage 
space in one layer for the entire length of each 
superconductor and thereby avoid having to "ramp" into 
the next layer during superconductor fabrication. The 
capacity of the reel is 9,000 ft and the weight of the 
fully loaded reel will be approximately 11,500 lb. 

The MFTF reel support was designed to support the 
reel and to provide controlled motions of the reel while 

2 operating in conjunction with the MFTF coil winder, 
as shown in Fig. 2. 

Basic Requirements 

The structural part of the reel support is de
signed to support the weight of the reel, to withstand 
the dynamic forces caused by superconductor tension 
and by motions that are part of the coll winding opera
tion, and to survive without catastrophic failure a 
seismic force of 0.25 g. Also the reel needs a ten
sioning system to facilitate winding of the supercon
ductor. The most convenient location for this system 
is in the reel support. The reel must have a drive 
system because the superconductor will frequently have 

to be rewound onto the reel during coil winding opera
tions. This drive system can be designed to also pro
vide the superconductor tension. 

*v vert al-motion mechanism Is needed to maintain 
the superco; jctor at the same level as the coil being 
wound on thi TTF magnet. This mechanism must be cap
able of movir, the whole reel through a vertical dis
tance equal to the coil's height — about 4 ft. 

Another cu hanism is needed to compensate for the 
varying distanc of the windings from the geometrical 
center of the coil. This mechanism may be eiiher a 
linear drive or a pivoting device. Either of r.hese 
should be able to correctly align the unreeling super
conductor with the coil. 

Finally, dri\ 
a minimum life of 

components must he designed to have 
ive vears at 25'' duty cycle. 

Reel Mounting 

The main consi - rations in designing the reel 
mount are the methoc of driving, retaining, and re
placing the reel. The last item is of particular con
cern as the reel will be located more than 21 ft above 
ground. 

Four layers 
of superconductor 

134 

-40.00^ 

All dimensions in inches 
Fig. 1. Reel for superconductor that will be wound on 
Mirror Fusion Test Facility magnets. The detail shows 
how four layers of the superconductor are wound on 
the reel. The superconductor is square in cross 
section. 
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Coil shape 

Fig. 2. Configuration for coll winding of the MFTF 
magnets. The coil has the shape of a bent race track 
(insert) and the coil being wound here is viewed 
from the side. Design of the coil winder is ex
plained in Ref. 2. 

Originally we planned to use a center shaft with 
keys to drive the reel, but this design did not seem 
practical because the torque will be very high (-3,000 
ft-lb) and the reel is made of wood. Another possible 
method was to mount the reel on a circular flange with 
a number of bolts. The flange would be connected to 
the drive shaft by means of adapters and couplings. 
However, this method would have made replacement time-
consuming and tedious. 

The design adopted was a three-prong concept as 
shown in Fig. 3. The prongs support the reel and also 
transmit the driving and tensioning torque. A detent 
is mounted on a threaded shaft and protrudes at the end 
of the prong. The detent is operated by means of a 
wheel at the other end of the threaded shaft, and may 
be positioned either to stick out to the side of the 
prong and retain the reel, or to be hidden in front of 
the prong and allow reel replacement* This method 
appears to be the most convenient, although reel re
placement still requires a certain amount of skill and 
experience. This concept was chosen because reels will 
have to be changed at least 45 times during coil winding. 

Superconductor Tensioning 

The most common methods of tensioning conductors 
in coll winding apply a normal force on the conductor, 
thus causing a friction force. The force required to 
overcome the friction force becomes the tension force 
in the conductor. The surface of the conductor, there
fore, Is almost constantly under compressive and abra
sive forces, which may be tolerable in some applica
tions and unacceptable in others. A simple version of 
this type of tensioner la a device that clamps the con
ductor between two plates by means of bolts, nuts, and 
springs. This method is rather crude if there is a 
need to monitor or finely adjust the tension force. 

If surface abrasion Is undesirable, rollers with anti
friction bearings may be used Instead of plates. Here, 
the friction to be overcome is rolling friction instead 

of sliding friction. However, in this design the com
pressive stress is higher because the area under load 
Is reduced. To compensate for this, two or more sets 
of rollers can be used. Further, instead of bolts and 
springs, hydraulic cylinders can be used. These cylin
ders may be Interconnected to ensure equal loading 
among the roller sera. 

Another consideration is the problem of buckling. 
If the normal force is applied in one direction only, 
it might cause a permanent cross-sectional strain in 
the conductor. To avoid this buckling, the normal 
force can be applied in two directions by means of a 
Turk*s head, which may be connected by means of cables 
to a spring device or a motor-driven winch. 

None of these methods are suitable for the MFTF 
superconductor. First, we wish to avoid abrasion and 
stress on the conductor surface. Second, the normal 
or compressive force might pinch cooling channels in 
the superconductor or frarture bonding between the con
ductor core and its wrap-around stabilizer. Finally, 
by our estimate, the tension force required might be 
as high as 600 lb, which may be higher than the above 
methods can provide. 

For our application we chose to use tin ac torque 
motor which, in conjunction with a speed reducer and 
sprockets and chains, will drive the superconductor 
reel. During coil-winding operations, the motor will 
be "dragged" continuously in a rotation opposing the 
direction it t9 energized to turn, thereby creating 
tension in the conductor. We can adjust the amount of 
tension by varying the voltage supply to the motor. 
This method does not require any additional physical 
contact to the conductor and provides the means of 
rewinding the conductor back onto the reel without 
additional cost. On the other hand, because the ten
sion force is transmitted tWough the reel, the latter 
must be strong enough to withstand the torque. Also, 
the conductor must be firmly anchored to the reel to 
resist the tension force of 600 lb. 

Latera] Motion 

The purpose of the lateral-motion mechanism is to 
provide the capability of aligning the conductor with 
the coil during the winding operation. The outer turns 
of the HFTF coil will be three feet from the coil cen
ter. If the reel cannot move laterally, the supercon
ductor will be sharply bent and abraded either at the 

Fig. 3 Reel mounting method. 



coil or at the reel. We studied two basK' concepts for 
the Literal motion provision: linear notion and pivot
ing motion. The latter allows the reo] to rotate 
through a sector as wide as the entire MFTF coil. 

The linear-motion mechanism is perhaps the more 
costly, as it requires more drive components and asso
ciated supporting structure. The reel carriage could 
be mounted on a set of lead screws that could be driven 
by a gearmotor. Or, the carriage could be on casters 
traveling on rails, and an electric motor could drive 
the assembly through a rack and pinion mechanism. 

The pivoting motion requires a bearing at the cen
ter of rotation. This bearing could be a ball bearing 
or a simple thrust washer with grease lubrication or 
antifriction coating. The pivoting motion is con
trolled by a means of linkage and a motor-driven screw-
jack. Because the reel is situated 36 ft from the coil, 
a rotation of *1 deg from the center is adequate. The 
traveling end of the reel carriage could be mounted on 
rasters with r.ipercd rollers to reduce scuffing. 

We decided to use the pivoting-motion mechanism 
because we felt that the pivot motion of the reel com
bined with the a2iimithal motion of the coil winder can 
align the conductor well enough to avoid excessive bend
ing and abrasion between coll turns. (Everson Electric 
Company also uses the pivoting motion for conductor 
alignment. However, the mechanism is mounted on the 
coil winder above the elevation axis, giving the coil 
winder three axes of movement.) The linear-motion me
chanism is perhaps necessary for a coil of the 
baseball-seam configuration, but not absolutely re
quired for a bent-race-track coil such as the MFTF 
magnet. 

Vertical Motion 

The reel must irive vertically to maintain the con
ductor at the same level as the coil during winding. 
The height of the coil cross-section is U2 in. The 
mechanism, therefore, must be able to travel this dis
tance and dwell at any position thereof while support
ing the reel under all loading conditions, including 
seismic. 

The methods we considered for this purpose include 
the hydraulic piston, the scissor-lift, and the screw-
jack. None of these are particular^ stable latter-
ally, particularly under seismic loading conditions. 
The screwjack-method was chosen because our investiga
tions showed that problems it poses are less difficult 
ard less costly to overcome. 

Our first concept was to use four 5-ton screwjacks, 
the capacity of which is degraded for travels greater 
than 18 in., coupled through raiter gearboxes to a gear-
motor. The screwjacks would provide vertical support 
only. We could support the reel assembly laterally by 
using tubing, braces, ar.J other structural members. 
The problems with this design are the large amount of 
lateral-support members required through the entire 
42-in. range of travel and the alignment difficulties 
involved in installing the necessary bearing surfaces. 
A simple method of avoiding these problems is to use 
larger screwjacks, such that the screwjacks alone can 
support the lateral loads without additional supports. 
The capacity of the jacks, however, must be 35 tons 

instead of 5 tons. Such jacks cost twice as much, but 
this increase is much smaller than the cost of design
ing, fabricating, and installing the lateral support 
that would be required for the 5-ton jacks. 

Conclusion 

Our study and design efforts resulted in the ma
chine as shown in Fig. 4 and described in Ref. 3. The 
general characteristics of the reel support are out
lined in Table 1. 

Table 1. Reel-support characteristics. 

Design load 
Design tension 
Vertical *ravel 
Vertical speed 
Pivot travel 
Pivot speed 
Reel drive 

Environment 

Life 
Seismic capacity 
Power requirements 
Dimensions 
Weight (without reel) 21,000 lb 

12,000 lb 
600 lb (max) 
A.5 ft 
3.6 in/min 
:7.2 deg 
2.4 deg/min 
Bi-directional, 
continuous-duty, ac torque motor 
32-110 °F, 
12-95% rel. hum. 
5 vr 
0.25 g 
208 V, 3 p h a s e , 60 HE 15 kW 
10 * 10 * 26-30 f t h i g h 

Reel s i z e 
o . d . 
wid th 
hub diara 

Reel weight 
(wi th 9000 f t of 
superconductor) 

11 ft, 2 in. 
3 ft, 4 in. 
10 ft, 6 in. 
11,530 lb 

Mention of a company or product name does not imply 
approval or recommendation of the product by the Uni
versity of California or the U.S. Energy Research and 
Development Administration to the exclusion of others 
that may be suitable. 

The MFTF superconductor is a new concept in super
conductor design. Its characteristics oie largely un
known. Our design of the reel support, therefore, 
depended to a great extent on our speculations. We 
expect to gain information and experience in the me
chanics of tids superconductor during the windings of 
both a test magnet and the MFTF magnet. 
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Fig. 4. Reel and support design, front and side 
views. 


