
PREPRINT UCRL- 79744 m hjOfc^ 

i THE COIL WINDER FOR THE MAGNET OF THE MIRROR FUSION 
TEST* FACILIT? 

R. C. Ling 

August 29 v 1977 

This paper was prepared for submittal to the Proceedings of the Seventh Symposium 
on Engineering Problems of Fusion Research; Nuclear.and Plasma Science Society 
of the IEEE,"'Knoxvllie.Tenn.; October 25-28,'1977. 

..'•V 
•• I 

This is a preprint ot a paper Intended for publication In a journal or proceedings. Since changes may be made 
before publication, this preprint is made available with the understanding that It will not be cltsd or reproduced 
without the permission of the author. 

MASTER ^ R , B ^! o N - ° n H , s '^«w.8UNui i iT ip 



THE COIL WINDER FOR THE MAGNET OF THE MIRROR 
FUSION TEST FACILITY 

R. C. Ling 
University of California, Lawrence Livermore Laboratory 

Livermore, California 94550 

-NOTKt-TITTT , . 

McontiKton, «, ^Jg^Smmlm » S 
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A coil winder was designed for the purpose of 
fabricating the superconducting magnets of the Mirror 
Fusion Test Facility* Hie superconducting magnets are 
a displaced ying-yan;; pair, each having major and minor 
radii of 2.5 and 0.75 m, respectively, and cross 
section of 0.42 m by about 1.03 m. The superconductor 
cross section is' a square. 13 mm on-a side, and 
consists of a core of niobium-titanium embedded copper 

' and a solid copper stabilizer. Conceptual studies 
made at Laurence Livermore Laboratory of the coil 
winder resulted in concept drawings and a procurement 
specification* Final design was made by the contractor, 
and the coil winder is now in fabrication* This paper 
describes the performance requirements of the winder, 
and the evolution of its design-fcom conceptual stage 
to completion. 

Introduction 

The magnets of the mirror Fusion Test Facility 
(MFTF) are a pair of large coils of the bend-race track 
configuration . The coils consist of 1650 turns* of 
copper superconductor imbedded with niobium-titanium. 
Coil geometry and superconductor cross section are 
both shown.in Fig. 1. Each coil \»eighs approximately 
90,000 lbs. 

Fabrication of magnets of this magnitude requires 
capabilities arid facilities .normally not available in 
a machine. The MFTF coil winder, therefore, was 
designed tc facilitate the coil winding and fabrication 
operation. 

Design Requirements 

Because of the coil configuration, the winding 
machine must have 2 deg of rotary motion with 
intersecting axes of rotation. One axis must be 
superimposed on the other, similar to a radar antenna 
pedestal of the elevation-over-azimuth type. The coil, 
when being wound or completed, will be mounted between 
the elevation bearings, symmetrically straddling the 
elevation and azimuth axes. 

The machine must be capable of supporting the 
coil, insulation material, coil jacket, and associated ' 
supporting and tooling equipment. The total weight of 
these materials was estimated at 172,000 lb maximum* 
Because the integrity of the coll shape is very 
important, the design of the supporting structural 
members of the machine must allow for small and 
tolerable amounts of deformation under both partial 
and full loads. 

The duration of the coil winding operation was 
estimated to be 9 mo for each coil. Prior to that, 
there will be a 6-mc period for testing, system 
debugging, and practice winding. The duty cycle of 
the machine, therefore, was specified as intermittent, 
16 h/d and 270 d/yr. The machine has a minimum design 
life of 5 yr. 

The exact number of turns has not yet been decided. 
The maximum number of 1650 turns was Hated as a design 
parameter for the coil winder, , 

Ambient environmental conditions are mild 
compared with requirements for most machinery.- The 
temperature range is 0 to 44°C, with relative humidity 
of 12 to 952. The required, survival seismic load is 
0.25 g applied at the center of gravity of the fully 
loaded machine and in the direction that yields the 
largest overturning moment. 

Similar Machines 

At the outset of our studies, ior cost saving 
reasons, we attempted to find machines having 
characteristics similar to our requirements. 
Investigations were made of gun mount , antenna 
pedestals, and welding positioners, a: these machines% 

frequently have two axes of rotation and load '-* 
capacities comparable to the required load capacity of 
our machine. 

The mechanism of the gun mount is very similar 
to the requirement of a coil tender, and in fact, 
many coil winders in operation are modif^d gun mounts.' 
However, these machines are usually used n winding of 
solenoids or in operations that need only )ne axis 
(azimuth.) of rotation. The elevation-dri mechanism 
of a gun mount is on a relatively small s^ le. 
Extensive modification or redesign, theret\ --e, would 
be needod to accomodate the large coil-mounting 
structure that is necessary for our^ coils. Further, 
a gun mount of the magnitude of our application is 
very bulky, requiring a largt pit or high platform for 
the azimuth-drive system alone. 

Antenna pedestals exist in a variety of sizes, 
ranging from those holding small airborne antennas to 
those supporting 300-ft-diam parabolic reflectors-. 
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Fig, 1. Configuration of magnet for MFTF: (a) coil 
side view, (b) coil end 'view, (c) coil cross section, 
and (d) superconductor cross section. . 
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<' The types of pedestals that can be adapted for our 
coil-winding purpose aret'the eleyation-over-azimuth -
mounts (other types, being, mainly, the X-Y and 
hour-angle-declinaition'mounts). However, as a result 
of: visits and'discussions with three antenna 
manufacturers, namely, Aeroneutronic Ford, 

, Scientific-Atlanta and E-Systems,*. we concluded that 
• no existing pedestal or pedestal.design would satisfy 
, all of our requirements.' The'elevation-bearing 
supports are usually too close together, and the height 
of the elevation axis from azimuth turntable is , 
usually higher than our-need's-..- Extensive redesign 
would again be necessary. 

The 'welding positioner also comes in various 
sixes, The;drive mechanisms for weld positioners may 
be simple chsin-and-sprocket devices or large gearing 

(.systems. The latter type appeared suitable, for our 
requirements. The positioners seldom have 

- counter-weights to balance the load, hence the gears 
usually have coarse diametral pitch. The gear trains, 
characteristic of the welding operation, frequently , 
are dual-drive systems, spring-loaded to reduce 
backlash. This type of anti-backlash mechanism is not 
a's sophisticated as the biased drive or counter-torque 
drive commonly used in large antenna pedestals, but •* 
would be adequate for our, coil-winding needs. The 
structures of the positioners, oh the other n&nd, ave 
not easily adaptable to our requirements, as they often 
are individually designed for welding specific items. 
Also, the azimuth drive is frequently mounted above 
the elevation axis, which is contrary to our requirement. 

Conceptual Design * 
Conceptual design studies were initiated for 

several reasons. First, the studies would be helpful 
• 2 • in preparing a procurement specification that would 

define the general functional and engineering 
requirements of the coil winder. Second, we wanted to 
identify potential problems, establish critical 
dimensions, and resolve conceptual comparisons. Last, 
because.the final deuign and fabrication of the winder 
would be' performed by contractors, the study effort 
would, help in assessing and evaluating proposals and 
designs. The studies yielded a basic design for the 
coil winder as shown in Fig. 2. The main subassemblies 
are discussed in the following. 
Base Structure 

The base structure supports the entire coil 
winder and is anchored to the foundation. It also 
houses the azimuth bearing and drive system, e.lectrical 
junction box, and azimuth slip-ring assembly. 

The azimuth bearing is a large-diameter ball or 
roller bearing of either the four-point contact or 
cross-roller type, capable of supporting the total 
gravity load as well as the overturning moment 
caused by a 0.25-g seismic force. The outer race of 
the bearing is also the azimuth bull gear. Drive power 
is provided from an electric motor driving through a 
right-angle reducer and a drive pinion. Two of these 
drive trains are used, the drive pinions being 
spring-loaded against each other to reduce backlash. 
Turntable 

The turntable i s a large weldment that provides 
load paths from the widely separated trunion supports 
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Fig. 2. Conceptual design of MFTF coil winder: 
(a) front view, and (b) side view. 

to the azimuth bearing. The top of the turntable may 
be used for storing auxiliary equipment for 
coil-winding or jacket-welding purposes. 
Trunnion Supports • 

The trunnion supports are also large welded 
structures. The elevation bearings are pillow blocks 
with self-aligning, spherical roller bearings. These 
pillow blocks are mounted on top of the supports. The 
elevation-drive systems are located on one of the 
supports while the bull gear is mounted on the 
elevation structure. Dual pinion-drive systems, 
similar to the azimuth drive, are also used. A stow 
pin mechanism, located on the other trunnion support, 
when engaged; will lock the elevation structure for 
safety and hazard-control purposes. The service 
platform is also mounted on the trunnion supports and 
is the working area during coil-winding operations. 

file:///y-Coil


Elevation Structure 

The elevation structure, essentially the mandrel 
on which coil winding takes place, is a welded 
structure with flange adapters and stub shafts for 
mounting on the elevation bearings. Mounting 
provisions are also provided for the elevation bull 
gear and stow-pin disc. In the mid-section of the 
structure, there are mounting pads for the 
coil-mounting adapter on, and about, which the 
superconductor is wound. Diametrically opposite are 
structures for the counterweight and counterweight-
adjustment mechanism. The structure is designed to 
allow continuous rotation of 360°. Although the coil 
span ia approximately 210°, complete rotation is 
desirable to facilitate the welding of the coil-jacket 
sections. 

Counterweight 
The purpose of the counterweight 1'B to ameliorate 

the hazard due to imbalance caused by the coil and 
associated hardware (172,000 lb) and to reduce the 
cost of the drive system. Hazard control is of 
particular concern, as there are workers on the service 
platform or near the coil winder during winding 
operations. Because the superconductor is gradually 
applied, there frequently will be imbalance. The 
problem then becomes one of reducing the imbalance and 
providing reliability in design so the occurrence of 
hazardous conditions is of negligible probability. 

In the conceptual design shown in Fig. 2, a 
nominal amount of counterweight is mounted on a set of 
powered, lead screws. A load cell is installed in the 
structure to detect the added weight, hence the 
imbalance. The imbalance is corrected or reduced by 
moving the counterweight along the lead screws, using 
either a closed- or open-loop feedback system. In this 
concept, the elevation drive may be a very light duty 
system, as there is only the friction and inertia load 
to be overcome, and the drive speed is very low" 
(0.2 rpm). This system, however, would require 
fail-safe features so that, should the counterweight 
drive system fail, catastrophic failure or other 
hazardous conditions would be prevented. 

An alternative method would be to live with the 
imbalance but to have a drive system capable of 
supporting the total torque of imbalance. Again, we 
need reliability in the design such that catastrophic 
hazard cannot occur in case of failure of drive 
components. One such system is an hydraulic concept 
(see Fig. 3.) The elevation structure is supported 
with four 2-stage hydraulic cylinders that provide 
drive motion for coil-winding operation. The problems 
associated with this concept are that it is difficult 
to obtain 360° rotation and more maintenance service 
is required than with an electrical drive. Then, there 
ia the leakage problem, which is of serious concern 
because of the possible occurrence of damage if the 
coil is contaminated with hydraulic fluid. 

Another concept involves a fixed counterweight, 
i.e., the position of the counterweight is not variable. 
The amount of counterweight, however, is optimized so 
the maximum torque of imbalance is minimal. The 
elevation-drive system, therefore, is designed to 
support this imbalance and to have reliability against 
hazardous conditions. 

Final Design 

The general design of the final coil winder* is 
shown in Fig. 4, and the performance characteristics 
are given In Table I. This arrangement meets all 
Final deaign was by Teledyne, Raadco Division, York, 
Pann. 

Fig, 3. Hydraulic concept of MFTF coil winder: 
(a) front view, and (b) side view. 

Table I. MFTF Coil Hinder Characteristics. 

Design load 172 x 10 3 lb 
Design torque 6 x io6 in.-lb 

5.2 x 10° in.-lb 
5.1 x 10° in.-lb 

Operating torque: No load 
6 x io6 in.-lb 
5.2 x 10° in.-lb 
5.1 x 10° in.-lb Full load 

6 x io6 in.-lb 
5.2 x 10° in.-lb 
5.1 x 10° in.-lb 

Rotation: Continuous, cw and ccw, both axes 
Drive speed: Azimuth axis, max. 0.75 rpm 

Elevation axis, max. 0.20 rpm 
Temperature 32 to 110 »F 
Relative humidity 12 to 95X 
Deaign life Syr 
Survival seismic load 0.25 x g 
Power requirements: 480 V, 3. phase , 60 cycles, 150 kW 

Elevation drive 150 A 
Azimuth drive 100 A 

Dimensions: 
Height: Ho load 23 ft 2 in. 

With load 30 ft 
Diameter: Service platform 32 ft 

Base 21 ft , 
350 x 10:? lb 
522 x 10 J lb 

Height: No load 
21 ft , 
350 x 10:? lb 
522 x 10 J lb With load 

21 ft , 
350 x 10:? lb 
522 x 10 J lb 
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Fig. '4. Final daalgn of HFTF coll wlixdar: (a) front vl«v, and (b) alda viaw. 
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requirements of our specifications but differs from 
our conceptual daaign In several places*. 

Azimuth Bearing and Drive 

The azimuth bearing Is a combined pintle bearing 
and roller design. The pintle bearing is a king-post 
vith two tapered roller bearings. This pintle bearing 
has the capacity of supporting the operating radial 
and ft&lal loads and the overturning momenta. Ten 
tapered rollera ai« mounted on the enda of the turntable 
and travel on a. m -k that has a square cross section. 
The purpose of the rollera la to reduce the end 
deflections of the turntable and to support the saismlc 
ovarturnlng moment. The bull gear, two diametral pitch 
and 144-ln.-pitch diameter, la a ring gear mounted on 
the turntable. Two cone-drive reducera are meshed In 
parallel vith the bull gear and are spring loaded to 
form a dual anti-backlash system. A single, 25-hp 
electric motor is coupled to the system to provide 
drive power. 

Counterweight 

The fixed-counterweight concept is adapted in 
this design. The steel counterweight is mounted on the 
elevation structure through an adapter. The no-load 
imbalance is 5.2 x 10 In.-lb. When fully loaded, the 
imbalance is S.l * 10 6 in.-lb. 

Elevation Structure 

The mandrel of the elevation structure is a 
5-ft-diam steel pipe. Flanges are welded at both enda 
of the pipe for mounting of the elevation bull gear, 
atow-pln disc, and atub shifts. In the mid-section of 
the pipe, there are connecting provisions for the 
coll-mountlng adapter and fixed counterweight. 

Elevation Drive 

The elevation drive Is designed to have torque 
capability of 6 » 10 in.-lb. The bull gear has one 
diametral pitch, a 120-in-pitch diameter and Is driven 
by two pinions. The anti-backlash, dual-gear trains 
each consist of a aecondary gear-pinion meah and a 
cone-drive reducer, and each is capable of supporting 
the torque of 6 * 10 in.-lb. The cone-drive reducer, 
60:1 ratio, cannot be back driven* There is also a 
common, primary reducer which couples the dual drive 
to a single, 40-hp electric motor. The total gear 
train ratio la 8337:1. 

Conclusion 

The large antenna pedestal and weld positioner 
are the nearest similar machines to a two-axis call 
winder. However, one should not expect to find an 

, existing machine or dealgn that can satisfy all 
coll-windlng requirements. Redesign or drastic 
modification are usually required, particularly in the 
roll-mounting area. 

A matter of prime Importance In a large 
coll-windlng machine is hazard control. The torque of 
imbalance must be minimized, and built-in reliability 
of the machine must insure the low probability of 
damage to partially or fully completed coil or Injury 
to personnel, there are several acceptable concepts 
for providing safety for the Imbalance: variable 
coucterweight, fixed counterweight, and heavy-duty 
drive system. The criteria for choosing should be 
based on compatibility of the concept with the machine 
as a whole, comparison of costs, and the desired 
degree of reliability. 

The manufacturers of weld positioners and antenna 
pedeatals should hsve relatively lower costs for 
designing and fabricating a large coil vinder. They 
have experience in their specialties that is dirsctly 
applicable. Further, they nay have sub systems in 
design or in hardware (such as a drive system, a 
reducer, or a bearing design) that could be used for 
the coil winder, thereby resulting in a significant 
cost savings. 
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