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COUNTER-ROTATING DISK BOMOPOLAR CENERATOR ("CRDBG™)"
Richard L. Garwin
The following 15 a brief recap of a proposal of 1950 for a fast-

discharge HPG.

1+ Mechanical rotation is limited by periphersl aspeed v such that
1/2 i:nr'l.r2 (the kinetic energy density per wmit volume) is comparable with
the bresking stress 5 in dynefem® . For a met of rings, we have the

well=known eriterion 'l.r: = 5 . Thus, to store a total energy E , we need

a8 masa M such that [1/2 vih‘. = M3/2p = E , or M= 2Ep/S .

For § = 150,000 pst = 10* bar = 10'7 dyne/ea? , we need a mass M, per

megajoule
L Z0EfE = 20 kg/M] -

2. If the mass is in the form of disks rotating at initial apgular
velocity @, we are limited by wR=v, scthat for no dependence on
radial strength (not the only design posaibility) and for vniform disk

thickness, the kinetic energy stored is

o
J! (1/2) iummgnzdn K= 'pllu:'[lt: - :}Hl '
ti
and per unit mass K/M = (v2/4)(1 + miﬂulzj .
3. Since the mass 1is alreasdy subject to an acceleration
;re - wn - v:m » we can Btop the rotation in ene radisn rotation without

adding much to the stress. This is a delivery tise T = l.hrn - ””.u and

*To t= published as JASON Technical Wote, JSH=T9-03, SRI International,
1979; done in part uader U.S. Nepartment of Energy Contract EY-76-C-03=



may be 60 x 1078 geconds for R = 30 cm and v, = 500 n/aec ,
corresponding to S5 = :r\rz -8x[5x llil'ﬁ_}2 -3 :lﬂm -1x iI.l:“I bar -

4: As indicated by the title, we can consider a set of annular
disks, HW/2 attached to an axis (perhaps looeely) and H/2 interspersed
diska attached to the inside of an enclosing cylinder or rotating cage of
axial bars at radius K « The HN/2Z disks extending from the axle and
the MN/2 disks extending in from the cage are counter-rotated at angular
velocity #F w .« Clearly, each disk produces in the laboratory frame a

voltage difference between ite inner and ocuter rim

2
MI'-Iu'ﬁf\r:Mnum:ln'a%--%xm-nvu . (Lf Ry << R &

For 5-1D5m|u i vﬂ-!\:lﬂ"'mfutc_, Be 30 cm , AV = 750 voles .
A stack of 60 disks therefore gives 45 kv.

5« A cylinder of metal with a 50% packing fraction, 30 cm radius, &0
cm long, with denaity p = 8 mfm! and v =5 x 10% enfaec has
E=1/2 M2 = 1/4 uvi =1/6 erB x R x (5 x 10%)% = 4 x 10!% erga = 40 M3
The output power at & = v /R = 5 x 10%/30 = 1.7 x 10° rad/sec (or

16000 rpm) is about 40 Gw.

The matched load impedance is order of magnitude Z , such that
"i'iﬂ = uE or 2 -Hzﬂl?}z.ﬂ'ﬂﬂ « S for W = &0 , AV = 750 volte ,

Wel.7x100, Ewisx10 foule, Z = 0.03chen . 8o that I = 1.5 x

lﬂﬁq.
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The circumferential magnetic field near a disk is then
1/10 R = 1.5 x 105/10 x 30 = 5000 geuss , small compared with the
100 kilogauss sssumed axisl field. Therefore the inductance 18 low (l.e.,
the internal magnetic energy is ounly about

E, = Jrn%iug; = 128/400 ergs = 20 ki versus some 40 Mj mtored kinetic

ETNETEY

Although many applications do mot need the rapid delivery
available from the counter-rotating disk homopolar generator, the potential
of such a deviee should be kept in mind. Haturally, one has the problem of
rapidly and esynchronously making contact betwesn adjacent rims and center
#ings of rotating disks, which can be dome by coating the disk largely with
insulating material where contact is mot desired, and striking an arc in an
enclosing low pressure gas. The opinions of people more expert than I are
sought, and that is the reason for ralsing this guestion once again after

50 many years at this topical conferemce.



