wuh Magnets

yuld scrape a pre ()t iron mth a'good

‘metal file;oryou u)uld gather the iron

.' Makmg Flulds mto Sohd'”_ﬂ

' ny one can tum @ hquld into a sol-
) id using an ice tray and a freez-

er. But can you solldlfy a fluid
and then liquefy it within a few sec-
- onds? Actually, all you need is‘a strong
magnetic field and a simple recipe for a
magnetorheological. fluid.

Such. mixtures consist of parucles
suspended .in a fluid. When the sub-
stance is exposed to a magnetic field,
the pamcles align in such a way that
the mixture becomes solid. When the
‘ed, the particles return to

liquefies. ;Th degree of solidification de-
pends on the inherent properties of the
[fluid and the sfrength of the apphed

‘state; and the substance -

!
. DANIEL| J. KLINGENBERG is’ an assis-
tant profc ssor of chemical engineering
at the; 'University.of Wisconsin-Madison.
“He receiv: (id his Ph.D.-frém the Universi-
ty of Illinois at’ Urbana«Champalgn and
‘has writteh several papers on electrorhe :

ological ﬂ,uds -

'ﬁelds These clcctrorheologmal tulds

valves and even artificial j()ll’\lS |see

C. Halsey and James E. Martin, page’ 181
' Yet amateur scientists would be wise

. to experlmcnt with magnuorhuﬂog,lcal ,

fluids bqfore they attempt anything with

would be needed to SOlldlf) ‘a mixture
of corn oil and cornstarch. (The-actual

amoum of .electric. Lurrepl that would -
. flow throui,h the ‘hqu1d \\ould be quite

low, holvever)
Althdugh present ma rnet()rhmlogl-

» cal fluids are not as versatile as their

electrical cousins, they do demonstrate

. the effect that.so excites many research-
- ers. The experiment described here can -
- be pérformed on'the kitchen table for

* less than $20.

A simple magnetothologlcal ﬂund is
made of iron filings and corn oil. You

-can find iroh filings at a toy store, at

\,our‘\\orl\bench or at a machine shop.

Specifically, you could empty the filings -
out of a toy magnetic sl\etch p'ld you's

havé: becn .mcorpgrated in.prototype. - the
bl‘al\L sy qtems clutches, shock absorb-

ers, engme mounts, actuators, control -

“Electrorheologlcal Fluids,” by Thomds -

the electrical counterparts. Most electro>,
rheologlcal fluids require high'voltages.
" For .example, several thousand ‘volts

- that’you can _
The fluic should consist of approximate- -

- filings. produced by a meta! lathc.

“The size of the hlmgs will determine

Filings that.are too large can casily be

:ground to a smaller size with a spoon

magnitude of the: magnetorheologi- ~
“tal effect observed. The filings should
be large enough to identify single parti-
‘cles with a maghifying glass but prefer-’
“ably less than half a millimeter long.

and a hard surface. Be aware that iron -

-will scratch the surface.

. The type of oil necded to suspcnd the
hhng;,s does not matter much, It Just has
to-be more viscous than water, to slow
down’the rate at which the filings set-
tle. I have used corn oil, linseed oil, sili-
cone il and motor oil. Corn oil is per-
haps best: it is cheap and cleans up rel-
atively easily with soap and water.

The-filings and oil should be mixed in

_a small, clear container, such as a clean
- aspirin bottle, a plastic¢ cup.or, as I used,

a 100- mllhlltyr beaker. Just make sure
sce down into the bottle.

ly 25 parts by weight oil to 100 parts

_ by'weight iron fllmg,s The exact propor-

tions of the constitucénts, howeéver, are

“not critical to ebserving some kind of

magnetorheological effect.
As for the magnetic field, almost any
type of strong, permanent magnet will
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IRON FILINGS in com oil produce wsnmh'o magnetorheoiog- + ing stiff, stringy masses. that can be pushed to one srde of the

ical fluid. The mixture.remains I:qmd (a) until a magnet is
braug tclose to it. The, ﬁlmgs Ime up between éhe poles, fomx
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cantainer (b). The%atenal reverts back to ns ongmal Ilqmd
state once the magnenc field is removed.
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- work: horseshoes, bars, even the ones .

~ from old‘\loinspea'l\ers #HRefrigerator

magnets agg typically’ far too weak.) - \

- Magnets are often rated by thé number
of pounds they can pull:You should
buy the most powerful ones available, 1

purchased two “100 pound” bar mag- '

nets' from a local hardware store for
about S12 apiece. .
. Electromagnets are also an opuon

- Such magnets are maﬁe b) winding thin,

insulated.wire around & metal bar and

~ connecting the ends of the wire to a bat-
tery. The'magnetic field will-be strong-
est near the ends of the coiled wire. It
does not matter whether you wind the
mre from one end to the other or back
rth several times, Just be sure that

) th wire is always wound in the same
_dlrccnon (that is, clockwise or counter-

clockwise) and that the winding is tight. -
Two layers of windings over a couple

-of inches of the core should suffice. -

To amplify the strength of the mag-
netic field, you can increase the power
supplied to the electromagnet by con-
necting several batteries in series. Note,
however, that the eléctromagnet draws

a Jot of current and wilt quickly drain

the batteries. A power supply that can

- deliver several volts may be a better
‘choice. Althotigh it is'quite fun trying
to create.a good electromagnet, it is
hard to beat a permanent magnet in
terms_of both time and ¢onvenience if
-your goal is to play mth a magnetorhe-
“ological fluid.

Once you have your ﬂuld and magnet

ready you can observe magnetorheol-
" ogy. First, stir the fluid with a piece of
wood or plastic (the filings will adhere

: »to a-magnetizable object), keepmg thie

magnet at least six inches from the con-

tainer. You should notice that the com- -

bination of filings and oil behaves asa
“fluid: it continues to fill the container
. and tends to forma smooth flat surface

“ after you stop stlmng It has the Con-;’rf’

sistency of maple syrup. e
-Bring the ‘thagnet near the contain-
~ er. If you are using a horseshoe -shaped

magnet, put the container Just inside

the two legs. If. “you have two magnets,
plac the opposite poles on either side

of the contairier, facing each other. The:-
“closer the poles are, the stronger the 5
% magnetic field in the fluid will be. If

... you have just one magnet, place ore

of the poles dxrectly on the. slde of the
. .container.. .

“:Stir the fluid agam and notlce th
it bggins to behave like wet sand. Dis-

tmct strifigy clumps shouid. form-at the
. bottom of the conitainer. These clumps ,

should retain their shape and remain

{suspended in the fluid after you re- -

-~ move the stirrer. The clumps appear

§tringy’ because the ﬁlmgs tend to at-
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tach end.to end to one another, extend-
ing from the poles of the magnet. Now

move-the container away from the mag=

net. The filings-and-oil mixture will rap-
.idly change back into a fluid: the climps
fall apart, and the surface becomes
-fairly smooth and horizontal. If you do
-not observe the effects, you probably
eithier need to get a. stronger magnet
or need to' change the consnstency of
: the fluid.

As -a variation, repeat this experl-
ment with different. proportlons of the
filings, and oil. The optimum cornbina-

~tion will depend on the size of the fil-

+ings and the type of. pil. Also, attempt

to vary the distance be§ween the poles
of the magnet and the container or else
use a stronger magnet. -

A much more ohallengmg progect is -

“to create a snmple ragnetorheological
brake [see illustration-above]. Machin- '
ing skills may bemeeded here. Insert
-the'end of a rod into a plastic container
filled with the magnetorheological flu-
id:“The rod should be made of some-
thing that cannot be magnetized, sul h
as plastic or. alummum Yoir- might t

o -

attachmg a plastic disk t6 the end of the -

rodin the fluid, because a largér surface
area in the ﬂuld Will yield a

‘‘‘‘‘

place a

. enters. the ‘container. ’
Now all you need to do 1s iy

CLEAR F’LASTIC s \
CONTAINER .. ‘3

MAGNETORHEOLOGICAL C
FLLUID (IRON FILINGS IN OlL) |

POWEFl SUPPLY

- MAGNE TORHEOLOGICAL BRAKE relres on a disk. mounted on a rod. Tummg on
the magnetic field prevents the rod from rotating. Batteries rather than a plug -in
power supply can be used, although rhey will be dramed quickly.

"

-

use electromagnets, | suggest wirirag-

several perpendicular to the disk in the
. fluid. Be sure to wind the wire around

< each gore in the same dtrectlon

Before the magnetic field is applred .

- the rod rotates with little or o resis-
‘tance. (To make the rotation more vis-

ible, you may wish to bend thé end of
the rod or attach some kind of han-.
dle.) Applying the magnetic field solid-

ifies the fluid. The rod'is now dlfﬁcult

. to turn. _
.~ As you may notice w1th this combi- -
"nation of iron filings and corn oil, such

fluids often do not -solidify robustly

and tend to break down over time. Re- - =
search.in industry and academia has’

made significant_progress in improv-
ing these fluids for applications. For ex- .
ample, the Lord Corporation, based in

, Cary, N.C,, plans to market magnetorhe-
“ological ﬂulds that promise to use much
“less magnetic energy to function than

the formulation described here. But sev-

‘eral years will pass before these fluids - .

will drive and stop our cars.

ore pro- -
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