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Labels on this page are those silkscreened at strategic locations on or
inside the Airfuge Ultracentrifuge. They are shown here as a reminder of the
precautions to observe when installing and operating the instrument. Other
warnings and caution notes appear on various pages in this manual.

SAFETY INSTRUCTIONS

For your  safety  and for  the safety  of  the inst rument ,  p lease read the br ie f
genera l  inst ruct ions below.  Also observe the precaut ionary notes that
appear  in  the  manua l .

r  Locate the inst rument  in  a c lean,  safe unclut tered envi ronment .
I  Inst ruct ion Manual  should be read before operat ing the inst rument .
r  Maintenance should be per formed only  by qual i f ied,  t ra ined personnel .
r  Disconnect  the inst rument  f rom the power source before per forming

maintenance or  t roubleshoot ing in  any area that  requi res the use of  a  too l
to gain access.

r  Never  Open the inst rument  door  whi le  the rotor  is  turn ing.  The Ai r fuge
Ul t racentr i fuge is  prov ided wi th a protect ive window to encourage the
user to observe rotor act ion safely.

CAUTI  ON
Let rotor stop before

open ing  door

W A R N I N G

Do no t  pe r fo rm  any  ma in -
t enance  on  t h i s  equ ipmen t
w i t hou t  f i r s t  d  i s connec t i ng
f rom ma in  power  sou rce

M a x i m u m  i n l e t
pressure 75 ps ig

CAUT ION
Insert  rotor cap before

operat ing
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Seetian I
Eeneral

B A C K G R O U N D  A N D  P U R P O S E
Smal l  a i r -dr iven centr i fuges have a long and in terest ing h is tory.

F i rs t  descr ibed in  the technica l  l i terature in  1925 by Henr iot
and  Huguenard  (1 ) ,  these  "sp inn ing  top"  cen t r i fuges  s t imu la ted
considerable in terest  and exper imentat ion because of  the h igh
speeds and forces which could be generated in  such a s imple
device.  The centr i fuge p ioneer ,  Jesse Beams,  publ ished at  least
e ight  papers on the development  and use of  these centr i fuges.
(Re f .  2  i s  an  examp le . )  Edward  P icke ls ,  ano ther  p ioneer  and  the
deve loper  o f  the  fami l i a r  Sp inco  u l t racen t r i fuges ,  worked  w i th
s p i n n i n g  t o p  c e n t r i f u g e s  e a r l y  i n  h i s  c a r e e r  ( 2 , 3 ) .  M c B a i n  a n d  h i s
coworkers developed procedures for  analy t ica l  measurements in
s imp le  sp inn ing  top  cen t r i fuges  wh ich  gave  sed imenta t ion
coef f ic ients and molecular  weights of  respectable accuracy (4) .
Bu t  a l l  o f  the  p ioneers ,  l i ke  McBa in ,  were  seek ing  cen t r i fuges  o f
ana ly t i ca l  capab i l i t y ,  and  the  s imp le  tops  were  even tua l l y  passed  by
for  sophis t icated vacuum centr i fuges.

Ai r -dr iven centr i fuges were rev ived by Hein (5)  wi th  the
development  of  a  movable s tator  pad for  increased stabi l i ty  and
re l iab i l i t y . *  The  add i t i on  o f  a  p ro tec t i ve  cover * *  and  a  ro to r
stopping system,**  a long wi th the use of  tube-carry ing f ixed-angle
rotors,  made the a i r  centr i fuge an ef f ic ient  laboratory inst rument
for  fast  separat ion of  l ipoprote ins and other  smal l -vo lume samples
( requ i r ing  1110  the  t ime  needed  fo r  l a rger  cen t r i fuges) .

-%t"" t  N. .  3,456,875
* *Pa ten ts  pend ing



D E S C R I P T I O N  A N D  P R I N C I P L E S  O F  O P E R A T I O N

The tabletop model  Ai r fuge Ul t racentr i fuge is  a min iature a i r
turb ine wi th a smal l ,  s ix-p lace rotor  capable of  reaching speeds in
excess of  100 000 revolut ions per  minute and average centr i fugal
forces on the order of 165 000 t imes gravity. l t  takes only 30
seconds to reach these speeds and forces. The k factor is 1 1.

The rotor ,  which has machined turb ine f lu tes on the bot tom,
f loats on a cushion of  a i r  and is  turned ent i re ly  by a i r .  S ix  s lanted
jets  (see Figure 1-1)  in  the stator  below i t  prov ide a i r  for  forward
mot ion (which is  counterc lockwise) ;  s ix  ver t ica l  je ts  prov ide
ver t ica l  a i rs t reams which suppor t  the rotor  dur ing decelerat ion.
This constant f low of air also serves to keep rotor temperature
fa i r ly  constant .

Because of the f ixed relat ionship between rotor speed and
appl ied a i r  pressure,  only  a s imple a i r -pressure regulator  is  requi red
to control rotor speed. Rotor rpm is obtained by direct conversion
of the air-pressure reading on a gauge.

The inst rument  is  a lso except ional ly  safe,  wi th  the rotor  held in
posit ion over the stator by strong Bernoull i  forces. Overspeed
protection is provided by factory-set l imitat ion of operating air
pressure to approximately 240 kPa gauge (35 psig).

Wi th  i t s  un ique  comb ina t ion  o f  sma l l - vo lume tubes  and  h igh
centr i fugal  forces,  the Ai r fuge is  a va luable tool  in  b io logica l
and c l in ica l  laborator ies.  Top per formance,  however ,  depends upon
us ing  ca re  and  good  judgment  in  runn ing  i t ,  and  in  ma in ta in ing  i t
i n  a  par t i cu la r l y  c lean  cond i t i on .

A deta i led descr ip t ion of  the A-100 Fixed-Angle Aluminum Rotor
for  the Ai r fuge uni t  wi l l  be found on the rotor  speci f icat ions pages
in Sect ion 3.

Controls and I ndicators
The pressure regulator  contro ls  the dr iv ing a i r  pressure.  l t  is  set  by

the operator for the desired rotor speed by a knob on top of the
inst rument .  This  set t ing (which determines speed)  is  ind icated by a

Figure l-1. DrivingJets (a) and Levitation
Jets (b). The latter operate only when
driving air goes off.

Rotor Bottom

1-2



Window Over Pressure Regu lator/Speed Control

Figure l-2. The Beckman AirfugeTM I,Jltracentrifuge

Door

,/

Run  L igh t

Adjustable Foot



pressure gauge on the f  ront  of  the centr i fuge.  The regulator
prov ides a means of  accelerat ing the rotor  gradual ly ,  wi thout
d is turb ing tube contents,  as the operator  turns the knob.  Press ing
down on  the  knob  and  mak ing  fou r  c lockw ise  tu rns  w i l l  c lose
the meta l  door  (wi th  protect ive barr ier )  over  the rotor .  Turn ing
the knob fur ther  wi l l  br ing up a i r  pressure to s tar t  the rotor 's
rotat ion.

Brak ing act ion to s top the run is  prov ided by a movable
p in  se t  ve r t i ca l l y  on  a  sp r ing  in  a  ho le  in  the  cen te r  o f
the stator  (F igures 1-1 and 2-31.  An e lect romagnet  contro ls
the  p in ,  ho ld ing  i t  down when  the  run  i s  i n  p rogress  and
re leasing i t  when needed.

When the t imer reaches zero at  the end of  the run,  a
t ime  de lay  a l l ows  power  to  con t inue  to  the  magne t  fo r
two minutes so the rotor  can coast  wi thout  in ter ference.
Then  the  magne t  i s  de -energ ized ,  wh ich  a l lows  the  sp r ing
to push the brake up in to a Tef lon inser t  in  the rotor
bot tom, gent ly  s topping rotat ion.  This  a lso s tabi l izes the rotor
a t  the  end  o f  the  run .

An ind icator  l ight  on the f ront  panel  goes on whenever
the brake is  ret racted.  That  is ,  when the l ight  goes out
dur ing decelerat ion, the brake has engaged the rotor .
The t ime i t  takes to s top the rotor  af ter  the brake is
app l ied  shou ld  be  abou t  one  minu te  to  a  m inu te  and  a
ha l f - i f  t he  ins t rument  has  been  p roper l y  ins ta l l ed  and
checked out .

a Speed Contro l  Knob Threads
b  Ro to r  Chamber  Wa l l
c  W indow
d Stator
e  P ry i ng  Too l s  f o r  Remov ing  S ta to r
f  L i qu id  Leve l
g  Stator  Pad
h  Ro to r  Cap
i  Rotor Figure 1-3. Componens and Accessories

^  
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Safety and Convenience Features
I  Adjustable f ront  legs and wide rear  suppor t  permi t  level ing.

( U s e  a  l i q u i d  l e v e l . )

NOTE:  Make  su re  t he  i ns t rumen t  i s  p rope r l y  l eve led
before us ing.

I  A meta l  door  encloses the moving rotor ,  protect ing both operator
and rotor.

I  An  in te r lock  p reven ts  b r ing ing  up  a i r  p ressure  un t i l  t he  door  i s
secu red.

I  A protect ive p last ic  window in the door  prov ides the
opeqator  a fu l lv iew of  rotor  act ion ( the door  must  not  be opened
un t i l  t he  ro to r  i s  comp le te ly  s topped) .

I  Overspeed protect ion is  inherent  in  the physica l  l imi tat ions of  the
ai r  pressure system-very l i t t le  speed increase is  possib le above
414 kPa (60 ps ig)-and factory-set  r imi tat ion is  approx imate ly
240 kPa (35 ps ig) .

I  Sample temperatures,  despi te  h igh rotor  speeds,  remain only  a few
degrees above that  of  the f reely  moving a i r  surrounding the rotor .

I  N S T R U M E N T  S P E C I  F I C A T I O N S

Power 1 2 O v , 6 0  H z ,  1  a m p ;

NOTE: Sect ion 3  descr ibes how to
make  a  cu t t i ng  b lock  f o r  s l i c i ng  t ubes
when necessary  for  quant i ta t ion.

Air  Pressure .

Factory-  Regu la ted Ai r  pressure
F low Rate

2 2 0 v , 5 0  H z ,  1  a m p
1 0 3 . 5  k P a  ( 1 5  p s i g )  m i n . n

517 kPa (75 ps ig)  max.

We igh t

240 kPa (35 psig)
0 .001  18  m3 I t  Q .5  c fm)

at  2O7 kPa (30 ps ig)
10.4 kg (23 lb)

D imens ions .  .  2 7 9  m m  w i d e  ( 1  1  i n . )
1 8 2  m m  h i g h  ( 7 %  i n . ) ,  i n c l .  k n o b

3 8 1  m m  l o n g  ( 1 5  i n . ) ,  i n c l .  f i t t i n g s
- f -o *  p * t ru re  w i l l  l im i t  speed



Seetian Z
Installatian anil Trial Eun

INSTAL LATION

Work Surface
Select  a s turdy table or  bench for  the Ai r fuge Ul t racentr i fuge

that  wi l l  not  wobble or  v ibrate.

Location and Connections
Select  a locat ion near  a supply  of  c lean compressed a i r  a t  103.5

to  517  kPa  gauge  (15  to  75  ps ig )  and  a  120-vo l t conven ience  ou t le t
(220 for  50 Hz)  for  3-prong p lugs.  The uni t  wi i l  come wi th a
sui tab le length of  a i r  hose wi th s tandard quick d isconnects and a
pla in hose wi th c lamps (see "F i l ter  System" below).  your  a i r
out le t  f i t t ing for  the p la in hose should be a s tandard male 6-mm
(%-inch) barb f i t t ing. (Although longer hoses could be used to reach
a compressed a i r  supply ,  i t  is  preferable to  have hard p ip ing for
th i s  pu rpose . )  R i r  usage  in  th i s  ins t rument  w i l l  be  abou t .0011g
cubic meters per  second (2% cfm) at207 k i lopascals  gauge (30 ps ig) .

Filter System
The f i l ter  suppl ied for  keeping the a i r  f ree of  water  and o i l  f rom

the compressor  is  sh ipped wi th the Ai r fuge and MUST be used
wi th i t .  l t  has excel lent  removal  capabi l i ty  and the added advantage
of indicating when i t  is saturated. The element turns red, atwhich
t ime the ent i re  e lement  is  replaced.  Replacement  e lements are
avai lab le f rom the f i l ter  manufacturer  (see inst ruct ions wi th your
f  i l t e r ) .

2-1
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Figure 2-/. Wall-Mounted Filter Figure 2-2. Free-standing Filter
(NOTE:  Shown  i s  one  t ype  o f  f i l t e r  used  i n  t he  A i r f uqe ;  you rs  may  d i f f e r  s l i gh t l y . )
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Insta l la t ion-The f i r ter  has a 6-mm barb f i t t ing on the inret  (marked
wi th  an  a r row o r  " rN" ) ,  and  a  qu ick -d isconnec t  f i t t i ng  on  the  ou t re t(w i th  an  a r row o r  "OUT" ) .  The  user  may  e lec t  to  ins ta l l  i t  i ne i ther  of  two ways,  us ing ord inary hand tools :

1. wall-Mounted-Screw the f i l ter r igidly to the wall  in vert icalposi t ion ( top and bot tom are ,arked) ,  us ing the screws andspacers suppl ied-or  other  fasteners su i tab leJor  you,  *u i ima te r ia l '  F igu re  2 -1  shows mount ing  ho les .  A t tach  the  f l ex ib le
!ose wi th quick-d isconnects*  between the f i r ter  outret  and theAir fuge uni t .  Add hose cramps to the pra in hose,  t r ,en s i i f  t r . ,eends  o f  the  p la in  hose  over  the  barbs  o f  the  f i l t e r  i n le t  and  yourair supply. Tighten clamps. place a beaker under the filter tocollect smalr amounts of oil and water which will accumurate
becauseyf the self-purging action of the filter.

2. Free-Standing-This method is recommended i f  r igid piping readsfrom your  a i r  suppry and can be mated to s tanda rd %- inchp ipe  th read .  Remove  the  barb  f i t t i ng  f rom the  f i l t e r  i n le t  andsubs t i tu te  r ig id  p ip ing .  The  f  i l t e r  i s  i n r t r l l ed  in  ve r t i ca l  pos i t i on(F igu  re  2 -2 ) .  The  co inec t ion  be tween  the  f i r te r  ou t re t  and  theAir fuge is  the same as for  the wai l -mount  method,  us ing ihehose with quick-disconnects.* prace a beaker under the firter tocollect small amounts of oil and water which will accumulate
because of the se/f-purging action of the filter,

ADJ USTM ENT
CAUTI ON

Do NOT connec t  power  o r  a i r  supp l y  a t  t h i s  po in t .

Leveling

.  Af ter  the operat ing s i te  has been serected,  the inst rument  must  beleve led  in  tha t  l oca t ion :
1.  Remove the stator  pad f rom the inst rument .  (The pad is  showni n  F i g u r e  1 - 3 . )

* T o  u s e  q u i c k - d i s c o n n e c t s :  A t t a c h  b y  s l i d i n g  b a c k  t h e  s p r i n g - l o a d e d  s l e e v e  o n  t h e  f e m a l ee n d '  P u s h  t h i s  e n d  o v e r  t h e  m a l e  e n d  a s  f a r  a s  i t  w i l l g o  a n i r e l e a s e  t h e  s l e e v e .  R e m o v eb y  s l i d i n g  b a c k  t h e  s r e e v e .  A t t a c h m e n t  a n d  r e m o v a t  m a y  u e  d o n e  w h e n  t h e  s y s t e m  i sp r e s s u r i z e d ,  b u t  i s  e a s i e r  w h e n  a i r  p r e s s u r e  i s  o f f .

N O T E :  M a k e  s u r e  t h e  t i m e  d e l a y  r e r a y
socke t  a f t e r  sh ipmen t .  (See  F igu re  5  B
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Figure 2-3. Aligning Brake Pin in Stator. The slot on the end of the pin (a) fits over the wire (not visibte below the stator). Broken
line shows wire direction (aligned with screws). When thetipsof the slot stand on the wire (b) instead of straddting it,thepin will
be too high, as in Figure 2-4 (b) and (c)- 
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Figure 2-4. Pin Height, Rightand Wrong..lle bottom of theconeonthepinshouldbeabout3mm(I/g.,) above the stator surface
Y:i"'!;"','{"1:::i!:::ii;::::!"::l: ,:,',':f r: :::1::a :1-;,;i; wrre ,nstead.or straddtins it (b), the cone witr be 6 nm t%.')above the stator. For pins that repteatedly ratt irat on ,n",u,ri"i ri.-i!'i,:;::;',::r:"Lif;X.::i|:iJ!r,;it".".!"i,,,, ue 6 nm t%")



p in  l i gh t l y  w i th  a  f i nger .  r f  i t sp r ings  back  up ,  i t ' s  p roper l y  mated
wi th the wire.  l f  the p in repeatedly  fa l ls  down f la t  on the stator
sur face instead,  refer  to  Troubreshoot ing in  Sect ion 5.

NOTE:  The  b rake  p in  w i l l  be  he ld  down  f l a t  t o  t he
sta tor  sur face by the e lect romagnet  dur ing acce lerat ion
and  a t  ope ra t i ona l  speed .  On  dece le ra t i on ,  when  the
brake is  in  operat ion,  the p in  comes up above the s ta tor
to  engage the ro tor .  l f  the p in  is  not  mated wi th  the
sp r i ng  as  i n  F igu re  2 -4  (a ) ,  i t  can , t  ope ra te .

3 .A t  th i s  po in t ,  the  b rake  p in  cone  shou ld  be  up  a t  i t s  no rma l
posi t ion,  3 mm (118 inch)  above the stator ,  minus the pad.

4.  P lace the b lack,  r ing-shaped stator  pad on the stator .  you are now
ready for  a t r ia l  run.  (The pad is  shown in  F igure 1-3. )

T R I A L  R U N

1. Connect  the a i r  hose and power cord.
2 .  Ins ta l l a  po lye thy lene  ro to r  cap  by  rubb ing  i t  i n to  p lace  un t i l  i t

snaps f i rmly in to the groove at  the rotor  r im.  (Whether  empty or
loaded,  the rotor  must  be run wi th a cap for  aerodynamic reasons.)

3.  P lace the rotor  on the stator  pad.

4 .Turn  t imer  to  HOLD pos i t i on .
5.  Close the door  and secure i t  by turn ing the speed contro l  knob

clockwise.  Push downward against  the knob's  spr ing pressure
to engage the threads.

6.  Gradual ly  increase a i r  pressure by cont inu ing to turn the speed
contro l  knob.  Watch the gauge and stop turn ing when pressure
reaches 207 kPa (30 ps ig)  or  as c lose to i t  as bui ld ing a i r  supply
permi ts .

7. Run 1 or 2 minutes, then turn the t imer to zero. lmmediately
start timing and measure the time it takes for the rotor to stop.
The run l ight  should go of f  a f ter  about  2 minutes and the rotor
should s top turn ing about  1 to  17,  minutes af ter  that . "  Any gross

*The steady,  unwaver ing mot ion of  a rotor  at  speed can fool  the eye- i f  you CANNOT see
indiv idual  rotor  cavi t ies,  the rotor  is  st i l l  moving.

Figure 2-5. A Rotor Cap ls Necessary For Each Ru
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d i f ference f rom th is  t iming means that  the brake and the
lev i ta t ion a i r  need fur ther  adjustment .  See inst ruct ions in
Sect ion 5 on adjust ing the brake and lev i ta t ion a i r .

8. After the rotor has stopped, turn the air pressure knob counter-
c lockw ise  un t i l  t he  gauge  read ing  i s  ze ro .  Keep  tu rn ing  un t i l
the door  can be opened.*

9.  Remove the rotor  cap by press ing down in  the center .  This  f rees
the edge f rom the groove in  the rotor .  Use a f ingernai r  or
tweezers to remove the cap.

IMPORTANT
When a l l  s teps are completed,  re turn the pre-addressed,
s tamped warranty  card sh ipped wi th  the ins t rument .  Th is
w i l l  va l i da te  t he  i ns t rumen t  wa r ran t y  and  i nsu re  you r  r ece ip t
o f  fur ther  in format ion regard ing new accessor ies  and modi -
f i ca t i ons  ava i l ab le  f o r  t he  i ns t rumen t .

*Do  NOT sc rew the  knob  down aga in  when  the  A i r fuge  i s  no t  i n  use ,  o r  the  lev i ta t i on
a i r  w i l l  f l o w .

2-B



Seetian E
Apzratian

The run steps immediately below are repeated briefly, along with
other tips to remember, on a plastic-coated wall chart included in
this manual. The operator familiar with the instrument should
be able to run and maintain it routinely with only the wall chart
as a guide. lf any difficulty should arise, however, a troubleshooting
list is provided in Section 5.

NOTE: P lease read the in format ion concern ing your
rotor on pages 3-5 to 3-7 before attempting the f irst
run.  An unders tanding of  ro tor  l imi ts ,  capabi l i t ies  and
care is  impor tant  for  long serv ice.

N O R M A L  R U N

(A l ipoprote in separat ion method is  g iven la ter  in  th is  sect ion)

Loading the Tubes and Rotor
NOTE: Because the Ai r fuge ro tor  does not  operate  in  a
vacqum, the sedimentat ion process may not  be ent i re ly
f ree of  convect ion.  Consequent ly ,  when so lu tes o f  low
to ta l  concen t ra t i on  (1% o r  be low)  a re  pe l l e ted ,  t he
sedimentat ion may be incomplete .  Th is  can be avo ided
in  any of  severa l  ways:  add sucrose or  sa l t  to  the
so lu t ion,  car ry  out  the run in  a  co ld  room, or  operate
at  lower  speeds.  Lower  speeds wi l l  improve pe l le t ing.

1.  Tubes-Use a sui tab le se l f -c leaning micropipet te for  f i l l ing the
tubes,  such as a Beckman Ul t ramicro p ipet te,  an Eppendorf
micro l i ter  p ipet te,  an Oxford micro-sampler ,  or  a micro l i ter
syr inge.  F i l l  the cel lu lose n i t ra te tubes f rom the bot tom upward,



t u rn  the  d ia l  pas t  the  30-minu tepo in t ,  then  back  to  the  des i red  t ime .3. close the door anrl secure it by turning the speed control knob
:r"r'r,[ffi? ffr'$fl 

downward asainst in. knonis sori";;rrssure to
4' continue turning untir the rotur starts spinning and air pressurecomes up to the level for the desired ,rn ,p.uO (see nomogram,F igure  3  1 ) .  No te  tha t  a  s j i gh t  u ro rn io ib r . . . r s ion  i s  no rmar  a t

:i?,ffitj::j[g,;;snlno of ihe run. A whistrins noise is-ars-o normar

rr the rotor is unbaran.J::rl, l}"rnn,u ror any otherreasory  ab.or t the run by qu ick ly  turn i ig  the t imer  o f f .DO NOT LIFT THE DOON Urr l r r r  iHI 'ROTOR HASSTOppED!  Reba lance  t he  l oad  o r . o r r r . ,  t he  p rob lembefore s tar t ing the run again .

Ending the Run
Stop the run wi th the t imer:

1 '  when the t imer is  turned to zero or  reaches zero automat icary,  the

+ Be sure this is done before Iurnrng on airpressure (next  s teps) ,  or  the ,egu l l to ,
* j l f  h .y .  and the pressure gauge needte
w i l l  v i b ra te .

Cu t  ou t ,  mo i s ten ,  and  p lace  on page 3-3.
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fl^O_TE: To operate at pressures less than
!3B.kPa 

(20 psig), calt  or writd Airfuge
Techn i ca l  Suppo r t ,  Sp inco  O iu i r i on ,
Beckman  Ins t rumen ts ,  I nc . ,  1117  Cah  fo rn ia
Avenue,  Palo  A l to ,  Cal i forn ia  g+ZO)q,  q lS
326-1970,  for  in format ion on spec ia l  ad just -ment  procedures.1 0

0

t ri6r l;;) ?:1,
Figure 3-/. Rotor Speed Vs. Air pressure
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3.

4.

r o t o r  w i l l c o a s t  f o r  a b o u t  t w o  m i n u t e s .  T h e  p a n e l  l i g h t  w i l l  t h e n
go  ou t ,  i nd ica t ing  tha t  the  b rake  i s  engaged .  The  ro to r  w i l l  s top
a b o u t  a  m i n u t e  t o  a  m i n u t e  a n d  a  h a l f  l a t e r .  A g a i n ,  D O  N O T  L I F T
T H E  D O O R  U N T I  L  T H E  R O T O R  l S  A T  R E S T . *  R o t o r  s t o p  c a n
be checked through the window on top.

CAUTION
l f  t he  coas t i ng  pe r i od  seems  unusua l l y  sho r t - down  to
30  seconds  o r  so - the  sys tem mus t  be  c l eaned  be fo re  t he
nex t  r un .  See  T roub leshoo t i ng  and  Ma in tenance  Sec t i on
on  c l ean ing  t he  s ta to r  assemb ly .

After  the rotor  has stopped,  turn the a i r  pressure knob counter-
c lockwise unt i l  the gauge reads zero,  the door  can be opened,  and
the rotor  removed.  (Do not  t ighten knob between runs.)
Remove the rotor  cap by press ing down in  the center .  This  f rees
the edge f rom the groove in  the rotor .  Use a f ingernai l  or  tweezers
to remove the cap.
Remove tubes with tweezers, but be careful not to scratch the
rotor.

5 .  Se t  tubes  in  a  su i tab le  con ta ine r ,  i n  o rder .  D iv ide  f rac t ions  by
p ipe t t i ng  superna tan t  and  sc rap ing  ou t  pe l le ted  mate r ia l ,  o r  by
aspi rat ion or  tube-cut t ing for  less f i rm separat ions.  Tubes may be
cu t  w i th  a  razor  b lade ,  and  i f  hand led  ca re fu l l y ,  the  l i qu id  f rac t ions
w i l l  be  he ld  by  su r face  tens ion  in  the  cu t  tube  p ieces  fo r  fu r the r
p rocess ing .  For  cu t t i ng  tubes ,  you  w i l l  need  a  s ing le -edge  razor
b lade  and  a  b lock  o f  a luminum,  Luc i te ,  o r  s im i la r  b lade- res is tan t
mate r ia l .  D r i l l  cav i t i es  to  f  i t  t he  tubes  a t  va r ious  f  rac t ion  dep ths .
(A  sma l l  ho le  a t  the  bo t tom o f  each  cav i t y  w i l l  a id  in  remov ing  the
bot tom tube sect ion. )  Screw the cut t ing b lock to the bench or
tab le .  When cu t t i ng ,  ho ld  the  top  o f  the  tube  f i rm ly .  A f te r
cutting, hold the blade and cut piece of tube together with both
hands and slide them off the bottom section of the cut tube. Then
slide the cut piece of tube off the blade. In that way, surface
tcns ion  w i l l  keep  the  con ten ts  ins ide  the  cu t  tube .

- T h "  t , " ; y ,  
" " * " v e r i n g  

m o t i o n  o f  t h e  r o t o r  c a n  f o o l  t h e  e y e - i f  y o u  C A N N O T  s e e
ind iv idua l  ro to r  cav i t ies ,  the  ro to r  i s  s t i l l  mov ing .

Figure 3-2. To Remove Rotor Cap Press D
Center, Lift Edge

Figure 3-3. Remove Tubes With Tweez

N

3-4
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SPECI FICATIONS AND I  NSTRUCTIONS
FOR TYPE A-1OO ALUMINUM F IXED-ANGLE ROTOR

Max imum speed  fo r  r ou t i ne  ope ra t i on  .  100  000  rpm
Cen t r i f uga l  f o r ce  a t  max imum speed  . ( 207  kpa  [ 30  ps ig ]  a i r  p ressu re )

At  r ' ' . ' ;n  (9 .5  mm) 106 000 t imes grav i ty
A t r u u ( 1 2 . 1  m m )  .  1 3 5 0 0 0 t i m e s g r a v i t y
A t  r , n . *  ( 14 .7  mm)  1  65  000  t imes  g rav i t y

Number  o f  t ubes  .  6
Capac i t y  pe r  t ube  ( ce l l u l ose  n i t r a te )  175  t t l
Tota l  capac i ty  .  .  1050 pt l
N o m i n a l  t u b e  d i a m e t e r  .  4 . 8  m m  ( 3 1 1 6  i n c h )
Tube  l eng th  1g .g  mm (25132  i nch l
Approx imate acce lerat ion t ime 30 seconds or  less
App rox ima te  dece le ra t i on  t ime  3 .5  m inu tes

*Number  t imes  g rav i t y .  RCF =  
{ *where  G)  i s  angura r  ve loc i t y  i n  rad /sec ,  o r

O.10472  X  rpm,  and  rad ius  i s  g i ven  in  m i l l ime te rs .
*See next  page on k factors.

Descript ion
The  A-100  has  6  ro to r  cav i t i es  fo r  ca r ry ing  4 .8  X  19 .9  mm

cel lu lose n i t ra te tubes,  each wi th a capaci ty  of  175 t t l .  The
bot tom of  the rotor  conta ins machined turb ine f lu tes and a cavi ty
l ined wi th ref lon.  The la t ter  is  engaged by the brake p in for
decelerat ion.

,r"?

I

I I

-1Ax is  o f  Ro ta t i on

Figure 3-5. Rotor Cross-Section

," ,

Figure 3-4. Operational Values, A-100 Rotor

A i r
Pressu re Roto r

Speed a] x to-1

Re la t i ve  Cen t r i f uga l  Fo rce *
C lea r i ng
Factor
k * *

R m i n

9 . 5  m m

Ruu

1 2 . 1  m m
Rma*

14 .7  mmkPa psiq

55
7 6

1 0 3
1 3 1
1 5 9
207

8
1 1
1 5
1 9
23
30

50 000
60 000
70 000
80 000
90 000

100 000

2.74
3.95
5.37
7 . 0 2
8.88

1 0 . 9 7

27 000
38 000
52 000
68 000
86 000

106 000

34 000
49 000
66 000
87 000

1 1 0 0 0 0
135 000

41 000
59 000
81 000

105 000
1 33 000
165 000

44
3 1
2 3
1 7
1 4
1'1
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Rotor  mate r ia r  i s  anod ized  a ruminum.  Aruminum shourd  no t  beused wi th s t rong ac ids or  s t rong bases,  o,  sar ts  of  heavy metars such aslead ,  s i l ve r ,  andher . r r f .  
- r v ru i . r i u rs  

sa fe  in l r r r i num inc rude  weakacids and thei r  sar ts ,  weak uur l r ,  chror ides,  organic  chror ine

ffiTflil?nitj:'.?:l];:" metars), dicr,romates, and nonerectrorytes

k Factor as an Index of Cfearing Time
clear ing t ime is  an est imate of  . the t ime requi red to crear  a sorut ionby centr i fugat ion of  mater ia i  t rau ing a known'sedimentat ioncoe f f i c ien t '  The  t ime  i s  ca tcu ra ted  gu  o iu io ing  a  cons tan  t  ( k ) ,wh ichis dif ferent for each.roto;t; ; ;  by the ,. i i rr 'ntat ion coeff icientin  Svedberg  un i t s  (S )  .  

- ' t - - '

The c lear ing factor  is  ca lcu lated as fo l lows:

o :  
ln( r^u* / r^ in l  

v  1or  3

where '  Qz /\  
3600

rmax = maximum radius f rom centr i fugal  ax isrmin = min imum radius f rom centr i fug-a l  ax ise (angular  ve loc i ty  in  radlsec)
=  0 .1  0412  X  rpm

The valu e k /s  represents the t ime requi red for  a boundary ofmater iar  to  sediment  f rom rmin to r r r " ln  r ,Ju, . ,  a t2ooc,  i f  no con_siderat ion is  g iven to compl icat ing factors of -convect ion or  var ia t ionsof  densi ty  or  v iscosi ty  in  i f , .  , .d ium.
In actual  pract ice,  the Ai r fuge is  of ten more ef f ic ient  than ind icatedby i ts theoreticar k iactor. i r . . ' ;  is becaus. ut i  of the sedimentingmater iar  does not  have to t raver  a l l  the *uulo the bot to,  o f  the tube,only  to  the top of  the perru i ior r ing.  A smat t  d is tance at  the bot tomof  the tube makes qui te  a d i f ference in  the carcurated k factor .  Forexample,  for  a pel ret0.01 mm deep on the oot to,nusioe o] - t r ,e  tube,  thetheoret ica l  k  factor  wourd be 9 0,  permia, i rg ,  reduct ion of  2o%inthe t ime requi red for ,  , .pura, ]on

r (hrs) =+
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Finding the k Factor at Less than Maximum Speed
l f  a  ro to r  i s  run  be low i t s  max imum speed ,  thek  fac to r  i s  h igher

and c lear ing t ime is  increased.  The k factor  at  a  lower speed may be
determined by mul t ip ly ing the k factor  shown in  F igu re 3-4 by the
rat io  of  the squares of  the two speeds.

For  example,  the k factor  for  a Type A 100 rotor  at  maximum
speed  i s  11 .  The  c lea r ing  t ime  fo r  10S mate r ia l  i n  the  ro to r  i s  11110 ,
or  1.1 hours.  The k factor  for  the same rotor  at  50 000 rpm is
100  000) t  l $o  000)2  x  11 ,  o r  44 .  There fo re  the  c lea r ing  t ime  fo r
the same mater ia l  a t  50 000 rpm would be 44/10,  or  4.4hours.

More  de ta i l s  on  us ing  thek  fac to r  a re  g iven  in  Sec t ion  4 , ' ,Theory
and  Ca lcu  la t ions .  "

Rotor  Loading
Deta i l s  on  load ing  a re  g iven  on  page  3 -1  under  "Norma l  Run . ' ,  l n

genera l ,  tubes  mus t  be  ba lanced  in  we igh t  w i th in  10% (vo lume w i th in
20 mg),  ba lance being more cr i t icar  wi th  decreasing volumes.  Two,
three,  four ,  or  s ix  tubes may be run i f  p laced symmetr ica l ly  in  the
rotor.

The  sma l l tubes  need  no t  be  capped ,  bu t  fo r  ae rodynamic  reasons
the rotor  MUST be capped.  Rotor  caps are polyethyLene d iscs
which snap in to p lace;  a new cap is  recommended for  each run.
Remove by press ing in  the center  and grasping the f reed edge wi th
f ingers or  tweezers.  (See Figure 3-2. )

Rotor Care
The  ro to r  mus t  be  c leaned  regu la r l y  and  r insed  immed ia te ly  i f

corros ive substances have been run.  wash in  a warm, d i lu te so lut ion
o f  m i ld  de te rgen t  a t  near l y  neu t ra l  pH,  such  as  Beckman So lu t ion
555rM rotor  wash (par t  No.  339555),  Do not  use st rong laboratory
c leaners.

Scrub rotor  holes wi th a cot ton- t ipped swab.  Rinse thoroughly
and dry in  an a i r  s t ream or  wipe wi th t issue.  Store wi thout  a cap in
p lace .



IF

A  S U G G E S T E D  L T P O P R O T E I N  S E P A R A T I O N  M E T H O DThis method for  the Beckman Ai r fuge y ie lds two r ipoprote inf ract ions f rom human serum or  prasmr"* i i t . 'or t  densi ty  adjustment .The upper  f ract ion.  is  composeo of  chyromicrons and very row_densi tyl ipoprote ins,  and a lso nonl l ip io  serum'pro, . lnr .
F i l l  s i x  cen t r i fuge  tubes  w i th  17s  p r  o f  sampre  each ,  and  runin the Ai r fuge tor2% hoursat  t r ,e  mr" im.rm speed avai rabre.  Atleast  138 kpa (20 ps ig)  a i r  mu. t  be used;  in  most  cases,  the separat ionswi l l  be considerably  c- leaner  r t  207 tFr lbO or ,n l  is  used.

After the Lipoprotein Run
Remove the tubes f rom the rotor  one at  a t ime and t ransfer  to  asui tab le cut t ing b lock as desci ibed ear l ier in  t t r is  sect ion.  cut  wi th  ac lean razor  b lade at  the 1/S tevel  (one_f i f th  o i  t f ,e  vo lume in theupper par t  and 4/Sin the lower) .  p lace uu.h par t  o f  the tube in  asma l l  v ia l  ( f ru id  w i r r  rema in  in  the . r t  po r t i ons  o f  the  tube  w i th  norma lhand l ing ) ,  and  d i ru te  each  f rac t ion  back  ,o l l sp r  w i th  background

;:f?: '" ' ;  
that is, add 140 pt io t" ' .  rppr, [u,i;; l  is ur;; id. rower

Each component  in  each f ract ion wi i l  now have the same concen_t ra t ion  as  in  the  o r ig ina l  d i l u ted ,sampf . .  (nnV cu t t i ng  b lock  may  be
:ilf#.tid 

for this bv weishinJ tr'. .rt puit, ot tr'e tr6., iirilo uno
Determine the rerat ive amounts of  r ipoprote in components in  eachfract ion by appropr ia te chemicar  or  erect rophoret ic  methods.Agarose gel  erect rophoresi r  sr - . ,o : to  show ; ; i ;  one r ipoprote in bandin the upper  f  ract ion r t r , .  p iu-p component) ' rno two in  the rowerf ract ion ( the B and a components) .
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Eun tteps in Brief
Loading Tubes and Rotor
1.  Use sui tabfe p ipet te to  f i f  l  w i th  no more than175 pl fruid' .  Af row nL roru than 10% ditferencein tube weight .
, 

l|-^r?i"tn"!., 
or 6 tubes, positioned symmetricatly

3. f  nstaf f  the new rotor cap f irmfy in i ts groove.
Centrifugation
(Start with cfean brake, brake hofe, stator, and pad;GENTLY test  brak.  , . , ion. i -  

'

1. Place rotor on stator pad.

Cut  out ,  mois ten,  and p lace on page 3_9,

2 setl'J;J,,,:fi::?#! 
^ili,.k ror short .*^s ::

3.  Cfose door , .pr :h ing down and turn ing speeccontro l  knob cfockwise.
4.  Graduaf  ly  br ing a i r  pressure to level  on gauge . : .chosen r.un sp.ed (Uefow)."

Ending the Flun
1 .  Le t  t imer  s top  run_ i f  on  HOLD,  tu rn  t imer  tozero for automatic stop. 

'

2. After rotor s
w i s e, 

" ;,* 
"i 
i,tj; iT 3.'f :'"*" 

o b c o u n t e rc r o c k .
3. Push in centerof 

.rotor cap to free edge; remove r iand tubes carefulfv witf., i i lr.ur.rr.

Paints ta Eememher
1. Never run without a rotor rrecommended for  each , . rn . to ,  

a  new cap is
2. Balance thew i r r wtt ; i; :?1.",',,.,::ruy ;n?.;T:,*H.$ ,',"o:,abort such , ,yl bt1;;;;;s rne trmer off.3.  Do not turn gl l  a i r  pr.rrrr l  or  raise the door whenthe rotor is stitt ,oi in"g. " ' '

4.  Keep the rotor c lean tJ avoiO corrosion.5.  Keep oi l  mist  out of . the system by changing thef i l ter  element when i i  O.. l res red.6.  Keep the brake pin ,nJi , r"rro, .  c lean.t 
fffiiJffi.t:i.T:' on tr'' 
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running at  pressures under  13g kpa (20 p5;g) ,  contact  the fac tory . )



Thearg anil Ealeulatians

G E N E R A L  C E N T R I  F U G A L  T H E O R Y

The Centr i fugal Force Field
The force exer ted on a uni t  mass rotat ing at  a  s teady angular

veloc i ty  of  c^- r  radians per  second at  a d is tance of  r  cent imeters about
a  f i xed  po in t  i s  g i ven  by

force f ield = o)2 r dynes/gram
The magni tude of  the centr i fugal  force f ie ld  is  f requent ly

expressed in  terms of  the ear th 's  grav i ta t ional  force f ie ld  and is
referred to as the " re lat ive centr i fugal  force"  (RCF),  the "g f ie ld , "
o r  as  the  number  t imes  g .

Rntr = C!u r - 08O-o
The angular  ve loc i ty  c , . l  must  commonly be computed f rom the

rotat ional  speed in  rpm:

rpm

Seetian 4

-=ftx
A fo rmu la  fo r the  re la t i ve  cen t r i fuga l  fo rce  in  te rms  o f  rpm is  as

fo l l ows :
,  \ , 1

R C F = 1 1 ? ( J l I Y  r' ' ' z -  
\ 1 0 0 0  I  "

where r  is  in  mi l l imeters .



The Sed imentation Coeff icient
The sedimentat ion coef f ic ient  is  def ined as the veloc i ty  of

sedimentat ion per  uni t  force f ie ld :
dr/dts : f f i  (1 )

The uni ts  of  s  are seconds.  Biopolymers in  genera l  have sedimenta-
t ion coef f ic ients of  10-13 seconds or  greater .  For  convenience in
expressing sedimentation coeff icients, the Svedberg unit,  named in
honor  of  The Svedberg,  the or ig inator  of  sedimentat ion analys is ,  has
been def ined as equal  to  10-r3 seconds.  The Svedberg uni t  has the
symbol S. Thus, a sedimenting species observed to have a sedi-
mentation coeff icient of 10 X 10-13 seconds is also referred to as
having a sedimentat ion coef f ic ient  of  10S,  or  is  ca l led a "10Smater ia l . "

Par t ic les denser  than the surrounding medium wi l l  have posi t ive

sedimentation coeff icients while those less dense-that is, those
that  f loat in  the medium-wi l l  have negat ive coef f ic ients.  A par t ic le

whose densi ty  is  equal  to  the densi ty  of  the medium wi l l  ne i ther
f loat  nor  sediment ,  has a sedimentat ion coef f ic ient  of  zero,  and is
said to  be "neutra l ly  buoyant . "

Clearing Time
An est imate of  the t ime requi red to c lear  a so lut ion of  mater ia l  o f

a known sedimentat ion coef f ic ient  can be obta ined by assuming
that a boundary moves from the smallest to the largest radial
posi t ion in  the tube,  and that  the rate of  boundary mot ion is  un-
affected by the shape and orientat ion of the container. The
proper t ies of  the medium are assumed to be the same throughout
the container. The required expression is obtained by the integration
o f  equa t ion  (1  ) :

ln(r^^*lrm in )r=- f f  12)

The c lear ing t ime for  a g iven rotor  is  g iven at  i ts  maximum rate of
rotat ion as fo l lows:

r  ( h r ) (3 )k= -
S4-2



where S is the sedimentation coeff icient
sediment ing mater ia l  and the constant  k
fo l lows:

t .  -  ln( r^u* / rmin)_--_
a)'

When the c lear ing t ime at  a lower rate of  rotat ion is  desi red,  the
factor k can be increased by the rat io of the square of the rates
of  rotat ion.  (Examples are g iven in  the rotor  speci f icat ions pages
in Sec.  3. )

The actual  c lear ing t ime is  l ike ly  to  be somewhat  less than the
above estimate because the boundary can move faster in an angle tube
under cer ta in regimes of  convect ion.  The condi t ions that  g ive r ise
to faster  c lear ing in  angle tubes appear to  be that  a fa i r ly  sharp
boundary should form ( i .e . ,  that  the d i f fus ional  spreading of  the
boundary be smal l ) ,  and that  concentrat ions be substant ia l - for
example,  1o/o or  more.

I t  wi l l  be recognized,  of  course,  that  i f  no boundary forms dur ing
sedimentat ion,  the c lear ing t ime cannot  be re l iab ly  est imated
by  equa t ions  (2 )  o r  (3 ) .

Addi t ional  in format ion on centr i fugat ion can be found in  the
fo l low ing  b ienn ia l l y  pub l i shed  mate r ia l  f rom Sp inco  D iv i s ion ,
Beckman Inst ruments,  Inc. ,  Palo Al to ,  Cal i forn ia:

in  Svedberg uni ts  of  the
has been computed as

\ . ,  10-13x :60-d- Gl

Axis of  Rotat ion +-

Figure 4-l. Tube Under Centrifttgar -:'
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IVlaintenanee

The fol/owing special procedures, routine maintenanceinstructions, and troubleishioting tlps sho,u'/d keep your Airfugeunit in goocl repair. /f the answer to a particular problem cannotbe found here, u. s. ana c)nadian custoiers shou/d terephone4/5-326-1970 and ask fo, )Airfuge 
Tech,r,irut Support.,,International customers should ,i// thri, iiurrr, Beckmanrepresen tative.

S P E C I A L  P R O C E D U R E S
Cleaning the Stator Assembly

ff :il ff..: 
e I ectr i c ."'.T:f,*i,) l, o o, u ro r t h e ro | | o w i n s

1'  Raise the door  and r i f t  o f f  the s tator  pad.  Remove the brake p in( l i f t  s t ra ight  out  wi th  tweezers) .
2 Femov#: 

,rXH:; 
isures 5-1 and 5-2, usins the two special

3'  f  f  necessary,  remove the three o-r ings wi th a pointed wooden orplast ic tool (to avoid scratches), inct"uOlng al. .r .  one down the hole.
; '1i l : . :-3 

shows o-r ing locations. In mo's,.ur.r,  they may be teft
4 '  c lean the brake p in and a l l  passages and je ts  by immers ing andagi tat ing in  denatured a lcohol .

NOTE:  T roub leshoo t i ng  t i ps
on the las t  two pages.

a r e  f o -
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lyOytre 
S t. prying up Stator. Take outstator pad and brake,. remove screws. Slipshort en.d1 of prying tools into shallow slots

Figure S-2. Lifting Out Stator. Lift withf,i?g:lt,keeping stutor level to pr",r"r,
binding.

Figure S-3. Stator O_Ring positions. Athird O-ring may be seen in the hole below.

5-2

on ouEide of stator rim. pry agtuinst base_plate until stator O-ring i, riui.'b,on,t force it!



5.  l f  they were removed,  l ight ly  lubr icate O-r ings wi th vacuum grease
and return them to thei r  pos i t ions.

6. Press the stator back into place by hand. Reinstal l  the two screws
secu rely.

7.  Reinsta l l  the brake p in,  ho ld ing i t  secure ly  so i t  won' t  drop down the
hole,  and a l ign ing i t  as i f  the suppor t ing wire ran between the
stator screws.

8. l f  the cone on the pin is down f lat on the stator surface, increase
brake tension two fu l l  turns counterc lockwise.  The p in should now
be up at  least  3 mm of f  the stator  (minus the pad) .  L ight  f inger
pressure should be able to  move i t  f ree ly  up and down.  l f  i t  doesn' t
move,  the brake spr ing tension may not  be adjusted (see cAUTloN
note after Step 9).

NOTE: The three-par t  s tep be low invo lves rea l ign ing the
brake spr ing,  and may be requi red when the s ta tor  is
re turned to  the ins t rument .

a. Lock the chamber door, turn the Airfuge on i ts side, and remove
the bottom plate. Set plate aside.

b.  Note that  the wire end of  the spr ing (shown in  F igures 5-4 and 5-9)
runs on an imaginary l ine between stator  screws.  Reinsta l l  the
stator ,  a l ign ing i t  so the wire runs through the s lot  on the bot tom
end as you insert i t .  Adjust the wire with a f inger i f  necessary.

NOTE: Wire posi t ion CANNOT be adjusted AFTER the
stator  is  put  in .

c.  Replace the bot tom plate and turn the Ai r fuge r ights ide up.

9.  Reconnect  the a i r  supply  and level  the Ai r fuge.

CAUTION

To be operab le  a f ter  the above s teps,  the A i r fuge
usua l l y  w i l l  r equ i re  some  f  i ne r  ad jus tmen ts  o f  b rake
sp r i ng  t ens ion  and  l ev i t a t i on  a i r  f  l ow .  These  p rocedu res
fo l l ow .

Figure 5-4. Detail of Brake Sprrng -'. 
- - _ _ :

wire end must be visible across the -c : :: :-.
bottom of the stator and pass thro,g- :-= :  _ -
on the bottom of both brake prn a-: : : : : :  -



W A R N I N G

Make  su re  t he  e lec t r i c  co rd  i s  unp lugged  and  t ha t  t he
speed  con t ro l  knob  i s  t u rned  a l l  t he  way  o f f  ( o r  t he

Adjustin, : ; : ' ; ; :H.:. ; .  ; : , , , .  without adjustins revitat ion air)
NOTE:  The  two  ad jus tmen ts  wh i ch  f o l l ow  a re  done  by
reach ing  t o  t he  back  o f  t he  A i r f  uge .  l f  t he  i ns t rumen t
i s  t u rned  t o  make  the  j ob  eas ie r ,  i t  mus t  be  LEVEL  fo r
t he  ad jus tmen ts  and  RE-LEVE LED a f t e r  be ing  t u rned
back  t o  ope ra t i ng  pos i t i on .

1.  Remove the brake p in f  rom the stator  wi th  tweezers and c lean i t
wi th  a pad moistened in  denatured a lcohol  ( i f  th is  has not  a l ready
been  done) .

2 .  Re ins ta l l t he  b rake  p in  as  in  F igu re  5 -6  (a ) .  p lace  the  p in  so
that  the s lot  on the bot tom end is  a l igned on the spr ing wire.
Fo l low ins t ruc t ions  in  F igu res  5 -6  and  5 -7 .

3 .  A t  th i s  po in t ,  the  b rake  p in  cone  shou ld  be  up  a t  i t s  no rma l  pos i t i on ,
3 mm (118" )  above the stator ,  wi th  the pad removed.  Now use a

l ru!€ T
7 5  p S l G

I
.qffN

E

Figure 5-5. Rear Adjustment Controls

o s

s
5-4
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Figure 5'6. Aligning Brake Pin in stator. The slot on the end of the pin (a) fits over the wire (not visible below the stator). The
broken line shows wire direction (aligned with screws)- Whenthetipsof the slot stand on the wire (b) instead of straddting it. the
pin will be too high, as in Figure 5"7 (b) and (c).



screwdriver to release brake spring tension: Turn clockwise as seen
from the rear  of  the Ai r fuge,  unt i l  the brake cone drops to the
stator  sur face.  (The tension contro l  is  shown in  F igure 5-5. )

4. Start ing with the brake cone down against the stator, increase
brake spring tension (turn counterclockwise as seen from the
inst rument  rear)  unt i l  the p in comes back up to the normal  3 mm
(118" )  pos i t i on .  Turn  un t i l  l i gh t  f i nger  p ressure  (abou t  the  we igh t
of  a  penny)  moves the p in f reely  up and down.  l f  th is  mot ion
is  s t icky,  the brake and i ts  hole need fur ther  c leaning.  l f  the p in
moves easi ly  and is  at  the r ight  height ,  your  brake is  now in
opera t ing  cond i t i on .

W A R N I N G
The  power  co rd  shou ld  be  unp lugged  fo r  t he  To l l ow ing  s tep .

Adjust ing Lev i ta t ion A i r  (A lso inc ludes brake ad justment ,  requ i red when
lev i t a t i on  a i r  i s  ad jus ted )

1.  Wi th a screwdr iver ,  re lease brake spr ing tension contro l  shown
in F igure 5-5.  Turn c lockwise (as seen f rom the rear  of  the Ai r fuge)
unt i l  the brake cone drops to the stator  sur face.

2. Clean a stator pad (two are packed with the instrument) with
denatured a lcohol  and p lace i t  on the stator .

3.  Insta l l  a  rotor  cap.  Rub the cap in to p lace unt i l  i t  snaps f i rmly
into the groove on the rotor  r im.

4.  Place the rotor  on the stator  pad.
5.  Make sure the a i r  supply  to  the Ai r fuge is  connected and turned on.
6.  Close the inst rument  door ,  then hold down and turn the a i r

regulator  knob (speed contro l )  c lockwise unt i l  the gauge ind icates
207 kPa gauge (30 ps ig) .

7. l f  the rotor wobbles, decrease levitat ion air:  \A/ i th a screwdriver,
turn the contro l  c lockwise (as v iewed f rom the inst rument  rear)
unt i l  wobbl ing stops.  The contro l  is  shown in  F igure 5-5.

8. Slowly increase levitat ion air ( turn counterclockwise about % turnl
unt i l the rotor  wobbles s l ight ly .  Note the angular  posi t ion of  the
s lot  in  the adjustment  contro l  when th is  occurs,  as i t  wi l l  be used for

5-6 the next step.
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Figure 5'7. Pin Height, Rightand wrong. The bottom of theconeonthepinshouldbeabout3mm(l/g") aoove the stator surface
when thepin is positioned correctly (a). lf thepin ideson topof thewire instead of straddlin| it lb|,16""or"*,,, be 6 mm (1r', t
above the stator. For pins that repeatedly fall flat on the surface (c), see Troubleshooting on the last two naoes.



9. Now turn the levitat ion air contr ol % turn further counter_clockwise from the posit ion reached in step g. Rotor wobbrew i l l  i nc rease  and  the  ro to r  may  be  tu rn ing  in  e i the r  d i rec t ion .
10 '  Star t ing wi th the brake cone st i l l  down against  the stator ,  increasebrake spring tension (turn counterclocki ise as seen from the instru-ment  rear)  unt i l  the p in comes back up to the normar 3 m m (1/g, , )posi t ion.  Turn unt i l  l ight  f inger  pressure-(about  t f re  wei fht  o fa penny)  moves the p in f reely  up and down.

11 .  Re tu rn  the  s ta to r  pad  to  the  ins t rument ,  then  p rug  in  the  powercord.  Your  Ai r fuge is  now adjusted for  operat ion.

NOTE:  Re_ leve l  i f  t he  i ns t rumen t  i s  moved .

Adjusting the Time Defay

Disconnect erectr ic."ryl : : f  )r lro,u ror the rorowins procedure.

The t ime delay per iod before brak ing begins may be rengthened orshor tened for  speciar  c i rcumstances.  A new set t ing on the t imedelay contro l  knob must  be chosen empir ica i ly ,  however ,  as thenumbers on the d iar  are arb i t rary and represent  no par t icurar  uni ts .For  instance,  for  the opt imum 2_l inute oetav set  at  the factory,  thepointer  may be anywhere f rom , ,3r /o, ,  to , ,4 . , ,
To change th is ,  lock the chamber door ,  turn the Ai r fuge on i ts  s ide,and note the access hores in  the bot tom prate.  F ind the brack knoband i ts  numbered d iar  shown in  F igure 5-g.  Reset  countercrockwiseto shor ten the coast ing t ime;  reset  crockwise to rengthen th is  per iod.(The h igher  the set t ing,  the ronger  but  smoother  the stop-bet ter  ford i f f icu l t  separat ions.  At  tower set t ings,  the stop is  faster  but  lesssmooth-bet ter  for  pel le t ing.  )

5-8
of Brake Spring Wrre

5-8. Time Delay Control Knob

Figure 5-9. Location
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R O U T I N E  M A I N T E N A N C E
r To prevent  accumulat ion of  o i l  on in ter ior  sur faces,  occasional ly

wipe of f  s tator  sur faces,  s tator  pad,  door  and window, in ter ior  and
brake p in.  But  bet ter  yet ,  prevent  such accumulat ion by regular
replacement  of  the f i l ter  e lement  in  the a i r  l ine between compressor
and Ai r fuge.  Replace the f i l ter  as soon as i t  turns red-before
c logging a l lows o i l  in to the system. (F igures 2_1 and 2_2 te i l  you
where to check i t . )

r  Keep the pro ject ing threads on the speed contro l  knob (pressure
regulator)  lubr icated wi th Spinkote.

r  The inst rument 's  1-amp fuse is  next  to  the power cable at  the
back. To replace, first disconnect power. Twist the fuse-holder
coun te rc lockw ise  and  pu l l  ou t .  Pu l l  ou t  the  o ld  fuse  and  inser t  a
new one of  the same amperage rat ing.  Replace fuse-holder  and
twist  c lockwise in to p lace.

r  The polyurethane sur face of  the inst rument  can be kept  c lean by
wip ing wi th isopropanol ,  soap and water ,  or  detergent  so lut ions.  l f
acetone is  used,  do not  a l low i t  to  s tand on the sui face longer  than
5 minutes or  the paint  can be sof tened.

r  Use No acetone,  ac ids,  sa l ts  or  other  caust ics on the window; c lean
as above. To prevent scratches, use a good quali ty auto paste wax.

REPLACEMENT PARTS L IST

W A R R A N T Y  I N F O R M A T I O N

T h e  A I R F U G E T M  i n s t r u m e n t ,  c o m p o n e n r s ,  :
t he  A -100  ro to r  a re  wa r ran ted  aga ins t  de fec : ,
ma te r i a l s  and  wo rkmansh ip  f o r  one  yea r  a f t e r -  . -
men t  o f  t he  i ns t rumen t .  Sp i l l ed  caus t i c  ma te r  a  :  _
co r rode  t he  ro to r  and  shou ld  be  washed  f r o -  .
r o to r  a f t e r  each  run .  Fo r  l ong  ro to r  l i f e ,  f o l l o , , . .  " : .
ca re  i ns t ruc t i ons  i n  Sec t i on  3  o f  t h i s  manua l .

t

5

':'

Cel lu lose n i t ra te tubes (100,  4.9 X 1g.g mml
Stator pad
Prying tool (2 required)
Polyethylene rotor caps

339647
33961 0
339641
33s643
33961 1
339640
3068 1 2
335 1 48

(20)
Brake pin
A- 100 six-place rotor, 1 Bo angle
Spinkote lubr icant
Vacuum grea$e

(Turn page for Troubleshooting)

: : : : : : : : : :



TROUB L ESHOOTI  NG

P R O B L E M POSSIBLE CAUSE
1 )  B r a k e  p i n  k e e p s  f a l l i n g

down on s ta tor  sur face

2 l  The  p in  i s  t oo  l ow  ( l ess
than  3  mm o f f  s t a to r )

3 )  Ro to r  won ' t  sp in

4 )  R o t o r  r u n s  e r r a t i c a l l y

5 )  Samp le  sp i l l age

6 )  Ro to r  uns tab le  a t  end
of  run

7 )  Poo r  f  r ac t i on  sepa ra t i ons

1 )  The  p in  m issed  t he  b rake  sp r i ng  comp le te l y ;
t he  w i re  end  may  have  l oosened  i n  t r ans i t
( o r  w i t h  use )  and  no  l onge r  runs  unde r  t he
ho le

2 )  No t  enough  tens ion  i n  b rake  sp r i ng

3 )  A i r  supp l y  o r  power  d i sconnec ted ;  f use  ou t ;
f i l t e r  sa tu ra ted ;  b roken  o r  m iss ing  s ta to r  pad

4 )  B roken ,  damaged  o r  m iss ing  s ta to r  pad ;
m iss ing  o r  damaged  ro to r  cap ;  unba lanced
load ;  d i r t y  o r  c l ogged  d r i ve  a i r  j e t s

5 )  Ove r f  i l l  o r  t ube  co l l apse

6 )  Runn ing  w i t hou t  r o to r  cap  o r  any  o f  t he
poss ib l e  causes  l i s t ed  unde r  4 )  above

7 )  a .  Ro to r  s topp ing  t oo  f as t  BEFORE run
l i gh t  goes  ou t
(No t  enough  l ev i t a t i on  a i r ;  b roken
s ta to r  pad ;  d i r t y  s ta to r ;  o i l  m i s t  i n
system )

b .  Ro to r  s topp ing  t oo  f as t  AFTER run
l i gh t  goes  ou t
(B rake  ma l f unc t i on :  r o to r  con t i nues
to wobble a t  end of  run because brake
p in  has  no t  come  up  t o  s tab i l i ze  i t .
B rake  may  a l so  be  s tuck  i n  Up  pos i_
t i on  o r  j us t  s l ugg i sh  i n  ac t i on )

c .  De lay  t ime r  se t  t oo  l ong

d .  Suc rose  needed  fo r  samp le  s tab i l i t y

1 )  Look  down  the  ho le  w i t h  a  f  l ash l i gh t .  l f  t he
w i re  i s  v i s i b l e ,  r ea l i gn  i t ,  f o l l ow ing  spec ia l  s t eps
a ,  b ,  and  c  unde r  "C lean ing  t he  S ta to r  Assem_
b ly "  i n  Sec t i on  5 .  l f  t he  w i re  i s  ben t ,  damaged
or  won ' t  run through the s ta tor  s lo t ,  ca l l  the
numbers  g i ven  on  page  5_1 .

SO LUTI  ON

2 )  See  "Ad jus t i ng  t he  B rake , ,  i n  Sec t i on  5 .

3 )  Check  a i r  and  power  connec t i ons ;  r ep lace
fuse;  rep lace s ta tor  pad

4 )  Rep lace  s ta to r  pad  ( impo r tan t  f o r  s tab i l i t y ) ;
rep lace ro tor  cap;  rev iew load ing t ips  a t
beg inn ing  o f  Sec .  3 ;  f o l l ow  s teps  unde r
"C lean ing  t he  S ta to r  Assemb ly , '  i n  Sec t i on  b .

5 )  I nspec t  r o to r  and  c l ean  we l l ,  espec ia l l y
i f  caus t i cs  we re  run .  (See  , ,Ro to r  

Ca re , ,  on
ro to r  spec i f  i ca t i ons  pages ,  Sec t i on  3 ) ;  use
new tubes for  subsequent  runs.

6 )  See  so lu t i on  4 )  above .

7 )  a .  Check  l ev i t a t i on  a i r  ad jus tmen t ;  check
s ta to r  pad  and  rep lace  i f  damaged ,  c l ean
lev i t a t i on  j e t s  i f  c l ogged ;  change  f  i l t e r
e l emen t  i f  c l ogged ,  c l ean  sys tem o f  o i l
( p .  5 - 1 ) .

b .  Read jus t  b rake  and  l ev i t a t i on  a i r
( i ns t ruc t i ons  a re  i n  Sec t i on  5 ) ;  c l ean
the  s ta to r  assemb ly  (a l so  i n  Sec t i on  5 ) .
l f  t hese  s teps  do  no t  so l ve  t he  p rob lem,
te l ephone  Pa lo  A l t o  o r  you r  nea res t
Beckman of f  ice  as d i rected.

Read jus t  de lay  t ime r  (p .  5 -B ) .

S e e  N O T E ,  p a g e  3 - 1 .d .5 - 1 0



T R O U  B  L E S H O O T I  N G ,  c o n t i n u e d

P R O B L E M P O S S I B L E  C A U S E S O L U T I O N

8 ) Rotor  h i ts  s ta tor  pad
af ter  brake actuat ion

Rotor  won ' t  acce lerate

B rake  p in  no t  ac tua t i ng

O i l  v i s i b l y  c o l l e c t i n g  o n
sur faces in  the ins t ru-
men t

Te f  l on  bush ing  on
bottom of rotor is worn

Rotor  fa i ls  to  s top

Ai r  pressure regula tor
hums  and  p ressu re
gauge needle  v ibra tes

e)

1 0 )

1 1 )

121

1 3 )

141

8 ) a .  B rake  t ens ion  l ow
b .  Bu r r  on  ro to r  bush ing  (Te f  l on  l i ne r )
c .  Bushing damaged af ter  c rash
d.  Stator  pad damaged or  d i r ty

a.  Sta tor  lock ing screws loose
b.  No s ta tor  pad

c .  O - r i ngs  m iss ing  a f t e r  c l ean ing

a .  Tens ion  t oo  l ow
b .  Sha f t  o i l y
c .  P in  damaged

C logged  f  i l t e r  i n  a i r  supp l y

e)

1 0 )

1 1 )

121With regular  use of  brake
once or  tw ice a  year

Lev i t a t i on  a i r  t oo  h iqh

t h i s  w i l l  o c c u r

1 3 )

14 )  A i r  p ressu re  was  b rough t  up  be fo re  t ime r
was set

8 ) a.  Adjust  brake (Sect ion 5)
b .  Remove  bu r r
c .  Re tu rn  f o r  r epa i r
d .  Rep lace  pad

a.  T ighten screws
b.  Replace pad
c .  Check  and  rep lace  O- r i ngs

a.  Adjust
b .  C lean  and  ad jus t
c .  Rep lace

Change  f  i l t e r  e l emen t  and  c l ean  o i l  f  r om
sys tem.  l f  ve ry  seve re ,  r e tu rn  t he  i ns t rume- .
t o  Pa lo  A l t o  f o r  a  comp le te  f  l ush ing .

e )

1 0 )

1 1 )

12 )  Re tu rn  ro to r  t o  Pa lo  A l t o  f o r
re f  i t t i ng .

13 )  Ad jus t  l ev i t a t i on  a i r  (Sec t i on  5 )

14 )  Use  p rope r  s ta r t i ng  p rocedu re ,  pages  3 -2
and 3-3.

Qat



TROUBLESHOOTT NG, cont inueo

PROB L EM POSSIBLE CAUSE
8)  Rotor  h i ts  s ta tor  pad

af ter  brake actuat ion

9)  Rotor  won, t  acce lerate

10 )  B rake  p in  no t  ac tua t i ng

1 1 )  O i t  v i s i b l y  c o l l e c t i n g  o n
sur faces in  the ins t ru_
men t

12 )  Te f l on  bush ing  on
bottom of rotor is worn

13)  Rotor  fa i ls  to  s top

"14) Air pressure regulator
hums and pressure
gauge needle  v ibra tes

8 )  a .  B rake  t ens ion  l ow
b.  Burr  on ro tor  bushing (Tef lon l iner )
c .  Bushing damaged af ter  c rash
d.  Stator  pad damaged or  d i r ty

9)  a .  Sta tor  lock ing screws loose
b.  No s ta tor  pad
c .  O - r i ngs  m iss ing  a f t e r  c l ean ing

10)  a .  Tens ion too low
b.  Shaf t  o i ty
c .  P in  damaged

1  1 )  C logged  f  i l t e r  i n  a i r  supp l y

12 )  W i t t r  r egu la r  use  o f  b rake  t h i s  w i l l  occu r
once or  tw ice a  year

13 )  Lev i t a t i on  a i r  t oo  h igh

' l4 l  
A i r  pressure was brought  up before t imer
was set

8 )  a .
b .
c.
d .

9 )  a .
b .
c.

SO LUTI  ON

Adjust  brake (Sect ion 5)
Remove burr
Return for  repai r
Replace pad

Tighten screws
Replace pad
Check and rep lace O-r ings

10)  a .  Ad just
b .  C lean and ad just
c .  Replace

1  1 )  Change  f  i l t e r  e l emen t  and  c l ean  o i l  f r om
system.  l f  very  severe,  re turn the ins t rument
to  Palo  A l to  for  a  complete  f lush inq.

12)  Return ro tor  to  pa lo  A l to  for
re f  i t t ing.

13)  Adjust  lev i ta t ion a i r  (Sect ion 5)

14)  Use proper  s tar t ing procedure,  pages 3-2
and 3-3.


