IEC MODEL HN-SII

GENERAL-PURPOSE
CENTRIFUGE

INSTRUCTION MANUAL

MAY 1987

Catalog No. 2355

60 HZ
120VAC

Catalog No. 2356

50 HZ
240 VAC

Bench Model

WARNING

DO NOT ATTEMPT TO OPERATE THIS CENTRIFUGE BEFORE
THOROUGHLY READING THE OPERATORS SECTION OF THIS MANUAL.

INTERNATIONAL EQUIPMENT COMPANY

INTERNATIONAL EQUIPMENT COMPANY  DAMON/IEC (UK) LTD

300 Second Avenue Unit 7, Lawrence Way, Brewers Hill Road
Needham Heights, MA 02194 U.S.A. Dunstable, Bedfordshire, LU6 1BD, England
Telephone: (617) 449-0800 Telephone: (0582) 604669

Telex: 174299, INTLEQUIP Telex: 825942, IEC UK G

FAX: (617) 444-6743 FAX: 44-582-609-257



IMEAN

S -

S —
o




3IM ShyoP

]

AV 8%

PARAGRAPH TITLE
1.0 General Description. .. ..........
1.1 Purpose of Manual. . ............
1.2 Description of Centrifuge .. .......
13 Specifications. . ...............
1.4 Warranty . . ...oovtiienne e
15 Ordering Information and Factory
Returns . .................
1.6 Registration of Instrument . ... ....
20 Installation. . .................
2.1 General .. ...................
2.2 Receiving Inspection ............
23 Unpacking the Centrifuge . . .. ... .. :
24 Line VoltageCheck . . . ..........
25 Installation Checkout. . ..........
3.0 Operation ............... PR
3.1 General .. ........coiiinnnn...
3.2 Description of Operation .........
33 ControlPanet.................
34 Operational Precautions ... .......
35 Operating Procedures. . . .........
3.5.1 installingthe Rotor . ... .........
3.5.2 Loadingthe Rotor. . ............
353 Control Settings Prior to Run Cycle . .
354 Run Cycle With Timer . ..........
3.5.6 Run Cycle Without Timer. ........
3.5.6 Determinationof RCF...........
3.5.7 Removingthe Rotor ............
3.6 Operators Reference Data. ........
3.6.1 TubesandBottles . . ............
3.6.2 Tube Nominal Capacity inml ......
3.6.3 Maximum Attainable RPM .. ......
36.4 Loading Requirements . .. ........
3.6.5 Strength Considerations . . ........
3.6.6 RotatingRadius . ..............
3.6.7 Maximum Tube Lengths..........
3.6.8 Minimum Tube Diameter x Maximum

TABLE OF CONTENTS

Length in mm

PARAGRAPH TITLE
3.69 Table Notes and Legends . .. ......
3.7 Pr_eventive Maintenance ..........
3.8 Corrosion. . . .................
39 Inspection .. .................
3.10 Corrosion Prevention .. ..........
3.11 Drying. .....................
3.12 Corrosion Removal .............
3.13 Cleaning the Centrifuge ..........
40 Service ................ ... ..
4.1 General .....................
4.2 OperatingTheory . .............
43 Centrifuge Functional Operation . .
44 Power Control Circuit ...........
45 Speed Control Circuit. . . .........
46 Armature Circuit. . .. ...........
4.7 Corrective Maintenance ..........
438 Troubleshooting . ..............
49 Motor Check (115 volt models only). .
4.10 Lubrication . .................
411 Tachometer Calibration . .. .......
412 Speed Control Adjustment . . .. ....
4.13 Parts Replacement. .............
4.14 Brush Removal and Replacement . . . .
4.15 Armature Removal and Replacement .
4.16 Field Assembly Removal and
Replacement...............
417 Cover Assembly Removal and
Replacement. ..............
418 Latch Assembly Removal and
Replacement. ..............
4.19 Control Panel Removal and
Replacement...............
4.20 Removal and Replacement of
Tachometer Generator . . ... ...
5.0 PartsList................... .
5.1 SpareParts...................
5.2 Replacement Parts List

...........



LIST OF ILLUSTRATIONS

FIGURE NO. CAPTION
Frontispiece
1-1 OUtling DimMENSIONS. . ..ottt it ittt tietttetenteeseeneeeonnneesennnss
2-1 LT 7o - T o
3-1 Control Panel . ... ... i i i i i it ettt i i e e e e,
3-2 Rotating Radils .. ..ot i i i i ittt i ettt st et inaenneerannnas
4-1  System Functional Diagram, 60/50 Hz Units. . .......cciiviitiiiiinnennnns
4-2  System Schematic Diagram . ... ..ot ittt ittt ittt
4-3 System Block Diagram . ... .. ittt i i i e i ettt et
4-4  Power Control Circuit, Simplified Diagram. .. .......civii ittt in it rnnnes.
4-5  Speed Control Circuit, Simplified Diagram . .......ciiiiiii ittt it iiienens
4-6  Speed Control Waveforms. . .. ..ottt ittt ettt et enennnnnennenens
4-7 Armature Circuit, Simplified Diagram. .. ... . vttt ittt ittt et tneerennns
4-8 Control Panel, Rear. .. ...ciiiiitiiiii ittt ittt eresreeossmnnnsoennss
4-9 T AN 11 ]
b-1 Centrifuge Assembly, 115 VB0 Hz, 23585, ... .ottt ittt ittt ieeneeennns
5-2  Centrifuge Assembly, 230 V B0 Hz, 2356. . ... c0i ittt it entnnnnnnnnnanens
5-3  Control Panel Assembly, 46753 (60 Hz), 46756 (BOHz) ........covvvvvnnn...
B5-4 Speed Control P.C.Board, 46692 . .. .....coiiiiit ettt nnnneaseennnananes
5-5  Schematic Diagram, C10402. . ... ... it it ittt ittt eitnennaanenn
B-6 WiringDiagram, C1044 T . ... . ittt ittt ittt tenenteerenennaeennnns
TABLES

TABLE TITLE

1-1 SPECIfICatioNS . .. .ot e
3-1 Damon/IEC NOmMOgraph . . ..o vttt ittt et e e e e e e
3-2  IEC Centritube™ Table ... ..oov' vttt e e
3-3 Speedand Force Tables .. ......oiuuiitinee et
4-1  Trouble Shooting Chart ... .........uuuuuinee et i

i




1.0 GENERAL DESCRIPTION
1.1 Purpose of Manual

This manual provides installation, operating and ser-
vicing instructions for the Model HN-SII Centrifuge
manufactured by the |IEC Division of Damon Corpor-
ation. The HN-SII is a general purpose bench top
centrifuge designed for use in the medical, industrial,
and scientific laboratory to perform separations by
centrifugal force. It is listed as a device in accordance
with HEW and FDA regulations governing distribu-
tion and use of such products.

The HN-SII is designed for 115 VAC, 60 Hz (Cata-
log No. 2355), or 230 VAC, 50 Hz operation (Cata-
log No. 2356).

1.2 Description of Centrifuge

The 1EC HN-SII Centrifuge combines the economy
and space-saving conveniences of bench type centri-
fuges with many of the performance advantages of
larger cabinet models. This versatile unit accepts oil
and Babcock testing accessories, a hematocrit rotor,
multiple carriers, and more than 50 general purpose
laboratory rotor and accessory combinations, with
capacities of up to 100 m| bottles. The HN-SH pro-
vides a maximum speed of 4,900 rpm, maximum rela-
tive centrifugal force (RCF) of 2,750 x g, and maxi-
mum volume of 684 ml (see Speed/Force Table for
accessories). The Hemato-kit™ Rotor (Cat. No. 930)
provides 6200 x g at 7800 RPM. It is widely accepted
for the most routine applications of clinical and in-
dustrial laboratories as well as the more varied, eso-
teric procedures of research centers.

18 1/4 I

18 /4 IN
46.5 CH

Figure 1-1 Outline Dimensions
1-1

A solid-state stepless speed control system includesa
direct-readout electric tachometer for continuous in-
dication of speed. The system provides automatic ac-
celeration to selected speed, accurate and repeatable
to within + 2% at rated voltage.

TheHN-SII employs a rugged, series-wound high
torque motor. Two permanently sealed self-lubricat-

ing ball bearings assure smooth, quiet, and dependable
operation.

A 60-minute electric timer automatically shuts the
centrifuge off at any pre-determined time between 2
and 60 minutes. A continuous-operation mode is pro-
vided for longer runs. The HN-SII features an electric
brake that can be used to reduce coast time by ap-
proximately 50%.

The instrument panel is located at the base of the
machine to provide easy access to all controls. The
solid, steel construction of the guard bowl and cover
contributes to quie* operation, reliability, and oper-
ator safety. Three rubber feet mounted on the base
absorb sound and vibration, and increase stability.
Brushes are accessible for replacement.

1.3 Specifications

Table 1-1 provides a quick-reference listing of the
major specifications.
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TABLE1-1

SPECIFICATIONS

ANGLE
HORIZONTAL

SPEED, ATTAINABLE:

HEMATO-KITTM_

(See Speed/Force Table for complete accessories and ranges.)

RCF, ATTAINABLE: ANGLE

HORIZONTAL

HEMATO-KIT™M_

(See Speed/Force, Table 3-3, for complete accessories and ranges.)

VOLUME, MAXIMUM: HORIZONTAL
ANGLE
TUBE CAPACITY, MAXIMUM: HORIZONTAL
ANGLE
TIMER: RANGE
' TYPE

TACHOMETER RANGE
ACCURACY & REPEATABILITY

TACHOMETER GRADUATIONS
CENTRIFUGE MOTOR

BRAKE RATE

HEIGHT WITH COVER OPEN

HEIGHT WITH COVER CLOSED
WIDTH

DEPTH

INSIDE DIAMETER OF GUARD BOWL
POWER, NOMINAL

POWER CONSUMPTION
HEAT PRODUCED

NET WEIGHT
SHIPPING WEIGHT

4900 RPM W/803 ROTOR, 356 SHIELDS
4150 RPM W/215 ROTOR, 366 TRUNNION RINGS,
369 MULTIPLE CARRIERS b

7800 RPM W/930 ROTOR ALL AT 120 VAC, 60 Hz

2750 x g W/803 ROTOR, 356 SHIELDS

2250 x g W/215 ROTOR, 325 TRUNNION RINGS,
320 SHIELDS, MISCELLANEOUS ADAPTERS
6200 x g W/930 ROTOR, ALL AT 120 VAC, 60 Hz

19ml x 36 = 684ml
19ml x 24 = 456ml

48 TUBES (bmi ea.)
24 TUBES (19ml ea.)

2 to 60 MINUTES
ELECTRIC

0-9000 RPM
* 2% of FULL SCALE

500 RPM INCREMENTS

1/7 HP RATING AT 4000 RPM, 120 VAC, 60 Hz, 3.3
AMP. MAX.

APPROX. 1/2 of COAST TIME
78.1 cm (30%")
43.8 cm (17%")
42.5cm (16%")
42.5cm (16%")
419 cm (16%")

115+£10% VAC, 60 Hz 3.3 AMPS (CAT. NO. 2355)
230+10% VAC, 50 Hz 1.7 AMPS {CAT. NO. 2356)

150 WATTS OPERATING
520 BTU/HR. OPERATING
24.3 Kg (53.5 Ibs.)

27.3 Kg (60.1 Ibs.)




14 Warranty

Damon/IEC Division warrants that it will repair or
replace, free of charge to an Authorized Dealer of
Damon/IEC Division any instrument which fails
within one (1) year after delivery to the original
customer because of defective material or workman-
ship, provided it does not fail under the exceptions
and conditions specified in the warranty given with
the instrument. Such exceptions and conditions in-
clude, but are not limited to, failure of parts due to
natural wear, accident, neglect or operation ina
manner not prescribed in the operating instructions
supplied with the instrument. The foregoing expresses
Damon/IEC Division’s sole warranty with respect to
the instrument. THIS WARRANTY IS MADE |IN
LIEU OF ANY AND ALL OTHER WARRANTIES
AND ALL IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE HEREBY DISCLAIMED
AND EXCLUDED. Damon/IEC Division and its
Authorized Dealers will not be liable for consequen-
tial damages, loss or expense arising from the impro-
per use of the instrument. Damon/IEC Division will
not honor any other warranty given by the Author-
ized Dealer which is different from the warranty given
by Damon/IEC Division. This warranty is not assign-
able and is operative only in favor of the original
customer to whom this warranty is delivered.

DEALER OBLIGATION UNDER WARRANTY

1. Any instrument having a retail value of over
$1000 will be installed by an Authorized Factory-
Trained Dealer Serviceperson and the customer will
be instructed in its use by a dealer representative.

2.  Customers requesting service for an instrument
during the period covered by warranty should receive
a response, within a 48-hour period, from the Au-
thorized Dealer who sold the instrument. If this obliga-
tion is not met and the customer so advises Damon/
IEC Division, such Authorized Dealer will be notified
of, and responsible for, the action taken, and expense
incurred, by Damon/IEC Division in satisfying the
customer.

DISCLAIMERS AND EXCLUSIONS

The Installation, Operation and Service Manual
supplied with this instrument includes a service
trouble-shooting chart. However, you are under no
obligation to locate or remedy any service problem.
You hereby release and forever discharge Damon/
IEC Division, its successors, assigns, subsidaries,
affiliates, officers, agents, and employees from any
and all claims, demands and liabilities in law or in
equity, of any nature, based upon, arising out of,
or resulting from locating, remedying or attempting
to locate or remedy any service problem. Should

service be required, contact the dealer from whom
you purchased this instrument to obtain service by
factory-trained personnel.

The information included in this Installation, Opera-
tion and Service Manual is believed adequate for the
operation and intended use of this instrument. If the
instrument is to be used for any purpose exceeding or
deviating from the capabilities specified herein, then
written confirmation of acceptability for such pur-
pose should be obtained from Damon/IEC Division.
Failure to do so will affect the warranty, and Damon/
IEC Division will not guarantee any results nor as-

sume any obligation or liability arising from such un-
confirmed action.

1.5  Ordering Information and Factory Returns

To obtain service and/or replacement parts under
warranty, you should contact the authorized Damon/
IEC Division dealer from whom you purchased your
machine, or write directly to Damon/IEC Division,
300 Second Avenue, Needham Hgts., Massachusetts
02194, Attention: Service Manager. Your correspon-
dence must include the model and serial number of
your machine, the date of its delivery, and the name
of the dealer from whom you purchased it. Damon/
IEC Division can not accept goods returned without
proper authorization. A ‘““Returned Goods Author-
ization'’ must be obtained through a dealer and accom-
pany the prepaid return shipment.

To obtain service and/or replacement parts not under
warranty, or to order additional accessories, you may
contact any authorized Damon/IEC dealer.

NOTE: In the event you wish to return the machine
or any part, you must comply with the following:

1. If the machine or any part has been exposed or
used’ to process potential pathogenic or radioactive
material, you are required to decontaminate the
machine or part being returned to insure there is no
radioactivity or harmful bacteria present and to ad-
vise us accordingly.

2. Decontaminate the machine or any part that
may have accumulated blood or any other chemical
deposits by using standard laboratory procedures.
Should this machine or any part be received in a con-
dition we consider to be a potential biological hazard
to our personnel, it will be returned to you unrepair-

ed, at your expense, along with a report of our find-
ings.

1.6 Registration of Instrument

For registration purposes please fill out the Warranty
Registration/Installation Report form supplied with
the instrument. Return the completed form to
Damon/IEC Division.
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Figure 2-1 Unpacking




2.0 INSTALLATION

2.1 General

The HN-SII Centrifuge is shipped in a special carton
designed to protect the machine from shipping haz-
ards. Installation of the centrifuge includes an initial
inspection of the carton before acceptance from the
shipper, moving the carton to the operating location
or incoming inspection area, unpacking, preliminary
checkout, and installation for use.

2.2 Receiving Inspection

Before signing the delivery receipt and accepting the
shipment, inspect the shipping carton for any signs of
mishandling, such as broken or dented sides. Damage
to the carton must be noted and a written statement
made on the delivery receipt before signing, describ-
ing the nature of the damage. A normal or undamaged
carton does not necessarily ensure that the contents
have not been damaged during shipping. If mishand-
ling or damage is suspected, contact the office of the
carrier so that a representative may witness the un-
packing. The centrifuge and other contents of the
carton should be carefully examined as the unpacking
proceeds. Any damage discovered which can be at-
tributed to mishandling or shipping damage should be
documented and a signed inspection report should be
furnished to the shipping company. Damon/IEC Divi-
sion is not responsible for damage incurred in transit.

2.3 Unpacking the HN-SIl Centrifuge

Unpack the centrifuge at the intended operating loca-

tion or at a convenient area for inspection. Keep all
shipping documents. Open the top of the carton and
remove all accessible packing material and shipping
supports. Remove centrifuge from carton by reaching
inside carton, grasping lower curvature of guard
bowl, and lifting out the centrifuge. Avoid grasping
Tachometer meter (below lower curvature; located
beneath cover latch). Save the carton and shipping
material for possible re-location.

- 2.4 Line Voltage Check

The line voltage supply must be within six feet of the
HN-SII centrifuge as a standard three wire grounded
single phase circuit. It must be easily accessible to al-
low a rapid disconnect in case of an emergency, and
as a protective precaution during machine mainten-
ance. Check the line voltage and frequency require-
ments of the machine, shown on the data plate at
the rear of the machine. Use an AC voltmeter to
measure the voltage available at the power socket,

and check with your power company as to line
frequency.

Proceed as follows:

1. 115 VAC, 60 Hz machine (Catalog No. 2355):
Line voltage must be between 103 VAC and 127
VAC. If outside these limits, an external voltage step-
up or step-down transformer will be required.

2. 230 VAC, 50 Hz machine (Catalog No. 2356):
Line voltage must be between 206 VAC and 254
VAC. If outside these limits, an external voltage step-
up or step-down transformer will be required. Line
frequency must not be below 48 Hz.

If the line voltage and frequency are suitable for your
HN-SII, you are ready to proceed to the installation
checkout. Note that fluctuations in line voltage or
frequency will slightly alter the machine’s perfor-
mance with respect to the values listed in the Speed
and Force Tables of this Manual.

2.5 Installation Checkout

Perform the installation checkout procedures as listed
below. Refer to Section 3.0, OPERATION, and Fig-
ure 3-1 as needed. In case of improper machine opera-
tion at any of these checkout steps, or in case of no
operation, consult your authorized Damon/IEC deal-
er, or see the trouble shooting chart in this Manual.
See also the warranty in paragraph 1.4.




1. Check that the centrifuge is on a firm, non-
resonant surface.

2. Lift the cover, and remove all materials from in-
side the chamber.

3. Install a rotor on the shaft, and tighten the
knurled nut finger-tight (see paragraph 3.5.1).

4. Close the cover and latch tightly.

WARNING: Never open the cover while
centrifuge is in operation.

5. Set the Power Switch (S2) to OFF (center posi-
tion).

6. Set the Speed Control knob to OFF.
7. Insert the power plug into the power socket.

8. Turn on power by setting the Power Switch (S2)
to ON/WO TIMER.

9. Slowly advance the Speed Control (R1) for a
rotor speed of 1,000 rpm as indicated on the Tach-
ometer (M1).

ORORC

-10." Return the Power Switch (S2) to OFF (center " -

position). The centrifuge will start to slow down.

11, While the rotor is still coasting, press the spring-
loaded Brake Switch (S1). Listen for a slowing effect,
and note the reduction in speed as shown on the
Tachometer (M1). Hold the switch down until Tach-
ometer (M1) indicates zero (0) RPM. Continued brak-
ing after the rotor has come to a stop gives reverse

motor rotation, with possible damage to the motor
brushes.

12. Advance the Timer (M2) to 10 minutes, then re-
turn to a 3-minute setting.

13. Turn on power by setting the Power Switch (S2)
to ON/W TIMER.

14. The centrifuge will now operate for approxi-

mately three minutes, and turn off automatically at
the end of that interval.

15. Return the Power Switch (S2) to OFF (center
position).

@ CENTRIFUGE

TIME/MIN

SPEED CONTROL

ON/W T\MER/

ON/WO TIMER

. ©

® B DAMON/IEC DIVISION

IEC HN-STI CENTRIFUGE ®)

L7ERO ADJUST

1. Power Switch (S2) 4. SPEED CONTROL (R1)

2. Timer (M2) 5. BRAKE Switch (S1)

3. Tachometer (M1) 6. Calibration Potentiometer (R5)

NOTE: Letters enclosed in parentheses refer to schematic and wiring diagram designations for these
items. Refer to paragraph 5.0 for component part numbers. Refer to paragraph 4.11 for ZERO ADJUST.

Figure 3-1 Control Panel
2-2




3.0 OPERATION
3.1 General

This section of the manual contains instructions for
the operation of the centrifuge, and is intended pri-
marily to acquaint the user of the instrument with
the various controls, indicators, and operating char-
acteristics.

3.2 Description of Operation

Centrifuge operation normally requires the following
steps: installing a rotor, installing balanced accessories
and a balanced load, selecting the speed and timing,
closing and latching the cover, applying power, and
starting the run cycle.

3.3 Control Panel

All of the controls and indicators necessary to oper-
ate and monitor the centrifuge are on the Control
Panel, shown in figure 3-1.

1. Power Switch (S2) This three position toggle
switch is used to control power to the instrument
and to select the mode of operation.
Its three positions are:
(1) ON/W TIMER for timed runs.
(2) OFF for power off {(except to brake circuit).
(3) ON/WO TIMER for untimed runs.
Set this switch to OFF when the instrument is not
in use.

2. Timer (M2) This electrical timer is used to se-
lect the run cycle time when the Power Switch (S2)
is in the ON/W TIMER position. The total run cycle
time can be selected from 2 to 60 minutes. For timed
periods of less than ten minutes, set the control
beyond the ten-minute position to close the internal
timer switch, and then turn back to the desired time.
For timed periods of ten minutes or more, simply ad-
vance the knob to the desired setting. When the timer
control knob. runs down to zero, the power is re-
moved from the motor.

3. Tachometer (M1) This Tachometer is an electri-
cal voltmeter, displaying in RPM, which operates from
a tachometer generator connected to the drive motor.

~ Readout is from O to 9,000 RPM, in 500 RPM

increments. Accuracy of the reading is *+ 2% of
full scale.

4. SPEED CONTROL (R1) This potentiometer
controls the speed of the centrifuge through the
speed control circuit board. Fractions marked on the
knob are for reference only. For maximum accuracy

and repeatability, set speed by reference to the Tach-
ometer.

5. BRAKE Switch (S1) This switch is a spring-
loaded toggle switch which returns to OFF when re-
leased. It is used to increase deceleration, and can re-
duce coast time by approximately 50%. Be sure to
switch the Power Switch to OFF before using the
BRAKE Switch at the end of a run cycle. Release the
BRAKE Switch when the rotor comes to a stop,
otherwise the rotor will begin to turn in the reverse
direction, with possible damage to the motor brushes.

6. Calibration Potentiometer (R5) This potentio-

meter is used to cCalibrate the Tachometer, and is not
used in everyday operation. Adjustments are to be

made by factory-trained personnel only.

3.4 Operational Precautions

1. Do not operate rotors which do not have a full
complement of accessories. See paragraph 3.5.2.

2. Load and balance all rotors properly. See
paragraph 3.5.2.

3. CAUTION: Do not use mercury in cups or
shields for balancing purposes. See paragraph 3.5.2.

4. Do not use other manufacturer’s accessories
on Damon/IEC centrifuges. Doing so will void the
Damon/IEC Warranty.

5. Do not adjust any of the potentiometers on a
printed circuit board or on the Control Panel unless
recalibration is necessary, and then only by use of
the established recalibration procedure, with the
proper equipment, as outlined in this manual, and
by factory-trained service personnel only.

3-1




6. Do not block the vent hole in the cover or.on
the louvered cover plate on the bottom of the
machine. Doing so may result in excessive heat
buildup and early failure of components and/or
damage to samples.

7. Never open the cover while the rotor is spinning.

8. Replace the knurled nut securely by hand even
when no rotor is installed, to prevent loss.

9. Turn the Power Switch to OFF when the instru-
ment is not in use.

10. Do not use the centrifuge chamber for storage
purposes.

11. Always pull out the power plug before cleaning
the machine. Clean immediately after any spillage
occurs, with mild soap and a cloth dampened with
warm water. CAUTION: Do not use acetone type
cleaners. See paragraph 3.13.

12. WARNING: REMOVAL OF THE CONTROL
PANEL OR BOTTOM PLATE WILL EXPOSE
ELECTRICAL SHOCK AREAS WHERE POTEN-
TIALLY LETHAL VOLTAGES ARE PRESENT.

3.5 Operating Procedures

Operating procedures include installing the rotor,
loading the rotor, setting the controls, performing
the run cycle {with timer or without timer), deter-
mination of Relative Centrifugal Force (RCF) (see
Table 3-1), and removing the rotor.

3.5.1 Installing the Rotor

Set all controls to their OFF position, and then
unlatch and open the cover. Remove the knurled
nut from the top of the motor shaft by turning the
nut counter-clockwise (CCW). Align the keyway in
the rotor with the key on the shaft, and place empty
rotor on shaft. Replace the knurled nut and tighten
finger-tight. Always install the rotor without access-
ories, and then add shields, trunnions, glass, or
plasticware as needed. Insert the larger rotors through
the guard bowl opening with care. The normal direc-
tion of rotation is counter-clockwise (CCW}, as
viewed from above.

3.5.2 . Loading the Rotor. -

If constant vibration is noted during normal labora-
tory use, this is almost always caused by an unbal-
ance in the rotor loading. The operator should be
certain that the rotor is loaded symmetrically and
with a full complement of accessories, and that the
shields, trunnion rings, cups and/or carriers are all
within 0.5 grams of each other. Also check that each
shield has an equal number of the proper cushions.
Tubes with samples mus* be of equal weight.

It is essential that only Damon/IEC rotors and
accessories be used on this centrifuge.

Accessory balance is an important factor in prolong-
ing the life of the armature and bearings. Damon/
IEC rotors, as well as all rotating parts of the centri-
fuge, are dynamically balanced at the factory. In addi-
tion, Damon/IEC trunnion rings, shields, cups and
carriers are weighed and matched to one-half gram.
The gram weight is stamped on each piece.

All horizontal rotors should be loaded with a full com-
plement of accessories to prevent unequal stresses on
the rotor during operation.

To obtain good dynamic balance the opposite loads
must not only be equal in mass, but must have the
same center of gravity. Take care to select centrifuge
tubes and bottles in pairs which are alike in shape,
thickness, and distribution of glass or plastic. The lar-
ger the container, the more critical the selection
should be.

When measuring weight, use a laboratory balance
having a sufficient capacity to handle the size con-
tainer being used, and which has a sensitivity of one-
tenth of a gram at full load.

The following balancing technique rerders the best
possible weight distribution, as well as providing

maximum external support for the glassware or
plasticware.

1. Place opposite cups containing filled glassware or
plasticware on the balance.

2. To the lighter centrifuge cup, add water around
the glassware, or plasticware, until the assembly is
balanced.

3-2




CAUTION
Mercury should never be placed in cups or
shields for balancing. Mercury vapors are
toxic, and will react with aluminum.

3.5.3 Control Settings Prior to Run Cycle

Set panel controls as follows before starting the Run
cycle:

1. PowerSwitch(S2) ............ OFF position
2. Timer(M2).................... 0 minutes
3. Speed Control (R1) ........... OFF position

3.5.4 Run Cycle with Timer

-
.

Install rotor (see paragraph 3.5.1)

2. Load rotor (see paragraph 3.5.2)

3. Close and latch cover.

4. Turn Timer knob to the desired time setting.
5.  Set the Power Switch to ON/W TIMER position.

6. Slowly turn the SPEED CONTROL knob to the
desired setting.

7. Check the Tachometer to insure desired speed is
achieved.

8. When the timer returns to zero (0 minutes), the
motor power will shut off and the loaded rotor will
coast to a stop. For increased deceleration, set the
Power Switch to OFF and press the Brake Switch
(S1). Release the BRAKE Switch when the rotor has
come to a stop, as indicated on the Tachometer.

3.5.5 Run Cycle Without Timer
1. Install rotor (see paragraph 3.5.1 ).
2. Load rotor (see paragraph 3.5.2).

3. Close and latch cover.

4. Set the Power Switch to the ON/WO TIMER
position.

5. Slowly turn the SPEED CONTROL knob to the
desired setting.’ '

6. Check the Tachometer to insure desired speed is
achieved.

7. The centrifuge will continue operation until the
run is terminated by the operator. The run is termin-
ated by:
(1) Returning the SPEED CONTROL knob to
OFF, and
(2) Setting the Power Switch to OFF.

8.  After the run is terminated, the rotor will coast
to a stop. For increased deceleration, set the Power
Switch to OFF and press the BRAKE Switch (S1).
Release the BRAKE Switch when the rotor has come
to a stop as indicated on the Tachometer.

3.5.6 Determination of RCF

The Relative Centrifugal Force, in units of “g”, may
be determined by using the Damon/IEC nomograph
which is shown in Table 3-1, or refer to the Speed/
Force Table for maximum values, where “9" repre-
sents the force of gravity.

3.5.7 Removing the Rotor

Always unload the rotor before removing it from the
centrifuge. The rotor can then be removed without
damage to the centrifuged media or its containers.

When removing the rotor, it is helpful to first loosen
the knurled nut, leaving it in place. Lift upward on
the rotor with the fingers while pressing downward
on the knurled nut with the thumbs. This procedure
will normally provide all the leverage necessary to re-
move the rotor from the tapered shaft and keyway.
If the rotor cannot be removed by using this proced-
ure, check that the knurled nut is protecting the
shaft threads, by screwing down several turns without
contacting the rotor. Using a rubber-headed mallet,
lightly tap the knurled nut flatly on its top surface
while pulling upward on the rotor. When the rotor is
loosened, remove the knurled nut and lift the rotor
from the shaft and out of the guard bowl. Take care
not to damage the screw threads while removing the

rotor. After removal, screw the knurled nut back in
place to prevent loss.
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- THEIEC RELATIVE CENTRIFUGAL
FORCE NOMOGRAPH
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INSTRUCTIONS

To find, for example, the relative cen-
trifugal force at a radial distance of 10 cm.
from the center of rotation when opera-
ting the centrifuge at a speed of 3000 r.p.m.,
place a straightedge on the chart connecting

the 10 cm. point on the Rotating Radius ~

Scale (A) with the 3000 r.p.m. point on
the Speed Scale (B). Read the point at which
the straightedge intersects tne Relative Cen-
trifugal Force Scale (C) — in this case,
1000 x gravity.

Similarly, if the desired r.c.f. is known,
the necessary speed for a given rotating
radius may be determined by connecting
the two known points and reading the in-
tersection of the straightedge with the
Speed Scale.

EQUATION
FOR CALCULATING R.C.F.

R.C.F. =.00001118 x r x N2
R.C.F. = relative centrifugal force
{gravities)
r = rotating radius (centimeters)
N = rotating speed (rev. per min.}

Use scales on right for high-speed and
ultracentrifuges.

-

RELATIVE CENTRIFUGAL FORCE — GRAVITIES

200,000
150,000
100,000
30,000
20,000
10,000 60.000
5000
40,000
- -
2,000 30,000
1,000
—
_ 20,000
500
15,000
200
10,000
100
50
20 5.000
10
3
2,000

DAMON/IEC DIVISION

300 SECOND AVE., NEEDHAM HTS., MASS. 02194, TEL: (617) 449-0800

Table 3-1 Damon/IEC Nomograph
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36 'Operators 'Referenc'e Data

The following paragraphs present valuable reference
data for the operator, with emphasis on detail and
with the goal of providing a maximum of complete
information. The tabular information shown in this
manual provides information on a wide range of tubes
and centrifuge bottles. The following paragraphs re-
fer to these tables.

3.6.1 Tubes and Bottles

IEC plastic centrifuge tubes and centrifuge bottles ref-
erenced by catalog number in the tables at the rear of
this section of the manual will withstand the maxi-
mum “(g)"* forces listed if in good condition. Plastic-
ware having such conditions as crazing or deformation
should be discarded. All plasticware should be filled
to at least 85% of nominal ml capacity when centri-
fuged at or near the maximum RPM.

Other manufacturer’s centrifuge tubes and centrifuge
bottles, as listed in these tables by their catalog or
code numbers, may be used. However, Damon/|EC
Division does not guarantee performance of other
manufacturer’s centrifuge tubes or centrifuge bottles
including those listed in the tables. When selecting
tubes for use in the centrifuge refer to the manufac-
turer’s recommendations and claims regarding tube
strength and suitability for centrifuge use.

3.6.2 Tube Nominal Capacity in ml

See Table 3-2, “IEC Centritubes™ ", for a listing of
nominal ml for IEC centrifuge tubes and centrifuge

bottles. IEC plastic caps can be assembled to these
tubes when filled to nominal capacity without dis-
placing the liquid contents.

3.6.3 Maximum Attainable RPM

The maximum attainable RPM listed in Table 3-3 is
based on a line voltage supply of 120 VAC. Speeds
listed will be maintained relatively contant for +6%
change in line voltage. The maximum values of RPM
listed require the following:

1. Centrifuging the full complement of the specific
accessories listed at the RPM shown under “’Maxi-
mum Attainable RPM*'.

2. - Use of tubes of the same length and fill level, to
assure symmetrical loading and good balance.

3.6.4 Loading Requirements

Damon/IEC does not recommend that multiple com-
binations be used. Examples of such non-
recommended loading would include loading such as
four trunnion rings with shields and two multi-
carriers on a six-place horizontal rotor.

Best operating results will be obtained with a bal-
anced, fully-loaded rotor. If a complete complement
of full tubes cannot be used, at least all accessory
items (trunnions, shields, etc.) must be in place.

3.6.5 Strength Considerations
The maximum allowable values of RPM followed by
(+) and footnoted “Speed Limited” must not be ex-

ceeded because of strength limitations of sample
containers.

3.6.6 = Rotating Radius (Refer to Figure 3-2)
The “rotating radius” is the distance measured from

the rotor axis to the tip of the liquid inside the tubes
at the greatest horizontal distance from the rotor axis.

) ROTOR AXIS

ROTATING RADIUS

ROTATING RADIUS
T ANGLE ROTORS

HORIZONTAL ROTORS

L

Figure 3-2 Rotating Radius

3.6.7 Maximum Tube Lengths

The maximum tube lengths listed in the tables at the
rear of this section include caps or stoppers assembled
to the tubes. The column which lists the maximum
tube sizes for the specified combination of accessories
give dimensions which allow for clearance of the tube
0. D. in the accessory and rotational clearance in
horizontal rotors. Maximum lengths for angle rotors
have been restricted to %’ (19mm) above the tube
support area in shields, carriers, and adapters.
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'3.6.8. Minimum Tube Diameter x Maximum Length .

“in mm

For horizontal rotors, the recommended minimum
tube diameters are, with few exceptions, approxi-
mately 0.080°' {2mm) less than the maximum tube
diameters. This is a guideline to prevent excessive
clearance and resulting poor support between the
tubes and bottles and their respective holders. The re-
commended maximum lengths generally allow for a
maximum of 1%’ (38mm) above the support area of
the shield, adapter, carrier or cup.

For angle rotors, the recommended minimum tube
diameters are approximately 0.080" (2mm) less than
maximum tube diameters, or the same as with hori-
zontal rotors. However, the recommended tube
lengths generally allow for only %'’ (19mm) of tube
length to be above the tube support area of the shield
or adapter.

3.6.9 Table Notes and Legends

The notes and legends listed below apply to the
tables which follow.

1. 1113* Adapter — ““Use plastic tubes only’’ —
1113 adapter does not have spherical bottom in the
adapter cavity. Glassware should not be used.

2.  "Omit Caps'’ — This instruction indicates that
the use of a cap with the referenced accessory would
increase the overall length of the accessory (e. g. 298
and 300 tubes) beyond the length which will physically
fit in the given combination.

3. 305A where listed — The 305A is a 305 shield
with a catalog 571 cushion, to accept tubes and adapt-
ers with round bottoms. Rotating radius is greater
than when using the 320 shield.

4. 398A — The 398A is a 398 carrier with a catalog
668 cushion. This allows the 398 carrier to accept the
2858, 2837, and 1648 tubes in the 958 rotor. The ro-
tating radius is greater than when using the standard
398 carrier with the 570 cushion. The greatest vol-
ume centrifuged in the instrument is obtained when
using the 398A with 36 — catalog 2837 tubes.

36 x 19ML = 684ML

5. 1127, 1128, 1129 Not Recommended. Adapt-
ers too short.”” — Use of these adapters in the 303,
302, and 306 shields causes these adapters to be be-
low the top of the shields. If used, tweezers, pliers,

. etc., would be needed to remove tubes from adapters..... . ... .

This may be an inconvenience to some users. Damon/
IEC does not forbid these adapters to be used in
these shields provided tube diameters and tube lengths
are within the recommended dimensions for each
adapter.

6. 1125 Adapter. Not Recommended. Adapter
too Long” - (For 356 shield in 803, 809, and 815
rotors.) Use of this adapter in the above rotors using
the 356 shield allows the adapter to protrude beyond
the %'' recommended limit above the support area of
the shield. The 303 and 302 shield will properly ac-
cept this adapter.

3.7 Preventive Maintenance

Preventive maintenance includes those procedures de-
signed to ensure continued operation of the centrifuge
with a minimum of “down-time” which may be
caused by failure of a part or by unsatisfactory opera-
tion. The most important feature 6f preventive main-
tenance lies in the care and cleaning of the centri-
fuge, with special attention to the rotors, cups, and
carriers, for the prevention of corrosion.

3.8 Corrosion

The operator or person responsible for preventive
maintenance must be careful to prevent corrosion of
the rotors and structural accessories (shields, cups and
carriers). These parts are manufactured by Damon/
IEC, and are properly finished and checked by quality
control facilities before leaving the factory. Consider-
ation has been taken in their design and manufacture
to provide a maximum resistance to corrosion. How-
ever, long-term satisfactory operation requires a high
standard of preventive maintenance to maintain this
high level of corrosion resistance. If corrosion is al-
lowed to continue, small cavities will form within the
part which will grow deeper with continued opera-
tion, resulting in eventual failure. Deep-seated corro-

sion may also occur, and be more serious than appears
on the surface.

3.9 Inspection

Before and after each run, accessories should be
routinely examined for corrosion and cracks. Give
special attention to the inside and bottom of rotor
cavities, shields, and cups, and to the inside sur-
faces of multiple carriers. |f corrosion is found, and
cannot be removed (see paragraph 3.12), discard the
accessory immediately and order a replacement from
your authorized Damon/IEC Distributor.
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- 3.10 Corrosion Prevention

The hazard of corrosion can be almost completely
eliminated by conscientious operator technique. Af-
ter each run, the part shouid be rinsed in warm tap
water and finally in distilled water. If material is
spilled onto the part, it should be washed out with a
MILD DETERGENT solution, and the cavities
scrubbed with a stiff test-tube brush having end bris-
tles. The part should be rinsed in warm tap water af-

ter scrubbing, and given a final rinse in distilled water.

When particularly caustic materials are run, this pro-
cequre should be carried out immediately upon com-
pletion of the run.

3.11 Drying

After the part has been thoroughly cleaned, it is im-
portant to dry it properly, preferably by wiping with
a clean, absorbent towel. A drying oven may be used,
but the temperature should not exceed 80°C. Angle
rotors should be stored open to the atmosphere.
Horizontal rotors should be turned upside down to
expose the greatest amount of surface area.:Shields,
cups, and carriers should have their cavities open to
the atmosphere. Parts should be stored on a soft sur-
face to prevent damage to anodized or other finished
surfaces. Parts may be stored under refrigeration,
after the proper cleaning and drying procedures have
been followed, when the part is in routine use. For’
general storage, however, it is advisable to store the
part clean and dry at room temperature. Parts should
not be stored wrapped in a plastic bag, as moisture

may be trapped or develop in the bag, with resulting
corrosion.

'3.12 Corrosion Removal

If corrosion occurs, it is of the utmost importance to
remove it as soon as possible. The following proced-
ure is recommended.

1. The part should be soaked to remove deposits

from the metal surface. Use a mild detergent solution.

Do not use soaps or detergents which contain’ strong
alkalis.

2. Scrub the part thoroughly with a stiff test-tube
brush having end bristles. Pay particular attention to
the bottom of the tube carriers, and to multiple
carriers.

3. Allow the part to soak again in clear warm
water for a minimum of one hour.

4. Rinse the part well in warm water, and finally <
rinse thoroughly in distilled water.

5. Dry the part thoroughly with a clea
cloth.

n, abhsorbhent

6. If corrosion cannot be removed with a tube
brush, discard the item and order a replacement
from your authorized Damon/IEC dealer.

3.13 Cleaning the Centrifuge
The centrifuge should be maintained in a clean, un-

cluttered condition, to insure satisfactory operation

and a long service life. The following procedure is
recommended:

1. Always unplug the power cord for safety during
cleaning.

2.-  Unlatch and open the cover of the centrifuge,
and remove the rotor.

3. Check the guard bowl for spillage or broken

glass. Remove with a vacuum cleaner if possible.

Clean with a damp sponge. Remove rubber cushions
and replace in case of glass breakage. Grey dust is the
result of finely ground glass. This must be removed to
insure satisfactory motor life, to prevent sample con-

tamination, and to prevent abrasion of the |n31de
painted surfaces.

4.  Clean the inside of the guard bow!, and then the
outside, using a moist (not wet) sponge, with warm

- water and a mild detergent. Repeat using clear warm

water.

5.  Observe the following precautions at all times:

a. Never use an abrasive cleaner or steel wool
pads. If there are stubborn stains, remove
them with a plastic scrub pad.

b. Never pour water into the guard bowl cham-
ber.

WARNING

When the cleanup involves hazardous, con-
taminated, or radioactive material, wear rub-
ber gloves and take any other precautions ap-
propriate to the hazards involved. Contact
laboratory safety personnel, if available.




Table 3-2 IEC Centritube™ Table

1EC Centritubes Autoclear Conical Graduated Tubes

. . . Autoclear polycarbonate graduated tubes are ideal for clinical
Centritubes are manufactured specifically for centrifugation work requiring percise graduations and are molded under
1o International Equipment Company (IEC) specifications. extremely close tolerances.
Each IEC tube, bottle and cap is designed and molded for
perfect fit, maximum strength and wide versatility
Tubes Nominal - Outside Plsstic Caps
: Cotal i nsion tal
*Qak Ridge’’ Type Screw Cap Tubes No_og Ciz::)tv m'::“:, : C'N:Q
“Oak Ridge’’ type screw-cap Centritubes eliminate the need for 3500 5 PTETY
costly, time-consuming 5-piece metal sealing sytems. With a 281 f 28.6x133. 1512
simple twist of the wrist, a one-piece IEC knurled metal cap 9 5 16:8x119.1 288
seals tightly, assuring a positive vacuum tight seal. The caps
a{: r:‘i’ra\ii:?r!r)\'e in anodized aluminium and teflon coated Autoclear® Round Bottom Tubes
'B‘Oak Ridg'e" type screw cap tubes are ideal for working with Afutoclear.round botton:wtub:s combine nf'nany °.f ﬂ:e ad\;anta'ges
irological or other infectious material, and are available in of glass with the strength and economy of plastic. ldeal for high
vir or low speed applications, these crystal clear polycarbonate
polypropylene and Autoclear polycarbonate. tubes are shatterproof, autoclavable and resistant to most
Plastic screw caps are supplied with the tubes and may be chemicals p 4 a
“safely used in low speed centrifuges. als.

Plastic  Aluminum

Autoclear Polycarbonate Tubes Metal Screw Caps Tubes N'”"if“' P“"if" Caps  Sealing Caps
Replacement Tefion Catalog Capacity Dimensions Catalog Catalog
Plastic Screw Anodized Coated No. {mi) {mm) No. No.
Tubes Nominal Outside* Caps Aluminum Aluminum 2852 3 10.9x54.7
Catslog Cgpacity Dimensions  Catalog Catalog  Catalog 2804 4 10.9x77.2 2880
No. {ml) {mm) No. No. No. 1696 8 16x60.3 2876
2067 10 16.1x81.4 2887 2066 2064 1698 8.6 13x106.3 1699
2055 30 25.3x93 2886 2056 2057 2816 10 14.5x96 1676 1686
2053 50 28.6x106.1 2888 2063 2054 2801 10 16.1x76.2 2877 1183
2059 73 38.1x110.2 2889 2060 2058 1649 12 16.0x98.7 1514 1578
. . 2808 12 20.4x60.4 1677
Includes Plastic Cop 1648 15 16x114.3 1514 1578
2805 22 18.7x111.1 2881 '
2802 30 25.3x88.9 2878 1177
2997 47 28.6x103.8 1580 1580
Polypropylene Tubes Metal Screw Caps 2806 96 31.9x161.8 2882
‘ Replacement Teflon
. .., FPlasticScrew Anodized  Costed Transparent Polyallomer Tubes
Tubes Nominal  Outside Ceps  Aluminum  Aluminum Special 1EC transparent thin-walled polyallomer tube
Catalog Capacity Dimensions  Catalog Catalog  Catalog combine the flexibility and capacity of cellulose nitrate with
No. {mi) {mm) No. No. No. the autoclavability and chemical stability of polypropylene.
2046 10 16.1x81.4 2887 2066 2064 Ideal for gradient or routine analysis, these tubes may be
2047 30 25.3x93 26886 2056 2057 easily pierced with a hypodermic syringe.
2048 50 28.6x106.1 2888 2063 2054
*includes Plastic Cap Proctic Al
Tubes Nominal Caps Sealing Caps
Catalog Capacity Dimensions Catalog Catalog
No. (mi) (mm) No. No.
Round Bottom Polypropylene Tubes 2841 3.5 10.9x54.7 1524
|EC general purpose polypropylene Centritubes are molded 2840 5 10.9x77.2 1524
from a special high strength resin which is the clearest of the 2860 9 16.1x57.9 2897
translucent polypropylene plastics. All are autoclavable. 2836 10 12.7x98.4
2864 10 12.7x108
2842 12 14.5x96 1514
2850 12 16.1x76.2 2897 1181
Plastic Aluminum 2859 16 16.1x101.6 2897
Tubes Nominal Outside Caps Sealing Caps 2858 17 16.1x108 2897
Catalog Capacity Dimensions Catalog Catalog 2837 19 16.1x114.3 2897
No. (ml) (mm) No. No. 2839 28 26.2x66.8 2899
1629 13 16x98.3 1614 1578 2847 37 25.4x88.9 1175
1630 46 28.6x103.8 1518 1580 2828 52 28.6x103.7
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Table 3-3, Speed and Force Tables, Horizontal Rotors “(sheet 1 of 6)°

1 305A IS A 305 USING A 571 CUSHION FOR ROUND BOTTOM TUBES

3-9

CAT. CAT. } I L atcomu:ﬁo‘:o
_CAT. |TRUN MULTI - | CAT. , : 1. . [WILL ACCEPT  |MIN.TUBE OD
ROTOR | RING CARRIER |ADAPTER WILL ACCEPT . B ) ’ MIN-MAX] - . TUBE MAX. 00 X |
AND AND AND AND TUBE | TOTAL PLACES CAPACITY RCF ROTATING X RECOMMENDED
NO.OF | NO.OF | CAT. | NO. OF | NO.OF IEC TUBE INOMINAL x RANGE | MAX. | MAX. | RADIUS |MAX. LENGTH |MAX LENGTH
PLACES | PLACES [SHIELD| PLACES | PLACES CATALOG NO. ML | NOMINAL ML | iINwL | RPM G'S [CM [INCHES| IN MM IN MM
D04 (4) 338 LOOML QIL BOTTLE KIMAX45244 100 |4 x 100 400 | 2500 | 1350 19.2}7.550
(63 SHAPED)
D15(4)B10 (1) 356 2046 2067 2801 10-13}4 x (10-13) | 40-52 | 3900 | 2225 [13.1}5.179/17.2 x 113[15.3 x 104
356 1629 1649 2850 10-1314 x (10-13){ 40-52 | 3900 | 2225 [13.1/5.179] 17.2 x 113115.3 x 104
356 1125(1)1698 2836 2864 8-10{4 x ( 8-10)] 32-40| 3900 | 2225 [13.1]5.179[ 13.6 x 114[11.7 x 114
356 1126 (112804 2840 4-5 14 x ( 4-5) {16-20| 3900 | 2225 f13.1}5.179/11.1 x 114] 9.3 x 105
356 1127 (112804 2840 4-5 14 x (4-5 16-20 | 3900 | 2225 [13.1}5.179/ 11.1 x 114] 9.3 x 95
356 1128 (1)PYREX 8060 1ML 1 {4x1 . 4 3900 | 2225 [13.1]5.179] 8.6 x 114] 6.7 x 92
356 1129 (1)PYREX 8060 0.5ML 0.5 {4 x 0.5 2 3900 | 2225 {13.1{5.179] 6.4 x 114] 4.5 x 89
15(4)310(1) 303 1629 1649 1648 2810113-19|4 % (13-19)] 52-76 | 3500 | 2025 [14.7/5.803] 17.2 x 128/15.3 x 123
‘ 303 2858 2859 2837 13-19{4 x (13-19)| 52-76 | 3500 | 2025 [14.7]5.803] 17.2 x 128[15.3 x 123
303 1125(1p1698 2836 2864 8-10 4 x ( 8-10) | 32-40| 3500 | 2025 {14.7] 5.803] 13.6 x 130]| 11.7 x 127
303 1126 (12804 2840 4-5 14 x ( 4-5) | 16-20] 3500 | 2025 [14.7]5.803[ 11.1 x 130] 9.3 x 105
303 1127,1128,1129 NOT RECOMMENDED. OO SHORT.
D15 (4)310 (1) 302 2858 2859 1648 15-191 4 x (15-19)] 60-76{ 3050 } 1725 |16.6]6.556] 17.2 x 146] 15.3 x 135
: 302 2837 2810 115-1914 x (15-19) | 60-76 | 3050 | 1725 [16.6/6.556} 17.2 x 146]15.3 x 135
302 1125(1)1698 2864 8-10{ 4 x ( 8-10)] 32-40] 3050 | 1725 [16.6/6.556] 13.6 x 148| 11.7 x 130
302 _ 11126 (12804 2840 4-5 |4 x ((4-5) | 16-20] 3050 | 1725 [16.6/6.556 11.1 x 148] 9.3 x 105
302 1127,1128,1129 NOT RECOMMENDED. OO SHORT ‘ )
215 (4)310(1Y 306 DO NQT USE, SHIELD HITS GUARDBOWL
P15 (4)325 (1) 320 1630 2997 2048 2053|4852 4 = (48-52) 1192-208 3700 | 2125 [13.9[5.453] 30.0 x 116] 28.2 x 107
320 2828 613SS 48-52) 4 x (48-52)(192-204 3700 { 2125 [13.9] 5.453] 30.0 x 116| 28.2 x 107
320 651 (1)2805 22 |4 x 22 88 3800 | 2250 [13.9]5.453] 18.8 x 117] 16.9 x 117
320 1105(1)1698 2864 8-10/ 4 x (8-10)] 32-407 3800 ] 2250 {13.9[5.453] 14.0 x 120f 12.2 x 120
320 1106 (101648 2858 2837 2810{15-19/4 x (15-19)] 60-76| 3800 | 2250 113.9] 5.453] 17.4 x 122 15.5 x 122
320 1108 (12805 514PYREX 12ML |12-22]4 x (12-22)| 48-88] 3800 | 2150 |13.4] 5.258 19.3 x 116]17.4 = 116
320 *11113 (30804 2840 4-5 12 x ( 4-5) | 48-60] 3800 | 1800 [11,1]4. 3631 11,3 x 90| 9.4 x_ 90
320 2917(1/p816 2842 (Omit Capsh10-12] 4 x (10-12)} 40-48] 3800 | 2200 [13.6]5.359 14.4 x 117] 12.5 x 117
. 1320 | {3151 (1fR805 o224 x227 ] 8B 3800 | 2250 {13.9} 5.453] 18.8 x 118] 16.9 x 118
433251 320 152(1]1698 2864 {-d-10la x ¢ 8°10} 32-40 | 3600 {2200 13,7]5,381] 14,2 x 120 12.3 x 120
320 3153 (1}1648 2837 2858 15-19/ 4 x (15-19) | 60-76 | 3800 | 2200 [13.7]5.381] 16.1 x 120}14.1 x 120
320 REMOVE | 368(5}8 x 95MM WINTROBE, FISHER|#5-668-2 3800 | 2275 14.1}5.543} 8.3 x 117} 7.1 x 117
USHIO : -
15(4)B25 (1) 3204 312 (1)2810CONICAL (Omit Cap) 15/4 x 15 60| 3700 } 2125 [13.9(5.481} 18,0 x 119}16.0 x 119
P15 (4)B25 3204 I'SE_CONICAL TUBES ONLY 3700 | 2125 [13.9]5.481{ 30.0 x 113}28.2 x 113
D15 (4)B25 (1) 305 312112810 CONICAL 15{4 x 15 60 | 3200 | 1825 [15.9]6.276{ 18.0 x 139]16.0 x 139
305 2809 CONICAL(Omit Cap) 50{4 x 50 200 | 3100 | 1700 15.9}6.276] 30.0 x 133}28.2 x 133
D15 (4)B25 (1) 305A(t 1630 2997 2048 48-52{4 x (48-52) |192-204 3150 | 1775 [15.9/6.248] 30.0 x 135] 28.2 x 107
3054 2053 2828 613SS 48-52| 4 x (48-52) [192-204 3150 | 1775 [15.9[6.248] 30.0 x 135]28.2 x 107
3054 651(112805 22| 4. x 22 _88] 3150 | 1775 [15.9]6.248]18.8 x 138{16.9 x 130
3054 1105(1}1698 2864 8-10{4 x ( 8-10)| 32-40] 3150 | 1775 [15.9]6.248] 14.0 x 140[12.2 x 130
3054 1106(1)1648 2837 2858 2810115-1914 x (15-19)] 60-76| 3150 | 1775 [15.9]6.248] 17.4 x 140| 15.5 x 130
3054 1108(1)2805 514PYREX 12ML |12-22{4 x (12-22) | 48-88] 3150 | 1700 {15.3[6.053] 19.3 x 130] 17.4 x 120
305A #1113(3)2804 2840 4-512 x ( 4-5) | 48-60 3150 | 1450 {13.1}5.158{ 11.3 x 108} 9.4 x 100
3054 2917 (1}2816 2842 (Omit Caps)10-12}4 x (10-12) | 40-48| 3150 | 1725 |15.6| 6. 154} 14.4 x 138 12.5 x 130
3054 151(1)2805 2204 x 22 88| 3150 | 1775 15,91 6.248] 18,8 x 138] 16,8 x 130
305A 3152 (1)1698 2864 8-10{4 x ( 8-10)] 32-40] 3150 | 1750 [15.7]6.176] 14.2 x 138[12.3 x 130
3054 3153 (1)1648 2837 2858 15-19/4 x (15-19)} 60-76] 3150 | 1750 {15.7{6.176] 16.1 x 138[14.1 x 130
305AFSVVE | 368 (5)8 x 95MM WINTROBE. FISHER| #5-668-2 3150 | 1800 [16.16.338] 8.3 x 117 7.1 x 117
CUSHION
215 (4)B326 (2% 320,305, 3P5A  |DO NOT USE. INNER SHIELD HITS MOTOR HQUSING
D15 (4)B50 (1) 341 2806 (Omit Cap) 964 x 96 384 12550 1375 [18.8]7.388{33.2 x 162] 31.3 x 162
15 (4)B66 (1) 369 (5) 2841 2852 2804 2840| 3-5 RO x ( 3-5) | 60-104 4150 [ 2125 |11.1| 4, 384] 12.6 x 83| 10.7 x 81
366 018 (4} 2836 10[16 x 10 160 | 3650 | 1900 [12.8[5.030} 14.2 x 103{ 12.3 x 103
366 365 ‘ 3350 1 1850 [14.8]5.838| 38,0 x 118/ 36.0 x 118
66 367A KIMAX #15066 BOTTLE 2500 | 1325 {19.0] 7.468] 38.0 x 165/ 36.0 x 165
215 (4 ) 362C¥p 3650 | 1875 {12.6]4.958/ 36.7 x 100| 34.8 x 100
*USE PLASTIC TUBES ONLY




_ .. Table 3-3, Speed and Force Tables, Horizontal Rotors (shest2of6) ..

CAT. CAT. L RECOMMENDED
c;z. ‘I’RU:. :2;.;'15; Aoi:;in e ILL ACCEPT |MIN.TUBE 0D
ROTOR { RIN N-MAX. TUBE MAX. 0D
_AND | AND AND | AND WILL ACCEPT | yuse | toraL pLaces [camciTy RcF | RoTATING x RECOMMENDED
NOo.0F |Nno.oF | caT. | NO. OF | NO.OF |Eg TUBE INAL X RANGE | MaX. | max. | RADIUS  |MAX.LENGTH |MAX LENGTH
|PLACES |PLACES [SHIELD| PLACES | PLACES CATALOG NO. ML | NOMINAL ML | INML | RPM 'S [TW JINCHES | IN MM IN MM
P21(6 356 1629 1649 2801 10-13}6 x (10-13) } 60-78 | 3750 | 2050 {13.0}5.1181 17.2 x 102 15.3 x 102
356 2850 2046 2067 10-13{6 x (10-13)] 60-78 | 3750 | 2050 [13.0{5.118{ 17,2 x 102} 15.3 x 102
356 1125(1)2836 1016 x 10 60| 3750 | 2050 13.0}5.118] 13.6 x 104} 11.7 x 104
356 1126 (12804 2840 4-5 16 x ((4-5) | 24-301 3750 | 2050 [13.0{5.118{11.1 x 104} 9.3 x 104
356 ] 1127 (102804 2840 4-5 16 x ( 4-5) |24-30) 3750 ] 2050 {13.0{5.118{ 11.1 x 104] 9.3 x 95
356 - 1128 (1JPYREX 8060 IML - 1 6 x1 6] 3750 | 2050 {13.0{5.118] 8.6 x 104] 6.7 x 92
356 1129(1&YRE:X 8060 0,5ML 0.516 x 0.5 31 3750 | 2050 13.0]5.118] 6.4 x 104} 4.5 x 89
221(6) 303 1629 1649 1648 2858{13-196 x (13-19) | 78-114 3400 | 1875 ]14.6]5.743[17.2 x 119{15.3 x 119
303 2859 2837 2810( af’F 13-19]6 x (13-19)| 78-114 3400 | 1875 [14.6}5.743} 17.2 x 119{15.3 x 119
303 1125 (191698 2836 2864 8-10|6.x ( 8-10)] 48-60| 3400 | 1875 [14.6]5.743] 13.6 x 120] 11.7 x 120
303 1126 (1)2804 2840 4-5 16 x ( 4-5) | 24~-30| 3400 | 1875 |14.6}5.743] 11.1 x 120} 9.3 x 105
303 1127, 1128, 1129, NOT RECOMMENDED. TOO SHOR]
R21(6) 302 1648 2858 2859 15-19} 6 x (15-19)] 90-114 2950 | 1600 |16.5| 6.495] 17.2 x 133] 15.3 x 130
302 2837 2810 15-191 6 x (15-19)| 90-114 2950 | 1600 |16,5}6.495| 17.2 x. 133} 15.3 x 130
302 1125(1)2864 1698 8-101 6 x ( 8-10)| 48-60} 2950 ) 1600 |16,5{6.495{ 13.6 x 134{ 11.7 x 130
302 1126 (1p2804 2840 4-5 16 x ( 4-5) | 24-30] 2950 ] 1600 [16.5}6.495 11.1 .x 134] 9.3 x 105
302 1127, 1128, 1129, NOT RECOMMENDED. TOO SHOR]
221 (6) 306 DO NOT USE. SHIELD HITS GUARDBOWL
930 (24 PLACR) HEMATOKIT 1.75x75MM] CAPILLARY TUBES 7800 | 6200 | 9.1} 3.594
1957 (4) 1120 100ML ASTM OIL BOTTLE100 |4 x 100 400 2450 | 1350 |20, 1] 7.898]
KIMAX 45243
58(6)310(1Y 356 1629 1649 2046 110-13]6 x (10-13)]60-78 | 2950 | 1575 [16.116.322/ 17.2 x 119[15.3 x 104
. 356 § :T 2067 2801 2850 10-13]6 x (10-13) 1 60-78 | 2950 | 1575 }16.1}16.322] 17.2 x 119]15.3 x 104
356 1125 (1)1698 2836 2864 8-10/6 x ( 8-10)|48-60 | 2950 | 1575 16.1]6.322]13.6 x 120[11.7 x 110
356 1126(1 2804 2840 4-5 16 x ( 4-5) 1 24-30 | 2950 | 1575 j16.1]6.322] 11.1 x 120 9.3 x 105
356 11127 (1)2804 2840 4-5 16 x ( 4-5) |24-30} 2950 | 1575 [16.1/6.322{ 11,1 x 120] 9.3 x 95
356 1_128(1}gYREX 8060 1ML 1]6x1 61 2950 | 1575 [16.1]6.322] 8.6 x 120] 6.7 x 92
356 1129 (1)PYREX 8060 0.5ML 0.5 {6 x 0.5 3] 2950 | 1575 |16,1]6.322] 6.4 x 120] 4.5 x 89
58(6)310(1) 303 1629 1649 1648 2810{13-19|6 x (13-19) | 78-114{ 2700 | 1425 [17.6]6.946] 17.2 x 134] 15.3 x 122
303 __|2859 2858 2837 13-19| 6 x (13-19) | 78-114f 2700 | 1425 [17.6]6.946] 17.2 x 134[15.3 x 122
303 1125(1)1698 2836 2864 8-10{6.x ( 8-10)]48-60 | 2700 | 1425 [17.6]6.946] 13.6 x 135{11.7 x 122
303 1126 (1)2804 2840 4-5 16 x ( 4-5) | 24-30] 2700 { 1425 {17.6/6.946/ 11.1 x 135 9.3 x 105
303 1127,3128,1129 NOT RECO] ED,.| TOO SHORT,
958 (6310 (1) 302 DO NOT USE. SHIELD HITS GJARDBOWL
958 (6 4310 (1) 306 DO NOT USE, SHIELD HITS GUARDBOWL
958 (6 325 (1) 320 1630 2997 2048 48-52| 6 x (48-52) P88-312 2800 | 1475 [16.7]6.580] 30.0 x 124]28.2 x 107
320 2053 2858 613SS 48-52/ 6 x (48-52) R88-312 23800 | 1475 {16.7}6.580{ 30.0 x 124] 28.2 x 107
320 651 (1jr805 . 22[6 x 22 132 2800 | 1475 [16.7]6.580] 18.8 x 127[16.9 x 125
320 1105(1 698 2864 8-10{6 x ( 8-10)| 48-60 | 2800 | 1475 |16.7] 6.580{ 14.0 x 128] 12.2 x 125
320 1106 (11648 2858 2837 2810{15-19} 6 x (15-19)} 90-114 2800 | 1475 [16.7]{6.580] 17.4 x 127] 15.5 x 125
320 1108 (1805 514 PYREX 12ML|12-22]6 x (12-22)| 72-132 2800 | 1425 {16.2}6.385 19.3 x 124} 17.4 x 122
320 *11113 (3]R804 2840 4-5 18 x (“4-5) | 72-9071 2800 [ 1225 [13.9{5.4900 11.3 x 95| 9.4 x 95
320 2917 (1/p816 2842 (Omit Caps10-12{ 6 x (10-12)| 60-72 | 2800 | 1450 |16.5| 6.486] 14.4 x 122} 12.5 x 120
320 3151(1r805 2216 x 22 132 2800} 1475 ]16.7/6.580 18.8 x 127| 16.8 x 125
320 3152 (1J1698 2864 8-101 6. x ( B-10)| 48-60] 2800 | 1450 |16.5{ 6.508 14.2 x 127] 12,3 x 125
320 3153 (4648 2837 2858 15-190 6 x  (15-19)| 90-114 2800 ] 1450116.5/6.508 16.1 x 127| 14.1 x 125
320 [*Reohm) 368 (5,}_; x 95MM WINTROBE. FISHER| #5-668-2 2800 | 1500 {16.9] 6.670 8.3 x 120{ 7.1 x 117
CUSHIO .
958 (63325 (1) 320A 312 (4810 CONICAL - 1536 x 15 90 ] 2800 ] 1475(16.8[ 6.608 18.0 x 124 16.0 x 124
958 (63325 (1] 320A, USE CONICAL TUBES ONLY 2800 | 1475 16,8 6.60ﬂ_30.0 x 116} 28.2 x 116

*USE PLASTIC TUBES ONLY
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 -‘ Table 3-3,. Speéd and Fdfce' Tables} k‘ Hbriz,onta_l: Rotors . (sheet 3 of 6)

car. Cear” L |recommenoeo
CAT. |TRUN. MULTI -~ | CAT. : : 1ILL ACCEPT |MIN, TUBE OD
ROTOP | RING CARRIER [ADAPTER MIN.-MAX. TUBE MAX. 00 X
aND | aND ano | awno WILL ACCEPT TUBE | TOTAL PLACES [cAmaciTY RCF | ROTATING x RECOMMENDED
NO.OF | NO.OF | CAT. | NO. OF | NO. OF IEC TUBE INOMINAL] x RANGE | MAX. | max. | RADIUS |MAX.LENGTH [MAX LENGTH
PLACES [PLACES [SHIELD| PLACES | PLACES CATALOG NO. ML | NOMINAL ML | IN ML | RPM G'S [CM JINCHES| IN. MM IN MM
958 (6325 (1) 305 312(1}2810 CONICAL 15/ 6 x 15 94 2400 | 1200 18.8]7.416| 18.0 x 143} 16.0 x 140
325 (1) 305 2809 CONICAL 50 6 x 50 304 2400 | 1200 |18.8}7.416] 30.0 x 137]{28.2 x 137
958 (64325 (1) 305A[t 1630 2997 2048 48-5216 x (48-52) [288-313 2400 | 1200 {18.8}7.388] 30.0 x 142|28.2 x 107
305A 2053 2828 61385 48-52) 6 x (48-52) 288-312 2400 | 1200 {18.8] 7.388] 30.0 x 142] 28.2 x 107
305A 651(1}2805 22] 6 x 22 132 2400 | 1200 118.8]7.388] 18.8 x 144] 16.9 x 130
305A 1105(111698 2864 8-10 48-60| 2400 | 1200 [18.8]7.388| 14,0 x 146]12.2 x 130
305A 1106 (1)1648 2858 2837 2810{15-19/ 6 x (15-19) [ 90-114 2400 | 1200 [18.8]7.388] 17.4 x 147] 15.5 x 130
305A 108 (1)2805 514PYREX 12ML |12-22[ 6 x (12-22)] 72-134 2400 | 1175 [18.3] 7.193] 19.3 x 142] 17.4 x 130
305A #1113 (3)2804 2840 4-5 18 x ( 4~-5) |72-90f 2400 | 1025 [16.016.298] 11.3 x 115/ 9.4 x 110
'305A 2917 (1)2816 2842 (Omit Caps)10-12] 6. x (10-12)] 60-72| 2400 | 1200 {18.5] 7.294] 14.4 x 146] 12.5 x 130
305A 3151 (1)2805 226 x 22 134 2400 | 1200 [18.8] 7.388 18.8 x 144] 16.8 x 130
3054 3152 (1)1698 2864 8-10{ 6 x (8-10) | 48-60| 2400 | 1200 [18.6] 7.316] 14.2 x 146] 12.3 x 130
305A 3153 (1)1648 2858 2837 15-19/ 6 x (15-19); 90-114 2400 | 1200 [18.6} 7.316] 16.1 x 141} 14.1 x 141
305AREMOVE | 368 (5)8 x 95MM WINTROBE, FISHER| #5-668-2 1 2400 1225 [19.0{ 7.478] 8.3 x 140 7.1 x 120
CUSHT . '
958 (63355 (3] 356 1629 1649 2801 10-13018 x (10-13) |180-234 2450 ] 1075 [16.1]6.322] 17.2 x 112| 15.3 x 107
356 2850 2046 2067 10-1318 x (10-13)|180-234 2450 | 1075 [16.1]6.322] 17.2 x 112] 15.3 x 107
356 1125(1)1698 2836 2864 8-10018 x ( 8-10) [144-18Q 2450 | 1075 {16.1]6.322{ 13.6 x 113[11.7 x 111
356 1126 (1)2804 2840 4-5 18 x (4-5) | 72-90] 2450 1075 |16.1{6.322] 11.1 x 113 9.3 x 105
356 1127 (1)2804 2840 4-5 N8 x_( 4-5) | 72-90} 2450 | 1075 16.116.3220 11.1 x 113] 9.3 x 95
356 1128 (1)PYREX 8060 1ML 108 x 1 18§ 2450 | 1075 ]16.1]6.322] 8.6 x 113] 6.7 x 92
356 1129 (1}PYREX 8060 0.5ML 0.5 18 x 0.5 9] 2450 ] 1075[16.1}6.322] 5.4 x 113] 4.5 x 89
958 (6355 (3} 303 1629 1649 1648 2858[13-1918 x (13-19){234-349 2250 | 1000 |17.6]6.946] 17.2 » 129} 15.3 x 123
303 2859 2837 2810 13-1918 x (13-19)[234-349 2250 | 1000 [17.6] 6,946 17.2 x 129} 15.3 x 123
303 1125(1)1698 2836 2864 8-1018 x ( 8-10) {144-180 2250 | 1000 [17.6] 6.946] 13.6 x 130] 11.7 x 125
303 1126 (1)2804 2840 4-5 118 x ( 4-5) | 72-90| 2250 | 1000 [17.6}6.946] 11,1 x 131} 9.3 x 105
303 127, 1128, 1129, NOT RECOMMENDED. TOO SHORT! - i
958 (6355 (3] 302,] 306, SHIELDS |DO NOT USE. SHIELDS|HIT GUARDBOWL :
[958 (6)354 (4] 356 11829 1649 2801 10415§Z_¥“(10-13)' 40-312 2400 | 1025 |16.1]6.322 17.2 x 103 15.3 x 102
356 2850 2046 2067 10-13p4 x (10-13) h40-312 2400 | 1025 {16.1] 6.322] 17.2 x 103]15.3 x 102
356 1125 (12836 104 x 10 240 | 2400 | 1025 16,116,322 13,6 x 105[11.7 x 102
356 1126 (12804 2840 “4-5 P4 x ( 4-5) [ 96-12d 2400 | 1025 {16.1{6.322{ 11.1 x 105] 9.3 x 102
356 1127 (1)2804 2840 4-5 P4 x ( 4-5) | 96-12d 2400 ] 1025 16,1 6,322 11.1 x 105 9.3 x__95
356 1128 (1)PYREX 8060 1ML, P4 x 1 24 | 2400 1025 116,116,322 8.6 x 105 6.7 x__ 92
156 1129 (1DPYREX 8060 Q. 5ML 1b4 x 0.5 12 | 2400 1025 6.1 6.322] 6.4 x 105! 4.5 x_ 89 |
8(61354 (4] 303 1629 1649 1648 2858| 13-1924 x (13-19)1312-454 2200 | 950 |17.6| 6,946} 17.2 x 119/ 15.3 x 119
303 2859 2837 (281081 13-1924 x (13-19) [312-459 2200 | 950 [17.6] 6,946 17.2 = 119 15.3 x 119
303 1125(1)1698 2836 2864 8-10p4 x ( 8-10)1192-24Q 2200 | 950 [17.6] 6.946] 13.6 x 120{ 11.7 x 115
303 1126 (1)2804 2840 4-5 P4 x ((4=5) | 96-12Q 2200| 950[17.6/6.946 11.1 x 120| 9.3 x 105
303 1127,1128,1129 NOT RECO! ED, [FOO SHORT
958(6)354 (4] 302,| 306, SHIELDS|DO NOT USE. SHIELDS| HIT GUARDBOWL
58 (6 379¢6 1696 2860 8-9136 x ( 8-9) [288-324 2900 1300{13.7)5.399 17.7 x_ 77} 15.7 % _ 75
380 (6) 1696 2860 2850 8-1236 x ( 8-12)1288-434 2600| 1125{15.0{ 5.899 17.7 x 88 15.7 x 86
380(6 2801 2046 2067 8-1236 x ( 8-12)|288-433 2600] 1125]15.00 5.898 17.7 x 88 15.7 x 86
381(8 48 x 2600 1125]15.0(5.898 13.6 x_ 92} 11.7 x 91
398 (6 1629 1649 2801 2850] 10-1636 x (10-16)|360-574 2150 | 875{16.8 6.594 17.7 x 109 15.7 x 107
398(6 2046 2067 2859 10-1636 x (10-16)]360-574 2150| 875]16.8 6.594 17.7 x 109 15.7 x 107
1080 (6 2801 2850 2046 2067] 10-1336 x (10-13)[360-468 2350| 975(15.6 6.148 16.4 x 112 14.5 x 110
1080 (6 1629 1649 10-1336 x (10-13)|360-464 2350] 975]15.6] 6.144 16.4 x 112[ 14.5 x 110
2760 (8 2804 2840 4-5 18 x ( 4-5) |192-24Q 2600 1125[14.95.873 11.0 x 92 9.1 x 90
958(61366(1 369 (5] 2841 2852 2804 28401 3-530 x (°3-5) | 90-15¢ 3200] 1600{14.0 5.523 12.6 x 94 10.7 x 95
366 (1 1018 (4 2836 1024 x 10 240 | 2800] 1375|15.76.179 14.2 x 10§ 12.3 x 104
958 (6 362Qup 2800 1350{15.59 6.094 36.7 x 10} 34.8 x 100
338(63366(1) 365 2600 | 1350 [17.8] 6.998 38.0 x 123 36.0 x 120
366 (1) 367A! Do y SHIELD HITS GQUARDBOWL

*USE PLASTIC TUBES ONLY
T 305A IS A 305 USING A 571 CUSHION FOR ROUND BOTTOM TUBES
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Tablg_s 3-3, Speed. and Force - Tables, Horizontal - Rotors::(sheet 4 of 6)- - 2+

: T A - oear- : i RECOMME NDED
92:29 'n".i'é' o ::;&yc‘n Aoi:‘:.tk ' o mln-mx“ o :I:JLL A&cepr MIN. TORE 00
“awo | awno ano | ano | - WILL ACCEPT TUBE | TOTAL PLACES JcapaciTy ‘ReF | ROTATING BE WX 00 AECOMMENDED
w3 of |no oF | car. | mo. oF | no.oF IEC TUBE NOMINAL| X RANGE | MaAX. | max. | RADIUS MAX.LENGTH {MAX. LENGTH
L2701 LAES [SHIELD] PLACES | PLACES CATALOG NO. ML | NOMINAL ML | IN ML | RPM G'S [CM |INCHES| N MM IN MM

CARRIERS WITH ADAPTHRS ’
958 (6 X " - 380 (6)1125(1 PO NOT USE. ADAPTER {TOO L{NG.
958 (6 : 380 (6)1126 (1p804 2840 4-5_136 x ( 4-5) [144-180{2600 [1125 [15.0/5.898{11.1 x 88} 9.3 x 88
’ 380 (611127 (1804 2840 4-5_136 x ( 4-5) 144-180{2600 1125 [15.0{5.898/11.1 x 88] 9.3 x 88
380 (6)1128 (1PYREX 8060 1ML 1l 136 x1 3612600 1125 115,015,898 8.6 x 88| 6.7 x 88
380 (6)1129 (1 PYREX 8060 0.5ML 0.5 136 x 0.5 18 12600 J1125 ]15.0{5.898| 6.4 x 88| 4.5 x 88
958 (6 ) 398 (6)1125 (1P836 2864 1698 8-1J-136 x_( 8-10)P88-360{2150 | 875 [16.8/6.598{13.6 x 109|11.7 x 109 |
398 (6)J1126 (1R804 2840 4-5 136 x ( 4-5) [44-180§2150 875 |16.8]6.598|11.1 x 109] 9.3 x 105 l
398 (6)1127,1128,1129 NOT RECOMMENDED. |TOO SHORT. ' 1i
D58 (6 %4398A(6) 1629 1649 2859 13-19 136 x (13-19) 68-684}2150 900 |17.5/6.898]17.7 x 117|15.3 x 117
139&{6‘ 858 2837 1648 13-19 136 x (13-19)k68-68412150 | 900 [17,5/6.898[17.7 x 117{15.3 x 117
398A(6)1125(1p836_ 2864 1698 8-10 {36 x ( 8-10)PR88-360|2150 900 |17.5/6.898{13.6 x 120{11.7 x 115
“398A (611126 (1804 2840 4-5_ |36 x ( 4-5) 1144-180}2150 900 {17.5/6.898/11.1 x 120] 9.3 x 105
: 398A(6)1127,1128,1129 NOT RECOMMENDED. [TOO SHORT
958 (6){326 (2)] 320 1630 2997 2048 48-52 |12 x (48-52)576-624(2400 1100 16.9/6.650130.0 x 120{28.2 x 107
320 053 2828 613SS 08-52 112 x (48-52)576-624{2400 (1100 |16.9]6.650]30.0 x 120{28.2 x 107
320 651(12805 22 112 x 22 164 2400 1100 ]16.9)6.650| 18.6 x 126{16.9 x 120
| 320 1105 (11698 2864' 8-10112 x ( 8-10)| 96-120§2400 [1100 [16.9/6.650} 14.0 x 127{12.2 x 120
320 1106 (11648 2858 2837 2810 J15-19 |12 x (15-19)[180-228/2400 [1100 [16.9]6.650 1';';4 x 126115,5 x 120
1 320. 1108 (1805 S514PYREX 12ML 12-22 |12 x (12-22){144-164]2400 |1050 [|16.416.455/19.3 x 121{17.4 x 115
320 *11113 (3804 2840 4-5 136 x ( 4-5) [144-180{2400 900 |14,1/5.560111.3 x 98| 9.4 x 95
320 2917 (1816 2842 (Omit Caps)10-12 |12 x (10-12)[120-144{2400 [1075 [16.7]6.556] 14.4 x 122]12.5 x 115
320 3151 (12805 22 |12 x 22 164 2400 1100 [16.9|6.650|18.8 x 126{16.8 x 120
320 3152 (11698 2864 8-10412 x ('8-10)| 96-12012400 1075 [16.7]6.578[14.2 x 126[12.3 x 120
320 3153(11648 2858 2837 15-19 12 x (15-19)[180-228 2400 [1075 [16.7/6.578/16.1 x 125/14.1 x 120
320 ©31 -] 368 (5B x 95MM WINTROBE FISHER #5-668-2 2400 1100 {17.1}6.740] 8.3 x 120] 7.1 x 117
CUSHION
958 (6)326 (2] 320A 312 (1]DQ_NOT_USE. ADAPTER |INTERFERENCE AT 0.b, - | - ; “
958 (6)326 (2) 320A USE ‘CONICAL TUBES ONLY L 2400 {1100 16.96.650 30.0 x 116/ 28.2 x 116
958 (6)326 (2) 305 312(1)DO NOT USE. ADAPTER |INTERFERENCE AT 0.D.
958(6)1326 (2] 305 809 CONICAL 50 112 x 50 600 | 2150 975 119,01 7,486{ 30,0 x 137/28.2 x 137
958 (61326 (2) 305A|tT . 1630 2997 2048 48-52[12 x (48-52){576-624} 2150 975 118.917.458] 30.0 x 140}28.2 x 107 ||
305A ) 2053 2828 613SS 48-52112 x (48-52)I576-624 2150 975 {18.9| 7.458{ 30.0 x 140/28.2 x 107
305A 651(1‘2805 22 {12 x 22 164 | 2100 925 118,91 7.458{ 18.8 x 147} 16.9 x 130
305A 1105 (1)}1698 2864 8-10J12 x ( 8-10){ 96-1208 2100 925 |18.9] 7.458} 14.0 x 148{12.2 x 130
305A 1106 (1)1648 2858 2837 2810(15-19{12 x (15-19){180-228 2100 925 118.9 7.458 17.4 x 147/ 15.5 x 130
305A 1108 (12805 514 PYREX 12ML 112-22112 X (12-22)144-164] 2100 900 118,51 7,263] 19.3 x 143]17.4 x 130
305A * 1113(3)2804 2840 4-5 136 x ( 4-5) {144-18042100 | 800 |16.1]6.368{ 11.3 x 110} 9.4 x 100 i
305A P917 (112816 2842 (Omit Caps)10-12{12 x (10-12){120-144{ 2100 925 18.7/7.364]| 14.4 x 146}12.5 x 130
305A B151(1)2805 22 112 x 22 164 12100 925 118.9/ 7.458/ 18.8 x 147/16.8 x 130
305A B152 (1)1698 2864 8-10112 x ( 8-10)| 96-12d 2100 925 (18.8{7.386| 14,2 x 146(12.3 x 130
305A B153(1]1648 2858 2837 15-19112 x (15-19);180-284 2100 925 118.8]7.386/ 16.1 x 145[14.1 x 130
305A 368 (5)8 x 95MM WINTROBE. HISHER |#5-668-2 2100 950 119.2{ 7.548] 8.3 x 140{ 7.1 x 120
) ANGLE ROTORS .
801(6 320 1630 2997 2048 48-521 6 x (48-52)088-312 4600 2550110.8 4.250_30.0 x 1151 28,2 x 107
320 2053 2828 613SS 48-52| 6 x (48-52)R88-312| 4600 2550110.8] 4.2501 30.0 x 115{28.2 x 107
320 651(1)2805 -22 16 x 22 132 14600 2525110,7] 4,2001 18,8 x 126/16,8 x 116
320 1105 (1)1698 2864 8-10| 6 x ( 8-10)| 48-60 | 4600 2500110.6{ 4.170 14.0 x 122]/12.2 x 116
320 1106(1)1648 2858 2837 2810{15-19] 6 x (15-19)] 90-114{ 4600 2500 110.6/ 4.190] 17.4 x 122}15.5 x 122 |
320 1108 (112805 514 PYREX 12ML {12-22} 6 x (12-22){ 72-132| 4600 2500 §10.5| 4.125{ 19.3 x 116 17.4 x 116 |
320 : 804 2840 4-5 118 x ( 4-5) | 72-90 | 4600 | 2250} 9.5{3.750{ 11.3 x 91| 9.4 x 85 i
320 2917 (112816 2842 (Omit Caps)12-22] 6 x (10-12)] 60-72 | 4600 2500 {10.5| 4.115] 14.4 x 117{12.5 x 110 } |
320 151(1p805 22 |1 6 x 22 132 14600 2525 110,71 4.200{ 18.8 x 125/16.8 x 125
320 3152(12698 2864 8-101 6 x (-8-10)] 48-60 | 4600 2500 110.5! 4.125] 14.2 x 122112.3 x 122
320 3153 (1)1648 2837 2858 15-19| 6 x (15-19)] 90-114{ 4600 2500 }10.5{ 4.150{ 16.1 x 122|14.1 x 122
368(58 x 95MM WINTROBE FISHER #5-668-2 DO NOQ USE. |ITUBES TOO LONG. i

3984 IS 398 USING A 668 CUSHION
*USE PLASTIC TUBES ONLY

t 305A IS A 305 USING A 571 CUSHION FOR ROUND BOTTOM TUBES
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VVTable 3-3, Speed and Force Tables,

(ST

Angle “Rotors {sheet 5 0f 6)

T, AT, ’ RECOMMINDED
LAY, TRUN. MULTH -~ CAT. WILL ACCEPT |MIN.TUBE 00
R'l:ga Ralr’:g CA:‘.‘?;ER “°ﬁffo" WILL ACCEPT TUBE | TOTAL PLACES :'AI::IA;:: acr | rotaring | oo o0 RECOMMENDED
%9 OF | %0 OF | CAT. | O.OF | NO.OF IEC TUBE INOMINAL, X RANGE | MAX. | MAX. | RADIUS |MAX.LENGTH {MAX LENGTH
FL22ES i FLACES [SHIELD| PLACES | PLACES CATALOG NO. ML | NOMINAL ML | IN ML | RPM 6'S [CM [INCRES | IN MM IN MM
801 (6 ) 320A 312 (1)USE_CONICAL TUBES ONLY 4600 | 2550 [10.8{4.250[ 18.0 x 114/16.0 x 114
320A USE_GON Y 4600 | 2550410.8/4.250{ 30.0 x 111/28.2 x 111
801 (6 305 | 1312(1p0 NOT USE. ADAPTER|0.D. INTERFERES IN|ROTOR
305 \ USE_CONICAL TUBES ONLY 4000 | 2150[12.1}4.750]30.0 x 114[28.2 x 114
01(6) 305A(% 1630 2997 2048 48-52)| 6 x (48-52)R88-312(4000 | 2150 12.1/4.750]30.0 x 115{28.2 x 107
305A . 2053 2828 613sS - [48-52| 6 x (48-52)P288-3124000 | 2150 |12.11 4.750| 30.0 x 115]|28.2 x 107
3054 651(1R805 22 |6 x 22 132 |4000 | 2125(11,914.700| 18.8 x 126{16.8 x 116
305A 1105 (1)1698 2864 8-10]| 6 x ( 8-10)! 48-60 14000 | 2125111.9/4.670| 14.0 x 125|12.2 x 116
3054 1106 (10648 2858 2837 2810 [15-19) 6 x (15-19)] 90-114{4000 | 2125 |11.9| 4.690] 17.4 x 124]15.5 x 122
3054 1108 (11805 514 PYREX 12ML, |12-22| 6 x (12-22)] 72-132{4000 | 2100 |11.8] 4,625] 19.3 x 116|17.4 x 116
305A 41113(3P804 2840 4-5 118 x ( 4-5) [ 72-90 4000 | 1950 {10.9]4.300/11.3.x 91| 9.4 x. 85
305A 2917 (11816 2842(Cmit Caps)10-12} 6 x (10-12)| 60-72 [4000 | 2100 [11.7| 4.615| 14.4 x 117]12.5 x 110
305A 151(1§805 ~ 22 | 6 x 22 132 14000 | 2125{11.9]4.700} 18.8 x 125[/16.8 x 125
305A 3152 (1)1698 2864 8-10] 6 x ( 8-10)| 48-60 {4000 | 2100 [11.8] 4.625] 14.2 x 122/12.3 x 122
305A 3153(1?648 2837 2858 15-19] 6 x (15-19)| 90-114 4000 | 2100 [11.8] 4.650] 16.1 x 122| 14:1 x 122
3054 Rfﬁ?VE 368 (5)8. 95MM WINDROBE FISHER #3-668-2 4000 | 2300[12.8]5.050] 8.3 x 117] 7.1 x 117
I {ISHT
803 (6] 356 2046 2067 2801 2850]10-12] 6 x (10-12)| 60-72 | 4900 2750]10.4 4.00d 17,2 x_ 88 15.3 x 88
356 125 (1]NOT RECOMMENDED. ADAPTER 100 LONG.
356 1126 (12804 2840 4-5 1 6 x ( 4-5) {24-30 | 4900 | 2700{10.1 3.975 11.1 x 88 9.3 x 88
356 1127 (1)2804 2840 4-5 | 6 x ( 4-5) 124-30 | 4900 | 2700{10.1 3,979 11.1 x 801 9.3 x 80
356 1128 (1]PYREX 8060 1MI, 1 6 x1 6 4900 | 2700010,1 3,960 8.6 x 80 6.7 x 75
356 1129 (1)PYREX 8060 0, 5ML 0.5 16 x0.5 3 4900 | 2675110.4 3,947 6.4 x 80 4.5 x_ 10
803 (6 303 1629 1649 12-131 6 x (12-13)72-78 | 4450 | 2500111, 4,.44d 17,2 x 1021 15,3 x 102
: - 303 | 125(111698 2836 2864 8-101 6 x ( 8-10)]48-60 | 4450 | 2475/11.24 4,400 13.6 x 111/ 11,7 x 111
303 |- 126 (1 2804 2840 1 4-5 | 6 x (‘4-5)124-30 14450 | 2450]11,004,37d 11,1 x 88 9,3 x 88 |
1 1127, {1128, 1129, NOT REC MMENDED, TOO SHORTI. ' . - -
803 (6 302 1648 2858 2837 2810{13-19] 6 x (13-19)| 78-114] 4000 | 2275(12.7 5.00d 17.2 x 122 15.3 x 122
302 1125(1)1698 2864 8-10] 6 x ( 8-10)[48-60 | 4000 | 2250|12.6 4.96d 13.6 = 115| 11.7 x 111
302 1126 (1¥2804 2840 4-5 | 6 x ( 4~5) |24-30 | 4000 | 2225412.5 4.930 11.1 x 88| 9.3 x 88
302 1127, 11128, 1129, NOT RECOMMENDID TOQ SHORT,
803 (6 306 3150 | 1700{15.4{ 6.080 17.2 x 158| 15.3 x 150
306 ADAPTHRS 1125, 1126, 1127 1128] 1129 T0O SHDRT '
NOT RECO ED FOR USE,
09(12) 356 2046 2067 2801 2850]10-12}12 x_(10-12)0120-144) 4550 | 2350]10,2 4,00d 17.2 x 88 15.3 x 88
356 1125 (1)NOT RECOMMENDED. ADAPTER TOO LONG.
356 1126 (142804 2840 4-5 112 x ( 4-5) | 48-60 | 4550 | 2350[10.1) 3,975 11.1 x 88 9.3 x 88
356 127 (12804 2840 4-5 112 x ( 4-5) | 48-60 | 4550 | 2350/10.1] 3.975 11.1 x 80 9.3 x 80
356 1128 (1) PYREX 8060 1ML 1 12 x1 1 12 14550 | 2350{10.1] 3.960 8.6 x 80| 6.7 x 75
356 1129 (1¥PYREX 8060 0.5ML 0.5 |12 x 0.5 6 4550 | 2300[10.00 3.945 6.4 x 80| 4.5 x 70
09(12) 303 1629 1649 12-13112 x_(12-13)144-156] 4100 | 2125(11.3 4.440 17.2 x 162] 15.3 x 102
303 25(1)1698 2836 2864 8-10]12 x ( 8-10)] 96-120{ 4100 | 2100]11.2 4,400 13.6 x 111 11.7 x 111
303 1126 (1)2804 2840 4-5 112 x ( 4-5) | 48-60 {4100 | 2100[11.1 4.37d 11.1 x 88] 9.2 x 88
303 1127. 11128, 1129, NOT REC%MMEND . _TOO SHORT
809 (12) 302 11648 2837 2810 15-19112 x (15-19)/180-228] 3650 | -1900 (12,7 5.000 17,2 x 122[15.3 x 122
3n2 1125 (1]1698 2864 8-10[12 x ( 8-10){ 96-120(3650 | 1875 [12.6] 4.960] 13.6 x 115[11.7 x 115
. 302 1126 (1J2804 2840 4-5 |12 x (:4-5) | 48-60 13650 | 1850[12.5{4.930] 11.1 x 88 9.3 x_ 88
302 1127, {1128, 1129 NOT RECONMENDEL. TOO SHORT. :
809(12) 306 2900_] 1450{15.4{6.080 17.2 x 158/15.3 x 150
306 1125, 1126, 1127, 1128, 1129 ADAPTERS TOO SHORT,
NOT RECOMMENDFD FGR USE |

*USE PLASTIC TURES ONLY
T 305A IS A 305 USING A 571 CUSHION FOR ROUND BOTTOM TUBES
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Table 3-3, Speed and Force Tables, .Angle. Rotors (sheet6.0f6) . .:

P

. N S . |RECOMMENDED o
woTon : YIN-MAX, TusE Max.00| X O
' u:.“:r wl"e-é- #%%EEPT | ruse | roraLmacen | caracity | | mer | novarine’ X |RECOWMEND
x . . . .
ISLACES CATALOG NO. 1!—‘)0:: ::X" I:':. R T MAX, LENSTH |MAX. LENSTH
[ascesl — Tase [ I [2086 2067 2301 2850 Po-12 [ 26 = _(10-12]240-288 Jz00 [120049.1 B3.600 oo e o 88
- 42200]11.34.410
l ] 13se | [1125 (1)nor RecomwE, T00 YoNB | 1 1 | }
: 175018.9 |3.500
L | [3se | 1126 12804 2840 [4-5 [ 26 = ( 4-5)] 96-120 ]4200 s dy arz]illx 88] 9.3 x s8]
1750]8.9 3,500
L1 13ss | 11127 (1)2804 2840 14-5 24 x (4-5)[96-120 [4200 rshis de ar o] 9 80
L1 [ase | Tinzsqifevrex 8060 1o [ Teeat T 2 Jozoo P2l Ratt ol 6.0 x 5]
! 5T . 1725[8.8 [3.450
1 | lase | [1129 ajpyREx 8060 1ML [o.s Teaa x08.5 | 12 [a200 7125]10.8. 260 6.4 x 80l 4.5 x 70]
. n 5 - 162519.53.906 ooy
1815(28h 303 | | {1629 1649 _ h2-13T24 x (12-13]288-312_ 3900 2025]1r i 700 iz 2 102[15.3 x 102
- - - 16759.8[3.875
| ] 1303 | Inz;i(mpg 2836 2864 18-10 |24 x ( 8-10J192-240 ]3900 2021 i ear a6 x il x 11l
- - - 165019, 7 {3.830
1 ] I303 | {1126 (1)2804 2840 la-5 24 x (4-5)] 96-120 [3900 20001114 630 kel X sl 9,3 x 88
{ 1 303 | [1127,1]28,1129 Nor RecomMEnpED.] TOO SHORT. I T | ]
{15 24f [302] | [1648 2858 2837 2810 J13-19 [ 26 x (13-19]312-456 |3500 E(zxs) g“;izg 17.2 = 122]15.3 = 122}
L 1 lag2 | [1125 - - . =—P1500[11.44, 312 —
» (101698 2864 810126 x (88-10]192-240 T3500 iy ds 12 b using x 1l
302 1126 (1)28 0 - - z 1475]110,94,250)
l J 302 | 11126 (1)2804 284 [4-5 T2 = (%-5)] 96-120 3500 [LAL3 10402300775, 3a] 5.3 = e8]
1 [302 | “T1127,1]28,1129 NOT RECOMMENDED. ToO SHORT, [ I - | ]
1 306 1300[13.45.200
la1s 26 206 | [ [ 1 I [2550 b g oAz, 2.x 158[15.3 = 150]
[a1523) T30 | [1125,1)26,1127,1128, 1129, NOT RECOMMENDED, T0O0 SHRT. | I —]
O INNER ROW A OUTER.ROW
CAT. CAT, . RECOMMENDED
CAT. |TRUN., MULT{ ~ | CAT. . o o WILL ACCEPT [MIN.TUBE 00
ROTOR | RING [canmen jposerent s paeepr L A — TUBE MAX. 0D X
ano | ano AND | AND. L. ACCEPT TUBE | TOTAL PLACES [CAPACITY RCF | ROTATING X  |RECOMMENDED
ND.OF I NO.OF | CAT. | NO. OF | NO. OF |EC TUBE - INOMINAL] X RANGE MAX, MAX, RADIUS MAX.LENGTH |MAX. LENGTH
FLACES |PLACES [SHIELD| PLACES | PLACES CATALOG NO. ML | NOMINAL ML | INML | RPM | 6'S [CM [INCHES] IN MM IN MM
T3l 11630 2997 2048~ l48-52] 8 x (48-52)h84-4164250 | 2350 [11.6] 4,562} 30,0 x 115/28,2 x 107
320 ;2053 2828 613SS 48-52 | 8 x (48-52){384-416{ 4250 | 2350 {11.6]4.562| 30.0 x 115{28.2 x 107
320 651 (12805 22 |8x22 176 14150 | 2200 [11.4] 4.500] 18.8 x 126 16.8 x 116
320 1105 (1]1698_ 2864 8-101 8 x ( 8-10)| 64-80 (4150 [ 2175(11.3{4.437[14.0 x 122/12.2 x 116 |
320 1106 (11648 2858 2837 2810 |15-19] 8 x (15-19)]120-1524150 | 2200 |11.4| 4.468] 17.4 x 122[15.5 x 122
320 _11108(1)2805 514 PYREX 12ML|12-22| 8 x (12-22)| 96-1764150 | 2150411.1| 4,375| 19,3 x 116{17,4 x 116
320 * 1113(312804 2840 4-5 124 x ( 4-5) | 96-120 4150 | 2050 {10, 7111,3 x 91l 9.4 x
320 917 (1)2816 2842 (Omit Caps)10-12{ 8 x (10-12)| 80-96 {4150 { 2150 |11.2] 4.406] 14.4 x 117 12.§ x 110
320 B151(1)2805 22 |8x22 176 [4150 | 2200 [11.4] 4.500] 18.8 x 125/16.8 x 125
320 152 (111698 2864 8-10]| 8 x ( 8-10)} 64-80 |4150 | 2175111.3{ 4.437} 14.2 x 122{12.3 x 122
320 B153 (112648 2858 2837 15-19| 8 x (15-19)|120-1524150 | 2175 [11.3}4.445{16.1 x 122]14.1 x 122
320 T°31~ 1368(5)8 x 95MM WINTROBE FASHER #5-668-2 4150 | 2325112,1}4.781) 8.3 x 117} 7.1 x 117
CUSHIO '
320A 312 (1JUSE CONICAL TUBES ONLY 4250 | 2350 |11.6]4.562] 18.0 x 114/16.0 x 114
204 X 4250 | 2350011,614,562( 30,0 x 111128.2 x 111
F_u_m 305 312 (1]D0 NOT USE, ADAPTER {OD INTERFERES IN RDTOR
305 USE_CONICAL TUBES ONLY 3750 | 2000 [12.7] 5.000{ 30.0 x 114{28.2 x 114
jB16 ( 305At 1630 2997 2048 48-52] 8 x (48-52)1384-414 3750 | 2000 {12.7|5.000} 30.0 x 115/ 28.2 x 107
305A 2053 2828 61388 4,8-52] 8 x (48-52){384-414 3750 | 2000 [12.7] 5.000 30.0 x 115[28.2 x 107
305A 651 (1]2805 22 |8 x 22 176 | 3750 | 1975[12.5[4.937| 18.8 x 126} 16.8 x 116
3054 1105 (1]1698 2864 -~ 18-10] 8 x (8-10) ] 64-80 13750 | 1950 }12.4! 4.875] 14.0 x 122}12.2 x 116
305A 106 (1]1648 2858 2837 2810 |15-19] 8 x (15-19)]120-1533750 | 1975]12.5]{ 4.906] 17.4 x 122} 15.5 x 122
-1816(8 305A[t 108(1)2805 514 PYREX 12ML{12-22| 8 x (12-22)| 96-176 3750 | 1925}12.2{ 4.812 19.3 x 116]17.4 x 116
3054 113(3)2804 2840, 4-5 |24 x ( 4-5) | 96-1203750 | 1850(11.7]4.625] 11.3 x 91] 9.4 x 85
3054 2917 (1)2816 2842 (Omit Caps)10-12] 8 x (10-12)| 80-96 [3750 | 1925[12.3]4.843 14.4 x 117]12.5 x 110
3054 151(1)2805 22 1 8%x22 176 13750 | 1975]12,54.937] 18.8 x 125/ 16.8 x 125
305A 152(1]1698 2864 8-10] 8 x (8-10) | 64-80 13750 | 1950]12.4} 4.875] 14.2 x 122[12.3 x 122
3054 153(1)1648 2837 2858 15-19] 8 x (15-19)0120-152 3750 | 1950 12,41 4.882] 16.1 x 122|14.1 x 122
J05AF o1~ ! 368(518 x 95MM WINTROBE, HISHER|#5-668-2 3750 | 2075113.2]5.187} 8.3 x 117] 7.1 x 117

*USE PLASTIC TUBES ONLY
t 305A IS A 305 USING A 571 CUSHION FOR ROUND BOTTOM TUBES
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40 SERVICE
4.1 General

This section contains instructions on servicing the
centrifuge and is intended primarily for the factory-
trained serviceman or maintenance technician. The
section is organized to present the operating theory
first, explaining how the centrifuge operates in terms
of its major functions and their inter-relationships.
Then the section provides information on the main-
tenance aspects of troubleshooting, replacements, and
adjustments. These sub-sections aid in diagnosis of
faulty operation to determine the failing function and
component (s) involved, in removal and replacement
of the defective component (s), and in making adjust-
ments and taking preventive action to insure proper
operation after repairs are completed.

4.2 Operating Theory

Figure 4-1 is a functional diagram showing centri-
fuge operation. Refer also to the System Schematic
Diagram, figure 4-2, and the system wiring diagram
at the rear of the manual. Electrical_circuits are
shown in point-to-point illustrations. A schematic and
a' block dlagram of the speed control board are also

*included as ani aid toward understandmg opératiori

of the speed control circuit.
4.3 Centrifuge Functional Operatibn

Operation of the centrifuge is shown in the System
Functional Diagram, figure 4-1, the System Schema-
tic Diagram, figure 4-2, and in the System Block
Diagram, figure 4-3. Input power from the power line
is applied first to the Power Control Circuit, consist-
ing of the Power Switch (S2) and the Timer (M2).
For line voltages greater than 115 VAC, the power
line is applied to the equipment through a voltage
step-down transformer.

The voltage from the Power Control Circuit is applied
to the Speed Control Circuit, which consists of the
SPEED CONTROL (R1) and the associated circuits on
the P.C. Speed Control Board. ,

The output from the P.C. Control Board is then
applied directly to the drive motor armature. Asso-
ciated with this armature are a BRAKE SWITCH (S1 ),

and the Tachometer (M1) with its Speed Calibration
Potentiometer (R5).

4.4 Power Control Circuit

The Power Control Circuit is shown in the System
Functional Diagram, figure 4-1, the System Schema-
tic Diagram, figure 4-2, and the Simplified Diagram,
figure 4-4.

The Power Switch (S2) is a DPDT switch having a
neutral center OFF position. When this switch is at
its central position, all circuits, except brake circuit,
are open, the Timer (M2) is inactive, and no voltage is
delivered to the Speed Control Circuit.

When the Power Switch (S2) is at the ON/W TIMER
position and the Timer (M2) is activated, the supply
voltage is delivered to the Speed Control Circuit
through the switch of the Timer (M2) and one set of
Power Switch contacts. The timing motor will start
turning back toward zero from its manually pre-set
position, with its current supply through both sets of
Power Switch contacts and its own motor-controlled
set of contacts. This condition will continue, with
supply voltage being delivered to the Speed Control
Circuit and the Timer motor turning, until the timer
reaches zero. When this occurs, the switch of Timer
(M2) will open, to interrupt further rotation of the
Timer motor, and to interrupt the supply of voltage
to the Speed Control Circuit.

When the Power Switch (S2) is in its “Not Timed"’
position, the motor of Timer (M2) is inactive, and
supply voltage is delivered directly to the Speed Con-
trol Circuit through one set of contacts of the Power
Switch (S2). Supply voltage will continue being de-
livered to the Speed Control Circuit until the Power
Switch (S2) is returned to its central OFF position.

4.5 Speed Control Circuit
The Speed Control Circuit is shown in the System

Functional Diagram, figure 4-1, the System Schemat-
ic Diagram, figure 4-2, and the Simplified Diagram,

figure 4-5.

The power-controlling element of the Speed Control
Circuit is the Triac (Q1). This control element turns
on at a pre-determined part of each half-cycle, as
shown in the diagrams of figure 4-6. For low motor
speeds, the Triac (Q1) turns on late in each half-cycle.
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Figure 4-1 System Functional Diagram, 60/50 Hz units
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Figure 4-2 System Schematic Diagram

For high motor speeds, the Triac (Q1) turns on early
in each half-cycle. To accomplish this, Resistor (R2)
and Rectifiers (CR2 and CR3) provide a d¢ “hold-
off”” voltage across Capacitor (C1). The panel-
mounted SPEED CONTROL Potentiometer (R1) is
set so that at the required moment in each half-cycle,
the combination of the “hold-off” voltage and the
voltage from the motor armature will reach the crit-

ical value at which the triggering Diode (CR1) wilt
break down to fire the Triac (Q1). The supply to the
motor armature will thereby be a successive geries of
partial half-waves, for motor speed control over a
wide range. Adjustable Potentiometer (R3) on the
P.C. Speed Control Board is adjusted at the factory to
provide zero motor speed at the low end of SPEED
CONTROL (R1) rotation.
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Figure 4-4 Power Control Circuit, Simplified Diagram
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Figure 4-3 Centrifuge, HN-SII, System Block Diagram
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Figure 4-5 Speed Control Circuit, Simplified Diagram

a. Current flow, low speed setting

b. Current flow, high speed setting

Figure 4-6 Speed Control Circuit Operation
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Figure 4-7 Armature Circuit, Simplified Diagram

4.6 Armature Circuit

The Armature Circuit is shown in the Systems Func-
tional Diagram, figure 4-1, the System Schematic
Diagram, figure 4-2, and the Simplified Diagram,
figure 4-7.

The BRAKE Switch (S1) is a spring-loaded DPDT
switch, which remains in the “OFF” position at all
times except while being held at “ON". When finger
pressure is released from the switch, it automatically
returns to the OFF position. With the switch at OFF
(no pressure on the switch), the relationship of arma-
ture connection and the direction of field current is
such as to produce the normal CCW direction of
armature rotation (when viewed from top). How-
ever, pressing the switch to the “ON"’ position rever-
ses the armature connections with respect to the di-
rection of field current, which results in the develop-

ment of a motor force in the CW direction of rota-
tion. This exerts a braking action on motor rotation,
to shorten the coasting time. Note that when the
switch is at the “ON"’ position, the motor connection
is directly to the power line input terminals, through
the 25-ohm resistor which determines the magnitude
of the reverse-direction motor force for braking. Be-
cause of this direct connection the motor will start to
turn in the reverse direction if the BRAKE Switch is
held at ““ON’’ after the armature has come to rest.
The armature is also mechanically linked to a tach-
ometer generator, whose voltage output is directly
proportional to the armature speed. The Tachometer
{(M1) will therefore deflect by an amount which is
proportional to the motor speed. The calibration
potentiometer (R5) is adjusted so that this deflection
will match the correct speed in RPM on the face of
the meter scale.
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4.7 Corrective Maintenance

Corrective maintenance includes those procedures de-
signed to restore the equipment to its-normal opera-
ting condition after failure of some component or
after unsatisfactory operation. The most important
feature of corrective maintenance lies in the trouble-
shooting procedures which diagnose the source of

difficulty, and which indicate the appropriate action
to correct the fault.

4.8 Troubleshooting

WARNING

Dangerous and potentially lethal voltages
exist near the adjustment and measure-
ment points used for calibration and trou-

bleshooting. Exercise extreme caution when
near these points.

If trouble occurs, it is essential to locate and correct
the cause. To locate electrical faults, the service
person requires a volt-ohm meter (VOM) capable of
measuring 115 VAC and resistance. In addition, a
stroboscope will be required for Tachometer cal-
ibration.

Do not replace components indiscriminately; take
care first to be certain that replacement is needed.
Take the time to think through what the machine or
the component should be doing. Use the Schematic
Diagram, figure 4-2, and the circuit diagrams, sche-
matics, and block_diagrams earlier in this section of
the manual, as a guide toward proper operation.
Frequently, the problem will be caused by some
simple fault, such as a loose or open connection, or
even by such a simple mistake as trying to operate the
centrifuge without plugging in its power cord.

Listening to the machine, and watching it in opera-
tion, will often indicate where to look for the source

of the problem. Some of the important things to note

are:

1. Does the motor fail to operate when the opera-
ting procedures are followed, as given in the Opera-
ting Section of this Manual?

2. Does the Tachometer fail to read normally?
3. Does the BRAKE SWITCH fail to cause the

motor to turn in the reverse direction when the
Power Switch is set to OFF?

- Refer also to the Troubleshooting Chart, Table

4-1, for a list of symptoms, their possible causes,
and their remedy.

If the trouble appears to be located on the PC board,
always check the connector for good contact and en-
gagement before deciding that replacement is neces-
sary. Field repair of the PC board is not recom-
mended. If the PC board is replaced, check the
SPEED CONTROL adjustment (see paragraph 4.12)
after replacement.

4.9 Motor Check (115 volt models only)

For a quick check on the motor, unplug the centri-

. fuge and connect an ohmeter across the power plug

terminals (115 volt models only). Set the Power
Switch to OFF. Press the BRAKE switch, and the
resistance should drop to a value in the vicinity of
30 ohms, to show that the field winding and resis-
tor (R4) are not open circuited; and that the brushes
and armature circuit will conduct.

4.10 Lubrication

The centrifuge does not require lubrication. Motor

bearings in the drive assembly are lubricated for
life.

4.11 Tachometer Calibration

The Tachometer (M1) is a voltmeter which measures
the voltage generated by the Tachometer Generator
(G1). Calibration is performed by adjusting the

Calibration Potentiometer (R5). These adjustments
must be performed only by factory-trained service
personnel. The calibration adjustment is made at the
factory before shipment, but may require re-setting
because of tampering, change in component char-
acteristics, or parts removal or replacement.

Tools required for calibration are:

1. One small screwdriver.

2.  One calibrated stroboscopic tachometer.

To perform the speed calibration, proceed as follows:

1. Set Power Switch (S2) at OFF (center position).
Set the SPEED CONTROL (R1) to OFF.

2. Install rotor (see paragraph 3.5.1).
3. Check that Tachometer on front panel reads

zero. Adjust to zero if necessary by the Meter Zero
Adjust screw on face of Tachometer.




4. Check that cover is securely closed and latched;

Set the Power Switch (S2) to ON/WO TIMER.. Slowly secure, protective surface, taking care not to damage j
-advance the SPEED CONTROL (R1) until 2000-RPM - the latch assembly.
‘is shown on the panel Tachometer.

3. Remove bottom plate retaining screws and re-
5. Shine the calibrated stroboscopic tachometer move bottom plate.

through the vent hole in the cover, at a calibrated

setting of 2000 RPM. Slowly adjust the SPEED 4. Set Power Switch (S2) to OFF.

CONTROL (R1) to bring the rotor speed into syn-

chronism. 5. Set Speed Control to OFF.

6. Observe the Tachometer on the centrifuge panel. 6. Plug centrifuge power plug into wall socket.
If this Tachometer does not read 2000 RPM, adjust

the Calibration Potentiometer (R5) for an exact read- WARNING

ing. (R5 is adjusted with a small screwdriver through

the front panel, immediately below the Speed Con-
trol knob).

4.12 SPEED CONTROL Adjustment

Dangerous and potentially lethal voltages
exist near the points of adjustment and
observation. Exercise extreme caution.

7. Set Power Switch (S2) to ON/WO TIMER.
This adjustment assures that the centrifuge motor is

at or below the point of barely starting to rotate 8. Locate Trimpot (R3) on the Speed Control PC
when the speed control is in the OFF position (fully  board. Refer to Figure 4-8.
CCW). The calibration is performed at the factory

before shipment, but may require re-setting because

of tampering, change in component characteristics, or  which the motor barely starts to turn, as observed
parts removal or replacement. This adjustment must at the magnet nut at the bottom end of the lower
be performed by factory-trained service personnel. motor shaft.

To adjust, proceed as follows:

9. Adjust Trimpot (R3) to be just to the point at

10. Unplug the centrifuge and re-assemble.
1. Remove centrifuge power plug from wall socket,

remove rotor, and replace knurled nut finger-tight. @

< 2::L.atch cover securely. invert the centrifugeion a.» v s s

PC BOARDJ ~TRIM POT

1. Power Switch (52) 9943 SLEED CONTROL 4 spEED CONTROL (R1) 61621

2. Timer (M2) 46873E (60 Hz) 5. BRAKE Switch {S1) 9942
45873F (50 Hz)
3. Tachometer (M1) 41125 6. Calibration Potentiometer (R5) 61603

NOTE: Letters enclosed in parentheses refer to schematic and wiring diagram designations for
these items. Refer to paragraph 4.12 for TRIMPOT (R3) 61617M.
Figure 4-8 Control Panel, Rear
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SYMPTOM

Centrifuge inoperative.

Inoperative on TIMED posi-

tion, operates on NOT TIMED

position of Power Switch.

Inoperative on NOT TIMED
position, operates normally
on TIMED position of Power
Switch.

Centrifuge continues operation

after Timer has timed out.

Speed Control does not
operate.

Table 4-1 Trouble-Shooting Chart

POSSIBLE CAUSE

Centrifuge not plugged in.

No power available.
Improper operation.
Defective Speed Control
potentiometer.

Defect in Speed Control
PC Board.

Defective motor or BRAKE
switch.

Timer improperly set.

Defective contact or Power
Switch.
Timer defective

Defective contact on Power
Switch.

Defective Timer Switch.
Defective Speed Control
potentiometer R1.

Defect in Speed Control PC
Board.

REMEDY

Check that power cord is plugged into
socket.

Check for voltage at power socket.

Check for proper operation as given
in Section 3 of this manual.

Check potentiometer and replace if
necessary.

Check PC board connections.

Check as per procedure in paragraph
4.9 (115 volt models only).

Advance Timer to mid-position, to

check on Timer switch operation.

Remove power and check for contact
operation with ohmeter; replace if
necessary.

Replace timer if shown to be defective.
Remove power and check for proper

contact with ohmeter; replace switch
if necessary.

Replace Timer.

Replace Speed Control.

Check PC Board connections. Replace
Board if necessary.




SYMPTOM POSSIBLE CAUSE

No indication on Tach- Defective Tachometer.
ometer.

Open Calibration potentio-
meter (R5).

Defective Tachometer
Generator.

Incorrect indication on Speed  [ncorrect calibration.
Indicator.

BRAKE Switch inoperative. Defective BRAKE Switch.

Open resistor R4.

Speed control does not operate Speed control PC Board out
properly at low speeds. of calibration.
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REMEDY

Replace Tachometer.

Replace potentiometer.

Replace Tachometer Generator.

Re-calibrate as outlined in paragraph
4.11.

Replace BRAKE Switch.
Replace resistor.

Calibrate PC Board.




4.13 Parts Replacement

The following paragraphs contain information neces-
sary for replacing various parts of the centrifuge.
See the Replacement Parts List at the rear of this
manual for a list of parts with Damon/IEC part num-
bers for ordering replacements. Parts must be ordered
from your authorized Damon/IEC distributor.

WARNING

These operations may expose service per-
sonnel to potential electrical shock areas.
All service personnel must be factory-
trained for work on this type of equip-
ment. Except where otherwise instructed,
always unplug the centrifuge before start-
ing any repair procedures.

4.14 Brush Removal and Replacement

Proper attention to motor brushes is necessary to
ensure proper operation and long life. Operation
with worn brushes can lead to serious damage to the
motor commutator. To examine brushes for excessive
wear, proceed as follows.

1. Remove the centrifuge power plug from wall

socket, remove rotor, and replace knurled nut finger-
tight.

2. Locate the two brush holders, located on either

side of the motor housing, accessible from inside the
guard bowil.

3. Unscrew the two brush caps, and remove the
two brushes. If brushes are less than % " in length,
not including the brush spring, they should be re-
placed. See the Replacement Parts List at the rear of
this manual for brush part number. Use only the pro-
per Damon/|EC replacement brushes.

4. To replace brushes, insert into holder so that
curvature of brush matches the curvature of the
commutator. (This may be accomplished by being
certain that the end of the brush has a circular cur-
vature as seen from above, before insertion). Screw
the brush caps back in place.

5. Re-connect the centrifuge to power, and check
for operation.

4.15 Armature Removal and Replacement

The armature is the rotating member of the armature-
and-field combination, which drives the centrifuge
rotor. While the armature is a rugged element, it may
need removal in the event of serious damage, as may
occur from operation with excessively worn brushes,
operation with replacement brushes which are in-
correct or have been inserted improperly, or opera-
tion with gross unbalance. To remove the armature,
proceed as follows:

1. Remove centrifuge power plug from wall socket,
remove rotor, and replace knurled nut finger-tight.

2. Remove the brushes as described in paragraph
4.14.

3. Unscrew and lift out.the two motor screws in
the top cap of the motor as viewed inside the guard
bowl. NOTE: Mark top cap and base assembly to
assure proper orientation when re-assembling.

4. Carefully lift up the armature and motor top
cap, and remove. Do not allow magnet on lower
motor shaft to contact any magnetic material.

5. Inspect the armature for evidence of damage,
with special attention to the commutator. It should
be copper-colored, with no pits, scratches, or exces-
sive scoring. If carbon-coated, clean and polish lightly
with a soft cloth and mild industrial solvent. Do not
use any abrasive. Excessive scoring or evidence of
electrical arcing is cause for concern; consult your
Damon/IEC dealer or representative.

6. To replace the armature and motor top cap,
carefully re-insert and locate in place, and follow the
earlier steps in their reverse order, taking care that
magnet does not contact any magnetic material.

7. Place the centrifuge on its side on a protective
surface, with precautions to prevent damage to the
finish, and to prevent rolling.
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8. Remove bottom plate retaining screws and re-
move bottom plate.

9. Identify tachometer generator at center of lower
motor axis as seen from beneath, with magnet at the
center of the tachometer generator coil. Rotate mo-
tor shaft, and check that magnet does not contact
inner surface of coil during rotation. If such contact
does occur, loosen the two tachometer generator coil
hold down screws, re-center the tachometer generator
coil, and re-tighten. Check again for magnet contact,
and repeat as necessary.

10. When adjustment is complete, replace bottom
plate and fasten with mounting screws.

4.16 Field Assembly Removal and Replacement

The field assembly and magnetic structure are the
part of the armature-and-field combination which
develops the magnetic fields necessary for armature
rotation. The field is seldom a source of trouble, but
may have to be removed for inspection or replace-

ment. To remove the field assembly, proceed as
follow.

1. Remove the brushes and armature as described
in paragraphs 4.14 and 4.15.

2. Place the centrifuge on its side, with precautions
to prevent damage to its finish, and to prevent
rolling. Cover latch and controls should be upper-
most, or conveniently close to being uppermost. Re-

move bottom plate retaining screws and remove
bottom plate.

3. _ldentify the four motor leads which enter the
wiring compartment through four holes. One field
lead is closest to the Brake Switch (S1). The other
field lead is opposite the first one. (The other two
leads are to the motor brushes).

4. Identify the termination of the field leads,

to allow proper re-connection, and disconnect the
leads.

5. Open the centrifuge cover, reach into the space

vacated by the armature, and remove the field assem-
bly.

6. Inspect the field assembly. It should be free of
metallic particles or evidence of overheating. If evi-
dence of damage is found, consuit your Damon/IEC
dealer or representative.

7. To replace the field assembly, insert the free end
of each field lead into the proper hole in the bottom

of the open motor compartment, and insert the field
assembly into place.

8. Re-conncct the field wires to their original
terminations.

9. Replace armature and brushes as given in para-
graphs 4.14 and 4.15.

4.17 Cover Assembly Removal and Replacement
To remove the cover assembly, proceed as follows.

1. Remove the centrifuge power plug from wall
socket.

2. Remove the two chrome acorn nuts at the rear
cover hinge, taking care not to damage their finish.

3. Loosen the two set screws now visible, and re-
move the cover.

4. To replace the cover, install the cover in place,
tighten the two set screws to allow free cover motion
without looseness, taking care not to over-tighten.

5. Replace the two chrome nuts.
4.18 Latch Assembly Removal and Replacement

The Latch Assembly has two parts, one on the cover
and one on the guard bowl. Either or both parts may

have to be removed for replacement in case of damage.
Proceed as follows.

1. Remove the centrifuge power plug from the wall
socket.

2. To remove the upper latch assembly, lift the

cover and remove the three screws holding the latch
assembly in place.

3. To remove the lower latch half, open the cover

and remove the two screws on the inside of the guard
bowl beneath the latch.

4. To replace the upper or lower latch half, follow
the preceding steps in their reverse order. When re-

placing, fasten part loosely, check alignment, and then
tighten securely in place.
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4.19 Control Panel Removal and Replacement

The Control Panel mounts the centrifuge controls. It
has been designed for easy removal, to simplify prob-
lems of repair and maintenance which involve the
centrifuge controls. To remove the control panel,
proceed as follows.

1. Remove centrifuge bower plug from wall socket,
remove rotor, and replace knurled nut finger-tight.

2. Place the centrifuge either on its side, or in an

inverted position, as described:
a. To invert the centrifuge, close cover securely,
and invert on a secure protective surface, taking
care to not damage the latch assembly.
b. To place the centrifuge on its side, close
cover securely, and place centrifuge on its side
on a secure protective surface, taking care not to
damage the latch assembly. Cover latch and con-
trols should be uppermost. Take precautions
that centrifuge will not roll.

3. Remove the bottom plate retaining screws and
remove bottom plate. Place screws in a secure loca-
tion to prevent loss.

4. The control panel wiring harness terminates at
the twelve-terminal connector J/P-2. Unplug the-
connector.

5. At the front of the Control Panel carefully
loosen the four screws at the corners, taking care not
to scratch the panel surface. Carefully remove the
Control Panel from the centrifuge, together with the
two front panel support brackets.

6. The Control Panel may now be placed on a con-
venient work-bench for further inspection and repair
as may be needed. Watch particularly for evidence of
electrical overload at the Power Switch (S2) and the
Brake Switch (S1).

7. To replace the Control Panel, follow the pre-
ceding steps in their reverse order. Re-connect the
harness to terminal connector J/P-2.

4.20 Remdval and Replacement of Tachometer
Generator

The Tachometer Generator provides a voltage pro-
portional to rotor speed, which is indicated in RPM
on the front-panel Tachometer (M1). The unit con-
sists of a magnet, fastened to the lower end of the
shaft by means of a magnet holder, and a coil with-
in which the magnet rotates. Each coil and magnet
form a matched pair, and must be replaced as a
pair. To remove, proceed as follows.

1. Remove centrifuge power plug from wall socket,
remove rotor, and replace knurled nut finger-tight.

2. Close the cover securely, and place the centri-
fuge on its side on a secure protective surface, taking
care to not damage the latch assembly. Cover latch

and controls should be uppermost. Take precautions
that centrifuge will not roll.

3. Remove the bottom plate retaining screws and
remove the bottom plate. Place screws in a secure
location to prevent loss.

4. ldentify the generator at center of motor axis,
as seen from beneath. Remove nut holding the tach-
ometer magnet in place. {Use caution not to bend
the magnet holder). Disconnect the coil wires at the
butt connector, remove the two coil hold-down
screws, and carefully lift out the coil and magnet
(Note: If the magnet does not come free with the
coil, carefully remove the magnet from its holder
by turning the magnet CCW; this may be caused by
’Loctite’”” on the threads).

5. Inspect magnet and coil carefully, wiping off
with a dry, clean cloth to remove any magnetic
particles or dust which might be clinging to the

structures, Do not allow the magnet to contact any
magnetic material. '

6. Check that coil has resistance of 300 * 10%
ohms, and that it shows no evidence of damage.
Check that magnet shows no evidence of melted lead
in its bore. If either the coil or magnet fails to pass

this inspection, discard both coil and magnet and in-
stall replacements.
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7. To replace coil and magnet, follow the preceding

steps in their reverse order, taking care that the mag-

net does not contact any magnetic material. Make the

following checks during re-assembly:
a. Check for run-out of the magnet and holder
by rotating the armature manually from inside
the guard bowl and observing the rotation be-
low. Replace the holder if there is noticeable
run-out.
b. After assembling the magnet to the holder,
partially tighten magnet nut and the two coil
hold-down screws. Rotate the armature man-
ually and check that there is no contact between
the magnet and the inner surface of the coil,
and then tighten in place. As an alternate pro-
cedure, use plastic shim stock approx. 0.008"’ -
0.010" thick around the magnet without over-
lapping to center the magnet while tightening
in place. After tightening and removing shims,
check for centering as above.
c. NOTE: “Loctite (medium strength)’’ is used
at three locations: (1) between the magnet hold-
er threads and the armature shaft; (2) between
the magnet holder and the magnet retaining nut;
(3) between the coil holding screws and the
base.

8. After re-assembly, check calibration of Tach-
ometer {(M1) as given in paragraph 4.11,

- 5.0 PARTSLIST. .

5.1 Spare Parts

The following items are recommended as spare parts:

ltem Description P/N Qty.
1 Brush Assembly 1780 1 pair
2  Speed PC Board 17304 1
3  Knurled nut 1729 1

5.2 Replacement Parts List

Replacement parts are listed with the applicable
assembly or detail drawing. Major assemblies are
listed first, sub-assemblies next, and detail drawings
last. Reference designations (R1, R2, etc.) are shown
for electrical and electronic components on their
applicable parts list. All items listed are for both
60 Hz and 50 Hz use except as indicated.

NOTES
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Centrifuge Assembly,
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FIGURE 5-3 CONTROL PANEL, 46753 (60 Hz), 46756 (50 Hz)
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