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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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ULTRACENTRIFUGE DATA ACQUISITION
- FROM A CENTRAL CONTROL SYSTEM

Alfred A, Wlndsor, Lin C.. Jensen, Dav1d A, Hoopes,
' and Frank T L1ndgren a

Lawrence Ra.d1a.t10n Laboratory .
: University of California ‘
- Berkeley, California 94720

June "1969 -

Abstract

Three analytie nli_:racentrifug_es are controlled and useful Openating _

" measurements recorded by a cenfral control and data a‘cquisition'system.g
" Rotor épe_ed, temperature, Ipictu‘re number: of each schlieren photograph,

and, time of each measurement are recorded onxcards by a printing sum-

mary f)'u_nchv thachine. A Fortran IV ‘compufer_ prdgr’am processes the -
data, yielding graphs of rotor Speed and temperature versus time and

the a}ccumulatea va.lue of w'FSf-waz(t)dt ‘ for the mean time of each

schlieren photograph. These data permitting error detection as well as

mo're accurate schlieren analysis of lipoprotein distributions and flotation

rates.
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Introduction
" In'an earlier study1 automatic acceleration to full speed was pro-

v1ded for an analytlc ultracentrlfuge usmg a modified electronic speed

-control system However, during. an ultracentrl.fuge run 1t is useful

and frequently necessary to obtam accurate 1nformat10n about the acceler-
ation phase full - speed stab111ty, rotor temperature, and exact time when
schheren photographs are taken. The present automatic system is de-
s1gned to prov1de all such data from one or more ‘analytic ultracentrlfuges,
When data are collected from several dev1ces and. channeled into
one recorder, a method of coding and collat1ng is requlred We have
chosen to use a master clock to synchronize _the start of each machin‘e,

and to code the data by the time at which measurements are taken. A

- time sequencer strobes the measurements by switching from machine to

machine in a one-two-three sequence. This data collecting system vi‘s
avaiiable for any one or all three ultracentrifuges, which ma.y run on
totally indvependent ope ration schedules. 2' _ '

A ‘_digital cloch (Parabam Model DA 24, Hawthorne, California)
reading hours, minutes, and Secon_ds on a 24-hour basis controls the
timing. An interface coupler (Dymec Model 2526, Hewlett-Packard,
Palo-. Alto, California) operates with an IBM 526 summary pu.nch‘machine
to store and recor-d 12 input characters. The IBM patchboard .deter'-,-'
mines ,the card format containing the time, machine number, rpm, _and

rotor temperature. Each card also has the date punched from a master

card.3 . . _ ' .

Figure 1 shows the progression of data from the centrifuges to

the s'ummary punch machine. - Mercury reed relays select signals from
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' _b gear tooth counters (Electro Medel 3010-A Chic‘ago, Illino'is‘) for rotor
speed information and from radlometers for rotor temperature informa-
tion. A gear attached to the dr1ve motor has teeth. whlch are counted . | {/
to give impulses proportlonal to rotor speed. The radiometer (Beckman
: Instruments, Palo Alto, Cal1forma) is the total radiation heat balance
type used in the Model LZ 65B preparatlve ultracentrlfuge. A 0. 5-1n -
dlameter aluminum d1sk receives the energy, and thermocouple wires
,suiapo‘rt and measure the temperature of. the dlSk The outer structuvre

defines the area from which the rece1v1ng element or dlsk recelves the
v infrared ra.d1_at1’on. Thls structure (or shleld) also has a thermocouple

_ for cbmnarieen Witil‘th? disk thermocoupl'e; a thermoelectnc module

vheats' or cools the shield to the‘samev Vt_emperature as the disk.in a cle.s_ed ‘

loop sy’s-tem.' | |

_'R'eed relaye lselve'ct',radiometer‘ Qutputs to channel the co‘rr‘eSponding

ultracentrifuge temperature analog voitage to a digital voltmeter (Model B
3460B Hewlett Packard, Palo Alto, Cahfornra) X’I‘he bottom of the
analyt1c rotor is recessed 40 thousandths and pa1nted flat black to optl—
mize ra.d1a;t1on exchange.between the rotor and the ‘»radlometer; the latter
is offset 0.75 in. from the axis of the retor and s’paced. 0.25 in. from the

rotor bottom. Five digits of binary coded decimal (BCD) temperature

=

information are available at the digital veltrneter output. A counter
(Model 52461, Hev;zlett-l?aekard, Palo Alto, California) with a preset
unit converts rotor speed.‘pulses to BCD rev_'olutions per minute. Sii :

digits are ,availahle at the output, and reed relays select between sneed

and temperature digital output for the interface coupler.
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The sequencer chassis converts timing signals from the master

'clock ihto"ihstrﬁctiorré to the"'s:y'stem. A11 ultra.centri.fﬁges are scanned;

if one is not in’ opera.tlon the numbers correspondmg to the sta.tlc con- -

d1t1on are recorded by the pr1nt1ng summary punch machine. Each

time a picture is taken an indicator is punched just before the tempera-

_ture as shown in the card format (Fig. 1). Machines are r‘e‘pr'esented_ by

the digits.i, 2, and 4. If pi'ctures‘ are taken by one or by two or three

mé.chines ‘simﬁ-lt_aneods}y', it is still possible to know which machines

took picltures.because the digit punched is the sum and the computer
program.'dec.ode.s this vnu;mber.vv _

| Each uvltr'acevntrifuge. isvd‘e‘sigﬁed to 6perate wldollﬁr inde'pe‘r'ldently |
of the system (if des1red) when the connector leadlng to the central system

is replaced by an appropnate jumper plug. A t1med cycle of accelera-'

"_tlpn and photography is determined by a program card in each centrifuge,

and the cycle is initiated by a push button on each centrifuge Whether;'con—
trolled locally or by the central system. The Beckman commutator timer

has' been replaced by an integrated. circuit, 'girririg flexibility of 99 p‘ds sible

picture times. . Pictures may be taken at any 2-min interval over a period

~of 200 min. Figure 2 shows the present program card which consists‘ of

three integrated circuit NAND gates providing permissive gates for 10

pictures followed by an end-of-run gate.

- Each machine is started at a coded time, with machine Number 1

vbeginning' 10 or 40 sec after .the minute, Number 2 at 20 or 50 sec aft;_er

the minute, ‘and Machine 3 at 0 and 30 sec after the ‘minute. After starting, ,

- temperature and speed are measured every 0.5 min for the first 5 min

during acceleration and every 2 min during the run. Detailed measure -

ments of rotor Speed are required during 5 min of acceleration to full
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speed, ’because w1th1n thls period two sch11eren plctures are taken.
. A Fortran v computer program processes the punched data,
y1e1d1ng graphs of rotor speed and temperature as functions of t1me,
. and g1v1ng the cumulat1ve value of -wFS f W (t‘)dt for the mean_. time of
each 'schlieren, photograph. C
"A'tylpical computer evaluation 'of‘a successful ultracen'tr'ifugalv
run 1s 'shown‘ in Fig.. 3. Had there been any fallure, an error message
or messages would descr1be the d1ff1culty - An add1t10na1 feature of the
' computer analysw is shown in Fig. 4 Here a cathode ray tube (CRT)
plot gives a visual prof1le Of acceleratmn and rotor temperature as well
as s,how1ng the tlmes at which schl1eren' photographs_ were taken.
| .Discuss'ion E | |
'~ The automatlc control and data acqu151t1on s.ystem as descrlbed
here Vls a useful apphcatlon of computer technlques to 51mple electro-
mechanlcal dev1ces. Data obtained d1rectly in the form of IBM punched
cards allow convenient and d1rect submlssmn of data for computer ‘
a_nalysls ‘Such data permlt qu1ck computer evaluatlon of each day's ~runs,.
‘machi‘ne-performance, and erroredetectlon capab111ty. Where needed, the
' equivalent up-to-speed centrifugiat-ion during the acceler_ation._phase of |
each run is ava11a.b1e with great accuracy.. Such information is e'ssential
in very- low densﬂ.y 11poprote1n analys1s where s1gn1f1cant mlgratlon of
molecules occurs during the acceleration phase of the run. Also, the-
| sylstern_ permits great flexibility in the actual ultracentrifugal run itseif.,

for example, nonlinear acceleration or a run consisting entirely of . -

programed acceleration. "I_‘he latter capability may be useful in minimizing -

‘the effects of adiabatic temperature changes during acceleration to full

oy

[ 4
.
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speetd Finally, such 'a"sys'tem' should increase the "accuracy
kY of sed1mentat1on and ﬂotatlon rates, part1cu1ar1y at low rotor speeds.
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Figure Captions -
Fig. 1. ~ Overall block di'agram; . I | e S N
- Fig. 2. Ciréi;it diagrarh'o‘f program card.

" Fig. _3. Computer evaluation of a succes»s,fui ultracentrif_ﬁgél' run.

Fig. 4. (CRT) piot of'vaccéléraﬁon a.nd rotcér terhp. A '?hotogra;ph- is

- ‘marked by the small square.

AT
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— 3 PHOTO INDICATOR 2
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RADI:;VIHER ’ 73-80 DATE AUTO DUP.

DBL 695-4698
Fig. 1
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respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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