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INTRODUCTION

An experiment was added to the Skylab 3 and 4 missions in an attempt to doc-
ument changes in lower limb blood flow (1), This expariment consisted of ocelud-
ing venous return from a leg with a sphygmomanometer inflated by means of o hand
butb., Arterial inflow to the leg was estimated by the use of a  capacitonce
plethysmograph (2) which measured changes in the circumference of a calf seg-
ment. The volume of blood in the calf segment was coleulated from the changes
in the calf circumference, This experiment was conducted pre- and postflight by
members of the Johnson Space Center Cardiovascular Laboratory and inflight by

the Skylab crewmembers themselves.

Despite extreme care in cuff placement and plethysmographic measurement
technique there was considerable variance in ‘he results within each individual,
A close scrutiny of technique and equipment revealed the most probable source of
experimental error was the manual inflation technique of the occlusive cuff, An
extreme variability existed in the time it took to reach the proper cuff pressure
to produce the desired amount of venous occlusion. After a number of trials it
was decided that an accurate ond reproducible inflation technique could not be
achieved by hand and that a meci:anizal device should be constructed to control

the inflation and timing of the oceluiding pressure cuff,

A literature soarch revealed numerous types of cuff pressurization devices (3)

intended for both specific and general types of experimentation. However, no
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dayice met the porticular requirements needed by the lebaratory, Since a blood
flow exneriment is being proposed as a possibie Space Shuttle exporiment, the
device must meet specialized requirements peculior to spuce operations end
experimentation. The cuff controller must be light weight, compuet, easily used
and readily adjustable to each individual, reliable and usable in a space type
environment, Addifionally, it must deliver an exact euff pressurization within a

specified fime and maintain that pressure for a preselected time,

Development of the Occlusive Cuff Controlier evolved through a number of
prototypes and extensive testing on human subjects, With minor changes, mainty
in the elactrical power supply, this device could, in its present form, be flown

in o Space Shuttle type configuration for similar blood flow experiments.

General Description of Loboratory Occlusive Cuff Controller

The controller is assembled on a standard 19" rack meuntable panel (Figure 1).
The device requires 115 volt AC elecirical power input and o pressurized gas
{nitrogen, compressed air, corbon dioxide, etc) source from 75 to 100 psi (300
psi, maximum over pressure). Two occluding cuff pressures (30 and 50 mmHg) are
selectable by a switch on the front panel. A front panel screw driver adjustment
allows accurafe cuff pressurization levels to be obi-?ined for under or oversized
limbs. TWo pressurizotion cycles (20 second and 2 minutes) coﬁ be selected by a
- front panel switch, Adjustment of the timing cycles is also available through the

front panel, Either cuff pressure may be used with either timing cycle. Figure 2

2
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illusirates the cuff pressure romp for the 50 mmllg setting during a 20 socond
timing period. A pushbutton hand switch allows remote start of the culf inflation
cycle, A stop/reset switch is provided which permits carly termination of a
pressurization eyele and disabling of the confroller to prevent inadvertent acti-
vation of a pressure cycle, Pressure in the oceluding cuff is monilored by a
differential aneroid barometer mounted in the pane! for easy obsorvation by the

opecrator,

An additional feature is an Electracardiogram Trigger Circuit, This civeuit
allows the initiation of the selected pressurization eycle fo be conirolled by an
externally supplied and conditioned ECG cycele. This feature provides consistent
point of triggering during the heart's pumping eycle given a reosonably constont
heart rate. The trigger circuit may be used or disabled at the operator's discre-

tion,

Figure 3 shows the Occlusive Cuff Controller in use with a live subject. The
final laboratory model of the unit has been through several thousand duty cyeles
during blood flow experiments in the laboratory without a failure. The unit has
proved itself to be easy to use and reliable in daily operation. It hos given the

high degree of reprodudobility originally sought and of a recsonable cost.
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SECTION i

Device Operational Specifications

A number of parameters are defined as follows fo describe the operation of

the dovice, Figure 2 illustrates these parametars.,

Rise Tin\m = Time to selected pressure

Overshoot = Amount of pressure rise above selected pressure

Settling Time = Time interval from when pressure first exceeds selecked
pressure until it decrecosed to within 1 mmHg of selested
pressure

Stebility = Amount of pressure decreased from 1 mmHg above selecicd

pressure fo end of timing period

Deflation Time = Time for Pressuro to fail to less than 2 mmHg ofter end of
timing period

It is imporfant fo note that the specifications are for a 14 centimater wide pressure
cuff which has been snugly wrapped around the leg just above the knee of a live

subject,

Timing = Periods availohle = 20 seconds and 2 minutes
Accuracy ~ within one~half second (either period)
Reproducability = within + 10 milliseconds (either period)

The pressure specifications are worst case values obtained from two subjects with

lower tﬁigh circumferences ranging from 14 inches to 18 inches.

Pressure = Settings available - 30 and 50 mmHg
' Rise Time - .6 seconds or less (30 mmHg)
.9 seconds or less (50 mmHg)



Ovaershoot = 10 mmHg or less (30 mmHg)
18 mmig or less (50 mmHg)

Settling Timo ~ 2 to 3 seconds (30 mml'g)
4 to 7 scconds (50 mmHg)

Stability = 3 mmHMg or less (30 minHg, 20 seconds)
4 mmHg or less (50 mmblg, 20 seconds)
5 mmHg or less (30 mmllg, 2 minutes)
6 wmHg or less (50 mmHg, 2 minutes)

Deflation iimo - 3 seconds or less (30 mmHg)
3 saconds or less (50 mmHg)

Reproducakility = Within 1 mmHg ofter second inflotion ot
any one pressure selfing



SECTION I

Pneumafics

Figure 4 is a schematic representation of the pneumatic system. The following
is a bricf description of its operotion. A complete listing of its component parts

may be found in Appendix A,

Pressurized gos (mox 300 psi) is brought to a flow control/regulator and regu~
lated to 100 pst at @ nominal flow value of 5 cubic feet per minute. The Fill/
Hold and Dump Solenoid valves arc normally clesed, Prior to an inflation cycle
the Fill/lHold valve is de~encrgized (closed) and the Dump valve energized (open)
fo assure Zero pressure in the cuff, Initiation of an inflation cycle opens the
Fill/Hold valve and closes the Dump valve, When the desired pressurization of
the cuff has been achieved, the Fill/Hold valve closes. At tho end of the timing

cycle, the Dump valve opens and the cuff deflates,

Figure 4 diagrammatically illustrates the pneumatie system, Figure 5is a
view of the back plane of the device with the pneumatic parts as well as the

major electrical components lubeled according to the following table.

1. Anercid Gauge 7. 12 YDC Power Supply

2, Pressure Tronsducer 8. +5VDC Power Regulator

3. Dump Solencid and Valve 9. Control Section

4, Fill/Hold Solenoid and Valve 10. Front Panel Selector Switchs
5, Flow Centrol/Regulator 11. Porameter Monitor Switch |

6. +28 VDC P’DWGI‘SQPP')’



¥ N

)i

ud oo IYNDIS -
askas 3Iu0sSs3 JurssINd
I 390v9 ~ ¥320a5NL |-
| amnss3ud | wnss38d L,
I— | | Ase
< o
I M P Nua13H A9T
i ABLT
.v|| v S2INOYLID

.W 320D M\IW|I» R~ 1|I.MV..

nosavdol Lawis
w S~
rllL onyut:o-. 235 0%
LA
w ] ww oS WIWT
i m Azis 1y 3unssIdd awiL
| VvV A
W HOLYING3H
W
T_ SATYUA JATVA <
* e
. i1ga oot AN
ws4sAg

J1owndLy Uolpjuasasday oiownibolq cvo
NI S¥






SECTION 1l

Control Electronics

The control electronics are the heort of the Qcclusive Cuff Coniroller and
are presented in Figure 6. This logic controls all functions vital to operation of
the Controller, Some of the main functions are:

1. Pressurization of the cuff (30 and 50 mmHg ~ switch selectable)
2. Timing cycle (20 and 120 seconds = switch selectable)

3. Panel and remote octivation functions

4, Selection for one of five possible parameters to be monitore..

The following is a description of the evenis controlled by this logic. The
start switch energizes the normally closed Fill/Hold Soleneid thus allowing the
cuff to fill, Simultancously the Dump Solenoid whose valve is normally open, is
closed, allowing the cuff to pressurize. At some point the DC signal from the
pressure tronsducer has reached its preset level for the selected pressure and the
logic closes the Fill/Hold valve preventing further pressurization. After the pre-
- set time interval has elosped the Pump valve is re-energized or opened and the

pressure in the cuff is allowed fo bleed off.

The following is a more exact description, in terms of logic levels, of the
operation of the Controller during asingle cycle,” At the beginning of a pressuri-
“zation cycle the Dump valve Solenoid is energized and open {(Dump signal high}
and the Fill/Hold valve is de-energized and closed (Fili/Hold signal low), The

oulputs from the start latch and pressure latch are both low, There are fwo inputs

7



to the control logic, the start switch and the signal from the cuff pressure trans-
ducer, these signals in fime, generate two outputs, the Fill/Hold end Dump sig-

nals. These signals and their actions will be discussad separately.

Fill/Hold: When the start button is pressed the start lafch output goes high
triggering a negative one~shot, The negative one-shot starts the fimer and sets
the pressure latch output high. The pressure latch ouiput and start latch output
are anded together to generate the Fill/Hold outpur signals With both latches

high the Fill/Hold signal is high and the cuff fill valve opens.

A comparator monitors the output from the pressure fransducer, When the
pressure signal equals the reference voltage (set for 30 mmHg or 50 mmHg) the
compatator generates a negative pulse, driving the pressure latch ouvtput low,

The Fill/Hold signal is driven low and the Fill/Hold vadlve is closed,

Dump: When the timer is started, its output goes high. The inverted timer
output is the Dump signal, A low Dump signd! closes the Dump valve, When the
timer signal g.oes .Iow at the end of the inflation cycle, the Dump signal is high
and the Dump valve opens. The negative edge of the timer output also friggers o
negative one-shot which sets the start latch output to low again, The logic is now

“ready to begin a new inflation cycle,

When the reset switch is sef, the timer output is forced ond held low.
Additionally, the input to the start latch is disconnected from the start button and

the input held high, preventing unintentional activation of the device,
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A sclactor switch on the front ponel allows five different confrol signals to
be monitored: [1] pressure tronsducer outpul, [2] 30 mmHg reference voliage
level, [3] 50 mmHg reference volrage level, [4] 20 second timer charge rates,
and [5] 2 minute timer charge rate, The two timer charge rates con be monitored
only during a timing cycle, otherwise un unchanging zero volt signal is obscrved,
Because of this limitation, adjustment of the timing cycle is best cone with the

controller activated.

Figure 7 is a diagram of the timing cyele for one activation for the primory
conirol functions. This figure is provided to help in trouble shooting the logic

circuit should problems arise with the control function,
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SECTION IV

Electrocardiogram Trigger Circuit

The ECG trigger circuit was added to the device fo permit activation of the
unit af a preselected time after the peak of the ECG R~wave, The timing circuit
enables the device to occlude venous return at a highly reproducible point in the
ECG waveform if heart rate is relatively constant, This ability may be useful in

certain applications of occlusion plethysmography.

Figure 7 presents the schematic for the ECG trigger circuit, The ECG signal
is o high voltage signal (j: 3 volts maximum) derived from un electrocardiogroph,
The signal is first "iHtered .by a 13 Hz High Pass Filter and then by a 16 Hz Low
Paoss Filter, The net effect of this filtering is to eliminate everything but the
R-peck of the ECG waveform. The highly filtered R=spike is then detected by the
Pulse Detector which in turn outputs o square wave pulse to the laverter/Amp
which inverts the pulse and amplifies it to normal logic levels. At this point the
signal is split to a nand gate which drives the light emitting diode on the front
ponel to indicate circuit function, The signal also goes te a delay circuit which
delays the pulse a fixed omount of time. The delay is currently set at 100 milli-
seconds. After the desired signal delay, the signc:'l goes to o second nand gate.
This gate is connected via another gate to the front panel ECG frigger switch.
When the trigger switch is properly set both levels in the ECG gate agree and the

signal to activate the device is sent, By altering the Delay Cireuit timing the

10



Ao,

activation of the occlusion cuff may be placed anywhere within the ECG wave-

form.

11
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SECTION V

Solenoid Drivers

The drivers for the fill and dump solenoid actuated valves contain no special
or unique features. They are simply included to provide an electrical schomatic
and pin connections, The one primary difference in these circuits is that they
operate on 12 VDC power and conirol a fair amount of current to operate the DC
solenoid actuated valve, These drivers are located on the main electronic con-

trol board,

12
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SECTION VI

Power Supplies

Figure 9 is a schemetic representation of the required power supplies. There
are two main power supplies. The Power Tech supplics the 12 VDE t- the valve
solenoids and various operational amplifiers. Derived from this 12 VDC supply
by the LM309K is the + 5 Y'DC power for oll logic cireuils. The Viatran pressure
trensducer requires a + 28 VDC power supply and is supplied directly and uniquely
by the 28 VDC power supply. Total power draw for the entire unit is considerably

less than 3 amp at 115 VAC,

13
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APPENDIX A

COMPONENT LISTINGS FOR OCCLUSIVE CUFF CONTROLLER MK1



PARTS LIST

l. Control Circuit

Reference Part Number

Designation or Velue Doscription

Cl .1 MFd Copaciter

C2-C3 . .01 MFd Capacitor

C4 68 MFd Capacitor

D1 TN747A 3.6 VDC 400 MW Zener
IC1 741 OP-Amp

1IC2-IC3 SN7400 Quad Nand Gate
1C4-IC5 SN74121 One-~-Shots

1C6 NE555 Timer

R1-R2 10K Resistor-Variable
R3-Re 10K Resistor 5%
R7-R8 32.4K Resistor 1%

R% 100K Resistor-Variable
R10 500K Resistor-Variable
R11 . 150K Resistor 5%

R12 1.2M Resistor 5%
R13-R14 10K Resistor 5%

S1 SPST N.O. Push-Button
52-53 SPDT Switch-Toggle
S4 DPDT Switch-Toggle

S5 SP5P Switch-Rotary

$6 SPDT Switch—TogéIe

14
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PARTS LIST FOR O,C.C,

Il. ECG Trigger Circuit

Reference

D2

D3

C5

Cé

C7-C9

Ci0

C1

IC7

1C8-IC9

IC10-i1C12

N

R15

R16

R17

R18

R19

R20

R21

R22
R23

R24

R25

Part Number

1N458

.022 MFd
10 MFd
+A7 MFd
2.2 MFd
.33 MFd
SN7400
SN74121
741

BNC Female
10K
32.4K
15K

12K

56K

5.6K
70K
2,2
470K

10K

100

15

Dcscripﬁon(

Diode
Led

Cap

Caop

Cap

Cap

Cap

IC
Onec~Shot
OP-Amp-

Connector

Resistor 5%
Resistor 1%
Resistor 5%
Resistor 5%
Resistor 5%
Resistor 5%
Resisltor 5%
Resistor 5%
Resistor 5%
Resistor 5%

Resistor 5%

Quanf_ijy

]
1
1
1
3
1
1
]
2
3
]
1
1
1
1
1
1
i
1
1
i
1



PARTS L15T FOR O.C.C.

1. Relay Drive Circuit

Reference
Designation

D4-D5
Dé~D7
-2
Q1-Q2
Q3-Q4
R26-R27
R28-R29

IV. Power Supplies

ci12

D8-DI1

D12

F1

IC13

L)

PS1

Q5
87

T

BD-1

Part Number Description
IN3064 . Diodo

IN645 " Diode

Solenoids 12 VDC

2N2222 NPIN Transistor
2N2218 NPN Transistor
10K Resistor 5%

4.7K Resistor 5%

500 MFd 60VDCW Cap

IN4001 " Diode

IN9728 28V Zener
125V.3 Amp Fuse

LM309K "5 YDC Regulator
125VAC 1/3N  Lomp '
+12 VDC. Power Supply
2N5192 NPN Transistor
SPST Switch-Toggle

Primary: 115VAC Transformer
Sec: 30 VAC 1
Amp

8136-UG1-9  IC Board

16

Manufacturer

Quantity  Part Number

2

2

2 Decco Model:

2 28-49

2

2

2

i
4

1

1

1

1

1 Power~Tech

1 M'Ddel 12K~ 100—]3
1

1

1 Augat



V. Pneumatics

Reference
Designation

——gieete:

Cuff

F.C.

Reg.

Vel ,

P.C.

P.T.
Connector 1-3
Clamp
Clamp
Fitting 1
Adapter
Hose 1
Hose 2
X~Coupling
Plug

Short Coupling

PARTS LIST FOR Q,C.C,

Cuff
Flow Control
Air Regulator

Valve

Pressure Gauge

Pressure Transducer

Gas Connector

Quick Set Hose Clamp

Reusable Hose Clamp

10-32 to 1/8" Hose ~

Fitting

Pipe to Female Adapter

Quantity
.l
1
]

N

?
5
2

Twin Vi|r1y| Hose 1/8" 10 ft

ID

Viny! Hose 1/8" ID

X=Coupling -
Screw Plug

Short Coupling-

17

4
4

Nanufacturer Part No,

Tycos

Clippord: MFC-2
Clippard: MAR-1
Clippard: MAV-2
Wallace and Tiermon Model:
NN17363 0-70 mmHg
Vigtran: Model-219
Clippard: MQC-S
Clippard: 5000-1
Clippard: 5000-2
Clippard: 11752-3
Clippard: 15005-2
Clippard: 3814-3
Tygon

Clippard: 15002-5
Clippard: 11755

Clippard: 11999



Reference Grid Reference Grid Referenca Grid
Designation  Designation  Designation  Designation  Designation  Designation

cl D15 IC3 P14 R7 D14
c2 D11 IC4 L4 . RS D12
c3 D13 Ic5 H15 R9 M47
c4 D10 . 1C6 L12 R10 K47
c5 L37 17 D23 R D16
cé L35 IC8 D31 R12 D17
c7 P30 1C9 D39 R13 D7
c8 P32 IC10 H21 R14 D6
c9 P33 e H26 R15 H36
c10 P36 IC12 H31 R16 H35
cn L30 IC13 R17 .36
ci2 R} R18 P31
D1 D1 2 R19 P34
D2 L32 L1 R20 P37
D3 L2 R21 L30
D4 020 PSI R22 L33
D5 K20 Q1 P23 R23 L34
D6 Q24 Q2 123 R24 H37
D7 M24 Q3 P25 R25

D8 Q4 125 R26 P24
D9 Q5 R27 124
D10 RI Q47 R28 025
D11 R2 047 R29 K25
D12 R3 D2 R30 P35
F1 | R4 D3 R31

Ic1 HY RS D8

IC2 P4 RS D4

18



L1 2¥NOId

J u.Nl Y, l-“..” gi.ﬂl.‘l"idql\n“ﬁiﬂqlll”llll’llllll'l
il ki .+ PRI ﬂ.—..lr.w : ea.d.ﬂin %1 ﬂ‘\rl |~.lzl|

H

iy £ . & p
: .- - J-“H‘M.M .u-.ﬁM_ sl /‘ nr@ .m.“b- K U. l'ﬁﬂ“bl.‘r.ﬂ\-)lt‘ 'f
4 \ : .

..Villrfmeaa\. : wz&l;J:llll _l_"l.l..... &.mu.hé...d.
vu "235 0Z “rav awil e = iy o \w..

. = % - - l‘ - =
et | $'d A w(u.% i
. |da..t...flblu| v et
pe- ._-..—4- = I P T B T TR T T T L N B e e e @
S - -

- a s A2 LIA‘, \'l el e

i # - ’ul g % I T - — L t
1 “ﬂ{r‘ 3 . 0 _JI
NOM R R rsis i e B aiad o Rraitrlt o fii - i..fnhllll'!

s

s o : - °

w g ———

| WS T T PN A oy - T e T T T T T T e i - A, TN 1_-& ..\lﬂrtfr ..
\.ﬁ.-‘...r..u,.rh&.?a;i B o A ARy EITTHES D gl SHYS 2T ? .

W.J ﬂ.lhln_'n. j

R R B Lk §, P R . ¥ b i el i B s

L3 —g
Ao ..r....-.ﬁ
SIPTI et V] T
"" .....'I.""‘l"""’--",ﬂﬂb!...'-.-s !..."",-ul .""‘1‘,,—

bbb L L b LALLM LA L s LTI ST TEIId L0

P19 Buijod0 suog
Yiim UOLDO3G [o4u0D) JO MIIA pabiojul




APPENDIX B

OPERATIONAL INSTRUCTIONS

.

Preliminary Set up

A, Provide 115 VAC power to unit

B, Provide gas ot 100 psi nominal at flow control/regulator connection
C. Place Reset/Normal swikch to reset

D, Connect occlusion cuff to front panel connectors

E. Provide ECG for trigger operation if desired

Subject Adjustment

A. Pldce occlusion cuff snugly around limb but not tight enough to retard
venous return

B, Select pressure level
C. Select time period
D. Activate unit-by placing Reset/Normal switch to normal

E. Check aneroid to determine that cuff pressure is the one desired, If
pressure is high or low odjust accordingly with appropriate pressure adjust,

F. Activate unit ond rechecdlk pressure incuff

Test
A, Unit will function at preset level each time it is friggered

B. Duration of operation of unit is indefinite
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