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Laboratory environmental tests indicated that the pump operated satisfactorily
and complied with aeromedical operational requirements and with military
standards. Two prototype pumps were fabricated: One was sent to the 9th
Aeromedical Evacuation Squadron (MAC), Clark AB, RPI, for field testing;

, results indicated the pump met aeromedical evacuation operational require-

g ' ments, although some pump modifications were deemed necessary.
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USAFSAM MULTIPURPOSE SUCTION PUMP

Both continuous and intermittent suction is needed for patients
being transported onboard C-141 and C-130 aircraft configured for
aeromedical evacuation. In 1971, only one source was available for
a suction pump that would provide both capabilities, and at that
time, the price of the pump was considered too high for its use in
the airborne environment. Reasonably priced suction pumps provided
either continuous or intemittent suction capabilities; thus two
separate pumps were needed to satisfy the needs of airborne patients.

In July 1973, a project was initiated to design a multipurpose
(continuous and intermittent) suction pump that would satisfy the
needs of the aeromedical evacuation system and meet Air Force safety
specifications and regulations. Specifications required a multi-
purpose suction pump to operate from 115 volts alternating-current
(VAC) power; 28 volts direct-current (VDC) aircraft power; 12 VDC
ambulance power; and a self-contained 12-volt nickel-cadmium battery
pack. The fully charged battery pack was to provide 90 minutes of
operation in the continuous suction mode set at 200 mmHg vacuum. The
pump was to have a power ON-OFF switch, vacuum gauge (0-760 mmHg),
pilot Tights, and circuit breakers. The collection bottle was to have
a minimum capacity of 1500 cc, be made of plastic, and be protected
from the adverse conditions resulting from rapid decompression (8,000-
to 35,000-ft,or 2.4- to 4.7-km, equivalent altitude in 0.2 sec). It
was to have a fluid-level trap, be easily cleaned, and be easily
removed from the carrying case.

EQUIPMENT DESCRIPTION

The USAF School of Aerospace Medicine (USAFSAM) multipurpose
suction pump and ancillary items are packed in an aluminum case 20
inches wide, 14 inches high, and 10 inches deep (Fig.1). A carrying
handle on top of the case and a handle at each end for securing the
unit to the aircraft or for carrying purposes are provided.

The suction pump consists of three major components: a pump
module, a 2,000-cc reservoir, and a carrying case (Fig.2). A fluid
trap is located on the left side of the pump module, and a 60 to
400 Hz power adapter is shown in the foreground. So that the case and
equipment can be easily cleaned if spillage occurs, mountings in the
carrying case were designed to permit easy removal of the components.

The suction pump was designed to be operated in the carrying case.
As shown in Figure 3, all controls can be easily seen and manipulated.




Figure 1. USAFSAM multipurpose suction pump in carrying case.

The clear plastic reservoir allows the fluid level to be readily
observed, and the amount of fluid can be determined by the graduations
on the side of the reservoir. The attached AC cable is for direct
operation of the unit from 115 VAC, 50 or 60 Hz. By attaching the
power adapter to the AC cable, the pump may be operated from the C-141
aircraft 115 VAC, 400 Hz power.

The 1id of the carrying case has a storage compartment for
extension cables, adapters, and power cables. Figure 4 shows the
compartment containing one 25-foot extension cable for use with 115
VAC, 50-400 Hz; one 60 to 400 Hz cable adapter (for C-141 use); one

10-foot 12-VDC ambulance power cable; and one 10-foot 28-VDC power
cable.




Figure

Co

Pump module and reservoir removed from carrying case.
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Figure 3. Suction pump; control pane!, fluid reservoir,
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Figure 4. Suction pump storage compartment; extension cable,
power adapter, and power - %les.




The pump is capable of operating from 115 VAC, 50-400 Hz; 12 or
20 VDC external power; or from a self-contained 12-volt battery pack.
The pump module can provide 500 mmHg vacuum when operating from 115 VAC
or 28 VDC, and 250 mmHg vacuum when operating from 12 VDC. A choice of
0-30 or 0-70 mmHg intermittent vacuum is also provided.

EQUIPMENT OPERATION

This multipurpose suction pump is operated in its carrying case.
Pump controls and the liquid level in the reservoir are easily seen.
The pump can provide continuous or intermittent suction.

A11 pump controls are clustered on an 8- by 8-inch, three-section
panel (Fig. 5). The power-source selection switch, on the bottom
section of the control panel, permits selecting the appropriate mode:
12 or 28 VDC (external)/Battery (internal), Off, AC, or Charge (battery).
When the power-source switch is set at "12-28 VDC/Battery," the pump
will start operating from the self-contained 12~volt battery and the
DC-power indicator will light up; if external 12 or 28 VDC power is
connected to the 12-28 VDC receptacle, the pump will automatically switch
from battery power to the external source. When the power-source switch
is at "Off," all external and internal power is off. When the switch
is at "AC" and the 115 VAC power cable is connected to an AC source,
the pump will start and both AC- and DC-power indicators will Tight up;
the battery will be charging while the pump is operating. When the power-
source switch is on "Charge," the battery will be charging and the AC-
power indicator will Tlight up to show the charger is receiving AC power.

Also on the bottom section of the control panel are the AC and DC
circuit breakers and the vacuum "Hi-Lo" switch that controls the speed
at which the pump operates. At "Hi," the pump is running at full speed;
at "Lo," half speed.

The middle section of the control panel has the basic instructions
for operating the pump.

The top section of the control panel has the vacuum-adjust knob,
pump-flush port, vacuum gauge, and the vacuum operating-mode switch.
The mode switch provides a continuous-suction setting and two vacuum
ranges for intermittent suction. When the operating-mode switch is
set at "Cont," the vacuum range depends on the power source selected
and position of the "Hi-Lo" vacuum switch, as follows:




»
PUMP FLUSH

VACUUM ADJUST

OPERATING MODE

} SELECT OPERATING MODE:

INTERMITTENT (O 30MM ) (0 TOMM ) SET VACUUM RANGE ON LOW AND ADJUST TO 200 MMHG

CONTINUOUS  SELECT HIGH OR LOW VACUUM RANGE (LOW RANGE "0 250MM, HIGH RANGE 0-500MM )
CRLLCT POWER SOURCE :

AC HSVAC. S0 A00HZ POWER (AC CORD MUST BE CONNECTE D)

(/ CevUC/BATIERY INTERNAL BATTERY SOURCE OR, DPERATION FROM EXTERNAL 12-28VDC WHEN DC
CORD IS CONNECTED

BATTERY CHARGE: SET POWER SWITCH TO CHARGE AND CONNECT AC POWER CORD.
», 10 ADJUST CONTINUOUS VACUUM

SELECT HIGH OR LOW VACUUM RANGE -PINCH TURE TURN VACUUM ADJUST KNOB UNTIL DESIRED
JETTING 15 OBTAINED

OFF AC
12-28V0LG v
RATTI £/ GHAS

POWI K « »URCH 12-28VDC

# ?\\ 10

VACUUM

Figure 5. USAFSAM suction pump control panel.




Power source Vacuum setting Vacuum (mmHg)
Internal battery Hi 0-250
5 . Lo 0-105
External 12 VDC Hi 0-250
" 2 Lo 0-105
External 28 VDC Hi 0-500
4 i Lo 0-250
115 VAC 50-400 Hz Hi 0-500
5 L Lo 0-250
? Neither power source nor "Hi-Lo" vacuum selection affects the

intermittent-vacuum range except for the time required to reach the 30-
and 70-mmHg end points. When the operating-mode switch is set at either
30- or 70-mmHg intermittent vacuum, the following "Hi-Lo" settings are
recommended, depending on power selected:

Power selected Vacuum setting
115 VAC, 50-400 Hz Lo
External 28 VDC Lo
External 12 VDC Hi
Internal battery Hi

Vacuum is adjusted as follows: Continuous vacuum--With the opera-
ting-mode switch set at "Cont" and with the power-source and Hi-lLo
vacuum switches set appropriately, the patient suction line is "pinched
closed" and the vacuum-adjust knob manipulated until desired vacuum is
indicated on the vacuum gauge. Intermittent vacuum--With the operating-
mode switch set at "Cont" and with the power-source and "Hi-Lo" vacuum
switches set appropriately, the patient suction line is "pinched
k closed" and the vacuum-adjust knob is manipulated to obtain 200 mmHg on
the vacuum gauge. The operating-mode switch is then set at either 30
or 70 mmHg. The intermittent mode is vacuum dependent, not time
dependent: the pump will shut off when the vacuum reaches either 30
or 70 mmHg, depending on the setting, and will start when the vacuum
reaches 5 mmHg.

The self-contained battery pack is made up of ten 3.0 ampere hour
(AH) nickel-cadmium cells connected in series to provide 12 volts. If
the battery pack is discharged to less than 1.1 volt per cell, the
polarity on one or more cells may be reversed when the battery pack is
recharged. To preclude cell reversal, the battery pack should be
placed on charge when the battery-pack voltage reaches 11.0 volts.
From a fully charged battery this 1l1-volt Tlimit is reached in 2.5 hours
when the suction pump is providing 200 mmHg of vacuum continuously. The
1imit will be reached in approximately 21 hours when the suction pump
is operating on the intermittent mode. An electrical and vacuum line
schematic of the pump is shown in Figure 6.
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METHODS

The suction pump (pump-motor assembly, AC power supply, and battery
pack) is housed in an aluminum enclosure. Figure 7 shows the three
compartments of the pump housing with the left side open. The upper
left compartment contains the pump-motor assembly, vacuum gauge, vacuum-
adjust valve, operating-mode selector switch and two pressure switches,
and the pump flushing port. In fabricating this compartment, extra
precaution was taken to provide shielding that would contain the electro-
magnetic interference (EMI) emissions generated by the DC motor brushes
and the electrical contacts of the pressure switches. The upper right
compartment contains the AC and DC circuit breakers, pilot lights,
power-source selector switch, Hi-Lo vacuum switch, 115 VAC power-cable
connection, and the 12 or 28 VDC power receptacle. The bottom compart-
ment houses the 115 VAC, 50-400 Hz power supply and the battery pack
consisting of ten Marathon sealed nickel-cadmium cells.

The main component of the vacuum pump is the pump-motor assembly
(Fig., 8). The pump (Gast Manufacturing Corporation Model 0333-104) is
an oilless, separate drive pump, providing 0.35 ft3/min (9.91 liters/min)
of free air at 0 mmHg, and a maximum vacuum of 500 mmHg (20 in Hg) at
3450 rpm. The 24 VDC motor is a Pittman Corporation Part No. 13102B430,
and the coupling is a BEC Supply Company Part No. 5801. The motor and
pump are mounted on a bracket fabricated from aluminum channel.

Pressure switches (Consolidated Controls Corporation) turn the
pump motor on and off to obtain intermittent vacuum. One switch (type
218C50-37) turns the pump off when the vacuum reaches 30 mmHg; the
second switch (type 218C50-23) turns the pump off at 70 mmHg. The
pump turns back on.at 0 to 5 mmHg.

DEVELOPMENT TEST AND EVALUATION

Development tests and evaluation of the suction pump were conducted
in the USAFSAM laboratory. Preliminary tests were conducted on the
pump-motor module, followed by environmental tests on the completed

pump.

A test was conducted to determine the revolutions per minute the
pu.p motor rotated when operated from different power sources and as the
pump provided varied vacuums. Results are indicated in Table 1.

A 192-day test was conducted to determine the durability of the
pressure switches, pump, and motor, plus the temperature fluctuations
of the pump and motor while the unit was operating in the intermittent-
vacuum (0-70 mmHg) mode. The duty cycle was 2 seconds "on," 5 seconds
"off." Table 2 depicts one 24-hour period from the test run.

10




Figure 7.

Figure 8.

USAFSAM pump partially disassembled.

Pump, motor, and mounting bracket.
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TABLE 1. RPM OF PUMP MOTOR WITH VARIOUS LOADS AND POWER SOURCES

Power Vacuum Motor
source (mmHg) (R) (rpm)
0 0.48 2250
12 VDC 70 0.60 2180
200 0.86 2020
300 1.00 1850
0 0.74 4800
70 0.81 4800
24 VDC 200 1.05 4500
300 1.60 3680
0 0.82 5850
70 0.90 5800
28 VDC 200 1.10 5700
300 1.50 5400

TABLE 2. MOTOR AND PUMP TEMPERATURE FLUCTUATIONS WHEN OPERATING
IN INTERMITTENT-VACUUM MODE

Time Ambient Motor Pump
(hours) temp (°F) temp (°F) temp (°F)
0 73.4 89.6 104.9
4 73.4 87.8 101.3
8 73.4 87.8 102.2
12 ‘ 84.2 98.6 110.3
16 85.1 102.2 113.0
2o, 83.3 101.3 113.9
24 ~72.5 88.7 104.0

12




Another test was conducted to determine how long the suction pump
would operate on continuous-vacuum mode using a 5-minute "on"/25-minute
"off" cycle. The vacuum was adjusted to 500 mmHg, the maximum capability
of the pump. The test was started at 0800, 10 July 1974, and was termi-
nated at 0945, 13 September 1974. Actual running time of pump and motor
was 231.4 hoirs during the test period. Table 3 depicts one 24-hour
period of the test run.

To prevent cell polarity reversal during the recharge cycle, care
must be taken not to completely discharge the self-contained battery pack
when it is being used to operate the suction pump, Discharge should be
discontinued when the battery pack voltage under load decreases to 11
volts. To fully charge the battery pack takes about 30 hours.

Laboratory tests were conducted to determine the time required to
discharge a fully charged battery pack under Toad to 11 volts. Test
results are given in Table 4.

Table 5 indicates the length of time the pump may be operated in
the continuous vacuum mode before the battery-pack voltage under load
decreases to 11 volts.

The USAFSAM multipurpose suction pump was placed in an environmental
chamber and exposed for 2 hours to each of the following environmental
conditions:

1. 8,000-ft (2.4-km) equivalent altitude

2. High temperature, + 120°F (54.4°C)

3. Low temperature, + 40°F (4.4°C)

4. High relative humidity, 95% at 75°F (23,90C)

5. Low relative humidity, 20% at 70°F (21.1°cC)

The suction pump was randomly and sinusoidally vibrated along each
of the three mutually perpendicular axes. The vibration test was
conducted in accordance with the Test and Evaluation Planning Guide for
Aeromedical Evacuation Equipment, para. 3.3.1 (vibration test).

Sinusoidal Vibration: Displacement level of 0.05 inch from 5 to 31
Hz and acceleration Tevel of 2.5G from 21 to 500 Hz. Each of the three
mutually perpendicular axes were vibrated for 75 minutes.

Random Vibration: Acceleration power spectral density of 0.0023G2/Hz
at 20 Hz, 6-dB/octave curve_to 0.045 GZ/Hz at 90 Hz. Acceleration power
spectral density of 0.045 GZ/Hz from 90 to 2,000 Hz. Minimum composite
G, 9.0G rms. Each of the three mutually perpendicular axes were vibrated
for 30 minutes.

13




TABLE 3. MOTOR AND PUMP TEMPERATURE FLUCTUATIONS WHEN OPERATING
IN CONTINUQUS-VACUUM MODE
Time Ambient Motor Pump
(hours) temp (°F) temp (°F) temp (°F)
0 73.4 113.0 104.0
4 72.5 113.0 103.1
8 77.9 117.5 104.0
12 82.4 123.8 113.0
16 83.3 125.6 113.9
20 81.5 124.7 113.0
24 75.2 113.0 102.2

TABLE 4., MOTOR PUMP OPERATING IN INTERMITTENT-VACUUM

MODE FROM BATTERY PACK

Time Load No 1oad

(hours) voltage voltage
0 13.35 13.83
15 12.29 12.63
16 12.24 12.59
18 12.07 12.41
20 11.85 12.18
22 10.62 11.09

TABLE 5. MOTOR PUMP OPERATING IN CONTINUOUS-VACUUM

MODE FROM BATTERY PACK

Time Battery-pack Vacuum

(hours) voltage (mmHg)
0 13.40 200
0.5 12.59 200
1l 12.39 200
1.5 12.15 200
2 11.90 200
209 11.30 200
3 10.28 198

14
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For compliance with MIL-STD-461A, the multipurpose suction pump was
tested for electromagnetic compatibility, radiated and conducted emissions,
in both the intermittent-and continuous-vacuum mode as the pump was
operated from 115 VAC, 60 Hz; 115 VAC, 400 Hz; 28 VDC; and self-contained
battery pack.

The pump was placed in a rapid decompression chamber. With the pump
operating, the chamber was decompressed from ground-level pressure to
8,000-ft (2.4-km) equivalent altitude within 2 minutes; then from 8,000-
to 35,000-ft (10.7-km) equivalent altitude in 0.2 second. Two decompres-
sion tests were run: . (1) with the pump operating in continuous mode; and
(2) with the pump operating in intermittent mode. After return to
ground-Tevel pressure, the pump was tested in all modes of operation.

OPERATIONAL TEST AND EVALUATION

In May 1975 one prototype USAFSAM suction pump was sent to the
Aeromedical Evacuation Squadron (AES) at Travis Air Force Base, California,
for trans-shipment to the 9th AES, Clark Air Force Base, Republic of the
Philippine Islands. The 9th AES field tested the pump for 9 months,

June 1975 through February 1976.

RESULTS

. Results of tests conducted on the USAFSAM pump indicate that during

the 192 days the pump and motor operated in the intermittent-vacuum mode
with 12 VDC on the motor, the motor and pump temperatures averaged 15.8°F
and 29.29F higher, respectively, than the average ambient temperature.
The pressure switch, which turns the pump motor on and off, operated over
2 million times during the test run without malfunctioning. When the test
was terminated at the end of 192 days, the pressure switch and pump-motor
module were still operating satisfactorily.

The suction pump was operated for 62 days in the continuous-vacuum
mode, providing the maximum vacuum of 500 mmHg, with a 5-minute "on"
and 25-minute "off" cycle. Actual running time for the pump and motor
during this test was 231.4 hours. The motor and pump temperatures
averaged 40.70F and 29.60F higher, respectively, than the average
ambient temperature. At the end of the test the motor and pump were
still operating satisfactorily.

From a fully charged battery the pump will operate 2.5 hours in the
continuous-vacuum mode and 21 hours in the intermittent mode.

During and after- temperature, altitude, relative humidity, rapid

decompression, and vibration tests, the suction pump operated satis-
factorily, meeting all design and operational specifications.
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Electromagnetic compatibility (EMC) tests indicated that the
radiated and conducted emissions generated by this suction pump did not
exceed the Timits specified by MIL-STD-461A. EMC tests were conducted
with the pump operating both in the continuous-vacuum mode and in the
intermittent mode. In each case the pump was tested while operating from
115 VAC, 60 Hz; 115 VAC, 400 Hz; 28 VDC; and the self-contained battery
pack.

Results of the field test by the 9th AES, Clark Air Force Base,
indicate that the USAFSAM multipurpose suction pump should be added to
the medical equipment inventory because it meets the aeromedical-evacuation
needs for a suction pump.

The field test also resulted in the following suggestions. The case
could be smaller and have side securing handles and detachable 1id. An
electrical cord outlet in the case would allow the 1id to be closed while
the battery is being recharged. Large numbers on two sides of the
collection bottle could make reading easier, also larger increment numbers
between 0 to 200 mmHg on the vacuum gauge. If AC power is interrupted,
the pump should change automatically from AC-power to self-contained
battery-pack operation. A warning sign should be added to indicate that
the unit can operate from its self-contained battery during an AC-power
interruption, thus ensuring safety during aircraft refueling.

DISCUSSION

With minor modifications, the suction pump meets design and operational
performance specifications. The complete unit, including carrying case,
weighs 38 pounds and will operate from 115 VAC 50-400 Hz power, 12 or
28 VDC, or a self-contained battery pack. The unit contains the necessary
power cable extensions, power cables, and power adapters to permit operation
in hospitals, ambulances, helicopters, and aircraft. The unit provides
intermittent vacuum in either 0-30 or 0-70 mmHg ranges. It also provides
three ranges of continuous vacuum: 0-100, 0-250, or 0-500 mmHg.

- CONCLUSIONS

The USAFSAM multipurpose suction pump provides a method for obtaining
con@inuous and intermittent suction from one self-contained unit for use
during aeromedical operations in multipurpose aircraft. The unit enables
aeromedical crewmembers to provide suction as required for patients during
flights and when enplaning or deplaning. The unit meets military standards
for the aircraft environment and is therefore acceptable for use onboard
aeromedical airlift aircraft.
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