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NOTICES

This report was prepared as an account of work sponsored by an agency of the United States
Govemment. Neither the United States Government nor any agency thereof, nor any employees, nor any
of their contractors, subcontractors, or their employees, makes any warranty, expressed or implied, or
assumes any legal liability or 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 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, contractor, or
subcontractor thereof. The views and opinions of the authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency, contractor, or subcontractor thereof.

When Government drawings, specifications, or other data are used for any purpose other than in
connection with a definitely Government-related procurement, the United States Government incurs no
responsibility or any obligation whatsoever. The fact that the Govemment may have formuiated or in any
way supplied the said drawings, specifications, or other data, is not to be regarded by implication, or
otherwise in any manner construed, as licensing the holder or any other person or corporation; or as
conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way
be related thereto.
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TESTING AND EVALUATION OF THE VANNER ELECTRICAL
INVERTERS, MODELS 24-1500 AND SP 00112

BACKGROUND

The United States Air Force (USAF) Military Airlift Command (MAC) provides
aeromedical airlift support for Department of Defense personnel. Two aircraft, the
C-130 and C-141, are primarily used for the transport of cargo, but may also be
configured for aeromedical use. Neither of these aircraft have the 110-120 volt
alternating current (VAC)/60 Hz power required tor most medical equipment items.
Each aircraft has 115 VAC/400 Hz and 28 volt direct current (VDC) which, when
modified, can be used to power the medical equipment. However, additional electrical
devices must be used to modify the current power. For the 115 VAC/400 Hz current
power to be used, a frequency converter must be used to step-down the frequency to
60 Hz; and for the 28 VDC to be used, an inverter must be used to change the current
power to 115 VAC/60 Hz.

In the mid-1970s, MAC purchased a number of frequency converters from
Unitron, Inc of Garland, Texas for powering medical equipment with 60 Hz
requirements, but years of use and deterioration have reduced the available number
to a level that no longer meets MAC's needs. Inverters manufactured by Vanner
Incorporated of Hilliard, Ohio were selected to augment the dwindling number of
converters, until a more permanent replacement could be obtained. Initially Model 24-
1500, and later Model SP 00112 were submitted to the Armstrong Laboratory's
Aeromedical Research Function (at the time of submission, a function of the USAF
School of Aerospace Medicine), at Brooks AFB, Texas, for testing and evaluation for
use on aeromedical evacuation aircraft (Fig. 1).

Figure 1. The Vanner inverter model SP 00112.




DESCRIPTION

According to the Model 24-1500 Owner's Manual (1), the Vanner inverter is an
electronic device which changes 20-30 VDC into 120 VAC/60 Hz with 1,500 W of
power. The inverter is fan cooled and incorporates 6 basic features: (1) power
available indicator light, (2) thermal cutoff, (3) factory installed direct current (DC) input
cables, (4) DC input circuit breaker, (5) convenience outlets for standard altemnating
current (AC) loads, and {6) a microprocessor-based control board.

The Vanner inverter allows the user to easily adjust low input voltage, high input
voltage, and load demand. The dimensions for the Model 24-1500 are 31.75 x 21.6 x
16.6 cm (12.5 x 8.5 x 6.5 in.), and the inverter weighs 12.7 kg (28 Ib). The dimensions
for the Model SP 00112 are 31.75 x 43.2 x 16.6 cm (12.5 x 17 x 6.5 in.), and the
inverter weighs 25.5 kg (56 Ib).

The devices employ patented circuitry and proven technology to provide a true
root-mean-square (rms) quasi-sinewave form of AC power for several types of
electrical loads; however, they are not recommended for purely inductive
loads. The quasi-sine wave of the Vanners are produced by converting the DC input
voltage into a square wave. Through the use of the transistors located in four columns
on the bottom of the unit, this square wave is electrically alternated from the positive
rail to the negative rail on each cycle. The altemating action of the square wave is the
equivalent of AC voltage. Since this voltage power is not an actual sine wave, it is
called a quasi-sine waveform. At each point the voltage rails of the waveform switch
from positive to negative, there is a spike of voltage (see Fig. 2). The voltage spike is
the reason some medical equipment that have inductive characteristics will not
operate with the Vanners providing the AC power.

Figure 2. The Vanner inverter quasi-sine waveform.




METHODS

Test methods and performance criteria used were derived from various military
standards, nationally recognized performance guidelines (which are specified in
subsequent paragraphs under each test's heading), and the manufacturer's literature.
The Aeromedical Research Function Procedures Guide (2) describes testing
procedures that cover safety and human factor issues regarding the equipment to be
tested.

A performance check was developed verifying proper functioning of the
equipment under various conditions. The device was then subjected to various tests
to check its performance under anticipated operational conditions. The following tests
generally involved repetition of the performance check under specified conditions:
initial inspection, electromagnetic interference (EMI), vibration, environmental
(encompassing hot and cold operation), altitude (encompassing hypobaric and rapid
decompression testing), aircraft ground evaluation, and airborne feasibility.

Initial Inspection

Visual Inspection. The Vanners were inspected externally and internally for faulty
manufacture and possible damage incurred during shipment. The inverters were
dizassembled and inspected for workmanship, component leakage, or damage.

Safety. The Vanners were checked to ensure the safety requirements and operating
characteristics established in AFM 67-1 (3) and AFR 160-3 (4) were met. Ground
resistance and current leakage measurements were made.

Operation. Operation procedures were verified with manufacturer specifications,
and the performance check procedures from the protocol developed by the
Aeromedical Research Function staff.

Test Setup and Performance Check

Test Setup. The standard Vanner input cables, which fit 12-V batteries, were
modified with a cannon-type plug (Amphenol #MS3106F24-9P, with strain relief fitting
#MS9730571016). Also, at the point where the plug was connected to the cable, test
portals were installed for voitage measurement (Fig. 3).

A female adaptor identical to the outlet found on the C-130 and C-141B aircratft
(Ampheno!l #MS3101A24-9S, with strain relief fitting #MS3057-16A) was installed on
the output of a Lambda Regulated DC Power Supply Model LK 351-FM. The Lambda
power supply was plugged into 120 VAC/60 Hz power and using the Cannon
connectors the Vanner was plugged into the power supply, providing up to 30 VDC
and 25 amps output. A Fluke Multimeter Model 8024B was plugged into the test
portals to measure 28 VDC power supply output. A Tektronix Type 454 Oscilloscope




was plugged into the Vanner convenience outlet to monitor the waveform. A standard
75-W light bulb was plugged into the other outlet as a quick-check indicator of output
ard operation. Typically, to monitor operability of medical equipment, a Bear 33
ventilator was run off the Vanner.

Figure 3. Vanner cannon plug with voitage test portals.

Performance Check. With the power supply providing 28 VDC, the Vanner was
used to power the light bulb. A special Polaroid-type oscilloscope camera, Tektronix
Model C-30A, was used to record the waveform. Input voltage to the Vanner was
measured and recorded.

Electromagnetic interference

Testing was initially conducted in the Armstrong Laboratory (AL) EMI facilities,
with personnel from the Maintenance Services Branch (DOJM). However, since our
facility lacked an adequate power supply to provide maximum power, the Vanner was
sent to the Electronic Effects and Electrical Branch, Offensive Avionics Division,
Directorate of Avionics Engineering (ASD/ENACE) at Wright-Patterson AFB, Ohio for
EMI testing. The purpose of EMI testing was to verify compliance with MIL-STD-461C
(5). Specific tests were as follows:

-02). This test measured radiated emissions generated
by the devices during operation. -Both narrow-band and broad-band tests were
performed. Excessive emissions could interfere with aircraft navigation and
communication equipment.

. This test measured emissions generated by the
devices and conducted through the aircraft power lines. This test must be performed
to ensure that operating the devices using line power does not interfere with other
items connected tc the same power source, particularly aircraft systems.
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. This test determined whether the ambient
electromagnetic fields (noise) encountered in flight interfered with the operation of the
devices.

. This test determined whether the devices
could withstand predefined levels of voltage spikes on the power line.

Following initial EMI testing, the manutacturer modified the original Model 24-
1500 inverter. The modified model, which was used for all remaining tests, was
designated Model SP 00112. Note: Unless stated, all subsequent references to the
"Vanner," "inverter,” or "device" refer to the Model SP 00112.

Yibration

Using MIL-STD-810D (6) as a guide, these tests consist of random and
sinusoidal waveforms on the X, Y, and Z axes, to test the Vanner's construction,
durability, and performance during worst-case vibration scenarios. The Unholtz-
Dickey Vibration Control Console and Vibration Table at AL/DOJM was used for the
tests. The Vanner was directly bolted to a 0.63 cm (1/4 in.) metal plate. This setup was
secured to the vibration table. The console and table were operated by technicians
from AL/DOJM, who programimed the control console for five 15-min cycles (5-500 Hz),
totaling 75 min on each axis for the sinusoidal testing; and 30 min on each axis for the
random testing. Before and after the tests, visual examinations and performance
checks were conducted. During the tests the Vanner and oscilloscope were under
close constant observation for any changes in perforniance or waveform.

Environmental

These tests measured the Vanner's performance under varying temperature
cerditions encountered during inflight use. The Standard Environmental Systems
Model TAH/15 environmental chamber was used, oparated, ard controlled by
technicians from AL/DOJM. The Vanner was placed in the center of the environmental
chamber. All input and output cables and wires were routed through a port in the
chamber wall, and sealed with putty. The other components of the test setup were
outside the chamber. A performance check was conducted before and after each test.
The following operations describe the conditions of the environmental tests performed:

Hot Operation. The environmental chamber was set at 48.8 °C (120 °F). The
Vanner was placed in the chamber for 2 h. The oscilloscope was closely monitored,
and the Vanner was observed through a viewing window in the chamber door.

. The environmental chamber was set at 4.4 °C (40 °F). The Vanner
was placed in the chamber for 2 h. The oscilloscope was closely monitored, and the
Vanner was observed through a viewing window in the chamber door.




Altitude

Testing was conducted in the research chambers, operated and monitored by
chamber operations personnel assigned to the Systems Research Branch of the Crew
Technology Division at AL.

. In a series of tests, the Vanner was set up inside the
chamber. Pre- and post-test performance checks were conducted. The chamber was
depressurized to 10,000 ft equivalent (523 mmHg total pressure), at a rate of 5,000 ft
per minute. While at aititude, usually for approximately 1 h, standard performance
checks were performed.

. The Vanner, unpowered and without the test
setup, was placed inside the small equipment rapid decompression test chamber and
the chamber pressurized to an equivalent of 8,000 ft altitude. Abruptly the simulated
altitude was changed to 40,000 ft over a period of 60 s. The chamber pressure was
returned to ground level, the Vanner removed, and a performance check was done.
The test was repeated twice with the decompressions occurring over 7 and 1 s,
respectively.

Aircraft Ground Evaluation

A ground evaluation of the Vanner was conducted at Charleston AFB, SC
aboard a C-141B. The evaluation was conducted by 2 biomedical research
engineers, and an aircraft-qualified aeromedical research technician. With
maintenance personnel providing 28 VDC power from the aircraft auxiliary power unit
(APU) and engines, the Vanner's performance was evaluated using the test setup, and
by operating 3 impact Model 308M Portable Suction Units, a Bennett MA-1 Ventilator,
and a Timeter Aridyne Medical Air Compressor Model 3500 off the Vanner. Also
evaluated was the Vanner's output using 3 consecutive 15.2 m (50 ft) extension cords,
from the Electrical Cord Accessory System (ECAS) kit, to power the medical
equipment.

Foliow-Up Testing at Manufacturer
Follow-up testing was conducted by a biomedical research engineer and an
aeromedical research technician, at the Vanner Incorporated testing laboratory in

Hilliard, Ohio, to determine specifically which medical equipment items could be
powered using the Vanner as the AC power source.

Medical Equipment items Tested.
-- Impact 308M Suction Units (x 3)
-- Bear 33 Ventilator

-- ProPaq 106 Vital Signs Monitor




-- Bard Parker Nebulizer Heater
-- Bear LS 420 Humidifier

Test Equipment Used.
-- 1/2 hp motor

-- DC Power Supply, rated at 40 VDC/250 amps

-- DC Power Supply, rated at 40 VDC/100 amps, generated by alternator to
simulate aircraft power.

-- Philips PM 3323 Oscilloscope with a maximum sampling rate of 500 ms/s.

-- Watt meter box, consisting of a box with 8 100-W light bulbs and a meter to
indicate wattage being drawn.

-- Amp current probe amplifier

-- Testing box, an outlet box providing access to its internal wires. All power
was routed through the box, from the Vanner to the equipment items being used to test
the Vanner's performance.

Jest Procedures. To stay consistent throughout testing, all tests were 25 min in
duration. (Due to overheating potential, the Impact Suction Pumps can only run for 27
min per h, followed by a 40-min cool-down period.) The Vanner was plugged into the
power supply. The testing box was plugged into the output of the Vanner so that the
drawn amps could be measured. The watt meter box was plugged into the output of
the testing box. Two extension cords were connected in series and then plugged into
the watt meter box. Each piece of equipment was tested on the Vanner individually.
Specific tests on individual items were as follows:

-- Nebulizer Heater. Operating parameters were determined.

-- Impact Suction Units. With all 3 units operating at once, the input voltage to
the Vanner was varied and the performance characteristics of the units were observed.

-- Bear 33 Ventilator. The Bear was operated concurrently with the humidifier,
since there was a requirement to run them together.

All of the equipment was then tested while operating simultaneously to create a
maximum load condition. The DC voltage was varied to determine the operating
parameters of the Vanner.

In addition to those tests, a fully resistive load of light bulbs was used and the
voltage was varied. Conversely, a purely inductive load was tested while varying the
DC voltage.




The power supplied by an aircraft DC system is not pure. Since AC voltage is
generated by the engines and then altered to DC voltage, there is a 400 Hz ripple
associated with the power. To simulate this condition, a DC power supply generated
by an altenator was used to power the Vanner. All of the equipment was once again
tested as the load was varied.

Also, the equipment was powered by the Vanner through 4 Electrical Cord
Assembly Set (ECAS) 115 VAC/60 Hz power cords. The power cords were connected
in series, and were 7.62 m (25 ft) in length each, for a total of 30.5 m (100 ft) in length.
The resistance (in ohms) and voitage were measured from an outlet at the end of the
4th cord.

Airborne Feasibility

Testing was conducted by an aercmedical research biomedical engineer and
an aircraft-qualified aeromedical research technician, aboard a C-130 aeromedical
evacuation training mission out of Kelly AFB, TX. The Vanner was secured to the floor
under a center litter tier, and powered by the left aft 28 VDC iron lung outlet. The test
equipment was secured to 2 litters placed in the tier above the Vanner. A Tektronix
Model 211 portable oscilloscope was used to monitor the waveform. Aircraft voltage
was monitored using the Fluke Multimeter. Three Impact 308M suction units, a Bear
Model 33 ventilator, and a Bear Model LS 420 humidifier were operated off the
Vanner; using power provided on the ground by the external power cart and APU, and
airborne by the aircraft engines. Securing methods were also evaluated, as were set-
up times and locations. Note: While an additional evaluation on the C-141B aircraft
was desired, it was not possible due to nonavailability of airframes.

RESULTS

Initial Inspection
Visual Inspection. No damage or defects were noted.

Safety. Ground resistance and current leakage were acceptable.

Operation. The Vanners operated as described in the Owner's Manual.

Electromagnetic Interference

The Model 24-1500 initially failed EMI radiated and conducted tests. The
conducted emissions revealed severe degradation to the 28 VDC power supply bus.
Transient voltage spikes as high as 100 V at a rate of 120/second were observed.
ASD/ENACE at Wright-Patterson AFB, Ohio recommended the addition of a filter as
shown in Figure 4.




Shield - Terminated at both ends
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L = 1.6 mh, 75 amp. (transformer)
C = 21,000 pf, 100 V

Figure 4. Vanner filter installation.

The Vanner was returned to the manufacturer for filter installation. The
installation substantially increased the size and weight of the Vanner by approximately
100%; however, it did pass EMI when retested by ASD/ENACE. The modified version
was designated Model SP 00112, and used for all subsequent testing and references
in this report.

Yibration

At the end of the third sweep of Z-axis sinusoidal testing, a bolt securing the
transformer broke. The bolt was replaced with a hardened bolt, and testing resumed.
The brackets holding the transformer broke. The brackets were replaced and an
additional support plate was installed. When testing resumed, flying sparks were
observed from the lower front panel of the Vanner. Testing was stopped and we
opened and inspected the Vanner. We noticed no damage and the Vanner continued
to operate satistactorily, so we resumed testing.

During the Y-axis sinusoidal testing, in the 29 to 67 Hz range, we noticed that
voltage drawn from the DC power supply increased from 28 to 38 V; however, testing
was not stopped. Sinusoidal testing was completed, and during random testing, the
voltage drawn from the DC power supply reached 32 V.

A: the onset of X-axis random testing, the Vanner abruptly ceased operation.
Inspection revealed 2 broken capacitor support brackets. Also, a circuit board had
separated from its bracket, mair. power cables inside the Vanner had frayed, and
cable insulation had eroded due to contact with internal components. Many transistors




were also damaged. A Vanner engineer came to our facility for consultation, and hand
carried the inverter back to his facility for repair and modification.

The manufacturer repaired the broken capacitor brackets and transistors,
rerouted the cables, and repositioned the circuit board. Additional tie-wraps were aiso
used to help secure components and cables. The engineer from the company
personally delivered the repaired Vanner to our facility and remained on-hand for the
repeat of vibration testing.

Repeat testing started with the X-axis. There were no problems encountered
during sinusoidal or random testing. During Y-axis random testing, the waveform
disappeared from the oscilloscope. Testing was stopped, and we found that the leads
had separated from the transformer. The leads were reattached and testing resumed.
After 15 min, the waveform was significantly changed. Inspection revealed the output
resistor had broken free of its leads; it was reattached and reinforced. Vibration testing
resumed and no further problems were encountered.

Environmental

The Vanner operated satisfactorily during hot and cold operation testing.

Altitude
Hypobaric Chamber. The Vanner operated satisfactorily.

Bapid Decompression. The Vanner operated satisfactorily following each
decompression.

Aircraft Ground Evaluation

Only the Impact Suction devices operated satisfacterily. Operation of the
Aridyne air compressor caused significant changes to the Vanner output waveform, so
operation of that device was discontinued. The testing ended prematurely when the
MA-1 ventilator started smoking, requiring aircraft evacuation. Inspection revealed that
a burnout of the MA-1 input capacitors, designed to clean any irregularities in the
incoming AC powaer, caused the smoking. We determined that the capacitors were not
capable of functioning with power that was not a true sine-wave, such as that provided
by the Vanner; and, therefore, the Vanner should not be used to power the MA-1
ventilator. The Vanner operated satisfactorily using 3 consecutive ECAS cords,
totaling 22.9 m (75 ft), to provide power to the medical equipment, with no appreciable
loss of power.




Eollow-Up Testing at Manufacturer

After testing each piece of equipment, we determined that they would
individually operate safely on the quasi-sine wave of the Vanner. When the 3 Impact
Suction units were operated together, no significant change to the output waveform of
the Vanner was found. When varying the voltage, we noted that under 24 V there was
a noticeable diminish in the audible sound of the units, but they still operated within
their operational specifications. The nebulizer heater worked as specified by the
manufacturer.

When the Bear 33 and the humidifier were operated together, the humidifier quit
working during the heating cycle. The output waveform of the Vanner was found to be
nearly a square wave with this type of load. A capacitor and resistor were added to the
test box to clean up the waveform. After further testing we determined that this
modification would not keep the humidifier operational. The modification was
removed and testing continued on all of the medical equipment except the humidifier.
After contacting the Bear manufacturer, we determined that because of the zero
sensing needs of the humidifier, it needs to have a true sine wave to run properly. The
quasi-sine wave of the Vanner was not sufficient because of the voltage spikes in the
waveform. We decided that testing would continue on all equipment except the
humidifier. The company's engineer said they could possibly adjust the output with a
future modification, allowing the use of the humidifier.

No other problems were noted. With a purely resistive load on the output, the
waveform remained in the same quasi-sine waveform. With a purely inductive load,
there was a distortion of the waveform. This waveform could possibly create problems
in some medical equipment, as when the MA-1 ventilator was damaged during the
ground evaluation cn the C-141B aircraft. The company engineer advised that the
future modification for the humidifier would also allow an inductive load to be run,
without harm to the equipment.

When using 4 consecutive ECAS cords attached to the Vanner, the medical
equipment operated satisfactorily. There was a total resistance of 0.5 ohms, which
was considered satisfactory. There was a voltage drop of 6 to 9 V which resulted in no
change in the performance of the equipment operating off the Vanner and ECAS
cords.

In the final test conducted at the company, the medical equipment did operate
without any problem when the DC power supply, generated by an alternator, was
used. /tems that were cleared for use with the Vanner were as follows:
Impact 308M Suction Unit, Bear 33 Ventilator, ProPaq 106 Vital Signs
Monitor, Bard Parker Nebulizer Heater.

The company submitted a prototype of a modification which allowed the Vanner
to produce an output sufficient to run an inductive load. The prototype consisted of a
zero clamping electronic device which holds the quasi-sine waveform at zero for a
longer period. It was designed to allow the output waveform of the Vanner to be
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compatible for the zero-sensing circuitry of the humidifier. The device was evaluated
during airbome feasibility testing.

Airborne Feasibility

The Impact Suction devices and the Bear 33 ventilator operated satisfactorily.
In spite of the inductive load modification, the Bear humidifier did not. The device
seemed to be operating satisfactorily, but when unplugged after 30 min of use to
relocate within the aircraft, we noticed that the humidifier power cable was extremely
hot, even near the melting point. We immediately unplugged the humidifier, while
continuing testing of the other items.

The Vanner was easily secured to the floor of the aircraft using a cargo tie-down
strap placed across the top, from side-to-side. The strap should not be placed front-to-
back; as the part of the cover that overhangs the front and back was bent when the
cargo tie-down strap was minimally tightened. The Vanner was capable of quick and
easy connection to the aircraft 28 VDC system. The medical equipment could be
plugged directly into the Vanner, but due to the location of the Vanner on the floor it
was more practical to use extension cords from the ECAS.

REQUIREMENTS AND RECOMMENDATIONS

The following requirements and recommendations were made in an interim
report to Headquarters Military Airift Command SGON:

Bequirements

-- Modifications made during the evaluation must be incorporated into
production models, to pass electromagnetic interference testing, as specified in MIL-
STD 461, Category Ale; and to pass vibration testing, as specified in MIL-STD 810D.

-- The Vanner output is a quasi-sinusoidal rather than a true sinusoidal
waveform. Though most medical equipment should run off of this waveform, some
sensitive equipment ma2y have problems. Any medical equipment that will be
operated off the Vanner must be tested in a controlled environment first. The testing
can be performed by this function, or by a Medical Equipment Repair Center (MERC).
Only the following items have been tested and may be used with the
Vanner: Bear 33 Ventilator, which draws 1.25 amps from the Vanner. (The Bear
humidifier may not be used.) ; Bard Parker nebulizer heater, which draws 1.25
amps; Impact Model 308 Suction, which draws 2.0 amps; Protocol Propaq Model 106
vital signs monitor, which draws 0.2 amps.

-- The Vanner may be effectively used if plugged into the C-130 28-V iron iung

or C-141 cannon type plugs. Due to the minimal amperage input into the Vanner from
the outlets, the C-130 or C-141 twist-lock outlets must not be used. Only one Vanner
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may be connected to eac_h bus. Outlet and bus locations on the C-130 are shown on
Figure 5. Amperage availability on each aircraft is listed on Figure 6.

& 35 empbus; 3 outlets on left side A 70 emp bus; there ers
only 1 outist mey be used two buses, sech with

with & Vanner snd then
the remaining outlets
may not be used.

its own {ron lung or
cannon plug outlet

1 Vanner may be
used with esch

@ 35 emp bus; 4 outlsts on ceanon plug outlet

bulkheed and right side

only | outlst may be used
with @ Vanner and then
the remaining outlets
may not be used.

Figure 5. 28-V outlets on C-130 aircraft.

-- The 4.6 m (15 ft), 4 ga cable provided with the Vanner is the only cable that
can be used between the Vanner and the aircraft 28-V outlet. ECAS cords can be
used from the output of the Vanner to connect to the medical equipment.

-- Since the remote switch feature is not needed or wanted, the Vanner must be
fitted with a remote switch by-pass plug. The plug can be fitted extemnally, but
preferably internally.

- When secured on the aircraft, at least 10.1 cm (4 in.) of clearance must be
around and above the Vanner for air circulation.
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VANNER 126 VOLT OUTPUT (IN AMPERES) WHEN POWERED BY AIRCRAFT 28 VOC SYSTEMS

Type of ¢ of  Outtets Arps x 80% 228 VOC % 83% Vanner + 120 VAC trom
oot bus afficiepcy L= ict =

C-130 Iron tung 2 1 70 s6 1568 1301 10.85

C-130 Twist Lock 2 Jors 3s 28 784 €51 5.43

C-141 Cannon 2 1 70 L1 1568 1301t 10.85

C-141 Twist Lock 2 1 1.5 6.0 168 139 118
AVAILABLE AMPERAGE FROM EACH 28 VDC BUS WHEN INVERTEC Y YANNER

G130 yog bung o o C-130 Junat LOCK, C-14) Cannon C-181 Twsl (oK

10.85 5.43 10.85 116

AMPERAGE REQUIRED FOR AVE EQUIPMENT REQUIRING 410-120 VAC/S0 HZ POWER SOURCE

1. On the C-130 fowr Vanners may be etfectively used. one ol of each bus (net sach outiet).

2 On the C-1418 only twe Vanners may be efleciively used: one from each 28 VDC bus/camon outiet. A Vanner mey be used
with each 28 VOC twmsi-lock outiet, Bt 1he cuput in amps is inguiticient for MOS! AE equipment.

3. The iomia used 1 determine the amperage evailable irom each bus using a Vanner is as follows:

vmm.usmwhsxM(asmwuﬁ-hsmltﬂmmmn-m)lm
(miniram ethcency a3 stated by the Vanner Co.) « 120 VOC (ouput from Vanner).

Figure 6. Amperage avallable from Vanner on C-130 and C-141 aircraft.

-- Tie-wraps are used throughout the Vanner to secure components and cables.
Whenever maintenance is performed, any broken or displaced tie-wraps must be

replaced.

Recommendations

-- The Vanner should be modified to include handles for carrying and securing.

-- The Vanner should be modified to include rubber "feet” or something similar
to cushion it when secured directly to the aircraft floor.

-- Transistors located internally at the lower end of the Vanner are prone to
damage. They should be frequently checked by maintenance personnel for damage.
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CONCLUSION

Modifications must be made to comply with MIL-STD 461, Category Al1e and
MIL-STD 810D. Only tested medical equipment may be operated off the Vanner. The
Vanner must not be used with the C-141B twist-lock outiets. Only the 4.6 m (15 ft) 4 ga
cable can be used to power the Vanner. The Vanner must be fitted with a remote
switch by-pass plug. Atleast 10.1 cm (4 in.) of clearance must be provided all around
the Vanner. During maintenance, tie-wraps must be inspected for deterioration or
displacement. Provided those requirements are met, the Vanner can be an effective
device to provide 120 VAC for powering some medical equipment items on C-130 and
C-141 aircraft.
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