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081-874-0023

PERFORM PREVENTIVE MAINTENANCE CHECKS AND SERVICES (PMCYS)
ON A MONITOR-RECORDER

CONDITIONS
You have recaved DD Form 314 and DA Form 2404 on a monitor-recorder scheduled for PMCS.  Necessary
materials and equipment: TB 38-750-2, manufacturer's service literature, tool kit (medical eguipment
organizational maintenance), and individual tool box.
STANDARDS
The scheduled PMCS is performed and al uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are recorded and corrected during the PMCS. The PMCS is recorded on DD
Form 314.
TRAINING/EVALUATION
Evaluation Guide
Perfor mance M easur es Results
1. Performavisual check. P F
a.  Remove the monitor-recorder from the case to access components as necessary.
b. Inspect all external surfaces of the monitor-recorder module for--
(1) Physical damage.
(2) Breakage.
(3) Looseor dirty contacts.
(4) Missing components.
c. Inspect the printed circuit board surfaces for--
(1) Discoloration.

(2) Cracks.

(3) Bresks.
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Perfor mance M easur es Results
(4) Warping.
d. Inspect all assemblies for burned or loose components.
e. Inspect all chassis and pand mounted components for--
(1) Looseness.
(2) Breakage.
(3) Loosecontacts or conductors.
f. Inspect for disconnected, broken, cut, loose, or frayed cables or wires.
2. Perform an operational check. P F
a.  Plug theunit into an AC power outlet.
(1) Pressthe POWER OFF/RECHARGE button.
(2) Veify theBATTERY CHARGE indicator lights.
b. Unplug the power cord.
(1) Pressthe POWER ON button.
(2) Veify adl indicator lights except the BATTERY CHARGE function.
(3) Veify the CRT isilluminated.
NOTE: Some systems have an audible tone that will sound.

(4) Veify the BEEPER, ALARMS OFF, and REC indicators are on, and that the
CRT displays aflat, moving trace.

NOTE: The DEPMEDS unit will display an O P on the CRT screen.

NOTE: If the monitor-recorder module is equipped with a defibrillator and it is not connected,
the CRT should indicate NO DEFIB, as required.

(5) Veify that aflat ECG remains on the screen for 4 seconds.
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Perfor mance M easur es
c. Pressthe ALARMS ON/OFF key ON.
(1) Verify that the ALARMS OFF indicator light goes off.

(2) Veify that the ALARM tone sounds within 4 seconds, and the recorder prints
out a chart strip with aflat ECG trace.

NOTE: The DEPMEDS unit prints ALARM in the margin.
d. Pressthe ALARM ON/OFF switch.
(1) Veify that theindicator light turns on and that the ALARM tone quits.
(2) Veify that the recorder stops after approximately 10 seconds.

e Pressthe ECG SOURCE LEAD SELECT switch, and verify that the CRT screen
displays|, Il, Ill, avVR, aVL, avF, and V for chest.

NOTE: The DEPMEDS unit has a feature where the ECG complex can be obtained
through the paddles. To ensurethat this feature is functional, press the PADDLES switch
and verify that the CRT displays P.

NOTE: If thedefibrillator moduleis turned off or is not connected, the CRT for most
monitor-recorders will display NO DEFIB.

f. Pressthe SELECT key of the HIGH ALARM switch until the HI ALARM indicator
lights.

(1) Veify that the CRT displays 40 and 140 with the 140 flashing.

(2) Usethe UP/DOWN arrows or theHI ALARM set switches to verify that the
140 increases and decreases.

(3) Resetthe Hl ALARM to 140.

0. Pressthe SELECT key or theLO ALARM set switch until the LO ALARM indicator
lights.

(1) Veify that the CRT displays 40 and 140 with the 40 flashing.

(2) Usethe UP/DOWN arrows or the LO ALARM set switches to verify that the
40 increases and decreases.
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Perfor mance M easur es Results
(3) ResettheLO ALARM to 40.
h. Pressthe SELECT key until the BEEPER indicator lights.

i. Pressthe RUN/STOP key, turn the recorder on, and verify the recorder startsto
print.

(1) Ensurethe ECG trace on therecorder is the same as displayed on the CRT
screen.

NOTE: The DEPMEDS unit will annotate heart rate (HR 0), ECG source (PADDLES),
and ECG gain (AUTOGAIN 40 mm/mV) in the margin.

(2) Pressthe 1mV CAL key and ensure a pulse is generated on both the CRT and
the recorder.

(3) Pressthe RUN/STOP key, turn the recorder off, and verify the recorder stops.

j-  Pressthe ECG MEMORY MODE key until the PLAY indicator lights and then verify
that PLAYBACK appears on the CRT screen.

k. Scan through the memory section, using the LEFT/RIGHT arrow, to find the messages
PLAY BEGIN, PLAY ALARM, and PLAY END.

[.  Pressthe ECG MEMORY MODE key until the STOP indicator lights and verify the
CRT screen momentarily displays STOP.

m. Pressthe SELECT key until the beeper indicator lights. Press and hold both the UP
and DOWN arrow keys to verify the CRT screen display voltage between 11.2 and 14.3 volts.

3. Record the PMCS on DD Form 314. P F

4. Record deficiencies uncorrected on DA Form 2404 and complete the appropriatereports P F
and forms.

5. Taketheunit out of serviceif uncorrected deficiencies present any danger to patients or P F
operator or if the machine could be damaged due to continued use.

REFERENCES: Required Related
Manufacturer's Service AR 40-61
Literature
TB 38-750-2
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081-874-0024
CALIBRATE A MONITOR-RECORDER

CONDITIONS

You have recaved DD Form 314 and DA Form 2404 to perform calibration on a monitor-recorder. Necessary
materials and equipment: TB 38-750-2, manufacturer's service literature, digital multimeter, oscilloscope with
probes (25MHz bandwidth, dual trace), patient ECG simulator (output level ImV, range 60 to 120 bpm normal
sinus rhythm), signal generator (Snewave, 1to 5 Vp-p at 5 Hz), logic probe, two 100 ohm resistors (£1%) five
jumper wires, ruler (must measure in mm), and tool kit (medical equipment organization maintenance), and
individual tool box.

STANDARDS

The schedule calibration is performed and all uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are recorded and corrected during the calibration. The calibration is recorded on
DD Form 314.

TRAINING/EVALUATION

Training I nformation Qutline

1. Removethe cover from the monitor-recorder.

CAUTION

Dangerous voltages are present when the caseis removed.

a. Disconnect the AC power cord from the AC power source.
b. Pressthe POWER OFF key.

c. Working from the front, remove the 18 screws and washers holding the monitor-recorder module front
pand.

d. Slidethe monitor-recorder module out of the case
2. Locatethe A2A3 ECG/power supply circuit card assembly.

a. Cadlibratethe ECG gain adjustment.
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(1) Pressthe POWER OFF switch.
(2) Pressand hold the RIGHT and LEFT arrow keys, press the POWER ON key, then immediatdy

press the SELECT key. Rdease the RIGHT and LEFT arrow keys. Verify the CRT screen shows a ramp
waveform.

(3) Verify thebesper indicator ison. Press the UP and DOWN arrow keys simultaneoudy until "Gain
xxxx a" isdisplayed on the CRT screen.

(4) Pressthe SELECT key until ECG size indicator is on. Press the UP or DOWN arrow keys until
"Gain 1000" is displayed on the CRT screen.

(5) Pressthe SELECT key until the besper indicator is on. Press the UP and DOWN arrow keys
smultaneoudy until "NOISE x.xxv" is displayed on the CRT screen.

(6) Connect thesignal generator and resistors as shown in Figure 3-43.

MODEL 43200M/MC/MD
MONITOR

SIGNAL
GENERATOR

Figure 3-43
(7) Adjust thesignal generator output to 3.0 Vp-p at 5Hz.
(8) Pressthe LEAD SELECTOR key until lead 11 is displayed on the CRT screen.
(9) Adjust A2A3R311 GAIN until THE CRT screen reads Noise 3.00v. (2.90t0 3.10)
(10) Disconnect the signal generator and theresistors.
b. Cdlibratethe ECG offset adjustment.

(1) Pressthe POWER OFF key.
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(2) Pressand hold the RIGHT and LEFT arrow keys, press the POWER ON key, then immediatdy
press the SELECT key. Rdease the RIGHT and LEFT arrow keys. Verify the CRT screen shows a ramp
waveform followed by a stair step waveform.

(3) Verify the begper indicator ison. Pressthe UP and DOWN arrow keys smultaneoudly until "Gain
xxxx a" isdisplayed on the CRT screen.

(4) Pressthe SELECT key until the ECG sze indicator is on. Press the UP or DOWN arrow keys
until "Gain 4000" is displayed on the CRT screen.

(5) Pressthe SELECT key until the besper indicator is on. Press the UP and DOWN arrow keys
smultaneoudy until "Offset x.xxv" is displayed on the CRT screen.

(6) Using five jJumper wires, short all five patient leads together. Press the LEAD SELECTOR key
until lead 1 is displayed.

(7) Pressthe RUN/STOP key and alow the recorder to run.

(8) Withaflat ECG basdine, adjust A2A3R308 (Offset) until CRT screen reads Offset 0.00v (<0.50)
and atraceis centered on both the CRT screen and recorder Strip.

(9) Press RUN/STORP key again to stop recorder run.
(10) Pressthe POWER OFF key and disconnect the jumper wires.

3. Locatethe A2A5 CRT deflection circuit card assembly and A2L 1 deflection yoke assembly (On the back of
the CRT) and cdlibratethe CRT display adjustment.

NOTE: If thedefibrillator moduleis connected, press the POWER OFF key.
a. Pressthe POWER OFF key, then press the POWER ON key on the monitor-recorder.

b. Adjusgt the ring magnet tabs on the CRT yoke (A2L1) to center the image on the CRT screen, if
necessary.

c. Adust the A2A5R38 (V) until the distance from the top of the P to the bottom of the NO DEFIB
message on the CRT screen is 60 mm, £1 mm.

d. Pressthe LEAD SELECTOR key until lead 111 is displayed on the CRT screen.

e Adust A2A5R37 (H) until thelll isjust on the screen and the ends of the ECG trace arereadily visible.
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4. Cadlibrate the printhead assembly.

NOTE: Always clean the printhead before performing the alignment procedures. This will verify misalignment
instead of a dirty printhead.

a.  RemovetheBT1 battery assembly.

(1) Working from theleft Side of the monitor-recorder, disconnect the 3 wire cables (BT1P14) and the
battery vent tube.

(2) Removethetwo screws with washers and battery retainer.
(3) RemovetheBT1 battery assembly.
NOTE: Wheninstalling the battery assembly, ensure the vent hole and BT 1P14 are facing up.
(4) Disconnect thefollowing wires:
NOTE: Tagand labd wires before disconnecting.
(& The40 pinribbon cable ABA1A2P4 (A2A214).
(b) The2wirecable A3BA1A2P45 (A2A5X).

() Remove the nut and washer holding the green/ydlow ground wire (on the top left side).
Disconnect the green/ydlow ground wire

b. Removethechassis assambly.
(1) Disconnect thefollowing wires:
NOTE: Tagand labd wires before disconnecting.

(@& The6 wirecable A3P26 (A2A2J26).

(b) The14 pinribbon cable A3A3P33 (A2A2J33).
() The40 pinribbon cable ABA1A2P4 (A2A214).
(d) The2wirecable A3P37 (A2A2137).

(6 The2wirecable A3BA1A2PA5 (A2A5X).

() Remove the nut and washer holding the green/ydlow wire (on the top |&ft side). Disconnect
the green/ydlow ground wire.
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(2) Remove the four screws, washers, and spacers holding the A2 chassis assambly to the A3 front
pand assembly. The two screws on the bottom (in front) remain in place.

(3) Separate the A2 chassis assembly from the A3 front pand assembly enough to disconnect the
following wires:

(8 The3wirecable A3P19 (A2A3126).

(b) Thegreen/ydlow ground wires on the bottom Ieft side.
(4) Veify that all the cables and wires are dear from retaining clamps and wraps.
(5) Separatethe A3 chassis assembly from the A3 front pand assembly.

NOTE: When installing the A2 chassis assambly, ensure the cables and wires are routed in the proper holes,
clamps, and wraps.

c. Working fromtherear, remove the two rubber cablerdainers.

d. Working from the rear, remove the inner recorder snaft E ring clip and washer.  Support the A3AL
recorder assembly and dide the shaft out.

e Feed the cablethrough the hole and remove the A3A1 recorder assembly.
f. Remove the two screws in the bottom of the recorder next to the recorder latch and separate the recorder

housing from the recorder door enough to gain access to the adjustment screw. The set screw is located
underneath the flat ribbon cable on the upper printhead housing wall.

CAUTION

Take care when separating the housing from door not to damage any cables.

g. Postion the recorder assembly next to the monitor-recorder and reconnect the following wires.
(1) The40 pinribbon cable A3A1A2P4 to A2A24.
(2) The2wirecable ABA1A2P45 to A2A5J3.
(3) Thegrean/ydlow ground wire to chassis with the nut and washer.

h. Pressthe POWER OFF key on the monitor-recorder.
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i. Pressand hold the RIGHT and LEFT arrow keys, press the POWER ON key, then immediatdy press
the SELECT key. Rdeasethe RIGHT and LEFT arrow keys. Verify the CRT screen shows a ramp waveform
followed by a stair step waveform.

J.  Pressthe RUN/STOP key and verify that the recorder prints the same ramp waveform followed by a
dtair step waveform asthe CRT.

NOTE: It isnorma for the ramp portion of the waveform to be clipped on the top and bottom of the printed
output.

k. Useahex key to adjust the s&t screw on the upper printhead housing wall until the bottom half of the

paper is printing light, then back off the sat screw until the bottom half darkens to the same intensity as the top
half.

CAUTION

The recorder assembly may have to be physically held in order to perform adjustment. Dangerous voltages
are present when the covers are removed.

NOTE: Adjusting for greater darkening on the top half can cause paper tracking problems.

[.  Allow the recorder to run for approximatdy 30 seconds to verify that the intensity remains the same for
thetop and bottom, and that the paper tracks correctly. If not, repeat step 4k.

m. Reassamble the recorder housing and the recorder door and replace the two screws in the bottom of the
recorder next to the recorder door latch.

n. Ingall the A3A1 recorder assembly and the monitor-recorder module back into the case
0. Repeat step 4 and verify the printer intensity and tracking are correct. If not, repest the procedure.
5. Record theresults of the calibration on the appropriate forms and records.

Evaluation Guide

Perfor mance M easur es Results
1. Removethe cover from the monitor-recorder. P F
2. Locatethe A2A3 ECG/power supply circuit card assembly. P F

3. Locatethe A2A5 CRT deflection circuit card assembly and A2L 1 deflection yoke assembly. P F
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Performance M easures Results
4. Cadlibrate the printhead assembly. P F
5. Record the results of the calibration on the appropriate forms and records. P F
REFERENCES: Required Related
Manufacturer's Service AR 40-61
Literature
TB 38-750-2
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081-874-0025
REPAIR A MONITOR-RECORDER TO MODUL E/BOARD LEVEL
CONDITIONS
You have recelved DA Form 2407 for repair of monitor-recorder. Necessary materials and equipment: DA
Form 2409, TB Med 7, manufacturer's sarvice literature, TB 38-750-2, digital multimeter, oscilloscope with
probes (25MZ bandwidth, dual trace), patient ECG smulator (output leve 1mv, range 60 to 120 bpm normal
snus rhythm), signal generator (Snewave, 1 to 5 Vp-p a 5 Hz), logic probe, tool kit (medical equipment
organizational maintenance), and individual tool box.
STANDARDS
The malfunction isisolated to modulée/circuit board level and corrected. The unit is functional in accordance with
operational standards specified in the manufactures literature  Results are recorded on DA Forms 2407 and
2409.
TRAINING/EVALUATION
Training Information Outline
1. Review DA Form 2407 for operator's description of the equipment malfunction.
2. Determine the maintenance expenditure limits (MEL) for definite life equipment.
a. Obtain the current replacement cost.

b. Calculate the percentage of useful life remaining for the item by dividing the life remaining in months by
thelife expectancy in months.

c. Usethechart at Figure 3-44 to determine the MEL factor. Read up vertically from the percent of useful
liferemaining to a point of intersection with the basdine.

d. Project ahorizontal lineto the MEL factor.

e Multiply the MEL factor by the current replacement cost to determine the maximum allowable repair
cost.

NOTE: Under certain conditions, the MEL may bewaived. (SeeTB Med 7.)

NOTE: The MEL for definite life equipment which has reached or exceeded its life expectancy is 10%. This
MEL remains constant for aslong as the equipment isin use, regardless of age.
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3. Ingpect al external surfaces of the monitor-recorder for--
a. Physical damage
b. Breskage
c. Looseor dirty contacts.
d. Missing components.
4. Peformafunction check to confirm symptoms listed on DA Form 2407.

NOTE: If the unit operates normally and no malfunctions are detected, complete DA Form 2407 and return the
unit totheuser. (Seestep 13.)
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5. Placethe monitor-recorder in the service mode.

a. Pressthe POWER OFF key.

b. Pressand hold the RIGHT and LEFT arrow keys, press the POWER ON key, then immediatdy press
the SELECT key. Rdeasethe RIGHT and LEFT arrow keys. Verify the CRT screen shows a ramp waveform
followed by a gtair step waveform. Verify the presence of audio tone (begping).

C. Pressthe SELECT key until the beeper indicator is on.

d. Pressthe UP and DOWN arrow keys smultaneoudy until "Batt xx.xVV" is displayed on the screen.

e Press the UP and DOWN arrow keys smultaneoudy until "Gain xxxx &' is displayed on the CRT
screen. To change gain, press the SELECT key until ECG sizeindicator ison. Press the UP and DOWN keys
until desired gainis displayed on the CRT screen.

f. Veify the begper indicator is on. Press the UP and DOWN arrow keys smultaneoudly until "Noise
xx.xV*" isdisplayed on the CRT screen.

g. Veify the besper indicator is on. Press the UP and DOWN arrow keys smultaneously until "Offst
xx.xV" isdisplayed on the CRT screen.

h. Veify the begper indicator is on. Press the UP and DOWN arrow keys smultaneoudy until "IR link
xxx" is displayed on the CRT screen.

i. Veify the besper indicator is on. Press the UP and DOWN arrow keys simultaneoudly until "LFREQ
xx HZ" is displayed.

j-  Exit the service mode by pressing the POWER OFF key.

6. Read and interpret the error messages. (See Figure 3-45.)
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SYMPTOM

CRT displays
"error 0."

CRT displays
"error 1."

CRT displays
"error 2."

CRT displays
"error 3."

CRT displays
"error 6."

CRT displays
"error 7."

CRT displays
"error 8."

ERROR MESSAGES
POSSIBLE CAUSE
Main controller
(A2A2U61) error.

Recorder-controller
error.

CRT and display
controller error.

ECG memory error.
LV supply out of
specification.

A/D converter

Recorder motor
failure.

CORRECTIVE
ACTION

See system dead
problems.

A2A2U1
(RAM/ROM).

A2A20U31
(RAM/ROM).

A2A4 ECG memory
CCA.

See low voltage
supply problems.

See system dead
problems.

See recorder
problems.

Figure 3-45

. Remove the monitor-recorder from the casa

CAUTION

The monitor-recorder module contains high voltages. After the power is removed, discharge capacitors
to ground before working inside to prevent dectrical shock. Disconnecting the AC power cord will not
remove all dangerous voltages. The monitor-recorder module operates from battery as wel as AC

power.
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CAUTION

Do not disconnect or remove any board assemblies in the monitor-recorder module unless the power is
off. Some board assemblies contain devices that can be damaged if the board is removed when the
power is on. Several components, including metal-oxide semiconductors (MOS) devices, can be
damaged by dectrostatic discharge  Use conductive foam and grounding straps when sarvicing is
required around sensitive components.  Use care when unplugging integrated circuits (1Cs) from high-
grip sockets.

a. Ingpect thecircuit board surfaces for--
(1) Discoloration.
(2) Cracks.
(3) Bresks.
(4 Warps.
b. Inspect the circuit board conductors for--
(1) Cracks.
(2) Bresks.
(3) Cuts.
(4) Corrosion.
(5) Looseness.
c. Inspect al assembliesfor burned or loose components.

d. Ingpect al the chassis and pand mounted components for looseness, breakage, or loose contacts or
conductors.

e Ingpect for disconnected, broken, cut, loose, or frayed cables or wires.

8. Troubleshoot and isolate the malfunction(s) to moduleboard levd. (See Figure 3-46, Genera
Troubleshooting.)
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SYMPTOM

System dead.

GENERAL TROUBLESHOOTING

POSSIBLE CAUSE

Power.

A3A2 power on
switch.

A2A3K102

A2A3F101

CORRECTIVE ACTION

Check battery voltage
at A2A3J2 pins 8 and
9.

Check for +14.3 V at
A2A3J2 pins 2 and 3
when AC power cord is
connected to AC source
and BT1 is fully
charged.

Check for continuity

between A2A2J33 pin

11 and pin 14 (DGND)
when power on key is
pressed.

Use a jumper wire to
force +12v across the
coil and verify the

relay operates

(clicks). If A2A3K103

is closed, the
instrument should be on.

Check fuse.

Figure 3-46
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GENERAL TROUBLESHOOTING

SYMPTOM

Instrument will only
stay on while the ON
switch is held.

V battery, +8V, +5V,
and -5V are correct,
but instrument will
not turn on.

Continuous tone, with
no CRT display.

Unit turns on but no
"READY" message
and no power up tone.

Unit turns on, CRT
display frozen with
"ERROR 0", may or
may not be a
continuous tone.

Too bright or dim.

Display jumps.

No sync marker.

POSSIBLE CAUSE
A3A2

Clock oscillator on
A2A2.

A2A2.

A2A2.

A2A2.

A2A2.

Horizontal sweep
signal.

A2A2.

CORRECTIVE ACTION

Replace Control
Circuit Card Assembly
A3A2.

Replace Control
Circuit Card Assembly
A2A2,

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control Card
Assembly A2A2.

Figure 3-46 (Continued)
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GENERAL TROUBLESHOOTING

SYMPTOMS

Character dots jitter.

Display baseline -~ no
characters.

Characters short.

Display blank.

Intensity varies.

Left side of display is
different size than the
right side.

Top half of display
different size than
bottom half.

POSSIBLE CAUSE

A2A5 vertical
deflection.

A2L1 deflection yoke.

A2A5 vertical
deflection.

-5 volt supply.

A2A5, A2A2.

A2A5.

A2A5,

A2AS5.

CORRECTIVE ACTION

Replace Control
Circuit Card Assembly
A2A2.

Check A2L1 resistance
approximately 6 ohms
vertical and 40 ohms
horizontal.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card Assembly
A2A2.

Replace Control
Circuit Card
Assemblies A2A5 and
A2A2,

Replace Control
Circuit Card Assembly
A2A5.

Replace Control
Circuit Card Assembly
A2A5.

Replace Control
Circuit Card Assembly
A2A5.

Figure 3-46 (Continued)
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GENERAL TROUBLESHOOTING

SYMPTOM

Vertical deflection
shakes.

No ECG.
Flat trace-no
characters.

False "No paper"
message.

No paper shut off.

Will not run.

Erratic speed.

Runs for short period
then shuts off (doesn't
detect paper).

POSSIBLE CAUSE
A2A5.

A2A2,
A2A2 voltage

reference.

Paper rotating on
spindle.

A2A2 and A3Al.

A2A2 and A2A1.

A3A1 motor.

A3A1A3 front panel
switch.

A2A2 or A3ALl.

No paper.

CORRECTIVE ACTION

Replace Control Card
Assembly A2AS5.

Replace Control Card
Assembly A2A2.

Replace Control Card
Assembly A2A2.

Paper core inner
diameter too large
(improper paper).
Use P/N 40453A.

Replace Control
Circuit Card Assembly
A2A2 or A3Al.

1 kHz signal variable
duty cycle present.

Interrupter on the
rear of the motor shaft
turning freely.

Signal not reaching
A2A2U1.

Replace Control
Circuit Card assembly
A2A2 or A3A1.

Replace paper roll.

Figure 3-46 (Continued)
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SYMPTOM

Runs for short period,
then shuts off (doesn't
detect paper).
(Cont'd)

Printing light, or
missing top or bottom
half .

Not printing.

Light printing.

50/60 Hz noise on ECG
trace.

POSSIBLE CAUSE
A2A2 or A3ALl.

Optodetector.

A3A1l printhead.

A2A2 or A3ALl.

Battery low (<11.2 V).

A3A1l printhead.
Improper paper.
Door.
Electromagnetically
noisy environment.
High electrode

impedance.

Patient cable.

GENERAL TROUBLESHOOTING

CORRECTIVE ACTION

Replace Control
Circuit Card Assembly
A2A2 or A3Al.

Clean lens.

Adjust printhead.

Replace Control
Circuit Card Assembly
A2A2 or A3A1.

Check voltage.
Troubleshoot low
battery shutdown
circuit.

Needs cleaning.
Use P/N 40453A.

Door not closing
completely.

Check grounding of
nearby equipment.

Use Redux (P/N 651~
1024-050) creme,
abrade skin.

Substitute patient
cable.

Figure 3-46 (Continued)
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GENERAL TROUBLESHOOTING

SYMPTOM

ECG noise, not 50/60
Hz.

ECG amp does not meet
0.5Hz bandwidth spec.

Leads ECG offset from
center displays.

Will not enter service
mode.

No service ramp-step
waveform on CRT or
recorder.

Ramp waveform is non-
linear.

Battery not charging,
but LED is on.

Battery not charging,
LED is off, AC is
connected.

POSSIBLE CAUSE

A2A3 isolated circuits.

A2A3.

A2A3.

A2A2, or A3Al.

A2A2.

A2A5.

BT1 thermal fuse.

BT1 battery assembly.

A2A1, A2A3.

CORRECTIVE ACTION

Replace Control
Circuit Card Assembly
A2A3.

Replace Control
Circuit Card A2A3.

Replace Control Card
Assembly A2A3.

Replace Control
Circuit Card Assembly
A2A2 or A3ALl.

Replace Control
Circuit Card Assembly
A2A2,

Replace Control
Circuit Card Assembly
A2A5.

Verify continuity
between red and white
wires (BT1P14 pins 1
and 3).

Check open circuit
battery volts. Load
test battery.

Replace Control
Circuit Card Assembly
A2A1 or A2A3.

Figure 3-46 (Continued)
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GENERAL TROUBLESHOOTING

SYMPTOM

Battery charging LED
not working.

Low battery shutdown
not occurring. (Unit

does not turn off when
battery is below 11V.)

+8V, +5V or -5V power
supply not operating
correctly.

"NO DEFIB" - No
communication between
monitor-recorder and
defibrillator modules.

POSSIBLE CAUSE

A2A3.

A2A3.

BT1 Battery
Assembly.

A2A3.

Optical Window.

A2A1, A2A2.

CORRECTIVE ACTION

Replace Control
Circuit Card Assembly
A2A3.

Replace Control
Circuit Card Assembly
A2A3.

If battery was
discharged below 10.8
volts, capacity may
not recover. Replace
BT1.

Replace Control
Circuit Card Assembly
A2A3.

Clean the optical
window on both
instruments and check
for scratches.

Try a different
defibrillator and a
different monitor-
recorder.

Put unit in service
mode and read number
of optical link errors
reported by message.
IR LINK 0 errors is
normal.

Replace Control
Circuit Card A2A1 or
A2A2,

Figure 3-46 (Continued)
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9. Determineif therepair cost exceeds the MEL.
NOTE: If therepair cost exceeds the MEL, notify the supervisor.
10. Replace the malfunctioning modul€e/circuit board.
11. Perform a function check.
12. Determine the disposition of the unit.
a. Preparetordeasethe unit to the user if the function check is satisfactory.

b. Takethe unit out of serviceif uncorrected deficiencies are present and they present a danger to
patients or operator or if the machine could be damaged due to combined use.

c. Refer to the next higher echeon of maintenance, if necessary.
13. Complete and file DA Forms 2407 and 2409 IAW TB 38-750-2.

a.  Obtain the hand receipt copy of DA Form 2407 from the user if the equipment was repaired in the
shop.

b. Obtain the user's signature for receipt of the unit, as appropriate.
C. Reeasetheunit to the user.

Evaluation Guide

Perfor mance M easur es Results
1. Review DA Form 2407 for the operator's description of the equipment malfunction. P F
2. Determine the maintenance expenditure limits (MEL) for definite life equipment. P F
3. Inspect all external surfaces of the monitor-recorder. P F
4. Perform afunction check to confirm symptoms listed on DA Form 2407. P F
5. Place the monitor-recorder in the service mode. P F
6. Read and interpret the error messages. P F
7. Remove the monitor-recorder from the case. P F
8. Troubleshoot and isolate the malfunction(s) to module/board leve. P F
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Perfor mance M easur es

9. Determineif therepair cost exceeds the MEL.
10. Replace the malfunctioning module/board.
11. Perform a function check.

12. Determine the disposition of the unit.

13. Complete and file DA Forms 2407 and 2409 IAW TB 38-750-2.

REFERENCES: Required

Manufacturer's Service
Literature

TB MED 7

TB 38-750-2
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081-874-0027

PERFORM PREVENTIVE MAINTENANCE CHECKS AND SERVICES
(PMCS) ON A DEFIBRILLATOR MODULE

CONDITIONS
You have received DD Form 314 and DA Form 2407 on a defibrillator scheduled for PMCS.  Necessary
materials and equipment: TB 38-750-2, manufacturer's sarvice literature, tool kit (medical equipment
organizational maintenance), and individual tool box.
STANDARDS
The scheduled PMCS is performed and all uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are recorded and corrected during the PMCS. The PMCS is recorded on DD
Form 314.
TRAINING/EVALUATION
Evaluation Guide
Perfor mance M easur es Results
1. Perform avisual check on the defibrillator. P F
a. Removethe defibrillator from the case to access components.
b. Inspect all external surfaces of the defibrillator module for--
(1) Physical damage.
(2) Breakage.
(3) Looseor dirty contacts.
(4) Missing components.
c. Inspect printed circuit board surfaces for--
(1) Discoloration.

(2) Cracksand breaks.

(3) Warping.
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Perfor mance M easur es Results
d. Inspect all assemblies for burned or loose components.

e. Inspect all chassis and pand mounted components for looseness, breakage, 1oose
contacts, or loose conductors.

f. Inspect for disconnected, broken, cut, loose, or frayed wires and cables.

g. Inspect the patient paddies for pitted conditions and excess buildup of eectrolyte
paste.

h. Inspect the patient's cables for discoloration, broken insulation, and loose connectors.
2. Perform an operational check on the defibrillator. P F
a. Connect the unit to AC power.
b. Veify that the BATTERY CHARGE indicator is on.
c. Veify that the adult paddle dectrodes are installed.
d. Unplug the AC power cord.
(1) Pressthe POWER ON/DISARM button.
(2) Veify that all indicators light, except BATTERY CHARGE.

NOTE: The DEPMEDS unit will produce an audible tone for approximately one second.
The ENERGY-JOULES display will alternately flash HP and 888 and then display O.

e. Leavethepaddiesinther holders, sdect an ENERGY LEVEL and pressthe
ENERGY CHARGE button.

NOTE: The DEPMEDS unit has a 100J test function button.
f. Verify that the ENERGY-JOULES display starts counting.
(1) Listenfor a steady tone to sound.

(2) Verify that the ENERGY-JOULES display indicates the ENERGY LEVEL
sdlected.

0. Pressthepaddiesfirmly in ther holders; press and briefly hold the DISCHARGE
buttons.
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Perfor mance M easur es Results
(1) Verify that the NEON TEST LIGHT flashes.

(2) Verify that the ENERGY-JOULES display indicates the ENERGY LEVEL
sdlected.

NOTE: Failurefor thetest light to operate may indicate that the defibrillator output is not
capable of ddivering the selected leve to the patient.

h. Repeat steps 2e through 2g with the paddle cables fully extended to verify that the
cables do not have any broken wires or contacts.

3. Record deficiencies uncorrected on DA Form 2404 and complete the appropriatereports P F
and forms.

4. Taketheunit out of serviceif uncorrected deficiencies present any danger to patients or P F
operator or if the machine could be damaged due to continued use.

REFERENCES: Required Related
Manufacturer's Service AR 40-61
Literature
TB 38-750-2
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081-874-0028

CALIBRATE A DEFIBRILLATOR MODULE
CONDITIONS
You havereceived DD Form 314 and DA Form 2404 to perform calibration on a defibrillator. Necessary
materials and equipment: manufacturer's service literature, TB 38-750-2, monitor-recorder module HP
43200MD, digital multimeter, energy meter, stopwatch or timer, patient ECG simulator, signal generator
(1to 5 Vp-p at 5 Hz), two fixed 100k ohm resistors, tool kit (medical equipment organizational
maintenance), and individual tool box.

STANDARDS
The scheduled calibration is performed and all uncorrected, unsafe conditions are identified and recorded
on DA Form 2404. Minor deficiencies are recorded and corrected during calibration. The calibration is
recorded on DD Form 314.
TRAINING/EVALUATION

Evaluation Guide

Perfor mance M easur es Results

1. Remove the defibrillator from the case. P F

CAUTION

The defibrillator must be disconnected from the AC power source before
proceeding. This unit is battery powered, causing dangerous voltages to be present
even with the AC power source removed.

a. Disconnect the AC power source.
b. Pressthe POWER OFF/RECHARGE key.
c. Removethe 18 screws and washers holding the defibrillator module front pand.

d. Slidethe defibrillator module out of the case far enough to disconnect A1A11R link
CCA 10 pin ribbon cable A1A1P36 from the A2A2 control CCA.

e Removethedefibrillator module.
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Perfor mance M easur es Results
f. Disconnect the three pin battery cable BT1P14.
2. Locatethe contral circuit card assembly. P F

a. Calibrate the defibrillator energy output. (See Figure 3-47 for test equipment hookup.)

DEFIBRILLATOR

==
oo ] DYNATECH NEVADA
MODEL 429

ENERGY METER

-

_

Figure 3-47
(1) Pressthe POWER ON/DISARM key.

(2) Pressthe ENERGY SELECT/CHARGE 100J/test key and allow the unit to
charge. Verify that the Charge Done tone sounds and the Apex Paddle Charge indicator lights
when the unit is ready to discharge.

(3) Firmly press the paddles to the energy meter contacts and press both
DISCHARGE buttons simultaneously.

(& Adjustthe HV capacitor voltage signal by adjusting A2A2R119 (VCAP),
if necessary, to abtain proper ddivered energy.

(4) Pressthe ENERGY SELECT/CHARGE 360 key and allow the unit to charge.
Verify that the Charge Done tone sounds and the Apex Paddle Charge Done indicator lights
when the unit is ready to discharge.

(5) Firmly press the paddles to the energy meter contacts and press both

DISCHARGE buttons simultaneously. Adjust A2A2R119 (VCAP), if necessary, to obtain
proper delivered energy.
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Perfor mance M easur es

(6) Referto Figure 3-48 and perform all the energy levels. Compare the
ddivered energy levels indicated on the energy meter with the information below and verify
that all readings are within specified limits.

Delivered Energy Accuracy
Energy Specified Delivered
Selected Limits Energy
(Joules)
40 40-46
70 70-80
100 100-115
200 200-230
300 300-345
360 360-414
Figure 3-48

(7) If readings are incorrect, repeat steps 2a(1) through 2a(6).
(8) Pressthe POWER OFF/RECHARGE key and disconnect the test equipment.
b. Calibratethe ECG Gain Amplifier.

(1) Connect the monitor-recorder module (using the optical link) and press the
POWER OFF/RECHARGE key.

(2) Pressthedefibrillator POWER ON/DISARM key.
(3) On the monitor-recorder module--
(@ Pressand holdthe RIGHT and LEFT arrow keys, press the POWER ON
key, then immediately press the SELECT key. Releasethe RIGHT and LEFT arrow keys.

Verify that the CRT screen shows a triangle waveform followed by a stair step waveform.

(b) Verify that the Begper indicator ison. Pressthe UP and DOWN arrow
keys ssimultaneously until "Gain xxxx &' is displayed on the CRT screen.

(4) Pressthe SELECT key until the ECG Sizeindicator ison. Pressthe UP or
DOWN arrow keys until the"Gain 1000" is displayed on the CRT screen.
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Perfor mance M easur es Results

(5) Pressthe SELECT key until the Begper indicator ison. Pressthe UP and
DOWN keys ssimultaneously until "Noise x.xxv" is displayed on the CRT screen.

(6) Connect the signal generator and resistors as shown in Figure 3-49.

MODEL 43200MD SIGNAL
MONITOR DEFIBRILLATOR GENERATOR

S (23]

/

(—

Figure 3-49
(7) Adjust the signal generator output to 3.0Vp-p at 5Hz sinewave.

(8) Adjust A2A2R331 "Gain" until the CRT screen reads Noise 3.00v
(2.90 to 3.10).

(9) Pressthe POWER OFF/RECHARGE key and disconnect the test equipment.
c. Cadlibratethe ECG Offset adjustment.

(1) Connect the monitor-recorder module (using the optical link) and press the
POWER OFF/RECHARGE key.

(2) Pressthedefibrillator POWER ON/DISARM key.
(3) ON the monitor-recorder module--
(8 Pressand holdthe RIGHT and LEFT arrow keys, press the POWER ON
key, then immediately press the SELECT key. Releasethe RIGHT and LEFT arrow keys.

Verify the CRT screen shows a triangle waveform followed by a stair step waveform.

(b) Verify that the Begper indicator ison. Pressthe UP and DOWN arrow
keys simultaneously until "Gain xxxx &' is displayed on the CRT screen.
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Perfor mance M easur es Results

(4) Pressthe SELECT key until the ECG Sizeindicator in on. Press the UP or
DOWN arrow keys until "Gain 4000" is displayed on the CRT screen.

(5) Pressthe SELECT key until the Begper indicator ison. Pressthe UP and
DOWN arrow keys simultaneously until the "Offset x.xxv" is displayed on the CRT screen.

(6) Leavethepaddiesinstalled in ther storage position (apex on theright, sternum
on the left).

(7) Adjust A2A2R328 "Offset" until the CRT screen reads Offst 0.00v (<0.50)
with the trace centered.

(8) Pressthe POWER OFF/RECHARGE key and disconnect the test equipment.

NOTE: Thereisno fidd adjustment on the power supply circuit card assembly.

3. Record theresults of the calibration on the appropriate forms and records. P F
REFERENCES: Required Related
Manufacturer's Service AR 40-61
Literature
TB 38-750-2
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081-874-0029
REPAIR A DEFIBRILLATOR MODULE TO MODULE/BOARD LEVEL
CONDITION
You have recaved DA Form 2407 to repair a defibrillator module. Necessary materials and equipment: DA
Form 2409, TB Med 7, TB 38-750-2, manufacturer’'s sarvice literature, digital multimeter, energy meter,
stopwatch patient ECG simulator, safety analyzer, signal generator, tool kit (medical equipment organizational
maintenance), and individual tool box.
STANDARD
The malfunction is isolated to module/board levd and corrected. The defibrillator is functional in accordance
with operational standards specified in the manufacturer's service literature. Results are recorded on DA Form
2407 and 2409.
TRAINING/EVALUATION
Training I nformation Qutline
1. Review DA Form 2407 for the operator's description of the equipment's malfunction.
2. Determine the maintenance expenditure limits (MEL) for definite life equipment.

a.  Obtain the current replacement cost.

b. Calculate the percentage of useful life remaining for the item by dividing the life remaining in months by
thelife expectancy in months.

c. Usethe chart at Figure 3-50 to determine the MEL factor. Read up vertically from the percent of the
useful liferemaining to a point of intersection with the basdine.

d. Project ahorizontal lineto the MEL factor.

e Multiply the MEL factor by the current replacement cost to determine the maximum allowable repair
cost.

NOTE: Under certain conditionsthe MEL may bewaived. (SeeTB Med 7.)

NOTE: The MEL for definite life equipment which has reached or exceeded its life expectancy is 10 percent.
This MEL remains congtant for as long as the equipment isin use, regardless of age.
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Figure 3-50

3. Inspect the external surfaces of the defibrillator for--
a. Physica damage
b. Breskage
c. Looseor dirty contacts.
d. Missing components.
4. Peformafunction check to confirm symptoms listed on DA Form 2407.

NOTE: If the unit operates normally and no malfunctions are detected, complete DA Form 2407 and return the
unit totheuser. (Seestep 12.)

5. Read and interpret the error messages. (SeeFigure 3-51.)
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SYMPTOM

Display flashes "E2.

Display flashes "E3.

Display flashes "E4.

Display flashes "E5.

Display flashes "E6.

Display flashes "E7.

Display flashes "ES8.

"

"

"

"

Display flashes "EEE."

ERROR MESSAGES

POSSIBLE CAUSE

Defibrillator charging
too slowly.

Defibrillator capacitor
arcing.

Defibrillator charged
but shouldn't be.

Defibrillator
overcharged.

LV Supply out of
spec.

A/D (A2AU102) won't
respond.

Microcontroller
A2A2U101 failed
power up ROM test.

A1lA1l infrared link.

CORRECTIVE ACTION

See defibrillator
problems.

See defibrillator:
problems.

See defibrillator
problems.

See defibrillator
problems.

See low voltage supply
problems.

See system dead
problems.

Verify monitor-
recorder module is
turned on and
properly connected.

Figure 3-51

6. Removethedefibrillator from the case.

CAUTION

Disconnect the defibrillator from the AC power source before proceeding. This unit is battery
powered, causing dangerous voltages to be present even with the AC power source removed.
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a. Inspect the circuit board surfaces for--
(1) Discoloration.
(2) Cracks.
(3) Bresks.
(4) Warps.
b. Inspect the circuit board conductors for--
(1) Cracks.
(2) Bresks.
(3) Cuts.
(4) Corrosion.
(5) Looseness.
c. Inspect all assemblies for burned or loose components.
d. Inspect all the chassis and pane mounted components for--
(1) Looseness.
(2) Breakage.
(3) Loosecontacts.
(4) Looseconductors.
e. Inspect for disconnected, broken, cut, loose, or frayed cables or wires.

7. Troubleshoot and isolate malfunction(s) to module/board level. (See Figure 3-52.)
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GENERAL TROUBLESHOOTING

SYMPTOM

System dead.

Instrument will only
stay on while ON
switch is held.

V battery, +8V, +5V ~
5V correct but
instrument not on.

Same symptoms as
above with or without
a continuous power up
tone and display.

Unit will not respond
to Apex paddle charge
button.

POSSIBLE CAUSE

Power.

A3A4 Power on
switch.

A2A3K402.
A2A3F401.

A2A2Q201.

Clock Oscillator on
A2A2.

A2A2,

A3A1l Apex paddle.

A2A2U105 or U101.

CORRECTIVE ACTION

Check battery voltage
at A2A2P12.

Check for +14 .3 V at
A2A2P13 when the AC
power cord is
connected source.

Check for continuity
between A2A2J2 pin 2
and pin 7 (GND) when
Power On key is
pressed.

Replace A2A3.

Check Fuse.

Replace A2A2.

Replace A2A2.

Replace A2A2.

Verify continuity
between A2A2J7 pins 1
and 5 when charge
button is pressed.

Replace A2A2.

Figure 3-52
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GENERAL TROUBLESHOOTING

SYMPTOM

Unit will not respond
to front panel Energy
Select/Charge keys.

Unit does not respond
to discharge switches.

The defibrillator does
not seem to charge.
The display indicates
0 jouls, then in a few
seconds displays "E2"
and aborts charge.

Slow charging
(greater than 10
seconds to 360 jouls
with fully charged
battery) or charge
aborted with "E2"
flashing on display.

Charging begins but
then is aborted with
"E3" flashing on the
display.

"E4" flashing on the
display.

POSSIBLE CAUSE
A2A2U205,

A3A2 sternum paddle.

A3A1l Apex paddle.

A2A2U105.

The defibrillator is
charging, but the
capacitor voltage is
not being recognized.

A2A3P15 is
disconnected.

A2A3K! not opening.

HV Capacitor (A2C1)
arc.

A2A3 Capacitor
voltage measurement
problem,

CORRECTIVE ACTION

Replace A2A2.

Verify continuity
between A2A2J8 pins 1
and 3 when discharge
switch is pressed.

Verify continuity
between A2A2J7 pins 1
and 3 when discharge
switch is pressed.
Replace A2A2.

Replace A2A2 or A2A3
or both.

Check A2A3P15
connection.

Replace A2A3.

Replace A2A3.

Replace A2A3.

Figure 3-52 (Continued)
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SYMPTOM

Battery Charger LED
not working.

Displays bright;
frequent burnout.

LEDs (A3A3 DS1,
DS2, DS3) not
lighting or dim.

LEDs (A3A3 DS1,
DS2, DS3) not
lighting correctly.

One digit (A3A3DS4,
DS5, DS6) not
lighting correctly.

One segment on one
digit not lighting
correctly.

Same segment on all
digits not lighting
correctly.

POSSIBLE CAUSE

Battery Charger off.

BT1 Thermal Fuse.

Signal path.

A2A2U401.

+8.4V too high.

+8.4V too low.

A3A3DS1, DS2, or
DS3.

A3A3DS4, DS5, DS6,
or A2A2U204.

A3A3DS4, DS5, DSS.

A2A2U202,

GENERAL TROUBLESHOOTING

CORRECTIVE ACTION
Verify instrument is
connected to AC
source.

Verify continuity
between red and white
wires (BT1P14 pins 1
and 3).

Follow BATT CHG LED
signal from A2A2 to
A3A3.

Replace A2A2.

Replace A2A2.

Replace A2A2.

Replacer A2A2 or
A3A3 or both.

Replace A2A2 or A2A3
or both.

Replace A3A3.

Replace A2A2.

Figure 3-52 (Continued)
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GENERAL TROUBLESHOOTING

SYMPTOM

BTI battery not
charging or
instrument will not
operate on AC only.

+8V supply not
operating correctly.

+8.4V supply not
operating correctly.

+5V supply not
operating correctly.

-5V supply not
operating correctly.

50/60 Hz noise on ECG
trace.

POSSIBLE CAUSE

AC power.

A2A1l dead.

BT1 Thermal fuse.

A2A20U405.
A2A2U404.
A2A2U406.
A2A2+5V circuit.
Electromagnetically

noisy environment.

High electrode
impedance.

CORRECTIVE ACTION

Verify AC connected
to appropriate power.

Replace A2A2.

Verify continuity
between red and white
wires (BT1P14 pins 1
and 3).

Replace A2A2.

Replace A2A2.

Replace A2A2.

Replace A2A2.

Check grounding of
nearby equipment.

Use Redux (P/N 651-
1008-50) paste,
abrade skin, press
with 25 1bs of force.

Figure 3-52 (Continued)
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SYMPTOM

ECG noise,not 50/60
Hz.

Paddles ECG Offset
from center of
displays.

ECG Gain Incorrect.

GENERAL TROUBLESHOOTING

POSSIBLE CAUSE

A2A2 Isolated
circuits.

A2A2R328.
A2AU304.
A2A2R331.

A2A2U305.

CORRECTIVE ACTION

Replace A2A2.

Adjust ECG Offset.
Replace A2A2.

Adjust ECG gain.
Measure ON resistance

for each of eight
multiplexer channels.

Figure 3-52 (Continued)

8. Determineif therepair cost exceeds the MEL.

NOTE: If therepair cost exceeds the MEL, notify the supervisor.

9. Replace the malfunctioning module/board.

10. Perform afunction check.

11. Determine the disposition of the unit.

a. Preparetordeasethe unit to the user if the function check is satisfactory.

b. Takethe unit out of serviceif uncorrected deficiencies are present and they present danger to
patients or operator or if the machine could be damaged due to continued use.

c. Refer to the next higher echeon of maintenance, if necessary.

12. Complete and file DA Form 2407 and 2409 IAW TB 38-750-2.

a.  Obtain the hand receipt copy of DA Form 2407 from the user if the equipment was repaired in the

shop.

b. Obtain the user's signature for receipt of the unit, as appropriate.

c. Rdeasetheunit to the user.
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Evaluation Guide

Perfor mance M easur es

1

2.

8.

0.

Review DA Form 2407 for operator's description of the equipment malfunction.
Determine maintenance expenditure limit (MEL) for definite life equipment.
Inspect the external surfaces of the defibrillator.

Perform a function check to confirm symptoms listed on DA Form 2407.

Read and interpret the error messages.

Remove the defibrillator from the case.

Troubleshoot and isolate the malfunction(s).

Determineif the repair cost exceeds the MEL.

Replace the malfunctioning module/board.

10. Perform afunction check.

11. Determine the disposition of the unit.

12. Complete and file DA Forms 2407 and 2409 IAW TB 38-750-2.

REFERENCES: Required Related
Manufacturer's Service AR 40-61
Literature AR 710-2
TB 38-750-2
TB Med 7
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081-874-0031

PERFORM PREVENTIVE MAINTENANCE CHECKS AND SERVICES (PMCYS)
ON A PORTABLE VENTILATOR

CONDITIONS

You have received DD Form 314 and DA Form 2404 on a ventilator scheduled for PMCS. Necessary
materials and equipment: TM 8-6530-009-24& P, TB 38-750-2, tool kit (medical equipment organizational
maintenance), and individual tool box.

STANDARDS

The scheduled PMCS is performed and all uncorrected, unsafe conditions are identified and recorded on
DA Form 2404. Minor deficiencies are recorded and corrected during the PMCS. The PMCS is recorded
on DD Form 314.

TRAINING/EVALUATION

Evaluation Guide

Perfor mance M easur es Results

1. Inspect the casefor-- P F
a. Broken and or missing carrying handles.
b. Broken or missing latches and hinges.
c. Dented or missing battery compartment door.
d. Broken, loose, or missing control knobs.
€. Rusted and chipped surfaces.
2. Inspect the air/oxygen regulator for cracks, loose fittings, and air leaks. P F

3. Inspect the tubing and hoses for dry rot, deterioration, crimps, and leaking or damaged P F
connector fittings.

4. Inspect wires and connectors for frays, cracks, and improper insulation. P F

5. Inspect the circuit board for burns, cracks, and discolored components. P F
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Per for mance M easur es Results
6. Inspect the blender. P F
a. Test the operation of the alarm.

b. Inspect the oxygen and air regulators to ensure proper adjustment to output pressure
of 50 psi +5 psi.

7. Inspect the patient valve for-- P F
a. Cracks.
b. Leaks.
c. Discoloration.

8. Perform afunction check. P F
a. Test the operation of the control module.
b. Ensure the self-test mode is functional.

9. Correct minor deficiencies. P F

10. Record deficiencies not corrected on DA Form 2404 and complete appropriate reports P F
and forms.

11. Takethe unit out of serviceif uncorrected deficiencies present any danger to patients or P F
operator or if the machine could be damaged due to continued use.

REFERENCES: Required Related
TM 8-6530-009-24& P AR 40-61
TB 38-750-2
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081-874-0032
CALIBRATE A PORTABLE VENTILATOR
CONDITIONS
You have recaved DD Form 314 and DA Form 2404 on a portable ventilator scheduled for calibration.
Necessary materials and equipment: TB 38-750-2, TM 8-6530-009-24A& P, multimeter, oscilloscope, signal
generator, dectronic digital counter, medical functions simulator, tool kit (medical equipment organizational
maintenance), and individual tool box.
STANDARDS
The scheduled cdlibration is performed and all uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are corrected during the calibration. The calibration is recorded on DD Form
314.
TRAINING/EVALUATION
Evaluation Guide

Perfor mance M easur es Results

1. Peformtheventilator sdf-test. (Refer to TM 8-6530-009-24& P, Chapter 2, Section 2-12.) P F

2. Performan operator transducer calibration. (Refer to TM 8-6530-009-24&: P, Chapter 2, P F
Section 2-13.)
3. Cdlibratethetransducer internally. (Refer to TM 8-6530-009-24&: P, Chapter 4, P F
Section 4-25.)
4. Record theresults of the calibration on the appropriate forms and records. P F
REFERENCES: Required Related

TM 8-6530-009-24& P AR 40-61

TB 38-750-2
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081-874-0033
REPAIR A PORTABLE VENTILATOR TO MODULE/BOARD LEVEL

CONDITIONS
You have recaved a DA Form 2407 for repair of a portable vertilator. Necessary materials and equipment: DA
Form 2409, TM 8-6530-009-24& P, TB 38-750-2, TB Med 7, multimeter, current leakage tester, oscilloscape,
circuit component test set, semiconductor tester, signal generator, dectronic digital counter, tool kit (medical
equipment organizational maintenance), and individual tool box.
STANDARDS
The malfunction is isolated to module/board levd and corrected. The portable vertilator is functional in
accordance with operational standards specified in TM 8-6530-009-24& P. Results are recorded on DA Forms
2407 and 2409.
TRAINING/EVALUATION

Evaluation Guide

Performance M easures Results
1. Review DA Form 2407 for the operator's description of the equipment's malfunction. P F
2. Determine the maintenance expenditure limits (MEL) for definite life equipment. P F

a.  Obtain current replacement codt.

b. Calculatethe percentage of useful liferemaining for theitem by dividing thelife
remaining in months by the life expectancy in months.

C. Usethechart in Figure 3-53 to determinethe MEL factor. Read up vertically fromthe
percent of useful liferemaining to a point of intersection with the basdine,

d. Project ahorizontal lineto the MEL factor.

e Multiply the MEL factor by the current replacement cost to determine maximum allowable
repair cost.

NOTE: Under certain conditions, the MEL may bewaived. (SeeTB Med 7.)
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Perfor mance M easur es Results
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Figure 3-53

NOTE: TheMEL for definite life equipment which has reached or exceads its life expectancy
is 10 percent. This MEL remains constant for as long the equipment isin use, regardless of the

age.

3. Removethe cover from the unit. P F
4. Peformavisua inspection for-- P F
a. Bare exposed cablewires.
b. Burned light bulbs.
5. Performafunction check to confirm symptoms listed on DA Form 2407. P F

NOTE: If theunit operates normally and no malfunctions are detected, complete DA Form 2407
and return the unit to the user. (Seestep 11.)
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Perfor mance M easur es

6. Troubleshoot and localize the malfunction to module/board levd. (Refer to
TM 8-6530-24& P, Chapter 4, Section 4-15.)

7. Determineif therepair cost exceedsthe MEL.
NOTE: If therepair cost exceadsthe MEL, natify the supervisor.
8. Replace the malfunctioning module/board.
9. Peformafunction check.
10. Determinethe disposition of the unit.
a. Preparetordeasethe unit to the user if thefunction check is satisfactory.

b. Taketheunit out of serviceif uncorrected deficiencies are present and they presant a
danger to patients or operator or if the machine could be damaged dueto continued use

c. Refe tothenext higher echdon of maintenanceif necessary.
11. Completeand file DA Forms 2407 and 2409 IAW TB 38-750-2.

a. Obtain the hand receipt copy of DA Form 2407 from the user if the equipment was
repaired in the shop.

b. Obtainthe usar's sgnaturefor recept of the unit, as appropriate.

c. Rdeasetheunit totheuser.

REFERENCES: Required Related
TM 8-6530-009-24& P AR 40-61
TB 38-750-2 AR 710-2
TBMed 7
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081-874-0035
PERFORM PREVENTIVE MAINTENANCE CHECKSAND SERVICES
(PMCS) ON A SINGLE PHASE RADIOGRAPHIC
UNIT (CONTINENTAL X-RAY UNIT)
CONDITIONS
You have received DD Form 314 and DA Form 2404 to perform PMCS on a single phase radiographic unit
(Continental X-ray Unit). Necessary materials and equipment: TB 38-750-2, manufacturer's service literature,
digital multimeter, flashlight, inspection mirror, soft cleaning rag, tool kit (medical equipment organizational
maintenance), and individual tool box.
STANDARDS
The scheduled PMCS is performed and all uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are recorded and corrected during the PMCS. The PMCS is recorded on DD
Form 314.
TRAINING/EVALUATION
Training I nformation Qutline
NOTE: Peform steps 1 through 4 quarterly.
1. Inspect theexterior of the main control and the high voltage transformer.
a. Ingpect dl thedectrical cables, cords, connectors, and fittings for tightness.
b. Inspect all cables and connectors for--
(1) Breakintheinsulation.
(2) Abrasons.
(3) Signsof arcing or burns.
c. Inspect the high voltage transformer for oil leaks.
d. Inspect theexterior painted or plated surfaces for--

(1) Scratches.

(2) Chipping.
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(3) Corrosion.
e Ensurethat al name plates and warning labds are present, legible, and securdy mounted.
f.  Turntheunit on.

g. Test all thefront pand controls and meters for correct operation and to ensure that they light properly.
Replace any burned out lamps.

h.  Inspect the X-ray tubefilaments.

CAUTION

Do not look directly into either tube port. Open both collimators and use an inspection mirror to ensure
thefilaments arelit.

i.  Ingpect theauxiliary box.

(1) Inspect theexterior surfaces and door hinges for--
(& Looseor missing parts.
(b) Deterioration.
(c) Corrosion.

(2) Ingpect dl internal components, connectors, cables, and mounting hardware for--
(& Damage
(b) Deterioration.
(c) Corrosion.
(d) Looseor missing parts.

2. Inspect the table mounting hardware.

a. Ingpect al the balts, nuts, screws, rivets, and other fasteners, including table base mounts, for tightness
and missing parts.

b. Inspect all dectrical cables, connectors, cords, and fittings for--
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(1) Tightness.

(2) Breakintheinsulation.

(3) Abrasons.
C. Inspect cableswheredectrical cabling enters housing.
d. Inspect theexterior surfaces and door hinges for--

(1) Looseor missing parts.

(2) Déeeioration.

(3) Corrosion.

(4) Ensurethat all nameplates and warning labels are present, legible, and securdy mounted.
e Peaform atable operations check.

(1) Pressand hold the longitudinal foot switch until the top reaches its limit of travd. The tabletop
should move approximatdy 30" from the center position before stopping.

(2) Press and hold the longitudinal head switch until the tabletop reaches its limit of travd. The
tabletop should move approximatdy 30" from the center pasition before stopping.

(3) Pressand hold thetable center switch until the tabletop stops. It should moveto the center position,
from ather of thetwo longitudinal pasitions before stopping.

(4) Pressand hald the Trenddenburg tilt switch until the table reaches its maximum tilt. The tabletop
should tilt 12° down toward the head end and stop.

(5) Press and hold the vertical tilt switch until the tabletop reach the maximum tilt. The table should
tilt 88° down toward the foot end beforeit stops.

(6) Engageall thelocks and attempt to reposition the spot film device in al directions. It should take a
minimum of 20 pounds of force to move a corresponding part. The locks should not make a banging sound when

engaged.

CAUTION

A faulty lock can cause seriousinjury. A system with malfunctioning locks should be taken out of
savice
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3. Inspect thetubestand.
a. Ingpect dl exterior painted and plated surfaces for--
(1) Scratches.
(2 Rus.
(3) Corrosion.
b. Ensurethat al name and warning plates are clean, securdy mounted, and legible
c. Ingpect for loose or missing nuts and balts.

d. Inspect the travd features ensuring there is smooth trave indicating each dectric lock is operating
properly.

e Ingpect themanual locks for proper operation.

4. Inspect theline st adjustment on the generator.
a Set themajor and minor kVp controls fully clockwise.
b. Turn onthe power to the generator.

. Usethe coarse and fine line adjust controls to position the line set meter pointer directly over the reference
mark at the center of the scale

d. Sdect the25S mA push button switch and adjust the major and minor kVp rotory switches for 78 kVp.

e Sdect 1 second on the Radiographic Seconds dial.

f. On the Constant Current Multiplex Filament Control Circuit Board, connect the negative lead of a digital
multimeter (DC scale) to the junction of the two 250 pF capacitors and the positive lead to the left side of the
10K ohmresistor indicated as test point XD1.

g. Adjust P30 for O valts.

h. Make a2 second exposure while reading the front pand mAs meter readings. Adjust P12 and P22 for 25
mA, if necessary.

i. Repeat steps 4a-g for all mA gations, using the line set adjustment data listed in Table 3-1. Use 78 kVp
for all settings.
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mA Adj. Meter mA
Station with: Displayed

200L P11,21 200mA
SPOT

255 P12,22 25mA
50S P13,23 50mA
100S P14,24 100mA
100L P15,25 100mA
150L P16,26 100mA
200L P17,27 200mA
300L P18,28 300mA

Table3-1. Line Set Adjustments
j- Sdect 50 kVp, 200L, 2 seconds.
k. Make an exposure while reading the front pand mAs meter. Adjust P31 for 200 mA, if necessary.

|. Repesat step 4a-g for al mA stations using line set adjustment data in Table 3-1. Use 50 kVp for al
sditings.

5. Ingpect the counterweight cables.

NOTE: Step 5is peformed semiannually.

CAUTION

A cablefailure can cause serious patient or operator injury or equipment damage. Thisis especially true
of the spot film device vertical counterbalancing systemin thetower. Worn or damaged cables cannot be
repaired. The cables must be replaced immediatey.

a Removetheback cover from thetower.

b. Movethespot film deviceto its highest possible vertical position.

3-179




STP 8-91A15-SM-TG

NOTE: Thevetica carriage is connected to the sides of the counterweight holder by means of two cables, one
oneachend. (SeeFigure3-54.)
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c. Visudly inspect both cablesfor--
(1) Kinks.
(2) Separation of strands.
(3) Rust and corrasion.
NOTE: Thecablemust bereplaced if it has been penetrated by rust or corrosion.

d. Move the spot film device to its lowest possible postion to inspect a third cable attached to the
counterweight holder at the center bottom. Perform the same ingpection asin step 5d(1) through 5d(3).

e Inspect theinternal PCBs for--
(1) Corrosion.
(2) Looseor missing components.
f. Replaceall covers after ingpecting the cables.
6. Inspect the collimator.
NOTE: Step 6is peformed annually.
a. Inspect the exterior surfaces for damage, rust, and corrasion.
b. Inspect the cables and connectors for tightness and insulation bregks.
c. Inspect the carrying frame and collimator X-ray tubefor missing parts, rust, and corrasion.

7. Peform afunction check.

CAUTION

The procedurein this section requires the making of exposures. Takeall precautions necessary to protect
all personnd against unnecessary radiation.

a.  Turnthe power on to the generator.

b. Sdect the over-table X-ray tube
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(1) Setthemachineat 80 kVp, 200 mA and 0.1 seconds. Make four expasures at 20 ssconds intervals.

(2) Make four additional exposures at 20 second intervals, increasing the kVp by 10 kVp for each
exposure. Begin the exposures at 90 kVp.

8. Record deficiencies uncorrected on DA Form 2404 and complete the appropriate reports and forms.

9. Take the unit out of service if uncorrected deficiencies present any danger to patients or operator or if the
meachine could be damaged due to continued use.

Evaluation Guide

~

Performance M easures Results
1. Inspect theexterior of the main control and the high voltage transformer. P F
2. Inspect the table mounting hardware. P F
3. Inspect the tube stand. P F
4. Inspect the generator. P F
5. Ingpect the counterweight cables. P F
6. Inspect the collimator. P F
7. Performafunction check. P F
8. Record deficiencies uncarrected on DA Form 2404 and complete the appropriate reports P F
and forms.
9. Taketheunit out of service as necessary. P F
REFERENCES: Required Related

Manufacture's Service AR 40-61

Literature
TB 38-750-2
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081-874-0037

CALIBRATE A SINGLE PHASE RADIOGRAPHIC UNIT
(CONTINENTAL X-RAY UNIT)

CONDITIONS

You have received DD Form 314 and DA Form 2404 on a single phase radiographic unit (Continental X-ray
Unit) scheduled for calibration. Necessary meaterials and equipment: Tool kits 5180-00-611-7923 and
5180-00-611-7924, X-ray film and cassettes (8 x 10, 9 x 9, 14 x 17); Radiation Dose Monitoring Badge;
Radiation Protection Vest (Lead Apron); Beam attenuator; 4 radiopague markers, 1.5" X 0.5" X 1/32" (38 mm X
13 mm X .8 mm); jumper wire, 0.2 mm spaced metallic (stainless sted or cooper) wire mesh .2 mm diameler;
measuring tape grease pencil or masking tape 1/2" cam adjusting open end wrench (Continental part #
4144.234.01); insulating compound, such as Dow DC-4; cleaner for high voltage cable connectors;, Wedge,
Step-Spin Top; calculator; CS-8952 Fidd Deployable X-ray System Maintenance Manual, Volume |, Chapter 3,
Cadlibration; digital multimeter, 500 valts DC, 500 volts AC, 1000 Ma DC, + 1%; dual channd oscilloscope,
cdibrated DC to minimum 100 Khz, 0.1 Volts DC/cm with long persistence phosphor or storage capability DC
current source with milliammeter, with at least 360 mA capacity; radiation dose rate meter, O to 10 R/minute
(Victoreen modd 06-526 or equivalent); densitometer, or 1.0 neutral density filter, for density comparison; patient
phantom, or water phantom (a clean, flat-bottomed plastic bucket with a minimum diameter of 6" which can be
filled with up to 12" of tap water); X-ray film processor dark room. For noninvasive calibration, the following
equipment is required:  kVp meter (Nuclear Associates modd 07-494, or eguivaent), mAs meter (Nuclear
Associates modd 07-472, or equivalent), X-ray timer (Nuclear Associates modd 07-457, or equivalent). For
invasive calibration, adynalyzer (or Kvp measuring tank) is required.

STANDARDS
The scheduled cdlibration is performed and all uncorrected, unsafe conditions are identified and recorded on DA
Form 2404. Minor deficiencies are recorded and corrected during the calibration. The calibration is recorded on
DD Form 314.
TRAINING/EVALUATION
Training Information Outline

1. Peform precalibration checks.

a.  Check that all mechanical movements are free moving and that they do not rub or block cabling.

b. Inspect the systemfor protruding screws and potential cable strains.

c. Turnthe MAINS on and verify that all magnetic locks hold securdly.

d. Tilt thetable as far as it will tilt in both directions and verify that it does not come in contact with the
floor or thecalling.
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e Movethetubestand to each end of itsrail and vertical to its limits.
f. Rotatetheovertableinal directions.

NOTE: If mechanical parts need adjustment, see manufacturer's instructions, Chapter 2, Ingtdlation, for
instructions.

2. Perform generator calibration.

CAUTION

Generator calibration requires the production of X-rays and mandates the strict observance of all safety
precautions, including the use of protective devices.

NOTE: Calibration of the X-ray generator requires either a complete sat of noninvasive X-ray calibration meters
or aDynalyzer (kVp measuring tank). Theinstructions are different for each type of calibration test equipment.

a. Conduct 50/60 Hz Conversion.
NOTE: Thisunit is shipped from the manufacturer in the 60 Hz configuration.
(1) Turnthe MAINS off at the main control and open the main control door.

(2) Remove the four screws holding the dual-sided radiographic seconds sdect pand. (See Figure 3-
55.)

(3) Rotate the pand urtil it can be removed from under the knob. (It should not be necessary to
remove the knob.)

(4) Podtion the desired scale (50 or 60 Hz) of the pand face up and dide the pand back under the
knob into the correct position. Replace the pand screws.

NOTE: Line frequency dependent components inside the cabinets are labded with a red tag for easy
identification.

NOTE: Two time sdect decks are located inside the control door behind the Radiographic Seconds pand.
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(5) Instal leads D2T and TRI on appropriate time sdect deck, (50 or 60 Hz). (SeeFigure 3-56.)

\ < KNOB

= , «= DOOR PANEL
60 Hz DECK

50 Hz DECK

D27
(SDE VIEW)
TRI

o
Oy

DECK PIN DESIGNATIONS
(TOP VIEW)

Figure 3-56

(6) Sdect ether the 50 Hz or 60 Hz position on the constant voltage transformer sdlector switch. (See
Figure 3-57.)

(7) Removethefour screws holding the dual-sided fluoro contrals "Minutes® dial. (See Figure 3-55.)

(8) Rotatethe pand until it can be removed from under the knob. Position the appropriate 50 or 60 Hz
scaleface up and dideit into the correct position. Replace the pand screws.

(9) Depresstheinternal "Minutes* switch at the <0> position.

(10) Ligten carefully while dowly rotating the "Minutes' knob back and forth across the <0> mark. If a
"dick" is heard, the"Minutes' switch <0> cam is correctly positioned.

(12) If no"click" can be heard, usethe following method to reposition the cam:

(@ Use the wrench attached to the "Minutes’ (timer) assembly (Continental part #
4144.234.01).
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(b) Point theknob at <0> and hald it in place while turning the black cam with the wrench until
the switch activates.

(12) Rotate the "Minutes' knob to <5>. Hold the knob and rotate the white cam with the wrench
(clockwiseto increasetime counterclockwise to decrease time, looking from the timer motor side) until the switch
rdeases (makes a"click").

NOTE: Thisstep alowsthe"Minutes' knob to operate at the 5 minute time s&t position.

NOTE: When converting from 60 Hz to 50 Hz, rotate the white cam counter- clockwise (looking from the timer
motor side).

NOTE: When converting from 50 Hz to 60 Hz, rotate the white cam clockwise (looking form the timer motor
side).

(13) Movethe"Minutes' knob to <3> and verify the switch remains depressed.
NOTE: Thiscompletesthe 50 or 60 Hz conversion.

b. Conduct tubewarm-up.

CAUTION

Before calibration each X-ray tube must be warmed up. This will substantially reduce the possibility of
damageto the X-ray tube anode caused by "hat spots’ and uneven heating.

(1) Turn MAINS on and close the appropriate collimator blades.

(2) Sdect the 200L mA station, <70 kVp>, and <1/2 second>, with NO autotiming. Make three
exposures at 20 second intervals.

(3) Raiseto<80kVp>. Makethree exposures at 20 second intervals.
(4) Raiseto<90kVp>. Makethree expasures at 20 second intervals.
(5) Raiseto<100kVp>. Makethree exposures at 20 second intervals.
NOTE: Thiscompletesthewarm up procedure.
c. Peformline compensation.

(1) Turn the MAINS off to the X-ray system and connect an AC volt meter between AC and AM
(center taps from the major and minor kVp switches).
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(2) Turnthe magjor kVp and minor kVp contrals fully clockwise and turn the MAINS on. If the volt
meter does not read 288 (+ 3) volts AC, adjust the Line Adjust Coarse and Fine controls until it does.

(3) Adjust P2 on the mA-kVp-Line Meter Shunt PCB (6284.234.12) to center the nesdle on the line
meter. (SeeFigure3-58.)

d. Deeminelinevoltagedrop.

NOTE: For accurate calibration it is necessary to determine the line voltage drop during an exposure. "Line
drop" is expressed as a percentage of the "no load” line voltage.

(1) Turn the MAINS off and connect a voltmeter between L1 and L2 on the terminal grip inside the
main control. (SeeFigure3-57.) Sdect an AC scalethat includes the incoming line voltage.

(2) Turnthe system on and ensure that line compensation has been correctly s&t. (Seestep 2d.)
(3) Measuretheincoming line voltage; record at step 2¢(5) as "Vnl" (voltage with no load).

(4) Make an exposure with the over-table tube at 300L mA, <75 kVp>, for <1 second>, while
observing the voltmeter. Record line voltage during exposure as V1" (voltage under load).

NOTE: To calculate the line drop correctly in the following formula, note that the ratio is multiplied by 200,
ingtead of 100. This compensates for making the exposure at 75 kVp or 50% of maximum load of the allowable
kVp (150 kVp).

(5) No Load (Vnl): Load (V1)

(6) Caculatelinedrop using the following formula:

(Vnl- VI) x 200 = % line drop
VI

(7) Use the calculated percentage line drop to sdect the Kvp calibration table to be used during
calibration of kVp compensation. (SeeTable3-9.)
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Figure 3-58

e Peaformrotor boost time adjustment.

NOTE: Refer to Figure 3-59 for location of ROTOR CONTROL PCB (6284.234.09). Its placement is shown
in Figure 3-57, front view.

(1) Peform overtabletuberator boost time adjustment.
(@& Turnthe MAINS off.

(b) Connect a scope and an AC voltmeter across O7 and N on the Rotor Control PCB
(6284.234.09). (SeeFigure3-59.)
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() Sathevoltmeter toread at least 300 VAC.

(d) Settheoscilloscopeto display 100 volts/div. at a sweep rate of 200 msec/div.
NOTE: All meter readingsin this section should be within 5% tolerance to be considered acceptable.

(& Turnthe MAINS on.

(f)  Seect the200L mA station, <80 kVp>, <1/10th second>.

(g0 Press PREPARE. The oscilloscope should display approximatey 650 VAC peak-to-pesk
for approximatdy 1.5 seconds, and then drop it to approximately 150 peak-to-peak. (SeeFigure 3-60.)

(h)  Procead to step 2f(2) if the requirements in step 2f(1)(g) are met. Proceed to step 2f(1)(i) if
those requirements are not met.

(i) Locate pot P1 (Boost Time) on the Rotor Control PCB. Using the same technique, 200L
mA, <80 kVp> and <1/10th second>, press and hold PREPARE.

() Adjust pot P1 on the Rotor Control PCB for a 1.5 second boost time. At the END of boost
time, the green lamp insdethe PREPARE push button should illuminate

CAUTION

Turn off the MAINS before performing the following steps. Adjust the resistor with the power off. Do
NOT turnthe MAINS on to read the setting until hands are clear. Several attempts may be necessary.

(k)  Using the voltmeter, adjust the 10 ohm 100 watt Rotor Run resistor, located immediatdy
below the |&ft side cooling fan inside the main contral, for 50 (+2) VAC rotor run voltage. (SeeFigure 3-57.)

NOTE: Thereisno adjustment for rotor boost voltage.
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() With the PREPARE button depressed, adjust pot P2 (in Phase Current) on the Rotor Control
PCB counterclockwise until the PREPARE lamp goes out and then back clockwise until the lamp illuminates

again.
NOTE: Ove adjust dightly in the ON direction--clockwise.

(m) With the PREPARE button depressed, adjust pot P3 (Shift Phase Current) on the Rotor
Control PCB counterclockwise until the PREPARE lamp goes out and then back clockwise until the lamp
illuminates again.

NOTE: Ove adjust dightly in the ON direction--clockwise.

(n)  Turnthe MAINS off and install a jumper wire between H7A and H8 on the Rotor Control
PCB. Turnthe MAINS on and press the PREPARE push button. Verify that the PREPARE push button does
not light. If PREPARE illuminates, repeat steps 2f(1)(1) through 2f(1)(n) until it does not.

(0) Turnthe MAINS off. Removethe AC voltmeter and jumper wirefrom H7A and H8.
(2) Peform under-tabletuberotor boost time adjustment.
(@ Ensurethe MAINS areturned OFF.
NOTE: The oscilloscope and voltmeter should still be attached from the over the tube rotor boost time
adjusment. Ensure the scope and the AC voltmeter are across O7 and N on the Rotor Control PCB
(6284.234.09). (SeeFigure3-59.)

(b) Se the voltmeter to read at least 300 VAC and s&t the oscilloscope to display 100 volts/div.
at a swesprate of 200 msec/div.

NOTE: All meter readingsin this section should be within 5% tolerance to be considered acceptable.
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(0 Turnthe MAINS on.

(d Sdect the200L SPOT mA, <80 kVp>, <1/10th second> and ensure the green LED ("GO'-
LED1) on the Rotor Control PCB (6284.234.09) is illuminated 1.5 seconds after the SPOT mA station is
sdected, and continuoudly theresfter.

(8 Ensure the voltmeter displays 230 volts AC (boost voltage) for approximatdy 1.5 seconds
beginning when the 200L SPOT mA station is sdected; then drop it to 50 volts AC (run voltage).

(f) Ensure the scope displays 650 volts AC peak-to-pek for 7.5 divisions, and then drops to
150 volts AC peak-to-peak. (SeeFigure 3-60).

(9) Proced to step 2g if these readings are satisfactory; otherwise, repeat step 2f(1)(k), as
necessary.

g. Adjust radiographic kVp and mA meers.

NOTE: The vdtage measurement and adjusment points for the radiographic kVp mee are on the
mA/KVp/Line Shunt Meter PCB (6284.234.12). (See Figure 3-57 for location of the board.)

(1) Turn the MAINS off and connect a voltmeter across MRY and MV on the mA/kvp/Line Shunt
Meter PCB (6284.234.12) with the positive lead on MRY. (SeeFigure 3-58.) Set the voltmeter range to read at
least 50 volts DC.

(2) Turnthe MAINS on. Sdect 25S mA and <1/10 second>.

(3) Rotate the major and minor kVp sdector switches until 50 volts DC (+0.3 valts) is read on the
voltmeter. (SeeFigure 3-61.)

(4) Adusgt P1 (Meer Scale) on the mA/kVp/Line Shunt Meter PCB (6284.234.12) for 150 kVp. (See
Figure 3-58.) Theradiographic kVp meter is now calibrated.

(5) Turn the MAINS off and disconnect the power cable and the control cable, P22 and P23
connectors, at the high voltage transformer.

(6) Disconnect M1 on the main terminal strip, on the lower inside of the control, and remove the card
edge connectors from the |ft side of the Exposure Interlock PCB (6284.234.04). (See Figures 3-61 and 3-62.)
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(7) Connect an ohmmeter between terminals J29-2 and J29-6 on the Exposure Interlock PCB
(6824.234.04) and adjust potentiometer (pot) P4 on Exposure Interlock PCB (6824.234.04) until the ohmmeter

reads 6,000 ohms resistance. Reconnect the edge connector.

(8) Connect a DC milliammeter to terminal M1 in series with the positive lead of an adjustable DC
current source. Connect the negative lead of the current source to G (any convenient ground source on the

terminal strip).
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NOTE: Depending on the type of current source used, it may be necessary to readjust the current source after
the pot adjustment.

(9) Turn the MAINS on and sdect 200L SPOT. Set the current source to 7.5 mA, as read on the
multimeter.

(10) Read the control's mA meter on the 10 mA scale and adjust pot PS5 on mA/kVp/Line Meter Shunt
(6284.234.12), until it reads 7.5 mA. (SeeFigure 3-58.)

(11) Sdect 50S mA and adjust the current sourceto 75 mA, as read on the multimeter. Adjust pot P3,
on mA/kVp/Line Meer Shunt (6284.234.12), until it reads 75 mA on the 100 mA scale of the contral's mA
meter.

(12) Sdect 300L mA and adjust the current source to 300 mA, as read on the multimeter.  Adjust pot
P4, on mA/kVp/Line Meter Shunt (6284.234.12), until it reads 300 mA on the 400 mA scale of the control's mA
meter.

(13) Turnthe MAINS off and reconnect P22 and P23 to the high voltage transformer.

g. Conduct mA overload adjustment.

NOTE: There arethree separate mA overload sensing systems, the M1 overall, the M2 overall, and the focal
spot overload. Each system has its own adjustments.

(1) Ensurethe MAINS areoff. Leaveor install the current source on M1 and G on the main terminal
strip. (Seestep 29(8).)

(2) Connect a jumper wire on the Exposure Interlock PCB (6824.234.04), used from M1 (negative
end of C6) and terminal G ontheboard. (SeeFigure3-62.) Thiswill bypass thefocal spot overload.

(3) Turnthe MAINS on and sdect 300L mA.

(4) Adjust the current source to 360 mA and adjust the pot P1, on the Exposure Interlock PCB
(6284.234.04) until SAFETY RESET illuminates and will not illuminate for values less than 360 mA. (See
Figure 3-62.)

(5) TheM1 overall protectionis set.

(6) Turnthe MAINS off, remove the jumper wire, and reconnect it between M1 and M1A on themain
terminal strip.

NOTE: Thiswill bypassthe M1 overload.
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(7) Turn the MAINS on. Adjust pat PS on the Exposure Interlock PCB (6284.234.04) until the
SAFETY RESET illuminates for values above 360 mA and does not illuminate for values less than 360 mA.
(SeeFigure 3-62.)

(8) Turnthe MAINS off and remove the jumper wire.

(9) Thefocal spot overload is now set.

(10) Connect the negative lead of the current source to M2 and the postive lead to G on the main
terminal strip located in the lower inside of the control.

(11) Turnthe MAINS on and adjust the current source to 360 mA.

(12) Adjust pot P3 on the Exposure Interlock PCB (6284.234.04) until SAFETY RESET illuminates
for values above 360 mA and does not illuminate for values less than 360 mA. (SeeFigure 3-62.)

(13) Turnthe MAINS off and removeall jumper wires.
(14) TheM2 overload is now 4.
h. Adjust end of exposuresignal.
(1) Makearadiographic exposure
NOTE: For CDRH compliance, an audible signal must be heard to indicate an exposure has been taken.

(2) If theaudible signal istoo long or too short, adjust pot P1 (Duration) for a signal tone duration on
the Exposure End Buzzer PCB (5184.234.2901). (SeeFigure 3-63.)

(3) If theaudible signal istoo loud or too soft, adjust pot P2 (loudness) for a signal tone duration on the
Exposure End Buzzer PCB (5184.234.2901).

(4) Turnthe MAINS off.
i. Peformtubeoverload adjustment (TOLA).

(1) Turnthe MAINS on and insert the techniques shown in the TOLA Adjustment Table one at atime
for all mA dtations. (SeeTable3-2.)
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NOTE: The TOLA adjustment tableis used to check the overload safety circuits at the 101% loading paint.

(2) Ensurethe SAFETY RESET lamp is not illuminated when exposures are made of the techniques
shown in the table.

(3) If the techniques shown are increased by one mA dation, three kVp, or one time dation, the
SAFETY RESET lamp must illuminate.

(4) If the lamp illuminates or fails to illuminate at the increased setting, adjust the potentiometer
indicated on the Universal TOLA assembly PCB located in the main control. (See Figure 3-64.)

(5) Turnthe MAINS off.
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MAXIMUM kVP MAXIMUM TIME
mA 60 Hz 50 Hz Pot 60 Hz 50 Hz Pot
Station [ kVp | Time [ kVp | Time | Adj | kVp | Time | kVp | Time | Adj
200L
SPOT | 149 2/3 142 | 3/5 P1 65 8.0 65 8.0 P11
25S 149 | 8.0 149 | 8.0 P2 149 | 8.0 149 | 8.0 P12
50S 149 8.0 149 | 6.0 P3 149 8.0 143 8.0 P13
1008 146 11 149 | 1.0 P4 85 8.0 72 8.0 P14
100L 149 8.0 149 | 8.0 P5 149 8.0 149 8.0 P15
150L 144 3.0 143 1.0 pP6 106 8.0 106 8.0 P16
200L 149 [ 1.0 143 | 1.0 P7 82 8.0 77 8.0 P17
300L 149 | 2/15 | 149 | 2/25 | P8 55 8.0 55 6.0 P18

Table3-2. TOLA ADJUSTMENTS

j- Conduct radiographic timer (50 and 60 Hz) verification.

(1) Turnthe MAINS off.

(2) Locatethe Back-up Timer PCB (6284.234.0803), Figure 3-57, in the main control and disable the

Back-up Timer by removing lead 3D fromitsterminal. (See Figure 3-65.)

)

@)
beam.

®)
(6)

(7) Make an exposure at <2 seconds> (240 impulses). The X-ray calibration timer should read

Turnthe MAINS on.

Sdect <85 kVp> and <150L> mA. Place the X-ray cdibration timer in the center of the X-ray

Make an exposure at <1/120 sscond>. This should be precisely one pulse.

Make an exposure at <1/60 second>. This should be precisdly two pulses.

between 235 and 245 impul ses (£296).
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(8) If these readings are correct, turn OFF the MAINS. Reconnect the 3D lead to its terminal on the
Back-up Timer PCB (6284.234.0803) and proceed to step 2m for the 60 Hz Back-up Timer or step 2n for the 50
Hz Back-up Timer.

(9) If thereadings are not correct, proceed to step 2k if the systemis operating at 60 Hz or step 21, if
using 50 Hz power.

k. Conduct 60 Hz radiographic timer calibration.

NOTE: Follow this procedure only if the system is operating under 60 Hz power. If the system uses 50 Hz
power, fallow theingtructionsin step 2m beow.

(1) Turn the MAINS off and locate the Back-up Timer PCB (6284.234.0803) in the main control.
(SeeFigure 3-57.)

(2) DisabletheBack-up Timer by removing lead 3D fromitsterminal. (See Figure 3-64.)

(3) Set the scopeto 5 valts/division, vertical and 200 msec/division, horizontal, and connect the probe
to M1 and the shidd to G on theterminal strip.

(4 TurntheMAINS on.

(5) Sdect <80 kVp>, <200L> mA, and <1 sscond> technique If the SAFETY RESET lamp
illuminates, refer to step 2j.

(6) Press the PREPARE and EXPOSE push buttons and observe the oscilloscope display. The
display should be high at the start of exposure, remain high for the duration of the exposure, and return low at the
end of theexposure. (See Figure 3-66 for proper waveform appearance.)
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Figure 3-66
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(7) Theduration of the high should be 1 second, £5%. If it is not, adjust port P1 (Overall Time) on the
Single Phase Impulse Timer PCB (5184.234.12). (See Figure 3-67.)
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Figure 3-67

(8) Sdect <1/120th sscond> on the time sdlect dial.
(9) If the SAFETY RESET lamp isilluminated, refer to step 2.
(10) Set the horizontal sweep on the scopeto 2 msec/division.

(11) Depressthe PREPARE and EXPOSE push buttons and observe the waveform on the oscilloscope.
It should be high for more than 6 mseconds (mesc) and less than 8.3 msaconds, then return to low. (See Figure
3-68.)
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(12) If the display is not as described, adjust pot P2 (Short Time) on the same PCB for the correct
display.

(13) If pot P2 (Short Time) was adjusted, repest the procedures for verification of "overal” time
Repeat adjustments until satisfactory results are obtained for both settings.

(14) Turn the MAINS off and reconnect lead 3D to its terminal on the Back-up Timer PCB. (See
Figure 3-65.)

I.  Conduct the 50 Hz radiographic timer calibration.

NOTE: Follow this procedure only if the system is operating under 50 Hz power. If the system uses 60 Hz
power, fallow theinstructionsin step 2| above.

(1) Turn MAINS off and locate the Back-up Timer PCB (6284.234.0803) in the main control. (See
Figure 3-57.)

(2) DisabletheBack-up Timer by removing lead 3D fromits terminal. (See Figure 3-65.)

(3) Setthescopeto 5 valtg/division, vertical and 200 msec/division, horizontal.

(4) Turnthe MAINS on and sdect <80 kVp>, <200L> ma, and <1 second> technique.

(5) If theSAFETY RESET lamp illuminates, refer to step 2.

(6) Press the PREPARE and EXPOSE push buttons and observe the oscilloscope display. The

display should be high at the start of expasure, remain high for the duration of the exposure, and return to low at
the end of theexposure (See Figure 3-66 for proper waveform appearance.)
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(7) Theduration of the high should be 1 second, +5%. If it isnot, adjust pot P1 (Overall Time) on the
Single Phase Impulse Timer PCB (5184.234.12). (See Figure 3-67.)

(8) Sdect <1/100th sscond> on the time sdlect dial leaving the remaining technique factors as they are.
(9) If theSAFETY RESET lamp isilluminated, refer to step 2.
(10) Set the horizontal sweep on the scopeto 2 msec/division.

(11) Depressthe PREPARE and EXPOSE push buttons and observe the waveform on the oscilloscope.
It should be high for more than 10 mseconds, then return to low. (See Figure 3-69.)
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Figure 3-69

(12) If thedisplay is not as described, adjust pot P2 (Short Time) on the same PCB (5184.234.12) for
the correct display.

(13) If pot P2 (Short Time) was adjusted, repest the procedures for verification of "overal” time
Repesat until satisfactory results are obtained for both settings.

(14) Turnthe MAINS off.
m. Perform 60 Hz back-up timer calibration.

(1) Turnthe MAINS off and connect channd 2 of the scope to TP1 (bar on D7 indicates cathode of
D7) onthe Back-up Timer PCB (6284.234.0803). (SeeFigure3-65.)

(2) Connect channd 1 of the scopeto TP 10 on the Single Phase Impulse Timer PCB. (See Figure 3-
67.)

(3) Connect the external trigger input of the scope to terminal BAM on the SCR Impulse Timer PCB
(5284.234.1102). (SeeFigure3-70.)
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NOTE: Thistermina is24 VDC during exposure only.

(4) Set channd 1 of the scope to display 5 volts/divison, channd 2 to 10 voltydivison, and 200
msec/division, horizontal.

(5) Turnthe MAINS on. Sdect 200L mA station, <80 kVp> and <4/5 sscond>.
(6) Makean exposurewhile observing the scope. If the display on channd 2 should end 1.5 horizontal

divisons (300 ms) after the display on channd 1, proceed to step 2m(8). (See Figure 3-71 for correct scope
reading.)

bl
LARARAAAI

LILARASRA LS

LI LLLL

hilaleaiinlningas

LAASRAAASAALA)

| A0 IRARANRERA

O Jadaletsiiaing

(o2}
I
N

Figure3-71

(7) If the display requirements are not met, adjust pot R9 (Overal Time Set) on the Back-up Timer
PCB (6284.234.0803) and repesat step 2n(6). (SeeFigure 3-65.)

(8) Sdect <1/120th sscond> on the time sdlect dial, leaving all other technique factors the same.
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(9) Se the oscilloscope to display 5 msec/div., leaving the vertical display as is, and set the
oscilloscopeto trigger on channd 1.

(10) Depressthe PREPARE and EXPOSE push buttons while observing the oscill oscope display.

(12) If thedisplay on channd 2 should end 3 horizontal divisions (15 msec.) after the display on channd
1, procead to step 2m(14). (Refer to Figure 3-72 for correct scope reading.)
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Figure3-72

(12) If the requirements of step 2m(11) are not met, adjust pot R2 (Short Time Set) on the Back-up
Timer PCB (6284.234.0803). (SeeFigure 3-65.)

(13) If pot R2 (Short Time Set) was adjusted, repesat the <4/5 second> procedure.  Set the scope to
display 200 msec/division, leaving the vertical display asis. Repest this procedure beginning with step 2m(2).

(14) Turnthe MAINS off, remove the test equipment, and reingtall J22 to the high voltage transformer.
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(15) Procead to step 3, if using noninvasive metersfor calibration, or to step 4 if using aDynalyzer.
n. Peform 50 Hz back-up timer calibration.

(1) Turnthe MAINS off and connect channd 2 of the scope to TP1 (bar on D7 indicates cathode of
D7) on the Back-up Timer PCB (6284.234.0803). (See Figure 3-65.)

(2) Connect channd 1 of the scopeto TP 10 on the Single Phase Impulse Timer PCB (5184.234.12).
(SeeFigure 3-67.)

(3) Connect the external trigger input of the scope to terminal BAM on the SCR Impulse Timer PCB
(5284.234.1102). (SeeFigure3-70.)

NOTE: Thistermina is24 VDC during exposure only.

(4) Set channd 1 of the scope to display 5 voltg/divison and set channd 2 of the scope to 10
voltg/division and 200 msec/division, horizontal.

(5) Turnthe MAINS onand sdect 200L mA station, <80 kVp> and <1 sscond>.

(6) Makean exposure while observing the scope. If the display on channd 2 should end 0.5 horizontal
divisons (100 ms) after the display on channd 1, proceed to step 2n(8). (See Figure 3-71 for correct scope
reading.)

(7) If the display on channd is not correct, adjust pot R9 (Overal Time S&t) on the Back-up Timer
PCB (6284.234.0803). (SeeFigure 3-65 and repest step 6.)

(8) Sdect <1/100th sscond> on the time sdlect dial leaving al other technique factors the same.
(9) Set theoscilloscopeto display 5 msac/div leaving the vertical display asis.

(10) Set oscilloscopeto trigger on channd 1.

(11) Depressthe PREPARE and EXPOSE push buttons while observing the oscill oscope display.

(12) If thedisplay on channd 2 should end 3 horizontal divisions (15 msec.) after the display on channd
1, proceed to step 20(15). (SeeFigure 3-72 for correct scope reading.)

(13) If the display on channd 2 is not within requirements, adjust pot R2 (Short Time Set) on the
Back-up Timer PCB (6284.234.0803). (SeeFigure 3-65.)

(14) If pot R2 (Short Time Set) was adjusted, repeat the 1 second procedure and set the scopeto display

200 msec/division, leaving the vertical display as is. Repeat this procedure beginning with step 2n(2) until
satisfactory results are achieved.
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(15) Turnthe MAINS off, remove the test equipment, and reingtall J22 to the high voltage transformer.

(16) At thispoint in the calibration procedure, it is necessary to follow the procedure for the type of test
equipment used.

(@ Proceadto tep 3 if using noninvasive meters for calibration.
(b) Proceadto step 4 if using a Dynalyzer.

3. Completethe calibration of the X-ray generator using noninvasive meter's.

CAUTION

Each mA station must be calibrated for filament control, filament boost, space charge compensation, and
kVp compensation. These adjustments are interactive and need to be performed as a st on each mA
dation.

NOTE: X-ray current skews at different kilovoltages, due to space charge effect. It is necessary to compensate
for space charge effect by increasing the filament levd at low kVps and decreasing it a high kVps. This is
performed by a series of pot adjustments.

NOTE: Tables 3-4, 3-6, 3-7, and 3-8 may be photocopied to record the data required by the calibration
procedures.

a Ingtall noninvasive meters.
NOTE: Alwaysfollow the manufacturer's instruction for installation and use of meters.
(1) Turn the MAINS off, remove wire M1 located on the terminal strip on the lower section of the
inside rear of the control, and connect the meter leads of the mAs meter between the M1 terminal and the wire
that was connected to M1 terminal. (See Figure 3-57.)

(2) Podgtion the noninvasive kVp maer in the X-ray beam the indicated distance away from the X-ray
tube as specified by the Focal Detector Distance (FDD) in the manufacturer's instructions.

b. Conduct over thetablefilament control calibration.

NOTE: Peform the following calibration steps only after verifying the radiographic timer. (See steps 2k
through 2n.)

NOTE: The filament adjustments pots are located on the Constant Current Filament Control PCB
(6284.234.1009). (SeeFigure3-73.) The PCB isphysically located in the main control. (See Figure 3-57.)
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¢. Conduct space charge zero adjustment.

(1) Turnthe MAINS off and connect a digital voltmeter across leads XD1 (22,J3) and XCC (7,J4) on
the Constant Current Filament Control PCB, (6284.234.1009). (SeeFigure3-73.)

(2) Turnthe MAINS on and sdect 25S mA, <78 kVp>, and <2 seconds>.

(3) Adust P30 (Space Charge Zero Adjust) on the Constant Current Filament Control PCB
(6284.234.1009) until voltmeter reads (0) volts. (SeeFigure3-73.)

NOTE: Thisisthe zero space charge point. It needsto be set only once.

(4) TurntheMAINS off and remove the voltmeter.

d. Conduct exposure mAs calibration.

(1) Ensure the MAINS are turned off. Remove wire M1 located on the terminal strip on the lower
section of the inside rear or the control and install the leads of Nuclear Associates mAs meter (Modd 07-472)
between the M 1 terminal and the wire that was connected to M1 terminal in serieswith the M1 lead. (See Figure
3-57)

(2) Turnthe MAINS onand sdect 100L mA station, <80 kVp>, and <1/2 second>.

(3) Pressand hold the mAs push button while making an exposure and observe the mAs meter while
holding PREPARE, EXPOSE, and mAs after the exposure ends. It should read 50 mAs +5%.

(4) If the mAs meter on the control pand drifts up or down, adjust pot P2 (Drift) accordingly on the
mAs Current Integrator PCB. (See Figure 3-74 for zero indication.)

(5) Rdeaseall buttons and pressmAsonly. ThemAs meer should read zero.

(6) Adjust pot P1 (Zero Adjustment), as necessary, on the mAs Current Integrator PCB for zero
indication. (SeeFigure3-74.)

(7) Comparethe meter reading on the control to the digital mAs meter.

(8) Adjust pot P3, as necessary, on the mAs Current Integrator PCB (6184.234.0803) until the meter
on the control pand equals that on the digital meter. (SeeFigure 3-74.)

(9) Make another exposure and adjust pot P3 (mAs Meter Adjustment) on the mAs Current Integrator
PCB for 50 mAs + 5%.

3-214



STP 8-91A15-SM-TG

= @

CIR3s

IR39

[1R40

CIR4I

20  — 13

21
CR30

[IR46
R47 0 2
R48 1 K -
M R19 1 2 <

L€H gey

R§5 %,
2
&

Ré4

LT

»
@

1s€
RIE]

9t v

Bz EFEE AW

52 5 g2 " &7 o)
n 2

m

‘av

“Tid
ELE]
‘fav

)

:

|1

O

NIVD
INFWYTH g5y

H3aAnNa

“SE ] @ @ [ s
:

S001

IR28
CIR2
RS

To01

|
NIVH 190¢  q00z 051

=

blle)
f1}=]
81D

Lo |
mn
La |
sn

\\ﬂ'lﬂ

—H

+ O
fAle)

-OR
CRI9
e [3]2 |
IR
[— V1)
—cr7
=
CIR20
oD3
CIRI7
’ D4
CR7
CIR8
[—Y1

i

DS
[—IR23

6284.234.1009

Figure3-73

3-215



STP 8-91A15-SM-TG

121.0832.4017
123.2208.11

738.0320 (1 foot) —

121.0832.0817 (2)

123.6080.20 (Z)T

J32

™2 Rs Re [~ [
o R4 D ue
+ < b2
c2 P1
DsD S
D2 DRIFT =
| B 12
ZERO
% ADJ.
D1
&k
MAS METER
[ I ADJ.
MP2
TP3
T1
1 P2
115V N

|_—4111.398.02 (4)

6184.234.0803
mAs CURRENT INTEGRATOR PCB

Figure3-74

3-216




STP 8-91A15-SM-TG

e Conduct filament boost adjustment.
NOTE: Thefdlowing procedure allows adjustment of filament boost, using only a storage scope.

(1) Turnthe MAINS off and connect channd 1 of a storage scope to M1 |located on the terminal trip
on the lower section of theinside rear of the control and the shield to theterminal labdled G (ground). (SeeFigure
3-57)

(2) Refear to Table 3-3 for the list of scope sdttings and corresponding pot used in making the
adjustments. Make all agdjustments at <78 kVp> and <1/4 second> exposure.

(3) To adjust boodt, start with 25S mA and make an exposure. Compare the output of scope with
Figure 3-75 and adjust P22 on the Constant Current Filament Control PCB (6284.234.1009). (SeeFigure 3-73.)
Continue the adjustment until the output matches as closdy as possible to the waveform labdled CORRECT.

mA Station Scope Setting Boost Pot
255 1 volt/division 20 ms P22
50S 2 volt/division 20 ms P23
100S 2 volt/division 20 ms P24
100L 2 volt/division 20 ms P25
150L 2 volt/division 20 ms P26
200L 2 volt/division 20 ms P27
300L 5 volt/division 20 ms P28
200L SPOT 2 volt/division 20 ms P21

Table3-3. FILAMENT BOOST ADJUSTMENT

(4) Using Table 3-3, continue making adjustments on al mA stations.
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TOO MUCH BOOST

TOO LITTLE BOOST

CORRECT BOOST

Figure 3-75
f. Conduct over-tablefilament calibration.
NOTE: UseTable 34, Filament Calibration Workshest, for the following steps.

(1) SethekVpto<78 kVp> for dl readings. Use a 10 inch FDD to position the kVp meter for al
readings in this section.

(2) Beginwith 25SmA, <78 kVp>, and <2 seconds> .

NOTE: Thishasa calculated mAsaf 50. All readingsin Table 3-4 havea calculated mAs of 50.
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(3) Makean exposure and record themAs and the kVp readings.
NOTE: ThemAsmeter reading should be within 5% of the sdected value.
(4) Adjust the pots for mA Course and mA Finefrom Table 3-5, + 5% as read on the meter's.

NOTE: All mAs caculated to 50 mAsin the following table

mA Time | Reading | Tolerance Pots
KVp +4 NONE
255 2 sec mAs 2.5 P2 and P12
kVp +4 NONE
505 | 1sec mAs £2.5 P3 and P13
KVp +4 NONE
1008 | 1/2 sec mAs 2.5 P4 and P14
KVp +4 NONE
100L | 1/2sec 4 +9.5 P5 and P15
KVp +4 NONE
150L | 1/3sec |\ £2.5 P6 and P16
KVp +4 NONE
200L | 1/4 sec | £9.5 P7 and P17
KVp +4 NONE
300L | 1/6sec | s £9.5 P8 and P18

Table3-4. FILAMENT CALIBRATION WORKSHEET
NOTE: Use 78 kVp for all sdtings. Use a 10" Focal Detector Distance (FDD). All pots are located on the
Constant Current Filament Control PCB (6284.234.1009). (See Figure 3-73.) Pots P2 through P8 adjust
"coarse" filament current. Pots P12 through P18 adjust "fine" filament current. Pots P21 through P28 adjust
filament boost.
(5) Adjust the boost pot for the waveform as shown in Figure 3-75.

(6) Repeat steps 3f(3) through 3f(5) 4 until all readings are within the specified tolerances. The pot
adjustmentsinteract, soit is necessary to adjust and recheck previoudly adjusted pots to keep in tolerance.
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(7) Fdlow the same procedure for all mA dations shown on the Filament Cdlibration Workshest,
Table3-4.

ADJUSTMENT POTS

mA mA mA Filament Space
Station Course | Fine Boost Charge
200L SPOT P1 P11. P21 P31

25S P2 P12 P22 P32

50S P3 P13 P23 P33
100S P4 P14 P24 P34
100L P5 P15 P25 P35
150L Pé P16 P26 P36
200L P7 P17 P27 P37
300L P8 P18 P28 P38

Table3-5. FILAMENT ADJUSTMENT POTS

NOTE: The pots are located on the Constant Current Filament Control PCB (6284.234.1009). (See Figure 3-
73.)

g. Conduct kVp offset and space charge compensation.
NOTE: Use Table 3-6, kVp Offsat & Space Charge Compensation Calibration Workshedt, for the following
seps. Set the kVp to <50 kVp> for all readings. Use a 10 inch Focal Detector Distance (FDD) to position the
kVp meter for all readingsin the section.
(1) Beginwith 25SmA, <50 kVp>, and <3 seconds> .
(2) Makean exposure and record themAs and the kVp readings.

(3) Ensure the meter reading is within the specified tolerance of the sdected values, as read in Table
3-6. Adjust the appropriate pot asindicated in thetable

(4) Repeat steps 3g(2) and 3g(3) until readings are within the specified tolerances.

NOTE: The pot adjustments interact; therefore, it is necessary to adjust and recheck previoudy adjusted pots to
kesp intolerance.

(5) Fdlow the same procedurefor al mA stations shown on the workshest.
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mA Time, mAs Reading Tolerance | Pots
25S 3 sec kVp +3 P2-0
75 mAs mAs +3.8 P32
50S 2 sec kVp +3 P3-0
10 mAs mAs +5 P33
100S 1-1/2 sec kVp +3 P4-0
150 mAs mAs 7.5 P34
100L 1-1/2 sec kVp +3 P5-0
150 mAs mAs 7.5 P35
150L 1 sec kVp +3 P6-0
150 mAs mAs 7.5 P36
200L 4/5 sec kVp +3 pP7-0
160 mAs mAs t8 P37
300L 1/2 sec kVp +4 P8-0
150 mAs mAs +7.5 P38

Table3-6. kVp OFFSET & SPACE CHARGE WORKSHEET

NOTE: Use<50kVp> for all sdtings. Usea 10" Focal Detector Distance (FDD). Pots P2-0 through P8-0 (*0"
for offset) are located on the kVp Compensation PCB (6284.234.03). See Figure 3-76 and adjust kVp offsat
compensation.  Pots P32 through P38 are located on the Constant Current Filament Control PCB
(6284.234.1009) and adjust space charge compensation. (See Figure 3-73.)

h.  Conduct kVp dope and space charge cdlibration.
NOTE: Use Table 3-7, kVp Slope & Space Charge Compensation Calibration Workshedt, for the following
gseps. SetthekVpto <130 kVp> for al readings. Use a 36 inch Focal Detector Distance (FDD) to position the
kVp meter for all readingsin the section.
(1) Beginwith 25S mA, <130 kVp>, and <1-1/2 seconds>.

(2) Make an exposure and record the mAs and the KVp readings. The meter reading should be within
the specified tolerance of the sdected values, asread in Table 3-7. Adjust the appropriate pot as indicated in the
table
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Figure3-76

(3) Repeat step 3g(2) until the readings are within the specified tolerances. The pot adjustments
interact, so it is necessary to adjust and recheck previoudy adjusted potsto keep in tolerance.

(4) Fdlow the same procedurefor al mA stations shown on the Workshed.
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mA Time, mAs -Reading Tolerance Pots
258 1-1/2 sec kVp 16 P2-S
37.5 mAs mAs 1.9 P32
508 1 sec kVp +6 P3-S
50 mAs mAs 2.5 P33
100S 1/2 sec kVp +6 P4-S
50 mAs mAs +2.5 P34
100L 1/2 sec kVp *6 P5-S
50 mAs mAs 2.5 P35
150L 1/3 sec kVp t6 P8-S
50 mAs mAs +2.5 P36
200L 1/4 sec kVp t6 P7-S
50 mAs mAs +2.5 P37
300L 1/6 sec kVp 6 P8-S
50 mAs mAs 2.5 P38

Table3-7. kVp SLOPE & SPACE CHARGE WORKSHEET

NOTE: Use<130 kVp> for all settings. Use a 36" Focal Detector Distance (FDD). Pots P2-S through P8-S
("S" for dope) arelocated on the kVp Compensation PCB (6284.234.03). (SeeFigure3-73.) Adjust kVp slope
compensation.  Pots P32 through P38 are located on the Constant Current Filament Control PCB
(6284.234.1009). (SeeFigure3-73.) Adjust space charge compensation.

i. Conduct under-table calibration.

NOTE: Use Table 3-8, Under-Table Calibration Workshed, for the following steps.  Set the kVp as specified
and position the Focal Detector Distance (FDD) as indicated in the table to position thekVp meter.

(1) Seect 200L SPOT mA, <78 KkVp>, and <1/5 second>.

(2) Makean exposure and record themAs and the kVp readings.

NOTE: Themeter reading should bewithin the specified tolerance of the sdected values, asread in Table 3-8.
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(3) Repeat step 3h(2) until readings are within the specified tolerances.

NOTE: The pot adjustments interact, so it is necessary to adjust and recheck previoudy adjusted pots to kegp in
tolerance

(4) Fdlow the same procedure for the other two settings shown on the workshest.

NOTE: Usea 10 inch Focal Detector Distance (FDD) from the top surface of the under-table collimator for al

sditings.

a PotsPl1, P11, P21, and P31 arelocated on the Constant Current Filament

Control PCB (6284.234.1009). (SeeFigure3-73.)
b. PotsP1 and P11 adjust filament current.
c. P21 adjustsfilament boost.
d. PotsP1-O and P1-S arelocated on the kVp Compensation PCB
(6284.234.03). (SeeFigure3-76.) They adjust kVp offset and dope.

j- Conduct fluoroscopic kVp calibration.

NOTE: The Fluoro kVp Mee PCB,5184.234.09, is located under the fluoro kVp meter on the inside of the

Time kVp, mAs | Reading Tolerance Pots
1/5 sec 78 kVp kVp t4 None
40 mAs mAs 12 P1,P11,P21
1-1/2 sec 60 kKVp kVp +3 P1-0
300 mAs mAs *15 P31
1/20 sec 130 kVp kVp +6 P1-S
10 mAs mAs +5 P31

Table3-8. 200L SPOT CALIBRATION WORKSHEET

door. (SeeFigure3-61.)

NOTE: For alayout of PCB see manufacturer's ingtructions, Chapter 6, Generator, Figure 5-28.

(1) Withthe MAINS off, connect a digital AC voltmeter across leads AQF and UF on the back of the

Fluoro kVp Meter PCB.

(2) Turn the MAINS on and adjust the fluoro kVp control for 200 volts AC on the digital AC

voltmeter.

(3) Adjust P1 ontheFluoro kVp Meter Shunt PCB for 125 kVp reading on thefluoro kVp meter.

3-224




STP 8-91A15-SM-TG

k. Conduct fluoroscopic mA calibration.

(1) Turnthe MAINS off and connect the mA meter by removing wire, M1, from its terminal strip on
the lower section of theinsiderear or the control. (SeeFigure 3-57.) Ingtall theleads of Nuclear Associates mAs
meter (Modd 07-472) between the M 1 terminal and the wirethat was connected to M1 terminal in series with the
M1 lead.

NOTE: Adjustmentsin this section are performed on the Fluoro mA Control PCB, 5184.234.0501. (SeeFigure
3-77)
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Figure3-77
(2) TurntheMAINS on.

(3) Sdect Fluoro mA position A on the fluoro mA sdect dia. Sdect 125 kVp on the fluoro kVp
meter. Make a fluoro exposure and adjust pot P1 on the mA Control PCB for .25 mA on the test equipment

display.
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(4) Sdect Fluoro mA paosition B and sdlect 125 kVp on the fluoro kVp meter. Make a fluoro exposure
and adjust pot P2 on themA Control PCB for .5 mA on thetest equipment display.

(5) Sdect Fluoro mA paosition C and sdlect 125 kVp on thefluoro kVp meter.

(6) Make a fluoro exposure and adjust pot P2 on the mA Control PCB for 1.0 mA on the test
equipment display.

(7) Sdect Fluoro mA position D and sdect 125 kVp on the fluoro kVp meter. Make a fluoro
exposure.

(8) Ensurethefluoro high leve buzzer sounds during the exposure.
(9) Adjust pot P4 onthemA Control PCB for 2.25 mA on the test equipment display.
(10) Sdect Fluoro mA position E and sdect 125 kVp on thefluoro kVp meter. Make afluoro exposure.
(11) Ensurethefluoro high levd buzzer sounds during the exposure.
(12) Adjust pot P5 onthemA Control PCB for 4.5 mA on thetest equipment display.
(13) Turnthe MAINS off.
4. Completethe calibration of the X-ray generator using adynalyzer.
NOTE: Each mA sation must be calibrated for filament contral, filament boost, space charge compensation,
and kVp compensation. These adjustments are interactive, and they should be performed as a s&t on each mA
station.
NOTE: X-ray current skews at different kilovoltages, due to space charge effect. It is necessary to compensate
for space charge effect by increasing the filament levd at low kVps and decreasing it a high kVps. This is
performed by a series of pot adjustments.
a Ingal thedynayzer.
NOTE: Alwaysfollow the manufacturer's ingtruction for installation and use.
b. Makeall mA and kVp measurements as closeto the X-ray tube as possible
NOTE: Ingenedl, al kVp measurements are made with both anode and cathode cables connected to the high
voltage divider. All mA measurements are made with only the anode cables connected to the high voltage divider,
dueto theloading of the filament by the high voltage divider.

NOTE: When using a scope to measure kVp, one channd reads anode kVp, and the other reads cathode kVp.
Onechannd isinverted. Both channds are algebraically added together for total kVp.
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c. Connect channd 1 of the scopeto thekVp output of the Dynalyzer and connect channd 2 of the scopeto
themA output of the Dynalyzer.

d. Liberaly coat al high voltage cable ends with insulating compound (such as DOW DC-4) when using
the test equipment.

e Peaform exposuremAs calibration.
(1) Turnthe MAINS onand sdect 100L mA station, <80 kVp> and <1/2 sscond>.

(2) Press and hold the mAs push button while making an exposure.  Observe the mAs meter while
holding PREPARE, EXPOSE, and mAs after the exposure ends. 1t should read 50 mAs + 5%.

(3) If the mAs meter on the control pand drifts up or down, adjust pot P2 (Drift) accordingly on the
mAs Current Integrator PCB. (SeeFigure3-74.)

(4) Rdeaseall buttons and pressmAsonly. ThemAs meer should read zero.
(5) Adjug pot P1 (Zero Adjustment) on themAs Current Integrator PCB for zero indication.
(6) Comparethe meter reading on the control to the Dynalyzer mAs meter.

(7) Adjust pot P3, on the mAs Current Integrator PCB (6184.234.0803), until the meter on the control
pand equals that on the Dynalyzer.

(8) Make another exposure and adjust pot P3 (mAs Meter Adjustment) on the mAs Current Integrator
PCB for 50 mAs + 5%.

f. Adjust kVp compensation.

NOTE: Before proceading to this section, verify Filament Boost adjustment. (See step 3e) A storage scope is
required.

NOTE: kVp compensation calibration verification is performed using Table 3-9. If a valtmeter is not connected
from the previous procedure, turn the MAINS off and connect the voltmeter across terminals AC and AM
(located on the back of the mgjor and minor kVp sdector switches).

(1) Veify that for al mA stations the kVp meter readings correspond to the voltage between AC and
AM. (SeeFigure3-61.)

(2) Refearto Table3-9. Thefirst "Adjust" column is for all offset (O) pots, and the second "Adjust”
columnisfor all dope (S) pots. Veify the kVp meter reading againgt the Dynalyzer. Adjust the corresponding
pot for the appropriate value read by the voltmeter across terminals AC and AM.

(3) Turnthe MAINS on and sdect all mA stations one at atime.
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kVp Calibration Settings for 2% Line Drop
mA AC-AM kVp | Adjust AC-AM kVp | Adjust
200LSPOT 118 60 P1-0 209 120 P1-S
258 119 70 P2-0 201 120 P2-S
50S 110 60 P3-0 207 120 P3-S
100S 122 60 P4-0 219 120 P4-S
100L 122 60 P5-0 219 120 P5-S
150L 135 60 P6-0 230 120 P6-S
200L 118 60 P7-0 209 120 P7-S
300L 133 60 P8-0 219 120 P8-S
kVp Calibration Settings for 4% Line Drop
mA AC-AM | kVp | Adjust AC-AM | kVp | Adjust
200LSPOT 118 60 P1-0 210 120 P1-S
25S 119 70 P2-0 201 120 P2-S
50S 110 60 P3-0 207 120 P3-S
100S 122 60 P4-0 220 120 P4-S
100L 122 60 P5-0 220 120 P5-S
150L 135 60 P6-0 232 120 P6-S
200L 118 60 P7-0 210 120 | P7-S
300L 135 60 P8-0 223 120 P8-S

Table3-9. kVp COMPENSATION
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kVp Calibration Settings for 6% Line Drop

mA AC-AM kVp | Adjust AC-AM kVp | Adjust
200LSPOT 120 60 P1-0 214 120 pP1-S
25S 120 70 P2-0 203 120 P2-S
505 111 60 P3-0 209 120 P3-S
100S 123 60 P4-0 221 120 P4-S
100L 123 60 P5-0 221 120 P5-S
150L 136 60 P6-0 233 120 P6-S
200L 120 60 P7-0 214 120 P7-S
300L 135 60 P8-0 226 120 P8-S

kVp Calibration Settings for 8% Line Drop

mA AC-AM | kVp | Adjust AC-AM | kxvp | Adjust
200LSPOT | 121 60 P1-0 218 120 | P1-S
255 120 70 P2-0 203 120 | P2-S
508 111 60 P3-0 209 120 | P3-s
1008 123 60 P4-0 222 120 | pa-s
100L 123 60 P5-0 222 120 | P5-S
150L 136 60 pP6-0 | 235 120 | P6-S
200L 121 60 P7-0 218 120 | P7-S
300L 137 60 P8-0 231 120 | P8-S

Table3-9. kVp COMPENSATION (Continued)

(4) Veify the kVp meter reading againsgt the Dynalyzer and that the corresponding value in Table 3-9
is reached + 5%.

NOTE: To peform this, s&t time to <1/10 sscond> and generate an X-ray exposure.  Verification must be
performed at both kVp settings at each mA station. If SAFETY RESET prevents performing this procedure,
refer to step 2j.

NOTE: If the mA reading is more than 10% off while performing this procedure, adjust the appropriate coarse
mA pot on the Constant Current Filament PCB. (SeeTable3-7). Thisisa prdiminary adjustment.
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(5) If al mA stations track within acceptable parameters, remove the voltmeter and proceed to step 4g.
If themA station does nat track with acceptable parameters, proceed to NOTE below and step 4f(6).

NOTE: Theremainder of the adjustments for kVVp Compensation are on pots located on the kVp Compensation
PCB (6284.234.03). (SeeFigure3-76.) Thelocation of the kVp Compensation Pand is shown in the front view
of Figure3-57.

(6) Theoffsat (O) and dope (S) pots are interactive for the low and high ends. Adjust the dopefor the
correction at the high end and adjust the offset pot at the low end.

(7) Cadlibrateto 2% of the specified reading as a goa with 5% maximum as tolerance.

(8) Turn the MAINS on, sdect 25S mA, and set the AC-AM voltage corresponding to 70 kVp in
Table3-9.

(9) Adjust P2-O (25S) so the kVp meter reads 70 kVp. Sdect the AC-AM voltage corresponding to
120 kVp and adjust P2-S (25S) so the kVp meter reads 120 kVp.

(10) Confirm settings at 70 kVp and then 120 kVp, readjusting P2-O and P2-S as required.

(11) Sdect the 50S mA sation and set the AC-AM voltage corresponding to 60 kVp in Table 3-9.
Adjust P3-O (50S) so thekVp meter reads 60 kVp.

(12) Sdect the AC-AM vadltage corresponding to 120 kVp and adjust P3-S (50S) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P3-O and P3-S, as required.

(13) Sdect 100S mA and sa the AC-AM voltage corresponding to 100S in Table 3-9. Adjust P4-O
(100S) so the kVp meter reads 60 kVp.

(14) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P4-S (50S) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P4-O and P4-S, as required.

(15) Sdect 100L mA and set the AC-AM voltage corresponding to 100L in Table 3-8. Adjust PS-O
(100S) so the kVp meter reads 60 kVp.

(16) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P5-S (100L) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting PS-O and P5-S, as required.

(17) Sdect 150L mA and set the AC-AM voltage corresponding to 150L in Table 3-9. Adjust P6-O
(150L) so thekVp meter reads 60 kVp.

(18) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P6-S (150L) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P6-O and P6-S, as required.
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(19) Sdect 200L mA and set the AC-AM voltage corresponding to 200L in Table 3-9. Adjust P7-O
(200L) so thekVp meter reads 60 kVp.

(20) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P7-S (200L) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P7-O and P7-S, as required.

(21) Sdect 300L MA and set the AC-AM voltage corresponding to 300L in Table 3-9. Adjust P8-O
(300L) so thekVp meter reads 60 kVp.

(22) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P8-S (300L) so the kVp meter
reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P8-O and P8-S, as required.

(23) Sdect 200L Spot mA and set the AC-AM voltage corresponding to 200L SPOT in Table 3-9.
Adjust P1-O (200L Spot) so thekVp meter reads 60 kVp.

(24) Sdect the AC-AM voltage corresponding to 120 kVp and adjust P1-S (200L Spot) so the kVp
meter reads 120 kVp. Confirm settings at 60 kVp and then 120 kVp, readjusting P1-O and P1-S, as required.

(25) Verify that 25S mA kVp reading in Table 3-9 are within + 5% of the Radiographic kVp meter and
Dynalyzer for thelow and high ends (high end is 120 kVp and low end is 60 kVp).

(26) Veify therest of mA station AC-AM voltages in Table 3-9 againgt the kVp meter and Dynalyzer
for thelow and high ends.

(27) Turnthe MAINS off and remove test equipment.
g. Adjust mA filament (over-table X-ray tube).
(1) Sdect <78 kVp> and <1/2 second>. Verify all mA stations, one at a time, by making exposures
and observing the mA reading on the high voltage test equipment display. The mA should be within 5% of the
sdected value

(2) Veify that the mA boost waveforms match the waveforms shown in Figure 3-75. If they are
correct, proceed to step 4h. If they require adjustment, proceed to step 4g(3).

(3) Turnthe MAINS off.
NOTE: All filament adjustments pots for radiographic mA stations are on the Constant Current Filament Control
PCB (6284.234.1009). (See Figure 3-73.) The PCB is physicaly located in the main control. (See Figure 3-
57.) Therespective adjustments pots are shown in Table 3-5.

(4) Connect a digital voltmeter across leads XD1 (22J3) and XCC (7J4) on the Constant Current
Filament PCB.

(5) Turnthe MAINS on and sdect 25S mA, <78 kVp>, and <1/4 sscond>.
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(6) Adjust P30 (Space Charge Zero Adjust) on the Constant Current Filament Control PCB until the
voltmeter reads (0) volts. Thisisthe zero space charge paint.

(7) Turnthe MAINS off .
(8) Ensurethe collimator blades on the X-ray tube are fully closed.
(9) Turnthe MAINS on, make an exposure, and observe themA output on the test equipment display.

(10) Usepot P2 (mA Coarse) and pot P12 (mA Fine) on the Constant Current Filament Control PCB
and adjust for 25 mA on thetest equipment display.

(11) Adjust pot P22 (Boost) for amA waveform as shown in Figure 3-75.

NOTE: Adjustment of P22 will affect the mA value so readjust P2 and P12 for proper value,
(12) Select 50SmA and <78 kVp>.
(13) Make an exposure and observe themA output on the test equipment display.

(14) Adjust pot P3 (mA Coarse) and pot P13 (mA Fine) on the Constant Current Filament Control PCB
and adjust for 50 mA on thetest equipment display.

(15) Adjust pot P23 (Boost) on the Constant Current Filament Control PCB for a mA waveform
as shown in Figure 3-75.

NOTE: Adjustment of P23 will affect the mA value so readjust P3 and P13 for 50 mA on the test
equipment display.

(16) Sedect 100S mA, and <78 kVp>. Make an exposure and observe the mA output on the test
equipment display.

(27) Adjust pot P4 (mA Coarse) and pot P14 (mA fine) on the Constant Current Filament Control
PCB and adjust for 100 mA on the test equipment display.

(18) Adjust the pot P24 (Boost) on the Constant Current Filament Control PCB for a mA
waveform, as shown in Figure 3-75.

NOTE: Adjustment of P24 will affect the mA value so readjust P4 and P14 for 100 mA on the test
equipment display.

(19) Sedect 100L mA, and <78 kVp>. Make an exposure and observe the mA output on the test
equipment display.
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(20) Adjust pot P5 (mA Coarse) and pot P15 (mA fine) on the Constant Current Filament Control
PCB and adjust for 100 mA on the test equipment display.

(21) Adjust pot P25 (Boost) on the Constant Current Filament Control PCB for a mA waveform,
as shown in Figure 3-75.

NOTE: Adjustment of P25 will affect the mA value so readjust P5 and P15 for 100 mA on the test
equipment display.

(22) Sdect 150L mA and <78 kVp>. Make an exposure and observe the mA output on the test
equipment display.

(23) Adjust pot P6 (mA Coarse) and pot P16 (mA fine) on the Constant Current Filament Control
PCB; adjust for 150 mA on the test equipment display.

(24) Adjust pot P26 (Boost) on the Constant Current Filament Control PCB for a mA waveform,
as shown in Figure 3-75.

NOTE: Adjustment of P26 will affect the mA value so readjust P6 and P16 for 150 mA on the test
equipment display.

(25) Sdect 200L mA and <78 kVp>. Make an exposure and observe the mA output on the test
equipment display.

(26) Adjust pot P7 (mA Coarse) and pot P17 (mA Fine) on the Constant Current Filament Control
PCB and adjust for 200 mA on the test equipment display.

(27) Adjust pot P27 (Boost) on the Constant Current Filament Control PCB for a mA waveform,
as shown in Figure 3-75.

NOTE: Adjustment of P27 will affect the mA value so readjust P7 and P17 for 200 mA on the test
equipment display.

(28) Sdect 300L mA and <78 kVp>. Make an exposure and observe the mA output on the test
equipment display.

(29) Adjust pot P8 (mA Coarse) and pot P18 (mA fine) on the Constant Current Filament Control
PCB and adjust for 300 mA on the test equipment display.
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(30) Adjust the pot P28 (Boost) on the Constant Current Filament Control PCB for a mA
waveform, as shown in Figure 3-75.

NOTE: Adjustment of P28 will affect the mA value, so readjust P8 and P18 for 300 mA on the test
equipment display.

h. Adjust space charge compensation

(1) Check each mA station for compensation by making exposures at 50 kVp and 110 kVp,
noting the mA.

NOTE: If adifferencein mA exists, the deviation from the sdlected mA should be equal and in the same
direction at these kVps.

(2) If space charge compensation is within tolerance, proceed to step 4i.
(3) If space charge compensation is not within tolerance, proceed to step 4g(4).

NOTE: All adjustments pots for Space Charge Compensation are located on the Constant Current
Filament Control PCB. (SeeFigure 3-73.)

(4) Make exposures at 50 kVp and 110 kVp and adjust the mA by the respective space charge
pot to be as close as possible to the selected mA.

NOTE: If the mA is not exact at 50 kVp and 110 kVp, compromise between the two by adjusting the
space charge pot for the least deviation at these kVps. An increase in space charge compensation will
increase mA at low kVps and decrease mA at high kVps.

(5) Sdect 25S mA |, <50 kVp>, <1/4 second>, make an exposure, and observe the output on the
test equipment display.

(6) Adjust the 25S space charge pot P32 for 25 mA.

(7) Seect <110 kVp>, leaving all other factors the same. Make an exposure and observe the mA
output on the test equipment display.

(8) Adjust the 25S space charge pot P32 for 25 mA. If adifferencein the mA exists between 50
kVp and 110 kVp, adjust for the least deviation.

(9) Seect 50S mA], <50 kVp>, <1/4 second>.
(10) Make an exposure and observe the mA output on the test equipment display.

(11) Adjust the 50S space charge pot P33 for 50 mA.
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(12) Sedect <110 kVp>, leaving all other factors the same. Make an exposure and observe the mA
output on the test equipment display.

(13) Adjust the 50S space charge pot P33 for 50 mA. If a differencein the mA exists between 50
kVp and 110 kVp, adjust for the least deviation.

(14) Seect 100S mA, <50 kVp>, <1/4 second>. Make an exposure and observe the output on the
test equipment.

(15) Adjust the 100S space charge pot P34 for 100 mA.

(16) Seect <110 kVp>, leaving all other factors the same, and make an exposure and observe the
mA output on the test equipment display.

(17) Adjust the 100S space charge pot P34 for 100 mA. If a difference in the mA mAs exists
between 50 kVp and 110 kVp, adjust for the least deviation.

(18) Seect 100L mA, <50 kvp>, <1/4 second>. Make an exposure and observe the mAs output
on the test equipment display.

(19) Adjust the 100L space charge pot P35 for 100 mA.

(20) Sdect 110 kVp, leaving al other factors the same, and make an exposure and observe the mA
output on the test equipment display.

(21) Adjust the 100L space charge pot P35 for 100 mA. If a difference in the mA exists between
50 kVp and 110 kVp, adjust for the least deviation.

(22) Sdect 150L mA, <50 kVp>, <1/4 second>. Make an exposure and observe the mA output on
the test equipment display.

(23) Adjust the 150L space charge pot P36 for 150 mA.

(24) Sdect <110 kVp>, leaving all other factors the same, and make an exposure and observe the
mA output on the test equipment display.

(25) Adjust the 150L space charge pot P36 for 150 mA. If a difference in the mA exists between
50 kVp and 110 kVp, adjust for the least deviation.

(26) Sdect [200L] mA, <50 kVp>, <1/4 second>. Make an exposure and observe the mA output
on the test equipment display.

(27) Adjust the 200L space charge pot P37 for 200 mA.
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(28) Sdect <110 kVp>, leaving all other factors the same, and make an exposure and observe the
mA output on the test equipment display.

(29) Adjust the 200L space charge pot P37 for 200 mA. If a difference in the mA exists between
50 kVp and 110 kVp, adjust for the least deviation.

(30) Seect 300L mA, 50 kVp>, <1/4 second>. Make an exposure and observe the mA output on
the test equipment display.

(31) Adjust the 300L space charge pot P38 for 300 mA.

(32) Sdect <110 kVp>, leaving all other factors the same. Make an exposure and observe the mA
output on the test equipment display.

(33) Adjust the 300L space charge pot P38 for 300 mA.
(34) If adifferenceinthe mA exists between 50 kVp and 110 kVp, adjust for the least deviation.
(35) Turnthe MAINS off and remove test equipment.
i. Perform under-table X-ray tube filament calibration.
(1) Ensurethat the MAINS are off.
(2) Remove the equipment from over-table X-ray tube and install it on the undertable X-ray tube.
(3) Conduct warm up procedures. (Seestep 2c.)
(4) Turnthe MAINS on and sdlect 200L Spot mA, <78 kVp>, <1/4 second>.

(5) Make an exposure on the spot film device and read the mA on the test equipment display.
The mA should be within 5% of the selected value.

(6) Veify the mA Boost waveform as in Figure 3-75. If these requirements are met, proceed to
step 4.

(7) If therequirements are not met in step 4i(6) above, proceed to step i(8).
(8) Turnthe MAINS on and sdlect 200L Spot mA, <78 kVp>, <1/4 second>.

(9) Make an exposure using the spot film device PREPARE and EXPOSE push buttons.
Observe the mA output on the test equipment display.

(210) Using pot P1 (mA Coarse) and pot P11 (mA Fine) on the Constant Current Filament Control
PCB (6284.234.1009), adjust for 200 mA on the test equipment display. (See Figure 3-73.)
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(11) Adjust pot P21 (Boost) for an mA waveshape as shown in Figure 3-75. Readjust P1 and P11
for 200 mA.

j- Perform space charge compensation (undertable).
(1) Makeexposures at <50 kVp> and <110 kVp> at <1/4 second>.

(2) Check for a difference in mA between 50 kVp and 110 kVp and if the deviation from the
sdected mA is opposite and equal. If it is, proceed to step 4k.

(3) Proceed to step 4j(4) if the requirements in step 4j(2) are not met.

(4) Seect 200L Spot mA, <50 kVp>, <1/4 second>. Make an exposure and observe the mA
output on the test equipment display.

(5) Adjust the 200L Spot space charge pot P31 for 200 mA on the Constant Current Filament
PCB (6284.234.1009). (SeeFigure 3-73.)

(6) Seect <110 kVp>, leaving all other factors the same. Make an exposure.

(7) Adjust the 200L Spot space charge pot P31 for 200 mA.

(8) If adifferenceinthe mA exists between 50 kVp and 110 kVp, adjust for the lease deviation.
k. Conduct spot film prehest.

(1) Turnthe MAINS off.

(2) Removelead XSU fromits terminal.

(3) Seect <100 kVp> and <5 minutes> on the Fluoroscopic Controls section.

(4) Turnthe MAINS on, make a fluoro exposure, and observe the mA readout. It should read
lessthan 0.01 mA. Proceed to step 4! if it does.

(5) Proceed to step 4k(6) if thereading is step 4k(4) is 0.01 or greater.

(6) Select 200L Spot mA, <80 kVp>, and <1 second>.

(7) Set thefluoroscopic controls to <100 kVp> and <5 minutes>.

(8) Activate afluoro exposure by depressing the footswitch and observe the mA readout.

(9) If areading of higher than 0.01 mA is indicated, adjust the Preheat Resistor, Drawing
5285.234.05, for anindication of .01 mA or less. (See Figure 3-57.)
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(10) Turnthe MAINS off. Reconnect lead XSU and turn the MAINS on.
I.  Perform fluoroscopic kVp calibration.

(1) Seect <100 kVp>, fluoro position A. Make an exposure and observe the kVp output on the
test equipment display. It should agree with the fluoro kVp meter within 2 kVp. Proceed to step 4m if it
does.

(2) If therequirementsin step 41(1) above are not met, proceed to step 41(3).

(3) Ensurethe MAINS are turned off.

(4) Connect a digital AC voltmeter across leads AQF and UF on the back of the fluoro kVp
meter. (SeeFigure 3-61.)

(5) Turn the MAINS on. Adjust the fluoro kVp control for 200 VAC on the digital AC
voltmeter.

(6) Adjust pot P1 on the Fluoro kVp Meter Shunt PCB for 125 kVp reading on the fluoro kVp
meter. (SeeFigure 3-61.)

(7) Make a fluoro exposure and observe the actual kVp on the test equipment display. |If
necessary, readjust pot P1 on the Fluoro kVp Meter Shunt PCB to match the fluoro kVp meter with the test
equipment.

m. Perform fluoroscopic mA calibration.

(1) Sdect <125 kVp> fluoro. Fluoro mA positions A and E should be 0.5 mA and 4.5 mA
respectively on the mA readout when a fluoro exposure is made.

NOTE: A radiation meter capable of reading O to 10 R/Minute is needed to verify fluoro mA positions B,
C,and D.

(2) Place the paddle of the R meter in the X-ray beam. Make fluoro exposures using these
positions.

(3) Positions B, C, and D should read 2.25 R/Minute, 4.5 R/Minute, and 7.5 respectivey. All
readings should be within 5% of these values. If they are, calibration of the X-ray generator is complete.
Proceed to step 5.

(4) If the readings do not meet the requirements in step m(3) above, proceed to step 4m(5).

(5) Adjust fluoro mA stations A and E to a predetermined mA factor and stations B, C, and D for
atabletop radiation (R) leve .
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Sdlect fluoro mA position A and <125 kVp>.

Make a fluoro exposure and adjust pot P1 on the Fluoro mA Control PCB, 5184.234.0501

for 0.5 mA on thetest equipment display. (See Figure 3-77.)

(8)

Place paddie of a radiation meter in the radiation beam. Select fluoro position B and <125

kVp> and make a fluoro exposure.

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

(17)
display.

(18)

Adjust pot P2 on the Fluoro mA Control PCB for atabletop R reading of 2.25 R/Minute.
Sdlect fluoro position C and <125 kVp>. Make a fluoro exposure.

Adjust pot P3 on the Fluoro mA Control PCB for atable top R reading of 4.5 R/Minute.
Sdlect fluoro position D and <125 kVp> and make a fluoro exposure.

Ensure the fluoro high level buzzer sounds during exposure.

Adjust pot P4 on the Fluoro mA Control PCB for atabletop R reading of 7.5 R/Minute.
Sdlect fluoro position E and <125 kVp> and make a fluoro exposure.

Ensure the fluoro high level buzzer sounds during exposure.

Adjust pot P5 on the Fluoro mA Control PCB for 4.5 mA reading on the test equipment

Turn the MAINS off and remove all test equipment.

5. Perform undertable collimator calibration.

a. Conduct voltage checks. Peform the following voltage checks on Undertable Logic PCB,
70-08084, using the negative probe of the DVM to TP1 (G). (SeeFigure 3-78.)

D
(2)

3)

TP-3 +5.00 VDC + 0.01 Adjust R8, if necessary.

TP-6 +10.00 VDC + 0.05 With switch 3 set to position 8,
adjust R46, if necessary.

TP-6 +10.18 VDC + 0.05 With switch 3 set to position 9,

adjust R60, if necessary.
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b. Center the collimator using fluoroscope.

NOTE: To perform this adjustment, the table top must be removed. Refer to the installation chapter of
manufacturer's instructions for the table top removal.

(1) Activate avery low fluoro exposure such as 0.5 mA at 50 kVp and adjust the shutter control
to display only the four shutter blades on the fluoro image.

(2) If the collimator blades are evenly centered, proceed to step 5¢. (See Figure 3-79.)

9

MIS-ADJUSTED PROPERLY ADJUSTED

Figure 3-79
(3) If the collimator blades are not evenly centered, determine the direction of movement required.

(8 Loosen the four collimator mounting screws and shift the collimator (without X-ray) to
center all four shutters on theimage.

(b) Tighten the four mounting screws.
c. Perform acontinuous SID adjustment.

NOTE: Prior to adjustment, remove any mechanical stops (e.g., myeographic) which would prevent the
spot-film device from traveling its full vertical movement.

(1) Lower the SFD toits minimum SID.

(2) Connect a DC amp meter to TP4 (mA+) and TP5 (mA-) on the Under-Table Logic PCB,
70-08084. (SeeFigure3-78.)

(3) Ensure the MAINS are on. Place the mA CAL switch (SW1-1), on the Under-Table logic
PCB to the open, OFF, position.
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(4) Adjust R52 (CSID slope) for 7.21 mA.
(5) Placethe mA CAL switch to the closed, ON, position, and remove the DC amp meter leads.
(6) Set the CAL/mode switch SW2 to Position 9.
(7) Ensuretheword CALO followed by the word SID is displayed.
(8) Determine minimum SID by the following method:
(8 Movethe spot film deviceto therear of the table and to its lowest position.
(b) Position afilm cassette so that it protrudes one inch out of the spot film device.
() Record the table top-to-image receptor distance (TID).

NOTE: TID is obtained by measuring from the table top to the middle (thickness) of the extended film
cassette.

(d) Calculate and record SID using the following formula.
TID + 17" = (SID) min

(9) Adjust R66 (VSID Base ADJ) on the Under-Table Logic PCB until the value on the display
corresponds to the calculated SID.

(10) Raise the spot-film device to its maximum position and recalculate the SID. See step as in
step 5¢(8).

TID + 17" = (SID) max;
(11) The value obtained should correspond to the value indicated on the alphanumeric display. If
it is not within £0.3 inch of the measured value, make a slight readjustment to R52 (SID Current) and R66
(VSID Base Adjust).

(12) Repeat steps 5¢(9) and 5¢(10) until proper tracking at maximum and minimum SID is
obtained.

d. Perform shutter offset adjustment.

NOTE: To perform this adjustment, the table top must be removed. (Refer to the Installation Chapter of
the manufacturer's instructions for table top removal.)
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CAUTION

In this procedure the collimators blades are opened and closed manually. Move very carefully to
prevent damage to prevent damage to the collimator blades.

(1) Movethe spot film deviceto 36" SID.

(2) Sdect <1 on 1> format with the AUTO shutter ON.
(3) Make aradiographic exposure.

(4) Sdect <9 on 1> format with the AUTO shutter ON.
(5) Makearadiographic exposure.

(6) Deveop and measure thefilms.

(7) If the <1 on 1> exposure measures 9-1/8" (+ 1/8") in both directions and If the <9 on 1>
exposure measures 2-1/4" (+ 1/4") in both directions, proceed to step 5f.

(8) If the measurements in step 5d(7) do not meet specifications, proceed to step 5d(9).
(9) Removethe auminum filter cover from the under-table collimator.

(10) Set CAL/MODE switch, SW2, to position 7.

(11) Ensuretheword CALO followed by the word VXFC is displayed.

(12) Ensure that after two seconds the value of the voltage in A/D units proportional to the
position of the cross shutter is displayed.

(13) Place fingers on each side of the cross shutter (farthest from the X-ray tube). Slowly, and
without excessive force, close the shutters together.

(14) Observe the value on the calibration display. Adjust cross offset pot (Cross Offset) R42 on
the Under-Table Logic PCB, 70-08084. (See Figure 3-78.) Adjust the pot for areading as closeto zero as
possible with aredlistic reading of about 1 or 2.

(15) Set the CAL/MODE switch SW2 to position 6.

(16) Ensure the word VXFL is displayed followed by the value of the voltage in A/D units
proportional to the position of the longitudinal shutter.
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(17) Slowly closethelongitudinal (closest to the X-ray tube) shutters together.

(18) Adjust the longitudinal offset pot, R38 for a value as close to zero as possible with a realistic
reading of about 1 or 2.

e. Perform ashutter gain adjustment.

NOTE: For the procedures in this section, longitudinal and cross (transverse) measurements of X-ray film
must be defined.

CAUTION

The collimator blades must be opened and closed manually. To prevent damage to the collimator
blades, move very carefully.

(1) With the Under-Table Logic PCB (70-08084) still in CAL MODE (SW2-C), adjust the
longitudinal and transverse shutters to a 2 inch opening position manually. (See Figure 3-78.)

(2) Setthespot devicetoan SID of 36 ".

(3) Adjust pot R37 (Longitudinal Gain) for 530 + 2, and pot R41 (C.G.) for 530 + 2 on the
calibration display.

(4) Insert an unexposed film cassette into the spot device.

(5) Set switch 2 to position O (RUN).

(6) Select a<1-on-1> format and make a radiographic exposure.
(7) Deveop thefilm and use aruler to measure the image.

(8) If the exposure is 9-1/8" (x1/8") in both directions, the shutters are calibrated. Proceed to
step 5f.

(9) If nether measurement meets this criteria, both the longitudinal and cross pots must be
adjusted. Proceed to step 5¢(10).

(20) If only the longitudinal shutter measurement is not within specification, proceed to steps
5¢(12), 5¢(13), 5¢(16), and 5¢(17).

(11) If only the cross shutter measurement is not within specifications, proceed to steps 5e(14)
through 5e(17).
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(12) While pressing and holding the PREP switch, set CAL/MOD switch, SW2, to position 6 and
release the PREP switch.

(13) Adjust, R37 the longitudinal gain pot, for a display exposure of 9-1/8" (+ 1/8"). The
following will help in the adjustment:

(@ Anincrease in the value shown on the display reflects a decrease in the exposure size.
Six A/D units equals approximately 0.1 inches.

(b) A decrease in the value shown on the display reflects an increase in the exposure size.
Six A/D units equals approximately 0.1 inches.

(14) While pressing and holding the PREP switch, set CAL/MOD switch, SW2, to position 7 and
release the PREP switch.

(15) Adjust R41 (Cross Gain), for adisplay exposure of 9-1/8" (+ 1/8"). The following will help
in the adjustment:

(& Anincrease in the value shown on the display reflects a decrease in the exposure size.
Six A/D units equals approximately 0.1 inches.

(b) A decrease in the value shown on the display reflects an increase in the exposure size.
Six A/D units equals approximately 0.1 inches.

(16) Placethe CAL/MODE switch, SW2, to position O. Theword RUN should be displayed.

(17) Make a radiographic exposure, develop the film, repeat steps 4e(7) through 4€(16) until the
exposureis 9-1/8" (+ 1/8) in both directions.

(18) Sdect <9 On 1> format.
(19) Press PREP and move SW2 to position 7.
(20) If thecalibration display reads approximately 130 A/D units, proceed to step 5¢(21).

(21) Adjust pot R17 (1/9) on the Z80 Interface PCB (70-08077) clockwise to decrease the value
and counterclockwise to increase the value. (See Figure 3-80.)

(22) MoveSW21to O (Run) position, then while pressing the PREP push button, move SW2 to
position 7.

(23) If calibration display reads approximately 130 A/D units, proceed to step 5¢(24). If this
criteriais not met, repeat steps 5¢(21) and 5¢(22).

(24) Make aradiographic exposure in the <9 On 1> format.
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Figure 3-80
(25) Deveop the film and measure the image.
(26) If theimage measures 2-1/4" (+ 0.20) in each direction, proceed to step 5e.

(27) Set SW2 to correspond to the larger of the two dimensions and manually close those shutters
very carefully.

(8 Useposition 7 for cross dimension.

(b) Useposition 6 for longitudinal dimension.
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(28) Adjust the appropriate offset pot to slightly increase the value of the calibration display
(approximately 10 A/D units).

(8 Usepot R42 for crossdirection (increasing the Offset value decreasing the image size).

(b) Usepot R38 for longitudinal direction (increasing the Offset value decreasing the image
size).

(29) If one of the offset pots is adjusted, repeat step 56(4) through 5e¢(25) until a good square is
achieved in both <1 On 1> and <9 On 1> formats.

(30) Reattach the aluminum filter cover on the under-table collimator. Fasten securdly the four (4)
knurled screws. Return the tabletop to its proper position.

f. Perform fluoroscopic image size adjustment.

(1) Seect the fluoro mode on the generator and open the collimator shutter blades to their
maximum using the shutter controls on the SFD.

(2) Lower the SIS to its minimum SID.
(3) Depress the X-ray switch on the SFD and observe the fluoroscopic image.

NOTE: The collimator blades should be evenly visible at the edges of the display. If they are not, adjust
NORM potentiometer, R18, on the SFD Interface Board until they are.

NOTE: If unableto obtain a squareimage on theimage tube, go to step 5e.
(4) Vary the SID of the SFD while observing the fluoroscopic image.

(5) Verify that the image size remains the same as in 5f(3) and that al collimator blades are
visible

(6) Closethe collimator shutter blades to their minimum using the shutter controls on the SFD.

(7) Veify that a small square or slightly rectangular image is displayed (less than 2 inches in any
dimension). If it is not, adjust COLL MIN potentiometer, R22, on the Z80 Interface Board until the
desired image is obtained.

g. Perform <1 On 1> (FULL) radiographic film adjustment.

(1) Lower the SFD toits minimum SID.

(2) Select the radiographic mode on the generator.
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(3) Load an unexposed cassette into the SFD and place the film in the PARK position.

(4) Open the shutter blades to their maximum open position and sdect the <1-On-1> format.
(5) Sedect AUTO shutter mode to be ON.

(6) Make aradiographic exposure and develop the film.

(7) Measure the exposed area and verify that it is between 9-1/8" square (+ 1/8").

(& Ifitisnot, adjust FULL potentiometer, R14, on the Z80 Interface Board to increase or
decrease the exposed area as required. For an increase in area, decrease A/D units; for a decrease in ares,
increase A/D units. A change of 6 A/D units equals approximately 0.1 inches.

(b) Repeat this procedure until the exposed area is within the limits described.

h. Perform <4-On-1> radiographic film adjustment.

(1) With the SFD at minimum SID and the radiographic mode sdected at the generator, insert an
unexposed film cassette and advance to the PARK position.

(2) Thecollimator blades should be set to their maximum open position.

(3) Seect the <4-On-1> format, AUTO shutter mode to be ON, and make four radiographic
exposures.

(4) Deveop thefilm and measure the exposed areas.

(& If thedimension of each exposed area is between 4-9/16" square (+ 1/16") with no more
that 3/16" gap or overlap between the images, proceed to step 5i.

(b) If necessary, adjust (HALF) pot, R1, on the Z80 Interface PCB, a small amount to
increase or decrease the size of the image.

() If adjustments were made, repeat steps 5h(3) and 5h(4) until the exposed areas are
within specifications.

i. Perform <6-On-1> radiographic film adjustment.

(1) With the SFD at minimum SID and the radiographic mode sdlected at the generator, insert an
unexposed film cassette and advance to the PARK position.

(2) Ensurethe collimator blades are set to their maximum open position.
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(3) Seect the <6-On-1> format, AUTO shutter mode to ON, and make six radiographic
exposures.

(4) Deveop thefilm and measure the exposed areas.

(8 Thedimension of each exposed area should be 4-9/16" square (= 1/16") with no more
that 3/16" gap or overlap between the images. Proceed to step 5 if these requirements are met.

(b) If necessary, adjust (HALF) pots, R15 and R16 (1/3), on the Z80 Interface PCB, a
small amount to increase or decrease the size of theimage.

(o) If adjustments were made, repeat steps 5i(3) through 5i(4)(c) until the exposed areas are
within specifications.

j-  Perform 9-ON-1 radiographic film adjustment.
(1) Withthe SFD at minimum SID, select the radiographic mode on the generator.
(2) Insert an unexposed film cassette and advance to the PARK position.
(3) Ensurethe collimator blades are set to their maximum open position.
(4) Seect the<9-On-1> format, AUTO shutter mode ON, and make nine radiographic exposures.
(5) Deveop thefilm and measure the exposed areas.

(8 Thedimension of each exposed area should be 2-1/4" square (+ 1/8") with no more than
3/16" gap or overlap between the images. Proceed to step 5k if these requirements are met.

(b) If necessary, adjust pot, R17 (1/9), on the Z80 Interface PCB, a small amount to
increase or decrease the size of the image.

(o If adjustments were made, repeat steps 5j(4) and 5j(5) until the exposed areas are within
specifications.

k. Perform SID tracking verification.
(1) Raisethe SFD to its maximum SID.

(2) Repeat steps 5g through 5 and verify that the film sizes are within the limits specified for
each format.

NOTE: If they are not, it may be necessary to recalibrate the SID tracking system. Refer to step 5c¢ for
adjustment.
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6. Perform over-table collimator checks.

NOTE: The following procedures form a key troubleshooting aid by using internal SID an IR signals to
check for correct Logic PCB and collimator response, followed by use of external signals to check the
wiring. Although some signals are internally simulated, external wiring or component defects can prevent
proper operation by producing false input signals. An external short circuit to ground, for example, on the
40" SID switch will prevent the 40" indicator from coming ON. During any of the following tests, an
incorrect indication or operation must be identified and corrected before continuing with the tests.

CAUTION

Thefollowing procedures are written in a specific sequence; do not alter.

a.  Conduct collimator tilt switch check.
(1) Removethe collimator cover.
(2) Set the switches on the logic PCB shown in Figure 3-81 as follows:
SW2-1 OFF SwW3-1 OFF
SW2-2 OFF SwW3-2 OFF
SW2-3 OFF SwW3-3 OFF
SW2-4 OFF SwW34 OFF
SW2-5 OFF SwW35 OFF
(3) Position thetilt switch at 0° horizontal. Angulate the collimator to a 0° beamdown position.
Slowly angulate the collimator +20° toward a beam-left position and back to -20° toward a bean-right
position.

NOTE: LED-4 must beon at 0° and remain on for +11° and -11° angulations. (See Figure 3-81.)

(4) Angulate the collimator to a +90° beam-left position and slowly angulate it to 20° down
beow horizontal (+70° from vertical).

NOTE: LED-1 must beon at +90° and remain on for 11° below horizontal (+79°).

(5) Angulate the collimator to a -90° beam-right position and slowly angulate it to 20° down
below horizontal (-70° from vertical).

NOTE: LED-5 must beon at -90° and remain on for 11° below horizontal (-79°).
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b. Conduct tabletilt switch check.
(1) Veify that thereis no jJumper between TS2-5 and TS2-10 on the Logic PCB. Angulate
the collimator to 0° beam-down. Angulate the table to 0° horizontal and slowly tilt it to +20° and then
-20°.

NOTE: LED-4 must be on with the table at 0° and remain on for +11° and -11° from horizontal. (See
Figure 3-81.)

(2) Position the table at +90° upright (usually about an actual +85°) and angulate the collimator
to a +90° (LED-1 ON) beam-left position. Slowly tilt the table 20° down from the maximum upright
position (+70°).

NOTE: LED-7 must be ON at a maximum upright and remain ON until the table is angulated down to
+79°. (SeeFigure3-81.) LED-1 will also be ON.

c. Performlogic and collimator operation checkout.
NOTE: The cassette tray must be removed for the following procedures.
(1) SWwz2-1 through 4 and SW3-1 through 4 of the Logic PCB must be OFF. (SeeFigure 3-81.)
(2) Angulate thetableto 0° horizontal and the collimator to 0° beam-down position.
NOTE: LED-4 ontheLogic PCB must be ON.

(3) Measure the distance from the center of the plastic exit window to the center of the light field
on thetabletop. Set this distanceto 30-5/8" £1/16" in order to achieve 40" focal spot to table top distance.

NOTE: The ON and MANUAL indicators on the collimator front pane should be ON and LED-2 on the
Logic PCB should also be ON. (See Figure 3-81.)

(4) Set SW2-1 and SW2-3 ON to simulate a 14" x 14" cassette. Set SW3-4 ON to simulate the
insertion of a cassettein the cassette tray.

NOTE: LED-2 should switch OFF, the MANUAL indicator should switch OFF, and the HOLD indicator
should switch ON.

(5) Set SW3-2 ON to simulate 40" SID switch closure. Move the front pane sliding SID scale
knob to the 40" detented position.

(8 The40" indicator should switch ON.

(b) The collimator fidd size indicators (front panel) should rapidly adjust to about 14" x
14" and stop.
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(0 TheHOLD indicator should switch OFF.
(d TheREADY indicators should switch ON.

(e Thelight field size on the table top (40") should be about 14" x 14" on the table top.
(Refer to manufacturer's instructions, FIGURE 5-3, for the test pattern and tape it into position.)

(6) Set SW3-2 OFF (to smulate the opening of 40" SID switch).
(8 The40" indicators should switch OFF.
(b) TheREADY indicators should switch OFF.
(0 TheHOLD indicator should switch ON.
d. Perform external SID signal check (horizontal).

(1) Angulate the collimator to 90 degrees with the X-ray beam at the wall mounted cassette
holder. Angulate the table to O degrees horizontal.

NOTE: If the cassette holder is on the wall adjacent to the head end of the table, the collimator must be at
+90 degrees beam-|eft.

(2) Check the LEDs and switches on the Logic PCB as shown in Figure 3-81.
(8 LED-1 should be ON.

(b) Set SW3-5 to the ON position and SW2-5 to the OFF position to sdect left-wall
operation.

(3) Move the collimator horizontally to a 40" SID and slowly move the collimator to a greater
and then lesser SID.

(4) Ensurethe 40" indicator on the collimator is ON at a measured 40" SID and switches OFF at
amaximum of 40.40" and at a minimum of 39.60" SID.

e. Perform table receptor SID signal check.
NOTE: The LEDs and switches are located on the Logic PCB as shown in Figure 3-81.

(1) Angulate the table to a full upright position. Angulate the collimator beam left to aim the
X-ray beam at the upright table cassette tray. LED-7 on thelogic PCB must be ON .

(2) Move the collimator horizontally to a 40" SID and slowly move the collimator to a greater
and then to a lesser SID.

3-253



STP 8-91A15-SM-TG

(3) Ensurethe 40" indicator on 40" SID, switches OFF at a maximum of 40.40" and OFF again
at a minimum of 39.60" SID.

f. Peform external IR signals check.

NOTE: TheLEDs and switches are located on the Logic PCB as shown in Figure 3-81.

(1) Set theswitches as follows:

(@)
(b)
(©
(d)
C)

SW3-1 OFF SW4-1 OFF
SW3-2 OFF SW4-2 OFF
SW3-3  OFF SwW4-3 OFF
SW3-4  OFF SW4-4 OFF
SW2-5  OFF SW3-5 ON

(2) Angulate the collimator O degrees beam-down direction with a measured SID of 40" measured
to the bucky. Angulate the table to 0° horizontal.

(@)
(b)
(©

Ensure the MANUAL indicator is ON.
Ensure LED-2 on the Logic PCB is ON.

Ensure the 40" indicator is ON.

(3) Locate a cassette in the table cassette holder and fully insert the tray into the bucky.

(@)
(b)
(©
(d)
C)
(f)

Ensure the MANUAL indicator switches OFF.

Ensure the HOLD indicator switches ON.

Ensure LED-2 switches OFF.

Ensure the collimator field sizeindicator (front pand) rapidly adjusts and stops.
Ensure the HOLD indicator switches OFF.

Ensurethe READY indicators switch ON.

NOTE: Thelight field size on the table-top should be about the same size as the cassette inserted into the
cassettetray. Do not remove the cassette at thistime.
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(4) Tilt the table to full upright at +79° without a cassette in the table bucky. Check for the
following to occur:

(8 LED-2ontheLogic PCB switches ON.
(b) TheREADY indicator switches OFF.
(0 TheMANUAL indicator switches ON.

(5) Angulate the collimator to +90° beam+-left position. Insert a cassette into the cassette tray and
fully insert the tray into the table bucky and ensure--

(8 LED-2ontheLogic PCB switches OFF.
(b) TheHOLD indicator switches ON.
(0 TheMANUAL indicator switches OFF.

(6) Move the collimator to each of the available SIDs to the tilted table (i.e. 40" or 72") and
ensure--

(& A SID indicator switches ON.

(b) Thecallimator field sizeindicators (front pand) rapidly adjust and stop.
(0 TheHOLD indicator switches OFF.

(d) TheREADY indicator switches ON.

NOTE: The light field size should be about the same size as the cassette inserted into the table cassette
tray.

g. Conduct final test switch settings test.
(1) Locatethe LEDs and switches on the Logic PCB as shown in Figure 3-81.

(2) Attheend of thistest procedure, set the test switches as follows:

(@ Swz-1 OFF SW3-1 OFF
(b) SW2-2 OFF SW3-2 OFF
© Sw2-3 OFF SW3-3 OFF
d) Sw2-4 OFF SW3-4 OFF
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(e Sw2-5 OFF SW3-5 ON
h. Perform adjustment procedures.

(1) The following adjustment procedures are performed with the collimator located in a single
fixed position above a test pattern located on the table top.

(2) The adjustments are made while observing the light field edges. It is necessary to confirm that
the light field accurately represents the X-ray fidd. By establishing a defined light fiedld and exposing a
film to produce a density of 1.0, the X-ray field (image) can be compared to thelight field.

(3) The Performance Standards 1020.30 (b)(22) and (45) define the edges of the light field as the
locus of points at which the illumination is one-fourth of the maximum and the edges of the X-ray fidd as
the focus of points at which the exposure rate is one-fourth of the maximum.

(4) Determine the X-ray field by exposing a film to a density of 1.0 on the developed image.
Observe the points at which the density is just visibly increased above the base fog background of the film.

(5) In a similar manner determine the light field edges by observing the light fidd on a white
background.

(6) Observe the points at which the light field is just visibly increased over the background
illumination and compare this to the X-ray field (and to the tolerance marks on the pattern). Make the
required adjustments.

i. PeformVCPL (R25) and VCPC (R26) verification.
NOTE: The over-table collimator has been tested and calibrated during manufacturing. The following

procedure will confirm its performance and readjust the SID voltage to match the collimator and the IR
(cassette tray) after installation.

CAUTION

Do not alter FACTORY SET adjustments. They are R25 (VCPL) and R26 (VCPC), both on the
Logic PCB (70-08002).

NOTE: TheR25 and R26 pots set the voltages to the collimator feedback pots. The voltages control the
"Tracking" of the collimator, closed to open, and are extremdy critical. If, in the unlikely event that they
require adjustment, you can measure VCPL at TP-2 and VCPC at TP-3. The factory set values are
recorded on the labd inside the bottom cover.
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NOTE: R26 contrals the voltage to the CROSS feedback potentiometer and is used to balance CROSS to
LONG after the correct X-ray field size has been set.

(1) Connect a DVM from logic ground to TP-2 (VCPL). Veify that the voltage reading on the
DVM is the same as that recorded on the labd inside the bottom cover of the collimator.

(2) If the voltage reading is not correct, adjust R25 to produce the voltage reading that has been
recorded inside the bottom cover of the collimator.

(3) Connect the DVM from logic ground to TP-3 (VCPC). Verify that the voltage reading on the
DVM is the same as that recorded on the labd inside the bottom cover of the collimator.

(4) If the voltage reading is not correct, adjust R26 to produce the voltage reading that has been
recorded inside the bottom cover of the collimator.

J. Conduct light field/X-ray congruence test.
(1) Placethe X-ray source-to-table distance at 40" SID and lock it in place.

(2) Locate a cassette on the table top and accurately center the cassette to the light fidd. Mark
the position of the cassette on the table top.

(3) Manually reduce the size of the X-ray fidd to the next smaller film size.

(4) Identify the light-fild edges and carefully mark the edges by placing metal markers as
illustrated below. (SeeFigure 3-82.)

(5) Exposethefilmto adensity of 1.0 and develop it.

(6) Carefully identify the X-ray fidd edges and measure the difference between the X-ray fied
edges and the light field edges.

(8 Thesum of long axis difference (X1 + X2) shall not exceed 2% of the SID, and the sum
of the cross axis difference shall not exceed 2% of the SID. (See Figure 3-82.)

(b) If adjustment is required, proceed to steps 6j(7) through 6j(11). If no adjustment
IS necessary, proceed to step 6k.

(7) Removethelamp cover and bottom cover of the collimator.
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Figure 3-82

CAUTIONS

1. Thelamp and heat deflectors may be hot enough to cause severe burns. Do not touch any object
in the lamp with your bare skin.

2. Theintensity of the light source is sufficient enough to cause temporary vision impairment if it is
looked at directly.

3. Maintain a position that does not allow the filament to be seen when the light sourceis off.

(8) If the devdloped X-ray image is soft-centered in the longitudinal direction, loosen the screws
securing the lamp bracket.

(9) Useapair of long-nose pliers to move the bracket slightly until the light field has shifted to a
position that is centered to the developed X-ray image in the longitudinal direction. Tighten the two screws
securing the lamp bracket.

(10) If the developed X-ray imageisin error in the cross-table, adjust the angle of the mirror using

the knurled nuts until the light field has shifted to a position that is centered to the developed X-ray image.
(SeeFigure 3-83.)
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(11) Repeat steps 6j(3) through 6j(6(b) to confirm the results of the above adjustments.
(12) Tighten the lamp bracket screws and replace the lamp housing cover.
k. Perform 40" SID adjustment.
NOTE: The switches arelocated on the Logic PCB as shown in Figure 3-81.
(1) Angulate the collimator to a 0° beam-down position and the table top to 0° horizontal.

(2) Placethe TEST PATTERN on the table top and tapeit into position at the corners.

Knurlied Nuts

Mirror Adjustment

Bucky Light-Line
Prism and Slit

Figure 3-83

(3) Position the collimator at a focal spot distance of 40" + 1/16" by measuring from the center of
the exit window to the center of the light field on the table top; this distance should be 30-5/8" + 1/16".

(4) If necessary, remove the bottom collimator cover to gain access to the program switches on
the Logic PCB.
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NOTE: Ensurethereis no cassette in the bucky.
(5) Set SW3-2"ON" to simulate 40" HSID.
(6) Set SW2-1 and SW2-3"ON" to simulatea 14" x 14" cassette.
(7) Set SW3-4"ON" to simulate theinsertion of the 14" x 14" cassette.

NOTE: The light fiedld edges should now be inside the 14" x 14" at 40" SID tolerance marks on TEST
PATTERN.

(8) If thelight field edges are not within the 14" x 14" cassette at 40" SID tolerance marks, adjust
the 40" SID pot R23 a small amount (7.0 VDC nominal on TP-4, IC3-pin 1, Logic PCB or TS3-4, power
supply). Manually turn the collimator knobs to a larger size and release them. The shutters will reset to
the new size by adjusting R23.

(9) Repesat the steps above until the light field edges are within the 14" x 14" x 40" SID tolerance
marks.

I.  Conduct collimator feedback linearity test.
NOTE: The following test will quickly confirm the correct factory settings of the shutter feedback
potentiometers by simulating a 14" x 14" cassette, then stimulating a 5" x 5" cassette. The"errors’ of each
of these field sizes must be the same.

(1) EXAMPLE 1.

Fidd size, Step 3.14.1 = 14.5" x 14.5" = +0.5" eror
Fied size, Step 3.14.5=5.5" x 5.5" = +0.5" error

CONCLUSION: Errors are consistent, collimator passes linearity test, proceed with Step 3.14.7
(20 EXAMPLE 2.

Fied size, Step 3.14.1 = 13.7" x 13.7" = -0.3" error
Fied size, Step 3.14.5=5.4" x 5.4" = +0.4" error

CONCLUSION: Errors are inconsistent, collimator fails linearity test, replace the collimator head (PN
6685.402).
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(3) EXAMPLE 3.
Fied size, Step 3.14.1 = 13" x 14" = (Testing Stopped)

CONCLUSION: Errors in only one field size test inconsistent, resulting in a "rectangular” X-ray field
size, collimator failstest. Replace the collimator head (PN 6685.402).

(4) Measure the light field in the CROSS direction and the LONG direction and record. The
CROSS size must match the LONG size within 0.20". The switches are located on the Logic PCB. (See
Figure 3-81.)

(@ Set SW3-4 OFF (Cassette removal).

(b) Set SW2-1 and SW2-3 OFF, then Set SW2-2 and SW2-4 ON (exchanging 14" x 14"
IRwitha5" x 5" IR).

(c) Set SW3-4 ON to simulate the insertion of the 5" x 5" cassette in the cassette tray.
Allow the system to readjust until both READY lights come on.

(5) Measure the light field in the CROSS direction and the LONG direction and record. The
CROSS size must match the LONG size within 0.20".

NOTE: If they do not match, replace the collimator head.
(6) Set SW3-4 ON (insertion of cassette).

(7) Reset thetest switches as follows:

(@ Swz-1 OFF SW3-1 OFF
(b) SW2-2 OFF SW3-2 OFF
© Sw2-3 OFF SW3-3 OFF
d) Sw2-4 OFF SW3-4 OFF
(& SW25 OFF SW3-5 ON

m. Perform cassette tray adjustment.
NOTE: The collimator has been calibrated for a cassette tray that is calibrated at 500 ohms for an 11"
(12-1/8" outside) cassette. The 11" dimension represents exactly one-half of the 1K ohm cassette tray
potentiometer.

(1) Refer tothetray manufacturer's manual for adjustment procedures.
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(2) Refer to Figure 3-84 for the cassette size and corresponding resistance values.

Cassette Ohms between
Size Pins 1-5and 4-8

5" 60 Ohms

7 207

8 280

10 427

11 500

12 573

14 720

17 940

(3) Make adjustments as necessary.

n. Perform cross-hair window adjustment.

1 2 3 4 1 5§ 2 3 8 4 6 7
b= L LA L
__ 5 6 7 _

Cross Long Cassette
Rear view of Present
Tray Connector Switch
Figure 3-84

(1) Check cross-hair shadow to determineif it is centered in the light fied. If centered, proceed to
step 6(0). If it isnot centered, proceed to step 6n(2).

(2) Remove the accessories track and the lower half of the collimator case. (See Figure 3-80.)
(3) Loosen the screws securing the plastic window.

(4) Move the plastic window to align and center the cross hair pattern to the light-field (center
lines on the test pattern).

(5) Tighten the screws and reassemble the collimator cover.
0. Make bucky centering line-light adjustment.

NOTE: These procedures are to be performed if the centering light-line is not centered to the correctly
adjusted light field.
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(1) Remove thelamp housing cover.

CAUTIONS

1. Thelamp and heat deflections may be hot enough to cause severe burns. Do not touch any object
in the lamp area with your bare skin.

2. Theintensity of light output is sufficient to temporarily impair your vision if allowed to enter the
eyesdirectly.

3. Maintain a position that does not allow the filament to be seen when the light sourceis off.

(2) If the centering light-lineis off-center to the correctly centered light field or exhibits a rainbow
of colors along one edge, loosen the two screws securing the prisnvslit bracket. (See Figure 3-82.)

(3) Useapair of long-nose pliers to move the bracket as required to center the light-line with the
light fild and mark on the handle of the cassette tray.

NOTE: In order to avoid a rainbow of color along the edges or to eiminate these colors, maintain the
prism in a position that is centered to the bright light-line observed on the bracket at the base of the prism
while adjusting the bracket.
(4) Tighten the screws and replace the lamp housing cover.
7. Perform automatic exposure control calibration.
a. Thefollowing calibration instructions must be completed.
NOTE: This procedure provides instructions on matching the automatic exposure control (AEC) exactly
to the generator and to the X-ray absorption characteristics of the screen-film combination to be used with

that generator.

(1) The kVp levd adjustment (step 7c) matches the AEC kVp measuring circuitry to the
generator kVp range.

(2) Theinput amplifier gain adjustment (step7e) matches the AEC to the screen-film combination
near the midpoint of the kVp range.

(3) Complete the kVp compensation procedure (step 7f), then complete the matching of the AEC

to the screen-film combination by fine tuning four additional kVp set points on the kVp compensation
curve.
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(4) Thefinetuning is accomplished by making an X-ray exposure, measuring the resultant optical
density of the film, adjusting (if necessary) each kVp set point according to a simple formula, and then
rechecking with another exposure.

b. Calibration/test set up.

(1) The collimation and location of the X-ray tube/arm must remain unchanged throughout the
entire calibration procedure.

(2) The X-ray tube/arm must be centered precisdy on the center line of the focused grid.

(3) The SID must remain unchanged throughout the entire calibration procedure and must be
within the range of the focused grid.

(4) The phantom must be homogeneous and must completdy cover all three fieds of the ion
chamber. The phantom must sit on the tabletop. Both the table top and phantom must be levd.

(5) The X-ray beam must be collimated to completely cover all three fields of the ion chamber,
but the X-ray beam must not be allowed to pass outside of the phantom even near its base.

NOTE: If during calibration it is necessary to make an adjustment on the preamplifier board of the three
field ion chamber, the calibration/test set up must be maintained as above. To do this, position the X-ray
tube/arm and film cassette at the foot (right) end of the table. Reposition the table top so that it will still
support the phantom in the proper location but will also allow access to the preamplifier board.

(6) Calibrate the AEC for a particular screen/film combination. A change in the screen/film
combination will require the recalibration of the system.

(7) Ensurethefilm processor is in stable operating condition before calibrating the AEC.

NOTE: A change in the film processor (i.e., a change in the operating temperature, replenishment of the
processing chemicals, or even a change from one processor to another) during the calibration of the AEC
could give results that appear to be inconsistencies in the operation of the AEC. (See Table 3-10 for
information on the necessary schematics and assembly drawings for printed circuit boards requiring
adjustment. Thedrawings are located in Chapter 13, Section 7 of manufacturer's literature.)
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c. PeformkVp leve adjustment.

NOTE: This procedure matches the AEC kVp sdection circuitry to the actual kVp output levels of the
generator. (See Figure 3-85 for adjustment component locations.)

(1) Turnthe generator on.

(2) Turnthe AEC on.

(3) Select normal density.

(4) Switch on 60907 SW3 to light LED (kVp leve indicators).
(5) Sdlect 100 kVp.

(6) Adjust 60907 R97 so that LED 60907 L3 just goes out and LED 60907 L4 just comes on.

PCB PART | SCHEMATIC ASSEMBLY PARTS LIST
NUMBER FIGURE FIGURE TABLE

60899B 7-1 7-9 7-1
60900F 7-2 7-10 7-2
60907F 7-3 7-11 7-3
60916C 7-4 7-12 7-4
60917C 7-7 7-13 7-6
60932C - 7-16 -
60940D 7-8 7-14 7-7
60905D - 7-17 -
61017C 7-5 7-15 7-5
61061A - 7-18 -
74074A - 7-19 -

Table3-10. PCB DRAWING REFERENCE
(7) Sdect 125KkVp.
(8) Adjust 60907 R95 so that LED 60907 L4 just goes out and LED 60907 L5 only comes on.

(9) Sdect 50kVp.
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Figure 3-85

(10) Adjust 60907 R76 so that LED 60907 L1 just goes out and LED 60907 L2 only comes on.

(11) Turn OFF 60907 SW3.
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d. Peformfidd matching.

NOTE: The output of the individual fidds of a threefidd ion chamber is calibrated at the factory. This
adjustment may requirefine tuning in thefidd.

NOTE: Fidd matching is based on the optical density (OD) of actual exposures rather than on mAs readings
because of the effects of grids, anode-hed effects and back scatter. Therefore, it will be necessary to make
exposures, process films, and measure optical densitiesin order to precisdy match thethreefidds.

NOTE: Refer to Figure 3-86 for preamplifier fiddd gain adjustment locations. Set the X-ray generator at 100
kVp, 100 mA largefocal spot, and 5 second backup. Sdlect dengity N (normal). Select center fidd alone

(1) Postion the phantom (10 inches of water or equivalent) as described in step 7b.

(2) Place a cassdte loaded with an unexposed sheet of film in the cassette holder. Make an X-ray
exposure. Record themAs reading on the AEC 61017 display board.

(3) Devdop thefilm. Measure and record the average OD near the center of the exposure. Mark this
film CENTER.

(4) Sdect Left Fidd aone and repeat steps 7d(3) and 7d(4). Mark thisfilm LEFT.
(5) Sdect Right Fidd alone and repesat steps 7d(3) and 7d(4). Mark thisfilm RIGHT.
(6) Comparethe optical densities of thefilmsfor thethreefidds.

(@ If theoptical dengties of thethreefilms are within 10% of each ather, proceed to step 7e.

(b) If theoptical dengties of the three films are not within 10% of each other, make adjustments
to the appropriate fidd gain adjustment on the 60917 Preamplifier board and repeat steps 7d(2) through 7d(6), as
needed.

e Paforminput amplifier gain adjustment.

(1) Refe to step 7b for calibration/test st-up and Figure 3-85 for input amplifier gain adjustment
location.

(2) SettheX-ray generator at 100 kVp, 100 mA largefocal spot, and 5 second backup.
(@ Sdect Densty N (Normal).
(b) Sdect Center Fidd alone.

(3) Pogtion the phantom (10 inches of water or equivalent) as described in step 7b.
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Figure 3-86

(4) Place a cassdte loaded with an unexposed sheet of film in the cassette holder. Make an X-ray
exposure. Record themAs reading on the AEC 61017 display board.
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(5) Devdop thefilm. Measure and record the average OD near the center of the exposure.
(@ If theoptical dengity is1.20 + 0.15, proceed to step 7f.
(b) If theoptical dengity isnot 1.20 £ 0.15, proceed to step 76(6).

(6) Deemine an approximate value of mAs to correspond to OD = 1.20 by using the following
equation:

NewmAs= 12 X OldmAs(fromstep 7(3))
OD (from step 7¢(4))

(7) Repeatedly make exposures with the loaded film cassette until adjustment of the preamplifier gain
60899 R14 produces the mAs reading calculated in step 76(6). Repeat steps 7¢(3) through 76(5).

NOTE: If thereis insufficient gain adjustment at 60899 R14, it may be necessary to adjust the preamplifier

master gain and repeat steps 7¢(3) through 76(5). Refer to Figure 3-86 for preamplifier master gain adjustment
location.

f.  Perform kVp compensation.
NOTE: Thisprocedurerequirestheprior calibration of chamber gain.
(1) Sdect Density N (Normal).
(2) Sdect Center Fidd done.
(3) Setthegenerator at 100 mA largefocal spot and 5 second backup.

(4) Sdect oneof the generator kVp settings and a corresponding phantom thickness from Table 3-11.

Phantom CRV Adjustment Final CRV
Generator Thickness Potentiometer Settings
kV Setting in Inches on PCB 60899 60907 TP1
125 12 R19
150 12 R20
75 7 R17
50 5 R16

Table3-11. kVp COMPENSATION SETTINGS
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®)
(6)
()
®)

sep 7.

©)

Place a film cassettein the cassette holder.

Measure the Compensation Reference Voltage (CRV) for the sdected kVp at 60907 TPL.
Make an X-ray exposure at the sdected kVp with a loaded film cassette.

Devdop the film and measure the average Optical Density (OD) near the center of the exposure.

(@ If theOD is 1.20 + 0.15, record the CRV in Table 3-11 for future reference and procead to

(b) If theOD isnat 1.20 £ 0.15, proceed to step 7f(9).
Usethefallowing equation to calculate a new CRV setting to obtain the appropriate desired OD.

New CRV =__1.20 x OldCRV (from step 7f(8))
OD (from Step 7f(8)

NOTE: If the exposure required to reach the desired OD exceads the mAs limit of the AEC or X-ray generator,
then the phantom thickness must be adjusted to allow the proper exposure.

(10) Adjust the CRV at 60907 TP1 for the sdected kVp using the pot on PCB 60899 as indicated in
Table 3-10, to give the new CRV which was calculated in step 7f(9). Repesat steps 7f(7) and 7(8).

(12)

Repeat steps 7f(4) through 7f(8) for all kVp settings listed in Table 3-10 to obtain films with

optical densities of 1.20 + 0.15

g. Check spot film chamber.

(1)
2
3

(4)
©)

Refer to step 7b for calibration/test set-up.

See Figure 3-86 for preamplifier gain adjustment location.

Set the X-ray generator at 100 kVp, 200 mA large focal spot, and 5 second backup.
(@ Sdect Densty N (Normal).

(b) Sdect the spot fidd ion chamber.

Position the phantom (10 inches of water or equivalent). (Seestep 7b.)

Place a cassette loaded with an unexposed sheet of film in the cassette holder.  Sdect <1-On-1>

format, with AUTO SHUTTER ON. Make an X-ray exposure. Record the mAs reading on the AEC 61017
display board.
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(6) Deveop thefilm. Measure and record the average OD near the center of the exposure.
(@ If theoptical density is1.20 £+ 0.15, proceedto step 7g.
(b) If theoptical density isnot 1.20 + 0.15, proceed to step 79(7).

(7) Deemine an approximate value of mAs to correspond to OD = 1.20 by using the following
equation:

NewmAs=_12 x Old mAs (from step 7g(5))

OD (from step 79(6))

(8) Repeatedly make exposures with the loaded film cassette until adjustment of the preamplifier gain
produces the mAs reading calculated in step 79(7).

(9) Repeat steps 79(5) and 79(6).
(10) SeeFigure 3-86 for preamplifier master gain adjustment location.

8. Peformimageintensfier calibration-image tube focus.

CAUTION

The screwdriver used to adjust P2 must have an insulating shaft and handle  The potentiometer dider is at
3800 V with respect to ground, and the insulation value between the dider and the potentiometer shaft is
only 1000 V.

a. Locate the potentiometers for focus adjustment of the Intensifier Tube on the left side of the power
supply. They arelabded.

b. Removetheouter cover of the power supply to access these potentiometers.

c. For the adjustment procedure, it is necessary to use a 0.2-mm spaced metallic (stainless sted or copper)
wire mesh of 2/10 mm diameter that can be attached, with masking tape, to the Spot Film Device directly benesth
the Intensifier Tube This screen will provide an adequate image to ensure proper focusing.

d. Withthe screenin place, initiate a Fluorascopic exposure, and begin adjusting. (Refer to manufacturer's
ingtructions, System Operation Section, Chapter 5, for taking a Fluoroscopic exposure.)

e Toabtainacorrect image-

(1) First check output voltages V4 (+2.5t0 3.0 KVDC) and V5 (+27 £ 0.15 KVDC).
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(2) Adust gl dectrode voltage, V1, by means of potentiometer P8, clockwise from the extreme
counterclockwise pasition until the size of the image goes through a maximum.  Stop just beyond the maximum
Size

(3) Adjust g2 dectrode, V2, by means of potentiometer P5 until optimum focusing is obtained.
Slightly readjust g1 dectrode voltage, P8, in both directions to determine optimum focus position.

(4) Discontinue the exposure and replace the power supply's out cover once the image is satisfactorily
adjusted.

9. Record theresults of the calibration on the appropriate forms and records.

Evaluation Guide

Perfor mance M easur es Results
1. Perform precalibration checks. P F
2. Perform generator calibration. P F
3. Completethe calibration of the X-ray generator using noninvasive meters. P F
4. Completethe calibration of the X-ray generator using a dynalyzer. P F
5. Perform under-table collimator calibration. P F
6. Perform over-table collimator calibration. P F
7. Perform automatic exposure control calibration. P F
8. Performimage intensifier calibration. P F
9. Record theresults of the calibraton. P F
REFERENCES: Required Related
CS-8952 Fidd Deployable X-ray AR 40-61
System Maintenance Manual,
Volumel.
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081-874-0038

REPAIR A SINGLE PHASE RADIOGRAPHIC UNIT TO MODULE/BOARD
LEVEL (CONTINENTAL X-RAY UNIT)

CONDITIONS

You have recaved DA Form 2407 requesting repair of a single phase X-ray unit. Necessary materials and
equipment:  manufacturer's service literature, DA Form 2409, TB Med 7, TB 38-750-2, toal kit (medical
equipment organizational maintenance), and individual tool box.

STANDARDS

The malfunction is isolated to module/board levd and corrected. The unit is functional in accordance with
operational standards specified in the manufacturer's service literature. Results are recorded on DA Forms 2407
and 24009.

TRAINING/EVALUATION

Evaluation Guide

Performance M easures Results
1. Review DA Form 2407. P F
2. Determine maintenance expenditure limits (MEL ) for definite life equipment. P F

a.  Obtain the current replacement cost.

b. Calculatethe percentage of useful liferemaining for theitem by dividing thelife
remaining in months by the life expectancy in months.

C. Usethechart at Figure 3-87 to determinethe MEL factor. Read up vertically fromthe
percent of useful life remaining to a point of intersection with the baseline

d. Project ahorizontal lineto the MEL factor.

e Multiply the MEL factor by the current replacement cost to determine maximum
allowablerepair cogt.

NOTE: Under certain conditions, the MEL may bewaived. (SeeTB Med 7.)

NOTE: TheMEL for definite life equipment which has reached or exceaded its life expectancy
is 10 percent. ThisMEL remains constant for as long as the equipment isin use, regardiess of age
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3. Peformavisual inspection. P F

a. Examineall cablesfor signs of damage
b. Examineall connectorsfor signs of corrasion or damage.
C. Sesat all connectorsfirmly in their sockets.

d. Check the X-ray generator, collimator, and remote hand control for signs of damage
from a blow, dropping, or exposureto heat or moisture.

e Ingpect controls for maladjustment that may prevent normal operation.

4. Troubleshoot and isolate the malfunction to modular levd. (Refer to the P F
TROUBLESHOOTING section of the manufacturer's service literature))
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Performance M easures Results
5. Replace thefaulty module(s)/board(s). P F
6. Perform function check. P F
7. Determinethe disposition of the unit. P F

a. Preparetordeasethe unit to the user if the function check is satisfactory.

b. Taketheunit out of serviceif uncorrected deficiencies are present and they presant a
danger to patients or operator if the machine could be damaged dueto continued use.

c. Refe tothenext higher echdon of maintenance, if necessary.
8. Complete and file DA Forms 2407 and 2409 IAW TB 38-750-2. P F

a.  Obtain the hand receipt copy of DA Form 2407 from the user if the equipment was
repaired in the shop.

b. Obtainthe usar's sgnaturefor receapt of the unit, as appropriate.

c. Rdeasetheunit totheuser.

REFERENCES: Required Reated
Manufacturer's Service AR 40-61
Literature AR 710-2
TB 38-750-2
TBMed 7
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