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Section 1 INTRODUCTION

1-1 USING THE MANUAL

1-1-1 This manual provides service information for the
TISSUETEK V.I.P™ 1000/2000/3000 Vacuum Infiltra-
tion Processor. (Figure 1-1)

General maintenance tasks are described in Section 2,
which also contains instructions for making mechanical
and electrical adjustments.

Methods of identifying and eliminating malfunctions
are described in Section 3.

Repair is generally accomplished by replacing faulty
modules, except the rotary valve and the pump heads,
which can be rebuilt. Repair instructions are contained
in Section 4.

Service procedures should be performed by
trained service personnel only.

A list of replacement parts is contained in Section 5.
Schematic diagrams are located in Section 6.

1-1-2 Instrument operating procedures and instrument
care instructions are contained in the V.I.P. Operator’s
Manual for the model(s) involved.

1-2 INSTRUMENT DESCRIPTION

1-2-1 The V.L.P. is a unitized, self-contained instrument,
requiring only an electrical power connection. It pre-
pares 100, 200 or 300 tissue specimens for embedding,
sectioning, and staining. It is equipped with automatic
controls, programmable by the operator (see Figure 1-2),
and liquid reservoirs for processing reagents to fix, de-
hydrate, clear, and paraffin-impregnate the tissue

specimens.

1-2-2 The Tissue-Tek V.L.P. is available in two configura-
tions: counter-top and floor models. In the counter-top
configuration the reservoir rack is at the right of the
retort and oven.

The floor configuration is mounted on casters, with the
reservoir rack below the retort and oven. In both con-
figurations the pressure/vacuum pump and manifolds
are behind the reservoir rack.

1-2-3 The processing chamber of the instrument, called
the retort, is stainless steel. The retort is equipped with
a gasketed latching cover to maintain pressure or
vacuum. Tissue specimens in cassettes are placed into
baskets, which fit into the retort. An air inlet provides
for pressurization or vacuum. A fluid duct at the bot-
tom allows solutions to be pumped into or out of the
retort. -

1-2-4 Below the retort is a paraffin oven which holds
paraffin pots (four pots in V.I.P. 1000 or 2000, three in
V.L.P. 3000). Each pot is connected by Teflon tubing to
the rotary valve, allowing paraffin movement into the
retort. Fluid flow diagrams of the air/vacuum system
are shown in Figure 1-3 and Appendix A.

1-2-5 Both the retort and the oven contain heaters to
maintain the specimens at controlled temperatures as
programmed for processing, and to maintain the paraf-
fin in a liquid state. Retort temperature is operator-
selectable for processing steps 1 through 14 (1 through
13 in V.L.P 3000). The oven temperature is determined
by the average of the retort temperatures programm-
ed for stations 11 through 14 (11 through 13 in V.L.P.
3000) plus 3°C.

1-2-6 The pressure/vacuum pump, the solenoid-
operated air valves and the air manifolds are located
in a compartment behind the reservoir rack, and are
accessible from the rear of the instrument. These com-
ponents produce the air pressure or vacuum in the
retort for movement of liquids and alternating pressure
and vacuum during prccessing.

1-2-7 The electronics module, which includes the
power supply, programming panel, displays,
microprocessor-based control and battery circuit, is
located above and to the rear of the retort. The 5.05
Vdc supply provides power for all microprocessor con-
trol and logic circuitry. The battery maintains the ran-
dom access memory (RAM) in a powered condition in
case of line power interruption. A fresh battery will
hold the keypad-entered programs, interrupt vectors,
and restart data for up to 30 days. Normal processing
resumes automatically when line power is restored.
Some delay will be experienced to allow temperatures
to reach operating levels.

1-2-8 The reservoir rack is located in the right half of
a counter-top model, or the lower half of a floor model.
The total number of reservoirs is 14 of which ten (9
in V.L.P. 3000) are for specimen processing solutions,
two are for cleaning solutions, and the last two are for
exhaust gas treatment. Of these last two, one is for
water and the last one contains activated carbon. The
carbon container cannot be used for liquids since a por-
tion of the bottom is perforated to allow filtered air or
gas to escape. Selection of reagents for specimen
processing is achieved by programming, and im-
plemented by the rotary valve.

1-2-9 Below the reservoir rack is a covered spill tray.
In the event of a liquid spill, reservoir or manifold leak,
liquid will drain into the spill tray.

There is a spill tray under the paraffin oven, also. A
retort overflow trap is located in the compartment
behind the retort. Presence of liquid in the trap is
detected by a capacitance type proximity switch; when
an overflow is sensed, the pump will reverse and in-
itiate a short “pump-out” cycle. The program will then
be interrupted and an alarm will sound.

1-2-10 A self-diagnostic failure detection program is in-
cluded in the control circuitry. If a failure is detected
processing will be interrupted and the DIAGNOSE
display will illuminate or flash. Pressing the AM-PM/

1-1
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(3) Drain Indicator (18)  Retort Indicator

(4) Clean Indicator (19)  Oven Indicator

(5) Processor Control Button (20) Temperature Display Select Button

(6) Program Switch (21)  P/V Cycle Indicator

7 Manual Switch (22)  Pump In Indicator

(8) Program Number Display (23)  Pump Out Indicator

9) Date and Station Display (24) Retort Unlock Indicator

(10) Date Indicator (25)  Fluid Low Indicator

(11)  Timer, Clock, and End Time Display (26) Power Out Indicator

(12) End Time Indicator (27)  Standby Indicator

(13) Clock Indicator (28) Diagnose Indicator

(14) Station Indicator (29) Pressure, Ambient, and Vacuum Indicator

(15) Timer Indicator (retort pressure status)

Figure 1-2. Controls of TISSUE-TEK V.L.P. 1000/2000/3000




DIAGNOSE key on the programming keyboard in
response to the signal will then cause an error code
(E—nn) to be displayed under TIMER. The error code
enables the serviceman to identify the failure by
reference to Table 3-1.

1-2-11 Diagnose and other types of system failures will
trigger an alarm relay which can provide a remote
alarm indication.

1-3 THEORY OF OPERATION

1-3-1 Instrument power is controlled by a circuit
breaker on the rear of the instrument behind the con-
trol panel.

1-3-2 Tissue specimens, held in tissue cassettes, are
placed in stainless steel baskets which are put into the
instrument retort. The retort cover is then closed and
latched. Automatic operation begins when the instru-
ment PROCESSOR CONTROL button is pressed. A
short tap will suffice. The electronics module contains
a microprocessor-based controller to provide timing
and sequential logic by use of software algorithms to
control movement of liquids to and from the retort to
process the specimens.

1-3-3 Solution sequence is as follows: Liquid from each
of the first ten reagent reservoirs is sequentially drawn
into the retort by a vacuum, and returned to the reser-
voir by positive air pressure. The same pump which
provides the vacuum produces the air pressure. Suc-
cessive solutions fix, dehydrate, and clear the processed
tissues. After the last of these liquids is removed from
the retort, molten paraffin is pulled into the retort to
impregnate the tissues. A system of air valves and one
liquid valve controls fluid movement. Following the
removal of processed specimens from the retort, and
pump-out of the paraffin, solvent is flushed back and
forth from another reservoir to clean paraffin from the
retort.

1-3-4 The actual completion time of processing is
operator-selectable to permit all processing to be com-
pleted overnight. In this way, processing completion will
coincide with the laboratory schedule for sectioning
and staining of freshly prepared specimens. Process-
ing times for each solution, including paraffin, are also
operator-selectable by keyboard entry.

1-3-5 Heaters maintain the retort and the paraffin oven
at precisely controlled temperatures. Specimens can be
subjected to cyclic pressure/vacuum to pull entrapped
air out and drive processing solutions into the speci-
mens. The operator also has the option of having the
retort heated or not heated during steps 1 through 10.
Retort temperature is held at the temperature selected
for each step. During steps 11 through 14 (11 through
13 in V.L.P. 3000) the retort can be programmed at tem-
peratures from 45°C to 70°C. The oven will maintain
temperature 3°C higher than the mean retort temper-
ature for stations 11 through 14 (11 through 13 in V.L.P.
2000).

1-3-6 Temperature sensors within the instrument mon-
itor operation. In case of temperature malfunction the
instrument is held in a STANDBY condition. Visible and
audible alarms alert the operator.

1-4 DETAILS OF OPERATION

1-4-1 Rotary Valve.

The purpose of the rotary valve is to open a fluid path
from a specific reservoir to the retort, and to stop flow
of fluids into or out of the retort (all flow paths closed).
In normal operation the valve has two positions for
each of 16 stations open position and closed position.
(NOTE: There is no station 14 in V.L.P. 3000.) In the open
position the valve connects the retort to a reservoir so
that solution pump-in or pump-out can take place. In
the closed position fluids cannot flow to or from the
retort. Operation of the rotary valve consists of rota-
tion from an open or closed position to another open
or closed position. The stations are numbered 1 through
16 in counterclockwise (CCW) rotation, as viewed from
above. Station advance, is in the counterclockwise
direction. The closed position for any station is CCW
from its corresponding open position.

Program advance is accomplished in four operations.

1. CLOSE ROTARY VALVE. The valve rotates CCW

from an open position to the nearest closed
position.

2. OPEN ROTARY VALVE. The valve reverses (CW)
to the open position.

3. STATION MOVE. The next station is selected. The
valve moves beyond the open position of the next
programmed station to the station’s closed position,
e.g. from station 3 open to station 4 closed.

4. STATION REVERSE. The valve reverses to the open
position of the programmed station, e.g. from sta-
tion 4 closed to station 4 open.

A positioning disc on the valve has openings which are
detected by a photo diode transistor combination to
identify station location and rotation stop points. A
large opening in the disc signals the station, while a
much smaller opening signals the rotation stop point.

1-4-1-1 The action of CLOSE ROTARY VALVE is as
follows:
1. If the valve is in a closed position, it does not move.
2. If the valve is in or near the open position (in-
cluding just open), it rotates CCW to the nearest
closed position.
3. If the valve is near (but not at) the closed position,
it reverses to the nearest open position before
rotating CCW to the closed position.

Should the rotary valve fail to respond to the signal
from the microprocessor, or fail to reach the required

- position, DIAGNOSE on the control panel will flash, and

the operation will stop.

1-4-1-2 The action at OPEN ROTARY valve is as follows:

1. If the valve is in opened position, it will not move.

2. If the valve is in closed position it reverses to the
open position.

1-3
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3. 1f the valve has not fully rotated to the closed posi-
tion, it advances to the closed position, then
reverses to the open position.

Should the rotary valve fail to respond to the signal
from the microprocessor, or fail to reach the required
position, DIAGNOSE on the control panel will flash, and
operation will stop.

1-4-1-3 STATION MOVE signifies that the valve rotates
to the closed position of the next station. The action
is as follows:
1. If the valve is in a closed position, it will not move.
9. The valve rotates CCW to the closed position of
the next station in approximately 3.7 seconds (on
60 Hz line current).

Exception: The move from station 12 to station 13
requires about 5 seconds.

3. When STATION MOVE is completed, the number
of the next station is displayed on the control panel.
The normal station increment is one.

Should an error occur, and the attained station not be
the one programmed, operations 2 and 3, above, are
repeated until the correct station is reached. In case
the valve does not stop at the proper station after two
complete rotations, DIAGNOSE on the control panel
will flash, and operation will stop.

Should the valve not move from its starting position,
(fail to respond to starting signal) or not fully advance
to the next station, DIAGNOSE will flash, and opera-
tion will stop.

1.4-1-4 Notes on STATION MOVE operation.

1. If there is processing fluid in the retort when
STATION MOVE commences, the reservoir for the
attained station will be contaminated.

2. The rotary valve is heated to 70°C at all times.
In case of power failure, paraffin may solidify in
the valve. DO NOT USE FORCE to rotate the
valve. Damage or malfunction can result. Check
condition of paraffin in retort or oven to determine
if cooling has occurred.

b

1-4-1-5 In STATION REVERSE the action is as follows:

1. The valve rotates to closed pesition. If it has
stopped in a closed position, there will be no
movement.

2. The valve rotates in reverse direction to the closed
position of the previous station. The action is com-
pleted in approximately 3.7 seconds (60 Hz line
current).

Exception: Movement from station 13 to station 12
requires about 5 seconds.

Should the valve not move (fail to respond to Start_ing
signal), or fail to attain the required position,
DIAGNOSE will flash, and operation will stop.

Notes 1 and 2 under STATION MOVE apply to STATION
REVERSE also.

1-4-2 Pump-In.

PUMP-IN is the operation during which fluid from a
reservoir flows into the retort.

With the rotary valve open, the pump will start,

drawing air from the retort to produce a vacuum. See
figures 1-3 and 1-4. The vacuum is maintained during
solution transfer. When the reservoir has been emptied
air is sucked into the reservoir and the vacuum level
drops rapidly.

The pressure sensing switch, PS2, senses this decrease

in vacuum, and signals the rotary valve to close. When
the valve is closed, the pump stops.

1-4-2-1 Sequence of Operations.

NOTE: PUMP-IN will not take place at stations 11
through 14 unless all of the following con-
ditions exist:

a. The temperature of the retort has reached the set
temperature selected by the operator.

b. The paraffin in the oven is molten.

The temperature of the rotary valve is higher than

70°C.

Operating sequence is described below.

1. The rotary valve is opened, connecting the retort
to the required reservoir.

2. Solenoid-operated valves SV1 and SV3 and the
pump are activated to produce vacuum in the
retort. The PUMP-IN indicator illuminates. Solution
flow is gradual.

3. When pressure in the retort goes lower than 14 cm

Hg, vacuum-sensing switch PS2 turns off, while
pressure reduction continues to 20cm Hg at which
point relief valve 1 operates. PS2 is set to turn on
at pressures higher than 12cm Hg and turn off at
pressures lower than 14cm Hg.
Normally PS2 will turn off within 10 to 20 seconds
after the pump-in has started. If it does not turn
off within one minute, operations specified in
paragraph 1-4-2-2, a and b, are initiated
automatically.

4. Vacuum-sensing switch PS2 remains off until the
reservoir is empty, at which time air being drawn
into the retort raises the pressure level in the retort
rapidly to greater than 12cm Hg, causing PS2 to
turn on.

If PS2 does not turn on within 6 minutes after the
pump has started, the fault may be clogged tubing.
DIAGNOSE will illuminate (E-11). In this case,
PUMP-OUT will be performed and operations 1
through 5 will be repeated up to three times.
Should PS2 fail to turn on after three repetitions
(6-minute cycles), DIAGNOSE will flash and the
buzzer will sound for 30 seconds (E-12).

5. With PS2 in ‘on’ condition, the rotary valve closes
to retain the solution in the retort. The pump turns
off when the rotary valve begins to close. Solenoid-
operated valves SV1 and SV3 and PUMP-IN in-
dicator turn off immediately after the valve is com-
pletely closed. This completes PUMP-IN. The

o
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following operations are automatic corrective
actions in case of failure of timely closure of PS2
in operation 3, above.

1-4-2-2 Automatic Corrective Operation.

If negative pressure lower than 14cm Hg is not
attained in the retort one minute after the pump
has started, and PS2 does not turn off, operation
will stop, and the rotary valve will close.
Activating the pump and solenoid-controlled valves
SV2 and SV3 with the rotary valve closed will
pressurize the retort.

If pressure sensing switch PS1 turns on within one
minute after pressurizing starts, it is probably
because of an empty reservoir, defective paraffin
pot O-ring, or retort lid sealing problem. Should
this occur during automatic processing after PUMP-
OUT has been performed the rotary valve returns
to the previous station. Solution is pumped into the
retort, and operation stops. After operation stops,
FLUID LOW indicator flashes and the buzzer
sounds for 30 seconds. DIAGNOSE illuminates but
does not flash (E-14). If the pressure sensing switch
(PS1) does not turn on within one minute after the
retort is pressurized, operation will stop.
DIAGNOSE will flash (E-13) and buzzer will sound.

1-4-2-3 Retort Overflow. The following operations are
performed in case of retort overflow. During pump-in,

1-6

air is sucked out of the retort via the overflow trap. If
solution enters the trap, it will be sensed by the
capacitance proximity switch, which is mounted exter-
nal to the trap.

a.

If overflow of the retort is sensed during PUMP-
IN, the pump stops and the solenoid-operated valy
SVI closes immediately, allowing the retort to
return to atmospheric pressure. The pump and
solenoid-operated valves SV2 and SV3 operate for
15 seconds to return solution in the trap to the
retort. Solution is partially returned to the reservoir.
The rotary valve closes after the 15 second pump-
out, DIAGNOSE flashes and the buzzer sounds for
30 seconds (E-10).

1-4-2-4 Notes On Operation.

If the retort interlock is released during pump-in,
the pump and the rotary valve will stop. The
solenoid-operated valve SV1 will close. When the
retort is again locked, solution in the retort will be
pumped out, and pump-in will begin again.

. In the case of the upper reservoirs in the counter-

top model, which are above the retort, solution will
continue to flow to the retort if a power failure oc-
curs during pump-in. Conversely, in the floor
model, where all reservoirs are below the retort,
solution will flow back to the reservoirs. When
power is restored, pump-out will be performed;
then pump-in will start again.
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1-4-3 Pump-Out.

PUMP-OUT is the operation during which fluid is
returned from the retort to the reservoir. See figures
1-3 and 1-5. With the rotary valve closed, activating the
pump pressurizes the retort.

When the valve is opened, the pressure will force the
liquid into the reservoir.

When all liquid has been returned to the reservoir the
pressure in the retort drops, since air is being dis-
charged via the reservoir. The pump stops. PUMP-OUT
is completed.

1-4-3-1 Sequence of Operations.

NOTE: At stations 11 through 14 PUMP-OUT will not
be performed unless all of the following con-
ditions exist.

a. The temperature of the retort has reached the set
temperature selected by the operator.

b. The paraffin is molten.

c. The temperature of the rotary valve is above 70°C.

If one of the above conditions does not exist, the in-
strument will be in a standby mode. STANDBY will flash
on the control panel.

Significance of STANDBY Flashing. STANDBY flashes
if the temperature of the paraffin oven drops below the
prescribed temperature. This may be caused by the ad-
dition of cold paraffin to the pots, or power failure. In-
strument operation is suspended until the oven
temperature rises to the programmed level. The chart
below shows instrument operation delay contingent on
oven temperature discrepancies.

Table 1-1. Relationship of Temperature to
Processing Delay

Retort (Station 11 through 14)

Oven (Station 1 through 10, 15 and 16)

Paraffin Oven Temperature | Waiting Period
more than 13°C lower than

the preset temperture 20 minutes
more than 15°C lower than

the preset temperature 1.5 hours
more than 17°C lower than

the preset temperature 2.5 hours
more than 19°C lower than

the preset temperature 3.5 hours
more than 21°C lower than

the preset temperature 4.5 hours
more than 23°C lower than

the preset temperature 24 hours

Retort Temperature Waiting Period
more than 5°C lower than

the preset temperature 1 hour
more than 7°C lower than

the preset temperature 1.5 hours
more than 9°C lower than

the preset temperature 2.5 hours
more than 11° than the

preset temperature 3.5 hours
more than 13°C lower than

the preset temperature 4.5 hours
more than 15°C lower than

the preset temperature 5.5 hours
more than 17°C lower than

the preset temperature 24 hours

Operating sequence is described below.

1. At start of PUMP-OUT, the rotary valve will be in
or move to the closed position.

2. Solenoid-operated valves SV2 and SV3 and the
pump activate to pressurize the retort. PUMP-OUT
indicator illuminates. If any electrical noise is de-
tected by the control system within one second
after start, the timer will reset, and the operation
will begin again. When pressure in the retort ex-
ceeds 0.2 kg/cm? the pressure-sensing switch (PS1)
turns on.

PS1 should turn on within 10 to 20 seconds after
the pump is activated. If it does not turn on after
one minute has elapsed, DIAGNOSE will illuminate
but not flash (E-20). The pump stops and solenoid-
operated valves SV2 and SV3 close. Pressure in
the retort returns to atmospheric. This condition
will prevail 15 seconds, after which the process is
repeated as described in 1 and 2, above.

If PS1 does not turn on after 3 repetitions of the
above sequence, the pump will stop, SV2 and SV3
will close, DIAGNOSE will flash and the buzzer will
sound for 30 seconds (E-21).

3. The rotary valve moves to open position one
second after retort pressure reaches 0.2 kg/cm?,
allowing liquid to be forced back into the reservoir.

4. Positive pressure (0.3 to 0.35 kg/cm?) is maintained
in the retort during solution transfer. When all solu-
tion has been returned to the reservoir, pressure
in the retort drops rapidly, and PS1 deactivates after
the pressure drops below 0.15 kg/cm?. The solu-
tion transfer time is about two liters per minute.

If solution transfer is not completed within six
minutes after start, the pump will stop, SV2 and
Sv3 will close, DIAGNOSE will flash (E-22).
Pressure in the retort will return to atmospheric.
After 15 seconds the sequence is repeated, starting
with 1, above. If a second failure is detected, the
pump will stop, SV2 and SV3 will close, DIAGNOSE
will flash (E-23), and the buzzer will sound for 30
seconds.

5. If no error has been detected, the pump, SV2, and
SV3 remain activated for 3 seconds after the
pressure-sensing switch, PSI turns off. The purpose
of this action is to clear the retort walls and tubing

1.7



of solution. Air is forced through the reservoir to
produce the pressure drop described in 4, above.

. When the pressure drop is detected by PSI, the

pump, SV2 and SV3 are deactivated, and the rotary
valve closes. The illumination of PUMP-OUT
display extinguishes. Pump-out operation is
completed.

1-4-3-2 Notes On Operation.

If the retort interlock is released during pump-out,
the operation stops. When the interlock is again
closed, the operation will start again at 1, above.

. In case of power failure during pump-out, liquid

in a reservoir higher than the retort (upper reser-
voirs of counter-top model) will flow back to the
retort. Conversely liquid will continue to flow into
reservoirs below the retort (lower reservoirs of
counter-top model, and all reservoirs of floor
model). When power is restored, the pump-out se-
quence will restart at 1.

. If any solution except paraffin has entered the

overflow trap during pump-in, it will have no ef-
fect on pump-out operation. Almost all solution will
be returned to the retort from the trap.

The timing of pump-out operations is shown in
Figure 1-5.

1-4-4 Pressure/Vacuum Cycle.

At certain periods during processing of specimens,
a pressure/vacuum cycle is introduced. The cycle is
illustrated below.

1. PRESSURIZING (90 sec)

2. ATMOSPHERIC PRESSURE (30 sec)

N

3. VACUUM (90 sec)

N4

4. ATMOSPHERIC PRESSURE (30 sec)

The cycle always begins with pressurizing, and is
repeated according to the total time programmed per
station.

1-4-4-1 Operating Sequence.

1.

The rotary valve is closed. Pump and valves
operate as in pump-out until positive pressure
reaches 0.2 kg/cm?. Five seconds after PS1 turns
on the pump stops. The retort pressure will be held
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Figure 1-5. Timing Chart, Pump-Out

*Safety valve was used only one some older models



at approximately 0.3 kg/cm? for the remainder of
the pressurization time. If the pressure drops below
0.15 kg/cm? the pump will again start to pressurize
as in paragraph 1 above.

2. After 90 seconds the retort returns to atmospheric
pressure for 30 seconds.

3. The rotary valve remains closed. Pump and valves
operate as for pump-in, except that solenoid-
operated valve SV3 does not open and relief valve
1 is not operated. Negative pressure in the retort
will reach 50 to 60cm Hg.

4. After 90 seconds, pumping stops and the retort
returns to atmospheric pressure for 30 seconds.
Should the overflow sensor be activated for any
reason during vacuum pumping, solution in the
trap will be returned to the retort by automatic
switching to the pressurizing phase. If the solution
is returned to the retort, the P/V cycle will
continue.

If solution is not removed from the trap by
pressurization, processing will stop, DIAGNOSE will
flash, and buzzer will sound for 30 seconds (E-01).

1-4-4-2 Over-pressure Protection During
Pressurizing Cycle. If the relief valve does not func-
tion at 0.35 kg/cm? during pressurization, excessive
pressure could build up in the retort. To prevent this
condition, a safety valve which operates at 0.7 kg/cm?
is connected to the pressure side of the pump.*

The complete pressurizing cycle is 90 seconds.
However, if pressure in the retort reaches 0.7 kg/cm?
within 10 seconds after the pump starts the safety valve
will open.* If the relief valve is operating properly, at
0.35 kg/cm?, solenoid-operated valve No. 3 will close
to maintain pressure and the pump will stop five
seconds after PS1 turns on. If pressure drops, the
pressure-sensing switch, PS1, will restart the pump. In
this manner the required pressure is maintained.

An advantage of this intermittent operation of the
pump is the reduction of the quantity of paraffin vapor
being drawn from the oven. Pressurizing air is drawn
from an inlet above the oven.

The safety valve also protects against excessive
pressures which could be caused by a clogged solution
line from the retort during pump-out.*

1.5 TEMPERATURE CONTROL

Temperature control is provided for the retort, the
oven, and the rotary valve. The microprocessor will
detect any failure of the controls and provide an error
display. A thermistor serves as the temperature sensor.

Temperature of the retort or the oven can be displayed
on the control panel. Temperature of the rotary valve,
which is controlled at 70°C + 2°C at all times, is not
displayed. Temperature is controlled during the follow-
ing operating modes:

1. Automatic Processing
2. Cleaning Cycle

3. Manual Operation

4, Other than 1, 2, or 3

1-5-1 Automatic Processing.

Temperature is controlled at the levels set for each
station at time of programming.

(35°C to 50°C for stations 1 through 10; 45°C to 70°C
for stations 11 through 14; or stations 11 through 13
in V.LP. 3000.)

If the delay timer is in use, the retort will not be heated
until the delay time has elapsed, and processing begins
at station 1.

Releasing the retort interlock during automatic
processing does not interrupt temperature control.

If the programmed temperature is to be changed dur-
ing processing:

1. Release retort interlock.

2. Program new temperature.

3. Close retort interlock.

1-5-2 Temperature Control During Cleaning
Cycle.

The retort temperature at station 15 (xylene cycles)
is factory set at 65°C for the first five xylene cleaning
cycles. During the last four cycles the retort is not
heated. The retort is not heated at station 16 (alcohol
cycle).

1.5-3 Temperature Control During Manual
Operation.

When manual operation is initiated, for example, by
opening the retort interlock during automatic process-
ing, the temperature selected for the station will be
maintained. Retort temperature control will stop when:
1. The station is changed in the range of 1 to 10, or
16. Control at stations 11 through 14 (11 through
13 in V.LP. 3000) will not be affected.
2. When a new temperature is keyed in, the
temperature will be controlled at the new setting.
3. When no heating is keyed in, heating at stations
11 through 14 (11 through 13 in V.1.P. 3000) can-
not be cancelled.

Under other conditions the temperature at stations
11 through 14 (11 through 13 in V.LP. 3000) will
always be maintained at the programmed
temperatures. The program can be changed within
limits stated in the operator’s manual.

1.5-4 Temperature Display.

The range of temperature display is 0°C to 99°C.
Temperatures lower than 0°C or higher than 99°C will
be displayed as 0°C and 99°C respectively. The display
is accurate to within +1°C. Accuracy of the controlled
temperature is +2°C with reference to programmed
temperature.

*Safety valve was used only on some older models.
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1-5-5 Retort Temperature Control.

A resettable thermal cutout and a thermal fuse, in
series with the heater provide protection against
overheating.

The cutout will trip at 80°C. If the cutout opens, a
photo-coupler in parallel with it will activate, signal-
ling the microprocessor. At a predetermined time 102
seconds after the cutout trips, DIAGNOSE will flash
(E-30).

The thermal fuse will open at 97°C, and must be replac-
ed if opened. No fault detecting circuit is associated
with this fuse. There will be no error display if this fuse
opens. This should not present any problems in most
cases, since the cutout should trip well below the open-
ing temperature of the fuse.

1-5-5-1 Alarm. If temperature continues to rise 15
minutes after the heater receives a turn-off signal,
DIAGNOSE will flash. Since heat from the oven also
heats the retort, even though the retort is set for no
heat, DIAGNOSE will not flash until retort temperature
exceeds 50°C.

About 15 minutes is required to detect temperature
control malfunction. If continuous heating is caused by
a defective triac, the thermal cutout may trip before
fault detection. In this case DIAGNOSE will flash, but
the corresponding error code (E-38) will not be
displayed when called for.

If temperature continues to fall 15 minutes after the
heater receives a turn-on signal, DIAGNOSE will flash.

1-5-5-2 Thermistor Malfunction. If the thermistor
opens, DIAGNOSE will flash 102 seconds after open-
ing. The temperature display will be 0°C. If the ther-
mistor is shorted, temperature display will be 99°C.

If temperature display is 99°C when the retort is cold,
a shorted thermistor is indicated.

1-5-6 Parraffin Oven Temperature Control.

Heating of the oven is continuous as long as the main
power switch is on.

The temperature maintained in the oven is 3°C above
the mean value of temperatures set for the retort at
stations 11 through 14 (11 through 13 in V.L.P. 3000).
Retort temperatures for these stations will be
automatically selected even if they are not used (pro-
cessing time programmed 00:00).

NOTE: At initial turn-on of the processor, a retort
temperature of 60°C is automatically selected
for stations 11 through 14 (11 through 13 in
V.L.P. 3000).

If the retort temperature is changed in stations 11
through 14 (11 through 13 in V.I.P. 3000) by program-
ming operation, the oven temperature to retort
temperature relationship remains the same.
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1-5-6-1 Overheat Protection. Overheat protection is
the same as for the retort as described in paragraph
1-5-5.

1-5-6-2 Alarm. Alarm characteristics are the same as
for the retort described in paragraph 1-5-5-1.

1-5-7 Rotary Valve Temperature Control.

The rotary valve is maintained at 70°C at all times,
regardless of automatic or manual operating mode.

1-5-7-1 Overheating Protection. Overheating protec-
tion is the same as for the retort described in paragraph
1-5-5.

1.5-7-2 Alarm. Alarm characteristics are similar to
those for the retort, except that there is a high limit
of 80°C which will cause DIAGNOSE to flash after 15
minutes elapse.

NOTE: There is no display of the rotary valve
temperature.

1-6 CIRCUIT DESCRIPTION

1-6-1 Introduction.

The V.I.P-1000/2000/3000 Vacuum Infiltration Proces-
sors are controlled by a microprocessor based com-
puter control unit. The overall block diagram of the
electronic control system is shown in Figure 1-6.

The heart of the microprocessor-based computer con-
trol unit is the Z80, 8 bit microprocessor. This
microprocessor is constructed using MOS LSI techn~'
ogy. The Z80 microprocessor, including the other cc
ponents in the set, is superior in both software and
hardware capabilities to any other 8 bit micro com-
puter system in current use. The operating system for
the processor is contained in three EPROM devices
having a total of 12K bytes of memory storage. The
user-entered programs, together with interrupt infor-
mation, is stored in the 2K byte RAM memory. (New-
er units provide storage capacity of 32K bytes in
EPROM and 8K bytes in RAM.) The system clock fre-
quency in this application is 2.5 Megahertz.

The input line voltage for the various models within
the V.1.P-1000/2000/3000 family can be 100 volts, 115
volts, 220 volts, or 240 volts. The power ON switch
device is a circuit breaker combination leakage detec-
tor. This circuit breaker serves to limit the power line
to line current to 15 amperes as well as limiting line
to ground leakage current to 30 milliamperes.

Figure 1-6 shows that the line current, after leaving
the circuit breaker, enters the heaters which heat the
rotary valve, retort, oven and a retort overflow tube
heater. A self-impedance, controlled heater is used to
heat the stainless steel tube leading from the retort to
the overflow bottle.

The heaters are controlled by Triac switches (TRC1,
TRC2 and TRC3) which are mounted on the metal
chassis’ wall in the electronic control box. The 115 ve!*
line current is then fed to a step down transforn
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(XFMR), which is used in all models except the 100 volt
model. There are two different transformers for the
100/115 and 220/240 volt units; the transformer secon-
dary circuits are protected by a cartridge type fuse
which is mounted inside the electronics control box.

Two line filters are provided to limit power line noise
transients from interfering with the microprocessor
controller. The noise filters are labeled NF-2 and NF-1.
The NF-2 filter is located at the input of the ac line to
the control box. In addition, an inductance is connected
from the ground termination at the noise filter to a
chassis point. This grounding inductance additionally
limits line to ground transients from interfering with
the microprocessor operation. The second noise filter,
NF-1, is located at the output of the transformer at the
100 volt ac level.

The computer control unit (CCU-1) has four different
voltage levels on the printed circuit board itself. These
levels are 100/115 or 220/240 volts ac for control of
the heaters in the system, 100 volts ac which is used
for the control of a variety of other sensor components
or control components which will be specifically de-
fined in later paragraphs, 5.05 volts dc from the out-
put of a switching type power supply, and
approximately 3.7 volts dc from a lithium back-up bat-
tery on printed circuit board CCU-2.

The temperature of the various compartments that are
heated in the V.L.P are sensed by three thermistor type
sensors labeled TH-1, TH-2, and TH-3.

The air pressure and control system components are
powered by the 100 volt ac voltage and includes the
positive pressure switch PS-1, negative pressure switch
PS-2, the fluid overflow sensor, the air pump, and three
solenoid valves SV-1, SV-2, and SV-3 which determine
if the retort is to be subjected to either positive pressure
or to negative pressure (vacuum). The main fluid con-
trol valve is a rotary valve and is actuated by a low
speed, synchronous, stepper type motor. The motor
is connected to the 100 volt ac supply through a solid
state type relay. CCU-4 is a printed circuit board con-
taining opto-electronic type position sensing devices
to determine the rotary valve position. The retort inter-
lock slide position is sensed by an opto-electronic
device located on printed circuit board CCU-5.

The main computer control unit is connected to the
front panel display printed circuit board, CCU-3, by a
60 conductor ribbon type cable. The front panel
printed circuit board contains the keyboard informa-
tion entry and control system, the 7 segment LED
numerical display devices, the processor control but-
ton, the 7 segment LED program number display
device, and several integrated circuits which serve as
drivers for the variety of LED back lighted display in-
dicators and as decoders for display device selection.

The remaining input device to the computer control
unit is the overflow sensing device which is a
capacitance type proximity sensor. This sensor senses
the fluid level in the overflow bottle which is connected
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to the air line system that pressurizes or evacuates the
retort.

The electronics control unit is basically the same for
all voltage models. The basic differences in voltage
models from the 100/115 volt system to the 220/" 9
volt system are the wattage of the heaters in ...e
system, and the step down transformer to 100 volts.

1.6-2 Computer Control Unit (CCU-1).

Figure 6-1 shows the schematic of the computer control
unit. All connection points to other printed circuit
boards and input/output (I/0) components are in-
cluded in oval outlines and are labeled for instance,
C1-39. This schematic contains only the components
appearing on CCU-1, except for a simplified diagram
of the printed circuit board front panel, CCU-3, used
to indicate the I/0 connections to the key pad together
with one of the decoder integrated circuits (74LS145).

In the lower left hand corner of the diagram the con-
nections are shown for the various connectors with
respect to plus 5.1 volt dc which is referred to as Vcc
and the ground for this supply.

The main complement of microprocessor control chips
is the CPU; the four PIO chips which are designated
PIO1, P102, P103, and PI04; the CTC chip; the three
EPROM chips, ROM1, ROM2, ROM3; the RAM chip;
and an 8 bit I/0 port chip IC5. The microprocessor chip
set is connected in a conventional fashion. The data
bus is labeled D0 to D7 and the address bus labeled
A0 to AlS.

The basic voltage turn on reset circuitry is contair -
in the upper left hand portion of Figure 6-1. After . .
circuit breaker is turned ON, the output voltage, Vcc,
of the switching regulator is applied to IC3 which is
configured as a programmable, adjustable voltage
reference with hysteresis. A time delay is provided by
R6 and C1 in order to allow the Vcc voltage to be
stabilized on all components in the electronic control
system. After Vcc stabilization, a positive voltage will
appear at pin 4 of IC17 and consequently will provide
the RESET pulse to the microprocessor to perform the
“turn-on” reset function. If improper system operation
requires a MANUAL reset, the RESET pulse to the
microprocessor system can be entered by use of SW2.
Switch SW2 is located on the CCU-1 printed circuit
board.

The primary purpose of IC3 is to provide a fixed
voltage reference used to detect a loss of power supply
voltage. The thresholds indicated are 4.8 and 4.9 volts.
When the power has been interrupted to the system,
the Vce voltage will decrease. When the thresholds are
reached, the voltage level will change at pin 11 of IC17,
this voltage change will trigger a NMI signal to inter-
rupt the microprocessor; sufficient time is allowed for
transfer of the program counter and system constants
to the RAM memory chip.

The pulse that creates the NMI will also serve to inter-
rupt the Vcc supply which is connected to the RAM
chip through TR1; upon Vcc interruption the RAM ¢



will be powered by the battery Li. In series with the
battery Li is a switch, SW1, which is located on CCu-2.
IC4 is another programmable voltage reference which
is programmed by the fixed resistive divider string R9,
R10, and R11 located in parallel to the battery Li. When
the battery voltage drops below approximately 2.3
volts the output of IC4 will go high and provide a signal
through C1-30 to CCU-3 to turn the decimal points ON
on all the 7 segment display devices (with the excep-
tion of LED-9). Of course, if switch SW1 is opened the
decimal points will also be turned ON.

The basic system clock for the microprocessor control
chip is generated by inverters IC6, IC7, and IC8. This
crystal controlled, feedback oscillator forms a square
wave with a frequency of 2.5 Megahertz at pin 9 of
IC-7. This generator is the basic clock input for the
microprocessor controller.

The basic operating system is stored in the ROM 1, 2,
and 3 chips which are 4K by 8 Erasable Programma-
ble Read Only Memories. Integrated circuit IC9 serves
as a dual, two line to four line decoder for selecting
the memory chip locations for operating program
usage. IC13 functions as a three to eight line decoder
to select the CTC (Z-80 Counter Timer Controller) or
either one or more of the four PIO chips.

Integrated circuit IC-24 is a basic 555 timer circuit. It
generates a 1.0 Kilohertz pulse train. This pulse train
is used to periodically deliver a BUSQR request to the
CPU chip. The 1.0 Kilohertz pulse train is also applied
to IC-7 which functions as a binary counter for se-
quencing of the 7 segment LED display devices locat-
ed on the front panel. The continuous, repeatable
sequence is delivered through IC-8, a hex bus driver
with switchable tri-state outputs, to the A0, Al, and
A2 address lines of the CPU. Additional information
on the performance on this portion of circuit will be
included in the description of the front panel indicators.

The various timing signals for station processing times,
the real time clock and other timing functions within
the system are controlled by the Z-80 Counter Timer
Circuit (CTC). The CTC consists of four independently
programmable counter timer channels each with a
readable down counter and a selectable 16 or 256 pres-
caler. The down counters are reloaded automatically
at 0 count. IC-29 is a self contained, crystal controlled,
oscillator generating a square wave pulse train with
a period of 8 milliseconds. In this application the out-
put of IC-29 is connected to two of the clock trigger
inputs of the signal channels available. In addition,
another count-down is performed to create a pulse
train with a period of 6.6 microseconds for the clock
input to the analog to digital converter IC-1. This pulse
train is squared up by IC-12 which is a dual JK flip-flop
with clear control.

The compatible interface between peripheral devices
and the Z80-CPU microprocessor is handled by four
parallel input/output controllers labeled PIO-1 through
PIO-4. These devices have capability for bus address-

ing as well as 8 bit parallel data transfer. The system
function of PIO-1 will be explained first.

The two functions that are handled by PIO-1 are the
input of digitized temperature sensor information and
heater on/off control signals for the retort, rotary valve
and oven.

The device IC-2 is used as a voltage convertor to gener-
ate a negative 5 volt dc level for the dual-slope integrat-
ing analog to digital convertor (ADC) IC-1. IC-1 is a 12
bit ADC which provides digitized temperature sensor
information from analog voltages generated by TH1,
TH2, and TH3, which are the retort, valve and oven
thermistor temperature sensors, respectively. These
three temperature sensors are supplied with a cons-
tant dc voltage of 0.7 volts obtained from the diode
D3 in series with R3 connected to the +5 volt supply.
The reference input voltage for the ADC is determined
by the resistive divider R25 and R26. This reference
voltage is connected to the minus reference input on
pin 39 of IC-1. The basic positive reference provided
by the diode D3 is applied to pins 35 and 36 of IC-1.
Each one of the temperature sensing thermistors oper-
ates in a bridge circuit with either R22, R23, and R24
and the R25, R26 series combination.

The analog thermistor voltages are connected to pins
13, 14 and 15 of IC-18. This device is a 3 channel mul-
tiplexer sequenced by signals at pins 10 and 11 which
are connected to the address bus A6 and A7 of PIO-1.
The multiplexed analog voltage levels appear at the
COM output, pin 3, of IC-18 and are connected to pin
34 of IC-1. The digitizing occurs within IC-1 and the
output appears on the parallel data bus B1 through B12
which in turn is connected to the 8 bit B port of PIO-1.
The 12 bit data word plus overange (OR) and polarity
(POL) bits is handled in two bytes controlled by HBEN
and LBEN.

A portion of the A port of PIO-1 is used as a control
output for controlling the on/off status of the three
heater systems within the instrument. The ports A3,
A4, and A5 are respectively the control ports for the
oven, valve and retort heaters. The control signals are
connected to the quad, 2 input-NOR gate IC-14 with
an output signal obtained from PC-1. PC-1 is a photo-
coupler which is used to indicate the presence of the
line voltage connected to the individual system heat-
ers. If the line voltage is present and a signal is provided
to turn on an individual heater then the individual heat-
er indicators on the printed circuit board will il-
luminate. The printed circuit board LED’s DS, D6 and
D7 respectively indicate a heater ON condition for the
oven, valve, or retort heaters.

The LED devices, D5, D6, and D7 are driven by in-
dividual transistor drivers contained in the transistor
array TR3. The outputs of TR3 serve a dual purpose
in not only controlling the heater-ON LED devices but
also to control PC5, PC6, and PC7 which are the photo
thyristors used to switch the heater control triacs for
the retort, rotary valve, and oven heaters respectively.
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Photocouplers PC1 and PC2 are the manual, thermal
over temperature protector sensing couplers. The input
to each photocoupler is connected across the series
string consisting of the triac, the 96°C fusable link, and
the heater in each one of the three heater circuits. In
this configuration the photocoupler is normally con-
ducting and the red LED fuse indicator diodes D8, D9
and D10 are not illuminated. If a problem occurs with
over temperature then the photocoupler will switch
to a non-conducting state and a red LED will illuminate.
TR4 functions as a multiple transistor driver for the
LED indicators. In addition, the three-input NOR gate
IC-19 consolidates thermal fuse indicator signals and
the output is connected to the B0 input of PIO-2. This
signal will be utilized in the microprocessor controller
to indicate a thermal malfunction which will be stored
in the DIAGNOSE segment of RAM memory.

The next PIO device to be defined is PIO-4. This device
is connected and programmed in the output mode for
both ports. In addition, lines B0, B1 and B2 are used
as decoder outputs for the front panel display selec-
tion system. The remainder of the lines A0 through
AT and B3 through B7 provide control of the basic LED
back-lighted panel indicator devices on the front panel
printed circuit board.

The PIO device PIO-3 is used essentially as an input
device. Lines B0 through B3, A0, and A1 are used to
input rotary valve position information obtained from
the LED position sensing devices located on the rotary
valve printed circuit board. Lines B0 through B3 in-
put signals 1, 2, 3, and 4 to set-up the station location
code. This code is displayed on green LED devices D15
through D18 which are driven by individual transis-
tors in the TR6 transistor array. Inputs AQ and A1 are
connected to two LED position detectors that sense
open and closed positions on the rotary valve position-
ing ring. These two signals also pass through transis-
tor array TR6 and illuminate green LED’s D19 and D20.

Line A2 receives the input from the temperature dis-
play select switch on CCU-3. This switch selects the
oven temperature for display instead of the retort tem-
perature. Lines A3 through A7 input the signals from
the keyboard switches as well as the MANUAL, START,
and PROGRAM inputs from CCU-3. Lines B4 through
B6 are the switch matrix selection output signals for
the 74LS145 decoder/drivers. Line B7 actuates the
audible buzzer which is located on CCU-3.

The remainder of the inputs and outputs to the
microprocessor-controlled system are connected to
device PIO-2. Port connections A0 through A6 provide
the control signals for the solid state relays SR1 through
SR7. These solid state relays control the air pump, SV1,
SV2, SV3, the clockwise rotation of the rotary valve,
the counterclockwise rotation of the rotary valve, and
the external alarm control. Yellow LED's D22 through
D28 indicate the presence of actuating signals applied
to the solid state relays. These signals are connected
to transistor array TR5 and also to the hex
buffer/driver control device IC-16. When the Retort
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Interlock signal appears at C4-2, then control inputs
on pins 1 and 15 of IC-16 will disable the rotary valve,
solenoid valves SV1, SV2, SV3, and the air pump.
Device IC-15 functions as an exclusive OR device that
prevents simultaneous selection of both clockwise &
counterclockwise rotation of the rotary valve. The ser-
ies R-C devices SK1, SK2 and SK3 are used as transient
suppression devices to limit turn-off transient voltage
levels from causing electrical problems in the solid state
relays SR1, SR5, and SR6.

Line A3 applies a signal to CCU-3 via C1-10 to indicate
that the pump is off. Line A7 is the ON indicator sig-
nal if the oven temperature is selected for display by
a signal on line A2 of PIO-3.

Lines B1, B2 and B3 are the inputs for the signals
originating at the overflow sensor, the positive pres-
sure sensing switch PS1 and the negative pressure sens-
ing switch PS2 respectively.

The pressure switch signals are also connected to
CCU-3 via connections C1-11 and C1-12 for display. The
line B4 connects the blinking colon information to
CCU-3. Line B5 is the input signal from CCU-5 to indi-
cate that the retort interlock slide is in the closed
position; this status is indicated by the green LED D14,
The status of the overflow sensor, PS1, and PS2, is in-
dicated by the green LED diodes D11, D12, and D13
which are driven by transistor array TR4.

Device IC-5 is an 8 bit data port. The outputs D01
through D08 are connected to CCU-3 and will be dis-
cussed in more detail in the next section.

This completes the description of the microprocesso:
controller printed circuit board.

+ 1-6-3 Front Panel Printed Circuit Board (CCU-3).

The entire operator control function is shown on
schematic Figure 6-2. The majority of the devices
shown on this schematic are transistor drive arrays and
seven-segment, light emitting diode display devices.
There are three integrated circuits on CCU-3 which
serve as decoder and selector devices.

Devices TR7, TR8, TR9, TR10, and TR11 are transis-
tor arrays that are used to provide drive signals for
the LED blocks to back-light the printed system func-
tions such as PRESSURE, RELIEF, VACUUM, START,
CLEAN, DRAIN, etc. or for selection of the proper dis-
play device segment on the date, hour, minute, and
temperature LED display devices. In addition, pin
C1-30, which is connected to TR8, will display the
decimal points on LED displays 1 through 8 in the
event of a low battery voltage or if switch SW1 is open.
Switch SW1 is located on the CCU-2. The START,
CLEAN and DRAIN function displays are controlled by
signals from pins 4 and 7 of IC-32. In addition, the re-
maining output lines from pins 1, 2, and 3 of IC-32 con-
trol the pump-out, pump-in, and PV cycle displays. As
such, IC-32 functions as a 3 bit binary to octal decode
for display selection purposes.



Device IC-33 serves as the matrix coding device for
the keyboard switches located on the front panel. In
addition to the functions located on the keyboard it-
self, the reed switch actuated controls MANUAL and
PROGRAM are also connected to the selection matrix.
The other switch that is connected to this matrix is the
START, DRAIN, CLEAN push button.

The continuous sequencing of the seven-segment LED
display devices is controlled by signals at CI-54, 55 and
56. These signals are connected via inputs A, B and
C on the integrated circuit IC-34 which is used as a 3
to 8 line decoder. These outputs are utilized in a time-
multiplex fashion to illuminate either LED 1 through
8 or to set-up the program number on the seven-
segment display LED 9. The multiplexed use of inputs
A, B and C of IC-34 is accomplished by the BUSAC and
BUSRQ Z80-CPU lines which control direct memory
access to the microprocessor CPU address bus located
on Figure 6-1.

The connection C1-36 controls the buzzer which is lo-
cated on CCU-3 and is driven by transistor TR20.

1-6-4 Rotary Valve Printed Circuit Board (CCU-4).

Figure 6-3 shows the wiring of the rotary valve print-
ed circuit board. This printed circuit board detects posi-
tioning of the rotary valve with six LED photocouplers
which sense the slots appearing on the concentric ring,
rotary valve position indicating mechanism. The
station codes are sensed by PC10, PC11, PC12, and
PC13. The open or closed positions at these individual
stations are sensed by PC8 and PC9.

1-6-5 Battery Printed Circuit Board
(CCU-2) and Retort Interlock (CCU-5).

Figure 6-4 shows the circuit diagrams for CCU-2 and
CCU-5. The upper portion of the diagram shows the
retort interlock circuit which uses photocoupler PC-14
to generate a signal indicating proper closure of the
retort interlock slide. If the retort interlock slide is
closed then a signal will be generated by PC-14 to turn
on the green LED D14 on Figure 6-1.

The battery printed circuit board CCU-2 is connected
to the main microprocessor control board via connec-
tion CN-14. A double pole, double throw switch is used
to disconnect the lithium battery Li for ease of replace-
ment. During battery replacement, the connection
points Cl14-1 and 2 are protected from causing
grounding of the basic $5 volt supply by the back biased
diode D2 which is located on Figure 6-1. Diode D2 also
isolates the battery Li during normal, fully powered
operation of the instrument.

1-6-6 Connector Diagram and Heater Schematic.

Figure 6-5 shows the block diagram for the major con-
nector functions. This is a more detailed diagram than
that shown in Figure 1-6. The diagram shows the actual
interconnection lines with the proper connector label-
ing. The connectors are labeled C1 through C14. The
input ac line is connected directly to the main heaters
for the retort, rotary valve, oven, and overflow tube

heater. Connector C10 contains both triac turn on sig-
nals and OTP over temperature signals for the three
heaters. Connectors C11, C12, and C13 connect the
temperature sensor input signals from the oven, retort,
and rotary valve respectively. The overflow sensor,
which is located in close proximity to the overflow jar,
is connected to the computer control unit (CCU-1) via
C9. The rotary valve motor is connected to CCU-1 via
C6. Connector C7 connects all signals for the opera-
tion of the pump, the solenoid valves, and the pres-
sure switches. '

The rotary valve printed circuit board (CCU-4), which
is utilized for position sensing, is connected at C2. Con-
nector Cl, a sixty pin connector, is used to intercon-
nect all signals to the front panel printed circuit board
(CCU-3). The retort interlock printed circuit board
(CCU-5) is connected via connector C4. The battery
printed circuit board (CCU-2) is connected via connec-
tor C14. The external alarm relay is connected to
CCU-1 through connector C5.

The 100 volt ac supply lines are connected to CCU-1
through connector C8. The dc power supply connec-
tions are directly wired from CCU-1 to the screw con-
nection points on the switching type dc power supply.
The isolation transformer T1 is nominally used as a
step down transformer to obtain the 100 volt ac supply
which is connected to the pressure switches, the pump,
all of the solenoid valves, the rotary valve motor, and
the overflow sensor. The output of transformer T1 is
connected through a noise filter NF1 to the switching
type dc power supply; this power supply is selected
for use at 100 volts. The transformer secondary cir-
cuits are protected by a cartridge type fuse FUIL

The input ac power line ground wire is connected to
the chassis through an inductance L. The ac power line
hot and neutral wires are connected to the input of
noise filter NF2; the output is connected to the circuit
breaker NFB.

NOTE: The 100 volt ac power source derived from
transformer T1 is floating with respect to the
nominal line voltage connections appearing
on CCU-1.

1-6-7 Terminal Wiring Diagram.

The screw type, terminal strip wiring diagrams are
shown on Figure 6-6. At most locations throughout the
instrument the wires that are connected to these
terminal strips are labeled in one to one correspon-
dence with the numbers indicated on the terminal
strips.

The diagram is self explanatory although it would be
proper to note that the four retort heaters are connect-
ed in parallel and this parallel combination is connected
in series with the 80°C and 97 °C overtemperature pro-
tectors. The oven heaters are also connected in parallel
and protected by series over temperature protectors.

The single cartridge rotary valve heater is similarly
protected. The stainless steel tube connecting the retort
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and the overflow jar is heated by a self-regulating heat- relays SR2, SR3 and SR4. These resistors are mounted
er H-4 and, as such, is not protected by over tempera- on the terminal strip.

ture protective devices. The external alarm relay MR provides a closed circuit

at terminals 1 and 2 of the rear panel receptacle during

The terminal strip located near the solenoid valve sys- normal operation. (In newer models, relay MR is nor-
tem on the air module uses a locally connected trans- mally open and closes to energize alarm.) Terminals
ient supressor SK4 to minimize transient signals from 3 and 4 are connected together to provide a connec-
appearing in the wire bundle leading to the printed cir- tion test circuit to the remote location of the external
cuit board controller. In addition, 5.6K ohm resistors alarm. Resistor R121 increases the switching current
are connected across SV1, SV2 and SV3 to improve for the solid state relay; the series R-C combination
-the current switching characteristics for the solid state SK-5 provides suppression of inductive transients.

_~ SCR  oRN -~ NORMAL ©PERATIO)

s aae
o U 2 CroseN = ALARM COMDIT/O/
o s

7
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SECTION 2 GENERAL MAINTENANCE

2-1 CLEANING AND INSPECTION
RECOMMENDATIONS

2-1-1 Aspirator and Overflow Trap.

2-1-1-1 Cleaning of Aspirator. Tools required: (+)
screwdriver, double open-end spanner 14x17 and
13x17.

1.

N

Sdl i ad

Solution Reservoir Rack

Remove the rear panel behind paraffin oven. See
figure 2-1.

Disconnect Teflon tube by loosening plastic unions
connecting aspirator. See figure 2-2.

Remove plastic unions at both sides of aspirator.
Remove aspirator from L tube.

Release cup and nozzle at air inlet side of aspira-
tor. Clean off paraffin by rinsing nozzle, cup and
aspirator with xylene.

Reassemble aspirator after confirming that no
paraffin remains inside aspirator and nozzle.
Fasten rear panel of paraffin oven. See figure 2-1.

NOTE: When reassembling, apply new sealing tape

around threads. Tape should start 1 thread in
from threaded end.

Take care to prevent dust or foreign materials
from entering tubing.

2.1-1-2 Cleaning of Overflow Trap. Tools required:
(+) screwdriver, piano wire.

1.
2.
3.

Remove outer panels for access to the overflow
bottle. See figure 2-1.

Unscrew bottle from cap to remove it. See figure
2-3.

Clean paraffin from bottle with boiling water.
Clean solutions from the bottle with water. Be sure
to thoroughly remove moisture after cleaning.

. If paraffin remains in overflow tube from retort to

trap bottle, clean tube with piano wire, then flush
with xylene poured from the retort end. Paraffin
in the tube can also be removed by using trap bot-
tle filled with boiling water.

Solution Reservoir Rack

Rear Panel of

P

&

Control Box

\

Control Box Cover

Left Side Panel
(front view)

Rear Panel of Oven

Figure 2-1. Panel Removal
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5. Screw bottle into cap securely to achieve proper 6. Fasten outer panels in place. See figure 2-1.

seal.
NOTE: If wet bottle is installed, the overflow sensor
CAUTION may be activated. Take care to thoroughly re-
If a tight seal is not achieved, serious instru- move moisture from trap bottle before screw-
ment malfunctions may occur. ing it into cap.

Nozzle

/&_—— Plastic Union

Aspirator

Plastic Union

“L" Pipe
Short Pipe

Figure 2-2. Aspirator Assembly

Stainless Steel Union

s

Yoke Screw

Overflow Tube

Yoke

Bottle Cap

Pad Nut

Overflow Trap Bottle

Figure 2-3. Overflow Trap
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2-1-2 Retort.

CAUTION
Oven and paraffin containers are hot! Ex-
ercise care when cleaning.

AFTER THE PROCESSING PORTION OF EACH
CYCLE, clean the retort. Use the plastic scraper to re-
move all paraffin from the sides and lid of the retort,
before initiating the cleaning cycle.

2-1-3 Reservoirs.

PERIODICALLY carefully inspect all reservoir caps and
cap gaskets. Inspect caps for cracks and worn threads.
Inspect cap gaskets for cracks and deterioration.

DAILY, when instrument is not in use, dispose of the
water in the water reservoir, then fill to proper level
with tap water.

2-1-4 Exterior Surfaces.

DAILY clean the control panel, plastic and painted
areas by wiping with a clean cloth moistened with
mineral oil. DAILY clean the inside of the reservoir
storage compartment by wiping with a clean cloth.

Lowe
Air
Manifo

Scree
And Sed

Figure 2-4. M

anifold Drain Location

2-1-5 Spill Trays.

DAILY remove both spill trays; clean them thoroughly
by wiping with a clean cloth. Remove any paraffin ac-
cumulations with a scraper, before wiping with a clean
cloth.

2-1-6 Inlet/Outlet Filter.

DAILY remove the inlet/outlet filter in the bottom of
the retort. This is done in newer units by unscrewing
the center post and in older units by grasping the
center post and pulling straight up. Clean thoroughly
with a cloth moistened with xylene before reinstalling.

2-1-7 Condensate in Air Manifold.

Condensation from processing fluid vapors can be
trapped in the left side of the lower air manifold. The
manifold should be drained at one year intervals. For
this purpose a removable seal, held by a screw, is
provided. For access to the screw, remove the rear
panel behind the pump; then
1. Place a small beaker (about 100 ml) under the
screw, figure 2-4.
2. Remove screw and seal, and allow liquid conden-
sate to drain into beaker.
3. Reattach seal with screw. Tighten firmly. Remove
beaker and reattach rear panel.
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2-2 MECHANICAL ADJUSTMENTS

The pressure-sensing switches, relief valves, and retort
cover may require mechanical adjustment.

2-2-1 Air/Vacuum System.

2-2-1-1 How to Release Air Unit. Tools required: (+)
screwdriver, double open-end spanner (14x17), hexa-
gon wrench 5 mm, tube cutter.

1. Remove the rear panel of reservoir rack. See figure
2-1.

2. Disconnect lead wires of control box from termi-
nal block.

3. Remove unions (arrows) which connect the air unit
with another component. See figure 2-5.

4. Remove hexagon socket head bolts which fasten
the air unit on the base.

5. Remove the air unit. —

2-2-1-2 Replacement and Adjustment of Pressure
Switch (PS1) at Pressure Side. To replace Pressure
Switch (PS1):

Tools required: (+) screwdriver, (—) screwdriver, dou-
ble open-end spanner 14x17, box driver 7 mm, adjust-
able wrench 250 mm.

1. First, disconnect electric power.

N

Figure 2-5. Air/Vacuum System
24

2. Remove pressure switch from manifold with
wrench. See figure 2-6.

3. Clean old sealing tape remaining inside nipple and
manifold, then apply new sealing tape on nipple.
Take care to prevent scraps of sealing tape fr- -
entering into manifold (shake out dust fr. .
manifold).

4. Attach new pressure switch to manifold.

5. Reattach pressure switch manifold. See figure 2-5.

To adjust Pressure Switch (PS1):

Tools required: (—) screwdriver.

1. Make sure power is turned off source before
removing cover.

CAUTION:
Do not adjust screws A or B with instru-
ment power on. High voltage (110 Vac) is
present at these screws.

2. Adjust pressure switch (figure 2-7) as follows:

Maximum operating pressure = 0.2+0.05 kg/cm?
(closing pressure)

Minimum operating pressure = 0.15+0.05 kg/cm?
(opening pressure)

Differential pressure = 0.05+£0.05 kg/cm?

3. Turning adjusting screw (A) will affect both maxi-
mum and minimum operating pressures without
affecting differential, as shown in figure 2-8. Turn-
ing the screw clockwise will decrease operating
pressures. (Pointer will move toward L on scale.)
Turning the screw counterclockwise will incre:
operating pressures. (Pointer will move toward i
on scale.) When turning screw, take care that
pointer does not go off scale.

4. Turning adjusting screw (B) will change maximum
operating pressure without affecting minimum
operating pressure as shown in figure 2-9. Turn-
ing the screw clockwise will decrease maximum
operating pressure and turning it counterclockwise
will increase it.

When adjusting screw (B), contact spacing at screw
(B) should be 0.5 to 1.2 mm.

Adjustment Procedure:

1. With instrument power off, remove switch cover
and adjust screws A and/or B approximately to
required position.

2. Turn on instrument power and place select mag-
net on MANUAL position.

3. Select station 16.

4. Open retort. Leave lid open and slide interlock to
closed position.

5. Perform manual operations 06, 08 and 09,
Table 3-2.

6. Use your finger to block the air entry port to the
retort. Observe the vacuum/pressure gauge and
listen to switch action to determine whether pre
sure switch has been adjusted correctly.



NOTE: Release finger pressure slightly to determine
minimum operating pressure. Press OFF to
cancel manual operations selected in 5.

7. Repeat steps 1 through 6, above, as required until
adjustment of switch is correct.

8. Apply Loctite to threads of screws A and B to pre-
vent movement.

2-2-1-3 Replacement and Adjustment of Vacuum
Switch (PS2). To replace Vacuum Switch (PS2):

Tools required:(+) screwdriver, double open-end span-
ner 14x17 box driver 7 mm, adjustable wrench 250 mm.

Pressure Regulator’s
Hood

Vacuum Regulator’s\

Hood

@ am(®

@@H
0@ (G @D

N\
K

\
\

Anti-Vibration /%/
Mount

Pump

. First, disconnect electric power.

. Remove switch from manifold with wrench. See

figure 2-6.

. Clean old sealing tape remaining inside nipple and

manifold, then apply new sealing tape on the nip-
ple. Take care to prevent scraps of sealing tape
from entering into manifold (shake out dust from
manifold.)

. Attach new switch to manifold.

. Reattach switch manifold. See figure 2-5.

Pressure Sensitive Switch, PS1

Vacuum Sensitive Switch, PS2

Elbow Union

@ Valves

-4 /UQ Solenoid-operated

Figure 2-6. Air/Vacuum System, Exploded View
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i ﬁ%——Adjusting Screw A

) Adjusting Screw B

i

®
Red

Switch Operation

; 3§ On When Pressure Increases
Terminals 1 3{01‘1 When Pressure Decreases

Figure 2-7. Pressure Switch PS-1 Adjustments

MAXIMUM OPERATING
PRESSURE

INCREASING
PRESSURE —»
(Kg/cm?2)

MINIMUM OPERATING
PRESSURE

AMBIENT O

CCW < ADJUSTING

SCREW (A) — ~ CW

Figure 2-8. Effect of Adjusting Screw A
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PRESSURE
of
Zw_
Q2%
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2
MINIMUM OPERATING
PRESSURE
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ADJUSTING
CCW == "Screw(g) — ~ W

Figure 2-9. Effect of Adjusting Screw B

To adjust Vacuum Switch (PS2):

Tools required: (-) screwdriver.

1. Make sure to turn off power source before remov-
ing switch cover.

CAUTION
Do not adjust screws A or B with instru-
ment power on. High voltage (100 Vac) is
present at these screws.

2. Adjust vacuum switch (figure 2-10) as follows:
Maximum operating vacuum = 14+1 cm Hg

(opening vacuum)

Minimum operating vacuum = 12+1 cm Hg

(closing vacuum)

Differential vacuum = 2+0.5 cm Hg

3. Turning adjusting screw (A) will affect both maxi-
mum and minimum operating vacuums without
affecting the differential as shown in figure 2-11.
Turning the screw clockwise will increase operat-
ing vacuum. (Pointer will move toward H on scale.)
Turning screw counterclockwise will decrease
operating vacuum. (Pointer will move toward L on
scale.) When turning screw, take care that pointer
does not go off scale.

4. Turning adjusting screw (B) will change minimum
operating vacuum without affecting maximum
operating vacuum. Turning screw (B) clockwise
will cause minimum operating vacuum to ap-
proach high vacuum and turning it counterclock-
wise will cause minimum vacuum to be lowered
toward ambient pressure, as shown in figure 2-12.

When both screws (A) and (B) have been adjusted,
contact spacing at screw (B) should be within 0.5
to 1.2 mm.

Adjustment Procedure:

1. With instrument power off, remove switch cover
and adjust screws A and/or B approximately to
required position.

2. Turn on instrument power and place select mag-
net on MANUAL position.



Adjusting Screw A

Adjusting Screw B

&= .;:-‘L Contact Spacing
0.5to 1.2 mm
A
Terminal Connections
2
® Blue
Red & Black

Switch Operation

Open When Vacuum Increases

Terminals 1':S{Closed When Vacuum Decreases

Figure 2-10. Vacuum Switch PS2 Adjustments

MAXIMUM OPERATING
PRESSURE

INCREASING
VACUUM —»
(Cm Hg)

MINIMUM OPERATING
PRESSURE

AMBIENT O

CCW = ADJUSTING

SCREW(A) — —CW

Figure 2-11. Effect of Adjusting Screw A

w

Select station 16.
4. Open retort. Leave lid open and slide interlock to
closed position.

5. Perform manual operations 06 and 07, table 3-2.
6. Use your finger to block the air entry port to the
retort. Observe the vacuum/pressure gauge and
listen to switch action to determine whether
vacuum switch has been adjusted correctly.

NOTE: Release finger pressure slightly to determine
minimum operating pressure. Press OFF to cancel
manual operations selected in 5.

7. Repeat steps 1 through 6, above, as required
until adjustment of switch is correct.

8. Apply Loctite to threads of screws A and B to
prevent movement.

2.2-1-4 Diaphragm and O-Ring Replacement
Vacuum Regulator Adjustment. Tools required: Ad-
justable wrench 250 mm, (+) screwdriver, double
open-end spanner 14x17 and 7x8, stubby (+) screw-
driver, Locktite (red).

To replace diaphragm and O-ring in vacuum regulator:
1. Release hood with adjusting screw. See figure
2-13.
2. Remove spring guide and spring.
3. Release V valve with diaphragm. Remove nut
to replace diaphragm.
Reassemble V valve.
Remove O ring inside V regulator body. Clean
inside of body.
Fit new O ring into V regulator body.
. Clean surface of V valve contacting O ring. At-
tach V valve to V regulator body.
8. Lay spring, spring guide, and hood in place on
V regulator body and fasten them.
9. Fasten hood finger tight and then use a 10 mm
spanner to tighten it.

dla

No

MAXIMUM OPERATING

PRESSURE

!

<

0ns —

WEES

SQE MINIMUM OPERATING

=230 PRESSURE
AMBIENT O

ADJUSTING

CCW <— SCRew (B) — *CW

Figure 2-12. Effect of Adjusting Screw B
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To adjust Vacuum Regulator:

1. Turn on power switch and perform pump-in with
manual mode using the station which is filled with
solution. Turn adjusting screw until pressure gauge
shows 20 cmHg. Turning it clockwise will increase
vacuum and turning it counterclockwise will
decrease vacuum.

2. Repeat the above step several times to confirm the
set value and then fasten nut of adjusting screw.

3. Apply Locktite to adjusting screw and threaded
part of hood and V regulator body.

PRESSURE REGULATOR

Adjusting Screw

Nut

Hood
Spring Guide
Spring

Nut

Spacer

Diaphragm

P Valve

O Ring

. /M—_——— V Valve

P Regulator Body

2-2.1-5 Diaphragm and O-Ring Replacement, Pres-
sure Regulator Adjustment. Tools required: Adjust-
able wrench 250 mm, (+) screwdriver, double
open-end spanner 14x17 and 7x8, stubby (+) screw-
driver, Locktite (red).

To replace diaphragm and O-ring in pressure regulat

1. Release hood with adjusting screw. See figure 2-13.

2. Remove spring guide and spring.

3. Release P valve with diaphragm. Remove nut to
replace diaphragm.

4. Reassemble P valve.

VACUUM REGULATOR

Adjusting Screw

Nut

Washer

Hood

Spring Guide

Nut

Spacer
Diaphragm

E//‘
-

& ——
e'r
é/spﬁng
-
S—
@,/,/

O Ring
f@——— 1/8 Nipple

V Regulator Body

Filter

Pump

Figure 2-13. Pressure and Vacuum Regulators



5. Remove O ring inside P regulator body. Clean in-

side of body.

Fit new O ring into P regulator body.

. Clean surface of P valve contact O ring. Attach P

valve to P regulator body.

8. Lay spring, spring guide, and hood in place on P
regulator body and fasten them.

9. Fasten hood finger tight and then use a 10 mm
spanner to tighten it.

N

To adjust Pressure Regulator:

1. Turn on power switch and perform pump-in and
pump-out with manual mode using the station
which is filled with solution. Turn adjusting screw
until pressure gauge shows 0.35 kg/cm? Turning
it clockwise will increase pressure and turning it
counterclockwise will decrease pressure.

2. Repeat the above step several times to confirm set
value and then fasten nut of adjusting screw.

3. Perform P/V cycle in automatic operation to con-
firm that pressure remains above 0.3 kg/cm?.

4. Apply Locktite to adjusting screw and threaded
part of hood and V regulator body.

2-2-2 Relief Valves.

In older models there is a relief valve in pneumatic ser-
ies with solenoid-operated valve SV3 which limits
vacuum during pump-in to a nominal 20 cm Hg, and
another relief valve in parallel pneumatically with SV2
to limit pressure during pump-out to 0.35 kg/cm? The
vacuum relief valve should operate in the range of 18
to 25 cm Hg. The pressure relief valve should operate
in the range of 0.25 to 0.3 kg/cm?. If either valve goes
out of specification, replace it with an identical valve
or with the newer type regulator.

To remove a vacuum relief valve:

Refer to figure 2-6.
1. Unscrew capnuts and pull Teflon tubes from tee.
2. Remove conversion joint B together with tee.
3. Remove relief valve.
4. Remove remnants of sealing tape from all threads
opened in steps 1 through 3, above.

To install a vacuum relief valve:

1. Apply two layers of sealing tape to male threads
of all parts to be joined. The tape shall start 1%
screw threads from the threaded end.

2. Install valve by reversing steps 1 through 3 under
valve removal, above.

Install the valve and confirm the relief pressure by per-
forming manual pump-in and pump-out. Use the
methods described under PS1 and PS2 adjustments
(Paragraph 2-2-1).

To remove a pressure relief valve:

Refer to figure 2-6.
1. Unscrew capnuts and pull Teflon tubes from tee.
2. Remove conversion joint A together with tee.

3. Remove relief valve.
4. Remove remnants of sealing tape from all threads
opened in steps 1 through 3, above.

To install a pressure relief valve:

1. Apply two layers of sealing tape to male threads
of all parts to be joined. The tape shall start 1%
screw threads from the threaded end.

2. Install valve by reversing steps 1 through 3 under
valve removal, above.

Testing procedures are the same as for vacuum relief
valve.

2-2-3 Retort Cover Adjustment.

The retort cover must be held tightly when closed in
order to provide adequate sealing. Sealing is accom-
plished by fastening two latches, figure 2-14.

To tighten a latch, turn the latch hook clockwise in
its threaded yoke, taking care not to over-tighten; to
loosen, turn counterclockwise. If the retort does not
seal properly when latches have been tightened, the
retort cover gasket may be the source of trouble.
Replace the gasket. See paragraph 4-7-7.

Retort Latch Hook

Latch

Figure 2-14. Retort Cover Latch

2.3 ELECTRICAL ADJUSTMENTS

The power supply, the control board, and the over-
flow sensor may require occasional adjustment.

2-3-1 DC Power Supply.

Tools required: (+) screwdriver, (—) screwdriver, volt-
age meter. Remove control box cover. See figure 4-1.

The output of the power supply should be adjusted to
5.05 Vdc. Attach leads of VTVM or DVM to +5 test
point and GND test point on control PC board. See
figure 2-15. Turn adjusting screw on power supply to
obtain a reading of 5.05 + 0.05 Vdc on meter. Check
for 5.05 Vdc at Vcc test point on control board (near
CN1) and GND test point (near CN3). Also check for
approximately 5.00 Vdc at RAM Vcc test point (near
SW2). Detach voltage meter and attach control box
cover. See figure 4-1.
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Screw

Control Board

/
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J—

=S

Power Chassis
Cover

DC Power Supply

Figure 2-15. DC Power Supply Adjustment

2-3-2 Power Failure Detector.

The power failure detector can be adjusted using the
internal dc power supply and a 3 digit digital volt
meter.

2-3-2-1 Detector Threshold Adjustment. Prior to fol-
lowing this procedure, make sure the battery is on.
Otherwise all RAM can be lost, requiring reprogramming
of all program data.

The following procedure should be used to set the
threshold voltage:

1. Connect the DVM negative lead to the ground test
point on the CCU-1 board. Connect the positive lead
to the VCC (not RAM VCC) test point.

2. Adjust the power supply voltage down toward 4.8
volts by rotating the supply adjustment pot slowly
(the pot is very sensitive) counterclockwise (CCW),
while watching the front panel display digits. When
the display digits go blank, stop and record the
measured voltage.

3. Adjust the power supply voltage up toward 4.9 volts
by rotating the supply adjustment pot very slowly
clockwise (CW), while watching the front panel dis-
play digits. When the display digits come on, stop
and record the measured voltage.

4. The recorded voltages should be:

ON at 4.90 +.05 VDC
OFF at 4.80 +.05 VDC
DIFFERENCE =.08 to .13 VDC (ON voltage—QOFF
voltage =DIFFERENCE)

NOTE: If the difference is out of specification, the cir-
cuit is defective. There is no adjustment for
this range.
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5. If the power failure detector is in specification, go
to step 11.

6. If the power failure detector is out of specification,
adjust the supply to 4.90 +.01 VDC.

7. If the display digits are now blank, go to step 9.

8. If the display digits are now illuminated, adjust pot
VR1 (on the CCU-1 board) CCW until the display
digits go blank. Continue to step 9.

9. Adjust pot VR1 (on the CCU-1 board) CW until t}
digits come on.

10. Repeat steps 2 through 5, until the specification
is satisfied.

11. Complete this procedure by adjusting the power
supply voltage back to 5.05 +.05 VDC.

2-3-3 Overflow Sensor Adjustment.

Tools required: (+) screwdriver, (-) screwdriver for
sensor adjustment.

1. Confirm that bottle-to-sensor gap is 5mm
(174 inch).

2. Remove outer panels for access to overflow trap
bottle. See figure 2-1. )

3. Pour 170 ml of pure xylene into trap bottle and
reseat the bottle securely.

4. Adjust sensor-to-bottle distance to 5 mm. See figure
2-16.

5. Remove small Phillips head screw from rear of sen-
sor housing. See figure 2-16.

6. Rotate small slotted adjusting screw slowly until
red LED illuminates.

7. Back off screw one turn and repeat the above step
slowly until LED just illuminates.

8. Reinstall Phillips head screw.

9. Reseat overflow trap bottle after cleaning.

10. Fasten outer panels in place.



2-4 BATTERY REPLACEMENT

Dots of the LED status display will illuminate and flash
when the battery is nearly exhausted. The memory

if the dots are flashing, since the battery is not com-
pletely exhausted. However, it is recommended the

N can be stored for several hours of power failure even

Figure 2-16. Overflow Sensor Adjustment

==

H)\0

-
\‘L.

battery be replaced as soon as possible as indicated
in paragraph 4-13-1.

°C

—

Figure 2-17. Status Display
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Section 3 SYSTEM ALARMS AND TROUBLESHOOTING

3-1 CONTENTS OF SECTION

This section provides aids to the identification of
processor malfunctions and their probable causes.

Several safety devices and alarm devices are provided
with this instrument. If alarm is indicated, the mean-
ing will be displayed. Two categories are included in
the alarm system; the alarm for operator’s responsi-
bility and the alarm for serviceman’s responsibility.

3-2 FRONT PANEL ALARMS

The following front panel alarm displays are self-
explanatory, and should not require a service call:

RETORT UNLOCK
FLUID LOW
POWER OUT
STANDBY

3-2-1 Retort Unlock.

RETORT UNLOCK will flash if the retort interlock slide
is not locked. Retort interlock also has the following
functions.

1. Stop Buzzer

Releasing the retort interlock will stop the buzzer.
However, releasing the interlock while the buz-
zer is not sounding will make the buzzer sound.
(During clock operation, programming, or manual
key-in, the buzzer will not sound if the interlock
is released.)

2. Interrupt Operation

Releasing the retort interlock during automatic
operation or cleaning cycle will immediately stop
the operation and the processing timer.

Operation will be resumed after the interlock is
again locked. The end time of the process,
however, is delayed for the length of time that
processing is interrupted.

Releasing the interlock during manual operation
will also immediately stop the operation. Opera-
tion will be resumed after the interlock is locked.
3. Stop Other Alarm Indication
Alarm indications, except for STANDBY, will stop
flashing, if the retort interlock is released and
relocked. Although DIAGNOSE will stop flashing
when the interlock is operated, the error number
registered in DIAGNOSE will remain on display.

3-2-2 Fluid Low.

FLUID LOW will flash if no solution or paraffin is in
reservoir or paraffin container or if reservoir or paraffin
container is not set. At that time error code E-14 is
stored but DIAGNOSE does not flash. When FLUID
LOW flashes, even though the filled reservoir or
paraffin container is set, there is a malfunction. See

E-14 in paragraph 2-2-3. Depending on the situation,
various action may be taken when FLUID LOW is de-
tected.

1. During Automatic Operation

If FLUID LOW is detected at Station 1, the alarm
will be given immediately after detection. Auto-
matic operation can be resumed after filling the
reservoir by following the starting procedure: the
select magnet is placed on PROGRAM and re-
moved, then the control switch is pushed.

If FLUID LOW is detected at Station 2 through 10,
pump-out will be performed at the station after the
detection. Then, returning to the previous station
to perform pump-in, so that solution fills the retort,
the system will give the alarm. If another FLUID
LOW Is detected at the reached station, the same
operation will be repeated until the station with
the filled reservoir is reached. Having returned to
Station 1, the operation will stop. After the reser-
voir with solution is set, releasing and relocking
the retort interlock slide will light START control.
Then, the control switch is pushed so that the so-
lution remaining in the retort is pumped out, and
the operation is resumed from the next station.

NOTE: If FLUID LOW is detected during automatic
operation, the reservoir with solution is set at
the station next to the stopped station, since
the operation stops at the station previous to
the station where FLUID LOW was detected.

If FLUID LOW is detected at Station 11 through
13, when FLUID LOW is detected at the first pump-
in after moving from Station 10, the alarm will be
given after returning to the previous station to per-
form pump-in, so that the retort is filled. The same
operations will follow as stated in the case of Sta-
tion 2 through 10. When FLUID LOW is detected
at or after the second pump-in, the alarm will be
given ‘immediately. After the container with
paraffin is set, releasing and relocking the retort
interlock slide will light the START control. Then,
the control switch is pushed so that the pump-in
is resumed and the automatic operation is also
resumed.

2. During Cleaning Cycle

If FLUID LOW is detected during cleaning cycle,
the alarm will be given immediately. After the
reservoir with solution is set, releasing and relock-
ing the retort interlock slide will light the CLEAN
control. Then, the control switch is pushed to start
pump-in and the cleaning cycle is resumed.
3. During Manual Operation

If FLUID LOW is detected during manual pump-in
(manual number 02), the alarm will be given im-
mediately. After the reservoir with solution is set,
releasing and relocking the retort interlock slide
will enable manual operation to continue.
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3-2-3 Power Out.

In case of a power failure or accidental disconnection
of the instrument from the power source, POWER OUT
display will illuminate when power is restored. At the
same time, error code E-03 is stored, but DIAGNOSE
does not flash. When POWER OUT is flashing the alarm
does not sound. STANDBY may be flashing also. See
paragraph 1-4-3-1. The primary purpose of the display
is to alert the operator to the fact that there has been
a power interruption. Duration of the interruption can
be determined by comparing the TIME display with
a timepiece which has not been affected. The TIME
display will require reprogramming to display correct
time. See operator’s manual.

3-2-4 Standby.

STANDBY will flash when paraffin is not melted or the
temperature of the retort and the rotary valve does
not reach the temperature required for operation. De-
tails are discussed in paragraph 3-2-4 (2) below.

1. Requirements for paraffin melting.

Paraffin is judged as being melted when the tem-
perature of the paraffin oven has stayed higher
than the paraffin melting point (higher than the
average of the set temperature of Station 11
through 13) for enough time to melt paraffin
thoroughly. Enough time means the following:

e If power failure takes place at Station 1 through
10, 15 and 16 while paraffin is melted, when
power is restored, the following oven tempera-
tures will result in the corresponding process-
ing delays:

Higher than (set
temperature-12°C)
Higher than (set
temperature-14°C)
Higher than (set
temperature-16°C)
Higher than (set
temperature-18°C)
Higher than (set
temperature-20°C)
Lower than the above
temp. difference

0 hour

1 hour 30 minutes
2 hours 20 minutes
3 hours 30 minutes
4 hours 30 minutes

24 hours

* [f power failure takes place at Station 11 through
13 while paraffin is melted, when power is re-
stored, the following retort temperatures will
result in the corresponding processing delays:

Higher than (set
temperature-4°C) 1 hour
Higher than (set
temperature-6°C)
Higher than (set
temperature-8°C)
Higher than (set
temperature-10°C)
Higher than (set
temperature-12°)
Higher than (set
temperature-14°C)

1 hour 30 minutes
2 hours 30 minutes
3 hours 30 minutes
4 hours 30 minutes

5 hours 30 minutes

3-2

Lower than the above

temp. difference 24 hours

* If power failure takes place when paraffin is not
melted (STANDBY flashes), process will be
delayed 24 hours after the restoration of power

¢ If the oven temperature goes down lower than
(set temperature-3°C) due to trouble other than
power failure, processing will be delayed for 24
hours.

¢ Right after the installation of the instrument, 24
hours are required to melt the paraffin.

2. The meaning of STANDY.
a) During clock operation or programming.
STANDBY indicates that paraffin is not metled.
b. During Pump-In or Pump-Out.

STANDBY flashes when the temperature of the
rotary valve at Station 11 through 13 is lower
than (preset temperature-1)°C, or the temper-
ature of the retort is lower than (preset
temperature-1)°C, or the paraffin is not melted.
The operations of pump-in or pump-out will
stop until the temperatures are corrected and
the paraffin is melted.

¢. During manual operations except for pump-in
or pump-out.

STANDBY flashes when paraffin is not melted.

When STANDBY flashes with the buzzer right
after pressing ON/ENTER, the temperature of
the rotary valve is lower than 69°C or the tem-
perature of the retort is lower than the set terr
perature.

d. During automatic operation except for Pump-
In or Pump-Out.

The automatic operation will not start when
paraffin is not melted. Paraffin is usually melted,
but sometimes it will be solidified due to power
failure.

After automatic operation starts, even if
paraffin solidifies due to power failure between
Station 1 and 10, STANDBY will not flash im-
mediately and the automatic operation will pro-
ceed to Station 10. After completing processing
at Station 10, pump-out will not be performed
until paraffin is melted, while STANDBY keeps
flashing. (If Station 10 is set as 00:00, the oper-
ation will halt at Station 10 without pumping
in the solution. So, Station 10 must be
programmed.)

If paraffin is solidified due to power failure be-
tween Station 11 through 13, the automatic
operation will halt until paraffin is melted
without starting right after the power is re-
stored, while STANDBY keeps flashing. After
paraffin is melted and STANDBY disappears,
automatic operation will be resumed.

If the temperature of the paraffin oven goes
down due to failure of the temperature contrc



circuit during automatic operation, DIAGNOSE
and STANDBY will flash. When DIAGNOSE
begins to flash, automatic operation will stop.

3.2-5 Diagnose.
Whenever the DIAGNOSE display illuminates, whether
flashing or not, specimen processing is interrupted. It

is then necessary to place the processor in the
PROGRAM mode and press the AM-PM/ DIAGNOSE
key on the keyboard to bring an error code display
to the front panel. The display will appear under TIME,
as E-nn, to identify the fault. A DIAGNOSE display is
accompanied by an audible buzzer.

3-2-6 Error Codes.

The error codes (E-nn) fall into several groups as
detailed below:
01, 02, 10 Retort overflow

03 Power failure

11-14 Pump-In

20-23 Pump-Out

30-39 Temperature control

40-41 Rotary valve clockwise rotation

50-53 Rotary valve opening

60-67 Rotary valve closing

70-74 Rotary valve counterclockwise
rotation.

If an error display appears, press the AM-PM/
DIAGNOSE key again to determine if more than one
error codes.

3.2.7 Other Malfunctions and Troubleshooting.

3.2.7-1 Microprocessor Malfunction.

Symptom

In some situations caused by external noise or defec-
tiveness of IC chips, none of the control functions and
system alarms can function. Every display is out of con-
trol and does not respond to switches on the control
panel.

Remedy
To return the microprocessor to normal operation:

1. Unlock retort interlock slide.

9. Place select magnet on MANUAL.
3. Lock interlock slide.

4. Remove magnet.

This procedure will abort the infiltration run.

If procedure above does not restart operation, press
reset switch on control P.C. board. When this is done,
microprocessor must be reprogrammed.

If use of reset switch does not restart unit, replace con-
trol P.C. board. See paragraph 4-5-2.

Determine whether the instrument is near machines
generating high frequency electronic noise or draw-
ing large electrical currents. If so, connect the instru-
ment to a separate electric line from these machines.

Provide the air pump and the solenoid-operated valve
with a spark killer in parallel.

If the microprocessor hang-up recurs even after the
above remedies are applied, contact the Ames Tech-
nical Service Department.

After a microprocessor hang-up is corrected, repair the
damage caused by the hang-up (e.g., reset thermal
fuses).

3.2.7-2 Output Voltage Decrease at 5 Volt DC
Power Supply.

Symptom

7 segment LED's on the front panel will not illuminate
and the keys cannot operate even though the power
(90 - 100 percent of the rated voltage) is supplied. Green
LED's (D4) on the control PC board are not illuminated
or illuminate very weakly.

Remedy

Alter confirming that green LED's (D4) are illuminat-
ing, adjust the output voltage of DC power supply so
that the voltage is set to 5.05 volt.

3-2-7-3 Lockout of Keypad.

Symptom

Keys are unable to respond to key operation during
program mode or manual mode. The problem involves
all the keys in the same row, such as “0", “STATION",
“ALL STATION” and “ENDTIME.”

Remedy

This occurs when the key top of one of the keys is dis-
lodged from the normal position and held down by
being caught on the front panel cutout. Remove the
front panel, remove burrs at the cutout, and set the
key top at the normal position. See paragraph 4-5-1.

3.2.8 Troubleshooting for the Service Agent.

If there is a malfunction that requires service, DIAG-
NOSE will flash, an alarm will sound, and the instru-
ment memory will store the appropriate error code,
which has been established on the basis of predeter-
mined modes of failure. During automatic operation,
the processing timer will stop when DIAGNOSE begins
flashing. ’

By using the error code stored in the memory, a serv-
ice representative can determine the location of the
malfunction. Repair or correction requires MANUAL
operation, which is detailed in paragraph 3-4.

3.2.8-1 Readout of Error Codes. When the select
magnet is placed on PROGRAM and the AM-PM/
DIAGNOSE key is pushed, a code will be displayed in
the form E-nn, where n is any digit. If the first code
displayed is E-00, then no error code has been stored
in the memory. If any other code appears, record it.
Repeatedly press AM-PM/DIAGNOSE and record the
code displayed, until E-00 appears. Error codes gener-
ally appear in the order in which the corresponding
malfunctions occurred, but E-03 (power failure) always
comes last.
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Pressing the OFF/CLEAR key will erase the error
codes, but this action is not necessary, since stored
codes are cleared by the system before automatic oper-
ton begins.

3-2-9 Program Identification.

To identify the EPROM operating system installed in
the processor, proceed as follows:

1. Place instrument in manual operating mode.

2. Enter ‘99’ on keyboard.

3. Press VERIFY key.

The program identification will be displayed for two
seconds under TIME. It will appear as P-nn.

3-3 LED’s ON CONTROL BOARD

There are five groups of LED's on the control board,
figure 3-1, which provide troubleshooting information
to the serviceman.

W N —

3-3-1 Green LED Group.
The six LED’s in this group are designated

D17
D16
D18
D15
" OPEN D20
' CLOSE D19

The group serves two purposes-to determine the posi-
tion of the rotary valve at any time, and to detect and
identify a defective photosensor.

The station of the rotary valve can be determined from
the chart below. Valve OPEN or closed (CLOSE) will
also be indicated. If neither OPEN nor CLOSE il-
luminates, valve rotation has stopped between posi-
tions or sensors are defective.

\
STATION 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
LED
A 1 1 0 1 0 1 1 0 0 1 0 0 0 0 1 1 1
‘v 11 o0 1 o0 1 1 0 0 1 O O 0 0 1 1
\v 3 1 1 1 0 1 I 1 0 0 1 0 0 0 0 1
» g 1 1 1 1 0 0 1 ] 0 0 0 0 0 0
\L’ 1 = lluminated; 0 = Dark
Yellow
LEDs
D5-D7
BE
s KK Red&LEDs
i 7 b e
4
Froo'nl :g
Processor o] Noi
e
~ o
Relays
e :
D4 * Yellow
et
VR — ._3. Cw, CCwW
m SR

Sockets

Figure 3-1. Control Board



Identification of a defective photosensor is accom-
plished as described below. Photosensors 1 through 4
correspond to green LED’S 1 through 4, respectively.

To check photosensors:
1. Place instrument in MANUAL operating mode.
2. Perform manual operation 03, table 3-2.
3. While the valve is rotating, observe the STATION
display on the control panel and the green LEDs.
If the two indications agree, no photosensor fault
exists.

3-3-2 Yellow LED Group.

The six LED's in this group indicate specific pump,
solenoid-operated valve, and rotary valve conditions
as programmed.

LED EXPECTED ACTION
ILLUMINATED

P Pump operates.

1 SV1 open

2 SV2 open

3 SV3 open
CwW Rotary valve rotates CW .
CCW Rotary valve rotates CCW

Any part not physically operating as indicated should
be investigated for need of repair or replacement.

3-3-3 Mixed Red and Green LED group.

The four red LED’s in this group signal troubles; the
green LED’s indicate normal conditions.

LED SIGNIFICANCE

ILLUMINATED

D8(RED) Retort overheated, thermal cutout tripped.

D9(RED) Rotary valve overheated, thermal cutout
tripped. .

D10(RED) Oven overheated, thermal cutout tripped.

DI11(RED) Retort overflow has occurred.

D12(GREEN)  Pressure-sensing switch PS1 actuated.

D13(GREEN)  Vacuum-sensing switch PS2 not actuated.

DI4(GREEN)  Retort interlock is closed.

3-3-4 Yellow LED Group.

The three LED's in this group illuminate when heaters
in the oven, rotary valve, and retort are operating.
Failure of one of these LED’s to illuminate does not

(STATION)

necessarily indicate trouble. The corresponding unit
may be at its selected temperature, and heating is not

being demanded by the temperature control program.
Check with D10, D9, D8.

3-3-5 Single Green LED D4.

This LED is normally illuminated except in the case
of power failure. It indicates that the power failure
threshold has been set properly.

3-4 MANUAL OPERATION

The manual operation chart, table 3-2, provides instruc-
tions for performing any single processing operation
manually, after placing the select magnet at the
MANUAL position on the control board.

3-4 MANUAL OPERATION

3-4-1 Manual Mode Display.

When the select magnet is attached to MANUAL, the
manual operation can be started. LED’s will display the
station number, the manual number and the tempera-
ture as indicated in Figure 3-2. If the manual mode is
not displayed after placing the select magnet on
MANUAL, release and relock the retort interlock slide.

3-4-2 Manual Operation Chart.

The manual operation chart, table 3-2, provides instruc-
tions for performing any single processing operation
manually.

NOTE: Manual operations 01 through 03 in the chart
may be performed by the operator.

To perform manual operations:

1. Place select magnet on MANUAL.
2. Unlock and relock retort interlock slide.

3. Press desired operation number on keyboard.
4. Press ON/ENTER.

To return to clock operation, remove magnet from
MANUAL.

NOTE: The manual operations described in the
balance of this table should not be performed
by operators. They are only for use by the
service representatives.

o n\ae .

30 50,

-—

D

o

-

Figure 3-2. Manual Mode Display
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Place select magnet on MANUAL.

Unlock and relock retort interlock slide.

Press desired operation number on keyboard.

Press VERIFY.

Press ON/ENTER.

To stop an operation which does not stop auto-

matically, press OFF/CLEAR.

7. When pressing VERIFY, “——" displays before
operation number. ‘

S E W =

To return to clock operation, remove magnet from
MANUAL.

| 3-4-3 Functions Using Manual Commands.

Pressure/Vacuum and pump-in actions can be started
by activating solenoid-operated valves and air pump
with the following manual commands.

CAUTION
During these operations, safety devices do
not work.

1. Vacuum during P/V cycle.

1. Place select magnet on MANUAL.

2. Key in Manual number 05, press VERIFY and
then press ON/ENTER (=Close rotary valve).
When the rotary valve is closed, this step is
not required.

3. Key in Manual number 07, press VERIFY and
then press ON/ENTER (=SV1 Activation).
4. Key in Manual number 06, press VERIFY and

then press ON/ENTER (=Air Pump Function).

5. To stop the operation, press OFF/CLEAR
(=SV1 and Air Pump stop).

2. Vacuum during Pump-In.
1. Place select magnet on MANUAL.
2. Key in Manual number 05, press VERIFY and
then press ON/ENTER (=Close Rotary Valve)
If the rotary valve is closed, this step is not
required.
3. Key in manual number 07, press VERIFY and
then press ON/ENTER (=SV1 Activation).
4. Key in manual number 09, press VERIFY and
then press ON/ENTER (=SV3 Activation).
5. Key in manual number 06, press VERIFY and
then press ON/ENTER (=Air Pump Function).

6. To stop the operation, press OFF/CLEAR
(=SV1, SV3 and Air Pump stop). If manual
number 04 is commanded instead of 05 in Step
2, solution can be transferred to retort.

3. Pressure.

1. Place select magnet on MANUAL.

2. Key in manual number 05, press VERIFY and
then press ON/ENTER (=Close Rotary valve).
If the rotary valve is closed, this step is not
required.

3. Key in manual number 08, press VERIFY and
then press ON/ENTER (=SV2 Activation).
4. Key in manual number 09, press VERIFY and

then press ON/ENTER (=SV3).
5. Key in manual number 06, press VERIFY and
then press ON/ENTER (=Air Pump Functior’
6. To stop the operation, press OFF/CLEAK
(=SV2, SV3 and Air Pump stop).

4. Pump Out.
1. Place select magnet on MANUAL.
2. Key in manual number 05, press VERIFY and
then press ON/ENTER (=Close Rotary valve).
If the rotary valve is closed, this step is not
required.

3. Key in manual number 08, press VERIFY and
then press ON/ENTER (=SV2 Activation).
4. Key in manual number 09, press VERIFY and
then press ON/ENTER (=SV3 Activation).

5. Key in manual number 06, press VERIFY and

then press ON/ENTER (=Air Pump Function).

The pressure will rise above 0.2 kg/cm?, and
the pressure switch will switch on.

6. Key in manual number 04, press VERIFY and
then press ON/ENTER (=Open Rotary Valve).

Solution transfer will be completed, and bub-
bling will occur in the reservoir).

7. Press OFF/CLEAR (=SV2, SV3, and Air Pump
stop).

8. Key in manual number 05, press VERIFY and
then press ON/ENTER (=Close Rotary Valve).

3-4-4 Cautions.

3-4-4-1 If the select magnet is removed from MANUAL
during some manual operations, the instrument will
stop and return to clock operation.

3-4-4-2 If the select magnet is removed during Pump-
Out (01), Pump-In (02), Station (03, 21), Rotary Valve
Open (04), Rotary Valve Close (05) or Station Reverse
(22), the instrument will not stop and will not return
to the clock function until each operation is completed.

In order to stop these operations, retort interlock slide
should be released and relocked after removing select
magnet from MANUAL position, so that instrument will
return to clock function.

3-4-4-3 If the alarm buzzer sounds during manual oper-
ation, correct the problem and then release and relock
retort interlock slide, so that the manual operation can
be done from the beginning.



Table 3-1. lroubliesnooung

performed, pump-out shall be done by manual
operation and the solution in the trap shall be
returned to the retort. In case of paraffin, the
trap should be removed and thoroughly
cleaned together with the tube connecting the
retort to the overflow trap.

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
01 Retort overflow 1. Reservoir overfilled. 1. Reduce volume in reservoir. Buzzer sounds
occurred during P/V for 30 seconds,
: cycle. (Trap was filled | 2. Specimen volume in 2. Reduce specimen volume to less than the DIAGNOSE
g with solution). excess. specified volume. flashes.
‘\-‘ 3. Solution (especially 3. Skip P/V cycle at the solution (especially
Chloroform evaporated. Chloroform) station and the first paraffin Disconnect
station. overflow tube
heater at ter-
4. Sensor adjustment in- 4. Adjust sensor. (See paragraph 2-3-3.) minals 1 & 2
correct. behind oven.
Cut cable ties
5. Sensor or trap touched | After the above procedures have been per- as necessary.
by hand. formed, pump-out 'shall be done by manual Restore when
operation and the solution in the trap shall be | reassembling.
returned to the retort. After that, the trap
should be removed and thoroughly cleaned
together with the tube connecting the retort to
the overflow trap. (See paragraph 2-1-1-2.)

02 Retort overflow 1. Sensor adjustment 1. Adjust sensor. (See paragraph 2-3-3) Disconnect
occurred other than incorrect. overflow tube
durihg pump in or . After the above procedure has been heater at
P/V cycle. 2. Sensor or trap touched | performed, pump-out shall be done by manual! | terminals 1 & 2

by hand. operation and the solution in the trap shall be |behind oven.
returned to the retort. After that, the trap Cut cable ties
3. The instrument was should be removed and thoroughly cleaned as necessary.
moved with the retort together with the tube connecting the retort to Restore when
filled with sdlution. the overflow trap. (See paragraph 2-1-1-2.) reassembling.
03 Power failure 1. Power failure. POWER OUT
v flashes when
2. Plug pulled from power | 2. Restore plug to receptacle. power is
receptacle. : recovered.
' Process will
S resume.
3. Circuit breaker open 3. Reset circuit breaker. 3. Refer to wir-
due to internal short ing diagrams.
circuit.
4. Circuit breaker open 4. Reset circuit breaker. 4. Refer to wir-
due to leakage current ing diagrams
exceeding 30 mA.
Disconnect
CAUTION overflow tube
If circuit breaker opens again shortly after heater at ter-
resetting, do not reset again. Investigate minals 1 & 2
cause, and take applicable correction action. behind oven.
Cut cable ties
as necessary.
Restore when
reassembling.

10 The retort overflowed | 1. Reservoir overfilled. 1. Reduce volume in reservoir. Unscrew trap tc
during pump-in. remove.
(Solution was mixed 2. Specimen volume in 2. Reduce specimen volume to less than the
with the next one.) excess. specified volume.

3. The next solution was 3. Disassemble P type regulator to clean the
pumped in to the retort valve and “P” ring. Then, adjust operating
still filled with solution due | pressure. If “O" ring is worn out, replace it
to incomplete pump-out. with new one. (See paragraph 2-2-1-2.)

After the above procedures have been




Table 3-1. Troubleshooting (Continued)

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
11 Pump-in not complete | 1. Air line blocked. 1. Clean air line. In case of no
after the lapse of 6 solution in the
minutes. 2. Solution line clogged. 2. Clean solution line. In case of clogging sta- | retont, the
tion 15 line, replace Xylene for cleaning with cause may be
fresh Xylene. clogging in the
fluid pa~ If
3. Rotary-valve clogged. 3. Clean rotary valve. some S. .don
has entered
retort, the
4. Setting of the pressure | 4. Adjust the setting of the pressure switch cause may be
switch (PS2) at the (PS2) as 12cmHg for ON, 14cmHg for OFF. the pressure
vacuum side was switch.
incorrect. (ON pressure
was too high.)
5. The lead wire of the 5. Connect to terminal plate. When PS2 is
pressure switch was ON, D13 will
disconnected from the illuminate.
terminal.
6. The detector circuit for | 6. Replace the control PC. board. (See
PS2 malfunctioned. paragraph 4-5-2.)
12 Pump-in did not com- | 1. Air line blocked. 1. Clean air line. (See paragraph 2-1-1, 2-2-1) In case of no
plete with 3 time trials solution in the
(6 minutes each). 2. Solution line clogged. 2. Clean solution line. retort, the
cause may .
In case of clogging Station 15 line, replace clogging in the
Xylene for cleaning with new one. fluid path. If
some solution
3. Rotary valve clogged. 3. Clean rotary valve. has entered
retort, the
cause may be
4. Setting of the pressure | 4. Adjust the setting of the pressure switch the pressure
switch (PS2) at the (PS2) as 12cmHg for ON, 14cmHg for OFF. switch.
vacuum side incorrect. (ON
pressure was too high.)
5. The lead wire of the pres- | 5. Connect to terminal plate. When PS2 is
sure switch was disconnect- ON, D13 will
ed from the terminal plate. illuminat
6. The detector circuit for | 6. Replace the control PC. board. (See
PS2 malfunctioned. paragraph 4-5-2.)
13 Retort pressure could | 1. Air line union loose. 1. Tighten the union. (See paragraph 4-8-1.)
not be reduced (more
than 14cmHg) nor 2. Air leaked through the 2. Replace the gasket. (See paragraph 4-7.7.)
pressurized (more gasket of the retort.
than 0.2kg/cm?).
3. Manual latch of the retort | 3. Adjust cam lock to firmly lock the retort lid.
loose. (See paragraph 4-7-8.)
4. Air leaked from the air | 4. Check and repair the air line as required.
line. (See paragraph 2-2-1.)
5. Air pump malfunction. 5. Repair the pump. (See paragraph 4-9-2)) 5. See para-
graphs 4-9-2.
6. Solenoid-operated valve | 6. Replace the solenoid-operated valve. (See
malfunction. paragraph 4-9-3.)
7. Connector 7 or 7. Connect the connectors firmly.
Connector 8 was discon-
. nected or loose.
8. Solid state relay 8. Replace the solid state relay or the control
malfunction. PC. board. (See paragraph 4-5-2.)

14 FLUID LOW occurred. | 1. No solution or paraffin in | 1. Fill the reservoir or the container. FLUID LOW
the reservoir or the illuminates.
container. DIAGNOSE

does not flash.
2. Reservoir not properly set | 2. Insert reservoir in rack properly.
in the reagent reservoir rack.
3.V type regulator malfunc- | 3. Disassemble V type regulator to clean valve
tioned or set incorrectly. (Set | and “O" ring, and adjust as 20cmHg. (See
pressure was too high.) paragraph 2-2-14.)

3-8




Table 3-1. Troubleshooting (Continued)

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
14 4. Setting of the pressure | 4. Adjust the setting of the pressure switch
(Continued) switch (PS2) at the vacuum | (PS2) as 12cmHg for ON, 14cmHg for OFF.
side was incorrect. (OFF (See paragraph 2-2-1-3.)
pressure was too low.)
5. Pressure switch (PS2) 5. Replace pressure switch (PS2). (See When PS2 is
defective. paragraph 2-2-1-3.) ON, D13 will
illuminate.
6. Detector circuit for PS2 | 6. Replace control PC. board. (See paragraph
malfunctioned. 4-5-2))
20 The retort pressure 1. Air line union loose. 1. Tighten the union. (See paragraph 4-9-1.) The operating
has not reached the pressure of
set pressure within 2. Air leaked through the | 2. Replace the gasket. (See paragraph 4-7-7.) relief valve 2
one minute pressuri- | gasket of the retort. . should be at
zation after closing least 0.1
the rotary valve. 3. The manual latch of the | 3. Adjust cam lock to firmly lock the retort lid. | kg/cm? highei
retort was loose. (See paragraph 4-7-8.) than that of
PSH.
4. Air leaked from the air 4. Check and repair the air line as required.
path. (See paragraph 2-2-1.)
5. Air pump malfunction. 5. Repair the pump. (See paragraph 4-9-2.) 5. See para-
graph 4-9-2.
6. Solenoid-operated valve | 6. Replace the solenoid operated valve. (See
malfunction. paragraph 4-9-3.)
7. Solid state relay. 7. Replace the solid state relay or the control
PC. board. (See paragraph 4-5-2.)
8. P type regulator set in- | 8. Adjust the set pressure of the P type regula- | The set pres:
correctly. (Set pressure tor as 0.35kg/cm2. (See paragraph 2-2-1-5.) sure of P typ
was too low.) regulator shoi
be higher th¢
that of PS1.
9. Setting of the pressure | 9. Adjust the setting of the pressure switch
switch (PS1) at the pres- (PS1) as 0.2kg/cm2 for ON, 0.15kg/cm? for OFF.
sure side was incorrect. (See paragraph 2-2-1-2.)
(ON pressure was too
high.)
10. The pressure switch 10. Replace the pressure switch (PS1). (See
(PS1) defective. paragraph 2-2-1-2.)
11. The detector circuit for | 11. Replace the control PG. Board. (See
the pressure switch PSt paragraph 4-5-2.)
malfunctioned.
12. Connector 7 or con- 12. Connect the connectors firmly.
nector 8 was discontinued
or loose.
21 The retort pressure Same as in 20. Same as in 20.
has not reached the
set pressure after 3
times pressurization
(one minute each
after closing the
rotary valve.)
22 Pump out not 1. Air path union loose. 1. Tighten the union.
complete 6 minutes
after opening the 2. Setting of the pressure | 2. Adjust the setting of the pressure switch
y rotary valve. switch (PS1) at the pressure | (PS1) as 0.2kg/cm? for ON, 0.15kg/cm? for OFF.
} side was incorrect. (OFF (See paragraph 2-2-1-2.)
pressure was too high.)
3. The pressure switch 3. Replace the pressure switch (PS1). (See
(PS1) defective. paragraph 2-2-1-2.)




Table 3-1. Troubleshooting (Continued)

7. Paraffin solidified in the
retort.

7. Heat the retort by manual operation. When
paraffin has been melted, it can be pumped
out. Then, proceed to the clean cycle.

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
22 4. The detector circuit for | 4. Replace the control PC. Board. (See
(Continued) PS1 malfunctioned. paragraph 4-5-2.)
5. Piping clogged (Inside 5. Replace or clean the piping. (See
pipes, tubing). paragraph 2-2-1, 4-12-1.)
6. Rotary valve clogged 6. Clean the rotary valve. (See paragraph 6. See Para-
internally. 4-10-4.) graph 4-10 For
disassembly

instructions.

open.

connected.

2. Pin for Connector 12
disconnected.

3. Thermistor lead open.

4. Thermistor open.

2. Insert the pin firmly.

3. Connect thermistor lead.

4. Replace thermistor. (See paragraph 4-7-3.)

23 Pump-out not com- Same as in 22. Same as in 22.
plete after 2 trials (6
minutes each.)
30 Manual Resettable 1. Triac defective. 1. Replace triac.
Temperature
Protective devices 2. Photothyristor defective. | 2. Replace Photothyristor or replace the Con-
open (oven, rotary trol PC. board. (See para. 4-5-2.)
valve or retort).
3. Heater circuit shorted. 3. Repair or replace the shorted part.
4. Thermistor defective. 4. Replace thermistor. (See paragraph 4-10-7,
4-7-3, 4-8-3.)
5. Temperature control 5. Replace the control PC. Board. (See para-
circuit defective. graph 4-5-2.)
6. 80°C thermal fuse Replace 80° thermal fuse. (See paragraph
defective. 4-10-6-, 4-10-7, 4-7-5, 4-7-4, 4-8-4, 4-8-5))
7. Connector 10 7. Connect connector 10 firmly.
disconnected.
31 Thermistor for the 1. Connector 11 1. Connect connector 11 firmly. Temperature
paraffin oven open. disconnected. display indi-
cates 99°C
2. Pin for Connector 11 2. Insert the pin firmly.
disconnected.
3. Thermistor lead open. 3. Connect thermistor lead.
4. Thermistor open. 4. Replace thermistor. (See paragraph 4-8-3.)
32 Thermistor for the 1. Connect 13 1. Connect connector 13 firmly.
rotary valve open. disconnected.
2. Pin for Connector 13 2. Insert the pin firmly.
disconnected.
3. Thermistor lead open. 3. Connect thermistor lead.
4. Thermistor open. 4. Replace themistor. (See paragraph ??7???.)
33 Retort thermistor 1. Connector 12 dis- 1. Connect connector 12 firmly.
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Table 3-1. Troubleshooting (Continued)

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
34 Failure of paraffin 1. Traic defective. 1. Replace triac.
oven temperature
control. (Temperature | 2. Photothyristor defective. | 2. Replace the photothyristor, or replace the
too high). control PC. Board. (See paragraph 4-5-2.)
3. Heater circuit shorted. 3. Repair the short.
4. Thermistor defective. 4. Replace thermistor. (See paragraph 4-8-3)
5. Temperature control cir- | 5. Replace control PC. Board. (See paragraph
cuit defective. 4-5-2.)
6. Ambient temperature 6. Move the instrument to a room with
higher than set tem- temperature between 10°C and 40°C.
perature.
35 Failure of paraffin 1. Triac defective 1. Replace triac.
oven temperature
control. (Temperature | 2. Photothyristor defective. | 2. Replace photothyristor or replace the Con-
too low.) trol PC. board. (See paragraph 4-5-2.).
3. The heater circuit open. | 3. Replace heater. (See paragraph 4-8-2.)
4. Thermal cutout tripped. | 4. Reset the thermal cutout. 4. E-30 is als
stored.
5. Thermistor circuit open. | 5. Repair thermistor circuit. 5. Temperatui
display is 99.
6. Thermistor open or 6. Replace thermistor. (See paragraph 4-8-3) 6. Termperatt
defective. display is 99.
7. Thermistor circuit 7. Repair the short. 7. Temperatu
shorted. display is 98.
8. cold solution standing 8. Advise operator not to pour cold solutions
in the retort more than 10 | directly into retort.
minutes.
36 Failure of rotary valve | Same as in 34. Same as in 34.
temperature control.
(Temperature too
high.)
37 Failure of rotary valve | Same as in 35. Same as in 35.
temperature control.
(Temperature too low.)
38 Failure of retort tem- Same as in 34. Same as in 34.
perature control.
(Temperature too
high.)
39 Failure of retort tem- 1. Triac defective. 1. Replace triac.
perature control.
(Temperature too low.) | 2. Photothyristor defective. | 2. Replace Photothyristor or replace the
Control PC. board. (See paragraph 4-5-2.)
3. The heater circuit open. | 3. Replace the heater. (See paragraph 4-7-2.)
4. Thermal cutout tripped. | 4. Reset the thermal cutout. 4. E-30 is al
stored.
5. Thermistor circuit open. | 5. Repair thermistor circuit. 5. Temperatt
display is O(
6. Thermistor open or 6. Replace thermistor. (See paragraph 4-7-3.) 6. Temperat
defective. display is O(




Table 3-1. Troubleshooting (Continued)

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
39 7. Thermistor circuit 7. Repair the shorted part. 7. Temperature
Continued) shorted. display is 99.
8. Cold solution standing 8. Advise operator nol to pour cold solutions
in the retort more than 10 | directly into retort.
minutes.
40 Rotary valve does not | 1. Connector 6 or connec- | 1. Connect connectors firmly.
move from the closed | tor 8 disconnected.
position (start position
within 9 seconds.) 2. Rotary valve did not 2. Clean the rotary valve. (See paragraph
rotate due to clogging. 4-10-4.)
3. Motor wire dis- 3. Connect motor wire to terminal block firmly.
connected from terminal (See paragraph 4-10-4.)
block.
4. Ceramic parts of rotary | 4. Clean ceramic parts of rotary valve. (See See paragraph
valve stuck together and paragraph 4-10-4.) 4-10 for
did not move. required
disassembly
instructions
5. Coupling between 5. Attach the coupling firmly. (See paragraph
rotary valve and motor 4-10-1))
shifted.
6. Motor defective. 6. Replace motor. (See paragraph 4-10-2.)
7. Solid state relay 7. Replace solid state relay (control PC.
defective. board). (See paragraph 4-5-2.)
8. Photointerrupter for 8. Replace photointerrupter PC. board. (Rotary | D15 to D20
position detection valve PC. board replacement.) (See paragraph | displays the
defective. 4-10-3.) operating condi-
tion of each
photoir  ‘upter.
9. Positioning disc broken. | 9. Replace positioning disc. (See paragraph
4-10-3.)
10. Photointerrupter for 10. Eliminate such light.
position detection
disturbed by strong light
from outside.
41 Rotary valve did not 1. Connector 2, connector | 1. Connect connectors firmly.
reach open position 6 or connector 8
from closed position disconnected.
within 9 seconds.
2. Motor wire discon- 2. Connect motor wire to terminal block firmly.
nected from terminal
block.
3. Ceramic parts of rotary | Clean ceramic parts of rotary valve. (See para-
valve stuck together and graph 4-10-4.)
did not move.
4. Coupling between 4. Fix the coupling firmly. (See paragraph
rotary valve and motor 4-10-1.)
shifted.
5. Motor defective. 5. Replace motor. (See paragraph 4-10-2.)
6. Solid state relay 6. Replace solid state relay (control PC.
defective. board). (See paragraph 4-5-2.)
7. Photointerrupter for po- | 7. Replace photointerrupter PC. board. (Rotary
sition detection defective. valve PC. board replacement) (See paragraph
4-10-3.)
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Table 3-1. Troubleshooting (Continued)

ERROR
CODE SYMPTOM PROBABLE CAUSE REMEDY REMARKS
41 8. Rotary valve did not 8. Clean rotary valve. (See paragraph 4-10-4.)

.Continued)

rotate due to clogging.

9. Positioning disc stained
with gear head oil or par-
ticles of dust.

10. Photointerrupter for
position detection stained
with gear head oil.

9. Clean positioning disc.

10. Clean or replace rotary valve PC. board.
(See paragraph 4-10-3.)

from open position to
next open position,
skipping closed
position.

50 Rotary valve does not | Same as in 40. Same as in 40.
move from closed po-
sition (start position)
within 9 seconds.
51 Error for closed posi- | 1. Photointerrupter for po- | 1. Replace photointerrupter PC. board. (Rotary
tion and open posi- sition detection defective. valve PC. board replacement.) (See paragraph
tion detected 4-10-3.)
simultaneously.
2. Positioning disc broken. | 2. Replace positioning disc. (See paragraph
4-10-3))
3. Photointerrupter for 3. Eliminate such light.
position detection dis-
turbed by strong light from
outside.
4. Photointerrupter input 4. Replace the control PC. board. (See para-
circuit defective. graph 4-5-2.)
52 Rotary valve did not Same as in 41. Same as in 41.
reach open position
from closed position
within 9 seconds.

' 53 Rotary valve moved 1. Photointerrupter for 1. Replace photointerrupter (Rotary valve PC.
from the closed posi- | open position detection board replacement.) (See paragraph 4-10-3.)
tion (start position) to | defective.
the next closed posi-
tion, skipping the 2. The photointerrupter 2. Replace control PC. Board. (See paragraph
open position. input circuit defective. 4-5-2))

3. Positioning disc broken. | 3. Replace positioning disc. (See paragraph
4-10-3)
4. Positioning disc stained | 4. Clean positioning disc.
with gear head oil or par-
ticles of dust.
5. Connector 2 discon- 5. Connect connector 2 securely.
nected.
6. Photointerrupter for po- | 6. Clean or replace rotary valve P.C. board.
sition detection stained (See paragraph 4-10-3.)
with gear head oil.
60 Rotary valve does not | Same as in 40. Same as in 40.
move from the open
position after the
lapse of 9 seconds.
61 Error signals for the Same as in 51. Same as in 51.
open position and the
closed position de-
tected simultaneously.
63 Rotary valve moves Same as in 53. Same as in 53.



























































































































































































































































































