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Defi nitions of Warning, Caution and Note Messages Used in This Manual

Warning
The Warning symbol indicates a hazard.  It calls attention to a procedure, practice 
or condition which, if not followed or performed correctly, could result in injury 
to personnel.

Caution
The Caution symbol also indicates a hazard.  It calls attention to an operating 
procedure or practice which, if not followed or performed correctly, could result 
in damage to the machine.

Note
The Note symbol indicates important information.  It calls attention to an impor-
tant procedure, practice, or condition.



Introduction

The TF20 Tray Feeder  is a compact, high-speed tray exchanger.  It is designed to integrate 
easily with existing assembly equipment.  The TF20 unit delivers thin and thick JEDEC and
IEC standard trays to pick or place positions with a high degree of accuracy and repeatability.  

Specifi cations
Height 231/4" 587 mm
Width 63/8" 162 mm
Length - base section 177/16" 355 mm

Length - conveyor short  25"  635 mm   OR
Length - conveyor long 30" 762 mm

Weight 50 lbs 22.7 Kg
Power*  24 V DC ±10%
 2 Amp (peak)
 0.3 Amp (rest)
 0.7 Amp (during tray exchange)

Communication  signal 5 VDC, 12VDC or 24VDC sink or  source
Pneumatic 60 to 80 psi 4.1 to 5.5 bar
 < 1.0 SCFM < 28.3 Nliters/minute
 fi ltered and dried
Temperature Range 50 to 95° F 10 to 35° C
Humidity Range 10 to 95% R.H. non-condensing
Operating Sound Level 60 db
Listings The TF20 meets appropriate safety specifi cations 

for international shipments.  The unit complies with 
SEMI S2, CE and NFPA 70 and 79.  The ergonom-
ics comply with SEMI S8.

*  Host machine to provide input power circuit  protection.
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Safety Notes

Warning
Before servicing the feeder, ensure that power is removed from the assembly 
equipment, or that the feeder is removed from the assembly equipment.  Discon-
nect the power to the feeder by unplugging the power cable from the assembly 
machine.

Warning
Before removing the feeder from the assembly equipment, ensure that the assem-
bly equipment is in a safe or e-stop condition. Remove all trays from the feeder.

Note
Do not use the manual index feature to index another tray if there is a tray being 
processed in the assembly equipment.

        Note
When removing trays -
If the blue LED is not fl ashing, this indicates that the upper output stack has room 
for more trays. Before removing the trays, press the Inhibit button and wait to see 
the yellow LED.  The inhibit mode will prevent the feeder from cycling a tray 
while you are removing the trays.  

Note
If the Thick/Thin switch (Fig. 4)  is set incorrectly, the feed mechanism will jam, 
triggering an error condition.

Note
Whenever the machine detects an error, the operator should press the Stop button 
immediately.

TF20 Tray Feeder

6 TF20 Tray Feeder



Controls and Features

Figures 1 through 3 show the most important controls and features on this unit.  For more 
detailed operating instructions, see the next section of the manual.

Pick/place location
(Ready position) -
see Fig. 3

Remove
trays here

Elevator access 
door 

Conveyor

Elevator for
trays- place
trays here

Control panel -
see Fig. 2

Control
cabinet

Fig 1 -
Rear View
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Fig 2 -
Control Panel

Index 1 - Manual tray 
exchange (with Index 2)

Stop - E-Stop

Reset - Recover from 
stop or error

Inhibit - prevents auto or 
manual index

Elevator Down - sets 
inhibit and lowers 

Index 2 - Manual tray 
exchange (with Index 1)

Green LED = Ready

Orange LED = Stop/Error

Yellow LED = Inhibit

Blue LED on = out of trays
Flash = full of trays

TF20 Tray Feeder
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Fig 3 -
View of Feed End

Tray home pusher 
cylinder

Conveyor 
belt

Fig 4 -
Thick/Thin Switch

Thick/thin 
switch

Tray Clamp

TF20 Tray Feeder

TF20 Tray Feeder 9



Control Functions

Figure 2 shows the manual controls on the feeder.  These controls have the following 
functions:

Index 1 and Index 2
These buttons do not trigger any machine action unless both are pressed at the same time.  
If the machine is not in inhibit mode, when both buttons are pressed, the feeder will be-
gin one tray exchange cycle.

Note

Do not use the manual index feature to index another tray if there is a tray being pro-
cessed in the assembly equipment.

Stop
This button works as an E-Stop.  Pressing this button will disable the pneumatics, the 
elevator and the conveyor motor.  (The orange LED will light continuously.)
If a tray is clamped at the pick/place position when the Stop button is pressed, it will be 
pulled away from the pick/place position and the Ready signal to the assembly machine 
will turn off.  (More information about the signals to the assembly machine is presented 
in the Troubleshooting section of this manual.)
To recover from a stop condition, press the Reset button.  If a tray was clamped at the 
pick/place position when the Stop button was pushed and the tray was not removed, the 
feeder will relocate the tray at the pick/place position and clamp it in place.

Initialization

    ATTENTION!

In order to feed highly sensitive components, a slow (speed) mode is available. Depending on the 
host machine communication, the feeder may require a manual initialization. If after power up the 
four LEDs on the operator interface light up, the feeder must be manually initialized.

Initializing the feeder enables a choice between normal (Fast) mode and slow mode.  To enable 
slow mode, momentarily press the “INDEX 1" and "INDEX 2” buttons simultaneously. To en-
able normal mode, momentarily press the “ELEV” button.  Once the speed is set in this way, the 
LEDs will turn off and the run mode will be maintained until the power to the feeder has been 
removed.

TF20 Tray Feeder

10 TF20 Tray Feeder



Reset
This button is used to recover from either a stop or an error condition (orange LED on or 
fl ashing).
• When the Reset button is pushed while the machine is in a stop condition (orange 

LED on continuously), power is restored to both motors and to the pneumatic mecha-
nisms.

• To recover from an error condition (orange LED fl ashing), fi rst identify the cause of 
the problem and correct it.  Once the cause of the error has been corrected, press the 
Reset button.  Power will be restored to both motors and to the pneumatic mecha-
nisms.

Inhibit
When this button is pressed, the feeder will not process automatic index signals (from the 
assembly machine) or manual index signals (from the Index 1 and Index 2 buttons).  The 
yellow LED indicates an inhibit condition.  The machine will remain in an inhibit condi-
tion until the Inhibit button is pressed again.

Elevator Down
This button causes two things to happen:
• The feeder will go to an inhibit condition (see above).
• The elevator will drive down to its lower limit.
There are two ways to return the elevator to a normal run position:
• Press the Inhibit button.
• Open and close the elevator access door.
The feeder will automatically leave the inhibit condition once the elevator has fi nished 
moving up to a normal run position.

Elevator Access Door
This door has a switch that provides a safety interlock.  For details, see the section on 
"Operating Instructions."

Thick/Thin Switch
This switch prepares the machine to operate with either thin or thick JEDEC trays.

Caution

If the switch is set incorrectly, the feed mechanism may jam, triggering an error condi-
tion. 

TF20 Tray Feeder
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Operator Indicators

See Fig. 2.

Green LED - Ready
• When this LED is on, it means that the feeder has successfully completed a tray ex-

change and there is a tray clamped at the pick/place position.  This LED also means 
that the Ready signal is sent to the assembly machine.

• This LED will turn off when a tray leaves the pick/place position.

Orange LED - Stop/Error
• When this LED is on and not fl ashing, it means that the feeder is in a stop condition.
• When this LED is on and fl ashing, it means that an error has occurred during tray 

exchange.
Note

 Whenever the machine detects an error, the operator should press the Stop button im-
mediately.

• This LED will be off when the machine is in a normal run condition.

Yellow LED - Inhibit
• When this LED is on and not fl ashing, it means that the feeder is in an inhibit condi-

tion.
• When this LED is on and fl ashing, it means that the feeder is in an inhibit condition 

and the elevator is moving up to a normal run position.
• This LED will be off when the machine is in a normal run condition.

Blue LED - Full/Empty
• When this LED is on and not fl ashing, it means that the lower input stack of trays is 

empty.
• When this LED is on and fl ashing, it means that the upper output stack is full of trays.

Note
 If both the full and empty conditions occur at the same time, the LED indicates the 

full condition.
• This LED will be off when the machine is in a normal run condition.

TF20 Tray Feeder
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Operating Instructions

Starting the Feeder 
1. Supply power to the feeder by plugging the power cable into the assembly machine.
2. The feeder will automatically initialize.  If the feeder detects a tray on the conveyor, it 

will move the tray to the pick/place position and clamp it in place.  Otherwise there will 
be no conveyor motion.

3. Choose either Normal mode or Slow mode (see Initialization, Page 6) depending on the 
sensitivity of components being conveyed.

4. Look at the operator indicators.
a. Check the Thick/Thin switch.  See Fig. 4.  This switch prepares the unit to operate 

with JEDEC trays of the correct thickness.
Note

 If the Thick/Thin switch is set incorrectly, the feeding mechanism will jam and cause 
an error condition (orange LED on and fl ashing).

b. If the blue LED (indicating Full/Empty) is on and not fl ashing, the lower input eleva-
tor is out of trays.  Open the tray access door and place one or more trays in the lower 
input stack.  Close the door.  The elevator should automatically begin to move up to a 
normal run position.  

c. If the blue LED is on and fl ashing, the machine is full of trays.  Remove the trays 
from the upper output stack.

d. If the yellow LED is on and not fl ashing (indicating an inhibit condition), close the 
elevator access door.

Loading Trays
The feeder can be reloaded with trays at any time, with little or no interruption to the op-
eration of the assembly machine.  When the last tray is moved to the pick/place position, 
the lower input stack will be empty.  This causes the feeder to go to an empty condition 
and causes the blue LED to turn on without fl ashing.  The elevator will drive down to its 
lower limit. It is best if the operator can reload the feeder at this point or sooner.

TF20 Tray Feeder
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If the operator does not reload the feeder and the machine continues to operate, the last 
tray will be returned to the upper output stack.  At this point the feeder will automatically 
go to an inhibit condition.

To reload the feeder:
1. If the feeder is not empty, press the Elevator Down button.  The feeder will automatically 

go to an inhibit mode, and the elevator will begin driving down toward its lower limit.
2. Open the elevator access door and insert one or more trays.
3. Close the elevator door and the elevator will begin moving up to a normal run position.  

Once the elevator has reached the normal run position, the unit will automatically leave 
the inhibit mode.

Unloading Trays
The feeder can be unloaded at any time with little or no interruption to the operation of 
the assembly machine.  When the upper output stack reaches its maximum capacity, the 
feeder will automatically go to an inhibit condition and signal that it is full (blue LED on 
and fl ashing).  It is best if the operator can unload the feeder at this point or sooner.
If the operator does not unload the feeder and the machine continues to operate, the unit 
will not accept any further manual or automatic tray exchange requests and will idle.

To unload the feeder:
1. If the blue LED is not fl ashing -
 The upper output stack has room to accept more trays.  Before you remove the trays, 

press the Inhibit button. Remove the trays.
Note

 Before removing the trays, press the Inhibit button and wait to see the yellow LED.  The 
inhibit mode will prevent the feeder from cycling a tray while you are removing the trays.  

 If the blue LED is fl ashing -
 Remove the trays.
2. Once the trays have been removed, press the Inhibit button to resume normal operation.

Recovering from Tray Exchange Errors
The software that controls the feeder has a built in watch-dog timer.  This allows a pre-
determined amount of time for a tray to move from one sensor location to the next during 
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a tray exchange.  If this timer expires, the feeder goes to an error condition.  If the ma-
chine detects an error condition (fl ashing orange LED), the operator should press the Stop 
button immediately.

To recover from a tray exchange error:
1. Press the Stop button immediately.
2. Identify the cause of the error.  (The tables included in the Troubleshooting section may 

be helpful.)
3. Correct the problem (In most cases this means removing  the tray from the conveyor).
4. Press the Reset button.
5. The orange LED should stop fl ashing.  If it does not, repeat steps 2-4.  If the error per-

sists, contact the factory.
6. When the orange LED stops fl ashing, the feeder is ready to resume normal operation.

Maintenance

General
All bearings used in the machine are sealed, and do not require lubrication.  The feeder 
uses dry-run chains, and these should not be lubricated.

Note

Any lubrication applied to these or other mechanical parts in the feeder could potentially 
migrate and/or outgas, which could contaminate the components being fed.

Weekly Maintenance
• Check the feeder for damaged or broken parts.
• Check the orange conveyor belts for dirt, nicks, or other signs of damage.

Monthly Maintenance
• Clean the orange conveyor belts and the tray platform.  Wipe down the belts and plat-

form with isopropyl alcohol.  (See Figure 3.)

TF20 Tray Feeder
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• Check the urethane pinch roller attached to the tray clamping mechanism for signs of 
wear or damage.  Replace it if necessary.

Installation

The mounting arrangements may vary from one installation to another.  We will just state 
some general principles here.  For detailed instructions, see the material supplied with the 
mounting kit.
1. The end of the conveyor must be level and square in relation to the assembly ma-

chine.  Once the conveyor end has been brought into this position, it should be fi rmly 
attached to the assembly machine.  Sometimes this is accomplished using a mounting 
block that sits below the end of the conveyor.  (The arrangement on your feeder may 
be different.)

2. The other end of the feeder must be fi rmly supported.  The support device must be set 
so that the conveyor is level.  On some units, this end of the feeder is supported on 
one or two adjustable legs.  (The arrangement on your feeder may be different.) 

3. Make the electrical connection to the feeder using the low-voltage connector provid-
ed.  Be careful not to pinch any electrical wiring during the installation.

4. Make the pneumatic connection at the point provided on the assembly machine.  The 
air supply used in this machine must be clean and dry.  See the pneumatic specifi ca-
tions in the beginning of this manual.  Be careful not to pinch any pneumatic tubing 
during the installation.

Theory of Operation

The feeder is controlled by a board-mounted CPU.  The CPU supervises the operation 
of the feeder, and also handles the communications with the assembly machine.  All of 
the inputs and outputs pass through the CPU board, and are indicated by LED’s.  These 
inputs and outputs are also indicated on the schematic diagrams included at the end of 
this manual.
The feeder includes two motors:  one for the conveyor and one for the elevator.  Both 
motors can be reversed by the control system.  The pneumatic system includes a small 
on-board air pressure regulator, three double-acting air cylinders, and one single-acting 
cylinder.
A stack of trays is maintained in the upper section of the feeder.  The bottom of this stack 
is supported by four retractable pawls.  Most of the time, the pawls support the bottom 
tray in the stack.  When the machine is loading one of the trays into the output stack, the 
pawls retract to allow the bottom tray to move upward.  One of the air cylinders is used to 
control the action of the pawls.

TF20 Tray Feeder
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When the machine is loading a tray, one cylinder acts as a “pusher” to move each tray 
onto the conveyor.  Another cylinder controls a tray clamp mechanism that locks each 
tray into the pick or place position at the end of the conveyor.  When the machine is re-
moving a tray, the tray home pusher pushes each tray into the stack elevator.

Operating Sequence
At the beginning of the operating sequence, we will assume that there is a tray at the end 
of the conveyor, there are some trays in the lower elevator, and there are some trays in the 
upper output stack of the feeder.  The lifting mechanism is in the resting position (down).
In normal operation, the cycle begins when the feeder receives an Index command from 
the assembly machine.
Note
The operator can also index a tray by pressing both Index buttons at the same time.
The lift mechanism stays down, while the tray clamping arm extends and pushes the tray 
onto the conveyor, which has begun to drive towards the base of the feeder.
The tray will then pass a sensor location before it enters the base of the machine. This 
will cause the conveyor to shift to a slower speed.  (A  variable  time delay is set  by one 
of two potentiometers on the control board.  See Fig. 6.)  When the tray clears the sensor 
location, the tray home pusher will fi re to push the tray farther into the base.  If the feeder 
determines that this has happened within a specifi c amount of time, the lift mechanism 
will start to move up.  Otherwise the feeder will go to an error condition.
At this point, the tray is being stacked in the bottom of the upper output stack, while the 
next tray is being singulated from the top of the input stack inside the elevator.
Next, the lift mechanism  must move down to complete the stacking of the returning 
tray.  This also locates the newly singulated tray in position so that it can be fed onto the 
conveyor.
When the lift mechanism has reached the bottom of its stroke, the tray feed pusher ad-
vances the leading edge of the tray so that it contacts the conveyor belts.  Once the tray 
touches the belts, the belts accelerate the tray, and it begins to move out onto the con-
veyor.
The machine is designed to prevent a tray from stopping abruptly when it arrives at the 
end of the conveyor.  A sensor, called the "forward slow down" sensor, is positioned a 
fi xed distance from the end of the conveyor.  As the leading edge of the tray passes the 
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sensor, the conveyor shifts to slow speed operation.  (This slow speed is different from 
the one previously mentioned, and is set by the second of two potentiometers on the con-
trol board.  This is also shown in Fig. 6.)  When the tray reaches the end of the conveyor, 
it triggers another sensor that turns off the conveyor motor.  When this sensor location is 
reached, the tray clamp retracts, locking the tray into position.  The feeder then generates 
a Ready signal which lets the assembly machine know that it may begin a pick or place 
operation.

Control of Upper Output Stack
The feeder includes a sensor that monitors the stack of trays in the top of the feeder.  
When the feeder moves the last tray into the stack in the upper part of the feeder, this 
triggers a sensor that tells the microprocessor controller that the upper stack is full.  The 
assembly machine is allowed to continue to process a tray at the end of the conveyor, so 
the green LED (Ready) remains on.  The blue LED (Full/ Empty) turns on and fl ashes to 
show that the feeder needs operator attention, and specifi cally that the upper output stack 
has reached its capacity of trays.  The operator can remove some or all of the trays from 
the upper output stack without disturbing the operating cycle.  Refer to the section on 
Operating Instructions for the steps required to unload the upper output stack.

Control of Lower Input Stack
The feeder includes another sensor that monitors the stack of trays in the elevator.  As 
the elevator loads each tray, it moves up by a small amount.  This function is controlled 
by one of two sensors, depending on how the Thick/Thin switch is set.  Each sensor has 
a horizontal beam. As the feeder operates, the elevator moves higher to properly position 
the next tray relative to the separation mechanism.  A sensor is positioned near the top of 
the elevator travel to give a warning of an empty condition.  When this occurs, the blue 
LED (Full/Empty) turns on and does not fl ash.  This indicates that the feeder needs opera-
tor attention, and specifi cally that the elevator is empty.
The elevator compartment is protected behind the tray access door, which includes an 
interlock switch.  When the door is open, both of the motors are turned off, and most 
pneumatic functions are stopped.  (The exception is the tray clamp mechanism at the end 
of the conveyor.  This remains active, so that any tray at the end of the conveyor will 
remain locked in place.)  The door switch also provides some extra protection by prevent-
ing the feeder from indexing.  The operator should open the door, insert the trays, and 
close the door again.  Once the door is closed, the elevator will automatically drive up to 
a normal run position, and the machine will automatically recover from the empty and 
inhibit conditions. 
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Troubleshooting Guide

The following pages list some troubleshooting suggestions.  Please refer to the Theory of 
Operation and the following prints:
• Control Circuit Diagram 4036229C
• System Schematic 4037154C
• Interface Circuit 4036236
To reach the control board inside the unit, loosen the two screws recessed into the bottom 
panel.

Note

Do not work with the parts inside the machine unless you are a trained technician.

The LEDs on the controller board indicate most of the important signals passing through 
the unit.  See Figure 5 and the following table.
For additional service help, please contact your vendor.

TF20 Tray Feeder
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Mechanical Malfunction

Error Possible Cause Remedy

The feeder will not operate. The feeder may not be get-
ting power.

1.  Make sure that the feeder is 
plugged into the assembly machine.

2.  Make sure that the assembly 
machine is on and not in an E-Stop 
condition.

3.  The stop button on the feeder may 
have been pressed.  Press the Reset 
button.

The feeder may not be get-
ting compressed air.

1.  Make sure that the air feed line 
is connected to the assembly ma-
chine.

2.  Make sure that the assembly ma-
chine air supply is on.

3.  Make sure that the assembly 
machine is supplying between 60 
and 80 psi.

The elevator does not move.

The elevator may be out of 
trays (blue LED not fl ash-
ing).

Add more trays and close the elevator 
access door.

The elevator access door 
may be open. Close the elevator access door.

Weight Limit Exceeded

Check weight of stack. If weight ex-
ceeds 6.8 Kg (15 lbs), remove some 
of the trays. If weight is within limit, 
call the vendor for proper adjustment 
procedure.

The conveyor does not 
move.

The feeder may be in an 
inhibit condition (yellow 
LED).LED).

Press the Inhibit button again to can-
cel the condition.

The elevator access door 
may be open. Close the elevator access door.

Error or Stop condition Press the reset button

One or more pneumatic func-
tions seem slow or sluggish.

The feeder may not be get-
ting enough compressed 
air.

1.  Make sure that the assembly 
machine is supplying between 60 
and 80 psi.

2.  Make sure that the air feed line is 
not pinched.

One pneumatic function is 
slow or sluggish.

The mechanism may be 
blocked or jammed.

Check the feeder for a mechanical 
problem.
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Error Conditions

Error Possible Cause Remedy

The feeding mechanism 
has jammed.

The Thick/Thin switch 
may be set for the wrong 
type of tray.

Set the Thick/Thin switch correctly.  
(See Fig. 4.)

A tray exchange was 
started with a tray un-
derneath the separation 
mechanism.

A tray was improperly 
located in the feeder.

Remove the tray and push the Reset 
button.

When resetting from an 
error condition, a tray 
on the conveyor was not 
successfully conveyed 
to the pick/place position 
and clamped.

A tray was improperly 
located in the feeder.

Remove the tray and press the Reset 
button.

Something is obstructing 
the free motion of the tray 
on the conveyor.

Remove the tray and obstruction, and 
then push the Reset button.

During tray exchange, 
the lift cylinder did not 
make it to the top of its 
stroke in time.

The mechanism may have 
jammed.

Check for a mechanical problem and 
push the Reset button.

The fl ow controls may be 
out of adjustment.

Call the vendor for the proper adjust-
ment procedure.

During tray exchange, 
the returning loaded tray 
did not reach the “stack 
slow down” sensor in 
time.

There may be an obstruc-
tion on the conveyor.

Remove the obstruction and press the 
Reset button.

The tray clamp cylinder 
may not have retracted 
properly.

Call the vendor for the proper adjust-
ment procedure.

TF20 Tray Feeder
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Error Possible CausePossible Cause Remedy

During tray exchange, 
the returning tray did not 
reach the “stop at stack” 
sensor in time.

There may be an obstruc-
tion on the conveyor.

Remove the obstruction and press the 
Reset button.

The tray home pusher 
cylinder may not have 
operated properly.

Call the vendor for the proper adjust-
ment procedure.

During tray exchange, 
the tray home pusher 
did not successfully push 
a tray into the feeder 
base.

There may be an obstruc-
tion on the conveyor.

Remove the obstruction and press the 
Reset button.

The fl ow controls may be 
out of adjustment.

Call the vendor for the proper adjust-
ment procedure.

During tray exchange, 
the separated tray did not 
reach the “conveyor slow 
down” sensor in time. 

The tray feed pusher may 
not have extended prop-
erly.

Call the vendor for the proper adjust-
ment procedure.

During tray exchange, 
the separated tray did not 
reach the “stop at end” 
sensor in time.

There may be an obstruc-
tion on the conveyor.

Remove the obstruction and press the 
Reset button.

During tray exchange, 
the lift cylinder did not 
make it to the bottom of 
its stroke in time.

The mechanism may have 
jammed.

Check for a mechanical problem and 
press the Reset button.

The fl ow controls may be 
out of adjustment.

Call the vendor for the proper adjust-
ment procedure.
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Fig 5 -
LEDs on CPU Controller Board
(See the list of functions indicated by the LEDs on the 
next page.)

U1
(green)

U6
(green)

U12
(yellow)

U13
(red)
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LED Indications - Controller Board for TF20
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Conveyor Speed Adjustments
The  feeder is designed to keep a tray from stopping too abruptly when it reaches the end 
of the conveyor.  (An abrupt stop can cause the components to pop out of the tray.)   The 
"conveyor slow down" sensor is located near the end of the conveyor.  When the lead-
ing edge of the tray passes this sensor, the conveyor shifts to slow speed operation.  This 
can be adjusted using the potentiometer shown in Fig. 6.  As the tray returns back into to 
the feeder, it passes a  second sensor.  This slows the tray before it reaches the base. The 
amount of time the feeder waits before switching to slow speed after passing this sensor 
can be adjusted as well using a potentiometer. 

Return  to stack conveyor 
slow down delay adjustment 
- reverse

CW = increase delay time for 
slow down

Conveyor forward slow down Conveyor forward slow down 
delay adjustment - forwarddelay adjustment - forward

CW = increase delay time for 
slow down

Fig. 6
Conveyor and Stack Slow Down Adjustments

Caution

Be careful not to strip the potentiometer by overturning. 
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