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Warnings

These safety warning are provided to ensure the safety of
personnel and proper operation of the tester.

e The tester must not be operated beyond its specified
operating range.

e Safety is the responsibility of the operator.

Receiving your Shipment

Upon receiving your shipment, be sure that the contents are
consistent with the packing list. Notify your distributor or factory
of any missing items. If the equipment appears to be damaged,
file a claim immediately with the carrier and notify your the
factory at once, giving a detailed description of any damage.

Save the damaged packing container to substantiate your claim.

Packaging

The MST 600 Multiple Switch Tester is shipped with a small
impact printer, printer power cable, printer communication
cable, and user manual. Save the box and packing foam for
future use when you need to return your tester for calibration or
repair services.
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General Description

The Multiple Switch Tester, MST 600, verifies proper operation
of loadswitches, flashers, and transfer relays as found in traffic
signal installations conforming with NEMA or CalTrans specifica-
tions. The MST 600 goes beyond the basic functionality tests
offered by other testers, to assure specified operation within all
testable standards.

The MST 600 is fully automated. The tester first detects which
device (loadswitch, flasher, or transfer relay) was found in the
corresponding socket at turn-on. The tester then prompts to
choose among a few options (test mode, number of repeats, and
duration of high-current tests), which define the manner of
presenting tests. Following the options selection, tests proceed
to completion with no further user intervention. The one
exception arises in the halt-on-error test mode and an error is
detected. In this case, the same test repeats any desired number
of times, until commanded to proceed to the next test.

The MST 600 tester provides a 3-button input pad to scan
options and make choices regarding the device to be tested and
the manner in which testing will be conducted. The tester
presents options through an LCD display unit, capable of writing
two lines, each with alpha-numeric text of 16 characters. This
same LCD display reports the progress of testing as it proceeds,
displaying any errors detected, and again presenting terminal
options on completion of all requested testing.

A mini-printer, configured to the 16-character lines of the LCD,
can be used to print the essential data displayed by the LCD as
testing proceeds. All LCD data are still displayed, but the printer
provides a hard copy of each test and its outcome in addition to
the results displayed by the LCD. The MST 600 software also
generates, and sends to the printer prior to testing, a 4-line area
in which the user can identify the device tested, its location, the
date of test, and the name or initials of the technician performing
the test. This simple documentation can be an important part of
a paper trail to prove responsible maintenance practice in the
event of a negligence suit.
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Overview of MST 600 Controls

Printer Power: Connect the
printer’s power cable to jack.

0.25A Fuse: Replace with
3AG 0.25 Amp fuse if blown.

10A Fuse: Replace with 3AG
10 Amp fuse if blown.

DB9 Printer Connector:
Connect the printer’s
interface cable to receptacle.

Used to advance to the next
test option choice.

Used to confirm/select test
option choice.

Used to “back up” to the
previous test option choice.

Displays test options, real-
time test progress, and test
results.

11.

12.

13.

14.
15.

16.

of a 10A output level for all
testable devices.

When lit, confirms presence
of GREEN outputs during
testing of a Loadswitch.

When lit, confirms presence
of YELLOW outputs during
testing of a Loadswitch
<OR>

Echos the state of Circuit 2
outputs during testing of a
Flasher or Transfer Relay.

When lit, confirms presence
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Power: Turns unit On/Off. 10. When lit, confirms presence

of RED outputs during testing

of a Loadswitch

<OR>

Echos the state of Circuit 1
outputs during testing of a
Flasher or Transfer Relay.

Flasher connector.
Transfer Relay connector.

Loadswitch connector.
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Function Controls

Power

A\ Attention £\

To reduce electrical hazards to you, the tester,
or the device to be tested:

e The tester’'s POWER MUST BE TURNED OFF before
inserting or removing a device to be tested.

When the tester is first turned on, a message is displayed in

the LCD identifying the tester, and then it autodetects the device
plugged in for testing. In some cases, the device may be
damaged in such a manner that it cannot be recognized by the
tester, in which case the tester reports that it finds no device.
Even less probable, but possible, the device’s damage causes it
to be detected as the wrong type of device.

If the wrong device is detected, browse through the available
device options using the < or = pushbuttons to proceed. Select
and confirm the correct selection with the 0O pushbutton.

If no device is detected, the display prompts to Manually Select
the correct device or turn the tester off.

< [0 — Pushbuttons

The arrows pushbuttons are used to scroll through available test
options while the checkmark pushbutton confirms/selects the
highlighted choice shown in the display. If an incorrect choice
was selected by mistake, the tester must be turned off and the
test setup must be repeated.
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junctions. Both standards require that such output currents do
not exceed 20mA peak (‘peak’ is explicit in NEMA, assumed in
Caltrans Model 200). In this tester, the loadswitch outputs are
separately and constantly returned to ground through 2.4K
resistors, the load for the 50mA output case. Given these loads,
a 20mA (peak) leakage current will produce a peak voltage of
48V. These output voltages are sensed by another section of the
comparator over six line cycles (to catch any random spikes),
constantly comparing to 48V for non-compliance.

Input Recognition Tests - 16VDC Input, 50mA Load (3 Tests)

The input recognition tests apply accurate DC voltages to the
inputs, and compare the output state with that expected from a
properly operating loadswitch. NEMA and Caltrans standards
agree on these tests. An input of 16VDC is to be ignored by all
three inputs to the loadswitch, so the output should not exceed
the leakage value noted above. The 16VDC input is provided by
a 16V, 5%, 2-watt zener diode, running well below rated dissipa-
tion. The three inputs - red, yellow, green — are successively
tested for compliance. The outputs are loaded only by the
constantly-connected 2.4K load resistors noted above under
output leakage. Note that the failure condition is a turn-on state
from any output.

Input Recognition Tests - 6VDC Input, 50mA LOAD (3 Tests)

These tests are generated as above, except the zener diode is
6VDC. In this case, the passing result is a corresponding (only)
on-state at each of the outputs as they are tested. Multiple on-
states are reported as an error.

Input Turn-Off Recognition - 50mA LOAD (1 Test)

This test senses the output status when the enabling signal is
removed. To save a few seconds, the implementation enables all
three outputs simultaneously. Following turn-off of the enabling
signals, all three output nodes are sensed for turn-off. The test is
failed if any are found still active.

Input Recognition Tests- 6VDC Input, 10A LOAD (3 Tests)

This test is similar to the 50mA recognition test, except that the
10A (1200 watt) load resistor is connected in parallel with the
constantly-connected 50mA load. The third user option - 3, 7, or
15 seconds control the duration of these three tests.
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Input Turn-Off Recognition - 10A Load (1 Test)

This test is like the above input turn-off condition, except that
the 10A load is also enabled along with the three 50mA loads.
The tested condition is still whether all three outputs are
successfully disabled when the enabling signals are removed.

Detailed Description of Tests - Flasher

The flasher unit introduces a new test component not shared
with the other two classes of tests — timing. For loadswitches
and transfer relays, timing of events is only that required by the
inherent latency of the devices involved. No standards address
speed of response, or duration of events. For those tests, a line-
based interrupt of 60/sec provides more than adequate resolu-
tion for timing wait-intervals, etc. The flasher, by contrast, has
timing specifications that require a finer resolution of timed
intervals if these intervals are to be measured to the resolution
defined in the specifications. For these tests, the line-based
interrupts are generated at every zero-crossing of the AC line,
resulting in 120 interrupts/sec, or a timing resolution of
8.33mS. Additionally, a 4.17mS ‘hold’, based on counts of the
microprocessor’s internal timer, can be enabled to extend the
duration of the interrupt service routine, so that the presence of
an AC signal can be tested at precisely 4.17mS after the zero-
crossing, at a positive or negative max of its waveform.

The load structure for these tests is similar to that used for the
loadswitch, with flasher circuit 1 connected to the RED output
loads, and flasher circuit 2 connected to the YELLOW output loads.
GREEN output loads are unused. Since timing is of primary
importance, the 10A load is enabled for all tests. RED and
YELLOW and 10A RED LEDs are functional throughout the testing.

Output Leakage Tests (2 Tests)

Output leakage tests for the flasher are similar to those for the
loadswitch above. The tricky part here is that the tester has to
‘sneak in’ to the tested channel during its approximately half-
second off-state (during the on-state of the not-tested channel) in
order to obtain a valid response. Test both outputs.

Data-Gathering Interval

Following the above tests, the tester gathers the raw data needed
for all the remaining timing tests. The data needed are: on-time
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and full-cycle-time for output 1, on-time and full-cycle time for
output 2, and duration of any overlap or underlap (time when
both circuits are simultaneously ON or simultaneously OFF).
From these intervals, all remaining specification values can be
calculated. This data-gathering takes a few seconds. The
gathered timings, each expressed as a number of 8.33 mS
interrupts, appear briefly in the LCD display, primarily as a
production control monitoring report. They are not printed.

Flashes per Minute

The tester first compares the cycle time for output 1 against the
cycle time for output 2. While these are usually identical, testing
continues if these two values agree within +/- one interrupt
(8.33mS). Such an event would indicate an overlap will be later
reported. The shorter (if they differ) interrupts/flash is divided
into 7200 (interrupts/minute) to obtain a quotient of flashes/
min. The resulting binary number is converted to decimal and
reported on the LCD and printer. An error is reported if the
flashes/minute are fewer than 50 or more than 60. Typical is 56
flashes/min.

On-Time, Expressed as a % of Cycle Time (2 Tests)

The on-time for output 1 is divided by the cycle-time for output 1
to obtain a fractional on-time (0O to 1). This quotient, in turn, is
multiplied by 100 to produce a percentage on-time. The result-
ing binary number is converted to decimal and reported to the
LCD and the printer. An error is reported if on-time/cycle time
lies outside 45% to 55%. Caltrans specs require 50% with no
latitude for error, and this should be taken into account by the
user. Repeat for output 2. Typical is 50%.

OVERLAP

The tester first adds on-time from output 1 (in interrupts) to the
on-time of output 2. This sum is compared to the cycle time
found above in the flashes/minute test. If the sum exceeds the
cycle time, an overlap exists. This overage, if present, is con-
verted to milliseconds and reported as the found overlap in
milliseconds. If the sum is less than the cycle time, the differ-
ence is converted to milliseconds and reported as the found
underlap in milliseconds. If either overlap or underlap in excess
of 17mS is found, an error is reported. Caltrans 204 spec (Jan
1989 and prior releases) does not address this situation. Typical
is O0OmS.



14 www.atsi-tester.com

Detailed Description of Tests - Transfer Relay

The transfer relay is an electromechanical relay with two sets of
isolated Form C contacts. Pins 1 & 2 are the relay coil, pins 3, 5,
and 7 are the NC, common, and NO contacts for bank A, and
pins 4, 6, and 8 are the NC, common, and NO contacts for bank
B. The Caltrans identifier is ‘heavy-duty relay Model 430’.
Testing of this relay requires verifying the connections made
between the moving arms and one or the other sets of fixed
contacts, as selected by activating or non-activating the 120VAC
coil. One bank is enabled at a time, by directing AC+ to only one
of the common inputs at a time. This last selection is performed
by a separate SPDT relay. To make use of the existing tester
structure, the RED OUTPUT line and its associated load are
driven by fixed contacts of pins 3 and 4 connected together,
while the YELLOW OUTPUT and its associated load are driven by
fixed contacts of pins 7 and 8 connected together. The end
result is that between the external SPDT relay and the internal
coil of the transfer relay, all possible relay closures can be tested,
one at a time.

The first four tests are run with only the always-present 50mA
loads. Bank B’s NC contacts (pins 6 & 4) are tested first,
followed by Bank B’s NO contacts (pins 6 & 8). Then Bank A
tests follow, NC (pins 5 & 3) and NO (pins 5 & 7). Following
these tests, the same test sequence is repeated, this time with
the 10A load applied to the RED or YELLOW output line as
needed. The only likely transfer relay errors would arise from
an open switching coil, or welded or badly-pitted contacts. The
contacts are readily seen through the clear plastic housing of the
transfer relay.
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Repair and Calibration

To ensure that your instrument meets factory specifications, we
recommend that it be returned to our factory at one-year
intervals for calibration service. In addition to calibration of the
test parameters, this service also includes firmware updates.
Please contact the factory for price and scheduling information
on this service.

Request a Return Merchandise Form by phone or by fax from
our Service Department (or complete the form on our website at
www.atsi-tester.com), then return the tester along with the
completed RM Form. Return the tester, postage or shipment
pre-paid to:

ATSI

8157 US Route 50 ¢ Athens, OH 45701
(740) 592-2874

(740) 594-2875 - Fax
service@atsi-tester.com

Caution: To protect yourself against in-transit loss, we recom-
mend you insure your returned materials.

The MST 600 is sold with a one-year limited warranty to the
original purchaser, as defined by the limited warranty on the
inside back cover of this manual. No other warranties, expressed
or implied, apply to the MST 600 or associated components.

After the first year, ATSI will continue to provide repairs to the
tester on a parts-plus-labor basis. A phone call describing the
problem may allow ATSI to make a nonbinding estimate of repair
costs, but the surest approach is to send back the tester for a
comprehensive evaluation and a binding repair estimate.
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Technical and Sales Assistance

If you are experiencing any technical problems, or require any
assistance with the proper operation or application of your
tester, please call, fax, or e-mail our technical support staff:

ATSI

8157 US Route 50 ¢ Athens, OH 45701
(740) 592-2984

(740) 594-2875 - Fax
service@atsi-tester.com

NOTES
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Limited Warranty

The MST 600 (“Product”), distributed by Athens Technical Specialists, Inc.
(ATSI), is warranted to the original purchaser (“Purchaser”) to be free of
defects in materials and workmanship for a period of one year from the
purchase date stated on the invoice. Within this period, in the event of a
defect, malfunction, or other failure of the product while in the custody of
the purchaser, ATSI will remedy the defect or cause of failure without
charge to the Purchaser. Purchaser’s sole remedy is restoration of product
operation. ATSI accepts no liability for incidental or related expenses. Under
no circumstances will ATSI’s liability exceed the purchase price for items
claimed to be defective.

This Limited Warranty does not extend to any Product that has been
damaged or rendered defective (a) as a result of accident, misuse, or abuse:
(b) by modification of the product: or (3) as a result of service by anyone
other than ATSI.

EXCEPT AS EXPRESSLY SET FORTH IN THIS WARRANTY, ATSI MAKES NO
OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. ATSI EXPRESSLY DISCLAIMS ALL WARRANTIES NOT STATED
IN THIS LIMITED WARRANTY.ANY IMPLIED WARRANTIES THAT MAY BE
IMPOSED BY LAW ARE LIMITED TO THE TERMS OF THIS EXPRESS
LIMITED WARRANTY.

YOU CAN NOW REGISTER ONLINE AT:

www.atsi-tester.com

Warranty Repair

What you must do to return the tester for Warranty Repair:

Request a Return Merchandise Form by phone or by fax from our Service
Department (or complete the form on our website at www.atsi-tester.com),
then return the tester along with the completed RM Form. Return the
tester, postage or shipment pre-paid to:

ATSI

8157 US Route 50
Athens, OH 45701
(740) 592-2874

(740) 594-2875 - Fax
service@atsi-tester.com

Caution: To protect yourself against in-transit loss, we recommend you
insure your returned materials.



