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Section 1
INTRODUCTION

1-1. General

This publication provides operating and servicing instructions
for the Rod-L Electronics, Inc. AC Hipot Tester Models M100AVSS,
M100BVS5, M500AVSS, M500BVSS5, and also earlier versions of these
1ike the M100A and M100AV. It is divided into six sections.

Section 1 - Introduction (capabilities and specifications)
Section 2 - Installation and Operation

Section 3 - Theory of Operation

Section 4 - Maintenance and Service

Section 5 - Options

Section 6 - Parts Lists, Schematics and Diagrams

The Rod-L AC Hipot Testers are completely self-contained,
rugged, high voltage potentional test instruments designed for
laboratory and production testing environments. They also have
safety ground continuity test capability for performance of
dielectric withstand tests in accordance with applicable UL, CSA,
IEC, FCC, BABT, and other standards. The AV in the designation
refers to units that test and display total current, while the BV
units test and display total current as well as the resistive part
of the AC current. For further information, see Section 3.

The Rod-L Electronics AC Hipot Testers perform an AC high
voltage leakage and breakdown dielectric withstand test. Test
1imits for high voltage, time, voltage ramp rate (rate of rise,)
total current, (and for the resistive part of the AC current using
BVs) are preset by the user. AC current and voltage are displayed
on front panel meters. Specifications are given in Table 1-1,

page 8.

The Device Under Test (DUT) plugs into the front panel test
connector. For operator safety, a Chassis Ground Cabkle must be
connected to a secure low resistance point on the chassis of the
DUT. Without this connection, the Hipot Tester will not enter the
READY state, and therefore won't begin a TEST. Both the Chassis
Ground and the power cord safety Ground of the DUT are monitored
and tested electronically. If either ground fails during a test,
the Hipot Tester automatically goes into failure mode; 1i.e., the
high voltage is shut down and there 1is a continuous audible and
visual alarm.



NOTE:

The CHASSIS GROUND SENSE circuilt 1Is 1intended to act as a
safety ground and ground continuity test for devices
employing a chassis ground plane. For testing of two-wire
devices or three-wire devices that are exempted by the
pertinent regulatory agency from performing a chassis ground
continuity test, the CHASSIS GROUND SENSE connection can be
made to either Pin 2 of the rear panel high voltage connector
or to any appropriate hipot chassis point (e.g., handle,
screw, etc.)

safety Features

A) '"Chassis Ground Sense" - Safety ground required to begin a
test

B) Loss of safety ground terminates test cycle

C) Front panel receptacle accepts 3-pronged power cord from
DUT providing maximum safety and significantly reduces
time required to perform the test '

D) Recessed START button

E) Visual alarm at failure

¥} Audible alarm at failure (continuous tone)

G) Fast electronic shut down of AC High Voltage

H) Hard RESET after failure required to perform next test

I) Adjustable, linear Ramp Up of High Voltage

Supplied Equipment

A) Hipot Test Instrument
Rod-L Model M100AVSS, M100BVSS, M500AVSS5, or M5S500BVSS

B) Power Cord, three pronged, 6 ft

C) Chassis Ground Sense cable, 3 ft

D) Kit for HV connector mate

E) Operation/Service Manual

F) Extra fuse set for the alternate AC supply voltage

Product Specifications (Table 1-1}



NOTE:

Table 1~1: Specifications

Test Voltage
User specified up to 5000 VAC

Test Current
5 milliamperes (mA) to 333 mA full scale (F.S.)

Voltage and current range combinations are user
specified. See the Dielectric Withstand Datasheet.

Voltage Rate of Rise
50 V/second te 5000 V/second (adjustable)

High Voltage Test Time
1 second to 90 seconds (adjustable)

High Vecltage Shutdown
Within 2 milliseconds after a fault or end of
test is detected (electronic shut down circuits)

Safety Ground Continuity
Reject level: 0.50 standard, 0.10 on request

Accuracy (Current and Voltage Monitoring)
Better than 1%

Resolution (Output Current and Voltage Scales)
+3% of F.S.

Initial Turn-On Period
Requires 3 seconds normally before starting
Hipot test

Input Power
115/230 VAC, 44-66 Hz;
360 watts, max on M100s, 30 watts typical
500 watts, max on MHEOOs

Environmental Operating Temperature
0° to 50° C, 32°¢ to 122° F

Exterior Color
Mint grey / Clive grey

Weight
35 lbs (15.9 kg) net, 38 1lbs (17.2 kg) shipping

Dimensions
16.75 % 13.25 % 5.5 inches (43 x 34 x 14 cm)




Section 2
INSTALLATION AND OPERATION

2-1. General Information

This section contains the recommended procedures for
unpacking, inspection, installation, and operation.

2-2. Unpacking and Inspection

A shipping carton that appears damaged should be inspected and
unpacked with the carrier's agent present. Inspect the instrument
for damage (scratches, dents, broken knobs or meters, etc.)

Tf the instrument is found to be damaged upon receipt, notify
the carrier and Rod-L Electronics immediately. Retain the shipping
carton and the padding material for the carrier's inspection, and
for return shipment.

2-3. Installation

The Rod-L AC Hipot Testers are suitable for either bench or
rack mounting. To rack mount the instrument, use Option 15A. The
instructions for rack mounting are on page 50.

2-4. Power Requirements

The Rod-IL Electronics, 1Inc. Hipot Testers require a power
source of either 115 or 230 volts AC, 44 to 66 Hz, single-phase.
Prior to applying power to the instrument, ensure the AC line
voltage selector switch on the Rear Panel is in the appropriate
position. When using the Reod-L Hipot with other Rod-L Testers, the
Ground Sense Circuit often works better when the Rod-L Testers are
connected to a line input with the same ground circuit.

2-5. Operating Controls

The front panel and rear panel controls and indicators are
shown and briefly described in Figures 2-1 and 2-2.

2-6. Storage

It is strongly recommended that the Hipot be packed as if for
reshipment. Environmental conditions during storage and reshipment
should be as follows:

A) Maximum temperature: 167°F (7%°C)

B) Minimum temperature: =-40°F (-40°C)
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Figure 2-1:. Front Panel Controls
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Alarm emits audible signal on failure
READY lamp on when ready toc begin Hipot Test
TESTING lamp on during AC Hipot Test
FAIL lamp on if DC Hipot Test fails
Current meter indicates AC current in mA
Voltage meter indicates AC volts in kV
HV Output Block input for Device Under Test (DUT) where AC I
is applied
AC ON switch turns on and indicates AC power input
START switch initiates AC Hipot Test if READY
RESET button resets Hipot
.* REAL switch (*BV only) when pressed, displays Real Curr:
A/B switch chooses A or B Ramp Rate and Test Time '

Chassis Ground for DUT chassis ground connection

Senhse

2-7. Repackaging for Shipment

If possible, use the original shipping container and p:
materials. Otherwise:

A)

B)

D)

Wrap the Hipot in heavy paper or plastic before plac:
in the shipping container.

Use plenty of packing material around the instrument
protect the front panel with cardboard or plastic }
packing. Protect the instrument with two inch rubbs
foam pads placed along all surfaces of the instrume:
with a layer of excelsior about 6 inches thick
firmly against all surfaces of the instrument.

Use a strong, well-sealed shipping container (350
in. bursting test.)

Mark the container "FRAGILE - DELICATE INSTRUMENT.®

10



14.

15.

Figure 2-2: Rear Panel Controls

Voltage
selector Switch
AC line power in
Variac

Remote

HV Out

Under 1 pot
Total I pot

.* Real I pot
Hands-Off

oNe Y
14 15 <::> <:> <:> <:>
16 20 21 22 23%
07 1y _ 24
(] N TN
N
AC Fuse 1 .5A 250V norm blo for 115VAC,
.5A 250V norm blo for 230VAC
AC Fuse 2 2A {for M100, 5A for M500) 250V norm blo fuse

for 115VAC,
1A {for M100, 2.5A for M500) 250V norm
blo fuse for 230VAC
chooases 11%VAC or 230VAC input;
be sure to install correct fuses
receptacle
High Voltage Output Adjust
Remote Interface connector
AC Hipot Interface connector
Under current Trip (Fail) Point Potentiometer
Total Current Trip (Fail) Point Potentiometer
(*BV only) Real Current Trip (Fail) Point Pot
Optional palm-switches Hands~off connectors

2-8. Factory Settings

The Rod~L AC Hipot Testers are shipped with the following
factory-selected settings (unless ot

the customer):

Table 2-1: Factory Settings

Input Line Voltage Select 115 VAC
TEST MODE SWITCH "au npn
Test (Dwell) Time 60 sec 1 sec

Ramp Rate (2.8 or 5kV units) 500 V/sec 1000 V/sec

Ramp Rate (1.5kV units) 300 V/sec 500 V/sec

11

herwise requested in writing by




5-9, Initial Installation and Power-Up

The Rod-L AC Hipot Tester is shipped configured for 115 VAC
operation. (See Figure 2-2 for correct fuse usage.) Appropriate

fuses

are provided for 230 VAC operation in the shipping

accessories kit. Before applying 230 VAC power to the Hipot,
perform the following:

WARNING
This instrument to be used ONLY in THREE WIRE
GROUNDED OUTLETS. it ig recommended that

periodic checks of the outlet and the ground
wire be made to ensure operator safety.

CAUTION
changing Fuses: Turn off the Hipot Tester and
DISCONNECT THE POWER CORD. Then install the
proper fuses. Otherwise, damage to the
instrument and/or operator could result.

2-10. Operational Check

This

is an operator oriented procedure which allows

operational check of the Rod-L AC Hipot Test Instrument without
test equipment. Refer to Section 4 of this manual for a complete
calibration procedure.

Place the instrument in a sturdy position, preferably on an
insulated surface, with all surrounding metal/conductors grounded.
Position the power cord so as to aveid being walked on or pinched
by other equipment. :

A)
B}

C)

D)

E)
F)

et LINE POWER switch to OFF.

et the TOTAL CURRENT control to the full CW (clockwise)
position. .

Set the REAL CURRENT control to the full CW position
(BV models only.)

validate that fuses F1 and F2 are the proper values. (See
Figure 2-2 for correct fuse usage.)

Verify Input Line Voltage Select Switch position.

connect AC Power Cord to AC receptacle on the rear panel.

12



NOTE:

2-11.

audible
pressed.

G}
H)

1)

J)

connect the AC Power Cord to a 115 VAC +10% power source.

connect low current Ground Sense Cable to the CHASSIS
GROUND SENSE terminal on the front panel. Then attach the
aligator clip end of the cable to the Hipot Tester chassis
(the handle is a convenient point.)

Set LINE POWER switch to ON. The lamp in the switch
should illuminate.

Press the RESET button. The green READY lamp should
illuminate.

If the lamp in the power switch remains off, check for proper
AC line voltage. If the lamp in the power switch 1s ON and
the green READY lamp remains off, check the CHASSIS GROUND
SENSE connections.

K)

Wwith the READY lamp lit, push the START gwitch. The
TESTING lamp will light. DNow gquickly disconnect the
CHASSIS GROUND SENSE cable. The FAIL lamp should light

and the alarm sound a continuous tone, indicating a Safety
Ground failure.

WARNING
AC high voltage is present at the front panel
HV receptacle block and the réar panel cylin-
drical connector when the TESTING LAMP is lit.

L)

Push the RESET switch to extinguish the FAIL lamp and the
alarm.

reconnect the CHASSIS GROUND SENSE cable per step "H."
The READY lamp should re-illuminate after the RESET button
is pressed.

Push START. The TESTING lamp will light and the QUTPUT
VOLTAGE meter will indicate the controlled rise to the
preset voltage. The TESTING 1light will remain on until

the test time has expired or a test failure is detected.

Fail Indications

over Current failures are represented with the FAIL lamp and

alarm coming on continuously until the RESET button is

13



Ground Continuity faulte are alsc depicted with the FAIL lamp
and audible alarm coming on continucusly, and additionally, the
READY lamp turns off. The Hipot Tester must be manually RESET.

An Under Current FAIL is indicated with a tone that is about
one second long, then the Hipot Tester resets itself.

Option 05 Hands-Off FAIL signal is about two seconds long, and
then the Hipot Tester is reset.

Option 18 Ohm Sense FAIL emits beeps at about 1 to 2 per
second until it is reset. Also, there are no TESTING nor FAIL
lights.

This does not denote failure, but when Option 10 Audible Test
Tone is installed in a Hipot Tester, the alarm will sound pulses at
3 to 6 beeps per second whenever a TEST is in progress.

2-12. Automatic Test Procedure

. The following procedure assumes the Rod-L AC Hipot Tester has
been calibrated and adjusted for normal operation. Proceed as
follows:

A) Place the Device Under Test (DUT) next to the Hipot
Tester. :

B) Plug the power cord of the DUT into the high voltage
connector of the Hipot Tester.

C) Connect the GROUND SENSE cable between the DUT and CHASSIS
GROUND SENSE banana jack of the Hipot Tester. If this
ground connection is less than 0.30, (0.1 optional,) the
READY lamp will light,

D) Press the START button.  The TESTING lamp should light.
(If the Ohms Sense option is used, refer to Section &,

page 50.)

WARNING
High voltage is applied to the Device Under
Test. Do not touch the DUT power cord or

chassis while the TESTING lamp is 1it. If you
do, extreme shock may result.

E) Check that the OUTPUT VOLTAGE meter indicates the test
selected voltage. If voltage is high or low, adjust the
VARIAC on the rear panel to compensate.

14



NOTE:

NOTE:

F) Restart the test. Observe the total current indication.
(The BV Model has an additional feature: press the PUSH
FOR REAL CURRENT + 10 push button to cbserve the '"real' or
resistive part of the current.)

G) For a normal test, the TESTING lamp will extinguish at
completion of the preset test time. If one of the preset
current failure setpoints is exceeded, the ground sense
connection is interrupted, or an arcing condition occurs
due to dielectric insulation breakdown, the test will
automatically abort, giving a failure indication, i.e. the
FAIL lamp will 1light and the audible alarm will sound
continuously. The operator must then manually press the
RESET push button before a test can be repeated.

H) In the event of a FAIL indication, the operator should
investigate carefully to determine which failure occured.
For this reason the ammeter should be continuously
monitored during the test.

At least five seconds must elapse between TURN-ON and the
first hipot test, and three seconds must elapse between

;

successive hipot tests, or random FAIL indications may occur.
If the AC Hipot Tester 1is operated at maximum voltage and
maximum current simultaneously, then the operation duty cycle
must not exceed 80%—where duty cycle shall be defined as:

operation time

x 100%
operation time + rest time

15



3.

~ Section 3
THEORY OF OPERATION

1. General Introduction

This section outlines the circuit theory for the M100 and M500
series AC Hipot Testers. This system was designed to ensure high

quality, accuracy, flexibility, and safety of operation.

Briefly, the Rod-L AC Hipot Tester applies a sine wave at the
input Hz of the set voltage between the two current carrying leads
of a Device Under Test (DUT.) The HOT and NEUTRAL conductors are
tied together and tested with high voltage compared to the GROUND
conductor.

The safety CHASSIS GROUND SENSE cable must be connected from
the banana iack on the front panel of the AC Hipct Tester to the
chassis or other secure low resistance point of the DUT. This will
allow the READY light to turn on and the AC Hipot Tester to
operate. This wire parallels the normal ground wire 1in the power
cord. To insure that bkoth wires are secure, 1 Amp RMS at 1.5 VAC
is passed through both wires. If the total path resistance proves’
greater than .50, (.10 optional) the READY lamp will not light.

After the parameters are set up, the test can be started
manually with the recessed START button, or automatically
"remotely" through the Remote Interface, or with the "Hands-Off"
option connected. Then, the A21 Hipot Control PCB signals the
A6~S5 HV Control PCB to begin high voltage generation. The TEST
lamp turns on to indicate a test in progress, and HV will be at the
output receptacle on the front panel and the one on the rear panel.

Finishing a test - either manual with the Reset switch,
automatically through the Remote Interface, because the test time
has expired, or a failure was detected - makes the A21 Hipot

Control PCB stop the HV control.

The Hipot Tester can be digitally controlled through the
different statuses via the optically isoclated REMOTE. The
INTERFACE is used to interconnect the Hipot Tester with a Red-L DC
Hipot Tester or Ground Continuity Tester.

16



3-2. Instrument Functions

Functionally, the AC Hipot Tester is divided into three
sections: The HV GENERATOR, the HV CONTROL, and the GENERAL
CONTROL. A REMOTE CONTROL option can be added to the system as
shown in Figure 3-1.

The HV GENERATOR consists of an AC HV transformer (50/60 Hz)
specially designed to provide the high voltage and current needed
in hipot testing.

The HV CONTROL contains: the unigue solid state HV AMPLITUDRE
CONTROL and the RAMP UP CONTROL circuitry on the A6-55 HV Control
PCB. The HV AMPLITUDE CONTROL operates under the principle of
generating an adjustable amount of blocking voltage to the input

Tine voltage coming from the variac as shown in Figure 3-2.

1 feedback
A d
!
HV Control »+ HV Generator —tm » HV Cutput
, ] » M25 Interface
A [ A
* A\ 4
Front .
and »- General i
Rear Control = <« M100ODC Interface
Panel ' » Front Panel Indicators
Controls A 1
] v
Remote
Control
(option)
A
v
Remote
Controller

Figure 3-1: Functional Diagram

17



Input Oo—

Line V
Blocking HV
Voltage Transformer
-« O o—
variac \ Va

Ve

HY
:2 Cutput
E

Figure 3-2: HV Amplitude Control

The HV output is directly proportional to Ve. Where Ve is the
voltage Vi given by the variac minus the blocking voltage Vs
generated across the HV AMPLITUDE CONTROL. When VB equals or
exceeds the voltage across Vi, Vp is =zeroc as is the HV output. As
Vs decreases, Ve begins to be different from zero, producing HV in
the output of the BV transformer.

feedback
J
f, \ \ !
O - BV —O Blocking
Ramp Up N/ Amplitude
reference ;;//// Control —O Voltage

f

Figure 3-3: Ramp Up Control

The RAMP UP CONTROL circuitry integrates the difference
between the ramp up reference signal and the voltage feedback
producing a controlling signal. This signal controls key
parameters in the HV AMPLITUDE CONTROL, causing the HV output tc
follow the ramp up signal as shown in Figure 3-3.

18



The GENERAL CONTROL performs the coordination of the different
activities and monitoring. As shown in Figure 3-4, the GENERAL
CONTROL can be commanded from the different front and rear panel
controls shown on the left side of the diagram. It coordinates the
KV CONTROL activities and senses the status of the operation,
providing continuous monitoring through the front panel lights,
alarm, and meter as shown on the right side of the diagram.

HV Control

T
Start »
Reset » > Test
A/B Mode » > Ready
Real I (BV) » > Fail
Chassis Gnd Sense » > vV Meter
I Trip » > I Meter
I Real Trip (BV) »

Figure 3~-4: General Control
3-3, Instrument Assembly

The instrument is divided into two major subassemblies as
shown in Figure 3-5. The right side contains the A6-55 HV Control
P. C. Board and the electrical transformers needed for the
operation. The left side contains the low voltage circuitry: the
A1l Power Supply / Under Current PCB and A2l Hipot Control PCB, the
22-1 Real Current PCB for BV models, and, when needed, the Remote
Option P. C. Board.

Power Supply Transformer

A8 Remote Control (Opt) vVariac

A25 HndsOf/SwSel (Opt) HV Transformer

A2-1 Real I Detect (BV) A6-S5 AC Control
Logic

A21 Control Logic

All Power Supply

Figure 3-5: Assembly Diagram

19
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« M25
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Differ-

—»+ entiator

AZ-1 (BV)

Interface

Signal
Generator

!
A\
|

HY Ramp Up
Control

1
A
|

Ramp Up
Generator

HV Anplitude
Control

i
A
|

|
Y
]

Arc Detector
I Protection

{
Front and
Rear Panel
Controls

Remote
Con-
troller

Digital

Optical
Isolated
Interface

Linear
Interface
{Option)

Figure 3-6: Detail Assembly Diagram
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3-4. Major Layout Revisions to the Hipot Testers

In 1985 Rod~L made several major cosmetic changes to the
M100AV Hipot Testers. Prior to this the chassis used was more or
less "Z-shaped" (with "L-shaped" right angles,) separating some of
p. ¢. boards from the rest of the circuitry. These Edge-card
connectors were hand wired. With the flat chassis design, the AS57
Mother P. C. Board was designed to eliminate this work, though the
A6-S5 Edge-card connectors are still hand wired.

At the same time a Power Supply P. C. Board was designed to
replace the A10. It was called the All and included the circuitry
for Option 05 Hands Off and Option 21 Under Current, which, when
used together, was called Option 04. For Option 05 descriptions,
see the Options chapter in this manual. Option 21 became a
standard feature very shortly after these other changes were made,
and the All was changed to Revision B, removing the Option 05
circultry.

In 1987 the power switch was alsc changed. We stopped using
the toggle switch with the separate neon buib to indicate that the
power to the Hipot Tester was on, and started using a rocker switch
that had an internal lamp indicator. The unit wiring diagrams,
numbers 00587-01, 00588-01, 00569-01, and 00601-01 were upgraded
from Revision A to Revisicon B. Prior to 1985 they were 00450-08,
00489-08, or 00475-08.

3-5. All Power Supply / Under Current P. C. Board
3-5.1. Description

The A1l PCB contains two circuits: the POWER SUPPLY and UNDER
CURRENT. Since 1985, Under Current has been a standard of Rod-L
Hipot Testers. Prior to that it was an option; 21, or, when in
combination with Option 05 it was called Option 04.

For further PCB Revision notes, see the paragraphs in Section
3-4. Revision € in 1986 removed R10.

The POWER SUPPLY section provides +15 VDC and ~15 VDC
regulated for the analog circuits. It also provides +5 VDC
regulated for the digital circuits.

The UNDER CURRENT portion enables the detection of a minimum
amount of current required during a hipot test. If there 1is not
enough current flowing as determined by the under current
potentiometer setting, it is interpreted that the Device Under Test
(DUT) is not connected, and a FAIL signal of about one second is
produced. The FAIL signal activates both the fail light and the
alarm. At the end of the fail indication, the wunit is completely
RESET if no restart is attempted.
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3~5.2. Theory

Refering to schematic # 00267-01, the POWER SUPPLY section
takes the I8VAC from Edge-card connector Pins 3 and 4 and feeds it

through the full wave bridge rectifier US. Ccl and C2 are the
filtering capacitors. The regulator 7815, VRZ, provides the +15V,
while the regulator 7915, VR3, provides the -15V. 9VAC is

rectified by U6 and regulated by the 7805, VR, to +5.

The UNDER CURRENT section uses the capacitor Cl0 as part of
the U3 timing circuit, and its charging up time determines the
length of the pulse produced by U3. U3 is triggered when the TEST
signal goes low, in other words, when the test begins and a high
jevel is produced at the output, Pin 3. That cutput will remailn
high until C10 charges up to 2/3 of the 45V supply. However, the
comparator U4 has to sense the presence of current higher than the
tripping peint before Cl0 charges up. U4 mnust drive Q3 after a
certain length of time and discharge C10. Otherwise the output of
U3 will fall, triggering U2 which gives a pulse driving the FAIL
and the RESET of the system.

The TRIP point value is fed through Edge-card connector Pin R.
The RETURN of the ammeter is on Pin E, which is compared at U4 with
the TRIP point value, -

3-6. A6-85 High Voltage Control / Ramp Rate P. C. Beard
3-6.1. Description

The A6~S5 PCB contains the HV CONTROL and SLOW RISE TIME "RAMP
UP CONTROL." Supporting these sections are circuits for the RAMP
UP GENERATOR, the VOLTAGE FEEDBACK, the output CURRENT and VOLTAGE
monitoring, and the CURRENT PROTECTION and ARC DETECTION.

Revision A changes made in 1978 added notes and R30, and also
relocated parts. Revision B in 1980 also relocated parts, and
strengthened traces. Revision C in 1986 deleted C4 and 5, and
changed the value of R7. Revision D in 1987 was completely
redrawn.

3-6.2. Theory

The HV CONTROL was briefly discussed in Section 3-2. Refering
to the wiring diagram, # 00587-01 or 00588-01, R1 on the HV and
Current Sense Resistor PCB is a set of high voltage resistors for
limiting the current through the ammeter to 1 mA for the meter
which may have a different scale value. These resistors are
factory selected for producing a voltage of about 3 volts RMS for
monitoring the high voltage output.

As shown on the schematic # 00239-XX, the amount of blocking
voltage Vs depends on the resistance of the photo resistor, PCL.
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01 and @2 are used to drive the primary of the HV transformer.
When the relay, K1, closes, the gate, Q3, 1s enableq, allowing the
input line voltage to go through and set the circuitry in an
initial condition prior to the driving of the HV transformer.

VOLTAGE FEEDBACK AND MONITORING: the voltage at the primary
of the HV transformer is fed back through the optical isolators, U3
and U4, producing a full wave vrectified current proportional to
that voltage. The HV output 1is fed back through precision
resistors, R3 and R6, to produce an average current through the
voltmeter proportional to the RMS value. The resistor R12 1is in
series to provide a HV monitoring.

RAMP UP GENERATOR: when the TEST signal at TP2 is low, the
voltage at the input of CR1 becomes negative and no current flows
through it, so only the current flowing through R29 and determined
by one of the potentiometers, R4 or R30, goes through the
capacitor, €2, charging it. Since the charging current is
constant, the output of the operational amplifier, Ul Pin 6, ig a
linear RAMP UP.

RAMP UP CONTRCL: The operational amplifier, U2, compares the
current produced through R10 and R11 with the full wave rectified
current from U3 and U4, and integrates the difference. An amount
of voltage appears at the primary of the HV transformer, such that
a certain value of voltage different from the initial +5V 1is
produced at Pin 6 of U2, permitting an increase in the amount of
current sunk by LEDL. This value of current determines the
resistance of PCl to produce the amount of HV at equilibrium.

ARC DETECTION: The optical coupler, U5, senses for currents
that are several times higher than the full scale value. This
condition occurs during arcing, and as it does, a signal is sent to
the A21 board.

3-7, A21 Hipot Control Logic P. C. Board
3-7.1. Description

The A21 Hipot Control PCB receives the voltage from across the
current sense resistor, rectifies and filters it, and sends it to a
comparator that triggers when preset limits of total current are
exceeded. This board also has a ground loop circuit to detect
safety ground violatiocn.

Prior to 1975 the Logic Control PCB was the A20. In 1975 the
A21 was designed, and the schematic # 00236-01 revision was up to H
by 1981 with a Fab # 00235-02 at Rev F in 1983. In 1984 new part
numbers were assigned; Schematic # 00462-01, Fab # 00462-03, and
Assembly # 00462-02, with new drawings and with improved arc
detection sensitivity. In 1987 they were redrawn again, as
Schematic # 00982-XX and Fab drawing # 00958-01 using resistorpacks
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in place of some resistors. The Edge-card connector pinout is the
same on all revisions. If you need a schematic for an older
revision you may have, call Rod-L and have available the serial
number of the unit, the fab part number etched on the back of the
PCB, and the assembly part number silkscreened onto the front of
the PCB.

.2. Theory
ACTIVE RECTIFIER~-FILTER: with reference to schematic #

00462-01 or 00982-XX, the operational amplifier, U5, functions as a
precision full wave rectifier of the AC voltage present on the

current sense resistor during a test. U5 overcomes diode
nonlinearities by placing the rectifying elements, CR2 and CR3, in
the feedback path. Summing this signal with 1/2 the 1nput signal
prov1des a full wave rectified output. CCé filters the signal with
operational amplifier U4. The cutput is passed through the TOTAL
CURRENT METER calibration potentzometer R1%, to the ammeter.
CURRENT COMPARATORS: Operational amplifier Ul is used as a
high gain amplifier with weak negative feedback, and acts as a
comparatoer, R21 and R22 provide common mode protection. c7

provides extra filtering.

SAFETY GROUND DETECT CIRCUIT: The operational amplifier, US, .
plus R24, R25, CR4, and CR5, half wave rectifies the voltage!
between ground and the CHASSIS GROUND SENSE binding post. This
voltage 1s 1.5 VAC if the CHASSIS GROUND SENSE binding post is
OPEN. Wwhen the Device Under Test (DUT) completes the circuit
through its ground wire te ground, the voltage at the binding post
is proportional to the resistance of the ground wire in the DUT.
R26, R27, and €20 determine the trip point for the Darlington pair,
Q3  and Q4 The resistors are selected such that a 0.50 loop
resistance leaves the transistors OFF. 03 then turns on the READY
lamp and allows the START button to be pressed.

CONTROL LOGIC: This circuit receives all push button inputs
and sense outputs from the fail comparatecrs and the ground sense
logic. When the proper conditions are satisfied, a test sequence
is permitted. The duration of a test is set by a timing circuit.
In the event of an operator reset or fail condition, the test is
aborted. If there 1is a failure, a warning is presented until
manually reset by the user. This circuit includes a zero crossing
detector, a timer, and a set-reset latch with associated logic.

INPUT/QUTPUT LINES: There are three digital inputs:
OVERLOAD, START, and RESET.

An OVERLOAD signal is produced whenever an arcing condition is
detected by the A6-S5 HV Control PCB, (or a failure is produced by
the A2~1 Real Current PCB on BV models y This signal combines with
the overcurrent signal generated by the operational amplifier, U1,
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and the ground failure signal generated by the operational
amplifier, U4 Pin 3, to set the fail latch at U7 Pin 5. The ground
fail is generated only when a faulty ground is detected during a
test. This gating is produced by U7 Pin 2.

The START signal is produced by the start switch, which is
tied externally to the ground test signal. If this is low, a START
signal is produced at the NAND Gate, U3 Pin 13. U3 Pin 8 produces
pulses synchronized with the AC line's zero crossings if no failure
has been latched and if the machine is not in a test. The timer,
U2, controls the total test time with R2, R3, R37, and C2. It can
be reset by the FAIL latch.

The RESET signal resets the timer, U2, and the fail latch.

There are 3 outputs: GROUND TEST, TESTING, and ALARM, all of
which also drive the corresponding lamps.

The GND TEST signal is low whenever the CHASSIS GROUND SENSE
loop does not exceed the resistance trip value.

The ALARM signal goes low whenever the fail latch is set.

The TESTING signal is delivered in parallel by Q1 and Q8, and
they are low whenever the machine is in a test mode.

TIMER AND ENABLE CIRCUITS: To trigger a timing period at the
timer, U2, a start pulse must occur and no failure can be present.
The AC Hipot Tester alsc requires a zero crossing on the 60 Hz AC
line. The NAND Gate, U3, detects this and passes it to U2, R2, R3,
and R37, and 2 determines the test tinme. Parts of the hex
inverter, U6, drive the RESET input of the timer if a test abort is
required.

FAIL LATCH: Two NAND Gates on U7 are cross coupled to form
the FAIL latch. The latch shows a ground fail condition only
during a test cycle attempt gated by U7 Pin 2. Pins 9 and 10 sense
for failures caused when arcing or overcurrent conditions are
produced.

3-8. Understanding Real Current

It may be thought that if there is no physical connection
between the AC power line and the chassis of the Device Under Test
there can be no current flow. But there are always parasitic
capacitances and resistances present which allow some current to
flow. At 1500 VAC, 60 Hz, every 1770pF of stray capacitance allows
1 mA of current flow.

If a power transformer is contained in the circuit, inter-

winding leakage capacitances of from 100pF to 1000pF are common.
Furthermore, many instrumenis require capacitors to be connected
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between the AC power line and chassis to eliminate any RF energy
being transmitted through the line cord.

Leakage current for any capacitors of this type can be

computed using this formula:
IC = VC (2mEC) = 1500 x 377 x C {(at 1500 VAC 60 Hz)

The above formula assumes that the capacitors being tested are
"perfect," i.e., linear, and have '"zero!" dissipation. However,
ceramic capacitors (commonly used for this purpose) have tolerances
of 20%, or worse, have very nonlinear I-V responses at high
voltages, and have dissipation factors at high voltages of 30% or
more. Thus, the actual current flow may be 150% or more of the
theoretical flow for that capacitor. Actual currents can only be
confirmed by testing a large number of instruments and computing
tables of expected and worst-case values. Then, any current above
this worst-case value ¢an be considered a cause for rejection.

Resistive parasitic effects can occur as well. These can be
caused by moisture or dust between conductors, rosin or acid flux
bridges between PCB traces, leaky insulating materials, and so on.
Considerable power can become concentrated in these potential
leakage paths. ©Only 1 mA of current at 1500 volts means that some
point must dissipate 1.5 watts of power. That much power
concentrated in the very small area of a flux bridge can easily
cause a fire hazard. .

Real current also flows due to nonideal filter capacitors.
The real current flow in a capacitor can be computed by multiplying
the capacitor dissipation factor by the total current flow, and, as
has been stated, this can be appreciable and very nonlinear. The
published low voltage dissipation factors of capacitors gives only
a limited projection of what to expect at high voltages, and actual
results are invariably high.

Capacitors are also frequency dependent, generating extra
harmonics, crossover distortion, and phase shifts in an
undetermined manner. This makes every effort of applying linear
approximation to the problem difficult, more so in high voltage
applications. In hipot testing, most of the capacitance and
dissipating resistance are essentially nonlinear, as is line input
distortion. Therefore the 2ero crossing of the voltage and total
current waveforms may be asymmetrical or the peaks may not be
situated at 90° and 270°, and so, are not used as references.

3~9., BV Operation

The BV model Hipot Testers measure the "real" (resistive) part
of the AC current as well as the total current. Nonlinear
operations (sparks, arc-overs, etc.) invariably influence the real
current much more than they influence the total current. Thus,
these effects can be more easily detected on the BV models.
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The high voltage configuration is essentially the one used in
the standard AV Hipot Tester models. Refering to the wiring
diagram, # 00587-01, R2 on the HV and Current Sense Resistor PCB is
the current sense resistor and is also factory selected for
producing about 5 volts RMS maximum for monitoring the leakage
current. Assuming a pure resistive load, the current monitoring
waveform 1s 180° out of phase with respect to the voltage
monitoring waveform.

The high voltage waveform is mainly a sinusoidal one with a
certain percentage of distortion. The AC input line voltage is a
waveform already distorted by 5% to 6%. The primary effect is that
the peak of the voltage waveform does not necessarily correspond
with the 90° position and does not necessarily remain stable.

Since the real component of interest during the hipot testing
is the one reflecting dissipation and not those of the harmonics of
the 60 Hz sinusoidal, it 1is of primary importance to determine
where exactly the peak of the voltage waveform occurs under any
circumstance. The integration of the waveform is not practical
because the undesirable offset effects and the low pass filtering
version of the integration would provide only a predetermined
amount of phase shift, which does not necessarily correspond to the
location of the peak voltage waveform.

In the BV Hipot Testers the voltage waveform is processed and
a time derivative is taken to determine the real location of the
positive peak. The total current waveform should be falling, and
the zero crossing exactly where the peak of the voltage waveform
occurs, even if the capacitance changes in a nonlinear way with
respect to the voltage. If the sample taken on the total current
waveform at this point is different from zero, that value reflects
a linear dissipating resistive element in parallel with the ideal
capacitance.

This approach permits us to determine a dissipative current
component which can tolerate a large amount of distortion in the
voltage waveform. One big limitation of the circuitry, however, is
the sensitivity of the differentiator to uncommon amounts of noise
and distortion. Revision level C of the A2-1 Real Current PCB has
upgraded immunity to this with extra filtering and timing
circuitry. This permits the sampling of the leakage current
waveform only when the peak of the voltage waveform occurs around
90°, where, ideally, it should be.

An advantage of this method is the 1lack of frequency
dependence of the capacitance around 60Hz. This sample of current
taken at the positive peak of the voltage represents the sum of all
the real components of all the harmonlcs present in the current

waveform. This real current is displayed and is calibrated to give
the RMS sum of all the real components.
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3-10. A2-1 P. C. Board: Real Current Detect Circuit

The former Revision level C from 1984 of the A2-1 Real Current
Detect PCB is an upgraded version of the former A2-1 where an extra
immunity to noise “and distortion is included as well as real
current remote monitoring and trip point programming.

In 1984 the board was upgraded to revision level D for
adapting it to the high voltage configuration described above. 1In
1986 the drawings were remade.

Refering to drawing 00442-01, the A2-1 Real Current Detect PCB
receives at Edge-card connector Pin 5 the vcltage generated across
the voltage sense resistor in the from the A6-55 HV Control PCB.
The first half of the operational amplifier, Ul, operates as a
puffer. The first half of operational amplifier U2 provides the
derivative of the voltage signal which is proportional to the HV
output, and the second half of U2 converts this signal to a sguare
wave signal, which rises and falls at the peaks of the voltage
signal. The NAND Gate, U8, produces a small pulse of approximately
1048 width coincident with the negative peak of the voltage signal.
The sample and hold, U4, provides the necessary filtering, along
with €13, of the current waveform.

The second half of operational amplifier Ul is a leading:
circuit which is adjusted to provide the exact triggering at the
negative peak of the voltage signal to compensate for the circuit
delays.

The output of the operational amplifier, U3 Pin 10, is the
amplified value given by U4, the sample and hold. It is calibrated
by R7 for giving RMS current values to the ammeter through R18.
The second half of U3 is comparing the actual current with the real
current trip point to identify overcurrent failures.

severe nonlinearities in a Device Under Test can produce a
false reading on the hipoct ammeter. To avoid this, the timer, U7,
generates a 10uS pulse only for transitions of the waveform at U2
Pin 12 occuring near the peak of the voltage waveform.

U6 provides buffering for external trip programming. US is an
analog switch for selecting remote trip output meter operation.

The voltage across the voltage monitoring resistor RV is
connected to a differential amplifier, Ul. Its output, at Pin 12,
is fed to the phase shifter so that the output at Ul Pin 10 is
leading by a small amount for compensating for the different delays
in the circuitry. The output is applied to the differentiator to
obtain the inverse of the derivative with the leading zero crossing
being coincident with the positive peak of the voltage waveform.
The output of the differentiator is applied to the squaring
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amplifier to get a square wavefornm in phase with the derivative,
put with the rising edge being coincident with the negative peak of
the high voltage wonitoring waveform. This is because the leakage
current we want to look at is 180° out of phase with respect to
high voltage.

The voltage monitoring signal is fed to U6, a timing circuit,
through Pin 1 of RN3, which squares the waveform and produces the
triggering of the monostable multivibrator, U7. This puts a single
pulse out of U8 Pin 8, the NAND Gate, around the negative peak of
the voltage monitoring signal. This pulse allows the zero crossing
signal represented by the rising edge of the output of U2 Pin 10 to
go through U8 producing a signal” pulse of about 7uS from the
output, U8 Pin 4, coincident with the negative peak of the voltage
monitoring signal. This pulse is used in the sample and hold, U4,
to sample the leakage current wavefornm, which comes in through U4
rPin 3 after being buffered by U6. ARy positive value which is
sampled is reflecting a dissipative current, and is fed to the
noninverting amplifier for driving the ammeter. R7 adjusts the

gain of this amplifier, U3. The other half of U3 is used to
compare the tripping value with the actual current, giving a
failure signal if this exceeds the former. The dissipative value

from U3 is also used externally for monitoring purposes.

U6 can also accept external trip point programming, which is
selected through the Option 01 A8 Remote PCB, activating the REMOTE
signal through Edge-card connector Pin 6. The analog switch, U5,
permits the driving of the ammeter while in a test situation. The
component of the current in phase with the negative peak of the
voltage monitoring signal reflects a dissipative current, i.e., is
positive.
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Section 4
MAINTENANCE AND SERVICE

WARNING
These Service Instructions are for use by
gqualified personnel ONLY. To avoid electric

shock, do not perform any servicing other
than that contained in the operating
instructions unless you are gualified to do
so!

4-1. Introduction

This section provides maintenance and service information for
the Rod-L AC Hipot Testers. Included is a list recommended test
equipment, calibration procedures and adjustment data.

Rod-L recommends that the hipot testers be calibrated on a 6
or 12 month c¢ycle at the discretion of the customer based on
volume of usage. Under no circumstance should a 12 month cycle be
exceeded.

4-2. Egquipment Needed

The following equipment will be needed to complete the factory
calibration procedures:

A) Oscillescope
B) Digital Muliti-Meter (DMM) (Veoltage floating input)
C} High Voltage Probe
D) 115 - 230 VAC Line Step Up Transformer
E) AC Variac
F) High Voltage Loads (see Table 4-1)
G) Standard Resistors 1%: 0.40 and 0.60
4-3. Factory Calibration Procedures

There are ten major calibration points on the AC Hipot
Testers. They are:
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A) Meter Mechanical Zero
B) Chassis Ground Sense Calibration
C) Ramp Rate and A6-85 PCB Calibration
D) Current Meter and A21 Hipot Logic Control Calibration
E) Voltmeter Calibration
F} Real Current Meter calibration (BV model only)
G) Set Test Time
H) Set Total Current Fail "Trip" Point
1) Set Real Current Fail "Trip" Point (BV models only}
J) Set Under Current Fail "Trip" Point
4-4. BSet Up
It is recommended that the AC Hipot Tester be calibrated at
the same line input voltage as will be used for normal operation.
If line freguency is different from 60Hz, remember that require’
capacitor values will change. '
4-5. Meter Mechanical Zero
With the Hipot Tester turned OFF, note the position of the
volt and ammeter pointers on the front panel. They should reac
0 + 1 minor division. If they do not, adjust the null screw.
4-6. Chassis Ground Sense Calibration
A} Connect a 0.50 resistor between the Chasslis Ground Sens¢
banana jack on the front panel and the chassis, or handle,
of the Hipot Tester. Make sure that the contact
resistance of the connecting wires is negligible.

B} Turn on the Hipot Tester. The READY lamp should come on.
¢} Push the START button.

WARNING
AC high voltage is present at the front panel
HV receptacle block and the rear panel cylin-
drical connector when the TESTING LAMP is 1lit.
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D)

E}

F)

H)
1)

The high voltage should come up normally and no FAIL
condition should occur.

Push the RESET button.

Replace the 0.50 resistor with a 0.60 resistor and connect
the CHASSIS GROUND SENSE as above. The READY lamp should
NOT come on. Push RESET if necessary. The limits on the
Safety Ground Test circuit have been verified. If the
1imits are not correct, troubleshoot the Safety Ground
Detect circuit or call Rod-L for assistance.

Finally, disconnect the load to the Hipot Tester. Connect
the CHASSIS GROUND SENSE cable to the chassis (or handle)
of the Hipot Tester. The READY lamp should come on.

Push the START button.

Wwhile the high voltage 1is on, disconnect the CHASSIS
GROUND SENSE cable. There should be a FAIL indication
(lamp and alarm) immediately, and the high voltage should
drop to zero.

Push RESET. The READY lamp should NOT light until the
CHASSIS GROUND SENSE cable is again connected to the Hipot
Tester.

WARNING
The ground sense can be adjusted to other
values. However, in no event should the value

exceed 0.50.

4-7. A6-85 AC HV Control PCB and Ramp Rate Calibration

full
Voltage

HV
A

\
Delay Ramp Dwell Time Reco-
Time Time very

A\

Figure 4-1: Test Cycle Parameter

Figure 4-~1 shows the relation between the different parameters
of control. The DELAY TIME is the time between pushing the START

button
between

and the beginning of the rising voltage. It should be
0.5 and 1.5 seconds. Thus:
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DELAY = 0.5 + K (RAMP RATE + Full Scale Voltage Per Second)

The RAMP RATE is a controllable parameter adjusted by R30 and
R4 for MODE A and B respectively. For each instrument, the RAMP
RATE varies from about FULL SCALE VOLTAGE in one second to FULL
SCALE VOLTAGE in 30 seconds. For example, for a 5kV unit the RAMP
RATE is adjustable from 5000 V/second to 166 V/second. "K' is an
instrument constant and varies from about 30 milliSeconds to 50 m§,
g0 the expected DELAY TIME is from about 0.54 to 1.54 seconds.

The RAMP TIME is the time between the minimum point and the
100% point of the rising voltage, and is dependent on the RAMP RATE
adjustment and the FULL VOLTAGE selected.

FULL VOLTAGE

RAMP TIME =
RAMP RATE
If the same RAMP TIME is to be maintained when the FULL VOLTAGE is
changed with the VARIAC control, the RAMP RATE has to be
readjusted.

TEST TIME is the total DELAY, plus RAMP, plus DWELL TIME. The
recovery time is about 0.5 second. So, for a 35kV unit with
5000V/second RAMP RATE, 5kV full voltage, and 1 second dwell time,
the TEST TIME selected has to be 0.54 second + 1 second + 1 second
+ 2.54 seconds, and the total TEST cycle time is 2.54 + 0.5 second
(recovery time) = 3.04 seconds. TEST TIME is controlled by the A2l
Hipot Control PCB.

Proper operation of the RAMP UP CONTROL on the A6~55 HV
Control ©PCB should be verified by watching the OUTPUT VOLTAGE
METER. No spurious oscillations should be seen on the output
voltage waveform. At the end of the turn-on period, the voltage
waveform should be sinusoidal except for very small amounts of
crossover distortion (assuming a low distortion AC power line.)

Under full load conditions {(use test load from Table 4-1,} the
output voltage should vary less than 8% for capacitive loads. The
waveform should still look essentially sinusoidal, with, in fact,
less distortion than the one received at the input 1line. If not,
troubleshoot the A6-35 PCB or call Red-L for assistance.

For initial calibration of the A6~S5 PCB adjust the following:
A) Adjust R9 to read approximately —-100 milliVolts at TP3.
B) Select MODE A on the front panel and adjust the TEST TIME

for approximately 30 seconds (or according to the desired
RAMP TIME) with R37 on the A21 PCB while running the test.
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¢) Then adjust R30 on the A6-S5 for the desired RAMP RATE.
Clockwise decreases the RAMP RATE.

D} Select MODE B on the front panel and adjust the TEST TIME
for approximately 3¢ seconds (or according to the desired
RAMP TIME) with R2 on the A21 PCB while running the test.

E) Then adjust R4 on the A6-35 for the desired RAMP RATE.
Clockwise decreases the RAMP RATE.

F) R20 is factory adjusted for waveform symmetry.
G) Readjust the TEST TIME if necessary.
4-8. BA21 Hipot Logic Control and Total Current Meter Calibration

Turn the Hipot Tester on and note that the TOTAL CURRENT METER

position is at zero # one division. Connect the SAFETY GROUND
SENSE wire to the chassis so that the READY lamp lights. The METER
should still be zero. Tf not, troubleshoot the FULL WAVE TOTAL

CURRENT DETECT circuit.

Insure that no load is placed in the HIGH VOLTAGE OUTPUT
SOCKET. Push the START button.

WARNING
AC high voltage is present at the front panel
HV receptacle Dblock and the rear panel cylin-
drical connector when the TESTING LAMP is 1lit.

Note the meter reading. It should be zero * one division.

Test Load

Black White {"RY or "C")
VAN
i

N\
back to back "Floating"
Rod-L AC Hipot Tester Ground Wire 6V Zeners Digital
(overload Ammeter

protect)

Figure 4-2: Setting Up With a Digital Ammeter
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Push the RESET button. Insert a Digital Ammeter 1in series
with a 0.95% of full scale high voltage load resistor (AV only) or
a high voltage load capacitor (AV and BV) as shown in Figure 4-2.

WARNING
The ammeter must be inserted on low voltage
side of the resistor or capacitor. Otherwise
the ammeter's preakdown veoltage to ground may
be exceeded. The resistor and capacitor should
be tested first to insure that they can
withstand the rated voltage.

Set the ammeter +to 100 mA Full Scale. Push the START button
on the Hipot Tester. The ammeter's current reading should agree
with the reading on the TOTAL CURRENT meter allowing for 3%
tolerance. For example, for a 10 mA F.S. meter the two readings
should be within 0.30 mA of each other.

If they do not agree, adjust the TOTAL CURRENT AMMETER
calibration potentiometer, R19, on the A21 Hipot Control PCB until
the TOTAL CURRENT meter reading agrees with the DMM reading with 1%
tolerance. See Drawing # 00959-09 for potentiometer positions.

4-9. Voltmeter Calibration

A) Disconnect all loads from the Hipot Tester. Connect a
high voltage probe to a DVM. The HV probe is connected as
a 1000:1 voltage divider by shunting the output with a
50kl resistor. Trim the value to compensate for DVM input
impedance so that the system accuracy can be 1% or better.

B) Connect the Ground lead of the HV probe and the CHASSIS
GROUND SENSE cable from the front panel of the Hipot
Tester to the chassis (or handle) Hipot Tester frame.

C) Push the START button.

WARNING
AC high voltage is present at the front panel
HV receptacle block and the rear panel cylin-
drical connector when the TESTING LAMP is lit.

D) The voltmeter should rise slowly from zero after an
initial delay. Note the voltage reading. Insert the HV
probe into the HV OUTPUT SOCKET and read the voltage from
the DVM. The two should agree within + 3% of full scale.
If they do not, change the value of R6 on the A6-55 HV
Control PCB (R3 on the A6-55-3) until they do.
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Table 4-1:

Load Requirments for Rod-L AC Hipot Testers

ROD-L AC HIPOT

TESTER REQUIRED LOAD

M100AV 1.5KV

10 mA 160kl 3% 3KV 20W resistor
or 0.016uF 2k VAC capacitor

M100AV 1.35kV

50 mA 28k 3% 3KV 100W resistor
or 0.08uF 2k VAC capacitor

M100BYV 1.5kV

10 mA 1.6M00 2% 3kV 3W noninductive res.
and 0.016uF 2k VAC capacitor

M100BV 1.5KV

50 mA 320k{1 3% 3kV 10W noninductive res.
or 0.08uF 2k VAC capacitor

Other M100AV
M500AV Units

a

Ccalculate resistor value from this

formula:
Hipot Voltage
nd R =
0.95 x Full Scale Current
0,95 x F.S. Total Current
C =

2uf x Hipot Voltage

A1l BV Models

Calculate resistor value from this
formula:

Hipot Voltage

0.095 x F.S. (+ 10) Real Current

4~10. A2-1 Real Current Calibration

A) Offset Adjustment:

1)
2)

Take the A21 Hipot Control PCE out.

Short Pins 5 and 13 of the Edge~card connector on the
A2-1 Real cCurrent PCB to Ground. Put the PCB back
into the unit.

To adjust the Offset, turn Rl to get O (zero) V DC at
TPZ2.

Remove the A2-1 Real Current PCB and short Edge-card

connector Pins 5 and 13 of the to +5V and replace the
PCB.
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NOTE:

12)
13)
14)
15)
16)

17}

18)

Be sure
changed

To adjust the CGain, turn R37 to get 0 (zero) V DC at
TPZ.

Turn R3 fully CCW (countercleockwise.)

Remove the A2-1 Real Current PCB and remove +5V from
Fdge-card connector Pins 5 and 13 and connect them
back to ground. Replace the AZ2-1.

To adjust the Balance, adjust R2 to read O (zero) V
DC at TP3.

Adjust R6 to read OV DC at TP12 (20mV scale.)

Adjust R4 to read 0OV DC at TP4 (20mV scale.)

Adjust RS and notice the level change from about 0
(zero) V to 15V at TP1ll. Leave R5 exactly where
level change occcurs.

Turn R7 fully clockwise.

Remove ground from Edge-card connector Pins 5 and 13.
Short TP8 to ground (U4 Pin 3.)

Adjust R8 to read 0 {zero) V DC at TP7 (20mV scale.)
Short TP5 and TP6 together.

Adjust R9 to produce a level change from 0 Volts to
about 7.5V at TPl0 (5V scale.) L.eave R9 exactly
where the level change occurs. Now R2% has an
insignificant effect on the 2.9nV at TP9.

Replace the A2l Hipot Control PCB.

to check zero every time the reference scale is
on the oscilloscope and throughout the procedure.

After a 20 mV scale is used, a 5 mV scale is advised.

B) Trigger and Meter Calibration:

1)

2}

Turn R7 three times CCW.

High Voltage
connect a resistor

0.95 x F.S. Real Curr
(as in Table 4-1) to the output with an external DMM

or ammeter in series with the low side of the high
voltage.
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3) Push the START button to generate HV. Push the + 10
REAL button and turn R3 slowly CW until the CURRENT
METER deflects in the positive direction. The
CURRENT METER will ascend rather rapidly when at the
low end of the scale. The reading on the CURRENT
METER must be equal to F.S. (full scale) when the
+ 10 REAL button is pushed. If necessary, slowly
turn up the variac to get current.

4} Adjust R7 to read the same current (remember to
divide the scale value by 10) on the front panel
CURRENT METER as on the external DMM.

5) Push the RESET button.

6) Connect a capacitor (typically 0.016uF 5KV) in
parallel to the resistor. Push the START button and
check that the reading on the DMM is about the same
as before. If not, adjust R3 slowly to get a reading
about 3% above the reading when the resistor was
alone.

7) Take the test load resistor out and push the START
button. Check the REAL CURRENT reading after the
ramp up. Thig value added to the one when the
resistor was alone gives the real current value when
both capacitor and resistor are in place. If it does
not, repeat step 4.

4-11. Set Test Time

The TEST TIME ADJUSTMENT potentiometer is set as outlined in
Table 2-1 at the factory. To check the test time limits, turn the
TEST TIME potentiometers (R37 for "A," R2 for "B") on the A2l Hipot
control PCB to minimum and then maximum. Minimum should be a test
one second long, and maximum greater than ninety seconds long. If
not, troubleshoot the timer or call Rod~L for assistance.

The TEST TIME ADJUSTMENT potentiometer should be set in
accordance with the regulatory agency's suggested test time for the
Device Under Test (DUT) if different from the standard factory
setting. To reset the TEST TIME duration, proceed as follows:

A) Turn off power to the AC Hipot Tester.

B) Remove the top cover and locate the TEST TIME ADJUSTMENT
potentiometer R37 on the A21 Hipot Control PCB. Set the
TIMING switch on the front panel to ™"A." (The following
steps are the same for position "A" or "B.'")

C) Reapply power to the AC Hipot Tester.
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D} With top cover removed from the AC Hipot Tester, use a
stopwatch to time the duration that the TESTING lamp
remains on.

E) By adijusting the TEST TIME ADJUSTMENT potentiometer and
timing the TESTING lamp duration with a stopwatch, you
should be able to set any duration desired between one and
ninety seconds.

CAUTION
Do not touch any of the other potentiometers on
the p. c. boards, otherwise the calibration of
the instrument will be voided.

4~12. Set Total Current Fail "Trip" Point

To find the correct total current trip point, it is
recommended that several DUTs (Device Under Test) known to be in
good condition are tested, and the typical amount of current be
recorded. mA. The trip point should be sget a few
milliamps above this amount.

Although the scale on the TOTAL CURRENT TRIP POINT pot on the
rear panel approximately corresponds to the current, a better way
to set the trip point is to start with the pot completely clockwise
(CW,}) that is, at the highest possible wvalue, or "Full Scale."
{Follow the instructions below.) Any leoad that draws current
within the meter range will pass a test.

While testing a DUT or other load, current will register on
the meter. If using a High Voltage resistor load, the High Voltage
can be adjusted with the variac knob on the rear panel so that the
current meter is reading the value of current that you want to set
the trip point to. While the current meter is active, turn the
TOTAL CURRENT TRIP POINT pot on the rear panel slowly CCW until the
FAIL lamp and audible alarm are activated.

A} Turn the TCOTAL CURRENT and REAL CURRENT (on BV models
only}) failure TRIP POINT potentiometers fully CW. Turn
the UNDER CURRENT failure TRIP POINT potentiometer fully
CCW. Insert the calibration load (see Table 4-1) to pull
nearly F.S5. Current into the Hipot Tester HV output
receptacle. The DMM shown in Figure 4-2 is not needed in
this test. However, the dual banana jacks should be
shorted together.

B} Push the START button.
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WARNING
AC high voltage is present at the front panel
HV receptacle block and the rear panel cylin-
drical connector (including the test load} when
the TESTING LAMP is lit.

C) While the high voltage 1is on, slowly turn the TOTAL
CURRENT TRIP POINT potentiometer CCW until the FAIL lamp
comes on.

b)) Push RESET.

E) Note the position of the slot on the potentiometer. It
should be near 10 on the dial scale. If 1t is less than
8, troubleshoot the A21 Hipot Contrel PCB or call Rod-L
for assistance.

4-13, Set Real Current Fail "Trip" Point (BV models only)

This procedure is identical to that above, except that the
REAL CURRENT potentiometer is adjusted and the PUSH FOR REAL
CURRENT + 10 push button is depressed to read real current.

A} To check the REAL CURRENT TRIP POINT potentiometer, a
resistive load such as that used in Section 4-12 A) is
required (BV only.) The DMM is not necessary for this
test. If it is deleted, short the dual banana plug.
Reset all TRIP POINT potentiometers fully CW. Set up the
test load and plug into the Hipot Tester.

B) Push START button.

WARNING
AC high voltage is present at the front panel
HV receptacle block and the rear panel cylin-
drical connhector (including the test load) when
the TESTING LAMP is lit.

C) While the high voltage is on, slowly turn the REAL CURRENT
TRIP POINT potentiometer CCW until the FAIL lamp comes on.

D) Push RESET.

E}) Note the position of the slot on the potentiometer. If it
is less than 6, troubleshoot the A21 Hipot Control PCB or
call Rod-L for assistance.
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4-14.

Repeat the test but turn the REAL CURRENT TRIP POINT
potentiometer until the FAIL lamp <comes on. It should be
near 1 on the dial scale. AV users may alsc want to do
this by constructing the appropriate load; see Table 4-1.

Set Under Current Fail "Trip" Point

The UNDER CURRENT TRIP POINT pot on the rear panel works the

opposite way that the TOTAL CURRENT TRIP POINT pot does. The Hipot
Tester
night,

the

on

is looking for enough current to be drawn, so that one

for example, be sure that the power switch on the DUT is in

positicn. (Because there are more components in the

circuit, this would draw more current than if the switch were off.)

The Under Current detect feature reguires a minimum of three

seconds to react. That is, the Hipot Tester will not sense for
under current until the high voltage has reach 95% of the output
voltage setting.

To

set the UNDER CURRENT TRIP POINT, follow the Set Total

current Trip Point instructions, except that the UNDER CURRENT TRIP
POINT pot on the rear panel works the opposite, so the starting
point should be minimum current trip point, or completely CCW. The

FAIL will be indicated at all current levels below the selected
jlevel.

4-15, List of Adjustment Pots
R56 (not pot) on the A6-55 PCB Volt Meter
R20 on the A6-S85 PCB symmetry during Rise Time
R9 on the A6-S5 PCB Delay Time
R30 on the A6-55 PCB A Rise Tine
R4 on the A6~S8S5 PCB B Rise Time
R37 on the A21 PCB A Test Time
R2 on the A21 PCB B Test Time
R19 on the A21 PCB Current Meter
4-16. Troubleshooting
Below is a list of problems, probable causes, and remedies for
fault location. It should assist the technician in isolating a
fault location. This table does not tabulate all the possible
symptoms; only those Customer Service has determined most likely to
T occur.
A} No AC pover:

1} Check fuses Fl1 and F2 (Figure 2-2 for correct usage.)
2) Check for bad AC power switch, S1.

3} Check for bad line filter.
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4) Measure for line voltage on the A6-85 HV Control PCB,
TP and TP7, with the high voltage off.

B) Instrument blows fuses (See Figure 2-2 for correct usage:)
1}y If only F1 is blowing:
Check for shorted output power transistors on the
heatsink.
Check for internal short on transformer T2.
2} If only F2 is blowing:
Check for shorted MOV1 or MOV2Z.
Check for shorted transformer T1i.
Troubleshoot All Power Supply / Under Current ?CB
C) High Voltage Meter does not ramp up slowly:

1) Check for shorted output power transistors on the
heatsink. :

2} Check for leaky Q2 on the A6-S$5 HV Control PCB.
D) Ready Lamp does not work:
1} Check for burned out bulb.

2) Check for bad connection at BP1 or bad lo 3W resistor
on the A6-85 HV Contrcl PCB.

3}  Troubleshoot safety CHASSIS GROUND SENSE DETECT
cirecuit on the A21 Hipot Control PCB.

E) No High Voltage:
1} Check for bad fuses F1 and F2.
2) Check for bad START switch.
3} Check wiring harness for frayed wiring.

4y Troubleshoot the A6-355 HV Control PCB digital
logic.

F) Failure indicators do not work or work erratically:
1) Check to see if the leakage current meter works.

2} Check signals given by U5 on the A6-S5 HV Control
PCB.
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3)

4)

Determine which of three possible failures modes is
being detected:
CHASSIS GROUND SENSE FAULT.
TOTAL CURRENT OVERLOAD,
OVERLOAD: T2 Primary current greater than 1.2
Troubleshoot appropriate functional block.

Check initial condition voltage at the base of Q1 on
the A6~55 HV Control PCB.

G) Excessive power dissipation on the A6-85 HV Control PCB:

Check for shorts, low beta, etc.
Check for internal shorts, corona, etc.

Measure the voltage on the A6-55 HV Control PCB, TP6
and TP7 with the high voltage off. This voltage
should equal the line voltage. With high voltage on,
this voltage should be less than 5 VAC RMS fully
loaded after the RAMP UP.

H) Arcing shutdown does not work:

1)

2)

3)

4)

5)

Connect oscilloscope to the A21 Hipot Control PCER
Edge-card connector Pin 7, which is the optoisolato:
output. Short the Hipot Tester output. Adiust the
oscilloscope trigger for a single sweep as
optoisolator switches from +5V to 0 (zeroc) V and
back.

Push START.

The FAIL lamp should go on after an approximate delay
of one second when the HV comes up. The oscilloscope
should show a 0.2 to 1 mS negative pulse from the
optoisolator, thus verifying operation.

If no pulse appears or the pulse does net fall below
1 volt, repair optolsolator or associated circuitry.

If pulse appears, c¢heck with Rod-L for increased
sensitivity for low level energy arcing.
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Section b
OPTIONS

5-1. A8, Option 01, Digital Remote Contrel P. C. Board
5-1.1. Description

Option 01 Digital Remote Control provides optically isolated
control and monitoring of the main digital functions of the unit.
The Analog Remote Options are not available on the M100/500 series
testers. (Also, there is a monitoring signal including a relay
that is on some versions of the A8 PCB which 1is used by Rod-L
Ground Continuity Testers, but not the M100/500 series testers.)

The A8 Option 01 Digital Remote Control PCB uses these inputs:
START, RESET, and SELECT "A." The outputs are READY, TEST, FAIL
(ALARM,) and PASS.

There are two different series of A8 PCBs with concomitant
revision levels. The assemply part number for PCBs made prior to
1987 is probably in the 00975-XX series, and uses fabs marked with
one of the following part numbers: 00324-03, 00445-03, or 00297-05.
any of these boards with a Revision Level up to D will provide high
active current driven inputs at 25 mA and low active TTL outputs.
Revision E or above of this series provides low active TTL inputs
and low active TTL outputs.

Rod-I does not recommend this, but under certain circumstances
an AUTO RESET signal can be added. This signal is available only
with assembly numbers of the 00975-XX series of A8s up to
Revision H. It generates short FAIL and RESET pulses after the A21
latches a failure, enabling the system to completely reset and be
ready for the next START signal.

A8 DPCBs made after 1987 are in the assembly series of
01208-03, =13, or =16, using fabs marked 01209-01, =02, <03, or
-04. These boards provide low active TTL inputs and low active TTL
outputs as most earlier revisions. Additionally, they include the
PASS signal and a connector going directly to the rear panel
instead of going through the A37 Mother board. The PCB fabs marked
with -02, -03, Revision B, or Revision C were upgraded in order to
fix layout errors which, otherwise, were hand fixed., Revision D,
-04, adds an optical isolator to protect a U4 input.
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5-1.

2. Theory

The schematic number has been 00980-XX since 1986, and
01210-04 since 1992. Earlier revisions from 01210~-04 were not used
in the AC Hipot Testers. Prior to 1986 the schematics would have
been either 00265-01, 00276-01, 00471-01, or 00445-01. Revisions
updated these PCBs to either add circuits 1like the Pass signal,
take away signals like the Auto Reset, correct layouts like dual
use of connector Pins, or to make connections easier, but the
Edge-card connector pin-outs remain the sane. The two most
commonly used schematics are included in the manual. If you have
need of another schematic, call Red-L for assistance and bhe
prepared to give the serial number of the unit, the fab part number
etched on the back of the PCB, and the assembly part number
silkscreened onto the front of the PCB.

The Optically Isolated Control provides three inputs: START,
RESET, and SELECT A, and four outputs: READY, TEST, FAIL (ALARM,)
and PASS.

The input current reguirements (see above)} are:

LOW INPUT REVISIONS: HIGH INPUT REVISIONS:
high level: 40 gA @ +5V high level: 18 mA @ +5V
low level: 1.6 mA @ 0.4V low level: 0 mA

The output current capabilities (see above) are:
high level: 2.27 mA & +5V
low level: 2.27 mA max @ +5V

When the optical «coupler, Ul on schematic # 00980-XX, (U2 on
schematic # 01210-XX) (U3 on schematic # 00445-01 or Ul with the
Auto Reset is used,} is driven, a RESET signal is produced at
Edge-card connector Pin 5, through the C to D jump.

An optical coupler, U2 on schematic # 00980-XX, (Ull on
schematic # 01210-XX) (U2 on schematic # 00445-01,) drives the
START signal through Edge-card connector Pin 9.

Refering to .schematic # 00980-XX, (or 00445-01) the optical
coupler, U9, could drive the vecltage at U9 Pin 5 causing a low, and
01 will not drive the relay, Ki. This connection is called STAND

BY, and the A RISE and TEST TIMEs are selected. If U9 1is not
driven, U9 Pin 5 goes high and Q1 drives the relay, so that the B
RISE and TEST TIMEs are selected. (On schematic # 01210-XX, the

optical coupler driving Q1 and K1 is U8.)

If the GROUND TEST signal through Edge~card connector Pin 10
is low, an optical coupler, is activated and a low level READY is
available on the REMOTE connector through the Mother Board and
Edge-card connector Pin L on schematic # 00980-XX or 00445-01, and
directly to the Remote connector J1 Pin 21 on schematic # 01210-XX.
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When a test is in progress, the TEST line, Edge-card connector
pin 11, is low. An optical coupler is activated and a low level is
available on the REMOTE connector through Edge-card connector Pin M
on schematic # 00980-XX or 00445-01, and directly to the Remote
connector Ji Pin 21 on schematic # 01210-XX.

A FAYL signal activates the optical coupler providing a low
level on the REMOTE connector through Edge-card connector Pin N on
schematic # 00980-XX or 00445-01, and directly to the Remote
connector J1 Pin 21 on schematic # 01210-XX.

The remote controller's +5V and GND are fed through Edge-card
connector Pins K and 15 respectively.

REMOTE CONTROL OPTION DB25 CONNECTOR PIN ASSIGNMENT

1 GND (external) 20 +5Y {(remote)
4 GND (chassis) 21 -READY

15 AC/DC 22 -TEST

16 GND RETURN 23 ~FAIL

18 RESET 25 SELECT A

i9 START

5-1.3. Installation

Because of the special wiring involved this option can only be
installed and calibrated at the factory.

5-~2. Option 02, Front Panel Test (Dwell) Time Adjustment
Option 03, Front Panel Rise Time Adjustment

Front Panel Test (Dwell) Time Adjustment and Front Panel Rise
Time Adjustment are 1installed at the factory. A special front
panel is used with access to potentiometer set screws that affect
the time adjustments so that the top of the unit does not have to
be taken off to set the times on the A21 Hipot Control PCB.
5-3. Option 06, Rear Panel Lockout Cover

Option 06 provides .125" thick transparent lexan cover over
rear panel controls on 1.5" long standoffs. To install:

A) Remove the top cover

B) Add the standoffs (4 each) to the rear panel corners with
the screws provided
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5-4.,

C) Secure the cover to the standoffs with the screws provided
D) Replace the top cover

-4. A25, Option 05 / Option 08,
Hands-Off / Switch Selectable Failure Points P. C. Board

.1. Description

The A25 PCB contains two options: HANDS-OFF and SWITCH
SELECTABLE FAILURE POINTS.

The OPTION 05 HANDS-~OFF OPERATION option requires the operator
or remote controller to hold the START line to logic low during the
hipot test. If a hipot test is initiated and the START line is
found high, or the START button released, a FAIL signal 1is
produced. The FAIL signal activates both the fail light and the
Slarm for about two seconds. Then, the unit is completely RESET if
no restart is attempted.

The OPTION 08 SWITCH SELECTABLE TRIP POINTS option provides
five extra total current failure trip points, that, with the dial
on the rear make a total of six. Each of six fallure points are
set by individual potentiometers. On models made prior to 1984,
the option potentiometers were located on a wired general-purpose-

c. poard on the inside of the front panel, mounted with the
switch. :

The trip point that will be used during a_ given test is
selected by a six-position switch on the front panel.

The assembly # for the A25 silkscreened onto the front of the
board 1is 00981-XX. The first A25 ©PCBs (which were probably
replaced immediately) were for Under Current and Hands Off in 1984.
Within two months it was decided to make Under Current standard and
add it to the A1l Power Supply PCB, so Option 08 was added to the
empty space on the A25 at Rev A. Rev B in 1984 improved ground
fault sensing. Rev D in 1986 was redrawn using resistor packs and
adding further signals. Rev E in 1987 corrected the layout. The
fab # etched into the back of the PCB is 00433-XX.

2. Theory

The HANDS-OFF option consists of a comparator and a set of
timers which provide FAILURE, RESET and START signals to the rest
of the system. Refer to schematic # 00948-XX. If your unit was
purchased in 1984, you may nheed schematic # 00435-01 or 00433-01.
call Red-L and have available the serial number of the unit, the
fab part number etched on the back of the PCB, and the assembly
part number silkscreened onto the front of the PCB. The Edge-card
connector pinout is the same on all revisions.
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The start switch is connected to Edge-card connector Pin 9 of
the board. The comparator, U2, inverts and cleans the START
signal, putting out a high level when the start switch is held
down. The TEST signal is also inverted, giving a high level output
when the unit is testing. The inverted START and TEST signals are
fed to the inputs of the monostable multivibrator, U3.

While the TEST signal in the monostable multivibrator, U3, is
low, the output through Pin 1 is high. If the TEST signal goes
high due to a test in progress, U3 is gated to accept triggering
from the START signal. If the START signal goes low during a test
in progress, U3 will be triggered and a low level pulse of about
10048 is produced through Pin 1, detecting the condition when the
start switch is released during a test.

This pulse from U3, Pin 1 triggers one of the two timers in Ul
at Pin 6. A high level pulse is produced at U5, Pin 1 of about one
second, and this creates a FAIL signal of about two seconds through
01 and Q2. The FATL signal activates both the fail light and the
alarm. At the end of the fail indication, the unit is completely
RESET, and a start can be reattempted.

The start switch is also connected to the second timer through
¢2, which will produce a high level pulse at Ul, Pin 9 on the
falling edge of the START signal, that is, when the switch 1is
depressed. This pulse drives Q3, giving a START pulse to the rest
of the systen.

When this board is combined with the OHMS SENSE option, the
START pulse is given by the A24 Ohms Sense PCB instead of the start
switch. Tt must be noted that even when this option is used with
the A8 REMOTE CONTROL option, the START signal has to be held low
through-out the test.

The SWITCH SELECTABLE FAILURE POINTS option allows six
different trip points to be easily chosen by simply changing the
switch position. The five potentiometers on the board with the
switch provide five of those trip points, and the sixth
potentiometer is the standard set dial on the rear panel.

A decision must be made as to what point a current will be
considered too high. That point is the desired trip point, and
when the actual current reaches that point, the alarm and fail
light will turn on. A potentiometer allows the user to calibrate
that trip point, and then select that trip point for use in a test.

The five 100k{ potentiometers on the optional A25 Hands Off /
switch Selectable Failure Points PCB put out corresponding voltages
through Edge-card connector Pins 6, 8, 10, 12, and 14 to the
six-position switch on the front panel. The common of the switch
connects to Edge-card connector Pin J of the A2l Hipot Control PCB.
This signal is the TRIP POINT, and is at a voltage level set by the
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potentiometer which has been selected by the switch. It is
compared with the actual current value on the AZ21 Hipot Control
PCB.

5-4.3. Installation

Both Option 05 and 08 are factory installed and calibrated
because special panels are used with holes that need to be properly
positioned and lakeled.

5-5, A27, Option 10 Audible Test Tone P. C. Board
5-5.1. Description

When Option 10 Audible Test Tone is installed in an AC Hipot
Tester, the alarm will sound pulses at 3 to 6 beeps per second
whenever a TEST is in progress.

This feature is produced by a small PCB attached to the ingide
of the unit near the alarm. The board is called the A27 Audible
Test Tone PCB, and the assembly # 00432-02 is silkscreened onto the
front of the PCB, fab # 00432-03 etched into the back of the PCB,
and schematic # is 00432-01.

5-5,2., Installation

This option is factory installed and calibrated because of the
special wiring involved.

5-6. Option 15, Rack Mounting

Option 15 allows a Rod-L unit to ke mounted in a standard 19"
wide cabinet.

The procedure for installing the Rack Mounting Kit on the
Hipot Tester is as follows:

A) Remove Extrusion insert (2 each) from both sides of
instrument

B) Place L-Bracket (2) and secure to <chassis with four
machine screws furnished with Mounting Kit

C) Check that the screws and brackets are firmly secure
5~7. Option 16, Divide by 10 Current Scale and Trip Point

A toggle switch is mounted on the front panel and allows the
bottom 10% of the Full Scale current to be divided by 10 for finer
resolution. Any trip point less than the full scale is divided by

10 as well. If the Current Meter full scale is less than 10mA,
this option is not possible. If this Option is on the BV where a
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toggle switch is already used for choosing to read the Total or the
Real Current, the + 10 feature divides the current trip point by
10, but not the scale.

5-8. A24, Option 18, Ohms Sense P. C. Board
5-8.1. Description

Ooption 18 OHMS SENSE was developed to detect that the Device
Under Test (DUT) has the HOT and NEUTRAL leads tied together before
the hipot test can begin.

The hipot test normally ties the HOT (or LINE) and NEUTRAL
leads on a DUT together. For Ohm Sense, before the hipot test is
started, the HOT and NEUTRAL leads are disconnected, so that a
small voltage of 1.5 VAC RMS can be applied across the leads. The
TESTING light does not come on until and unless the Ohm Sense Test
passes. If the test is passed, the HOT and NEUTRAL are reconnected
and <the hipot test begins. If the Ohm Sense Test fails, the
TESTING light will not have come on and the alarm pulses at about 1
to 2 beeps per second until reset.

The CHASSIS GROUND SENSE in the A21 Hipot Control PCB is used
to process the voltage across HOT and NEUTRAL leads during this
operation. The reference resistance, used nermally for the Ground
Sense Test, 1s momentarily substituted by an adjusted potentiometer
which provides tripping for impedances 1n the 15000 range. If the
READY signal given by the Ground Sense circuitry during the test
goes high, there will be an Ohms Sense failure at the end of the
Ohms Sense test cycle. If the test is passed, the HOT and NEUTRAL
are reconnected, the reference resistance for the Ground Sense Test
is reconnected, and a START pulse 1is delivered to the A21 PCB to
start a hipot test.

The assembly # silkscreened onto the front of the PCB is
00683-01 or ~02. The fab # etched onto the back of the PCB is
00434~03. The schematic was # 00434-01 from 1984 to 1986, and is
now 00957~XX. Trace layout errors were corrected in Revisions B
and C, and diocde protection added to the relays in Revision D when
it was redrawn.

5-8.2. Theory
When the Hipot Tester is initially turned on, relay K4 is

activated, contacts "A" and "D" of K4 are closed, and K2 is closed.
The normal Ground Sense is performed on the A21 Hipot Control PCB,

so the READY lamp is lit. When the START switch is depressed,
Edge-card connector Pins 1, 2, and therefore U2, Pin 11, a NAND
gate, go low. Ul is triggered and the output at Pin 1 goes high

for one second. This one second pulse places a high on U4, Pins 1
§ 2, the peripheral driver, causing a low output at Pin 3. It
deactivates K4, opening contacts "A" and "D," and K2 is opened. It
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also activates, or <closes, K1 and K3. Normal Ground Sense is
interupted.

At this time, the 1.5 VAC is applied across the potentiometer,
R16. Current flows through R16 and K3 to W3, which is connected to
the NEUTRAL of the Device Under Test (DUT.) Current will return
from the DUT through the HV RETURN which is tied to the CHASSIS.
The HOT wire is momentarily connected to HV RETURN at K1.

One side of R16 1s connected to the Chassis Volt Sense,
Edge-card connector Pin 13 of the A21 Hipot Control PCB. This
circuitry senses that the impedance of the DUT is approximately 1/2
of the resistance of R16. If this is not true, a high logic level
will appear at A21 Edge-card connector Pin 10, READY.

At the end of the one second pulse, a pulse is produced at Ul,
Pin 8. If READY is high, the FAIL Latch, U3, will be set. When
the FAIL Latch is set, US, a timer, will be triggered to send out
pulses for the alarm. The FAIL output at Q2 1s connected back to
the RESET circultry so that the board can be reset regardless of
failure type. To stop the alarm beeping and reset the failure
mode, the RESET line must be triggered with either the front panel
push button or the Remote Option.

If the resistance of the DUT is equal to or less than 15000,
the negative edge of a pulse generated at Ui, Pin 8 will trigger
Ul, Pin 11. A one second pulse at Ul, Pin 9 is generated to allow
the normal Ground Sense Circuitry to settle down. When the one
second pulse at Ul ends, K4 and K2 are activated and K1 and K3
opened.

The trailing edge of the one second pulse at Ul, Pin 9
triggers a 20 mS pulse at Ul, Pin 16 which will start the normal
cycle of the Hipot Tester.

R15 is used to adijust the timing of the FAIL pulsing signal.
5-8.3. Installation

This opticn is factory installed and calibrated because of the
special wiring involved.

5-9. Option 22, Front Panel Voltage Adjust

Front Panel Voltage Adjust is installed at the factory. A
long shaft is run from the rear panel variac to a knob on the front
panel. This means that the adjustment is made backwards to what
would be done if facing the rear panel. It also means that a
special front panel is used so that the meters are in a different
section of the panel, out of the way of the variac shaft.
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5-10. Option 23, Digital Meters

Digital Meters have a circuit accuracy of *1% and the meters
themselves are accurate to within +.05%. A PCB, the A73, schematic
# 01123-03, sits in the A25 Hands Off / Switch Selectable Fallure
Points PCB slot and adds an op amp to interface to the meters.
Prior to 1990 the addition was made by changing the circuitry on
the A6-85 HV Control PCB.

Because the AS57 Mother Board must be modified and a special
front panel used, this option can only be added at the factory.

5-11. Option 24, Blank Front Panel Start Switch /
Blank Front Panel High Voltage Receptacle Block

This option removes the start switch, the front panel High
Voltage receptacle block, or both.

5-12. Option 27, Al4 No Load Trip Point Setting P. C. Board

This option allows the user to set the trip point by turning a
dial on the rear panel and observing the trip point on the current
meter. Thus the current trip point can be set without using a test
load or having test voltage present.

Prior to 1990 we used a General Purpose PCB to add the ICs.
Since 1990 the PCB has been the Al4 Option 27 No Load Trip Point
Setting PCB. Either board fits into the A25 slot of the A57 Mother
board, switches are added to the rear panel, and the unit is
further rewired. The diagram # 00955-01 shows how a BV would be
rewired, and # 00961-01 shows how the switches are wired.
Schematic # 00963-02 is the 19%0 Al4 PCB, and drawing # 00964-02
shows the assembly layout of the Al4 PCB.

The J1 connector on the Al4 {or General Purpose PCB in earlier
units) in the A25 slot goes to the switches on the rear panel. The
Current Sense signal going into the A21 Hipot Control PCB is
modified with changes on that board as well as circuitry on the Al4
and accompanying switches, enabling the Current Trip Point to be
read on the current meter when the switch is in the "set" position.
The switch must always be in the "run" position before doing a
hipot test.

5-13. Option 28 Two-Position Switch Selectable Current Scale
The current meter has two scales drawn on it. A toggle switch

on the front panel will select one or the other scale without
affecting the trip point setting.
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%5-14. Option 29C Three-Position Switch Selectable Voltages

A switch on the front panel allows up to two fixed and one
variable switch selectable voltages.
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Section 6

BILLS OF MATERIALS, SCHEMATICS, DIAGRAMS

Following are M100BV Bills Of Materials for help 1in
identifying typical Rod-L part numbers.
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5066702
50663-03
77152-01
50502-01
50502-05
50210-01
50415~01
50%42~36
50305-03
00109~53
01347-02
50683-01
01372-01
60001-04
S0074~01
ONE-EACH
50062-02
50062-04
50062-06
REV~A

Box

Foam Shipping EndCap M100
Envelope 'Packing Slip' Clear Front,Stick Back

NIN
Bag
Bag
Asm
Asm
Asm

Cover Hole Plug .25''dia blk plastic

Red~L Electronice, Inc. -- Bill Of Materials
Box w/ Accessories

01170-09 Assy Kit Ship M100BVSS

Description

Shipping 9.5x18x21 Letrd fr M100,GT,DC,RT,M988
5.5ll

poly clear 2mil x2x3 w/sealing

poly clear 2mil x4x6 w/sealing

Kit Con Plug HV cord mtg 4pin 863022~2

Cable Power AC std 18AWG 1250W 7.5'L

Cable Jumper 18AWG Bana/Allig 36'' blk

EH Smith3089

Label 'Alert I!' instructicn in manual (for UL)
Label ’'Stop! Use correct veoltage/fuse' (for UL)
L.abel ’'Calibration' green & white

Label 'This product is U.L....°'
Manual M100/500 AC Hipot Tester

NIN
NIN

fuge
Fuse
Fuse

NIN

2%5.5 bhox outside
26 Jy 91

Form Certificate Technical

0f the Following Parts, Only what is Ordered:
Norm Bio .50A 250V 3AG .25x1.28'°

Norm Blo 1.00A 250V 3AC .25%x1.25'"

Norm Ble 2.00A 250V 3AG .25x1.25'"

Rev-A This Assy is at Rev-A
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Reference

Bag

Bag

HY Ceon Mate

Power Cord

Ground Cable

Remote switch cover
Label

Label

Certification label
Box label

Manual
Certification

SEE BELOW! 1!

For 115V or 230V Op
For 230V Op

For 115V Op



Rod~L Electronics, Ing¢. -- Bill Of Materials
01028-01 Agsy Unit M100BVS5-2.8-40 Tested Hipot

Rod~L P/N Description gty Reference

01027-01 Assy Unit M100BVS5-2.8-40 Untested Hipot

p0571~06 RAgsy PCB AS7 M10CG/500BV Mother Std

00238-11 Assy PCB A 6-S5 AC Control M100 AV/BV (RevD)
00294-01 Assy PCB All PwrSply UndrCur AV w/o Opt0O5 HandsOff
00959-01 Assy PCB A2l Control Legic AV/BV for All

00950-05 Assy PCB A 2-1 BV Real Current Detect (RevE)
50530~-02 Screw PanSem Phl 4-40 x .250

REV~A NIN Rev~A This Assy is at Rev-A

Untested Unit
AE7 PCB Assy
A685 PCB Assy
All PCB Assy
A21 PCB Assy
AZ2-1 PCB Assy
HW AS57

. e

.

QOO0 O0O00

QO s b b b B
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00681~-01
0Cs82-01
00883-02
00343-05
0064701
50532-02
50778~03
90072-02
REV-A

01027~

Assy Plate
Assy Plate
Assy Plate
Asmy Plate

Label Model No., Logo, U.L. Logeo: ix3 on Pin Feed
Screw PanSem Phl 8-32 x .250

Screw F1 Hd 1004 Phl 8-32 x .375

NIN Form Traveler Mfg Ordr,Prod Tst,QC Data ACS

NIN Rev-A

Rod-1, Electronics, Inc. -- Bill Of Materials
01 Assy Unit MI00BVSS5~-2.8-40 Untested Hipot

Degcription gty
Front M100BVSS
Rear M100BVSS
Chassis M100BVS5 2.8kV
Frame Side 5x13 fin & polshd Mi00s

+« e

+

fa
O = 0B NN

.

OO0 OO0O0O0O0O0

This Assy is at Rev-2

N
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Reference _
Front Panel Assy
Rear Panel Assy
Chassis Assy
Frames
S/N
HW Frames
HW Frames
Traveller



Rod~IL Electronics, Inc. -- Biil Of Materials
00681-01 Assy Plate Front M100BVSS

.Rod~L P/N Description gty Reference
0058701 NIN Diag Wire Unit M10$/S00BVSS 115V 0.0 Reference
01002-01 Assy Harness Plate Front BV 1.0 Wiring
00430-05 Plate Front M10OBYV MintGrey screened 1.0 Front Panel
00671-01 Assy Con Recp HV Block 3P All Units 1.0 J1 {Recp)
00977-01 Assy Switch START Rev A ALL Instruments 1.0 82 (start}
01139-01 Bracket L-Shape ihole ea side .5Wx.5x.35 mtg ALL 8.0 M1,2,J1
00641-01 Label Desc and Test Status M1C00BVSS Hipot Tester 1.0 FP Label
50527~01 Con Post Binding .875% L Term .9375 Base Cerm 1.0 BPL
50449-0% Con Terminal Strip 5lug, lgnd mtg, soider 1.0 T81
50565-02 Switch Toggle DPDT 125VDC O-N-O Alcc MTA 206A 1.0 84 (CGnd/Hipot)
50710-01 Switch Rocker SPDT w/ Lamp 125VAC Alco ARLZ10AR004 1.6 81 (AC ON)
50555-01 Switch PushButton Momntry SPDT wiringLug C&K 81212 1.0 83 (Reset}
50554~01 Switch PushButton Momntry DPDT wiringLug C&K 8221 1.0 85 (Real)
50007-01 Button Red .375 dia x.25 Tall C&K 7527-RED 1.0 83 {(Reset)
50007-02 Button White .375 dia x.25 Tall C&K 7527-WHITE 1.0 85 (Real)
50193-01 Lamp Incand Amber pnl mnt 6''Leads BAlco MC-680LT 1.0 I3 (Test)
50193-02 Lamp Incand Green pnl mnt 6'’'Leads Alco MC-680LT 1.0 I2 (Ready)
§0193~03 Lamp Incand Red pnl mnt 6''Leads Alco MC-680LT 1.0 I4 (Fail)
50520-01 Alarm 3-30VDC Sonalert AI 280 1.0 aLl
£0204-21 Meter Analog w/scale 0- 3.0 kV AC 1.0 M1 (V)
5(0204~25 Meter Analog w/scale 0= 40 ° mA AC 1.0 M2 {1}
50204~00 Meter Analeg O0-1mA misc scale KYCO 7521 0.0 Mi,2
50202-03 Lug Solder # 6 1 soclder hole, 1 internal lock 6.0 AL1,M1,2
50173-05 Washer Shculder # 6 .375 x.031 x.093 nylon 4.0 M1,2
50827-01 Nut Push-On Flat 3/16°' Clip 3.0 12-4
50530-02 Screw PanSem Phl 4-40 x  .250 4.0 J1

. REV-B NIN Rev~B This Assy is at Rev-B 0.0 8g Sw, Brackets
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Rod-i Electronics, Inc. ~-- Bill Of Materials
00682-01 Assy Plate Rear M100BVSS

Rod-L P/N Description gty
00484-03 Plate Rear M1O0BV screened

50285-02 Variac Type 22 240:0-240 2.25 amps .54kVA
50706-02 Pot K 5 10 turns pnl mnt 3 lug 2W .875 x.75
50227-01 Xnobk Dual Counting Dial w/ Brake 020H 1413-66123
5050%-01 Con Recp 4p HV Housing pnl mtg blk plastic Amp
50451-01 Con Nut 1'' for HV Con blk plastic

£0049-01 Con Recp Filter 3P 115/250VAC 60hz 8200pF 20%
50075~01 Fuse~Hcolder Littlefuse 342014

50062-0Z Fuse Norm Blo .50A 250V 3AG ,25x1.25""

50062-06 Fuse Norm Blo 2.00A 250V 3AG .25x1.25"

50062-04 Fuse Norm Blo 1.00A 280V 3AG .25x1.25'

50560-01 Switch Slide 4PDT 115/230VAC Sel Sw.Crft47227LFE
50202~-03 Lug Solder # 6 1 solder hole, 1 internal lock
50258-07 Rivet .250°''L .120°''dia stem A7 Switch
50585-04 -Washer Star # 4

5058720 Washer Internal Lock .875 OD x.53125 ID

50544-06 Nut Kep 1/4-20 x .438 {7/16) 0.D.

50544-01 Nut Kep 4-40 x .25%0 {1/4) 0.D.

50530-03 3crew PanSem Phl 4-40 x  .375

50530-04 Screw PanSem Phl  4-40 x (500

5053.-02 Screw PanSem Phl 6-32 x .250

REV-A NIN Rev-A This Assy is at Rev-3

.

ORI R Bl N R MR R QR N b b b L G b b
OO0 O0C OO0 OO0D0QOCO0O0QO0C0O0
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Reference
Rear Panel
T3
R2-4
R2~4
J3
J3
J2 (AC IN)
F1,2
Fl1 (for 115V or 230
F2 {(for 115V)
F2 (for 23CV)
ATRV
Chassis Ground
A7AV
Lugs
Fi,2
T3
J2 {(filter), Lugs
Lugs
J2 (Filter)
T3



Rod-L Electronics, Inc. =-- Bill Of Materials
00683-02 Assy Plate Chassis M100BVSS 2.8kvV

. Rod-L P/N Description gty Reference
01004~01 Assy Harness Plate Chassis & Rear BV 1.0 Wiring
00670-01 Agsy Heatsink 2ea 2N6677 XS 1.0 HS Assy
00581-01 Assy PCB A7l HV & Curr Sense AV 1.5 or 2.8kV 1.0 A7l PCB Assy
00526-08 Plate Chassis M100AV/BV 5.CkV (RevC) slotforXF 1.0 Chassis Plate
00226-07 Trnsfrmr 22W: 18(2),8,1.38V RevB AC,GT PS Q 449% 1.0 PS8 XF
00257-04 Transfrmr 120W 10,20,120(2): 2800V M100AV T 4-4392 1.0 HV XF
00859-01 Insulation Paper Cut 4.4x7.5 R6S5 1.0 mBSS
50071-01 Con Guide PCB 3''L 4-40 mtg SAE 1250V 2.0 A655
50299-01 Con 12p Recp Block for Angle pin Molx 09-02-2122 2.0 A6S5
50074-10 Washer Flat #10 3/8 OD steel zingc pitg 4.0 HV XF
£0544~01 Nut Kep 4-40 x .280 (1/4) ©.D. 4.0 ABSH
50544-03 Nut Kep 8=32 x .344 {(31/32) 0.D. 2.0 Ps XF
50544-04 Nut Kep 10-32 x .375 (3/8) 0.D. 4.0 HV XF
50530~02 Screw PanSem Phl 4-40 x .250 2.0 Ccard Guides
50530-04 Screw PanSem Phl 4-40 x  .500 4.0 A6SS
50532-03 Screw PanSem Phl 8-32 x  .375 4.0 PS5 XF, HS
50533-04 Screw PanSem Phl 10-32 x .500 4.0 HV XF
REV~A NIN Rev~A This Assy is at Rev-A 0.0
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Rod-L Electronics, Inc. -- Bill Of Materials
D0571-06 Assy PCB A57 M100/500BV Mother sStd

Rod-L PB/N Description gty Reference
00570-01 NIN Schem PCE AS7 M100/500 AV/BV Mother Interconne .0 Reference
00572-04 PCB Fab AS57 M100/500 AV/BV Mcother RevD for AZ5RevE .0 AB7 PCB Fab
50817-04 Jumper Wire #22 AWG .4 long .0 H1,3-7
50817~-05 Jumper Wire #22 AWG .5 long .0 CR1

50817-06 Jumper Wire #22 AWG .6 long Ha

50612-01 Standoff 4-40 x .375 x.25 ©D FF hexBrassCad BS7 mounting

50584-02 Washer Fiber # 4 black HH sSmith 2161 A57 mounting
50530-02 Screw PanSem Phl  4-40 x .250 12.0 AS7 mtg, Card Guides
50409-01 Con 30p Cardedge 15pos PCB mtg pins no Ears .0 A2-1,11,21

50222-07 Con Header w/FricLock 7p M lro .100 C/C .025sq P9

50222-12 Con Header w/FricLock 12p M lro .100 C/C .025sqg P1,2,4,7

50071-01 Con Guide PCB 3''L  4-~40 mtg SAE 1250V .0 a2-1,11,21

O O > b LR 2 O b RO
o000 DO0OO0OOCOO0OO0

REV-B NIN Rev-B Thisg Assy is at Rev-B
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Rod-L Electronics, Inc. -- Bill Of Materials
00294-01 BRssy PCB All PwrSply UndrCur AV w/o Opt05 HandsOff

" Rod-L P/N Description gty Reference
00267-01 NIN Schem PCB All PwrSply/UndrCur w/o OptC5 HndOff 0.0 Reference
00278~03 PCB Pab All Power Supply / Undercurrent (RevR) 1.0 all PCB Fab
00487-06 Heatsink L-Shape 3holes .7x1.8 blk anodz All 1.0 Hs1
50264-08 IC-Socket 8p Lo Profile .3 DIP 3.0 X2-4
50091-01 IC Timer NES555 or MOTOROLA MCl455P 2.0 02,3
50102-01 IC Op Amp Hi Slew 8p DIP UA741 TC 1.0 U4
50130-01 IC V Reg +5 TO-220 UA7805 or LM340T5 1.0 VRL
50169-01 IC V Reg +15 TO-220 UA781S5 1.0 VR2
50123-01 3IC V Reg =-15 TO-220 7915 or K1703-B or LM320T-15 1.0 VR3
50659-01 Trnstor-Insulator Thermal for TO-220 3.0 VR1-3
50708-01 Pot K 500 20 turns coffset pins rectangile 1.0 R13
50702~06 Pot K 5 20 turng offset pins rectangle 1.0 R19
50032-01 Dicde 1N4002 Rec 100V 1A 3.0 CR9-11
50036~01 Diode 1N$14B Signal 100V 3.0 CR12-14
50030-01 Diode-Bridge CSBOS 70V 1A 2.0 U5,6

§0272-01 Trnstor 2N3904 NPN $5 Gen Purp RF 40VbrCE0 TO-%92
50267~01 Trnstor 2N2222 NPN S5 Gen Purp Amp 30VbrCEO TO-18
50830-01 Fuse-Pico 4A 125V Littlefuse 275004 (2510047)
50125-44 Res 10 1/4W 5% CC

Q3,4

Qs

Fl
R5,9,11,14,17

K
50125-36 Res K 2.2 1/4W 5% CC R8,26
50125-40 Res K 4.7 1/4wWw B% CC R12
50125~-79 Res K 20 1/4W 5% CC R15
£0125-59 Res K 100 1/4W 5% CC R16
50125~31 Res K 1 1/4W 5% CC R18
50125-15 Res ©Ohm 470 1/4W 5% CC R2S
50125-69 Res K 336 1/4w 5% CC R30
50320~-02 Cap 470 uf 50VDC 20% elect axial cl,2
50324-~-04 Cap 3000 uF 16VDC 10% elect axial c3
50209-14 Cap .01 wF 100V 20% cerm disc lo V c4,8,9,11,12
50060~01 Cap i uF 3sv 10% tant axial Cc5,6
50013-01 Cap 4.7 uF 20V 10% tant bullet axial .0 CL0,13

50173-04 Washer Shoulder # 4 .235 x.125 x.047 nylon
50544-01 Nut Kep 4-40 x .230 (1/4) 0O.D.

50530-03 Screw PanSem Phl 4-40 x .375

77710-01 NIN Dwg Loc not used See Ref

77710-01 NIN bDwg Loc not used See Ref

REV-C NIN Rev-C This Assy is at Rev-C

VR1~-3

VR1-3

VR1~3

R1-4,6,7,10, CR1-8,
Q1,2

+

OO OWWLWRNRU R kb e R U 0
CHOoO000000DOCOOOO0OO0OCOO00O0
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Rod-L Electronics, Inc. -- Bill Of Materials
00959~01 Assy PCB A2l Control Logic AV/BV for All

Rod-L P/N Description gty Reference
009%82~-01 NIN Schem PCB A2l Control Logic for use w/ All 0.0 Reference
00958~0]1 PCB Fab A21 Ccntrol Logic (RevH) 1.0 A21 PCB Fab
50264~08 IC-Socket 8p Lo Profile .3 DIP 5.0 X1,2,4,5,8
50264-14 IC-Socket 14p Lo Profile .3 DIP 3.0 X3,6,7
50102~01 IC Op Amp Hi Slew 8p DIP UA741 TC 4.0 Ul1l,4,5,8
50051~01 IC Timer NE555 or MOTOROLA MC1i455F 1.0 U2
50135-01 IC NAND 2-In quad 7400 1.0 U7
50138-01 IC Inverter OC hex 74065 1.0 Us
50142~01 IC NAND 4-In dual 7420 1.0 U3
50349~01 ResPak SIP K 4.7 10p 9r 1% 1.0 RP1
50338~03 ResPak SIP K 20 8p 4r 1% 1.0 RP2
50702-05 Pot K 2 20 turns offset pins rectangle 1.0 R19
50708~01 Pot K 500 20 turns offset pins rectangle 2.0 RZ,37
50125-31 Res K 1 1/4W 5% CC 5.0 R10,11,33,34,40
50125-38 Res K 3 1/4W 5% CC 1.0 R29
50125-39 Res K 3.3 1/4W 5% CC 1.0 R20
50125-40 Res K 4.7 1/4W 5% CC 1.0 R3O
50125-43 Res K 6.8 1/4W 5% CC 1.0 R3
50125-84 Res K 7.5 1/4W 5% CcC 1.0 R18
50125-85 Res K 8.2 1/4W 5% CC 1.0 R43
50125-44 Res X 10 1/4W 5% CC 5.0 R22-24,28,35
50125-47 Res K 18 i1/4W 5% CC 1.0 R26
50125~79 Res K 20 1/4W 5% CC 1.0 R15
50125~54 Res K 51 1/4Ww 5% CC 1.6 R17
20125~%5 Res X 56 1/4W 5% CC 1.G R38
©3125-86 Res K &8 1/4W 5% CC 3.0 R25,36,41
1128-5% Res K i00 1/4W 5% CC 2.0 R27,39
Ti-10 Res Meg 10 1/4W 5% CC 1.0 R21
- *~02 NIN Res selected 5% 1/4W CC 2.0 R31,32
=031 Diode 1N914B Signal 100V 6.0 CR2-5,8,9
i+ =01 Diode 1IN750 Zen 4.7V 1.0 CRé6
"~01 Trnstor 2N2222 NPN S8 Gen Purp Amp 30VbrCEO TO-18 6.0 @1-3,7~9
=01 Trnstor 2N2907 PNP SS Gen Purp Amp 40VRrCE0 TO-18 1.0 Q6
-01 Trnstor 2N3904 NPN S5S Gen Purp RF 40VbrCEO TO-92 2.0 Q4,5
-14 Cap .01 uF 100V 20% cerm disc lo V 10.0 ¢1,3,4,7-9,11~13,15%
: =07 Cap .47 uF 50V 20% mono dip .25 leads 1.0 C14
ELC0 0 -02 0 Cap 4.7 ug 35V 10% tant bullet axial 1.0 C6
50 205 Cap 10 uf 25VDC 10% elect axial 1.0 C5
P G~20 Cap 22 uF 1sv 10% tant axial 1.0 cl0
L4-02 Cap 150 uF 16VDBC 10% elect axial 1.0 c2
L5101 Pin~Micro Test .070dia .3/.062 ID x.145 gold 7.0 TP1-7
“i0-01 NIN DBwg Loc not used See Ref 0.0 R, 4-9,12-14,16,31,3
316-01 NIN Dwg Loc not used See Ref 0.0 42,44,CR1,7
H NIN Rev-~H This Assy is at Rev-E 0.0
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00239-01
00212-12
50102-01
50089-C1
50264-06
50264-08
50702-08
50702-09
50702-12
50036-01
50034-01
50041-0Q1
50270~01
50277-01
50284-01
50175-01
50316-17
50316-01
50150~0¢
5015007
5015030
50350~-54
50350~-14
50125-3%
50350-21
50150-33
50350~-41
50150-34
50350~-21
50125-79
50200-43
850200~-44
50150~52
50835-02
50836-C¢6
50209-14
50209-03
50324-05%
5006006
50060-08
5006007
50151-01
0012411
00698-01
00665~05
50254-01
50584~01
50173-05
50544-05
50531-04
50530~02
00109~52
77710~01
REV-C

Rod-L Electronics, Inc.

00238~-11

Description
NIN Schem PCB A 6-$5 AC Control M100 AV/BV
PCB Fab A 6-85 AC Control Slow Rise (RevD)
IC Op Amp Hi Slew 8p DIP UAT741l TC

IC Optical Coupler MCT2E (Motorola only)
1c~-Socket 6p Lo Profile .3 DIP

ICc~Socket 8p Lo Profile .3 DIP

Pot K 20 20 turns offset pins rectangle
Pot K 25 20 turns offget pins rectangle
Pot Meg 1 20 turns offset pins rectangle

Diode 1N914B Signal 100V
Diode 1N40CS5 Reg 600V 1A

Diode 1N524%B Zen 15V

Tragtor 2N3439 NPN $S HV HiCur
Trnstor 2N5416 PNP 88 HV HiCur
Tyrnstor T2700D or 3K3507 Triac

amp 350VbrCEO TO-39
Amp 300VbrCEO TO-39
400V TO-66

Trnstor-Insulator Thermal TO-66 Silicon Rubber
Res Ohm .33 AW 1% WW

Res Ohm 1 AW 1% WW

Res Ohm 68 1/2W 5% CC

Res Ohm 100 i1/2w 8% CC

Res K 1 1/2W 5% CC

Res K 1.21 1/4W 1% MF

Res K 1.62 1/4W 1% MF

Res K 2 1/4W 5% CC

Res K 3.48 1/4W 1% MF

Res K 3.6 1/2w 5% CC

Res K 4.64 1/4W 1% MF

Res K 7.5 1/2W 5% CC

Res K 15 1/4W 1% MF

Res K 20 1/4w 5% CC

Res K 82 1w 5% CC

Res K 100 1w 5% CC

res K 330 1/2W 5% CC

NIN Res gselected 5% 1/4W CC

NIN Res selected 1% 3W MF

Cap .01 uF 100V 20% cerm disc lo V
Cap .01 uF 1000V 20% cerm disc lo V
Cap 10 uF 25VDC 10% elect axial
Cap 22 uf 35V 10% tant axial

Cap 33 uF 10V 10% tant axial

Cap 220 uf iov 10% tant axial

Pin-Micro Test .070dia .3/.062 ID x.145 gold
Relay Reed 1kVvDC .20amp Metal Case F81-5053A
Assy Housing LED & Photocell

Heatsink L-Shape 1 TO-66 ,85x1.1x1.5 clear
Photo Cell NSL-446

Washer Fiber # 6 Dblack HH Smith 2162
Washer Shoulder # 6 .375 x.031 x.093 nylon
Nut Kep 6-32 x .250 (1/4) ©.D.

Screw PanSem Phl 6-32 x .500

Screw PanSem Phl 4-40 x .250

Label 'Danger High Voltage' 2x3 in Wht w/Red & Blk
NIN Dwg Loc not used See Ref

NIN Rev-C This Assy is at Rev-C

aBSS
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-= Bill Of Materials
Assy PCB A 6-55 AC Control M100 AV/BV (RevD}

Reference

Reference

A6-85 PCB Fab

Ui,2
U3-5
X3-5
Xi,2
R9
R20
R4, 3¢

CR1-8,11~13

CR14-17
CR9,10

R14,21
R16,22,28
R23

RS

R1

R7

R10
R15

RrRE

R17

R2

R29
R25
R26
R6,18,19
R1l
R12

c8

c7

cl

C3

cé

c2
TP1-7
Kl

LED

Q3

rcl



Rod~L Electronics, Inc. =-- Bill Of Materials
00247-02 Assy PCB A 7AV Line Select Switch

Red-L P/N Description gty Reference
00247-03 PCB Pab A 7AV AC Voltage Input Select Switch (RevB 1.0 A7 PCB Fab
50286-01 Varistor 10 Joules GE VA130LAl0A 2.0 v1,2

REV-B NIN Rev-B This Assy is at Rev-B 0.C
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Rod-1. Electrenice, Inc. —-— Bill Of Materials
D0950~-05% Assy PCB A 2-1 BV Real Current Detect (RevE)

_Rod~L P/N Description gty Reference
00442-01 NIN Schem PCB A 2-1 BV Real Current Detect 0.0 Reference
00951~05 PCB Fab A 2-1 BV Real Current Detect (RevE) 1.0 a2-1 PCB Fab
50264-14 IC-Socket l4p Lo Profile .3 DIP 6.0 X1-3,5,6,8
50264-08 IC-Socket 8p Lo Profile .3 DIP 1.0 X4

50264-16 IC~Socket 16p Lo Profile .3 DIP 1.0 X7

50103-~01 IC Op Amp dual UAT47 3.0 UL-3
50124-01 IC Sample & Hold Monolythic LF398 1.0 u4

50077-01 IC Switch Bilateral CMOS guad CD406ER 1.0 U5

50128-01 IC Op Amp Lo Power quad LM324 1.C Us

50093-01 IC Timer quad NESSS 1.0 U7

50110-01 IC NAND 2-In CMOS$ guad CD401ll 1.0 U8

50702-07 Pot K 10 20 turns offset pins rectangle 7.0 R1,2,5-9
50702-11 Pot K 100 20 turns offset pins rectangle 1.0 R3

5Q0702-08 Pot K 20 20 turns offset pins rectangle 1.C R4

50702-04 Pot K 1 20 turns offset pins rectangle 1.0 R29

50702~09 Pot K 25 20 turns.offset pins rectangle 1.0 R37

50335-~02 ResPak SIP K 4.7 8p 4r 1% 1.0 RNK1

50334-10 ResPak SIP K 1 Bp 4r 1% 2.0 RN2,3
50336~01 ResPak SIP K 100 8p 4r 1% 1.0 RN4

50335~-01 ResPak SIP K 10 8p 4r 1% 1.0 RNG6

50337-01 ResPak SIP K 2.2 8p 4r 1% 1.0 RN7

50036-01 Dicde 1N914B Signal 100V 6.0 CR1-4,7,8
50044-01 Diode 1N750 Zen 4.7V 4.0 CR5,6,9,10
50267-01 Trnster 2N2222 NPN §S Gen Purp Amp 30VbrCEO TO-18 2.0 Q1,2
50269-01 Trnstor 2N2907 PNP 8S Gen Purp Amp 40VhbrCEOG TO-18 1.0 Q3

50209~14 Cap .01 uF 100V 20% cerm disc lo V 11.0 ¢1,4,5,7-12,16,17
50066~07 Cap <47 uF 50V 20% mono dip .25 leads 1.0 c2

50066~03 Cap .01 uF 50V 20% mono dip .25 leads 2.0 ¢c3,6
50320-01 Cap 47 uf 28VDC 20% elect axial 5.0 €13~15,21,22
50060-C1 Cap 1 ufF 35V 10% tant axial 2.0 Cl18,19%
50209~01 Cap .002 uF 1000V 20% cerm disc lo V 1.0 c20

50125-59 Res K 160 1/4W 5% CC 4.0 R10,14,34,35
50125-31 Res K 1 i1/4W 5% CC 6.0 R11,16,17,1%-21
50125-74 Res X 680 1/4W 5% CC 1.0 Ri2

50125-44 Res K 1c 1/4W 5% CC 4.0 R13,18,23,24
5012%~21 Res Ohm 330 1/4Ww 5% CC 1.0 R15

50125-53 Res K 47 1/4w 5% CC 2.0 R22,2¢6
50125-08 Res ©Ohm 100 1/4W 5% CC 1.0 R25

50125-79 Res K 20 1/4W 5% CC 1.0 RrR27

50125-40 Res K 4.7 1/4Ww 5% CC 2.0 R28,32
50125~46 Res K 15 1/4Ww 5% CC 2.0 R30,39
50126~10 Res Meg 10 1/4W 5% CC 1.0 R33

50350-36 Res K 100 1/4W 1% MF 1.0 R36

50350-43 Res K 86.6 1/4W 1% MF 1.0 R38

50151-01 Pin-Micro Test .070dia .3/.062 ID x.1485 gold 12.0 TpP1-12
77710-01 NIN Dwg Loc not used See Ref 0.0 Cc23

REV-E NIN Rev-E This Assy is at Rev-E 0.0

66






(R

o u
el e8] . s N
AN hL LINFERD Laome s
s AT OGO e : Slo oD T RS e Wiy ﬂzm
e ~ - S
PO el S A . z a1 e orpzl
- P . T e
- Db L DREAEE | 5 i}
Dar o = T it kT Pt
TESd | - ; ;
- ‘@;L + antl 1]E |
e o il 1 (B B
W L LN : EES [Tzdlicd 1 1oL
AR e e e e g
i s e - e % et ] T A
—.m.”.mmumuw.nm,mu‘.‘uw\‘ﬁ\ e e (ool il el oW N = ru“ 3 w_ u m << ? i W W
H o ” -+ m -2 f 233 k¢ T ] )
e, 1 TR E RN g ER R4 r
e w ] ek ; C by Taren- " AA3 g Wy
i 4 [Eatd - TeraTme 5 i
a [ _ i %1 2 il T O AT m.
S~ w S e | SNiLsEL|  haved - N shatlaislionslis Rty Hm g
i [ I Y o . —{TER “ile “iigile Al i :
: ﬂ\:.lwaaw .,..”r_mH,litl...lIl.sALilitlawwhi,wJ
o 0 S S P oli
vos Jmm.wdcu o ‘ ﬁ.w..v?..ﬁ-v.....m;w;i..m Vegi) mpiatecesrer )
oy e 1
P T o T RN e ad < |
AR WELE W
rzed—{AAL | vt |
WILHE AWS BO3 WELCHT .NM.».L..@ i
MILIH AT B WY . e I.im Sevd |FSNIE 1
MALAW AWS) Wed Wz e 1) et —ib cpa AL A amng (Fres o e ;
F A oy e b |
H\MH ' et Bt ] LeBL  BENESAETE bul—tes |
g o-Lerea) axe il m
WAL ng N 2 ] ' S e TEC R Rehd i S :
zr ) [t vi {Zi kgl ree+ e X4 !
. , j L
A ! Yo cieif B-ba ] ano mi dl ,
+ waas oy 3 U B S — ’
q ol 65— [ et L AT A e I
sy Gt e ] !
[g: a0 V1T | ' —! .t |
—e &1 4 s } o e
{ El g =g - i e vl Ged
| e i ow| . -{G-L¥ ] waeas v 1 |
e | - | (comyp L) ri:llﬁ.«ﬂhﬁ PN D bl !
IR GEED | m; wG 2T E Sk
1 e w " Lo Gt -7 | v DY ) |
pED L] zﬂ
il - ! w: -l _ g - OAN. VT OLGEE Wred AIS !
AL (N S R B el Lol FavEE FAHLOW 005 /00N L5 M
2567y G D s
ERGI=NN=A Mg_m)\ ! T ADW ¢ id e M !
_ ! é ce v Bt N ¢
Hw 2w [poegyel - —tpe -EEE Z ™ e oy I )
5 ! Z .1 1a- NiTw I H i
| BN 1 . q | LY — — 1
Vooss 1l ey pe
! ALY Sy
| S
i - al &
I I ST R . = ¢
A HE Mo H S —
HaTEs MR T e B
! |
: ¢ . B i
! PR [ v EWi)]
mw__%.,Oa O] DINNID A WE /O EER N L 3O Al
{roi Lo ] oA 25 i LNBeeN D A oL i
Ll Lxd = 3 ares [Tigl—
|F34 |G

i

i

eem]

N. | € i b

FER] :.f.“

1

— _ neLewT LY o m MR L
4

L” (%41 i SR mwﬁwﬂvwﬁm
. 7
MIW gt wsmﬂ!m
< T i 7 i N
s } % | - TN —
[l BN Lo
{ it = ’ b2 LIRS HOLIME LIS

e (R






[T LT

GECH KD OGO

el 4adive 2

ke

s
RE=T Lo
Gl D

tdhedt 12

i e ) O e i

B « = Y g sDmOuIDaYE

Lﬁ . et

YR

G citwi 1]

Ty

L.

- ot 1[5

R T A P

[sg wmdy o val-

fn-z,

= i?J\J.:.:
! R.ui.ﬁ, 1

fozabre

THEIL N LTIOA

HEL 3L s £ 5 [

B g ; i, 4333 grnomooe
e " R Gefs 1idi13izg S
i i ooE TR NF L ke
g cepyr B N ) DUDURIE | B »roop PP I I A
=g uw - <1 g SElael m v Sl 2
l v wliw w
,, 3 M. e | PNLLSG B avEd + * m 4._w wT g m m mT % n
- =Habeliqflopabzlic SMIE 3
AN A derven Holsis @Y {rat ! sl =l slaliie ¥
- (3SNIS LNTBWAD B A o T ot B ) e e lﬁs [
‘ S —— S .w_m . CTAVOE NOHINO D i —\ - F F F F h F F * v_ ﬁ
T Sh.ey = :
2S00 Tat  seien = [4 a mmﬁi@( M 2 HM e ¥ LT B S 2t
[0 LI e ¥ wwu _MW = il .y o+ [Piie v} e J 2 ;
CEC RS0 A z s eNTA lKze Aal- ﬂ%mﬂlﬂ&m |
WILHW ANTHND BAEAE lezwt] 2% Lt A [RrEs oy e !
“EmHE FGNTE 1«2k i :
Cmtz\/ﬁ.me Tm 8t

el o]

MBIFW AHG BT T4 RS

WBLIWE AME HOF WP
WRLHe AMS T WO WYL - i

0

~{or- ¢L;.x.uu» A

i

ars [ mw &1‘0

3 BEIG :

~r

. e
' d e

[, [ AP T T #N/.:,\Av"

POV

etk

B nil aamrera yer)

oo
L Lol

wet—{ <bd.|_ HNg B

| ¥ IV i swia o

.._ S A T

{z-anin Rl

i3]

llmxl_mu 7] L Do

B L TV

NAw DV (b 9o

b

RASMBF A q,wlnmxu..l .y

lo QLG Dren BES

ot

| &
H

o
G'
‘:}
~i
8
0

O warn LOWN COG/00NN LSV ,

—asu ,;_ ey B - .LT N
be :
It : :
3 MR
13 , T
[ ¢ x
' " ! R m
R FERSRERW i W 3
i _ 1= :
' L i — .
e - nZQ_F&Qu
2 WO LDBNNG D AH iz /O BLOWT IR I PR T e Lrikad otfd L
smod (1 L 3 @ =i AN Bl 1D Tl oL AED TP 3 A Eun T 3anc
IRTL At .r%u AT amwo {1 L g P N R Y
S ! ol - N ———
o xm ) ' pEE [Zza b+ N.ﬂf ﬂ:wmlm“uﬂlvw»f.
' 5
= o | J ]
T = 5 .
SYBIDREN 2. heITHAS Nt I { o e 2 i B} «i_mm.mwim
R (LR _ _
—_ -- - !,". - _ i 1 — - - .Hilli. _ — .
| G
| z R ’ ¥ » | ’ : !
[ ah ] P —— [—
Tt B 5 L . { @)
Ve 4 F e He2 b e H2IMRS HLIMS 21 IMNS







- — o S—
) N e 372 35 100 90 et
- S —— - o s — A e L afe
1o 10250 ?.E.m T U s prae o L (e
...... ) e e i AL LEe T
FEPAG RS HLAN o Siaepy il o S
W N DOS/ oS o= ; .

b B0 BRI

B e L s Y

Faod

o s3muny

_,:u

E e

HES AN _LNEeERID

AL BN LA
sl JV—— S— P—
{giiat R T SR T ¥ R ot ]

s “HP&;TM.H 5_m. ohie]

o

S

i [

wid ] =] ]
1 1 Z1
e Srpissa] havad

-—mli Vel wasl

¥ 351
G-l W 15AL

T-ve] g 3T

M LAPAS

HZLAND
ERCL A

HOL M

PR -
o

3 4
2E¥i g
- T I—M
3
§ua -
v w
b} 5
.h d..

m

4
z
]
©
-
¢
G

et L 2 LN A

3
3
u
i
i
.;p\
L
El

» ol
o w T » 9)i& 2
————— P S +— o rﬁ H
L= P o] = — O U JE S B,
e vO@ NOH LMD i ' Tw i ol e w W M W W W |
Z G- DY i - - i
WMN{(VHM..MWWE‘Q. =1 e =R O] WmhnNsz.a__;a‘ 24 [2 .
EESEIFN Ziof z TEL e
o od rzard-—0% E hd s .t ;
“a BEAIALG MK m@Z.wWiﬁxQ _NM [N - e e ,
g A HILTW AW @0 WET v e eo _
2T o e A4 1 GEiGH e ded W2 ® Z 2 E=N ariw S8 ol Hn .
- i P A R _ = g i
-] < Asw WA ST Hed We - kernar—— s ievan r.?ilﬁ:@auublx, [ | \
ey i S — e-t—{ O - b fae 2zt [Lesoy e .
I vd{B gl ana  asmEsalea R es |
wt—{ T ¥d] pro ‘
I = wate | :
wEL S BT D Bt : :
ar I, “bred | W 3G fﬂ\Wﬂmc L
: i} ,m | arile genEs Lo [7:2d ww;vf
2, Waad 29 L) . .
M lor 52 ol — TN e news iR I P ‘
cETe) At | | o _l : Gl el |
ks ) 1 Mﬁ_m\x..m M e 1t FE ed | @ 35 . i Sred |
% o ! :
: ! P
(R c.c L 3 _wmuikHwH_Lln 4l ;
! EETY i |
— |
ey ” M rwl— 1 =~ LI ST D AUS t
Lot g’ | s ; g by OO ABHLOW 00S/TOTW LS :
i i 3 . e R 74 = ;
il . 4_«.% veit—{ T -5 ] ol S5 ] ”
_ JI el {T5d] = wamm [iTeET |
o ) - 2af [ i no o |
i i o
. e sl e RN R ,W
t ray :
i
i

ETe Rt

Crernioidds )
e W e R
<=

L PANNO D NH

I

e LA )
LS LR E

[ Gac.

. TwALeEd
I s p
OW e d i ]

w8 S
% w.n..w)ﬂ 2
X

g

,
O o

A e B
IR g
are [

AN e L
LN I BN

Bt “Tl_w

LR e
e

5

S 2

I

=

e I H
: 4_A4w7“°ﬂu0»$m !
LT e H
T i R ! .;
' ! B ¥ | 3 ;
‘ p | P i v i 5 ; o







. _ Fen g5 .T_ w3 AN HI LI mn \.T.r..uii ‘hl.uhiw,l
ey f e e E . Raci= Az i=as
FENDE D FLLM e QRICEIE 0 M,ﬂi .wmwﬂm.nmi_....u s s
Soaa oo/ oo ewen gt eIt o T - hEee P

N D e ) DN AN : 1= 2 b h 1} L Mi@“«l@

=

< id)

fl

oo .Uz_,mu_zcﬁpuﬁ.mﬂ
e em 5%

L = 3 M= 2 B Wy [

)
=) A e v m .
L CIE I EE :
i i b {e1d] g 9
i e 1) 2L TR W ...MM
] r
R S Prow S .
=1 e L
i 1 <1 J_ i ollelialjo wlie)lw N H
/ -\ et} PNILGE IR 1Ed 114184 Bl ilie
- I, MRS Rig G
ArdD N, O¥wow dousisan EENS-1=1 - e e R - | -
" L NEEEnT " o IO [ JUUS NN QU oy 4 —{- =
TG I LNG D DV 3 ‘ H
L i T ol BB 4
Frarnt [eloplansd ! i AN .rlt;“l.m v =2 e i
A5 M Mem : m i z i
o = Cmam LN Eemary T ALY - .a1_ k
SR EU 2= z.\_ vy el T AT \.._MJA/NH‘VAMN 22
Qmm)l =k AGNTBE § - T El=clatE Lt f iz i
[4 31 T AWG BOL WHE N 7 2N H
AT AR A o T | o2 P dlsenes A ;
B e AR ia el - ree{ ) | | | i LB e "R YR A
Porale - 3— N M\ Tou L F1Eh -
i e ,
_m.....!:l. v-sAaad @ 3 !
|
| S T L td BSNEE 7rumﬁl. B ,
WL BT S < R U Sl s .
zr 4 w EGh .m,nw..a.uHTﬂ .2 :
@ asnae o[ zareyige ! !
— H
1 i
R —_ o en :
e e et —{i-wuni) E.{Ywmu\u\ﬂ;l '
V5o Eue LT ] R X
._Oi_x..wmg.\lv;nj o s ; [ _,Pwn_
— Ciaed— oL [MSdd 2N L. 1ie .*
gl W e FEE i o (R 530 e Bk
zs Fa@ DY
Vo - GLEDG_p Do HAE
Tavod WAHIOW 005/00IN LSV
s e
o ho
L F v o] v 25nd
HI@@( swie 7 i . rwlo] Lol |10 v
! ﬂ votessel e o

R

Ao @l
AT dB

EIwnE L A0
WL PANND D N i f O FLoEY Arie2d il L el e LiTed A
(awpit L@l angm s e e G =60 ANERD Tl Ol AMNEERD VS LA D e SN
N i anem ~0 e A

Ll ¥

VT R T S

o2 [Tk 2 Eiahpsed  Eiakegt

........ i
) lv ﬂ,.@lu ) F.mms.?ﬂ_

e ¢ i = i T T

: S : ot v s e N

{ o tNel L 4O
J - ramE s ARG HDOLIMANS HonG






.l

TRTTTT eed R :
OO vy -

AvOE AT LN LG

sy da i ES S

- s
CES PR Tl

4 e
yera | FRRpR

T WS U A G g e iMoo 13373 : rmer
B e &
E- =L
B S

ey-ae
St FABMNES HnD PEw MO ariol. wrilidadld
TG WIHLIE MiREH~~ 2@t 3% oL ide

FRAOGEN TR G Mol s L
HRS S DBAAATLE BN o) or HSwa Lasw

T = CAUSE GO e DU EC
HELLDPRACO D HRLA OrlEh AT I ENREATEY

hGedit DN

L
!
H
3
|
1
i

1

s Lot

e - Z N d |GV BIWRY rilim SEAY -
e 2 Lot E d |G e I8 HLn Soad -

i 1H - iH LS e e A | P SeY HLle S O -
[ R 1 oL e e Hiit Se/sd] el

T @M - ld] PTv By Hiim SSad | oo

1> F e -2 ld G Hiimm s Lo—

T @ e 1H AL A S ~E Oplvorivils | oo-

[T ] S e N | 2w @l Hilsh SSaY L Sor
RS ELeT R T e s e SRy ST

EelE i) b T | pre B aten AT

1At G e b D4 X @ Fadn e Zo-

127 - B-s i b Lt e GEy auvdritv i S (L
DA% SABAANT @SN G TArHCD A _L e ) » HEwa

AR TN L T L

€ |

<]

o -
Mcescnoosee0 |

£k

e
Jnooooacgooeqj ]

]

Xl

e

+0 —EL5G0

NIFHISHS

1

zd H €1

10— EL%00

HILSVYN avd

id i

L td T
m QC0000N _

[coeooococoon |

[coeecosonocon ]

LI

o S

] L

°

ATH ~TL5D0 kSSY
GUVOR WEHLOW 005 fODIW -2

LAEANEAIMAANA {E¥ t Y

006GO0C000O00000

g s
CH O—t-—0
51

]
o
° oﬁOOOGOOOﬁOOQDOO
v

L]
QHENOY Y TIV 1

L] @

o :

0000000000000 00
C0000O000O000060

o S
] &1

ENINEND YIH
Py

¥
or-r¥ L

JoDOODEODOLO0O00
VO0ODODOOODBO000

L
- 3

s O

iH
430~ SONYH SL¥

¥
1

@ .000090000000000
THO——0 Ge0OC0000D0D0C0D

e 0O <

ALON3E B

v
¥ ]

° OOOnOOOOODOOOOOG
orn o C00O0CO000020080

-

-}

& 9
k- L3 1

a00co000O000N oL

£l o4 i

¥

£ b L

_

booonovssdOOn
0000000000000

;*2 “ ooocoen m

o

- A i E;

SO ERA T Tar






o LoBRMNo2 HE M DA

N RS | i

— S, 1 -] SN LD 4

L o @ S

QedvOd WBHLIN L0

SH i WH

a}—e s

e v a—{imy]

—{Ewa)

< T

el i
oo . Tl b1 +—ETET)
i i (e oo Td | e Ll 4B Pt ot Y
revis [BiEghe zrn e[EEEVinend Luwes A Peaor [Foiv il
TH SrBIZY] v Drrin [ Lo ]
e bgted | U7 W ES NS I e o
Ted i1
S =
Lol Dl Z2d =
. - — i A = 2 o
2 ATES e AL U v cS3s [EFdP-re | Ganlebd Ty
. - R R Y 2] wi)iw v G I ﬁ_w..m.amzimw:q.._o. v i mHuWuIsTa;u”
2 orley) e dervss [0 5d—8 ou ERCE M o e e S RECL s
. ﬂwjilm.nw.ln.....oﬂ( P E.LTIM E . o -4~ D BEA ﬁmm[:ﬂmzﬂswizs“ um wod [Eey -#
H _mn:,i;muummﬂm P 1] 2% i (-l 18 v isaL(Favita wtwa s [GTET 18 - arvs 18 o E 1 _Mmi_wmmw‘lw
A Rl Rt ron (s 4 o dﬁwﬁﬂ@zinﬁ v s [t b - e L6 JoL | %Eﬂ -
2 (T s Arat 1 @TTN @ renLFEde doymw [ Lo0d e - & w1 Y8 -
4 ”@Fmﬂu{ i B @LM & Bsvdl b Ed e sz [(Frial—re ;- TR TR E%{M vientleEy e
grivt-ie e FESAT HICE - o o & 1wl [V ]—1e suvia[oltd e | aerms 1o (Siev—e T s ) imeaw [ 18
LK R SRR SR g NEIREN @ as (S z a1 [FEE 2 -9
. L] aoa ir iy -8 @ lsEl %rw . v B (o Fat -8 T ] T
o uxs(Egwl-—te » (i @ azwmfirev e (R} | asmms anw [Grzyb—T-e ar . § [FET e .
y E t— B SRR | | I
(IO Lot ) (ool ao) (reridiLao) INATES A
of A - SO H iovias LM Beed Y2 T H Do GOWLMNOD T ANt = 3AMNT
[=rA4 a~ -2 [PoA-4 a4
“< se AreD 4mE ] L@l e cel—{z-od e a3 st se [ ario ] nmtlllm Girte ME&M
& el 1 [B-Za e e @ wsiu] i g0 e web{Gzwd] </w  vvad 1] Soigl el de o Tirwl M LN o1 wei—{E Lo licw 1
v ot e a8 v A | LoD % J Bsras |G v 9% e wesrias are b d ptest se{olsa] v 1GaL v EEY e dei—l Z- i o 1
¥ atal I {G-ed ez e Si-ih | oz vigdAfgE-ad | e .zl e “gind [Ty |92t ammy [T ez re
1%RL [ Dad brTen v Lsa brere—ten nel—{ze-guj1saL RS W (TE-evy e S TR ) Asnllobal—ien el {o-bd]owne own @ e e
T diwl I [F2d e e A s [ bt —{ized] fov s [Tt 2w iy [ogv e et F wd | rvad s @iz o0 e
PRy ey ae] Sus = TR ) s dves [brgrw ]l —ten vel-{oi-gd] ree *u e LT LS (O La P8 Adyad (OB 8 e Y i e
2 ardl 1 [E g —1ev 9 v sl (g Pa btee retdo-gdliveis oa ret——{w-o ] ©9 e | Tl el I og red{gnd e T s

36 d Lwere [ e FeL He o vet{glhgdieean awino (L ra—es He Aveordane [Tazy-bel et T s Loa 1oLt Wxsﬂ;i@ ER
t angs 1 [E-ga —tes e .o ae vo de ToLlok 116G iy e aet—{eev] asat Mlu..iiﬂm.\ra
AmsEg O Ld [#s 3e LB W (Sery o-rea a3 Fsmas o [Brd - eE we Lssao | g-ar i es seb{viod]e 531 LEedu|Eevi-l-es See{id-TTy] s L

el bt —e [rair 1—ie-—e G et —— e A e .
R EI: B B s R v oo - ¥ @
e o st - e
-~ s e o h— < 2 ¢ iy € 7
q/nrmu]@mltit ~E L e B Il o E?ﬂ“éim .- g ).MEW;Q\M;‘.M
ppsa @ w o S 2
S e g f—e——u Arte b a2 et i bt
i —e T - N LN
e
] j
L .l o 5m € v 4 g g ! !
+ ¢ : .
AR E _ E——. _ i + s n ¢ _ . m







o] XA 2o )

T =t 1 reens] _ [vara y.:..,m*

K3y ox ER_— o4 mota | e

A~ JIddNS FBAL
L @i eaEaacio v

[=L=r

ting

ey Ed AGRG T

P ek ONLBIINGHIIIT

o

A% Sanvs

Lt e
.....

36 Bt
P e ]

YI1SVYWNAVd

@ NIFUISHTIS

vA3N  -vezoo @
ATddns Hamnd S

INIVHMDUIAND o.. ,
o Y o © -

A~z Po o LSIM e lwwd 83 2

KR L DL e NN
A HEHDS SoEAEATd )

T=EETON 83 en
: oA LON W & allo.
e 00q
o o O [+] ﬂﬂlﬁ
Ado ~ GarieH  HAIM D - yQ o O OE
A - sartep Lnaplim 1o~ M Mwﬁ_ WEM
ot idigdPe 30 ‘Ot HS ciT 1o ouT i& o
AP TIE G A iNE o./a;_u i o
Y 1:4F- ]
oo (o ] o e [ ) eon
0 i3
Moo
4G o o o B
UG o o @
SO o aof [0 O & o
eE_o °L1° .
RALERN. % s ¥ - YT 129
m_m Ex EHA ZHA
BEE -]
o
5 °1 L2

R EERS Sig _9313139[3 ]
g se-9 o<t mww,& J3QAAY | H
ovrrren gt S g
SaOA I o
m * "
b m Z







TR Lo mmE

R P L R =
ARSI B0
i
LA TS

menal g em oty

T

T R e i o i MO LY

TEE

i TE T

MEHas Odwos

%

- ke

I

ENAAIHE OO b
(AT = I
WS LA BLYS W Cd el SO

@ Aied b LB D el HORH A ——
]

[ M N1 _ .s\moﬂ.”—‘ _M o
‘ o Je]
.mu B - — of ¢ 2] |
el Gt . . _
ﬁ‘ " 4\6.% 7 oo
zoord o ‘u'w (&)
i
L peaY] A

@n® G

102 =4 .
1 |
Ep— _ _l_r | SowL / .,
2 Il 8 E
< P K ™ / Ly #| gagan [T oz y
] £5 " ’ .
P AT H B n o ¥ e u }
) il p Ly i -
£ LTh=3 = 5 FAkd .
) . ] 5
_ - f_ogw R ¢ R
prEEME ~ ;).ﬂ%....l . 3% 2zt
b AL W ERE T Wt
{8l Dy G v U W
’ 18w Fi
E Pat=2 o - -
~ et
e T T AGEIT Y
BT T A o -
/ £-T%d - M. T = e\ Ol N o ()2
O Wﬁd% L Powos L -
thd A 2 EIT L
= _&_QS,
.,,.mu“.,m,_ e ‘ 0_3(:’. A ¢ T
TR [P S Tt s o e e L B RS
LB WA Wed S
N! i i
r it
IR Ve TR
\ 8
_ € v % s a : I
i
! [ | . | v ¥ - ™ .
L chreren 34 100 50 ﬁ
R LES.3 . . N
” @ LBECD ’ [FYSUE R

4







LI

AW

1] bobSeog m
Oby B

i _as.L R o

o]

- QINETU R RUST DR

srmzbd

ON NI

ATS

ATITRINES Sy S0«d 12V

Pt

DIDOT MO LNGOD 3a-5

e iain

usvm

v

AL R
AT AT L,

ervanuer

J FSP———

v S AEEINGELIET
R -
009600 LO—09600
— NIFYISHTUS  YILSYIWAVd
£
] JIegL Scmas Ho Mo adsn] 2o- |
i Ol i aas ) Zo-
e H1I4 aasmn| o~
~O L iR Ba # HS
__aHe .
o Tiq ol L TINSgG e L
tdd
[Foeeseealy
cooBooombl
w =3
2 g%
P oooooooooonooonoeoo 0 n 0000
MI ocoooonoooonﬂoooo..o %o ¥t
» L Sldwe BLvAvSBs 3IS o £
XX+ 2Bk & bprrie 3 00 00 0000 O °looo mmo 80 60
D LNEH PG BHorEdaIzd i TaT‘ DL TOBT T3 zBH 0w
e . et e - - L2 »~
TS 3 LON Q.Znnic, 0%01 ZLOQ.;%OMWN QQ
? Q
2@ 9 005 ¢ vio@_© ¢ § 0
poocoo0o0Nn cocodoo0on GODOOOHO
<
[ ESRIE ¢ L
5000000 cocovbod oosocood (0
J ° Az o “°000
|..,l.>wmn Tooooaoooﬁ_w o= »
° o Ld n F4
— 65600 |, 000 Q @ m
2190717 TOHLINOD * Q o oo - o
ﬁNd. b ] m O
tdi 9di  vgl Tdi L0 600 b & z
o 0 0 0000 - s
o Sd i €d1 idl jogheed b v g -]
ad
[ ‘m,‘m.wﬁ%_..w NGy Nosaga [ 1] |
Trviog, ” A mary TO- T O s
=4 Rt It T ACE EASNEIIY
R P PR R

Py

|
|

o0







] Lo THRTE B NNV RF I V5 s R, s It L A R w JPA— S ) ?m.v =
DA INBIH DS e : R ! m —— i,
R S il = = : N [
. & e I ; wen i S S|
i iy “z L S . T (v i
el om cormress Yy zzramz k 3 S5T,. e N - IA@ 1) (o)l
. i - Ty ﬂ 31 = LALfy
N ) 1o,
sy Ay (O @
. A |l
= e mion AEs | 2o 1o | §on ot cno ¥ wieot . N -
T, geon FEG Colhe Rt 99Sn 2o L «.W_U B mﬁv @ ~S
w7 M 3G [ =2 €
WA [ i
PTG TN [ Lo WL S ES
FoTLNoN
et 1(0)
L TYROLY @
T
1 EXth kel

@ rtsd WBLBA T (e Y L HFedn =

AL RN C)
LRI Lo DY

Rt
Iﬂl -
zzeeniz ” e o
il @-i&? : , ﬂl@mﬁﬁﬁ;&«
e G . : .
v (2 : e
cva
tRO Al
#Fed Wwwd 7 2@ FLA A
AT e
V- 1o W hd CERL e rois (Z) N - et - - M
AT e LD BdE B WMo B g o2 - - -y ol
AR GMOES L2 Y Q1 LW ATdES - 4;—3 w7
WHEMocd Sl Haom a@en ~smr 2ZZTE m.v _
et o s b e
FEETON 4vawﬂ...u — e ro— — G) L35 Frd
Ls3AL @A,aa . 2 [
(]

2 NES
NNNWQW WHV
hWMMWWﬂmyA.Il\\WﬂW& ﬁ

xxxxx L<<.<|.,.;A@W T w31
. .P%ﬁlﬁuﬁ. l.\.ut o Gt

Wt T
Tt L
Gws =

+ @.m -
p
W soon fy - () LS

WLTT
FEER g w e [Ex]
i 1 L 2l ~em s b D wd ¥ . . .
i d (1 _ -
g AW B LEAL (e A m i
=kl -
sl R SN S 1S 1
Py : e
MQNN“ 7
f _ )
i - i H
_ 7 i #
| € v + S ﬁ 8

: . I

DT -
[} mr-7@00
o o gy







= amal on moey | 3 | . fescad IR W= V17! ot -l Wilivalel B T »
B i YT TR bl L P o DT
==L S e peweniiil e R LA AW ﬁﬂl.ﬂlﬂtmu sHod 1
ﬁdw.s.\wl_ﬁimaa " — e TEEIOT v
a0l I —
D [ W DA A 2o -
i [ o P =
HO LI eB | Hewd
yO—rvi kO 10~¥¥LL0 .
NIAZHISHTIS MSYW HIATOS /¥3ILSYHAYd @
z ot ®
o v
S
B-ﬁo @& [
s ® NO n......,mu e
4119 -7~ ] Foﬁ [ -] o0 @O
o + +
k() we (i) & -
of™e @ HTIuD
o] ie @ meLud Ll @
- s @ [ REY ] Um QDQ
oi~im © (-3 [ *
mn e S » @ =
LM
o m 02 e B " ne ce
we ey B ruo —_ L Qi
ol e @ o] 5wy )Wﬂ - QQNS © m &
(-] o o o ° n
™ e » [—Hll Bewd aoxhzoo 2V SS9V
° o O [-B 241
LIVENE I &0 :
A mes T
® L]
i
o | ko d
+
m LS 240D FLB Zdid “ o
a
. SR L .
23\ LR 2 : | Ol Sz BLEDOOED Fs
i lodwod rivleIasd
e g % O LS v | wwox
SNOHARY

0

Iim* DALMYUD TTVE LOM 53

- aven

Ay 1w







PR VL Lo

S N -

A OE 0 EANOD DY
GG - DY

wo ayaa amw e

SIS T - Ly B XX-Q.MNDAW.

NIV ERDS

et a7 Yt i - smreT . r ‘B OA DT '
=
=

Tegzdzal _—

08 | et %

Bwe SENYHEIOL
R B RO
Fkeici 2B FEIMY THID BS 1 HAT

aw a5 A E)

®

Y SO AR DY g

rHEnLEw 2 (0

awia v {8)

MAL SN LHEMEND S AT AR (LNBNERRIND Y BEAOLENT Whd Gy
(asip DRE O6) BALLASIE wG Lavls BECLEE TS PEAF S ™ WO _LBS
TR %Y Bl ™ Ld AN HAMA Edi. Lv AR S AE WON LTRTRE

ZeH rEd aEoaY

oL = Lt D

AT T e e P
AHD TO 4 SR wdY
Ao T1EOOW AR L BN dY
A MIRCOU A Gl SR dedY

A [ LG S DA T -
PE T OEHN M 9T 1~
i | Ll e D5 B T RS
o PR MO NS

elclclalalale

ysaLor ﬁt}v xi ~H (&

w @ are &

<

> 9 Y TMAAD

~e
@<
v
LT
mTh
me w1
e
A sz
zew
J) e
(o est G
N VT

TEENT

k2

3y @) yERLmALIRA ()

B bieard
St

— Q?UIEEhJQ_., (i)

it
e hi @rmeras rmeans (5

4y EEBrsream wewinON {z;

EROE IS
SEIHCD |
i |

e nmlmid.

_
%9 @ - dLW

3 {L) DrisgHl

> @ oeAGT

Zad b
BAENIE
—3 @ LO BB HD

T

AHRA LG DY o

3 (€) v BAILLBE

B BSI
v
N by (1) @ WALESI
i1
P
izt WOZ
e (=t
trirl

A—— S T

P

T
xs z =
b
)37 Pt
Mm% LY e )
1hed " M Lgil]
= lig] 2T
n
it AT

[

N

a
—tp

R T T U ARBNYHS 0o AY T S <
R 2

N GabENTHD ‘5 vD awlEmag
rr— o [ S | vz

EMOEIATE
3 w i.w ..'-._ st pa] £ | 4 a G W ) 1 8
i
d M ¢ “ £ M « - i | ] —

TN ~comn] | i m — SHLAVST ITEIE O “ HOUWD LAY —

vt S






i T R L LR _ _
AdY oM hma L emAles
Cimord LriEamere W EY
|~ .
D M SY

i

1511 Sibve

T [Ty s b 24 s 3
a2 v o e

LS B dwd Bl HYARES T3S

o

8 (- Jom
o 8

£10+

-3

o °f&’° T LE)

(-]

-]

¢ otd

oo

[TA™

N3FYISHHS
Y3 LSYWAvd

Boog v oo

Hoesdoe RNy
He0o@88 S GIENY

o [:,'_',""_"_']o

Co® od

oQ

&*

4

)

S Nt 21 € Pt e SR

D - LT W o riir e 20
e T B IS VR Y- 15 foom e w;UleMmhmﬂu
TS EL oM
a .>mw T - LA O 7
& oMo aFPv RS
£ .05 - Gl ok LotriE 3
i) #0065 P ey oSoaw
oL terd a3immaa) |
rica-wd W 277 Vg -ped Q330w | O
horn e
1
' M
1w | .ﬁ:nm M T w#uo_ M

Pt 31708 4G G0 _

[T ANEL







-2 PtroC w _a
Ol k) T W T Y N ARk IRt T _
DELES AN T awman, - e e L e zz22n2
1-2Y B ot mine 1o A
AN TR TDS T Hw.E....unﬁ....
TR e g e S " cruwr AW L.
== 3u¥ SITmwEEI0L
i P atE a
ES H.:\_n..
NNNNMN
Pl o
i )

HALTA LT () ¢

1w (O 4/

—<(5) 2BMES |

W SG)
ronyd
S)zeras -
Tadd
- wog ol wila) dad amorieis ]
i leg-1t-s MEA oL L3 a2 dBAaw |3
e (S delated § [rte Ao
Awd ey 2z $e-Z%3 asdavw |4
% - 2
g P BAGY * WP - ey Tl W
wMEa G dEE P v Ad T
Povees pror— |
SO
: Lenl ows £ v } g 3 L 8
1 | z * _
£ v % 8 9 - e

A | v \ [ = v W ﬁaL OHUAYHG TS 106 O YDAV







[ oo e
PO RO TIO O st
ot a0 IR SO - .
- . E-5E-41 S HEIHS
I0HINOD 3L0UTY 8d it
ONIMUEG ATEHISSH e
<l S WY A . EHNE
. Bin = KN
ITB-ZEE (ST} 5375k SRUEIN SHOL LM
SZOFE HINGOAT W) “Mubd O W3
¢ "3 HOLIEEEH EZB 1A ST
"ONI “SIINOYL3ITI -0 ] S KT S SHOTSHIO
O L RMIH0D AITATHS ASIAUIHE SSTHN
51 o @ @
o O M M o @ @ vy [OH O O
+ FalinY
@ ozimcim @13 O 9 <7
O O] e ey Smm_ T.m
- jisl i +
O O e loeiy B 510 O =10 greTie
o=, g e
@ @ w @ 91d ol
ol AB ¥ OLAJEIN gEaie
n £l
O O o e 2D
o o O ® o _ o o o B + o @
- o o9 @ osvomwe/mo-w = 5
o ) ol o @ 0 |, o [
& ®B N L B P v X
ol e xni® olciie @ OolH® s @ o
oslle & o logo l@]ln &M
| e ~j@sn & ~ 8 P 8 ~8 @ *w
sn o ¥0 en 22
a0 oo @, G OEN <5
- - ® ) @ o & oY o
Y4 & 5 |® 2l el ) ® o0 ©
m w el G- N =2 et
&0 Ol B8 O /8 1TIn
e e T D~ B & 0 @ 6D
0 84 & o @f ¥1g |® O D B LI |
oo cH® & & Jdle &N oo @ @
ool qwel e olud]e @ @ & O 0gn
BIUB ) - O lmain ol ~ 0 & DY
@0 R— )
et N =
& ® L a5 @
X6} Ol p= [Bein Oif O O OfF O
wm mol e e T e 1zgllcesiizzy|| #2d)iSed
o® — ® O o o 1o 10
OH
o7 Joun
T i L 1 O | I
O R 000N O N S SN NN D |
1 H inl TRE — m EANY BRI1G TR (ML






CKFHLHGY LM By
ARG DRSS

[P I
ST UIMQAI N ' RbH G
e ML (TS

MU SATHONEDTTE -G08

4
)

|
il

T .,.M)
+Pa1 el o Fran Il
23 -1+ £3 +
—
N .14 ) e
= T id ) rsi+
s
T (i
-~ i8ifH
T oz _ ...... ] 3134
# b x ; J o p el 1] v LIEs
£y S ace
d\/* Y T o, e — e s e AP
g »g Bl 81y

w0
8 omi I te ) s T AN A
e z e % * L ]
8 1 2531 (e . o 14 v %
—— iz
s f - .w E o
ir 0l 7in
EEM.“ mﬂwﬂw @ RS 1y P NW [3:1 847 .
AN = s . ra
AEaN ; ANA pr{Va) aeas
™ + 118
5 —
k- @
SRR Y J— gl
T mw T = Wy CT) s
: u ,w iy Bt S
»M [ S—
—— 2 Hoer n
R
wowasy {17 ¥ AR — e
a H
* L. 9182
rE+1X3 ; F NUA_T s ] s
= we
S
= S Vi
i_\ g0 -
5 z wAn Fr L
[ o
- AAA—t
wowout {Ir T o a\ o 12
iﬂl giIn ste 1A
i z En yig .
AR 5 N
\ﬁ . shoe1 o A
o Sid P e
O (T4 s

T Lo

I

T4 j HOLINNE

R

g (7 )8

i <l

i 9 a0b2
g ¥
Y L UUDPY E-
‘ OE e mm
BEPY i
) |

g4 td ) umis






[ 1 [ g - RN

>w.t # ‘ON "BMO _ ‘ON Eumu— WﬁN.“m

SEAeR
S dada

HEML
- MOl EBde 3D HEIH : S— —
oA LHoT BLOES ottt WU —
w\lr{&g wr el ER I aivg SIVACHASY ~ T O B
LILO-TRE BLH - SPOW VINUOHNTYD v OFIR - 1000 NOL IRV BER IR .wlm-ummunw.m-.—.mw.m mm._uz“.. m;qﬂuﬁ mza..rosuh_.
Ee.fEs oo b Gamon i TV SO
B R wE e DN L2VHANDD GHIAROAAE SHMEIHLO SE3 NN
1517 Sidvd
NOLLYDLADIAS NCLLIEISFS O A ON DREAIIING AL oN | o3y
VI LYIY ULV IIRINON HO itvd wga | Mo

LERLEEEL S 3iva NOIL SIS AL

SHOISIAZY

' —
Ao = S
RS- S

G 1S STLNALLD W LINDAMD  NBLO Y
CALNVALDWwEA  OL (Nowkes ) are
4w aHEA a9 Lon siNiod 353

T HOLLAe S P oL IG_deIIQUILIg

® ® @6

Q@ ©

A

-

/AN

P s T o—e
Yy L2 ETV3S

-
e Olulqd. *

AN

L3S

GlOllD'lO\V 'y

LEwis

A

NN D

I Mled
Ho lodannNe gead
1o lrNe 7 ALOLIEH

NG+

MNlddmns
W BN

_ Al

: rm—

‘ON .G.SQ— +

” - 1. .Lﬁ 1 wwm:mm _ IS

ODNIMYHG STY0S LON O

NOISYIddY

T Aoy I [I=]

W QIR0

#

ARBY L¥aAN







= _ BN e WD i s Frees o e
(A L ASER STy HM ) L s ,r.u.d.m..wu‘;vx‘m
oo NELls AloHay @ [FEE o0l .. T e LBEML
o Td ReEe S S el
Avd IRy HNDHEDFIE
d.gﬁh e R R R o e b~ L= e
T e HR DB D a4 o 6
] e i I - T e Tl i =}
SN W=To
NIFHIENTS
H31LSVYHAVd
m @ ° “
%s sias e DioHad | go-
o o zo waLcal | LES ad ~OL [M BLoHEd | o
5 o o B “mﬂvwm ol To arineaw BloHEd | eo-
ol lo z ) ] ~ -
u o o %6 ia_wz o o za® /o014 AAS AR -OLNTY JM ML.UEM& NO:
: [+ ) [+] olain o e e o @ D RN 1
. ol ele ol e b b d no ABE Heri Lol Ao e=a & Hev)
Sl Fuan FEHNN L¥vd dibels ————— |0 © szu °of fo 8831 fs ° & AToIE Holbsineg el L 4
— i in
o o L] [-] A -] n
> o © : . o o . b~y codao
[} o o o] n O—HUO vl
o (341 Qo ]
> su@___ 10 B B0 o] le
L an _ o £+ -] -]
S e ° e ° ° o Qo o
m moe Y ° o o [ o o °
z o [ L o ° L) ] o o
™ TN &
3 m “ G sh gy o M 8
5 Om e o[ Tle o =
xn
m3 o3z s @ 290 5
w:o > S -
b e
— L a
2o éo0 o
J9 232
8 o =
W L e oo R
m o Eﬁﬂ Lo @ m
()
i 200°3006°S OL 3ONA3Y I
a
! Sod Sl aaady | |
Lara 4 -h-9 =N BO-SEb oo D i
i
NS I Ll N
T T e T S Wl
AL LAEY | ] 1
_ A d
t | 4 : 3 "
h b4 R o
[Lorze et 1xz :vi!.; *;
ST T A T TA Jo o S SR e







I yxr...ﬁr..rf._
W Led? LASTE LIRS LNY B |
THEIC T - LT BAOWERR 9 s
DA INHEMHD S

T T i s o R LD gy -HH.ZMV_W..& p

=3

[ RPN pa

G A L= 3

CERLST R, S e

i
w

Gy v LDEES

&

o
{1E]

m
|
i

i

|3
s

om L3 3535wt Jmmaan KLY D

[ GoEiedny [

hoviEdl Los Sv. mARL B ) ¢ e )
FEMAS AR B N \Rm.bﬁ_luw G E, Bl S i ) e
. L HERR LY Bl R v -
alahdbatanl . ClEE 1w LA, BvNLL LSEL @ e
L3sgd-ouTy [P ALoWEE | Zo
oL/ e i S, BVIEL LSE) @

< oaan ol Al 2s Bl o HEwd

AT IR He L el L i £ @

] @ N+
HALSIL I S wod ane (& ax i -
T G WD L b el BLETHA N 3_.13%. & AR ) opks3L

— FERLSEAL S ES vk Hod TP NEEae 3 AF -
ol oLIrAA T A u

Tl AW VR BAETRD Y ST @ & =
— @@ ML RV LEE LN HELSRL e G2 Roal =

TG A TR WAL DY U3 SRS o LATES
Y rEeas, ATSEY, (Rotde W) LiFL 1 2N Nk

o aowd@w BoamTrsa
™ = B e -+ AT - L

prowd N ALIES T
e OIS LSO G v O
zz-pd bz E o -an g enin BusnEn @ ot
A7 e SUBAAIT o Y Oied

— AL NVDHD LBS EE PILVINCOLOY SOwdied ol T

e VR=R
o o A L () 6 —

T e A

e
ter i

T A @) Aawad O

s A E z M Rl

¢ @G

D oiwmvls (=7
Pal=R gt ]

Sk €En
* b DEw

ety
P 1_ wor &

() L3S ()

L2

1, H
o A
LNO MG wH(E) <t
TItE:»&?! S e
M S5 < () LI o

0 ams

Wt O
- =219

oS “ (B
g

! _ = T L393H @

wy |

LyrL
e ro 1 &) =

e (B} S QLI

RvEEEAZ
=

M

- g L P R TV - AC L ES L R S
.t‘__‘w,.ﬁ&.t_...w_ (_QQMG%QMI&NQ.MG.M

TR G wmd e dddas
_ um\/MMm.Unﬁd\(vGO
A

R Dl T - |

|
|
|
__ e
|
|

T, | %S| g 350050 T mvaasy

wviomars ] hea

C G

! [ed o

ot o

3 i [ m £

ﬁl. S i u.!.m _ T ,..:~ | w VHIMABD 3V DK LON 00 H
- ' H epan






om0 T T womal L oweasalans | i T -
RIEZ TN mméju\muo sarwH L e B
AT EgEy 904 52w pro— et
v T e S R e S A,
.S o= it T oA
B = = TN T e N L
: NIFHISHTUS YILSVYAAVd
. IV INTad YD § dd0-SaNyH] SO ]
AING 40 SanvH TO-
L ATING THwvd 4 Zwﬂﬁju iO-
NOTLJINDOSHT e HEvd
UOTS MOl LVINEVYL
| 5 e 0 mmwo o® A
H [ ] ® ! 124 =3 -]
: ¢ e oD.n ! D ®
z a5 P @f B® 210 & L3 ®
T W.. SYEIR'E . i z ®
ef te } g lie ] i® ®
> g 9 ¢ jeo | mu ™ O:V@ @
é_a alni® = sl imzn aln
o} n:.....uwmo o[Co e 1 o0%0
i 0z 33 0l By tivo Ld o
™ we B @ 952  cisg o
-~ G ° o9n Tso ° o x a
8 | o L J L ] [ ] -
g et i o'mm ol0 o) e ol ie
eyl . Py ~ e @ ] S e * o
y m il » - -~ o »
m I 5 - IO [ ] [
Z ] "] *i% . . ¢ @
-4 p QO:I” tlplo o0 0 ° - SN [ . ®vh
noo2 pay™— oly  BH ogy 14 oy
Pid n b & o e 0
- - s I w S -
A3 o o ] [ o
— O
18600 E E D E @ a
° o o o o o n
5 SOHd r SOd € SO« T S0d I S0d
‘‘‘‘ B m ! Uvd S3d HaIm ] ] @
ST P geENy 93DV II3Y 3
7 L L m ARG gaaay ;|
CSoTE QYL TITray
! 0@ ag-y-2 DAY TO-CEPOO|
. DM QB IVALI]
ZD—}Z}”_ vmw .uw __ T wwﬁ Sy QIO D
o pp— PR o
EHOEA R
i Z : ﬁ €
_ v
— | s0 1 e ‘ Twos | m ﬁin— DAAMYHG I1YEE 10K OO ﬁ RO YT _
LI PEVERT TP | At i B | ST |







gl R G n_ jf1fw T té A . e
ap ey S man| mif IO (P T - - R bt N \rﬂe?u CMwd latsAMD =
i F]mmuqu\ AAC G . amguas | : i Ayr A4 ewrv Rl RO -
GEW LB-Z [S L. [ qwd T ¥ AACarterl]  wo- ! .
DLlei~EH P S o E— T T T e e I s EIA@ oSt
s e e e T = o wameet g T A Eneres tusaral] T e e e L N diﬁ.«ww
TGO i 2 G5 &'
o sty HADIaE RIS B \
= e (3 (V] 0D
~SE
- R
= > .
1m1 e (el € EA@ @>ﬁ+
e zZzenz
T
222ZN2
L5 <(D LSk
zzzenZ -
N mlims ) 252
AN v () -
< e
FET V) P S
(B ravis
- (D) L
f
r22and
=1
- o ®
T -
— s L=l
~Z i it
g ;H £1® ~ mzl,m T@I 7
oz ST N »t @
T . - i} L} Py Z
| wn | F = Edl~N Z,
B a9 e s Liz anﬂ et .N_ Lﬂ
”, e &. i vyl ;
[T as el < ~ .
wrion \ ; e rG
Vel M J_H..L_W. Folvd < ~E =
R hdEd m\, Fas-% mv M +
~ e S £
"hed e N
“Aiwd LHadane
Il 2R A
wir Wik iy e iy 2
T
+ S e <d 24
Zat 1
sriziorg ? 14s it z2 e ma M
iedd fnt w2 &2 wiwld aBOwdEa] /_\ ,_\ PG
S e d e A A A e MMM - Vil m@
i .l <3 e 3 v e o - - .
SRR Sy e saml 1) wouL1@)  €deii@) zaa1@ 1
[T AT o3 S Reard B
e
H g L 2
1 Leel o o= one € v w IS ! |
1 ~ [4 : [ v ¥ 4 | 9 & eSO T B
= NSRS e IR SR Qe e






JEELLY m

b~ NM.V.QQ ....... — NG Q35T ABOY LXAN
Add ‘ONDMG ON WISH HEMi
-
UZQL! lw\@ um..wl ‘m.\_@ﬂw){ VNIV —
FO0IX o
Lo o Ve - GEOME WMDY NS DI - L0 U A @0 .ME ;mll_wlcﬂln».l,m.._.i wngmzﬂ mg%u_m”m mzc.»U(Lu
“Il"ii]?‘[illll“:l‘mm S3HY SIONYLII0L
m|.lllillllll|[:||lll|!lll!§|lhl;|“ SRHOMI NI HY SNOISRIWIC
= IR T m— O LDVHLINGD AUADISE ISIMYIHLO SEF A
1817 S1Yvd
[ WO Y HADIIAS HOi L3530 40 T oN | cose
IVIHILYN FUALYEONINON WO Lavd [ le1-F] ALT
[ S G9g BN O .
‘ o Aalo TOOY I
o si.!....s.;ﬁME{.,{.mﬂmjwﬁ LI A A D ¥ DT 1 £
AN N0 LT A 77 | 1
T deisiszd wLw I R D 2221 o S LMD L5aL
HolSlEaE A OT 1 zo e ane 7
LGS HE LY C P
: : R B Bt He U (©
wolGleM vl Z222M7 z vws 7 T =)
() L 3TYNOS S\@
L3N «
e 2
> z00% S
s ¥
Sy €
? i-1=13 .
wWaoTl =5 Z AT Wi
— AV 4 L 1o
FAY ; — 3|
NG+ @ g —
A3
+
2] sﬁn rAS)
€2 1 b dVos
"o T J } l_
1
oo (7) & | -
. A WO
QIADTHdY 3iva [TTsTERURLE Li) AT
SNOISIATY
_ GEL] :mm ‘ON .o?a- *
i
‘* SO 100y v i f-n.\
¥ 1 | . mwnct ! omm- ] ONIMvHO F1V3S 10N 0T m NOHLYOI Y “







139HE W

DNIMVHO DI1V30 LON 08 HULLY I Iaay ]
ZO-TE OO m Qanss NG OISR ASSY AX3AN
Ay ‘ON DOm0 ON WOS4 | F18 HERLE
O30 E
- . — B
= xWH\JM.\/\f Alfu A SR ﬂv«u\\w . a7 HMYEO P s —
ANCL Ls3L ANVEICH v LI siva S eadAey - o ]
- el *
L0 ERE Kb SZORE YINBOHTYD MiFT OINBR - Bnadew el sAvnCrt TR 'SINGH LAY STIONY SRR Srorzv
B Smmem T E LAY SIONYHIIOL
B e BEHOMI HI FHY EHOISHINIO
= . TIIER QN L3YHINGD QHAIILS ISAHETHLE SEHIRN
15171 SLREYd
WOLLYDIHII34S _ WO A 367 80 Ok DMAIUNADE ON | ooy —
IVIEILYN FRLY IDN ION WO Lkvd MOsd ALD
N3IFA0SATIS
101G ININOQSWOD d31SYWQAV
o f ] »
+ wr
O~loooon|
] (rl -~
— o <@
o
" I
O=yy—0Q 0.
"
cno ,
=]
of
S n o
020 O
QT4 (8] A3d
Q8 3G 1951 118any
OFADuAdY alra HOLLaSE D530 Ay
SHOISIAZE
_ AT :m# DN ._u.sod >

CuBErY [t b 3UBO TG
S IMATIDTY SO FOHGI







ol w@boo w o) R
™ - snmmal .. Sumwsf e ] o TLadii o oog/ooial 2o- |
P HMMN\ﬂ P e N e a3sn [0 H= )
| vgmd AT ES S o YodaE mol e gyl |
B I R i b i . T
=4
. WY LN AR Bl HvwEwnEe Bdle 2
H ity e ¥ ol KX =L OO w DM A0
DLAFIARHDSG BTOHAHBNEY T
s A LN
R an3937 LNINOLWOD J } —
o ° ° ° e Bg¥eo L
snol e =
i (-]
) 1 °
L4 zl e .
0 [ ®
. S s Ve
. P | ol LF®
S ©
2, e - e o2 ﬁuo ¢ n
fa) @mu . o
A &
'S ¥ ZAn dat- gl »
. ° [ [ ﬂﬂ@ ] a7 W
° 6 )4 o . . w b
L 3R -] i = ? ™ b ° a
L 9 L] L]
e o » #8660
' ™ o
= ®
- -
id
2 (2] 1
+
° & o o
1% | [ ] X
o Aavog ISN3IS SWHO
'nooo0000? i
e 4@ @& 0 ©
16 / 15 \._V
MEYIN HIATH0S /HALS YW Qv d \
A .
4 K nog L
HGEad AT Lavd di-vls
a i > rEE \NQ.ivﬂLVQM_ T
] ™Ma AOADw HE S i
Mmmmnm@ WL CBo- Hom < #
. ‘g famae asaay |
_u.:‘PA\u T8 c i 1P P eT?AT? « w0 M
PP i
LRCSIAIY i m
| x
L _ z I Ry
!
i i ©
,ﬁ . v _ e e
ﬁ | et | —-u-ﬁw. . wZ .19& M H DAY IVOR 10N (N H WO 3w DLl _ M -
e oo [ H5ieal aarteg hHde | fe- |







ST SRRV . 5. ... SRSt et -t SR

axvoe BSHIS e L . R — ww_hw e | x-saag ; —
A4 p—— [ a— RS Wwﬂ
DLV INEHDPS - —— Gt S wmm
88U .
FO@ " S TN
la fwD
HSHES IHHO @T ™
PN
~ TR | @ =T
led mmw T e T ~
e BO- WOk Qv () : _ ZODLAL ' D
B~ dow BewEi oz {1 T A @ 1%
TEELoN &5 _|ﬁ{. pram
(Pl a3y Lno AH @ ey o]
PENCET IR W aar = L T
Leoadint e COG OO SO~ NBMHW\WW
g aEG { e MG VT m Hv Lk
S5 MO L NSl ML A .
we———
VA AT
orLEE L @ [ i
k=2 PP RO | .
= Tatl H
g
rzzerE LY % H
e
LS Q : 1w
i €2}
Ll
i PRES
z2ZLriz
E24
e LAHO ®A
i
zz2ENZ @ e
[t =3 -
LT TN R &
e}.M T
i i
LT
<zl z
o L
b~
i
el
@ PR
T 1] B L 1
3. Laor | 4.2 S fa A QB
hu..as.w LEiEl A (O et e et | ©
dFe LA P Oy AdEd
i |t v |
SorsA i
1 Ll o € ] v 1 g 9 3 f 8

i b ! . h 4 - )

4
i ] ] i CHUTHE 3TY 0N O LN Y
e T T ﬁ _
Es : (izd monst







CO-RTIIY G ‘
0N BMA ON WOSH L 3155 nEmss
T T LITHERD
IR 10 NEsAY E2l I
< G ATEGHISSH - T " YR
PR e w ﬂ.w{\ .Umd: ..WU.ZWM{%PM.NAN uwdoz“ n.,x..mwmuw ﬂu»uﬂw.“w_ﬂuw
E-mini I e
[ B
{
M
QGFJQQGFUQGQKUGIU(UGKU B
o i 1d I
+
) H b
&
@
[>T o
& D
&
o L
o @ & M@
n X +
=
— R - -
@W J "N3Y £@-42118 ASSY
WIL3W WLI9IQ nE/NY E4E
S3INOY103NE 7-00Y
d
w O
o L
T
W.Zﬂ‘. _ R ﬁm:_(um* “ P— GHMYEC 3TYDS LON OO zo..?ﬂ..r:i
e A o VA L;il...?..wi...%\‘\: 1,..::1.\... o ST HO OFRA AREY LYRH






|U mNO - g .N | _O C Candand ‘::\,l....a!}:l,;ﬁ J
ATY OK_ DM ‘on Wos2 A0S | wsimis |
fe e [ B
W3LIW WLIBIO Narnd B4 Ot ] LD e N
JELGHZHIS 1ve 1AM ItTs .
VLA ETT WLH o SR YO TY D W Ceii - LAOERY RO R M .uzd -mumzca-_\umdw muu@t(. j‘imﬁuﬂk& u.uAOC.U(K“
Se-gEaEs S spom s i
E T = O LD¥HINOD SALIDIIAE FEMUIHLD FEI RN
. “F
H
yriet L pret LT
£3 ‘ﬁ: 1 .
oo - S l D
nsi . £ ) id N5t
PN !ﬁ 71 f#\
303 — ] ;T\ML;
Ase - ’ . «Mﬁlw@ 5+

[
X656 ¥
Sd

T
|
i
1 naz /&\
W66 F FRL Y
¥ $3 4+
“l %1
e ! »ez
, AN > AN
£y 4
AS+
]
LTI LEAAHS _ R m._..uL w aansst DHIMYHC 31YD5 10K 00 HOLYD DY
u — ) — m ‘r:.lﬂﬂwum: ) ASEY 1hAH







poa0 waw_ m A aos o DHIMYUG 21¥OE 10N OY NOLLY D1 Tt
= TO-H960Q0 D aone %o a3sn 485 LHRN
Adn BN DO "ON WIS | BZiS sz |
GANtiLI0
ONTLLIS LNICd digl Qb0 ON #1d e N
INIMEEC ATTBHISSY aiva AT Ear .
R W - SO O TS uwvd OO L) HO LYo Bt TOMNE vmmmnulmlhhml_w nnJOZ‘“ ﬂd(awuﬂ le»U(Ku.
Tt o | AR
C I ¥ o
m |
-QQQFQUQQHGQ(QQ/UQ
o 51 % e L I
- +
O —— 2 :
& i & d
& &) @ @ M
O @ w @ C @ m
O B £ @ i o P
@ @ T |@ @ W ™~ -
&) @ @
&3] @ i m...;%.sA _cll
E E3 @
- @D es *
oF o e @
S@ @ = @ @~
@~ B
O ]
L
B el @
& ey @
@
@ P
® 8 "N3Y J9-+9688 ASSY
% ONTLL3S INIOd JdIYl gyl ON +1d
w1 SJIINOYLI3TS 1-a0Y
ir
& O







——(__1d) awo

\ 4 a
a MM,\ nsi

v AR A R I SO OO S L 1ol L
* . n _ Lty GN RS ; BIIS e L
LTS INTOD GIEL GHCY DM BT [ ! L LS e B
J1LHH3HIS gw aq AR cu,w 2 SALCER o
...w “.ru..m,lrﬁb.f‘ ware D W00 MG AT PR m-.}-mh_ .muf%mlmnawlﬂm wuaﬁth m_-!wuwn“ wmmurnxwww_““m
nipe - —
+ ! % _ 4091 “+
mm_ \w
NS1- » -
|
. - - +nLg” . FPIG” F001 /_u\
—_ e . et e £3 - 23
N T m | R
o L i ! 1 P w
SR P NS+ . . .
LB JE @1 N EIH Hal A8 b
ey 1t M Toltd ldY 1y
; Ldn P .
5 e B990 w o = / £
L | |
! S
| T M
P ,v 4 AN o 1 €1
NI ¢ T
a1 T
iy o o
_ 6] —_ |8
J— | i 1
4 \ @ Zt
e M YR A BT
I
y/ n
nSi+
nst-
)
1h2yn i
| by Iz vy
E e AN
A
nsl+
- CTT G areos rmEHG 1Y L HOWY DI daY
B - PR EN N T~ R ; YT NO QIS0 ASEY Lxdn






x L B —
,,mmu o v} owwawadar § o] o EEE

DL LTS Lried ddl,awoT o, B i ol SR
LB Mol o e L A
ANy oS HoLira A~ IE D Ruva EIAOUAY
J ] v e i sl B ﬁn.ﬂimmmmﬁw
AS S1NvVd
||M e HOnLEIHE 30 90 W O DAL RLNPS woz o
Vo e ey s | o

‘ d polLLTES : ~ Aol ES
S
] wl.v - v /LM
i 2nl 0 | T/ LR
/ (Hhls S+ [Eme g
T e LA 2 U RRe
P M [ L T prperyen
- BMEHDS
i el Eririer> Hild. J@% Hid J0l =
CrBoMNEEEdEY HEGYIEH/ Bol T ENNG? Y L
ariwd werEd aov HELiMes L ol .
EroLonalen wolllrnelW 33s T2 L Tl
G -d Ge-rediiEaT dd oL HoLIMS e oMl BAreas EE/
.  MOlLPRS e wowd B34 v @i BHL pr )
As <TWer s e L PES *wrwa dEHA
N BHIMEAS HoliMs =End. e Hired
Lowiro? do@id ghi St o Holle3Es v

“Hodeer Fl A

Sl UL TR 2 2E L oA LABPRE
ol eBHonl @ Fsd ol e=TEiM 1T b=

HOLI A@| L eod

Halite FYeid ol [rons s 2lvd =
dols Mo Sagerikd opl anaHwd 2
wHEHEH L s FHL . [Ny
aHelss e/e lrewy LavHs 0D ! BICH L
- - GoisAaros 7 TS ELor
GRCHS Ir ezl e A TITeHS < |
LT og-+|  aswaiad il i
TFRAADNATE awe WOUL AT AR o2
SHOMIAIG
i Z H £ |
m .
H
— | e | __uutuw _ — wium“ — m ORMYHG FTYIE 10N O m NOUYOHAY *m
| I Sy 1 Tni -






a

o amame)

1 el

n f!iM P

LS F.Z_Qukm_&.r

LT o -
w2 i ac LA
A HD A D il erercnien

P ey
TES 7 = E
B NG I RN e R o e
Q..u..:NY. Py Tmmerlan ROILTERe D B EEA r\fGJ\u. ¥ -2d [W
CH I L DI 1 LD G g MG b i rHE S A 2o =
@,z ok Lebies sem o2 ) €2 e LAN T s
P Sid i e o - M. A N
“ El e _ «
. nwlwv.af{.w.w_wn" ,MDM{MM;PWN%&NJ(WM&F%ON 12 @ 24 (Bl
GG DL D P S "D LEs L
H-EE Y Ok S -E G g ..
F-Gpv ALBzlZw SUnr v NSO
_ SR O L Ll U N GO T AN L O LIS
o R L oI A T o R =
_.Cl @@ ﬁmu.lnumul& Sazaw A feEorrEnroT T
CTLLLIIAOSEAESESNY HTLIMS oo IR G g 1] BRG]
I =T
I asvos vy | (D ar
= ™
_ .U_.k AT EIR DS i - hﬁﬂu@ﬂ%.ﬂ,ﬂm&
. e ol () el G A
| fid W
_ oyl ! o ﬂw
2 (&}
3 S 3 e
T
_ _ SR H( e
_ - “ NJ,
goBo4 ) | P e b e @
_ zn sl S
Lot i .\ﬂ;mv
. B
28 13 _ 1 = 2 < Z- ¢ <
Lrigsane e H = &
Y2 e2-2d ¢ ) 4 EAASET R G ek F A Gt
M S |
P = il &
| . G }
t & sl
i Wt ZELAAGI IS Lo
M D1 dyd Fluuuzu P e
| 2
w2 = (@) o At P Rk
m e |
| - .
ol Gted
| 51 ~ M FHALBASLLHE Lo
f y JmMKJU a1
! I B U
SHEE LY e @2
| EETE RV TRyt (3 ¢ -1
H 41 2
W ol 0 .
; NS b Wa '
m ﬁw_ [ 23 LA UL L
e - T - < LIERH T L2
Edd e
Ewd
<
€ v 3 P i 9 ) 8
3 o > z M 5 [4 ! .ﬁ g 9 3 8

7w | amwel







v

b D o P S
B P A el BBS S EHLAMDISSG T Y T Naart PO

el MW EE oL HOLLING LEewiS SdikdivSzid SSEREd
) Wt @i Do
MJuv,QLl&m‘umu\/Imuksr@msr&.mD]ﬁ,mwm?,mm@ﬂj&

c1Es L HEaritt BmiadE3d oo FAebe 3 ssisSs S H T

LA B COL 4 A TRHMHOT e O9G /ORI B L Al
HOILL D PO B ieaeD dene = BAoHEE § SO gl
TRAS3 e BHl. el Al dai e BEY =N I B~ d o S e R g

e = LS A

IIK i REV. l

iDWG‘ RO,

Her oL AoaesEa Sl wWHRLSs LS #3Hldl Hor

RS DA i S BL DHAL BLLIN AT T AL
AU A ' BLETARO T S BT psaEl EHL. JHELAY ardy
SrSEg Ls3)  MHaldng AsEvie Ful G2 [t = P

T 3E AMoHS SLHADPT AavEE Hlo"
Foer S il LY (LS didy S2id ) DL AAOs o0 Mo
HAMOS HENA. (ERL LALNe DY <L Sdinn Hiod L2Zulm ¥

s e LS
LPdii/aMe ™ BE ATNOHS  HEUMES LPATES Holonnd

i ot CRIGE S D IR S QL arty
AN SEL H LrcPEad Erd v BSHNERS AR G ey P
Hrid OL O -~ o0 4 FBEWD2 arnoss Lo ariran

e T b=l o b FTVAR RS (oo QR W e Lo |
BAHL, v (BEMES are .ﬂmwﬁn\iIGWL HELIfd el S S
e W Es v (ASMES AP Slas wHT) 249 L DEMNeD

PO-ERECD M/ BiEvr A0vaAdBElol A SHERLSEOL e
Moo T e e Bw A< HOL T ENroT BowddaL i L DEARNOD

| 1 TR el TP B i M L
Hovda Al CoS/oolin— SBN oo el AR e B —
ANHOOH A LSS W=D vid [ g .
o v Swce - N TN Wm oy !.I»EJ.HHH”
et peiranes|
A5 SLEVY
[=me AT Tl A

S THHT 4TS HEALSAS

FFTIe il ABOEA
~H Brio nEH L AT DL e LMy S H3 1 Lodin
e A ML Gk 4B EE ol TN 3L

AL DENES HELSAS

T 9z h | Bew R e T I [ ]

mon 1 em | e oo

BMOSIATY

HMEAN 2E3

diie sz

FEOIPE grin _
IR HD

I

ees/ooin \l% O

o

@W

MEA Lo

?

b

e @RS A

B

S O

Y S 2N

e

(e BROTEG ATHD

GroeS D

[yl il d

= O

P | :
i

¥ w -

[ 1 e 1 sams]
b

[ e wfum._ * | 1

HOLLY D HddY

¥ i QP RSveay e i | o pasn

FLUFeTEy

ey







| mC? | REIME]

il sl

v [

JHALS 3L gt

T e i e L

Bl Ad T b BAS S RLNMNPiEsiad Hl D A errainlagrl o

iesEl FURES L SOl LY LeEwls G b G2 SsRAAd

Elah a2

e Ao LlL4ETEE AH L Ledl HIANM B2IANEG B1d

- eREl EBari BoiANEd {0 By

e T I LBed 3l d L LoAMmeD  ary Daodiid 3l
i HOLLDARMOD FhEv Y annoRs Anama femlriierngd dizld

ABAISHEA Bl ol ARSIy du e frin BrliATS S

TEa L Haann AaxAEda Haar 290 B AS

F R BWOd Aavwar S WHLS A E3HL Mo
e e | e JASEEL Bl

ATTY DLW ALY T A ABLANSHeD St ENoAe Q1) 2E LAY
S Sk zEes LS ELC NLANE AN s G, Ao SZI B B

el NS LASRE G BEEHd o Lord Sl eHEn

Aawad Aol d Tk 39 aTneHS S HWIT areRzl Hole s
o s DL A T LS HE At Sy SArin Hilos e Mo

€

wWared Pl HEnl L ET0e e O Sl Hied By

Cmiel Ll LodiH faries Skl

I ANIOHS VG Hde HOLIME LeETias e L LD

B L SiSS wHDP TIVLE S [ B it

Y ST e LioEad FARL LY AsriEs e wlemss N HT

GHA ol bo-Debor rild FNdwD arimens  Loaririon

H AL

AT HTWE A DN et deearivils
B wWHLAOD VY A 2EHLEw ol L HPwEd de

roaEd iv (LSsod DHlor@) ISHES ANt SieswnT LT ENC D

o~ ag D@ M BUIEN ? BowSAHE L S ==

A AN AEHL AT DO LY ASHdEe=ASAd S
Ladid o Ay Al Lo s arte SR SArg9oe WALl

5, @ e~ ] A@ELDBENNOD PO S Lot
AT St e FYEE L oD Ennie? T AR AL N 4 B T

LIDOEND AT1HES B LS AS

| ST B
< =

Aﬂ.:.\-.».ﬁ

LY RS

B w FTEaA v

v

LN YR

FHROMIARY

} e e
A o-Dolo Y =) B ore] N pronnay
A d ALl PACONA A Gz [Beg ] AP
AN-ACOH HALEAS W2 vId [Tue N
fn o] SRR
e sl
[ P s a1

©® ©® @ v

S

e SIBS w2 S
G A B dri S

s g ewd.dJoEd A Sl A g oot

ol dBmrEes arie SieSswHR Soi
Lo EMroD el HNOe L Hwd

Ao G2

sz lcs Lo THHM Do
o). A E LA
S wHD Satd

S Ollde _Lr3@BxsE0T MaT CI3er e

TN A

e RS o4

HIGE wHY

re

®

ZaooiA

Ferras and
ARG

Q

W%m -

i | z

T ——— | 1 T Do Tivos Lowos HOHYH ALY







[ A ———

A1

e s i §
y| 1o-LL010

A3Y ON d!a‘— o :unu_ﬁ k1]

HoOwLA S E L N QOGO A — 300~

ARHOOH R LSS v EDid

e N - G st W rarcd DY+ i) MU DT G
BUSS

A8M BLUYd

Ak AL 4
oL BTN ION

1]

!owc NG,

]

NS Gl (D, A LR BHeipid SRTTT ld RS
HAodE Mo LHEeTRd S 8w vliaons H12in b i

Bk futahda
D | Hd O dey BHEG S 3iLIN2ia81a e T gt iarl Eed

“ Caacay 2% @ @mwﬁDmOQRmZQJJQﬁ_
o | Do He | BTV LLRTEE A oL 1M BHAL g

. clsEl HEarl SeaEd Bl = B A S lSsmwHD
e LN B oL Loanne™ arty Pacodii- = T = i - MR- 1

DL e A BETEYT HILWOT AAOEES Cem i i el
AHEG Hd @mHL Gl QB e Rl e By B R AR S Y

TETL ASdrn A2IAEG HAAM 30 LAFL S A

THen WHOd AavEE St HEas e =L Mo

CLHENT LA B EeewH oLl DAL @ T
HooE SN HTE EHM oL ried 1THES HEa S EHA @ A PATIN

AR LE s eSS flnhd

oL S ad | P, h HZLIMS Hml Devwd LA L 2w Bl od ol
Tleteay Do Focvwladrt ol meLlrs LEvilLes L b
THoILIBod Td, ril Daodid (o HLMs D o, Bt R

AT A AEE 3w oL Hos.lns LBEsHEn Ddoolid S EAd
O wAMed Ml B LETLLNG T AL SSatrn HLOW T

R B = R e = | e LN
o N DA EHs SISSwH? Teld sl HoLir e3P b
HO oA Ly HASHES A GGG D ARl LIRS

R T b= S o [0 W Lo B S g
Sl iR HoLIM BT e = e PRI Tt b L= g
G ST D, AETESEY T WA LY DAOOl Ao I B P
gﬂ\QQ:\L Ho LMol v BeriEs ars SisSwHD L2 3ACNCD?

o - EERC® T |BUEv @0 wesEElot = = - T
. AP H D, ABTTESE Y Mo | DAY 9 TROOO A A" L F4 g
COS oA de mw T LY BOLPENOD o T L N L TTErO D

ATEHHD 413 WHELsAS

-@Emm e ldB@ATAaE AH
S AEFL OB EoEEd simmEi. JodiHd oa arts T2

[l Zarae WE LS A

g e 4| @mevanda Tl

LA

]
!

FHOSIATE

€ ®

®

SIRO)

CoE /O A

AN

M/ Froe ards
it ?

MEIAS 23

QD oY
WS e
Sradrr Y

c O

000 O

MEI~N LHoRA

\%ﬁj >
o000
A5 BT O e d
o C-I0 S e
-
(] £ O

e OUA

5
-En O

DPHS /A

& ¢

s wauma,

e v &

[ o wwoal _

~ DHAN YA BTV DS SOH O _ HOUYOMddY

8]






— —

A ARE L .aaupman
Q..\\..m.\%__—\.m - UQQQ*EiLE{mNS PB-52-5] e HMYMG
AR Ao NS LSAS W EevId [T T e

T A vaaa e e w0 M DY RO LTS
e =
e o e

O LIVHLHOD

B =y B
STIDHY  £TYMIIF0 SHOLLI¥NS
TIIY BIONYVHI DL

RINH M ALY IaHTH I
QRIDTIE FRAMIHLG BEITMA

Rt

e P A B e Ol BRS
P T M Taa b 1 = P T i Pl e S P PNl AArt B

@ RO T T O oA OIS O mJU,.mcnﬂ_m_.U.m.u
AH ddwagid G S RL FRANT BTIAEO ST e

"B alal SIS0 wHD e LTE
= LSS WAL E3Eari, gD hRG Ol DR Ay
Didwr e LT ey S22 Ol i Ariria s

S ario W BACHED LSO S ST e
ML Ll ORBLY DTS B FLImm =D e (1 B

TEEH 384N 39 8d HAM B%n wWELS NS

B WO AV ED S WBLSAS i e

A S L @ T T S aEeMEELE Y LS a3l. o
Hacert Lart @byt LSE L Alrpileds a2 Fri.
i BE L A SEN M Al AW LS

S Ed iotlimed PV, AW HDLIMS HHL it

"L e 2 1 Lo LI SO M B LAY

QB D Showtlril Ordy AL el =, i
oL TR EG Ol Jiw SN HE AL LS L S
S AT | NOLAESRCE T, AN DL =1 TN o ]

. oot M LHET T Adry' Bz EiewH
oL MeLLimad ,Pd, oL T, PRl PRI vl oL iord e s o oo
WAL HELLME LBESEY S SRAL STV
TG OGN D PPANS 2O/ D, D 2 bk e
THA GL OrOISIAAOT DACT A LT 2O fe i
o LS Ao BY O S Ll AaweSid
SAF G AL Sl L crdc? EEMO ﬂwﬂﬁn&

O S O L PP faTD, L B G
i BRI e HDAMS L DETES ACLLDHN

@E(m\m 5 b ' HT? b " - [V R - S Sy O R L
e Ts dMin SIS THY Sdiiv il rEEmMiad
@ 0RO Fd AT FICICT A L BrrieD

b

a | BSMNES arto S9SN HT T, AdATEEe
e D i A bow L, O OO oA Ho

G NS L BASMES arde i SwHT B
HEmEmLEE BEYY RN A DAMNH e

mwEe LY DAoOd SO Ll i v G2
WO e EH 1oy IS NES arie G- AHL
MOEMLEE SR D WA v LEnrie?

po-BEsoe M/ F19ve @nv<dain b= 2vad
T L o, afFbmay i @olo 3NN

DASSNUA e JowH L HLIM OO/ OO e v A
I~ AL DAMMET BowERA RN LEENNCT

o - Eaeoe rHid

e AowddB I NS AwEd Ly
JHELGEL grie, dETESe T Sl B
AN e LwHL pL Al E2ld ao A A
v A D TANMO S E R L L DENrO?

FMMOHS <Y Sdrmn 38301 HDYLs
TEERT A ds Halshs

smToLl AETER M Brie

P L AT DL oLy Sl EL
LOdl D0 e D @ty Addoslll e
e NHOd AL @ ALTEs B

FAL OISO HIALSAT

[T ,,::«._ e mvos

=

=

® ©

@ @

®

@
1

™A 23

Al G2

g

AR 1

oS/ oo

FEiA HoEd

M@

| . Ui E @ T s
N ; uss DO aRnEE .
~ (Vo Rk = F ik v f o) f ﬁnm B-41-Al __“35_*“N —
wme ] L] LR SHETL R M ot a3aamd | U

I S »

eSS

w0 apsh

s N







