SERVICE MANUAL

ULD - 15/ 18



System Specifications:

Amplifier:

Type:

Power:

Input Sensitivicy/
Impedance:

Frequency Response:

-3dB
Crossover:
High Pass
Low Pass

Protection:

Dimensions:

Weight:

Driver:
Linear Travel:
Voice Coil:
Magnet:

Cone:

Driver Resonant Freq. :

Max Distortion:
{20 Hz & 104 dB)

Servo Feedﬁack Loop:

Loop Gain:

Accelerometer:

ULD - 18

High efficiency
Discreet Class B

400 Watts cont. RMS

300mv/20k ohms

18 - 85Hz, +/-3dB
13 Hz

Modular Active 85Hz;
12dB Per Qctave

Modular Active 85Hz;
12dB Per Octave

Open / Short Circuit

Excessive Signal, Low Line.

17 x 12 x 4 (LWH)

15 Ibs.

3/4 inches

Edgewound Copper 3_"
216 Oz,

Resin Impregnated Fiber.
< 4Hz

<.5%

~ 30dB

Piezo w/ integral amp.

ULD - 15

High Efficiency
Discreet Class B

400 Watts cont. RMS

200mv/ 20k ohms

18 - 85 Hz, +/-3dB
14 Hz ,
Modular Active 85Hz;
12dB Per Octave

Modular Active 85Hz;
12dB Per Ocrave

Open / Short Circuit
Excessive Signal, Low Line.

17x 12 x 4 (LWH)

15 ibs.

578 inches

Edgewound Copper 3”
216 Oz,

Resin Impregnated Fiber.
< 4 Hz |

<.5%

30dB

Piezo w/integral amp.



Cabinet:

Finish: Black Wood Grain, Oak Black Wood Grain, Qak
and Walnut. and Wainut.

Dimensions: 317 x231/2"x21 1/ 27 22 1/27 x 17" x 18 1/2”

Weight: 105 Ibs. 20 lbﬁ.

Volume: 9976 cubic inches. 4313 cubic inches.



System Operation

The ULD - 15 / 18 Subwoofer system is a 2 piece downward firing subwoofer system consisting
of a separate servo controller / amplifier and a sealed cabinet which houses the 15 or 18 inch
driver and servo interface. The system is designed to operate with line level inputs, which can
be made to either a pre-amp, tape loop, line level crossover, or signal line level outputs.

The connections to and from the ULD servo controlier can be made with any shielded phono
cables, with connection back to the main system being required in order to provide the output
of the internal high pass filter to the main system amplifier. The connection to the Velodyne
driver can be made with the same quality cable that would normally be used for any standard
speaker hook-up. The servo connection between the Velodyne amp and driver is made with a

-single RCA cable. The Velodyne will reproduce those frequencies below the set low-pass
crossover point and will pass all frequencies above the set high-pass point out to the satellite
speakers. The factory set default frequency for the crossover high and Jow-pass is 85 Hz.

The level control on the ULD servo controller is a sensitivity adjustment used to set a relative
level between the satellite speakers and the Velodyne unit, once this level is propetly set very
little if any adjustment should be required. The only notable exception to this rule occurs when
the servo controller is connected to the system via the tape monitor loop, in which case the
level control on the servo-controller will need to be adjusted every time the system volume is
adjusted; this occurs because the tape loop level is fixed and unaffected by changes in the overall

system level,

Component Removal

Amp:  Access to the amplifier assembly is gained by removing the ten screws which secure

. the top cover of the unit. The main PC board of the amplifier is secured to the chassis by
three screws which run through the back of the unit, along with three plastic standoffs that
protrude through the the bottom of the chassis. Prior to removing the mother board the two
molex connectors processor located at the rear of the board must be removed along with the
red & black speaker leads as well as the transformer leads. The volume pot is removed by
pulling the knob off and then removing the captive nut and star washer which secure the pot
to the chassis.

Service technicians should pay special attention to the location of all the transformer leads and
mark them since some mother boards are not marked or color coded.

Driver: Access to the driver and sender board can be gained by removing the eight screws
around the perimeter of the driver and the four screws around the terminal plate. in some
instances it may be necessary to pry the driver out of the cabinet with a screwdriver; the driver
and the terminal plate will then come out as a unit with the wires connected between them.
Do not under any circumstances cut these wires in order to remove these components.



Board identification

Sender board; The sender board is the board that resides within the subwoofer cabinet at the
point where the servo and speaker wires from the servo controller connect. This board is resp-
onsible for amplifying the accelerometer signal from the driver and transmitting it to the amp-
lifier via the servo cable.

Qutput boards: The output boards are the boards that are attached to the heat sink assemblies
at ejther side of the amplifier assembly. The output boards provide final signal amplification of
the output signal prior to the driver. The aluminum bracket that the power transistors are boited
to Is isolated from chassis ground via a layer of thermal compound and a thin sheet of non-
conductive paper. The red and black wires attached to the boards designate the polarity of the
output signal, red is positive (+65Vdc), black is negative (-65Vdc).

Preamp board: The preamp board is located on the left side of the mother board and can be
identified by the four transistors that are at the top rear edge of the board. Each of the trans-
istors has a large machine screw that runs through it for heat sinking. The preamp board is
Tesponsible for setting the bias current to the cutput transistors, splitting the signal into its
positive and negative components, and sending the signal to the output boards,

Crossover board: The crossover board is the board located on the rear of the amp mother
board, parallel to the front and rear panel. The crossover board is the one that has the vol-
um pot and crossover module attached to it. It is responsible for setting the low and high
pass crossover points as well as the level of the incoming signal. The crossover board Is the
only circuit that the signal out of the Velodyne controller passes through, service technicians
can safely assume that any noise detected at the satellite speakers can be eliminated through
the repair of this board. Refer to the inserts on the modification of the ULD crossover for
information on selecting the proper resistor values to aiter the high and low pass crossover

frequencies.

Gain compressor board: The gain compressor board is located on the extreme left edge of the
mother board. It is easily identified by the two adjustable pots located at the top of the board.
These two pot VR1 & VR2 are responsible for setting the maximum gain at 20Hz and 100Hz

respectively.

Loop board: The loop board is the next board in from the gain compressor board. [t is
responsible for amplifying the signal and summing the feedback signal with the incoming signal.

Comparitor board: The comparator board is the second board in from the gain compressor
board. It can be identified by the transistor that is located at the top rear edge of the board
close to the crossover board. The comparator board is responsible for changing the current
signal from the accelerometer into an AC voltage signal and for turning on the amplifier.
This board monitors several signals and when all these signals are present it then energizes
the bias circuit for the output transistors on the preamp board.




Schematic Overview

Signals enter the ULD amplifier through the RCA input jacks located on the rear panel. The
signal goes directly to the Crossover Board where it is crossed over and the higher frequencies
are routed back out to the sattellite speakers via the power amp. From the crossover board

the low frequency signal is routed to the Loop Board where it is amplified by the first op amp
of 1C U7 (EM348). The output of that circuit is routed to the Gain Compressor Board where
it is evaluated and sets IC U3 (NE572, a programmable analog compander) which acts as a
variable feedback resistor for the following gain stage on the Loop Board. The third op amp on
the Loop Board is a filter and the fourth op amp is the summing point for the music signal and
the accelerometer signal. The resulting signal when summed is what provides the error correct-
ion necessary to make the driver accurately reproduce the input signal. The accelerometer
signal originates at the Piezo Element which is mounted on the driver voice coil. The signal st-
arts as an AC signal and is routed from the driver out to the Sender Board via the 4 conductor
black ribben cable. Once at the Sender Board IC U1{NE5534) and TR2 (2N3904) combine
to change the signal from an analog AC signal into modulated current, which is then transmitted
through the RCA cable up to the amplifier. Once in the amplifier this signal is routed to the
Comparator Board where it passes through IC U8 (NE5534) and is converted back to an AC
signal. It is at that point that the signal is routed to the loop board via pin ]J7-1 and onto 1C U7
pin ? (inverting input of the fourth op amp). The summed signal travels out of the Loop Board
and on to the Preamp Board via a twisted pair wire set. Once the signal arrives at the Preamp
Board it gets split into its positive and negative components and sent out to the Output Boards,
where it gets amplified and passed out to the driver via the bananna plugs on the rear. One add-
itional function of the Comparitor Board is toprovide the turn on circuit for the amplifier. It
accomplishes this by controlling the transistor bias circuit located on the Preamp Board. By mon-
itoring various voltages with IC’s U5 & Ué (Lm339’s) the Comparator Board is capable of pre-
venting the amp from turning on when any of the required inputs is missing.

System Calibration

Proper calibration of the amp and driver is essential to ensure correct operation of the system.
Calibration of the system involves setting the accelerometer feedback level to the amplifier and
the setting of the gain compression circuits in the amp. Driver or accelerometer calibration is
performed by adjusting the pot located on the sender board. The pot is accessed through the
large screw in the metal terminal plate on the underside of the subwoofer cabinet, just to the
right of the servo RCA jack. To calibrate the unit, sei the signal generator output to 100 HZ
at a level of .8 Vrms. Turn the two pots on the Gain Compressor Board VR1 & VR2 fully
clockwise. Turn the amplifier Volume Pot unit you have 20V P-P output at the banana plugs
on the rear of the amplifier. Measure the feedback signal from the accelerometer at Pin }6 - 5
on the Comparator Board, verify .40 V peak to peak. If this signal measures less than .40V p-p
re-adjust the sender board pot until the proper signal level is achieved. Repeat this operation
until the proper levels are achieved throughout. The driver must be sealed in the cabinet during

this entire process.



System Test Points

All test point values are measured using a .8 Vrms, 100 Hz input signal into either of the

Line ievel input jacks. The speaker must be connected to the amp and installed into a sealed
cabinet, calibrated and both Gain Compressor Board pots turned completely clockwise. Any
distortion heard is actuaily the Gain Compression circuit activating to prevent the driver from

bottoming out,

Test Point Location Value
TP1 J6 - 1 Comp Pch. 62 Vdc
TP2 J6 - 6 Comp Pcb. 12 Vdc
TP3 J6 - 4 Comp Pcb, 29 Vdc
P4 35 - 2 Comp Pch. 1 Vde
TP5 ]5 - 1 Comp Pcb. 0 Vdc
TP6 1C U5 Pin 14, Comp Pcb. 12 Vdc
0 Vdc
TP7 IC U8 Pin 6, Comp Pcb. IVpp®@ 17.5 Vdc
TP8 jé - 5 Comp Pcb. 1V p-p max
TP9 IC U7 Pin 1, Loop Pcb. 4.4 V p-p max
TP1O IC U7 Pin 7, Loop Pcb. 4 V p-p max
TP11 IC U7 Pin 8, Loop Pcb. .3V p-p max
TP12 Left Heatsink -30 Vdc
TP13 Right Heatsink 30 Vdc
P14 Pin 1, Red Output Brd. 30 Vdc
TP15 Pin 2, Red Output Brd. 65 Vdc
TP16 Pin 1, Blk. Output Brd. -30 Vdc
TP17 Pin 2, Blk. Output Brd. -65 Vdc
TP18 Red Spkr. Qutput 50 V p-p @ 20Hz*

60 V p-p @ 100Hz*

* Levels at TP18 are adjustable via Gain Compressor Board pots VR1 and VR2 respectively.

Troubleshooting
Common Problems

Symptom Cure

No power Make sure RCA cable is good.

Check all five fuses to make sure they
are all good.

‘Check that transformer is not open.

Make sure there is actually no power
and not just a bad or unplugged LED
by checking both the voltage and the .
LED connection inside the amp. :



Symptom Cure

Driver makes a big Check cabinet for air leaks around the

slow oscillation. . driver and sender board. Tighten the
hardware around both if an air leak is
detected. If leaks persists reseal with new
gasket material.

Unit pops every 3-5 Check output transistors on both output
seconds repeatedly, stages for shorted devices. Usually means
there’s DC at the output binding posts.

Always attempt to isolate problems to the

defective piece by using the suspect piece
with a known good unit.

Installation of components

Driver: Make sure the gasket material surrounding the driver opening in not torn and in other-
wise good shape prior to the reinstallation of the driver. If that is not the case replace the gasket
with new gasket material, and or weather stripping for the ULD - 18. Insert the sender board
into the cabinet so that it can be reached through the sender board hole, Reach in and grab the
sender board and screw it into place, using the four machine screws. When installing the sender
board make sure the red and black terminals match the indicators on the warning lable that is
afixed to the cabinet. Place the driver into the driver hole making sure to rotate it so as to elimi-
nate any excessive slack in the interconnect wires running between the driver and sender board;
now re-secure the driver using the eight machine screws. If the gasket material fora ULD - 18
has been replaced it may be necessary to punch holes into the weather stripping in order to
install the screws without interference. Tighten down the screws in a clockwise manner working
your way around the driver until all the screws are secured.

Amplifier Mother Board: Place mother board into the chassis assembly so that the RCA jacks
and fuse holders fit into their respective holes in the rear panel. Screw the amp board into the
chassis with the three machine screws, and align the teflon standoffs on the mother board with
the holes on the chassis bottom. Reconnect all transformer wires to the appropriate standoffs
following the color markings on the board and reconnect the red and black speaker connectors
from the rear panel binding posts; making sure all the connections are tight and secure. Reconn-
ect the Molex connectors from the positive and negative output boards to the main board, all
terminais on the mother board are marked to identify the proper color and orientation. Be sure
alt connections are pushed completely onto the board, Secure the amplifier lid with the ten scr-

EWs.
Final Checks

Turn on the unit and feed in a 20Hz signal. Check around the perimeter of the driver for air
leaks and ticking. When properly calibrated the unit should turn itself off when the volume of
the amplifier is turned up beyond the 3 O’clock position, after shutoff return amplifier volume
setting to minimum. Change the input signal frequency to 100 Hz and turn the amplifier vol-
ume level to full. When properly calibrated the unit should play without clipping or distortion.
If the unit fails to do so the unit calibration and gain compressor setting need to be checked and

readjusted.




Modification of High and Low Pass Frequencies in the ULD - {5/18

This information is applicable to all ULD - 15/18 controllers with serial numbers prior to
51161007; this includes all units with four digit serial numbers that utilize a single RCA servo
connector.

The unit comes equipped with default crossover frequencies of 85 Hz. The High and Low pass
frequencies can be altered from the default values by removing a resistor pack from the 14 pin
socket on the Crossover Board, and replacing the resistor pack with an IC header which has the
resistors that correspond to the desired crossover frequencies soldered to it,

Please refer to the following illustration and text to determine the correct resistor values.

1 o- -0 14 Shorting Bar

2 o o 13 Open
Low Pass 3 o-L-0 12 75K Ohm (Defauirt)
High Pass 4 o-H-o0 11 47K Ohm (Default)
High Pass 5 o-H-0 10 47K Ohm (Default)
High Pass & o-H-0 9 47K Ohm (Default)
High Pass 7 o-H-0 8 47K Ohm (Default)

The above illustration represents the [C header as-seen from above, The shorting bar at the top
of the header is for inverting phase, if a 180 degree phase inversion is desired the shorting bar
should be placed between pins 2 and 13. Do not short both pins 1 and 14 and pins 2 and 13
at the same time. Such action will resuit in damage to the crossover board along with [ack of out-
put from the subwoofer. The shorting bar should remain unchanged regardless of the crossover
frequency.

Determining the resistor values for the remaining five positions on the header can be done by
using the following formulas. The Low Pass frequency can be altered by changing the resistor
value across pins 3 and 12, the formula for the Low Pass is as follows: R = 6375 / F. In the
formula R is the value of the resistor measured in K Ohms, and F is the desired crossover frequ-
ency. The High Pass frequency can be aitered by changing the remaining four resistors on the 1C
header, the formula for determining the High Pass is as follows: R = 4000 / F. Once again in the
formula R is the value of the resistor measured in K Ohms, and F is the desired crossover frequ-
ency. As an example if someone desired a crossover of 40 Hz instaifed in their subwoofer it wou-
Id be obtalned by by using a 160K Ohm resistor for the Low Pass , “L” position along with four
100 K Ohm resistors in the remaining High Pass, “H” positions.
All four resistors must be changed in order to adjust the High Pass; only the one resistor needs to
be changed in order to alter the Low Pass frequency. The High and Low Pass are user definable
and can be set to leave either a gap between them or an overlap if room characteristics make that

desirable.



Modification of High and Low Pass Frequencies in the ULD - 15/18

This information is applicable to all UILD - 15/18 Sertes Il controliers with serial numbers that

are later than 51161007.

The unit comes equipped with default crossover frequencies of 85 Hz. The High and Low pass
frequencies can be altered from the defauit values by removing a resistor pack from the 14 pin
socket on the Crossover Board, and replacing the resistor pack with an IC header which has the
resistors that correspond to the desired crossover frequencies soldered to it.

Please refer to the following illustration and text to determine the correct resistor values.

1o o l4 47K Chm

2o o013 Open
Low Pass Jo-L-o 12 47K Ohm (Default)
High Pass 4 o-H-0 11 47K Ohm (Default)
High Pass 5 0-H-0 10 47K Ohm (Default)
High Pass 6 o-H-0 9 47K Ohm (Default)
High Pass 7 o-Ho0o 8 47K Ohm (Defauit)

The above illustration represents the [C header as seen from above. The 47K Ohm resistor at
the top of the header replaces resistor R - 72 which was omitted from all later revision crossover
boards. As with the earlier version of the crossover module the top two rows of pins are for in-
verting phase. Do not short both pins 1 and 14 and pins 2 and 13 at the same time. Such act-
ion will result in damage to the crossover board along with lack of output from the subwoofer. If
a 180 degree phase invertion is desired the 47K Ohm resistor should be placed between pins 2
and 13. The value of resistance should remain unchanged regardless of the crossover frequency.
Determining the resistor value for the remaining five positions can be caiculated by using the foll-
owing formuta: R = 4000 / F. In the formula R is the value of the resistor measured in K Ohm,
and F is the desired crossover frequency. As an example if someone desired a crossover of 40 Hz
installed in their subwoofer it would be obtained by using 100K Ohm resistors in all five posn-
ions (Pins 3-12, 4-11, 5-10, 6-9, 7-8).

All four resistors must be changed in order to adjust the High Pass; only the one resistor needs to
be changed in order to alter the Low Pass frequency. The High and Low Pass are user definable
and can be set to [eave either a gap between them or an overlap if room characteristics make

that desirable.

Eliminating the Low Pass Filter

When one of your customers wants to use-a Velodyne ULD -15/18 with an external crossover,
the Low - Pass should be raised to value a minimum of 1 octave above the Low Pass frequency
employed by the external unit. As an example if someone desired to use a subwoofer output
with 2 100 Hz Low Pass the Low pass within the Velodyne should be change to 200 Hz by inst-

a]lmg a 20K Ohm resistor.

10



Modification of the ULD - 18 for THX operation.

The model ULD -18 Subwoofer is avaitable in a THX certified version for use with other THX
certified components. The THX certified version of the ULD - 18 differs from the Non - THX
version in two ways. The THX version has no volume pot on the amplifier / controller but is
designed to operate at a fixed output level supplied via the subwoofer output port of a THX cert-
ified preamp. In addition the THX amplifier is supplied with a modified crossover module (P/N-
84-0003)which plugs into the 14 pin socket normally reserved for the default 85 Hz crossover
chip. Any ULD - 18 Series Il controller can thus be modified to THX specification by the addit-
ion of the THX module and omission of the volume pot or vice versa. The function of the THX
crossover module is to raise the Low Pass frequency to 200 Hz while maintaining the default 85
Hz High Pass level, while at the same time boosting the signal level at 35 Hz.

11



3

Ju

ABBUG YBEL @Y AJRRJONA

|

HELL)

(-1 2
JEOWNN JUSWNICO AT [

O M

e L L LT T PP B R e Ll L T T T,
UBJONBNE EI FRIMIE RE-/E0-0N 1 1
#1318 1 o\ 1
1 EL PR H
BAILENOTY BNACDT3A ' ne ot 1
ol
" . HO¥ €2 7] H EHHO NI EINTTA HOLEIGAH T
L/ L H OFLON HRAWN 4N HI ANTYA WOLIDYdYD Ty ‘1
! ! SLON
1 t
! ATH HE ACH "
“ umm =l Mot aocr Lo '
| 1] O
H ANYIRIEM < @2 '
| YIS mE '
1 ¥ At 1
1 1
i AW I
H L] AEM AGRe 1
' | MoTIEA
1 1
H 1
i 1
H 1
H i
1 1 ADRZ “we
“ " l)/\.. £ WYW vo
8N4 INIT TH o0/08
o —————— e 2 H #oNvuo ovA LFF
1
] i . !
! ' avA0RZ
: H T0°
1 1
3 1
) 1
1 1
1 1
I = 1
F-TTTTT TeTTT ! FLLT !
1 1 a3 Y 1
! spb ! L 1
! ® p—1 L 1
t ip n H
: H mzEin 'z AgE 1
- + M ra 0000T 1
r r T T 13 237 | e
i Ep— \ o ve 1
1 3 o | 1 H !
' T v DA In T 1 T
) i i A6N3 ADE+ !
S ' 2THL t HROHS
o ntwn_nlnn N/d 1 B T e M —————— e ———— 1
"0°8 AALLYOIN INding !
| e/ "
1 H
o ——————— P
A60T )
! _ i ! 62 == ! R
s L H
: 037 &
! ] 1 T ! NO wEK0d 4
' H T . Mot '
' s p T 1 ! Y
1 » T L e 1
] Ep— 1
] 2 i
) ¥ 1 + '
] ok 1 1 1
Tt .4 ! o MY Do WOWS
! UIRI—SG N/d 1 !
A0 FALLIS0C LNDLNO { I o 490003 ¢
( LY ey oo 1
o ——————— ——— 1 !
1 ol ! 1 1
" 8 - ‘, T oY HHA WO
] w A3 L :
1 s ! L i
| H I : 1
1 £ n
1 m T 1
1 T ¥
! T H oW¥ ¥aM0d Q1
1 1
( 1
1 -] 1
1 L
L “ t . J
1 B BTV OISR T oMY HIMDA OL
€ ! :
i u _
' ' P-4 80 :
1
VPR | H i
t
2E5-UCE N/ ! TR
[s(4 (-1 _,n-!c. 1 [=1o1:] f
! AT+ 1
3 1
T T —— B TrT T MUy — ..z”.. ||||| RO I 5 I I 1 [ 1 H44+ 4L Ir .
2ovasain: ' M~
vaBALN H 1+EEHA-- LT TR BRI S ERP AP P 3 § [ I L ) - -
N OAUIE ! 1 1
RN e e 1 ral] ; o i m i
I “ 1 b as | M [ m 1
oo Lty “ $hit £ S ¢
Haa: rr-q--- e e il a1 ] b T [ € |t T |1 L—d+ 1
1 1 [ E |t g —q " |t 1
[ ] 1 [ —qF | [ 3] '
i ' 4 o S [ [ |
! e e ! ' R v s |7l v !
! vEI-BE Nfg ) 4 d r i [
! ' v AT 1 0% GaoHaE ) W |t ! H !
H ' ' [ ot 2|1 T '
' 1 I [ [ ] ¥ [ t
" ) _TIA e - [ [ [ .
[ ' [ 1 [ *
AGHIDSY oD G23I-0G H/d =001 a2t
I ror B Mid || &mDD GZI~GE H/d ) £C1-G0 N/d +
| wELHOwETADIY _.IA HOBEINIRDD NIVD | ‘o9 d0Gl () ‘% Woivu¥dWOD ) | M8 YRAOREOHD
H e e Mmemmm—————— B .\




o | ¥ £ i
N uw.-l-_r‘ﬁ__m._rilef ] | 17 3ms wm«\w ___OMIMVHT W05 10N 0 HOILY v

i dWOIAZ |~ 18 _ Pﬂml jEacfy T o prosvye
-y OH__Dm) s Kol ol HSIHE BL/S1-0IN -

BL/S1-0N |77 v |- .
ASSY QyvOd HOLVIVAWOD uva | SO0 THXX q
_ L F 40 e 9L/1 F .
QUi $3138n02y Sy g A @] .mz.ﬂr, e b B g S L STIONY STIVAIIO SHOILOVYY
© =®> e ey 3y SAINVHTIG]
~Masond SIaTins wiRM aRaIIN SAHINI NI 23UV SNOISNINIG

EEE of a0 ti
Cio o0 00) 25 @
oflo Pl
A1) e [se
I |ojlo o
664 |ofold  [o]S
14137 lollo ol
e~ _lollo oo 3
o o/lo e
9 YBNY  INY T \O,

JooBv000

t}
i

0000000
0574
¥ s

SHOISIATH

N%& ve/9/Ey NOILDNAOMI OL ISV
AQUd “ 3va _ zo_E_zomum —

__H
ﬁm%@“ﬂ =l a
D
Ba. 2 o Wl
/\IL L
@ _ C RIS
T - 8]

SOV MOISISNVRIL 01 | W1 113N LOH ATddy f£]
SWRIALYI 40 T8 M3LNAW0D 335 SAIGWNN WAL ¥O4 9
NVI1D 38 1SNW Qdv0oa 40 SIS M08 g

. SLNIOP 37105 (0D ON
OZ_._._.M_\SZm_>u_,~.:>)>z__._moz< _:.Oowzwum_hmj_zmuaqom.v

SFOHMIA/SAI0A H3AI0S ON ‘04v0d 40 S301S HLo8

NO MOT4 AITI0S 1009 MOMS L1SHn SAVIT ININOJWOD 1V ¢ Q

XY (UG 1) HONE £90° oL O3WAIIL 38 1SnW savd LNINOGNOD TV 2
(RIVOE 40 30IS Y3108 HONOYHL MOMS ESAW SAvIT ININOJWOD Ty 'L

U3LID3dS ISMUIHEO SSTINN 'SILON

N

Y ~tii

JET IR

| |

[

‘ ‘CH_ MO + m, . ] ﬁw




PR FL | -
N ESE-G5 g YL0OL = B3I °E -
O03I4I03dS ISIMHIHLO SSAINA JN NI S3NTYA "dvd W ‘2
AZ Jagquny jusuniog ezt . SWHO NI S3AYA HOLSISEIH TV 't
BF/GY - GO0 ‘OHY0S HIAD SSOHD S3L10N .
i | _ —O
EJILEN0DY ANAOQTIA
' vevr
a EE »ir  EE
L¥D ¥ ara
0ot T-er
Ry Hdagot sou '
TS0 == S-gr
n2r- 0oF .
Mib . A O
B8 ¥ 3 i3 roy
9 dHY HIMOJ oL AZTw v-Er
0"t oot L .
O Il z FIR ra*
1 . Il i
g-en St osd € L il
. R g1 2rD
AT+ .
S, MLk 00% T dHv-EHd
—, e Q
& B a P
. T-¢r
. Wi
w_Mm 2071 L84
own :
. . a Gl A
Y L0711 i 33
9007 HAJOW Bns Lo o%ﬂ |||!|AA| ||||| v =t
m.:\r ._% . - /7 oF Mer ) Lot HOT
y zg 5 > G
E-vr 2eH 1) g &P b
AL
hﬂk gl
HoOT HBS5 .
) 3
} £LH TLH
Lys ney 50019 &
i QoI &
HYNGS ( wodd L e,
_ ~
4
ALk Jdooot
29y 050
MLy - .
<r D =
A= o
€ 1 .
v£aL @M@Q = o may
Y oWY HaMOd El
a't ook v =
1 grn evo- o 00t ¥ dHY-3ud
Q e |- . O
E-g org &9H
2-rr
Aew
vy NN
7
e 9




\@;_;\S\m_

NOILINAO0Hd OL 3ISvANIY ¥

(9F6L7) ST FOO'LL

v ¢ v
XD [ -z gam v 7 ONIMYHD FWIS 10N 04 NOILYONddY
Y 9G| —+9 b * SN NO (138N ASSY IXaNM
A ‘o oug - A T : Bl/S1-01N
. 8L/G1l-Q1N |Feraie —
ASSY (JUv08 ¥3AOX [3nd T swicuday SO0
; s ssnom e | b F MO e ¥
Jul SI11SN0dYy @C&ﬂ OIBA v ey iz et i o | QIIONY STvWaad SNOILOVALY
@ = > wao e X T A 34y SIONVIT0L : ﬁ AR I
~0na oo W awomon pword 3 | SIHONE NE Y SNOISN3WIA
o o}
Rz
1o
o 6% 9,
nro
[ o] [@ o)
1S
M HOV -0 0-9
= 10 [O-4
Ay 39S D3
X A Q- = B0 o
=1 NN | o-0l 0 oy &
TiM HvI10 PN e
M Fuvg —] vl TS Bl

L I\

(L 0FWwge 9) HOMN OL'FGZ"

QINNIL ONY 3ddI¥LS 38 0L SONT 24IM
ONIDVD OHIS ON JAVH 0L SAVIT 3um "0t
SLINIOP ¥3070S OL L W3LI LT3N LOH Alddvy [6]
idd W04 Z Nid IACW3Y [g]
STVIMALYW 40 718 y3LNdWOD A3S SHIFWNN WILI 204
(SUFLINTTINY SIHONI NI 3HY SNOISNIAWIQ
NVITD 39 1SN GYv08 40 $3I0IS HLOH

SLNIOM 30708 d100 ON

ONILLIM NIAT HLIM ANIHS ONV HLOOWS 38 1SNW ¥3Q10s
STIOHNIA/SAIOA ¥3AT10S ON ‘a¥v08 40 S3AIS HLOS

NO MOT4 ¥30TI0S Q009 MOHS LSNW SAVIT LNINODWOD TIv
XYW (WW8S 1) HONE £90° OL Q3NWINL d8 LS SAvET LNINOAWOD TV

Dw_...om&n_«

ava |

NOHJINISIa

ENEREE

SNOISIAZY

Q¥v08 J0 30IS Y3AI0S HONOWHL MOHS LSNW SavIl LN3NOJWOD TV

03i3103dS ISMHIHIO SSIATNN SILON

!

A

9
G

|

£ onsf

“ON DM +

¢

¥




0D BEF-OD

]

NEdmy Auewnoog
DYDR POLYUY -G

BRIy

EITASN0TY BNADD LA

FPEROIN ~ BII  HEEWT = 821 ‘9D;
03 IdII30R BETMEEHLO E¥2Ww0 40 NI 3

.n
WRNIYA WOLIDYGYD Vv -2
BHHO NI BaTIWA UOLBIEM T i

WILON

B
t~
|

L.
Ll

HL“w
Wik
v
OF Kt

b i

VOrRNE
Fdy

Ly
V@NH

HoBg
DFhY L2H
WO'E
g2ZH

10

0
MLV [« 22 =g
TEd
49001 Ado01
[ 25 ira mi= :
reagan Y| v
ui e | ¥21 ]
<007 ANBYEND o5E -

+ HLw DOAEE+

w\.....g oz FLET gT "

Ll ]
4
eza

Smw1
ir’

/e BBdIL Xy
oL

DaARe
—

=




: |

v ¢ ¥

Donliza W DENOHLNY ATVAATINS $7 LIL2E SO

|0} s | 1—zawsfizl-f ONIMYHT 3TvOS 10N 0G HOILYMdav
LMH.&EOQ&N~F¢® g r@@? . NO Q38D ASSY IXIN
- ON_OMa 3215 EN.ZT HSINIG mv\m_.]m_.:.d
8 w\m L~a1n LATD TRV
1O xx: m—\_. F

g T (T AoF

2ul 5235102V SUADOIBA, (it |z s Eme S ey B

STIONY  STvhIDEE SNOILOVYA

3HY SIINVHIN0L
SIHONI NI 3dvY SNOISNIWIG

\&cm 176/91/%

0000G00O
0000000

todal]
olg)
d8NYd  LNY

W0I8Z 1 ~-gG, o
_mddd%oﬂoommuou. S L
o3y BZY o

LN
° L)
[+ ]
[+
[+]
0

1

ol

NOILONOOYd 04

3SVII V|

adaouady [ 3va |

NOILdINIS30

[A3u| N3

SNOISIATY

SAVIT HOLSISNYML OL L W3l L13W LOH AlddV
STYIRELYW 40 T8 ¥ALNJWOO 335 SMIEWNN W3ILI 04
NV3IT0 3¢ LSNW Q¥v0d 40 S34IS HLOE

SLNIOr ¥3070S 000 ON
ONLLL3M N3AT HLIM ANIHS NV HLOOWS 38 1SNW ¥3a10S

SITOHNI4/SAIOA 30705 ON “Q¥Y08 40 SIS H108
NO MO13 ¥3Q10S Q009 MOHS LSMW SAVIT LNINOJWOD TIv
Xy (WWRS™1) HONI £90° OL IWWIEL 38 LSAIW SAVIT LNINOAWOD T

Jav0d 40 30IS Y3070S HONOMHL MOHS LSNW SA¥3IT LNINOJWOD TV

0314103dS ISMHIHLO SSTINN “SILON

(]
‘9
'S

R4

‘DN "OMa

| | [l

+ c b




Ri ISR YEET HY KJenInsT -
: vai-ag "
A3 Jaguiny juswniao IWI-M
OUYOE H30H36
LAV} SHHG NI BANIVA WOLBIRIH Fiv ‘¢
[T YR T BITHIE OO0 NG TEEN T TALON BSINN A0 NI mw:.:.m m_<u Y CE
YEGGAN — T @
BDTI16N0ODY IHAQGIA &F a7 MO 036N DN QEDT CF
- e BILON
11N
ax
L4s
-1 _nn L3R € IYMET
. A He G
J— e JE— _m — .m« Mr E~1r
| wf I
-] 341 °r41) g 20V
v 20N 335
1.5
€8 I NG 2 a2
e A .;?:__ ——
oz28 SZy 3 4]
zau
HGT Aoz
a9€ 4 _
[ =11} red Lg=1")
.._acnnq: ) LS
| ATlednS "eaN
> a-tr
Jav
a
000t & coor ~L- 000 ~to
1ED D32 £3 [T MBE €3 ¥ Vﬂ g5ETEME
5d L)
HOE
resean ¥ Bt
)
7]
v OBENE X [ ] 13 ozm»
2kl B ' -
] & rd
¥ ¢ el 1
Jdzg .
.Y I__ . 0001 mb-
o &3 9T ] Mew ra
ERDY Ak 1Y)
XF - . .
¢ag Adans .m_u@/
Y L S N > -3
2
4007 1HFuEn u aav
ar




! _ Z v ¢ ¥

L#0 | ks _ Lz s lhp-f-H R ooz | SNIMYHT 3OS LON 0Q NOUVOITdalY
v LG—+8 g &‘ﬁ“\i\? (N4 " . NG gzsn ASSY XN
“A3Y ON_Omg 215 §\x\\\~\»&§»@ ‘HSTNIA
QINDIHD
QdvOd ¥IANIS [vem7e Zor :
[ v g0d s TWIMILYIN
ASS V0| SIVADHGdY RO
; e oson e | FF 10T Fxx ¥
ou| s2138N0oY gy A_UQ_@\/ P [ B BT o0l ciogd snolovid -
ST s R vl s 3y SIINVHTIOL
wdwdoud esomo Nl gasTosd w3 | SIHONE NI 3¥Y SNOISNIWIG

SIVIALYIW 40 718 ¥3ALNdWOD 335 SYZEWNN WALI ¥04 7
(SYILIWIMIN) SIHONI NI Juv SNOISNIWIA
NV3IT0 38 LsNW Jyv0odg 40 S3AIS HLog '

SINIOr ¥3310S dT700 ON
ONILL3M N3AZ HLM ANIHS ONY HLOOWS 38 1SNW ¥3J70S +

S3T0HNIA/SAICA ¥IQIOS ON "A¥v0g 40 S3AIS HLOG
NO MOT4 ¥3070S JC09 MOHS LSNA SAYIT LNINOJWOD TIv "¢
XYW (WWBG L) HONI €90 OL QIWARL 38 LSON SAv3T LNINOGWOO TV °Z
Quvo8 40 3AIS ¥3070S HONOWHL MOHS ISNW SAVIT LNINOJWOD Tlv 'L

Q313103dS ISMEIHLO SSITINN SALON

©

¢ N
ALY Tve/11/y EEEIE

girodddy | ava NOILJNOS30 AN

SNOISIATY

_\ _ .xm_ ‘O "Sma » nPJ .V




Z0F

-]

JECEIN_ IUAND oG m

SWHO NI _S3NIYA “RE3Y T ¥
—r OZLON SSIWNA &N NI BINTWA d¥D ¥ 'L
L =% Y0l = €0 °E
O O Beas = =0 ‘Mu._.uz
L/ ’
Un—..—OnDI FdIn e
= nlma
aorguz
Edl New p.ra d
oTHE oTre
aryrNy nLw
et > D¥MY
bl 20 Heow
e *d Erkd
r i aEEHT
QarsrNt sESH sz2n
sta ven _+1 e
opgEnNz K ¥ L3 \
T | = +f 3
ozy
OrSIre OrEILH M
CIT [T ey
zZre CENH
»oOT
o S DO vEH 200FNE N
[+ ] Fid A Hoza
£TQ oy
EEW arcene W Hze v 228
Grd L ata ¥ed
. 200¥NE Y.
Hew
¥iny
L7r We'w Azy EIQ L1
cza 4 GFH SN
O O Q sangee
-z a-zr e-zr O
8-
DOART +
2~
sEER" sEEH
oL
O L7
— 2z
&=Tr UO:@W
- r
HO S
Notg sed
vioL
agn 0L
OREENE * HO'E EE een
Syl - .AA Hitw He'w THIM LHN
QEESHZ "EY wab
sBL ZxXd Xy i
DOREF+
ELTEASS
BrPIrNT
¥ 3
£-2r v—n ﬁM Lr
O O z% Wy ¢ Txa
extl
nLw Aev
£¥00° wwe EL un._u_o« ww¥  zr00° rargnz M_
| S PR [-1¥ %) Dere THHL
L) 11 :
oza Zrd wza 823 v 20
o
nrz 10"
vk Hre 1l
|]f|ﬁ OREIW OREIrH M.l.sll ary 1F
£HL Bl 2
o A O
=-zr oLy or o oLy
.8 e—Er
-5 oy TRy ora —

I




_ _ _ 4 v 3 ¥

| 40 | wai _ l'g Iws h\ﬁ‘\T ﬂ\\.\ . INIMYE] FYIS 10N 0Q MOULYIddY
A4 SGl—+¢8 ~ g }w\.:\__. B oy ND a3sn ASSY IXAN
A3 ‘0N _"gpa s Il Fab Je@fi-@ ‘HS NI an
QavCa ABYE dWY3INd [Fe6=c] T ol | 3LON 335
81/GL—0N ASSY i e
3lva_ | svAGWadv R
: s | b F 10T T ,
24| s0I11s nooy @@&@@:@\/ ‘%’ %ﬁ%%ﬁ“ﬂpﬁﬁﬁ STIGNY STYWII3D SNGILOVHA 1S S1¥vd 31vdvdas 33s
R B ode T et Lgnnoo 139y SIONYHITOL
~2udoud Eaemon wcan mrwne ka2 SIHDINE NI JYY SNOISNIWIO

A

LY — M

(=L 1o ] Nxm _

9

299
2

¢ oo
é@
@@

-TAe)
o5y
L3
9
BHE]
o<
o
o
6LEMY |3
C 0000 0g 4
ME T T T 000
z O-{Ikg
BU
€9 3

13 ‘; T

ST er I e
o873 -0
steo- oo 1o

na

2000
@W
2
a
I
“o

J25T o m— e
£+ Ml |

L AR

L 8L
L= 000 S —
17|

= had:]

i 231

& S

2o 0
[{F 5]
[e]

:

go—rﬁﬂo

YL

o0 PO 1o

I~

E
['t]
™~
(&7

C 3H HO
£z5 zzy o[ SEE 10
@ o+ o
) ISy o-_£5d o

®
®
®
®

0z

[0} o Ctit}-o

ZNME

(g1 0Fwuwse g)
HONI OL'FGZ° J3NNIL ONY Q3ddIdlS 39 0L SONI M 8

HONf ¥3d SISML OML ¥ ® € SW3Li LSML g

E v X 80d HLIM HSN14 38 0L Slivd{Z]
SIVRIEBLYA 40 TU8 ¥3LNGNOD 335 SYIEWAN WALI 204 9

NV31D 38 LSNW 0¥v08 40 S3AIS HLOB ¢

SINIOr ¥307eS G102 ON
ONILLIM N3AZ HLM ANIHS ANV HLOOWS 38 L1SNW ¥3Q10S '+

SI0HNIA/STI0A H¥2dT0S ON "QYY08 40 S35 HLOE

NO MOT4 ¥30T0S dOCO MOHS 1SAW SAVIT LNINOJWOD TV ¢
MDWMQ XYW (WW8S L) HONI ©€90° OL QIWWINL 38 LSAN SAVIT LNINOGWOD TV 2

¥6—6—¢ NOILONAOYd 04 3SVI3Y]| v JEv08 40 3AIS HITI0S HONOHHL MOHS LSAW SGVIT LNINOJNOS TIv

L
Ooudav ] 3wva mzc_m__w_/mmn__%muo e A 031403dS ISMYIHLO SSTINN STLON

ﬁx _nxw mm wnl.vm ‘ON_"OMQ + m . AW‘




i

TSr-oo

o

18 qunnN QCDE:UDL
SOHYDY LNdino

SJILSN0JY 3NADONAA

8WHO NI S37vA "534 7Y g2
40 NI §3N¥A dv) v T

O3IJID3dS 3ISIMHIHLO SS3TINA ISALON

O

2-%78 - B E )
-] MS
EE'0 EE' D I2a
oTy Bd a8
L°F ~i- gEROHW
S 2HL
MY STOGTrH
HE'E ayl ﬂ_
|O STOSLrW |
%) -8 ZHL :
BEOST BrH
FHL
S
LAY A
. EEETL]
Eliele)
(2a] et} 20
4dooT AI
€4
B2OSEINH ] l_l
edL o J\ V O
-39 -
s~-gay
BEOGTrH N .
gdl m._ asg |O
£
9-03d
M5 MG
STOSErH N £06ENE L LR Ec- o EE'D ir
oL A [2n o ad Fas GH ot
1Y)
STOSIrK .
CEE LOB2NS £ b
ME ME Ty *| 9L TRl 10 H
ec o EE"Q v
oty B ay
J\ ) STDGTIM !
s-378 Gby, v_ — 1 OfE
T
B3eEtary K)
é Ul A O
s-3a 2031
. ELLY
ED
P l_l OSLHH
ddoot |_A
20 2s] t~G3
BZOSTAPH \] |~¥
buL A
s-%78
ATOSTIH ™,
aur
aTOGErM
ZuL
e SEZGHMK
6D mtr ZHL
MG Mg Y
€E" 9 EE 0 ir
oF Y] gu

(HOYE) HIRT-RC N/
QU¥08 3ALLYDAN 1NdiNO

E-N78

Z-03d
(O3] HIST-0& N/d
Qd¥0e 3IAILESed LNdLNO




