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I. INTRODUCTION

You have ahead of you an enjoyable experience. . .building
one of the most sophisticated pieces of lab equipment available
to the R/C hobbiest. No compromises have been made in the
quality of the components, design, engineering, and perfor-
mance of this unit as we are sure you will find while you pro-
gress through the assembly,

We at Ace R/C are certainly proud of this design and know
that you will be too, when you have completed it. Take your
time, do a neat job, and then show it off to your envious
friends; they will be impressed!

Begin by reading two of the enclosed pieces of literature--the
“Kit Builder’s Hints™ to show how to properly solder and iden-
tify parts, and the “Operation Manual” to learn what this unit
will do when you are done. Then read through the remainder
of this instruction manual to familiarize yourself with the Digj-
pace assembly procedure. Obtain the proper tools, clear a spot
on the workbench, set aside some quiet time, and begin--take
your time and enjoy!

Il. CIRCUIT DESCRIPTION

By: Leonard W. Barker, Designer
Mid-Continent Communications Co.
Independence, Mo.

The design of the Digipace I uses basic analog and digital
technique’s, with the timing system being the only difficult to
understand area, The Charge/Discharge portions of the Digi-
pace are basically the same in both Transmit (TX) and Receive
(RX) sections and will be discussed first. The only real differ-
ence being the charge method and switch positions used. These
differences will be brought out in the following text.

TX:

In the Charge Mode, the charge is provided via CR1,Q1 and
R7. When the ( output of IC U4B is at Vee (5 volis), Q3 is

saturated and supplies a ground for R15. With R15 grounded,
approXimately 8 MA flows through zener diode VR 1 and there-
by causes the voltage across the Q1 (Base-Emitter)-R7 combi-
nation to be about 3.3 volts. Since the base-emitter voltage of
the transistor is generally 0.7 volts, the 3.3 - 0.7 volts equals
2.6 volts across R7 or roughly 51 (2.6V/51 ohm) MA. It can be
seen that Q1 will attempt to mdintain the Charge current con-
stant, regardless of the TX battery voltage (6 through 12 volts)
since the voltage across R7 is fixed by the zener diode. Actually
R7 is in parallel with the R5-DS1 charge indicator and the
values have been chosen such that the total current through the
two paths equal SOMA typical. When the Discharge Enable
switch is pressed, a reset pulse is applied to the flip-flop [C U4B.
This causes the Q output to go to zero volts and Q to go to
Vee. Q3 now is turned off and the Charge cycle ends. With Q
at Ve, the TX discharge control R26 has about 0.765 volts
across it. With zero volts across R16-R17, the op amp U2C

has a higher voltage on the non-inverting input and therefore
the op amp output goes positive. As the op amp output goes
above 0.7 volts, Q4 begins drawing current from the TX battery
through R16-R17. This current continues to increase until the
two inputs to the op amp are equal or .765 volts. Since this
means there is 0.765 volts across R16-R17, then the discharge
current must be 0.765/2.55 ohms or 300MA. This discharge
current will continue until the battery reaches the preset Cut-
off-Voltage level, the unit then switches back to the charge
mode. This is accomplished by the op amp comparator U2B.
The TX battery voltage is sensed through R1-R2 and isapplied
to the comparator at a reduced level on the inverting input.

A Cutoff Reference voltage is also fed into the comparator, but
the reference is applied to the non-inverting input. This voltage
can be varied by slide switch S1 for either 6, 9, or 12 volt batter-
ies. As the battery discharges and its voltage drops, the voltage
on the inverting input eventually drops below that on the non-
inverting input and the output of U2B goes positive. This causes
the output of OR gate U3A to apply a positive voltage to the
SET input of U4B, and the flip-flop changes state such that Q
is again at Vcc and T is again zero. This of course is the original
Charge Mode. The discharge mode is indicated by DS3 which is
driven by Q7. Q7 is turned on when Q output of U4B is low,
therefore DS3 lights during the discharge mode. The preceding
discussion shows how the Charge - Discharge cycle is controlled,
and indicates that the Q-0 outputs of the flip-flop U4B may be
used to control the discharge cycle Timing Circuitry which will
be covered later.

RX:

With a few exceptions, the RX section operates the same as
the TX section. The only major difference being the cutoff
voltage is fixed by voltage divider R10-R11, and that the charge
circuitry has two charge rates. During Charge Mode, Q output
of U4A is at Vec and transistor Q35 is saturated. With R18
grounded by QS5, current flows through the base of Q2 and
causes Q2 to saturate also. This applies 20 volts to charge re-
sistors R13 and R14 via diode CR2. The charge switch 52 se-

Jlects either 20 or 50 MA charge rates for the various sized RX

batteries. R13 and R14 values are selected such that they, in
conjunction with charge indicator DS2-R1, will provide the
two desired charge currents. When the Discharge Enable switch
is pressed, Q of U4A goes to zero and Q goes to Vee. This sets
the discharge current at 300 MA as before, and with Q at zero
the transistor Q5 is off and therefore the charge circuit is dis-
abled. The remainder of the cycle is the same as in the TX
section.

TIMING CIRCUITRY:

The Digipace timing circuitry allows independent timing of
both TX and RX discharges with an accuracy equal to the
60HZ AC line. The basic timing reference is generated by IC’s
U7 and U&. U7 is a dual 4-input AND gate and U8 isa 12



stage ripple (cascaded flip-flops) counter. A sample of the AC
line is taken via R37 and is conditioned into a square-wave by
U7A, this is then used to clock ripple counter U8, The output
of specific ripple stages (numbers 4, 6,7,9) are fed into U7B,
such that when 360 square-wave cycles are counted by the
ripple counter, the four outputs will all be at Vcc. This causes
the output of U7B to go to Vcc also and thereby causes U8 to
be reset to zero. With all counter outputs at zero, the AND
gate output returns to zero and the counting cycle repeats.

Since a pulse is generated at the output of U7B every 360
counts, it may seem that with a 60 HZ output the pulses will
occur once every six (60 per second/360) seconds or every
tenth of a minute. These pulses are used to clock the display
counter U9, U9 is a very unique IC in that it contains four
0-9 decade counters, storage latches for each counter, and
multiplexing/driver circuitry for driving the four digit display.
An important feature is that the IC allows either the contents
of the counters or the latches to be displayed simply by setting
the DS (display select) input to either ground (latches) or Vee
(counters). By using this feature, it is possible to independently
time the TX and RX discharge cycles.

As mentioned earlier, the outputs of flip-flops U4A and
U4B are Q@ = Vee (Q = zero) on charge and zero (0 = Vcc)
on discharge. As can be seen, the time base output from U7B
is fed to the clock input of U9 via R32. When the cathode of
CR3 is at Ve, the time base pulses can pass through R32 and
cause U9 to count up at the rate of one digit each six seconds.
When the cathode of CR3 is taken low (zero), the pulse voltage
is dropped across R32 and U9’s display counters remain un-
changed. Since CR3 is connected to OR gate USC, either input
must be at Ve in order for U9 to accumulate a count. The
gate inputs are the Q outputs of U4A-B and therefore the gate
output will be high whenever the T outputs are high or in
other words when in the discharge mode. Therefore when the
Discharge Enable switch is pressed and both Q outputs (U4A-B)
go to zero (Q to Vec), the output of USD will be zero and USC
will be Vce. Also a reset pulse is generated via U3C which sets
U6A-B, and U9 to zero (outputs equal zero). Under these con-
ditions the counters of U9 begin accumulating time and, with
Q of U6A at Ve, this count is also read into the latches of U9.
When either TX or RX switches back to charge mode, one Q
input to USD will be at Vcc and this will cause USD’s output
to go to Vec also. After passing through time delay R31-C2,
the Vce level signal sets UGA to T = zero and clocks U6B With
the O output of U6A fed into the latch control of U9, the zero
input causes the U9 latches to store the present count now dis-
played. Since only one input to U5C is zero, the output of USC
remains at Vee and U9’s counters continue to accumulate time
for the remaining discharge section. The time for the first
section to switch back to charge is unaffected, since it is stored
in the latches. When the remaining section switches to charge
mode, the output of U5C goes to zero and U9’s counters stop
accurmilating time. . . We now have TX and TX discharge
times stored, but we don’t know which is in the storage latches
and which is in the counters. This is the purpose of U6B. As
mentioned earlier, when either TX or RX switches to charge
mode, it’s Q output goes to Ve and thereby causes U5D and
then USA to go to Vee. This Ve level not only sets UBA, it
also clocks flip-flop U6B. This flip-flop is a D-Type which
when clocked, causes its Q output to go to whatever level is
present at the D input at moment of clocking. The U6B
D input is connected to the RX Q output of U4A. If the TX
section switches first, the Q output of RX will be zero since it
is still in discharge mode, and therefore U6B will have a zero
output clocked into its Q output which we label TX. Since U9
displays the latch contents when DS (display select) is zero, the
above condition would cause the latch to be displayed when
the Readout Status switch 84 is in the TX posjtion. We've
found that the discharge time of the first section to switch back
to charge mode is stored in U9’s latches. Therefore since TX
changed first, the time is stored in the latches, and with U6B’s
Q output at zero the readout will display TX time when 54 is

set to TX. If you follow the sequence through, it will be found
that U6B’s Q output is zero when the RX section changes to
charge mode first and we now have a means of selecting either
display TX or display RX. A power on reset circuit made up of
C1, R22, and U3D generates a short pulse each time AC power
is applied. The reset ensures that the cycler always starts in the
charge mode and with a zero count on the time display. The
multiplexing scheme is a standard scan system in which the
seven segment display drive for each digit is present when its
respective digit select (21-D4) output goes high. Since all com-
mon segments (anode) in each individual display are tied to-
gether, with the seven outputs of U9 applied to all four digits
at one time. The seven cathodes of each individual display
digit are pulled to ground by one transistor, either Q11 to Q14,
depending on which digits segments are being driven by U9 at
that particular time. These transistors are driven by U9 in such
a manner that the correct transistor is on when the correct
segment information is being outputed for that particular digit.
This allows four complete digits to be controlled by only
eleven control lines rather than the conventional twenty-nine
lines. The decimal points are also all common and Q9 provides
drive at the proper time to light the tenth minute decimal point
used in the application.

POWER SUPPLY:

The five volt power supply is a series regulator which usesa
current boosted hybrid IC regulator. The IC is such that with
no output from U1, into the five voit supply, Ul consumes
only a few MA of supply current and since 2MA X 100 ohms

is only 0.2 volts, this is not enough to turn on Q10. As the

load on the five volt supply increases to approximately 4 MA,
Q10 begins conducting and from this point on all additional
five volt load current is supplied by Q10. Ul now only supplies
Q10 with base drive current and varies this drive to maintain

a precise five volt output.

liIt. PARTS LIST

CAPACITORS

() 2 CE1gePI 19 mf Electrolytic
{ ) 1 CE477PI 478 mf Electrolytic
{ ) 3 CDl@2 @@L mf Disc

{ ) 1 CDl@3 .21 mf Disc
SEMICONDUCTORS

( ) 8 SS120 1N4901 /4006 Diocde

( ) 3 88121 1N4446 Dicde

{( ) 158125 1N746 Zener Diode

{ ) 2 88975 Large Red LED

{ ) 2 88@75B Large Green LED

( ) 1 8S11¢ Display Unit (MSB388l)
( ) 2 ss@@Egn MIE-17@ Power Trans.
() 2 ss@PB MJE-180 Power Trans.
( ) 4 S50133 2N4402 Transistors

( ) 6 88029 2N4400 Transistors
IC's

( ) 1 ss@41l 1IM349

{ ) 1 SS@87A IM324A+

{ ) 2 Ssp¥84 (D4d71

{ ) 2 55088 CD4d13

( )} 1 ss@gs {D4@82

() 1 88@89 (D440

() 1 ss@Be 74C926



RESISTORS All

are 1/4W 5%

unless specified.

( } 1 RO-680
() 1 Rre-241
{ ) 1 rR2-821
{ } 1L RA-470
() 2 R4-101
( ) 8 RA-201
{ ) 1 R4-301
{ ) 5 R4-102
() 6 R4A-202
{ ) 1 R4-512
{( } 5 R4-103
{ ) 5 R4-513
()1 r4-1004
( )1 R4-105
{ ) 4 R4-51XB
{ ) 2 R4-3021
{ ) 1 R4-752A
{ ) 2 R4-153A
{ ) 2 R4-433A
{ ) 1 rR4-B61B
{ ) 1 R4-182B
( ) 1 R4-292B
{ } 2 R4-522B
{ ) 1 R4-782B
{ ) 1 R4-842B
()2
*These parts

on a separate

PC1a5
TTE11l
w205
CCPe5
SWal5
SWEL17
Swale
WWi7 1
PLAD26
LB@54
HW206
HW139
HWIB3B
HWo@2
HWO11E
HW113J
IWa2g
RPOA3A
RPE16

ﬂ\ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁa
T R N S N N N S E P T S X oy ey

D T S ol S Sy

68 ohm 2w (Bl,Gy,Bk)
248 ohm 2W (Rd,Ye,Br)
82 ohm 1/2W (Gy,Rd,Br)

47 ohm (Ye,Vi,Bk)
168 ohm (Br,Bk,Br)
2@ ohm (Rd,EBk,PBr)
39@ ohm (Or,Bk,Br)
1K (Br,Bk,Rd)

2K (R4, Bk,Rd)
5.1K (Gr,Br,Rd)
1gK (Br,Bk,Or)
51K (Gr,Br,Or)
182K (Br,Bk,Ye)

1 Meg (Br,Bk,Gr)

5.1 chm 1%*
3K 2%*
7.5K 2%8%
15K 2%*
43K 2%*
866 chm 1%*
1.87K 1%*
2.94K 1%*
5.23K 1g%*
7.87K 1%*
8.45K 1%*

12K Trim Pots

are identified
sheet.

%

Digipace PC Board
28V CT Transformer
1/4A Fuse

Fuse Clips

CW DPDT Switch

CW 3 Pos. Switch
CW Momentary Sw.
Line Cord

Dakaware Case
Faceplate w/lens
Wood Standoff

Mica Insulator
4-40 X 3/8" Bolt
4-48 Nut

#4 Lockwagher

#4 X 1/2" Self Tap
6-32 X 1/4" Bolt
#@ Grommet

#3 Grommet

36" Red and Black Wire
3o" Solder
1 Capsule Heat Transfer

Compound

1 "126

—
——

ma" Sticker

IV. GENERAL CONSTRUCTION NOTES

() Install and solder the parts on the board, following the
suggested construction sequence. As you install a part, put a
check mark in the { )’s provided on both the overlay drawings
and the parts sheet. Observe the special instructions for individ-
ual components indicated on the parts sheets.

{ ) Bend the legs over sharply on the resistors that stand up and
keep them tight on the board; this Is so the top lead will not
short out on the back of the aluminum faceplate when it is in-
stalled. Some 1% resistors may be oversized and have to be
leaned over quite a bit to clear-no lead should be higher than
5/16” above the PC board.

() Notice there are solder pads on both the bottom and the top
of the PC board. The holes are not “plated through™ so you
must make all solder connections whether they are on the top
or the bottom of the board!

()} Save about 20 of your scrap resistor leads that are cut off--
they will be needed for the interconnects on the display unit.

() TheIC’s are CMOS devices and should be kept in the foil
package until installation. While handling them, be careful not
to drop them on the floor or pick them up after shuffling across
a carpet because they can be damaged by static electricity.

V. CONSTRUCTION SEQUENCE

() 1. Install all IC’s (U's) first. Make sure they are oriented

roperly and both top and bottom solder joints are made.
F ) 2. Install resistors, capacitors, transistors, diodes and
LED’s on the front of the board starting from the center and
fanning out to the edges. Insert a few parts in the board, solder,
and clip the leads. Continue until all are in place.
{ ) 3. Solder in the four switches next.
g ) 4. Install all the components on the back of the board.

g 5. Install the display unit last.

( 6. Closely inspect the board for good solder joints and
that all joints have been made, both top and bottom. Make sure
there are no solder bridges.
() You will have either a 820ohm or a 68ohm resistor left
over.

Vi. FACEPLATE INSTALLATION

{ ) Mount the two No. 0 grommets for the output wires
and the one No. 3 grommet in the faceplate--be careful not
to scratch the aluminum,

( ) Insert the line cord through the No. 3 grommet and pufl
it on through for about 67, A little saliva will ease the insertion.
() Separate the line cord leads for about 17, Strip the insu-
lation back 1/4” and tin the wire and solder to the PC board
where shown. Make sure there are no frayed leads and that you
have soldered to both the top and bottom of the board.

E ) Snap the fuse into place.

) Thread the red/black wire cables through the appropriate
grommets and then pull on the line cord while holding the face-
plate until it is in place over the PC board.

( ) Line the faceplate up over the switches and LED’s and
move it into position--the switch levers should protrude
through the holes in the faceplzte and the LED’s should en-
gage in the grommets.

( ) Smear silicon compound on the furnished Mica washer
and with it between the metal portion of the transistor Q4
and the aluminum faceplate, bolt Q4 to the faceplate using a
4-40 X 3/8” bolt and nut. Tighten securely.

{ ) Hold the faceplate down on the switches and closely
inspect for any bare leads shorting to the aluminum, especially
the AC line cord! Correct if necessary.

VIl. CHECKOUT & CALIBRATION

In order to check out the unit, you will need a charged trans-
mitter (6, 9.6 or 12V) and receiver ni-cd battery pack. and a
good digital or analog multi-meter.



CAUTION: There is 120V AC present on the PC

board. Avoid getting shocked!

Making sure you maintain proper polarity, hook the receiver
battery to the proper Digipace leads with the meter in series
and set to a range that will include 50 ma. Set the charge rate
switch to 20 ma or 120 ma (depending on the version you
have built) and plug the unit in. The readout should indi-
cate 000.0 and the charge LED on the receiver side should
be lit. The meter should read approximately 20 or 120 ma.
When the charge rate switch is moved to the 30 ma position,
the meter should read approximately 50 ma.

-

RED* METER +RED}
DIGIPACE u BATTERIES
BLACK —a— {(BLACK)

CHARGE CHECK

Unplug the unit and reverse the meter leads. Set the meter
for a range that includes 300 ma. Plug the unit back in and be-
gin the discharge cycle by moving the “Discharge Enable” to
the left and release it. The charge LED should po out and the
discharge LED should come on; the clock should be running,
The meter should read 300 ma *5 ma.

Y
RED METER

+(RED}
DIGIPACE u BATTERIES
BLACK —{BLACK)

»
DISCHARGE CHECK

Repeat this procedure for the transmitter side of the Digi-
pace, making sure the “Voltage Cutoff Level” switch is in the
proper location for the transmitter pack you are using (5, 8,
or 10 cell).

Trip voltage is the level at which the discharge cycle termi-
nates and the charge cycle begins. It should be 1.1V per cell--
4.4V for a 4.8V pack, 5.5V for a 6V pack, 8.3V for a 9.6V
pack, and 11V for a 12V pack. This can vary 0.1V on either
side and still give an accurate capacity reading. In order to
check for proper trip voltage, hook up both battery packs to
the Digipace and allow them to discharge, monitoring the vol-
tage. This should take about 1% hours, depending on the size
of the packs.

Note at what voltage the unit trips into the charge cycle-if
you miss it, let the batteries charge for 5 seconds or so and hit
the Discharge Enable switch again, watching the voltmeter,

RED - +RED)
DIGIPACE @ BATTERIES
BLACK ~(BLACK)

TRIP VOLTAGE CHECK

[f the trip voltage varies more than *0.1V, check the accu-
racy of your voltmeter first. If you’'re sure your instrument is
accurate, it will be necessary to replace the precision resistors
R3 for the transmitter side and R10 for the receiver side with
the furnished 10K trimpots and then calibrate the pots for
proper operation, To set the pots, refer to the parts overlay for

the back side of the board for pot location and rotate both pots
fully clockwise as you face the back of the board. Working
with one side at a time and monitoring voitage, discharge the
battery pack to 0.1V below the desired cutoff voltage, then
immediately rotate the appropriate pot counter-clockwise just
until the unit goes into the charge cycle. Let the batteries
charge a few seconds and check where the trip voltage is-it
should be close. If necessary, continue repeating the procedure,
adjusting the pot accordingly until the desired trip voltage is
achieved.

This completes assembly and checkout of your Digipace.
Install the unit in the black case furnished, securing the face-
plate with four 632 X 1/4” screws.

VIil. TROUBLESHOOTING

If your Digipace fails to operate properly, first take a very
close physical inspection--a magnifying glass is helpful.

-Check all solder joints top and bottom; make sure you didn’t
miss any. -Make sure you have the right part in the right lo-
cation. -Make sure all electrolytic capacitors, diodes, and
transistors are oriented properly relative to their polarity or
flat sides. -Make sure all IC’s are positioned properly and not
in backwards.

If you’re sure that you have everything in right and every-
thing is properly soldered, read the circuit description through
a couple of times and study the schematic to familiarize your-
self with the operation of the unit before trying o find the
problem. Following are a few specific problems and their cures.

Again, double check that all joints on the top of the board
have been soldered. . . there are over 100 of them!

DISPLAY:

No Display--Check fuse; check AC line; check to make
sure the transformer is putting out 28V AC; check if there is
regulated 5V-if not, check power supply components.

Segment Missing In Display--Look again for a bad joint or
misplaced part in upper right 1/4 of the board. Could be bad
Q11-Q14. RE-SOLDER JOINTS ON DISPLAY.

—Only 2 left--hand digits lighted — Component side solder
connection open on Pin 7 U7.

—-Eights on display and works correctly — No connection on
2 middle terminals of transformer output solder side (back of
board).

—Decimal points on all digits — Check for 5V regulation (Go
to power supply ection),

—Display lights w/connection to transmitter battery and
unit unplugged — CR1 no good or Q4 bad/wrong.

~Decimal point doesn’t light -- Check solder connections
on Q9 and R38-R40,

CHARGING:

—No transmitter charge current — Check for 17V-20V
on supply; CR1,VRI, or Q1 bad; wrong type for Q4.

—Receiver charge current low — Check for 17V-20V on
supply; CR2 or Q2 bad; wrong value for R13 and R14.

—Transmitter charge current too high — Wrong or bad Q1.



3 e > 8 ¥

FAE T

JILVINIHIS

G314123dS SSTTINN SAVHYAOHIIW HO SWHO JHY S53NTYA
QINFIDIdS SSATNN %G MP/| THY SHOLSISIH
9YPPNL SHY LLHD 'BHO "LHD

201 vEU.

9000/ L00PNL THY 0L ‘640 " LHD
ZOFPPNE JUV 64D 20

DOYPNZ AHY ¥L-LLD SO ‘€0

LZOPAD AV SN CEN

“8310N

‘o
WOZL IO} MZ WYORY
‘pres

BUWIQZ 10} Mm% WUGDZE—FiH.

AAA

2 oy

oo z 5 a reE
ra L3138 AYIdSIO '
el sovan GO
e s e A%
¥ JE T LR L LA L 1) o "
1N0 LNIND3S ¢ O m X
n N * 201 =
LRl IT .
1 z 3,
217 M
m s e 2 * v
cves  yeqn
n o a L] ry
™ ]
n =y
A
&

P £8
ERLLLT]

ux..h.n:ﬁ 4

&

=
3
B Sz e
o
=
] X AS) Gy
VWA +
Z  LNhO/NI Xy
oie3 LNQINL X1
A <
T~

i Wil 3y

gl

3I¥LIOA
N
x1

18 -
%4 NLNE WM 2
s
"
o Joraw  F
H
H
M2
s
1sa
* .
2 wrd ey
>
ul™
4 m
o 208 vew
-4
W’
1 Sv

Ave



‘8)e|daagy ay) uo , pwgg,, S

sano Apdde oy papiaoad st |, ewQgZL,, SABS J9U) 13)913s B' © "9l BWRE]
ays 1oy {aeyg ‘Aarg) ‘anjg) pz wjogyg ay asn ‘ajer abireyd ewqg
ayi 10§ (umoig ‘pay ‘Aaig) MY WYopZg e ||Esut pi-H 104 *syoed
yewgQsL-006 201e] 10} ewpz) Jo syaed Asapeq Yewqsz-Opl Jjews
Jo} BW(Z teyna aanpoad o) pawweifoid aq ued YIumg ajey abiey)
13A1303Y 3y} 0 uoipsod samo| Ay “ajew 0) 3NOYD B 3ABY RO,

‘meaos del Jjas Z/L X T CON & yatm soejd ul
}40PUBIS POOM B BIN23S-AJOANVYLS (| )

‘puBg

we1loq 2 Yum pue| dot B S108UM00 AfjBoli1da|e
1| "P4E0OO Oyl JO WoIIed B4yl pur dol eyl yioq
ug Aejlano staed syl Lo PelEDIPUl uoRIsod syl
1 pea| Jolsisel deios e Jlapjos—-HaAdINne ()

*481[04 U|BI1S 40} PIROG Dd o4}

wody ,,z/1 noge med yoee u) ouy g 211 ‘saed

omi Buiyew Jeyrefol joepd pue pas YIBES 18|M L

Aeion0 51aed 3yl UO PalED|PU] 58 B dnyooY

j9e1q pue peJ 40, B1L eP(oS-IHIM | )

18A |jBISUL 10U OQ %OOV--38Nd ()

“Ajsedoad

pe{jeIsu| 89 UL 35Ny 2yl 08 aPis PIBOQINC Yl o

ele sdio 8yl Jo spus ,, pedwilid,, BYL BINS BB
“UMDUYS $¢ pIeod 8l 4O HIRG 03 JapP|eg

8d1M2 3snd [ )

‘auop 5| Bujiep|os
Siaym 110 pedesds 5| [BUIBUS [|B BINS Bl

spunitysued) 1D ABZ-LL ()

SNOJUB|IaoSIN

jssiw 0) Asee
$,1e4) pieoq syl 40 dol 8yl uo ol e s,.asey

yaums epl|S LAdQ-¥S ()
YOMUMS AIBIUBWIOW LOdS~ES ( )
*MBJI0S J4OPUBIS BYI O SSRIIR 4O} LMOP
p5 pue £5 uo sBn| Bupunow sauur 8yy puag
Youmsepts 104028 ()
Youms uoisod ealyl-igs ()
‘usop pue dn 1yBleas
uiewas Aay: eyl pue of 1M Asyl se pueog syl
Q1 BSO{D SE UMOP 8J4E S8YIL|MS BY] BUNS BB

{1E240)

(5.5) seyanmg

LB8EESN JuN Aeldsid-6Sa ()

rAgidsip oy3

Wy sdel ay) eacwey "AUE $S{W 1, U0 noA ains

BiEN "PIB0g Od ededifiQ By jO LWONOQ BYL puR

3un Agjdsip 3yl 4o doy eyl O W3yl Jep|os pue
sejoy 2y YEnoayl speaj 10151581 deads Liesu|

‘dn aul|

sa(0yY Y3 OS pie0q Dg edediBI] YL cd 1 IS

pue 3jun Aeydsip BUY) 4O JESJ BUY uo adel PBp|s

s|gnop ayl wouy Buiyoeq saded eyl saoiay

- yapios Bupsenieids woly ebewep oensid 01 J8pIO

ur Buliap|os afum 2del Busew yum (S5}
Ae|dsip [2nBIp aul 10 998y 138E|d BYL JBAOD

"3yl eyl o1 spOIED 13T PeH—PSA ()

34bis @yl 01 epoyied ‘g3 PeH—ESA { )

'146| 8Y1 01 spoyled g3 wealn—Zsa [ )

-49) 83Uy 0} epouled (@371 ueAD—1Sa ()

‘PABDY Dd 84 W0l

LB L/E 5t Apoqg anserd ayl Jo woleq BUL pus
1yBieais dn pueEas Aeyl os ul 5,337 OUL JePI0S

{s,sa} shepdsig

dn pus papueq yum jeasuy SPLNL-LEA ()
{HA) apotq Jauaz

umoysg se pu3 pepued—LLYHD { )

'BAOQE 8B QWIRS-8HD ()
‘SUDIIBUURD JAWIO Aue
01 N0 110Us },UOP Spee; pesodxe
8yl pug Ajdedoid pajualio ai@ Spud
papued ayi ains BujBw ‘peiensn]|!
82 8PS| Byl JBP10S pue 3ns ‘pusg

‘apoIP SIY3 40y papiroud eie 8810y ON--LHD ()

"Peles| Pyl se (9POYLED) PUS PBPUED UlM [|BISU|
‘OpPrN L 848 sapoip Buime||oy eyl

dn pu3 pepueg—0oLHD
df pua pepueg—gYHD
umoqQ pu3 papueg--a4)
umoQ pui PepuUBE-9HD
uMOoys sE pu3 papueg-rydd
dfy pu3j pepueg-gHd

dn pu3a papueg--ZyH)
umoeg pulj papugg-LHD

o e

‘Pe1Ed|pul SE (GPOYIED) PUe PEPUERY ULM ||EisU|
"900TN L/100rN L aie sapoip BuIMmO||0f 8yl

{542} %apclq

{PaY "33E1E ‘Usoud) ML-LGH
{(pay’yoR|g‘umMolg) 3tL-9GH
(pey '¥0eI9 uMoIg) 3 |—-SSH
(PeN uMoIg usesD) NI 'S-rSH
‘pie|dadey
01 140US 1,u0m pea| A0l 2iNs a3BR
(leeys Q| UQ) %L HPEZ-ESH
(UMo.Q or|Q UMDIG) WYo 00L-ZGH
{ped‘¥oRIA’'PEH} MZ-LSY
{pex’»aR|@’PaY) MZ-0GH
{ped’yoe|g'Ped) AWE-GPH
{ped’¥o2|8°'Pad) MNZ-8BFYH
(umoug”oejg'ped) wyo g0g--Lvd
{umougyoe|8'Ped) wuo QQZ-orH
(umoug yosig'Pad) wyo 0OT-SPH
{umoug’yre|9'pad) WYo 00Z-rvH
(umosg yoe|A‘Ped) wWyo DOZ-Sry
(umoug’'yde|g'ped) wyo QOZ—-ZrH
{umoug OBt P} WYo ODZ- LY
{pex¥2RI9’ UMDIE) M L-OPE
{umoug 'oeja’per) Wyo Q0Z--6cH
{usmosg’yoe|g'ebuci) WYo DOE—-BEH
(@Bues0'UMOIR UBBID) M LS-LEH
M:mwhw.xou_m.cgohmy WLl-—-98y
(eBuray yoe g 'umolg} MOL-SEH
{aBuead’¥oB18 uMoIg)} HOL-PEY
{eBupay’ yov g '0M0SE)} AHOL-ZEH
(sBueiQ’ yorIE' umoid} MHOL-LEH
(per’y2e1g ' umoig) ML—-0EH
(eBuesO’'umolg’uepsn} MILG-6ZH
‘a3e|d asey BY) UO
LIOYE 3,u0M pesy do) 8yl 84ns BxNew
(1eeus Q1 U0} %L MSF'8-8TH
(30ays Q| UQ) %Z MNEV-LZH
‘e1e|d BOE) BYL
0] 140U5 1,U0M peas| Ol ains 88N
(1@eys g1 u0) %i ALB'L--9ZH
{3mYs Q| UD)} %T AEP-SEH
(eBuRa'usmoug’uesdn) MLG-¥EH
(afueiQ'uMmoAR’'UIRID) NILS-ETY
{maije A’ aeig umoug) Ho0L-ZZH
(efuBiQ‘umoig’uesl D) MLS—LEH
(1@0ys J| uQ) % I Wyo §'5--024
{leeys Q| U0} %\ Wyo L'g5—-6l4d
(eBura(y’ yoeig'umoig) MOL-8LY
(1m0Yys Qy vQ) %L WO L'GLEY
(3@94s Ji Q) %1 Wwye L'S-9ld
(pey’'woeia‘ped) HZ-SlY
*—pid
(UMDIE'MO|BA'PEY) MT WO OFEZ-ELH
(Pex 3oBIg ‘PR ) WZ-TLY
‘g38|d aoej 01 3404S
10U [jim pEa| dO1 BYL BANE 83BN
(}2ys Q1 UD) %l wWyo 88s-LIid ( )}
'IX81 UONEIQIed Bag
—paInilisqns eq Aew iod AL VY
{190us (0| uQ) %1 MEZ'S—CQLM
(1eeys O UQ) %Z HE-6H
(@eys Q| uQ) %T ASGL-8H
(9819 39107 "MOIIBA) WUS Lp--£H
“ereid aoey
0} 1404Ss 10U ||IM pBEe{ do) 84ns adew
(18eys (1| uO) %I HL8'L—-9Y
(umouag "}ae|g 'umosg) WYO NOL--SH
(e2ys q| uQ) %E AG'L-bH
1X8) UOIIBJICI|BD 8BS
--paniIsans eq Aew 1od NOL V¥
{198Ys 1 UQ} %L METS-EH ( )
{18ays g| vQ) %Z AE-TH ()
{190ys Q| WD) %T MYGL-LY ()

e e e R A g S T e P i i St g, P R T N
e et e e e e e e bt Y Yl ot St Snt® S St g e e SR et e e

e s s . P e P T e e e s

o~
A

— e

‘189ys Q| U Sa0351530 %Z Pue %L Puld "pal}
-108ds 880|UN %G PUB M/ BIB 510151504 |7

{84} swoisisey

81 $W LO--LD
2131A104398|3 JIU OLYP-9D
211410410313 W OL-GD
2810 JLU LOO VD

s1Q W L00--ED

2810 JW LODZD
S1IAI038(3 JW OL-- 1D

'5401108dED 2J1A|04138 |8 BY) U
Aglianc o) sey3iew Ajsejod 8yl auns ayep

{5,2} sionoeden

00vPrNZ-¥1LO
QOFPNT-ELOD
Q0PPNE-ZLD
00PFPNZ-LID
DLL-3TN-DLD
ZOPPNZ--60
TOVPPNE--80
TOVYNE--LD

. 08L-3rN--90
QOVPPNZ--SD
081-3TW--¥0
Q0VPNZ-ED
Z0PPNZ—-ZD
OLL-3rW--LD

e o e L o r g o o T
[ P P

‘ale|dade; Byl pue 1l UAEMIaq JOYSEM 2I1W B YlIM
iaie| o1ejdeney eyl 01 psl|ad aq ||IM pT Teysem
-300| PUE 1nu ‘300G 8/ X Op-v & YliM pJeoq ey
01 $1035|5UBJL BYI 3|09 PUE APOQJ JOISISURLY BY) 4O
uO40d fe3sul 8yl wo (eynsdes |(1d e Ul pPays|uinY)
punedwos JgSueRLl 196 UOIIIS 30 JUNOWE |[euls
g Jeaws 'QLO Pue ‘gD ' 1D Bujieisu usym
sae1d
asou sjpeeu ' Buisn umous se dn 081L-3riN J2u1o
oyl 4o sBej ayl PUB UMOYS S8 UMOP OBL-3IMrW
U0 pue 8,0/ L-JrN o3 jo sBey eyl puen
‘pazeq 8yl
gACqE ,, 8/ IN0GE §J01SISUBS] @564l J0 FLIOKC
8u1 dee N "AR|JBAC BY) U] PRIBDIPUI SE @D 1B}
Byl UM S, ZOPEPNZ PUR QOPENE 112 |1BISU]

(5,0) s+osIsuer)

9Z62rL-6N
ororao--8n
Z80rao--Ln
£L0Pad-9n
LL0PQOaD--8N
ELO0rAd-PN
LLOPQD-EN
vZEWI-EZN
TUMDUYS SE BPIS 18|} YL YHAM 1Unopy
orEWI--Ln ()

jAJessaaau adeym Wolloq

pue dol Y109 Jepjos ‘BumeIp ARlIBAD BYL LD

PIleIIput uDiIRluali0 2yl Ul 510P Jo/pue sayalou
841 UM paj|eIsu| aie wayl o ||e 8Ins axew

{s.N} sunau) peresbeiuy

133HS H31411N3Al SLHvd



.
I Jpas iau’

Lilills

| { YRED
[, ey
" { ToRx

{ }BLACK

} BLACK

]
{ JACIN

FLAT SPOT
* [CATHODE|

Q4 INSTALLATION

BEND LEGS DOWN ON TWO LED INSTALLATION

MJE170°S AND ONE MJE180.
BEND LEGS UP ON ONE MJE180
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