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SECTION I - GENERAL 

1-1 INTRODUCTION 
This handbook is intended for use as a handy 

pocket reference manual for figure maintenance 
personnel. Maintenance data is divided into two 
separate sections, although there is a certain 
amount of overlap. Section 11 contains mainte
nance procedures and Section 111 contains correc
tive maintenance (troubleshooting) information. 
In addition, there is a catch-all section that con
tains miscellaneous information including helpful 
hints, a glossary, and other information not found 
elsewhere in the handbook. 

This section describes the maintenance philos
ophy, general precautions for maintenance per
sonnel, an overview of the system, and a discussion 
of binary numbers and computer words. 

1-2 MAINTENANCE PHILOSOPHY 
Naturally, the purpose of maintenance is to 

minimize downtime through the use of preventive 
measures and speedy corrective action. The impor
tance of speedy corrective maintenance is obvious. 
Our guests have come to expect perfection in 
everything we do. 

Section 11 of this handbook contains step-by
step procedures to be used to keep a show ''on the 
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air'' and in good working order. 
Section 111 contains information hopefully 

presented in such a way as to be of utmost assist
ance to personnel in correcting a malfunction in a 
minimum period of time. 

1-3 GENERAL PRECAUTIONS 
Maintenance personnel should be aware of the 

following general precautions in order to avoid 
personal injury or damage to equipment. 

1 . Common sense dictates that personnel 
should never work alone on energized equipment. 

2. Use caution when working around figures 
with oil and air turned on. 

3. Except in emergency situations, oil and air 
should be turned off whenever cards are discon
nected from, or plugged into the RTU. 

4. Oil and air should always be turned off 
whenever the RTU SHOW/TEST switch is switch
ed from TEST to SHOW. 

5. Power should never be turned off with oil 
and air on. 

1-4 SYSTEM OVERVIEW 
Figure 1 is a simple block diagram of the sys 

tem showing how DACS data is applied to the 
RTU, which in turn controls the figure both dir 
ectly and via the first stage rack. 
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Some movements are digita l (on or off only, as 
an eye blink) and the others are analog (variable). 
The air valves that control digital function s are 
called Skinner valves. The valves that control 
EFB-type analog movements are called first stage 
valves. MFB-type analog movements are controlled 
by torque motors that are an integral part of the 
actuator. Skinner valves operate on 24 VDC; first 
stage valves operate on a varying negative and posi
tive signal; and the torque motors operate on 
approximately Oto 10 VDC. 
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FIGURE 1. SYSTEM BLOCK DIAGRAM 
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J B ARY NUMBERING AND 
COMPUTE R WORDS 

DACS data is in the form of numbers. Further, 
these numbe rs are arranged in a binary system. 
The binary system uses only two digits (0 & 1) 
compared with the decimal system, which uses ten 
digits (0 through 9). We call the decimal system a 
base-ten system and the binary system a base-two 
system. In either case, it is the position of a digit 
that determines its value as a power of its base. In 
decimal, or base ten, the positional values are a 
fol lows: 

DECIMAL NUMBER 124 BREAKDOWN 

1 2 4 
j -1 - 4 uni ts ( 4 x 1 ) - 4 
- 2 tens (2 x 10) - 20 

...,__ ___ 1 hundreds ( 1 x 100) = 100 

124 

The positional value of the first position (right) 
a decimal number (units) is actually 1 o0 or 1 (a 
number raised to the zero power= 1 ). The seco 
position is 10 1 or 10; the third is 102 or 100; t 
fourth is 103 or 1000; etc. 

In a base-two number, the positional val 
of the first digit ( reading right to left is 2° or 
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(remember, any number raised to the zero power = 
1 ). The next position is 2 1 or 2; the third position 
is 22 or 4; the fourth position is 2 3 or 8; the next 
position is 24 or 16; etc. 

BASE-TWO POSITIONAL VALUES 

00000001 = 2° = 1 
00000010 = 21 = 2 (2 X 1) 
00000100 = 22 = 4 (2 X 2) 
00001 000 = 23 = 8 ( 2 X 2 X 2) 
000100QQ = 24 = 16 (2 X 2 X 2 X 2) 
00100000 = 25 = 32 (2 X 2 X 2 X 2 X 2) 
01000000 = 26 = 64 (2 X 2 X 2 X 2 X 2 X 2) 
10000000 = 2 7 = 1 28 ( 2 X 2 X 2 X 2 X 2 X 2 X 2) 

thus: 01001001 = 26 + 23 + 2° or 64 + 8 + 1 = 73 

In data processing terms, binary digits are called 
bits. In DACS, bits are arranged in groups of 16 
called words. Each word is made up of two eight
bit characters, or bytes. In a DACS computer 
word, the left-hand character is the address byte 
and the right-hand character is the data byte. The 
address represents a specific FSC in analog func
tions, or a particular DCC in digital functions. The 
data is the control information. Up to eight digital 
functions can be controlled with one computer 
word (one data bit per function). For each analog 
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function, all eight bits of the data character are 
used. A data byte containing all 1 s (equal to deci· 
mal 255) applies the maximum 10 VDC to an 
analog actuator. If we divide 10 VDC by 255 (the 
maximum number of combinations of 1 s and Os in 
a data byte), the result is 40 thousandths of a volt. 
Thus, analog actuators are actually driven by incre
ments of 40 millivolts. However, these increments 
are so small that the function appears to be 
smoothly variable. 



SECTION II - MAINTENANCE PROCEDURES 

2-1 INTRODUCTION 
This section contains test and adjustment pro

cedures to be used by maintenance personnel ·in 
determining if a function or piece of hardware is 
operating properly, and to optimize performance. 
A black box test unit (figure 2) must be used in 
these procedures. 

RTU-OSU TEST UNIT<~ 
ADDRESS WORD 1 DCV, rACV 

g g ~ @ ~ Q @ ~ l 0-'t02::!Jftg;0· 1~30 
128 64 32 16 8 4 2 1 ~ \ ~ 

INHIBIT 
DATA WORD t -- WORD t 

0 0 0 0 0 0 0 0 f/J rMETER, 

u~q@@@@ ~ J + ~ 
I 2 3 4 ~ 6 7 8 0 Q 

ADDRESS WORD 2 ----, 

r· • ,=,. r--.. r-:-7, F- ,Fl. ~ Fl.1 N1~\m 
.../1 '-/ ~ ·':/:,J ~ ,~ . - ~ W~D 2 INHIBIT INHBT 

t}8 64 32 16 8 

0
4 

0
2 

0
1 fI2, )(fl A XMTRB 

CJOC,,00 J ~ ~ 

PARITY 
ERROR 

@ 

~Q 

~j)1 ~ i 0 © @ @ @ @ @ 

L _5_ 
HEADSET 

RI~ 
ANALOG 
POSITION 

GROUND START 
WOAD BIT 

C,ATA ~C SYNC Bl fl 

FIGURE 2. BLACK BOX CONTROL PANEL 
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Use o -ON s is restricted to emergency 
situatio r1s ow is 11 101 ''. Whenever one of 
these devices i sta lled to provide a temporary 
fix to kee p a s ow 1 'on the air'' the night crew 
must be not ified at shift change. It is the responsi
bility of the night crew to get to the root of the 
trouble so the GLOMP-ON can be removed. 

2-2 RTU FIGURE CIRCUITS CHECKOUT 
PROCEDURE 

If the particular function to be tested is digital 
(as determined from the wire list), disregard steps 
10 through 13. If the function is analog, skip steps 
6 through 9. Refer to figure 3 for card locations. 

1. Turn off oil and air (always turn off SUP
PLY oil valve before RETURN). 

2. Place the RTU SHOW/TEST switch in the 
TEST position. 

3. On the black box, place all INHIBIT switch
es up. 

4. Connect the -black box cable to RTU plug 
759. 

5. Using the wire list, determine the type and 
address of the card controlling the function in 
question. 

6. If the function is digital, set the black box 
ADDRESS WORD 1 switches to the proper ad· 
dress (example: if the address is 124, the 64, 32, 
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FIGURE 3. RTU CARD CAGE CARD LOCA
TIONS 

16, 8, and 4 switches should be up and the 128, 2, 
and 1 switches should be down). 

7. Set either INHIBIT XMTR switch to the 
down position, then set the INHIBIT WORD 1 
switch to the down position. 
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8. Using the wire list, determine on which sub

channel the function is located and set the appro· 

priate DAT A WORD 1 switch to the up position. 
9. As a command signal is sent to the valve, 

verify the DAT A WORD 1 lamps indicate which 
subchannel is energized. 

10. If the function in question is analog, AD
DRESS WORD 2 must be used and the data char
acter is generated by the ANALOG POSITION 
potentiometer. Start with both INHIBIT WORD 
switches up and the ANALOG POSITION poten
tiometer set at mid scale. Only the 128 lamp 
should be lit on the black box. 

11. Place the INHIBIT WORD 2 switch down 
and slowly turn on oil and air (always turn on the 1 
return oil valve before the supply and vice versa 
when shutting down). 

12. Rotate the ANALOG POSITION potentio-
meter. Verify the function moves in relation to the 
ANALOG POSITION potentiometer. 

13. As the ANALOG POSITION potentio
meter is rotated cw, verify the WORD 2 lamps 
come on right to left giving an indication of the 
signal amplitude generated by the potentiometer .. 

14. If the function in question appears to oper
ate properly using the black box, assume that the 
problem (if any) is not in the RTU ., the figure 
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itself, or between the two and notify DACS of 
your findings. 

15. Set the black box INHIBIT switches to the 
up position and turn off oil and air. 

16. Disconnect the black box, then place the 
RTU SHOW/TEST switch back to the SHOW 
position. 

17. Update the RTU to the show program (re
fer to data update procedure in section IV). 

2-3 DISCRETE CHANNEL CARD TEST 
The following is a functional test of a DCC 

installed in an RTU. Other equipment required 
includes an SCDC, a black box, a digital G LOMP 
or GLOMP MONITOR, and an ohmmeter (if the 
DCC is a relay-type). Refer to figure 4 and proceed 
as follows: 

1. Using the wire list, determine and write 
down the address of the card to be tested as wel I 
as the output Elco connector pin numbers for each 
of the subchannels. 

2. Enter the address in WORD 1 on the black 
box (make sure the INHIBIT WORD 1 switch is 
up). Enter the same address on the SCDC (figure 
5), then flip the INHIBIT WORD 1 switch down. 
If the SCDC address matches that of the black 
box, the SCDC indicators will reflect the data 
being transmitted from the black box, but not the 
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DCC output. 
3. Flip on all the DATA WORD 1 switches. 

The SCDC should indicate 11111111. 

01 SCREET CHANNEL 
CARO ◄ 

◄ 
◄ 
◄ 
◄ 
◄ 
◄ 
◄ 

TP1 (- RA W) 

TP2 ( RAW COMMON) 

TP3 (+ RAW ) 

TP4 (- 15V ) 

TP5 (+1 SV COMMON) 

TP6 (+ 15V) 

TP7 (+5V COMMON) 

TP8 (+ 15V ) 

<(J) ◄ 
D51 (TROUBLE INDICATOR ) 

[Jo 
ATOR RESET) 

◄ 
SW17 (TROUBLE INDIC 

FIGURE 4. DCC TEST POINT LOCATIONS 

4. Monitor the DCC with a digital G LOMP (i,n 
the neutral position) or a G LOMP MONITOR. t 
should indicate the same as the SCDC. d 

5. Flip all DATA WORD 1 switches off an 
verify all G LOMP and SCDC lamps go out. 

6. Using the black box meter, verify that there 
is 24 VDC at each of the appropriate output Elco 
connector pins (if necessary). 

7. If the card under test is a DCC(R), use an 
Ohmmeter and look for shorts and opens at appro
priate Elco connector pins. 
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FIGURE 5. SCDC SWITCH-INDICATOR PANEL 
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2-4 ELECTRICAL FEEDBACK SERVO CARD 
TEST/ADJUSTMENT 

To test and adjust an EFB-type FSC, a black 
box and an SCDC must be used. Refer to figure 6 
and proceed as follows: 

1. Turn off oil and air. 
2. Place the RTU SHOW/TEST switch in the 

TEST position and connect the black box to RTU 
plug 759. 

3. With the INHIBIT switches up, enter the 
appropriate FSC address in WORD 2 of the black 
box and also in the SCDC. 

4. Set the ANALOG POSITION potentiometer 
so that only the 128 lamp on the black box is lit 
(mid range) so the actuator will not slam into a 
stop when pressure is applied. 

5. Flip the INHIBIT WORD 2 switch down and 
verify the SCDC indicators reflect the same ad· 
dress as the black box. 

6. Slowly turn on oil (return first) and air. 
7. Carefully turn the ANALOG POSITION 

potentiometer fully ccw. 
8. Rotate the FSC OFFSET potentiometer 

R83 cw until the actuator is fully retracted with 
out resting on the stop. 

9. Carefully turn the ANALOG POSITION 
potentiometer fully cw. 
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10. Rotate the FSC STROKE potentiometer 
R62 cw until the actuator is fully extended with
out touching the stop . 

...__ _ ____,p 

~ - ____,p 

FEEDBACK 

SERVO 

CARO 

A R2 AR I 

ro"o6 
BEJBB o 

.,______ R25 - GA IN (CW DECREASES GAIN ) 

R62 - STROKE (CW EXTEND ) 

R16 - FINE OFFSET 

R83 - COARSE OFFSET (CW TO ZERO ) 

DS1 - ANALOG OUTPUT LEVEL INDICATOR 

DS2 - TROUBLE INDICATOR 

0 B O O f7'r-, ----~---- SW17 - TROUBLE INDICATOR RESET OMO □ L_1,J-J 

FIGURE 6. FSC INDICATORS AND ADJUST
MENTS 

15 



. Repeat steps 7 through 10 as necessary 

c t he two adjustments interact. 
12. If necessary, adjust the FSC GAi N poten .. 

tjon,ete r R25 so the actuator has good response 

withou t overshoot or oscillation (ccw increases 
gain). 

13. If a GAi N adjustment has been made, the 
OFFSET and STROKE should be rechecked (steps 
7 through 10). 

2-5 MECHANICAL FEEDBACK SERVO CARD 

TEST/ADJUSTMENT 
To test and adjust an MFB-type FSC, an SCDC 

and a black box must be used. Refer to figure 6 

and proceed as fol lows: 
1. Turnoffairandoil. 
2. Place the RTU SHOW/TEST switch in TEST 

and connect the black box to RTU plug 759. 

3. With the INHIBIT switches up, enter the 

appropriate FSC address in WORD 2 of the black 

box and also in the SCDC. 
4. Set the ANALOG POSITION potentiomet er 

so that only the 128 lamp on the black box is lit 

(mid range) so the actuator will not slam into a 
stop when pressure is applied. 

5. Flip the INHIBIT WORD 2 switch down and 

verify the SCDC indicators reflect the same ad
dress as the black box. 
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6. Turn on the air and oil, then carefully turn 
the ANALOG POSITION potentiometer fully ccw. 

7. Rotate the FSC OFFSET potentiometer 
R83 cw until the actuator is fully retracted with
out resting on the stop. 

8. Carefully turn the ANALOG POSITION 
potentiometer fully cw. 

9. Rotate the FSC GAi N potentiometer R25 
ccw until the actuator is fully extended without 
touching the stop. 

10. Repeat steps 6 through 9 as necessary since 
the two adjustments interact. 

2-6 LVDT MECHANICAL ADJUSTMENT 
In order to obtain proper electrical values 

for operation, refer to figure 7 and use the follow
ing procedure to properly position an LVDT: 

1. Install rod and rod clamp to piston shaft 
with actuator fully retracted. Do not tighten rod 
clamp excessively, as damage could occur. Allow a 
small clearance between rod clamp and actuator 
body. 

2. Hold actuator retracted and slide LVDT 
coil body through body clamp until rod bottoms 
in body. 

3. Slide body back 1 /32-inch and clamp. Do 
not tighten excessively. 
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LVOT COIL BODY 

ROD CLAMP __, 

JAM NUT 

,,--- PORT (WHITE HOSE Cl) 

~-ACTUATOR 

FIGURE 7. TYPICAL LVDT INSTALLATION 

2-7 ROTARY TRANSDUCER ADJUSTMENT 
(FIELD) 

Whenever a rotary transducer that is in use must 
be adjusted, refer to figure 8 and proceed as follows: 

1. Ensure transducer body is properly oriented 
on actuator and clamp is tight so body cannot 
rotate. 

2. Install slug on actuator shaft with .005 to 
.010 inch (about the thickness of a piece of paper) 
clearance between flange and body. 
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clearance between flange and body. 
3. With oil off, rotate shaft (viewing transducer 

end) fully ccw. 
4. Rotate the slug so the white mark lines up 

with the white mark on the transducer body. 

2-8 ROTARY TRANSDUCER ADJUSTMENT 
(SHOP) 

In the shop, rotary transducers can be adjusted 
electrically. Refer to figure 8 and proceed as 
follows: 

1. Perform steps 1 and 2 above. 
2. Connect 5 V AC excitation voltage to trans

ducer primary. 
3. Connect an A-C voltmeter across the trans

ducer secondary. 

WHITE LINES 

SHAFT SLUG 

FIGURE 8. TYPICAL ROTARY TRANSDUCER 
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4. Viewing transducer end of actuator shaft, 
rota te the shaft fully ccw. 

5. Hold shaft stationary and rotate slug ccw 
unti l meter indication drops to less than 0.5 VAC. 
Rec heck clearance and leave slug there. 

6. Slowly rotate function from stop in both 
dire ctions while observing meter. Verify feedback 
vo lt age rises constantly as the function is rotated 
cw and drops constantly as the function is rotated 
ccw. 

2-9 REGULATOR CARD ADJUSTMENT 
Whenever it is suspected that a regulator card 

may be out of adjustment, refer to figure 9 and 
proceed as follows: 

1. Verify that the raw DC power supply is on 
and operating. 

2. Using a calibrated digital voltmeter (set to 
read DC volts), connect the (+) lead to TP1 on any 
SCDC or DCC in the card cage in question and 
check the (-) lead to any TP2, TP5, or TP7 in the 
same card cage for a common reference test point. 

3. Verify meter indicates -25 .± 3 VDC. 
4. Move meter probe from TP1 to TP3. 
5. Verify meter indicates +25 .± 3 VDC. 
6. Move meter probe from TP3 to TP6. 
7. Adjust the middle potentiometer (R77) for 

+15 VDC on the meter (the +15 VDC should 
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always be adjusted before the --15 VDC). 
8. Move meter probe from TP6 to TP4. 

RTU REGULATOR CARO 

c::J c::J 
c:::J c:::J 
c::::J c::J 
c::J c::J 

b ◄ R55 (+SV LEVEL ) 

0 ◄ DS1 (POWER UP) 

0 ◄ DS2 (POWER DOWN) 

( b ◄ R77 (+15V LEVEL ) 

( b ◄ R89 (- 15V LEVEL ) 

FIGURE 9. RTU REGULATOR CARD INDICA
TORS AND ADJUSTMENTS 

9. Adjust the lower potentiometer ( R89) for 
-15 VDC on the meter. 

10. Move meter probe from TP4 to TP8. 
11. Adjust the top potentiometer (R55) for +5 

VDC on the meter. 
12 . Repeat steps 7 through 9 as necessary since 

th e two adjustments interact. 
13 . Whenever a regulator card is replaced and/ 

or adjusted, all FSCs in the same card cage must be 
readjusted. 
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2-10 REPLACING AN ACTUATOR 
Up on receiving a replacement actuator, always 

mak e sure both carburetor clips are properly in
stalle d . If a clip has been put on from the wrong 
side of a port it will spread and eventually pop off 
(the correct side is the side with the narrow web). 

Never replace an actuator by removing the el
bo ws. The only time an elbow should be removed 
is if the ''O'' ring is bad. Always use the tool to 
replace an el bow. 

When replacing an E FB-type actuator, observe 
the following: 

1. Turn off the oil and the air. 
2. See if the old actuator has an internal stop . If 

so, it must be installed in the new one. 
3. Ensure that rod ends, actuator mounts, etc. 

are properly adjusted so programmed position of 
function is maintained. 

4. It may be necessary to loosen the LVDT in 
order to install the actuator. If so, refer to the 
LVDT mechanical adjustment procedure in this 
section. 

5. After tightening all mounts, bolts, and jam 
nuts, move the function through the full range and 
check for binding or interference from or with oil 
or feedback lines. 

6. Check function from RTU using black box 
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and adjust controlling FSC 
When replacing an MFB-type actuator, the pro

cess is the same as above with the following 
exceptions: 

1. Before removing old actuator, turn off oil or 
air as appropriate. 

2. Prior to adjusting the FSC, the null adjust 
ment must be made with the figure load exerted 
on the actuator. Set the null point approximately 
1 / 16-inch from the bottom of the actuator. 
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SECTION Ill - CORRECTIVE MAINT ENA CE/ 
TROUBLESHOOTING 

3-1 INTRODUCTION 
Corrective maintenance consis ts of recognizing 

a malfunction, isolating the cause, and taking cor· 

rective action. The following parag raphs conta in 

discussions of common malfunct io ns with sugges · 

ed causes and remedies. Maintena nce personne l 

should thoroughly familiarize themse lves wi h he 

information in this section. 

3-2 GROUP OF FIGURES NOT MOVI NG 

Whenever a group of figures is not moving, 

check the oil and air systems, then go to the 

appropriate RTU. If there are no indicato rs lighted 

in the appropriate RTU, check the raw power 

supply. It could be turned off, unplugged, or 

inoperative. 

Another possible cause of this trouble is the 

RTU SHOW/TEST switch inadvertantly left in the 
T EST position. 
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CAUTION 
Damage to figures can result if 
the SHOW/TEST switch is 
switched from TEST to SHOW 
with oil or air turned on. 

Absence of DACS data is another possible cause 
of this trouble. A visual check of the SCDC shows 
presence or absence of DACS data. Flip switch S2 
on the SCDC to the up position and observe the 
uppermost indicator (DS1 ). If DS1 is flashing, 
''night mode'' information is being received from 
DACS (''night mode'' holds figures stationary). 

A low power condition could cause this trou
ble. Check the voltages per paragraph 2-9. If any 
voltage is not present, check the fuses on the heat 
sink cards (figure 10). Also check the regulator 
card. 

CAUTION 
Never remove a heat sink card 
or a regulator card without 
first turning off oil, air, and 
power. 
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FIGURE 10. HEAT SINK CARD FUSE LOCA
TIONS 
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Finally, the problem could be in one of the 
signal conditioner or serial-to-parallel cards. In
form DACS of the situation and replace the two 
signal conditioner cards and the serial-to-parallel 
card one at a time with known-good cards. 

3-3 FUNCTION OSCILLATING OR ERRATIC 
If a function oscillates or operates erratically, a 

probable cause is improper FSC gain setting. Refer 
to paragraph 2-4. 

Check to see that the FSC is properly seated 
and making good contact. Sometimes, with use, 
the pins on the connector portion of the card 
spread, causing bad connections. Carefully correct 
the situation. 

Check the address pinning on the FSC. 
The problem could also be in the LVDT circuit. 

Connect a voltmeter (set to read 5 V AC) to FSC 
connector pins 30 & 31 (feedback) at the rear of 
the RTU. Look for smooth swings with no sharp 
fluctuations that are not programmed. If neces
sary, make continuity checks in the LVDT circuits. 
Turn off oil and air, then pull the FSC. Measure 
the resistance between pins 30 & 31 of the FSC 
connector at the rear of the RTU. The ohmmete-r 
should indicate approximately 125 ohms (900 
ohms for a rotary actuator). Move the meter 
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probes to pins 32 & 33 (excitation circuit) and 
verify the meter indicates approximately 25 ohms 
(30 ohms for a rotary actuator). Have an assistant 
''jiggle'' cables while you check continuity. This 
could reveal bad connections or broken wires. 

The trouble could be at the actuator. Check the 
actuator, LVDT, and associated linkages for secur
ity and proper adjustment. 

Check a i r and o i I I i n es, o i I re servo i r, air f i I te r, 
etc. 

Check the FSV input error voltage. The error 
voltage should be very near zero when the func

tion is idle. 

3-4 FUNCTION HITTING LIMITS OF TRAVEL 

When a function is hitting its mechanical limits 
of travel, damage to the figure or to the actuator 
can result if the situation is allowed to continue. 

Offset and stroke adjustment of the FSC may 
be necessary. Refer to paragraph 2-4 or 2-5 as 
appropriate. 

If the function is an EFB-type, check the posi
tion and security of the LVDT and, if necessary, 
make continuity checks in the feedback circuit. 

3-5 EFB FUNCTION NOT MOVING OR 
OUT OF CONTROL 
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, 11 _ B ft r1cti t1 i imrr,obile or apparent
o t r,trol, tl1 problem could be in the 

· 11 v rify tl1at the card is receiving data and 
c t dis 111aking good electrica l contact. 

I ca d is indeed receiving data, check for 
'Ci -at ion alt.age ( 5 VAC) at pins 32 & 33 of the 

c d connec ,or at the back of the RTU. If the 
oltag is not present, replace the FSC. Otherwise, 

c c , pins 30 & 31 for feedback voltage (0 to 4.5 
AC~ per1ding on the actuator position). If there 

1s no eedbac , make appropriate continuity 
eeks .. 
The problem could be in the LVDT circuit. 

Ch eck tha the L VDT is properly mounted, etc. 
Check he signal to the FSV: connect a DC 

vol me er to pins 22 & 23 of the FSC connector or 
pins 1 and 60 on the front of the FSC and use the 
black box, observing whet her the voltage varies 
with movement of the ANALOG POSITION 
po entiometer. If the voltage is constant, replace 

FSC. 
Using a first stage test box, check the FSV. If 

e FSV is OK, it can safely be assumed that the 
oblem is in the figure iteself. Check actuator, 

nkages, oil Ii nes, etc. 

MFB FUNCTION NOT MOVING 
When an MFB function is not moving, unplug 
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the Elco connecto r from the actuat or. The actu
ator should immediately return to the null posi
tion. If not, replace the actuator. 

If the actuator returns to null, reconnect the 
Elco connector and verify that data is being re
ceived and that the card is making good electrical 
contact. 

Connect the black box and connect a DC volt-
meter to pins 21 & 22 of the FSC connector at the 
rear of the RTU or pins 1 and 60 on the front of . 
the FSC. Verify that the meter indicates approxi-
mate variation between 1 and 10 VDC as the 
ANALOG POSITION potentiometer is rotated. 

If the FSC appears to be OK, see if there is a 
bad connection between the FSC and the actuator. 

Check the air pressure and flow. If the air sys
tem is OK, the actuator is probably bad. 

Check associated linkages and bearings. 

3-7 DIGITAL FUNCTION INOPERATIVE 
If a digital function appears to be inoperative, 

check the DCC (refer to par~qraph 2-3) 
Check the DCC for proper electrical connection 

and for blown fuses. 
Next, check the voltage at the Skinner valve, 

and if necessary, make continuity checks between 
the DCC and the Skinner. 

Check the air pressure. There could be a clog-
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ged filter, a leak, or a pinched line. If air pressure 
is OK, check the Skinner output. If the Skinner is 
OK, the problem is in the figure. Check the actu
ator, Ii n kages, Ii nes, etc. 

3-8 SUMMARY 
The following is a tabular summary of the trou

bleshooting information given in this section. 
Troubles, probable causes, and suggested remedies 
are lsited in capsule form for ready reference. 

CORRECTIVE MAINTENANCE SUMMARY 

TROUBLE PROBABLE CAUSE SUGGESTED REMEDY 

Group of figures not Hydraulic or air Check oil & air 

moving (ref para- system malfunc tion . systems 

graph 3-2) 
Raw power supply Plug in, replace , or 

unplugge d, inope rat ive turn on raw supply . 

or turned off. 

SH OW/ TEST switch Reset to SH OW. 
left in TEST . 

No DACS data or Not if y DACS 
"ni ght mode ." 

Low power condition. Adjust or repair. 

Blown fuse on heat Replace fu se or card, 
sink card. as necessary. 

Bad OH card Replace as necessary. 

Function osc11lat1ng Improp er FSC gain Readjust FSC gain (ref. 
or erratic (ref. para setting. paragraph 2-4) . 
graph 3-3) 
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CORRECTIVE MAINTENANCE SUMMARY (continued) 

TROUBLE PROBABLE CAUSE SUGGESTED REMEDY 

Bad electrical Check for spread 

connection pins, etc. 

FSC incorrectly Correct pinning. 

pinned. 

LVOT or feedback Make continuity 

cable problem. checks. 

Actuator malfunction. Check integrity of 
actuator and linkageS, 
etc. 

Low oil or air Check for pinched 

pressure. lines,leaks,low oil 
tevel,clogged filter. 

First stage valve Ch~ck input 
malfunction. error voltage. 

Function hitting FSC misadjusted Adjust FSC (ref. para. 
stops (ref. para• 2·4 or 2-5). 
graph 3-4) 

LVOT loose. Correct (ref. para. 
2-6). 

Feedback problem Make continuity 
checks in feed· 
back circuit. 

EFB function not FSC incorrectly Check FSC address 
moving (ref. para. pinned. pins. 
3.5) 

Bad FSC. Test,replace, if neces· 
sary. (ref. paragraph 
2-4) 

Feedback problem. Make continuity checks. 
checks. 

LVDT loose. Correct (ref. para• 
graph 2·6) 

Bad FSV. Check, replace, if 
necessary. 

-

32 



CORRECTIVE MAINTENANCE SUMMARY (continue d} 

TROUBLE PROBABLE CAUSE SUGGESTED REMEDY 

Actuator malfunc- Check integrity of 
tion. actuator and link-

ages, etc. 

M FB function not FSC incorrectly Check FSC address 
moving (ref. para- pinned. pins. 
graph 3-6) 

Bad FSC. Test,replace,if neces-
sary. (ref. paragraph 
2-5) 

Bad electrical Check for spread 
connection. pins, etc. 

Loss of oil or Check supply lines, 
air pressure. filter, etc. 

Bad actuator . Check.replace, if 
necessary.(ref. para-
graph 3-6) 

Digital function Bad DCC or blown Check, replace, if 
inoperative (ref. DCC fuse. necessary. (ref. para-
paragraph 3-7) graph 2-3) 

Bad electrical Check for spread 
connection. pins, etc. 

Loss of air Check lines, filter , 
pressure. etc. 

Bad Skinner Check, replace, 
valve. if necessary. 

Problem in Check actuator , air 
figure. lines, linkages, 

etc. 

OCC incorrectly Check DCC address 
pinned. pins 

Circuit breaker Reset circuit 
tripped on 28V breaker. 
supply. 
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SECTION IV - MISCELLANEOUS 

4 .. 1 INTRODUCTION 
This section contains miscellaneous information 

not presented elsewhere in the handbook. The 
information presented here includes a glossary; a 
list of test equipment and special tools; a list of 
functions with numbers and abbreviations; inter
pretation of animation wiring lists; and procedures 
for pinning an address on a card, updating data, 
and adjusting the bleed on a Skinner valve. 

4-2 GLOSSARY 
The following is a list of uncommon words and 

abbreviations used in this handbook with accom
panying explanations. 

TERM 

Black Box 
□ACS 
DCC & DCC(R) 
DSU 
EFB 
FSC 
FSV 
Glomp-On 

DEFINITION 

RTU-DSU TEST UNIT (P/N 103310) 
Digital Animation Control System 
Discrete Channel Card (Relay) 
Discrete Scanning Unit 
Electrical Feedback 
Feedback Servo Card 
First Stage Valve 
Device used to manually operate a 
function for test purposes 
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TERM 

HS 
LVDT 

MFB 
OH 
Rotac 
RTU 
scu 
Skinner 

TCT 

(continued) 

DEFINITION 

Heat Sink 
Linear Voltage Differential Transformer 

Mechanical Feedback 
Overhead (refers to upper part of RTU) 
Rotary Actuator 
Remote Terminal Unit 
Show Control Unit 
Trade name for electrically operated 
air valve 
Ti me Code Translator 

4-3 TEST EQUIPMENT AND SPECIAL TOOLS 
The following is a list of test equipment and 

special tools necessary for proper maintenance of 
A-A figures and associated equipment. 

QUANTITIES 

PER PER PER 
DESCRIPTION 

AREA SHOW MAN 

1 DIGITAL VOLTMETER 
1 MAPO DIMMER TESTE.R 

1 FSV TESTER 
1 STAK-ON TOOL 

1 ELCO CRIMPING TOOL 
2 CARD PULLER 
1 BLACK BOX 
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4-4 STANDARD FUNCTIONS (figure 11) 

The following is a list of standard functions or 

movements with their standard numbers and 
abbreviations. 

STANDARD FUNCTION LIST 

FUNCTION NAME NUMBER CODE 

Mouth 1 M 

Head Nod 2 HN 

Head Turn 3 HT 

Head Tilt 4 HTLT 

Right Arm Forward 5 RAF 
Right Arm Out 6 RAO 
Right Arm Swing 7 RAS 
Right Elbow 8 RE 
Left Arm Forward 9 LAF 
Left Arm Out 10 LAO 
Left Arm Swing 1 1 LAS 
Left Elbow 12 LE 
Right Wrist In & Out 13 RWIO 
Right Wrist Forward & Back 14 RWFB 
Right Wrist Twist 15 RWT 
Left Wrist In & 0 ut 16 LWIO 
Left Wrist Forward & Back 17 LWFB 
Left Wrist Twist 18 LWT 
Torso Forebend 19 TF 
Torso Sidebend 20 TS 
Torso Twist 21 TT 
Pelvis 22 p 

Body Side Sway 23 BS 
Body Twist 24 BT 
Body Foresway 25 BF 

-
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STANDARD FUNCTION LIST (continued) 

FUNCTION NAME NUMBER CODE 

Knee Bend 26 KB 
Chair Move 27 C 
Right Thumb 28 RT 
Right Forefinger 29 RF 
Right Middle Finger 30 RM 
Right Ring Finger 31 RR 
Rig ht Little Finger 32 RL 
Left Thumb 33 LT 
Left Foret inger 34 LF 
Left Middle Finger 35 LM 
Left Ring Finger 36 LR 
Left Little Finger 37 LL 
Eye Blink 38 EB 
Eye Right 39 ER 
Eye Left 40 EL 
Mouth Pinch Right 41 MPR 
Mouth Pinch Left 42 MPL 
Smile Right 43 SR 
Smile Left 44 SL 
Frown Left 45 FL 

Frown Right 46 FR 
Eyebrow Raise Right 47 ERR 

Eyebrow Raise Left 48 ERL 

F - Sound 49 FS 
Foot Tap 50 FT 
Neck Raise (animal) 51 NR 
Neck Turn (animal) 52 NT 
Tail {animal) 53 T 
Left Ear {animal) 54 EL 
Right Ear {animal) 55 ER 
Beak or Mouth {bird) 56 B or M 
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STANDARD FUNCTION LIST (continued) 

FUNCTION NAME NUMBER CODE 

Head Nod {bird) 57 HN 
Head Rotate Right (bird) 58 HAR 
Head Rotate Left (bird) 59 HRL 
Chest Out {bird) 60 co 
Body Back or UP (bird) 61 BB 
Wing Flip {bird) 62 WF 
Tail Flip (bi rd) 63 TF 
Lighting Digital I 

70 
Lighting Analog 71 
Speaker Switching 72 
Relay, Coil 73 
Relay, Solid State 74 

Any special functions are labeled S1, S2, etc. 
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FIGURE 11. STANDARD FUNCTIONS 

GLOSSARY OF TERMS 
FOR 

AUDIO ANIMATRONIC BODY MOVEMENTS 

/ 
FUNCTION : #3 H EAD T U RN 

FUNCTION : # 2 H EA D NOD CODE : H N 

FUNCTION : # 4 H EAD TILT CO DE : HTLT 

BODY FORESWAY PELVIS BEND 

FUNTION : #25 CODE : B F FUNCTION : # 22 CODE : P 
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\ 

TORSO FOREBEND 

FUNCTION: #19 CODE: TF 

TORSO SIOEBEND 

FUNCTION •20 CODE TS 

I 
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BODY SIDESWAY 

FUNCTION: :::-23 CODE : BS 

TORSO TWfST 

FUNCTION : •21 CODE : Tl " 



BODY TWIST 
BODY ROTATES FROM ANKLES 
FUNCTION : =t24 CODE : BT 

FUNCTION : #26 KNEE BEND CODE: KB 
WITH 

FUNCTION : # 23 BODY SIDESWAY CODE : BS 
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KNEE BEND 

FUNCTION : # 26 CODE : KB 

ELBOWBEND / 

RIGHT: FUNCTION: #8 CODE : RE 

LEFT: FUNCTION: #12 CODE : LE 



ARM FOREWARD 

LEFT: FUNCTION: :tt9 CODE: LAF 

RIGHT: FUNCTION: #5 CODE: RAF 

ARM SWING 

LEFT : FUNCTION : • 11 CODE : LAS 

RIGHT : FUNCTION '. •7 CODE : RAS 
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ARM OUT 

LEFT: FUNCTION: #10 CODE: LAO 

RIGHT: FUNCTION: #6 CODE: RAO 

WAIST TURN 

LEFT : FUNCTION : .-18 CODE · LWT 

RIGHT : FUNCTION : •15 CODE RWT 



WR 1ST I N AND OUT 

LEFT · FUNCT ION : :.r16 CODE : LW I0 

RIGHT: FUNCTION : .-r13 CODE: RW 10 

WR IST FO R EWA RD AND BAC K 

L EFT : FUN CT IO N : = 17 CO D E: LW FB 

RIG HT : FUN CTI ON: # 14 CO D E: RW FB 

4-5 ANIMATION WIRING LISTS 
In order to maintain the figure control circuitry 

in a show, it is necessary to be able to read the 
animation wiring list for that show. 

Each function or movement under DACS con
trol is connected by one or more pairs of wires. 
Each horizontal line or row on the wire list repre
sents a pair of wires. By reading across the page, 
we can trace the routing of the signal that controls 
a particular function. The address and location of 
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the RTU output card associated with the listed 

function, as well as the locations of associated 

valves and actuators appears on the wiring list. 

The card addresses are given in decimal form. 

Refer to paragraph 1-5 for an explanation of how 

to convert decimal to binary for use in pinning 

cards, etc. 
In order to determine if a function is digital or 

analog, a glance at columns 34 and 35 (SG) tells. If 

the letters DS appear in those columns, the func

tion is digital. Otherwise, it is analog. 

The illustration in the next page provides a col

umn-by-column interpretation of an animation 

wiring I ist. 

ANIMATION WIRING LIST 
~- -· 

0 • NUMERI C O I • NUMERI C I 2 - NUMERI C 2 

8 • ALPHA O l - ALPHA l l • ALPHA Z 

' , J ' s • 
S H T C R 0 

R s L T 

1 • 
C R 

A 0 

• 
0 

0 

10 

s 
C 

II 17 ll 14 IJ 

C A R 0 

s - R X 

•• IT ,. ,. 20 

u R C 

C 0 N 

ll 12 2l 2 2S 1• ,, 21 29 .JO 

E 8 8 0 E S T 

p N X C p C II c 'o N 

l 

:H ,, ::,J 

p N • 
;, 

·-

COL . NOS. COL . HEAD INT ERPRETATION 

1 & 2 
3 
4, 5,6 
7,8 , 9 

SH 
TA 
CAD SL T 
CAD ADD 
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Show numbe, 
Tran5mitter · (note 1) 

Card Slot (n ote 2) 
Card addr ss •(decirnal) 



:u 

V 

p 

COL . OS . 

, .. 

10 
11 - 1 

15 .. 2 

24 & 25 

26 - 32 

34 & 35 
36 & 37 
38. 39.40 
41 - 45 
46 · 76 

77 - 80 

. 41:i • 1 ~l ., ., ~,l •• 
l ~ fl G 

C 

I< ~ ffi" X X 

lt 

., ,, 
0 M 

i -

CO L. HEAD 

SC 
CARD S-R 

SOURCE 

BB CP 

OEST 

SG 
FU 

CB 
CON 
PN 

CB 

CON 
PN 

VLV PXX 
FIG XXXXX 
COMMENTS 

IDEN 

INTERPRETATION 

Subchann el (note 3) 
Card Signal -Return pin 

numbers 

Source Cabinet desig. 
Source Connector (note 4) 
Source Connector Pin lett er 

(note 5) 
Breakout Box 

(note 6) 
Cable Pin 

Dest ina tion Cabinet designa 
tion {note 7) 

Dest i nation Connector No. 
Destination Connector Pin 

letter (note 5) 
Signal Type (note 8) 
Function No. (para. 4 -4) 
Valve Panel - FSV rack 
Figure (or prop) ident. 
Verbal description of figure 

& function 
Wire list line number 

OAH ____ _ PAGE __ OF __ 

COR RECTIONS D SHO W __________ _ _ 

NEW CAPOS D CHK 'O BY __________ _ 

,v ,-o ,, ,., n "" u ~ )1 H ,.. ♦<I ., ., • ., ♦i 60 ., •• "' 10 71 ,, n ,. 1S 76 77 ,. 79 1 0 ,~-,- ,_ i- -
M E N 1 S I 0 E N 

7 1-~ - + 1- -I ,___ 

~--, --

-i,.. 

- t-- f-

NOTE 1 : Identifies which of 4 signa l paths from computer 
to sho w is used. 



NOTE 2: First digit is RTU module level (numbered top to 

bottom) and next 2 digits are card cage slots 

(numbered L - R) 

NOTE 3: DCCs have 8 subchannel outputs while FSCs have 

either 1 or 3 (MFB or EFB). 

NOTE 4: First digit is RTU module level and next 2 digits 

are connector numbers (numbered L - R). 

NOTE 5: Signal (tip) wire only. Return (ring) is always on 

next pin in alpha sequence. * indicates lower case 

letter . 

NOTE 6: If there is a 2-digit number here, a twisted pair is 

connected to the terminal block where the incom

ing 25-pr cable is terminated. If a combination 

number-letter is written in, the numbe~ refers to 

the breakout box cable and the letter is the 
breakout box connector pin letter to which the 

signal wire is connected. 

NOTE 7: * here means the signal is terminated at the figure. 

Number indicates a first stage rack. 

NOTE 8: Signal types are as follows: 

DS - Discrete SCA (digital, 24 VDC) 

A Analog 
EX - Excitation 
FB Feedback 
ER - Error 

4-6 PINNING AN ADDRESS ON AN RTU OUT
PUT CARD 

Refer to paragraph 1-5 for an explanation of 
binary numbers. 

Assume a DCC is to be installed with address 
181 (refer to figure 12). Firstl decimal 181 must 
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be converted to binary. The 8-bit binary result is 
10110101. Reading left to right, 10110101 may 
be stated as 1 x 1 28, 0 x 64, 1 x 32, 1 x 16, 0 x 8, 
1 x 4, O x 2, and 1 x 1; or 128 + 32 + 16 + 4 + 1 = 
181. 

A 
d 

128 64 32 16 8 4 2 1 

--------ADDRESS---------

FIGURE 12. CARD ADDRESS PINNING 

On the card there are 16 end-to-end pairs of 
address test jacks alternately color-coded white 
and red (white for 1, red for 0). There is a white 
and a red pair for each positional value. To pin 
address 181 (10110101 ), insert pins as follows: 

Position 128 - red ( 1) 
64 - white (0) 
32 - red ( 1) 
16 - red ( 1) 
8 - white (0) 
4 - red ( 1) 
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2 - white (0) 
1 - red ( 1 ) 

It is important to note that there must be eight 
pins installed for a complete address. Be sure that 
there is a pin in either (but not both) the white 
pair or the red pair for each of the positions 
(marked 128, 64, 32, 16, 8, 4, 2, and 1 on the 
card). 

4-7 DATA UPDATE PROCEDURE 
When maintenance is performed on a figure or a 

group of figures, they should be repositioned as 
closely as possible to their ''night mode'' positions 
so that when a trial run is started, the movements 
of the functions will not be violent. 

Additionally, the data in the RTU must be up
dated whenever maintenance has been performed 
wherein black box data was transmitted into the 
RTU. 

Proceed as follows: 
1. Turn off oil and air for entire show. 
2. Make sure the RTU SHOW/TEST switch is in 

the SHOW position. 
3. Have DACS transmit ''night mode''. To veri

fy ''night mode'' is being received, ff ip S2 of an 
SCDC on. DS1 should flash. 

4. Slowly turn on oil and air. This should bring 
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all the figures into ''night mode'' position, ready 
for a show run-through. 

4-8 SKINNER BLEED ADJUSTMENTS 
The following paragraphs contain procedures 

for adjusting the bleed on both the single action 
spring return cylinders and the double action 
cylinders. 

Refer to figure 13a and adjust a single Skinner 
as follows: 

1 .. Close both bleeds. 
2. Open pressure bleed one half turn. 
3. Open exhaust bleed one full turn. 
4. Observe function and adjust as required. 

NOTE 

Depending on plumbing of the 
lines to the cylinder, the ex
haust bleed on one Skinner 
and the pressure bleed on the 
other control one end of the 
cylinder-extend or retract. 
Cylinder lines are generally 
plumbed as shown in figure 
13b. 
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PRESSURE BLEED 

EXHAUST BLEED 

(RETRACT) 

PRESSURE BLEED 
(EXTEND) 

NORMALLY CLOSED 

TO CY LINDER 

EXHAUST BLEED 

MANIFOLD 

a. SINGLE SKINNER 

CYLINDER 

PRESSURE BLEED 
(RETRACT) 

-- EXHAUST BLEED 

(EXTEND) 

MANIFOLD 

b. CROSS- PLUMBED SKINNERS 

FIGURE 13. TYPICAL SKINNER VALVE IN
STALLATIONS 
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Refer to figure 13a and adjust a single Skinner 
as follows 

1. Close both bleeds. 
2. Open pressure bleed one half turn. 
3. Open exhaust bleed one full turn. 
4. Observe function and adjust as required. 

NOTE 
Pressure bleed controls exten
sion and exhaust bleed con
trols retraction of cylinder. 

Refer to figure 13b and adjust double action 
cylinders as follows: 

1. Close all bleeds. 
2. Open both pressure bleeds one half turn. 
3. Open both exhaust bleeds one full turn. 
4. Observe function at figure and adjust as 

required. 

NOTE 
Depending on plumbing of the 
lines to the cylinder, the ex
haust bleed on one Skinner 
and the pressure bleed on the 
other control one end of the 
cylinder-extend or retract. 
Cylinder lines are generally 
plumbed as showin in figure 
13b. 
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4-9. POPPET/SHUTTLE VALVE ADJU STMENTS 
Figure 14 shows a typical Poppet/ Shuttle valve 

assembly. To make the following adjustments , a 
3/8-inch box or open end wrench and a 3/32 inch 
Allen wrench are necessary. 

(RETRACT ) 1 

• c= --, 1=======1 "t: 
EXHAUST F-

EXHAUST 

POPPET VALVE ASSEMBLY -....._ 

TR IP CAM ( 2) ---- / 

SHUTTLE VALVE ASSEMBLY 

I 
2 (EXTEND ! 

/ 

ACTUA TOR PISTON SHAFT 
I' 

T RIP CA M SHA FT 

BUSH ING POPPET (21 

FIGURE 14. POPPET/SHUTTLE VALVE AD
JUSTMENTS 

Piston shaft extend and retract speeds are in
dependently adjustable. Loosen the hex nut and 
rotate Allen screw 1 to adjust retract speed. Ex
tend speed is adjusted with Allen screw 2. 
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The trip cams are adjusted using their 3/32-inch 
Allen set screws. First, make sure the trip cam 
shaf t is parallel to the piston shaft (if not, the 
bushi ng can wear out). Manually fully extend the 
actua tor, then loosen the set screw of the trip cam 
that engages the poppet rocker roller. Align the 
cam horizontally so the roller is centered above 
the flat part of the cam. 

-

Then lift the poppet rock ,er roller as far as possible 
(poppet fully depressed) and rotate the cam on the 
shaft (the cams are eccentrically mounted, i.e. the 
hole thr9ugh the cam is off center) so the clear
ance betewen roller and flat side of cam is between 
.015 and .030 inch. 

Carefully tighten the set screw. 
Fully retract the actuator and repeat the above 

process to adjust the other trip cam. 
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4-10 NOTES ON HYDRAULIC ACTUATOR 
PLUMBING 

1. On all 3-inch and 2-inch rotacs, red (pres

sure) line is connected to right port {viewing 

bottom of rotac). 
2. On 1-5/16-inch rotacs, red (pressure) line is 

connected to port labeled Cl and clear (return) 

line is connected to C2 port. 
3. On I inear actuators, red (pressure) line is al-

ways connected to the shaft end. 
4. Hydraulic Research mechanical feedback 

actuators are marked at the ports. 
5. First stage valve ports are marked P (pres
sure) and R (return) on the bottom and C1 

(return) and C2 (pressure) on the top. Plumb as 
shown below in figure 15: 

CLEAR (RETURN) 

TO ACTUATOR RED (PRESS.) ~ 

C2j Cl 

0 
R p 

RED 

CLEAR TO MANIFOLD 

FIGURE 15. FSV PLUMBING 
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1--11. ELCO PLUGS STANDARD WIRING 
The following tables and illustrations show the 

;tand ard wiring configuration for both 56-pin and 
20-pin Elco connector plugs. 

56-PIN ELOO PLUG STANDARD WI RING 

'~o@o.__, 
0©©@ 

00®0® 
©®®© 

000@0 
@00© 

0® 00 0@0 
0 Q 

©0 00 
0000 

00000 
0ee@ 

0888(0 
@@00 

, .., o@o ,--, , 

Pair Wire Pair Wire 
No. Pins Colors No. Pins Colors 

1 A Wt/Blu 3 F Wt/ Grn 
B Blu/Wt H Grn/Wt 

2 C Wt/Orn 4 J Wt/Brn 
D Orn/Wt K Brn/Wt 

55 



Pair Wire Pair Wire 

No. Pins Colors No. Pins Co I ors 

5 L Wt/Sit 16 m Yel/Blu 

M Sit/Wt n Blu/Yel 

6 N Red/Blu 17 p Ye I/Orn 
p Blu/Red r Orn/Ye I 

7 s Red/Orn 18 s Yel/Brn 

T Orn/Red t Grn/Yel 

8 u Red/Grn 19 V Yel/Brn 

V Grn/Red w Brn/Yel 

9 w Red/Brn 20 X Ye I/Sit 

X Brn/Red y Sit/Ye I 

10 y Red/Sit 21 z Vio/Blu 

z Sit/Red AA Blu/Vio 

11 a Blk/Blu 22 BB Via/Orn 

b Blu/Blk cc Orn/Via 

12 C Blk/Orn 23 EE Vio/Grn 
d Orn/Blk FF Grn/Vio 

13 e Blk/Grn 24 HH Vio/Brn 
f Grn/Blk JJ Brn/Vio 

' 14 h Blk/Brn 25 KK Via/Sit 
. 

Brn/Blk J LL Slt/Vio 
15 k Blk/Slt 

I Slt/Blk 
-
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20--PIN ELCO PLUG STANDARD WIRING 

II" 
.,, 

Pair Wire 
No. Pins Colors 

1 A Wt/Blu 
B Blu/Wt 

2 C Wt/Orn 
D Orn/Wt 

3 E Wt/Grn 
F Grn/Wt 
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Pair Wire 
No. Pins Colors 

4 H Wt/ Brn 
J Brn/Wt 

5 K Wt/Sit 
L Sit /Wt 

6 M Red/Blu 
N Blu/Red , 

7 p Red/Orn 
R Orn/Red 

8 s Red/Grn 
T Grn/Red 

9 u Red/Brn 
V Brn/Red 

10 w Red/Sit 
X Sit/Red 
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