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INTRODUCTION

The EC 60 speed control unit contains all solid state
electronic circuits ‘which sense speed from a gaso-
line engine ignition system and provides a controlled
output current to a proportional electric actuator for
throttle control.

The speed control unit operates with 4% droop. The
speed is adjustable via a 25K ohm speed adjust potenti-

response. The stability control and dead time compen-
sation capacitor are used to match the time constant of
the speed controller to the actuator and engine. A
speed anticipation circuit is provided to minimize over-
shooting on engine start-up. A wide range of speed
signal inputs and DC supply voltage amplitudes can be
accepted. If the input speed signal is lost, the speed

control unit will sense this and shut down the system.

ometer.  The gain control adjusts the speed of
SPECIFICATIONS
VARIATIONS
= BC G003 oottt e e e 12V, 50/60 Hz unit
EC B0Cd ..ottt ettt ettt et e 24V, 50/60 Hz unit
- Frequency Range (Speed Sensing) ........cocooiiiiiiiiiiiiiiiii i e 4510 130 Hz
- Remote Speed Trim Range ... ..o 15 Hz
N T O ¢ 1) 0 X SO PPN 12V, 400 Hz unit
| Ol <) 0 S OO 24V, 400 Hz unit
- Frequency Range (Speed Sensing) ........ooooemeiniiiiiiiii i 200 to 500 Hz
- Remote Speed Trim RANEE ......ooiiiiiiiiiiiiiii ittt a e e aaaaaes 250 Hz
OPERATION
= GOVerming MOAe ... e 4% nominal droop
- Steady State Stability ....coiiiii i + 0.25% or better
- Speed Drift with TEMPETAUIE ... .. .ot eanas + 1% maximum
POWER INPUT
- Speed Sensor Signal to Speed Comtroller .............oiiiiiiiiiiiiii e 4-30 volts rms, 3mA
= SUPPLY 12-30 VDC (transient voltage protection)
s POLATIEY Loei e e et e aaa Negative ground
- Power ConsSumption ........ociiiiiiiiiiiiiiiii e 24mA (continuous) plus actuator current
- Maximum Actuator Controllable CUITEnt ........ ..ottt iiiiiiiiiairaeeeeaaas 4 Amperes continuous
ENVIRONMENTAL
- Temperature Range .......... .o . -40° to + 65C (40° to +150°F)
- Relative HUMIAIEY ... coeeie i e ettt up to 100%
= CASE Lttt P OO PP PPN Fungus proof and corrosion resistant
PHYSICAL
R 15111 13 1 o O S P PP PSPPPO See Figure 1
. T 1L USSP SO P PSR PPNS 0.2 kgs. (0.5 bs.)
(0111 T - PO TP Any positon
- Electrical CONNECtionS ..........voieiaiiiuiiiiaiinnniieiriiainiiiieiaaeneanns Pigtail barrier strip connector provided
RELIABILITY
B ¥ 3 '« PP PU PP e 100%
= VIDTAtON ..ooiieiiiiii i Printed circuit board is encapsulated
ACCESSORIES
= FU 411369 ..o " Holder w/electronic fuse for 12 volt systems
R O 3 0 T TSR Holder w/electronic fuse for 24 volt systems
c FU 4118367 i Electronic fuse for 12 volt systems
S FUAALI366 oo Electronic fuse for 24 volt systems
M AL1446 .o Spark plug sensor
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DESCRIPTION

The control circuits are designed to operate directly
from a 12 or 24 VDC battery system. The engine
speed signal is obtained from either the generator or
gasoline ignition system. The speed control unit will
accept any signal if the frequency is proportional to
engine speed and in the frequency range of the speed
control unit (above 2 Hz to run, 45 to 130 Hz to gov-
ern). The signal strength must also be within the
range of the input amplifier (4 to 30 volts RMS).

For an ignition coil sensing system, terminal "5"
should be connected to the coil () so as to provide a
switched battery voltage each time a spark plug is en-
ergized or as shown on Figure 1 and Table 3, a
spark plug sensor may be used to measure engine
speed.

When using one phase of the generator output, a
voltage transformer is required for generator voltages
above 30 volts, for example, with a 220 volt line to
ground generator, a 50:5 transformer should be used
as shown in Figure 1.

A speed sensor monitor circuit is used to detect the
ignition or generator pulses. If the pulses disappear
for longer than 1 second, the speed control unit will
turn off the output circuit. Some generators will not
provide the 4 volt minimum signal strength during

engine starting. For these cases, a start signal input
is provided (terminal 10). Once battery voltage is
supplied to this signal input, the speed sensor moni-
toring circuit is disabled, and the actuator will go to
full throttle. Once a speed signal is detected, it will
immediately regulate the engine speed. To avoid the
possibility of excessive engine speeds, should a speed
signal not be sensed, a voltage signal should only be
supplied to terminal 10 during engine cranking.

A gain control is provided to adjust the speed control
unit's sensitivity. A stability control and dead time
compensation capacitors match the time constant of
the electronic controller to actuator and engine.

The actuator output current switching circuit provides
a pulse width modulated current to drive the actuator.
The actuator responds to the average current to posi-
tion the engine throttle. The output of the circuit
provides up to 4 amps of continuous current at volt-
ages up to 30 VDC. The output is suitable to drive
AMBAC's AGB, AGD, AGS, AGK130, AGK200,
and AGKS500 actuators, as well as those from other
manufacturers.

An overshoot limiter circuit minimizes the overshoot
of speed on start-up (typically less than 1.5%).

INSTALLATION

The speed control unit is rugged enough for mounting
in the control cabinet or engine mounted enclosure.
Care should be taken to ensure that the speed control
unit is not subjected to extreme heat. If it is expected
that water or mist will come in contact with the speed
control unit, mount it vertically so that condensation
will not accumulate on the speed control unit.

Leads to the battery and the actuator from the speed
control unit should be #16, or #14 if over 10 feet
long. These are the leads that are connected to termi-
nals 6, 7, 8, and 9 of the speed control unit. A fast

acting external fuse (see ACCESSORIES column on
page 1) must be in series with terminal 7, the positive
(+) battery input terminal. The speed sensor leads
are twisted and/or shielded for their entire length and
are connected to terminals 4 and/or 5. Connect the
shield to terminal 4 only. Do not connect the shield
at the speed sensor end. If a remote speed trim con-
trol is used, connect it using shielded wire. Connect
the shield to terminal 3. Actuator connections should
be made according to the actuator publications.

Page 3
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ADJUSTMENTS

CAUTION:

THE ENGINE SHOULD BE EQUIPPED WITH AN
INDEPENDENT OVERSPEED SHUTDOWN
MECHANISM TO PREVENT RUNAWAY WHICH
CAN CAUSE DAMAGE OR PERSONNEL INJURY.

INITIAL SETYING

Insert an appropriate dead time compensation capacitor
in pins E1 and E2. These are located at the top right
hand comer of the speed controller. Typical capacitor
values for a 50 KW engine running at 1800 rpm are
shown on Table 1 below. Smaller engines at higher
speeds will require less and vise versa,

Table 1
Approximate
Actuator Capacitance |2dalgg
AGS 50/AGL 100 0-10
AGB 130/AGD 130/AGK 130 10- 22
AGB 200/AGD 200/AGK 200 10- 22
AGK 500 22 - 68

Capacitor sizes 4.7, 10, 22 and68 _tF are provided,
These are tantadum 10 WVDC, 12 VDC, 20% surge.
Observe polarity when connecting to pins E1 (+) and
E2 (-). Capacitive values can be added by soldering
additional capacitors to pins E1 and E2 in paraléd.
Larger actuators which are fitted to larger engines
have slower response time and need more compensa
tion. During performance testing, if low frequency
(less than 3Hz) instability or surge is encountered, in-
crease the dead time compensation. If high frequency
instability is encountered, decrease the compensation,

The speed control unit has been adjusted at the factory
for starting conditions and will control the engine at
45Hz. The following adjustments or checks should be
made prior to starting the engine:

A. Preset the gain, stability and, if used, the external
speed trim control to their mid-points.

B. Apply DC power to the engine governing system
thru the wiring system by closing the switch S1.
The actuator may momentarily move but should

remain in the no fuel position.

C. MOMENTARILY connect terminal 8 to terminal
9. This should cause the actuator to snap into the

maximum fuel position. If not, check for wiring

defects or consult the "TROUBLESHOOTING"
Section (Page 5).

INITIAL ENGINE START

Crank the engine. The actuator will move the fuel
control to the maximum fuel position as soon as an en-
gine speed signal above 4-volt and 2Hz is sensed or the
start signal control switch is closed (see connection to
terminal 10 on Figure 1). Once the 4-volt, 2Hz speed

signal is sensed via terminals 4 and 5, the input to ter-
minal 10 will be ignored. The engine will be con-

trolled to a preset 45Hz by the speed controller after
start-up.

GOVERNOR SPEED ADJUSTMENTS

Increase the engine speed to the desired governed
speed by turning the "speed" adjusting screw in a CW
direction. If at any time the engine governing system
becomes unstable, turn the gain and stability control
CCW until the engine is stable.

PERFORMANCE ADJUSTMENTS

Once the engine is at governed speed, the two per-

formance adjustments, gain and stability, can be made
as follows:

A. At no load, turn the gain control CW until insta-

bility results. Then back-off dlightly CCW (1/8
turn) beyond the point where stability returns.

B. Turn the stability control CW until instability re-
suits. Then back-off dightly CCW (1/8 turn) be-

yond the point where stability returns. Excellent
performance should result from these adjustments.

C. Load may now be applied to the engine. If neces-
sary, repeat A and B above until optimum per-
formance is obtained. Normally, the critica
condition for gain and stability adjustment isat no
load.

Page 4
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NOTE: Optimum adjustment of both controls is in the
furthest CW position that will result in the best re-
sponse and stability under all operating conditions.
Backing off slightly from the best position achieved
during adjustment will allow for changing conditions
that may affect the dynamic response of the engine. If
a load bank and a recorder are available, use them to

verify the performance using Figure 2 as a guide. If a
stable system cannot be obtained, refer to the Trouble-
shooting Section.

The previous procedures should result in a high per-
formance isochronous governed speed control system.

TABLE 2
TROUBLESHOOTING

Symptom: Governor is inoperative or throttle does not move. (Measurements to be made with standard VOM.)

POSSIBLE CAUSES OF
STEP TERMINALS NORMAL MEASUREMENT ABNORMAL MEASUREMENTS

1 4,5 4 to 30 volt rms 1. Faulty speed sensing signal (transformer or

(AC measurement) ignition coil).
2. Shorted or improper speed sensing wiring (to
the transformer or ignition coil).

2 7,9 Battery voltage 1. Improper wiring of battery circuit or fuse blown.
(DC measurement 7+ and 9-)

3 1,3 5 volts+ 0.5V from the 1. Inadequate battery voltage.
internal supply 2. Short across trim control circuit.
(DC measurement 1+ and 3-) 3. Defective speed control unit.

4 89 2 volts maximum but not less 1. Speed setting lower than cranking speed.
than 0.5V while cranking engine. 2. Output transistor defective.
(Voltage to transistor) DC 3. Error in actuator wiring.
measurement 8+ and 9-) 4. Actuator defective.

Erratic or Unstable Governing or Unwanted Droop
If noisy electrical devices are present, such as magne-
tos, solid state ignition systems, battery chargers or
regulators which emit radio frequency interference
(RFI), unstable governing or droop may be noticed.
The speed control unit has internal filters which pro-
vide some protection from radio frequency interfer-
ence. Excessive levels of RFI must be treated
separately. A metal shield placed around the emitting
source will help and/or placing the governor harness
and speed control unit as far away as possible from the
emitting source. Always twist the leads from the

speed sensor transformer or ignition coil all the way
back to the speed control unit. Shield the speed sensor
leads with the shielding connected to terminal "4" of
the speed control unit only. If noise is still present, a
1000 micro-Fd (12V) capacitor may be connected
across the speed trim control, terminal 1+ to terminal
3-.  This will reduce external interference coming
from the power supply. When extreme RFI is encoun-
tered, it may be necessary to shield battery leads to the
speed control unit. The shield should be grounded at
terminal "9" of the speed control unit.

Page 5
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TABLE 3

ENGINE SPEED RANGES WITH SPARK PLUG SENSING

o SPARKS ONCE PER REVOLUTION

i.e., - 2 stroke engines
- some small 4 stroke engines

EC60C3 / EC60C4  EC60D3 / EC60D4

Number of Cylinders Sensed RPM RPM Range

Min. Max, " Min. Max,
(45Hz) (130Hz) (200Hz) (500Hz)

1 2700 7800

2 1350 3900

3 900 2600 4000 10000

4 675 1950 3000 7500

o SPARK VERY REV ION

i.e., - 4 stroke engines

EC60C3 / EC60C4
Number of Cylinders Sensed __ RPM Range
Min. Max.
(45Hz) (130Hz)
2 2700 7800
3 1800 5200
4 1350 3900

Note: The speed controller frequency range is from 45 to 130 Hz. Thus, by sensing more than

one spark plug, the engine operating range can be lowered. ~Care must be taken to ensure that the
multiple spark plugs sensed have an even firing order, e.g., for a 4-cylinder, 4 stroke engine with

a firing order of 1, 3, 4, 2, where it was desired to use 2 sensors for an engine speed range of 2700

to 7800 rpm, only spark plugs 1 and 4 or 3 and 2 could be paired together. ~ Care is needed with .
VEE configuration engines to avoid the uneven firing from one bank to the other.

Page 6
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INTRODUCTION

The EC 60 speed control unit contains all solid state
electronic circuits which sense speed from either a
generator or a gasoline engine ignition system and pro-
vides a controlled output current to a proportional
electric actuator for throttle control.

The performance of the speed control unit is isochro-
nous. The speed is adjustable via a 22-turn speed ad-

response. The stability control and dead time com-
pensation capacitor are used to match the time constant
of the speed controller to the actuator and engine. A
speed anticipation circuit is provided to minimize
over-shooting on engine start-up. A wide range of
speed signal inputs and DC supply voltage amplitudes
can be accepted. If the input speed signal is lost, the
speed control unit will sense this and shut down the

T~

Just control. The gain control adjusts the speed of system.
SPECIFICATIONS
VARIATIONS
T ECO0AT e e e 12V, 50/60 Hz unit
ECB0AG oo e 24V, 50/60 Hz unit
- Frequency Range (Speed Sensing) ..........euuuuuummeuuennneeesassassss e 45 to 130 Hz
- Remote Speed Trim RanZE .........eeuiiiiiiiiiiiiiiiiieeeeeeee e e 15 Hz
S BCGOB3.... e e 12V, 400 Hz unit
BCO0BA ... ettt e e 24V, 400 Hz unit
- Frequency Range (Speed Sensing) ..coieeeeemuuiiiuueeieee i e e e e 200 to 500 Hz
- Remote Speed Trim Range ......coooooiiiiiiiiiiii i e e 250 Hz
OPERATION
= GOverning MOde ........ooii it e Isochronous
. - Steady State Stability ... e + 0.25% or better
- Speed Drift with TemPerature ..............coevvuuiiiiiiiiiiiiiiieeeeee s oae e + 1% maximum
POWER INPUT
- Speed Sensor Signal to Speed CONLrOLlEr ............ouveeeeeaeaees i 4-30 volts rms, 3mA
T SUPPLY e 12-30 VDC (transient voltage protection)
= POlArity e e Negative ground
- Power Consumption ...............ceoeiuiiiiienee i 24mA (continuous) plus actuator current
- Maximum Actuator Controllable CUITENt -......ooiieisiiatteeernnmnnnnnseoeeoo 4 Amperes continuous
ENVIRONMENTAL
- Temperature RanZe .....ccouuuiiiimienniiiiiiee et . 40° to + 65C (-40° to +150°F)
- Relative Humidity ......ooooiiiiiiiiiiiii e up to 100%
= S e Fungus proof and corrosion resistant
PHYSICAL
= DIMEDSIONS ...oooiiunniiiiiiiiiiii e See Figure 1
= Weight Lot 0.2 kgs. (0.5 1bs.)
= MOUNKING -t Any position
- Electrical Connections ..........eueeeeeueneniiieieeeeeeeiaassieeeseeeee Pigtail barrier strip connector provided
RELIABILITY
= TeSted oo e 100%
- Vibration et e v e eeaan Printed circuit board is encapsulated
ACCESSORIES
S FUALIB09 .o, Holder w/electronic fuse for 12 volt systems
. S FU L1368 .o Holder w/electronic fuse for 24 volt systems
= FUALIZ67 oo Electronic fuse for 12 volt systems
S FUBLIBO0 ..o Electronic fuse for 24 volt systems
S MPATIA46 e Spark plug sensor
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4.00" o 62"
? 101.6mm 15.9mm
25" 3.50" . J12-
6.4mm l 88.9mm 3.2mm ‘ l
STAB GAIN SPEED DEAD TIME
& — €t
T | )
L i
SPARK PLUG SENSOR J_) P'GRRTQ"?L ®
MP 411446 BARRIER STRIP
(SEE TABLE 3) CONNECTOR
OPTIONAL
SPEED TRIM CONTROL U
OPTIONAL 18 GAUGE AWG
CUBT10A, TP6T 1A, TPE6T72A WIRE PIGTAIL
1.50 LONG
ELECTRONIC 38mm
X FUSE, SEE
TXXHXKKKNA srEC{(PG 1)
NEG 4-30 VOLTS st
GENERATOR  TRANSFORMER — \_CAUTION:
CLOSING THESE CONTACTS
- SETS THE ACTUATOR TO
BATTERY COIL (SEE SPECIFIC WIRING DIAGRAM o Fion THROTTLE
HOOK~-UP- FOR iN THE ACTUATOR PUBL[CATION) CLOSE DURING ENGINE
{GNITION SYSTEM STARTER MOTOR CRANKING
ahvrery ONLY IF AN ENGINE SPEED
APPLICATION SIGNAL 1S NOT AVAILABLE
DURING STARTING.

ACTUATOR

Figure 1 - EC60 Speed Controller Dimensions and Wiring Connections

READJUSTING BOTH GAIN AND
STABILITY CONTROLS GIVES A TRACE,
INDICATING GOOD TRANSIENT AT FULL
LOAD AND GOOD STABILITY. THE SPEED
CONTROL UNIT IS NOW PROPERLY
ABJUSTED.

INCREASED GAIN RESULTED IN A NEW
TRANSIENT WITH REDUCED EXCURSION.
{7 IS APPARENT FROM THE LONG TAIL
ON THE TRANSIENT THAT THE
STABIUTY CONTROL MUST BE TURNED
cw.

INITIAL GAIN AND STABILITY CONTROL
ABJUSTMENTS GIVE A TRACE
INDICATING, FROM THE EXCURSION OF
THE TRANSIENT, THE GAIN SHOULD BE
INCREASED 8Y TURNING THE GAIN
CONTROL CW. NOTE: TIME IS CONSTANT
FOR ALL CONDITIONS.

Figure 2 - Typical Performance Chart

Page 2
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DESCRIPTION

The control circuits are designed to operate directly
from a 12 or 24 VDC battery system. The engine
speed signal is obtained from either the generator or
gasoline ignition system. The speed control unit will
accept any signal if the frequency is proportional to
engine speed and in the frequency range of the speed
control unit (above 2 Hz to run, 45 to 130 Hz to
govern). The signal strength must also be within the
range of the input amplifier (4 to 30 voits RMS).

For an ignition coil sensing system, terminal "5"
should be connected to the coil (-) so as to provide a
switched battery voltage each time a spark plug is en-
ergized or as shown on Figure 1 and Table 3, a
spark plug sensor may be used to measure engine

speed. :

When using one phase of the generator output, a
voltage transformer is required for generator voltages
above 30 volts, for example, with a 220 volt line to
ground generator, a 50:5 transformer should be used
as shown in Figure 1.

A speed sensor monitor circuit is used to detect the
ignition or generator pulses. If the pulses disappear
for longer than 1 second, the speed control unit will
turn off the output circuit. Some generators will not
provide the 4 volt minimum signal strength during

engine starting. For these cases, a start signal input
is provided (terminal 10). Once battery voltage is
supplied to this signal input, the speed sensor moni-
toring circuit is disabled, and the actuator will go to
full throttle. Once a speed signal is detected, it will
immediately regulate the engine speed. To avoid
the possibility of excessive engine speeds, should a
speed signal not be sensed, a voltage signal should
only be supplied to terminal 10 during engine crank-
ing.

A gain control is provided to adjust the speed control
unit's sensitivity. A stability control and dead time
compensation capacitors match the time constant of
the electronic controller to actuator and engine.

The actuator output current switching circuit pro-
vides a pulse width modulated current to drive the
actuator. The actuator responds to the average cur-
rent to position the engine throttle. The output of
the circuit provides up to 4 amps of continuous cur-
rent at voltages up to 30 VDC. The output is suit-
able to drive AMBAC's AGB, AGD, AGS,
AGK130, AGK200, and AGK500 actuators, as well
as those from other manufacturers.

An overshoot limiter circuit minimizes the overshoot
of speed on start-up (typically less than 1.5%).

INSTALLATION

The speed control unit is rugged enough for mounting
in the control cabinet or engine mounted enclosure.
Care should be taken to ensure that the speed control
unit is not subjected to extreme heat. If it is expected
that water or mist will come in contact with the speed
control unit, mount it vertically so that condensation
will not accumulate on the speed control unit.

Leads to the battery and the actuator from the speed
control unit should be #16, or #14 if over 10 feet
long. These are the leads that are connected to termi-
nals 6, 7, 8, and 9 of the speed control unit. A fast

acting external fuse (see ACCESSORIES column on
page 1) must be in series with terminal 7, the positive
(+) battery input terminal. The speed sensor leads
are twisted and/or shielded for their entire length and
are connected to terminals 4 and/or 5. Connect the
shield to terminal 4 only. Do not connect the shield
at the speed sensor end. If a remote speed trim con-
trol is used, connect it using shielded wire. Connect
the shield to terminal 3. Actuator connections should
be made according to the actuator publications.

Page 3
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EC 60 ADJUSTMENTS

CAUTION:

THE ENGINE SHOULD BE EQUIPPED WITH AN
INDEPENDENT OVERSPEED SHUTDOWN
MECHANISM TO PREVENT RUNAWAY WHICH
CAN CAUSE DAMAGE OR PERSONNEL INJURY.

INITIAL SETTING

Insert an appropriate dead time compensation capacitor
in pins E1 and E2. These are located at the top right
hand corner of the speed controller. Typical capacitor
values for a 50 KW engine running at 1800 rpm are
shown on Table 1 below. Smaller engines at higher
speeds will require less and vise versa.

Table 1
Approximate
Actuator Capacitance Range (uF)
AGS 50/AGL 100 0-10
AGB 130/AGD 130/AGK 130 10-22
AGB 200/AGD 200/AGK 200 10-22
AGK 500 22 -68

Capacitor sizes 4.7, 10, 22 and68 uF are provided.
These are tantalum 10 WVDC, 12 VDC, 20% surge.
Observe polarity when connecting to pins E1 (+) and
E2 (-). Capacitive values can be added by soldering
additional capacitors to pins El and E2 in parallel.
Larger actuators which are fitted to larger engines
have slower response time and need more compensa-
tion. During performance testing, if low frequency
(less than 3Hz) instability or surge is encountered, in-
crease the dead time compensation. If high frequency
instability is encountered, decrease the compensation.

The speed control unit has been adjusted at the factory
for starting conditions and will control the engine at
45Hz. The following adjustments or checks should be
made prior to starting the engine:

A. Pre-set the gain, stability and, if used, the external
speed trim control to their mid-points.

B. Apply DC power to the engine governing system
thru the wiring system by closing the switch S1.
The actuator may momentarily move but should
remain in the no fuel position.

C. MOMENTARILY connect terminal 8 to terminal
9. This should cause the actuator to snap into the
maximum fuel position. If not, check for wiring
defects or consult the "Trouble-shooting” Section
(Page S).

INITIAL ENGINE START

Crank the engine. The actuator will move the fuel
control to the maximum fuel position as soon as an en-
gine speed signal above 4-volt and 2Hz is sensed or
the start signal control switch is closed (see connection
to terminal 10 on Figure 1). Once the 4-volt, 2Hz
speed signal is sensed via terminals 4 and 5, the input
to terminal 10 will be ignored. The engine will be
controlled to a preset 45Hz by the speed controller af-
ter start-up.

GOVERNOR SPEED ADJUSTMENTS

Increase the engine speed to the desired governed
speed by turning the “speed" adjusting screw in a CW
direction. If at any time the engine govering system
becomes unstable, turn the gain and stability control
CCW until the engine is stable.

PERFORMANCE ADJUSTMENTS

Once the engine is at governed speed, the two per-
formance adjustments, gain and stability, can be made
as follows:

A. At no load, turn the gain control CW until insta-
bility results. Then back-off slightly CCW (1/8
turn) beyond the point where stability returns.

B. Turn the stability control CW uatil instability re-
sults. Then back-off slightly CCW (1/8 turn) be-
yond the point where stability returns. Excellent
performance should result from these adjustments.

C. Load may now be applied to the engine. If neces-
sary, repeat A and B above uatil optimum per-
formance is obtained. Normally, the critical
condition for gain and stability adjustment is at no
load.
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NOTE: Optimum adjustment of both controls is in the verify the performance using Figure 2 as a gmide. If a
furthest CW position that will result in the best re- stable system cannot be obtained, refer to the Trouble-
sponse and stability uoder all operating conditions. shooting Section.

Backing off slightly from the best position achieved
during adjustment will allow for changing conditions * The previous procedures should result in a high per-
that may affect the dynamic response of the engine. If formance isochronous governed speed control system.
a load bank and a recorder are available, use them to
TABLE 2
TROUBLESHOOTING
Symptom: Governor is inoperative or throttle does not move. (Measurements to be made with standard VOM..)
POSSIBLE CAUSES OF

STEP TERMINALS NORMAL MEASUREMENT ABNORMAIL MEASUREMENTS

1 4,5 4 to 30 volt rms 1. Faulty speed sensing signal (transformer or

(AC measurement) 1gnition coil).
2. Shorted or improper speed sensing wiring (to
the transformer or ignition coil).
— 2 7,9 Battery voltage 1. Improper wiring of battery circuit or fuse blown.
(DC measurement 7+ and 9-)
3 1,3 5 volts+ 0.5V from the 1. Inadequate battery voltage.
internal supply 2. Short across trim control circuit.
(DC measurement 1+ and 3-) 3. Defective speed control unit.
4 8,9 2 volts maximum but not less 1. Speed setting lower than cranking speed.
than 0.5V while cranking engine. 2. Output transistor defective.
(Voltage to transistor) DC 3. Error in actuator wiring.
measurement 8+ and 9-) 4. Actuator defective.

Erratic or Unstable Governing or Unwanted Droop
If noisy electrical devices are present, such as magne-
tos, solid state ignition systems, battery chargers or
regulators which emit radio frequency interference
(RFI), unstable governing or droop may be noticed.
The speed control unit has intemnal filters which pro-
vide some protection from radio frequency interfer-
ence. Excessive levels of RFI must be treated
separately. A metal shield placed around the emitting
source will help and/or placing the governor hamess
and speed control unit as far away as possible from the
emitting source. Always twist the leads from the

speed sensor transformer or ignition coil all the way
back to the speed control unit. Shield the speed sensor
leads with the shielding connected to terminal "4" of
the speed control unit only. If noise is still present, a
1000 micro-Fd (12V) capacitor may be connected
across the speed trim control, terminal 1+ to terminal
3-. This will reduce external interference coming
from the power supply. When extreme RFI is encoun-
tered, it may be necessary to shield battery leads to the
speed control unit. The shield should be grounded at
terminal "9 of the speed control unit.

Page 5
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TABLE 3

ENGINE SPEED RANGES WITH SPARK PLUG SENSING

o SPARKS ONCE PER REVOLUTION

1.e., - 2 stroke engines
- some small 4 stroke engines

EC 60A3 EC 60A4
Number of Cylinders Sensed RPM Range RPM Range
Min. Max. Min. Max.

(45Hz) (130H2) (200Hz) (500H2)
1 2700 7800
2 1350 3900
3 900 2600 4000 10000
4 675 1950 3000 7500

o SPARKS ONCE EVERY TWO REVOLUTIONS

ie., - 4.stroke engines
EC 60A3
Number of Cylinders Sensed RPM Range
Min. Max.
(45Hz)  (130H2)
2 2700 7800
3 1800 5200
4 1350 3900

Note: The speed controller frequency range is from 45 to 130 Hz. Thus, by sensing more than
one spark plug, the engine operating range can be lowered. Care must be taken to ensure that the
multiple spark plugs sensed have an even firing order, e. g., for a 4cylinder, 4 stroke engine with
a firing order of 1, 3, 4, 2, where it was desired to use 2 sensors for an engine speed range of 2700
to 7800 rpm, only spark plugs 1 and 4 or 3 and 2 could be paired together.  Care is needed with
VEE configuration engines to avoid the uneven firing from one bank to the other.

Page 6
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INSTALLATION INSTRUCTIONS
SPEED CONTROL UNITS

INTRODUCTION

All AMBAC Speed Control Units use solid state electronics to
sense engine speed from a magnetic speed sensor or other
suitable signal source and, in turn, provides a controlled out-
put current to a proportional electric actuator for throttle con-
trol.

The desired engine speed is adjustable via a SPEED adjust
control. A GAIN control adjusts the speed of response. STA-
BILITY CONTROL and DEAD TIME compensation switches
(or capacitors) are used to match the time constant of the en-
gine governing system to the engine for optimum control.

OPERATION

The Speed Control Units are designed to be powered directly
from engine battery systems (12, 24 or 32 Vdc). The engine
speed signal is usually obtained from a magnetic speed sensor
mounted in close proximity to the teeth of a ferrous gear that is
driven by the engine. The frequency of the speed sensor signal
is therefore proportional to the engine speed. The flywheel
ring gear (typically around 120 teeth and rotating at engine
speed) is normally used. The typical speed input frequency
would therefore be equal to 120 x RPM/60 in Hertz. The speed
control unit will accept any signal if the frequency is proportional
to engine speed and in the frequency range of the speed control
unit (see individual controller data sheet). The signal strength
must also be within the range of the input amplifier (1.0 volts
rms to 30 volts rms for approximately sinusoidal signals).

A monitoring circuit detects if the speed sensor signal disap-
pears for longer than 0.1 second and, if so, the speed control
unit will turn off the actuator and the malfunction must then be
corrected.

The output circuit provides a pulse width modulated current to
drive the actuator. The actuator responds to the average cur-
rent to position the engine throttle for the desired SPEED set-
ting. During cranking, the actuator will move to the full fuel
position and remain there during starting and acceleration of
the engine (except on units which have a START FUEL ad-
justment).

INSTALLATION

The genset speed control unit is rugged enough for mounting
in the control cabinet or other engine mounted enclosure. Do
not subject the speed control unit to extreme heat. If it is ex-
pected that water or mist will come in contact with the speed
control unit, mount it vertically so that condensation will not
accumulate on the unit.

Leads to the battery and the actuator from the speed control
unit should be no smaller than 16 AWG and no smaller than
14 AWG if over 10 feet (3 meters) long. Refer to the Speed
Control Unit data sheet for detailed wiring information. A fast

acting external fuse must be in series with the positive (+) bat-
tery input terminal. The -magnetic speed sensor leads must
be twisted and/or shielded for their entire length. If shielded,
connect the shield in accordance with the data sheet at the
control unit end only. Do not connect the shield at the mag-
netic speed sensor end. If optional SPEED TRIM control is
used, connect it, as shown on the Speed Control Unit data
sheet, using shielded wire. The mechanical governor speed
setting must be adjusted at least 5% above the desired gov-
erned speed for all load conditions.

CAUTION:

THE ENGINE SHOULD BE EQUIPPED WITH AN
INDEPENDENT OVERSPEED SHUTDOWN
MECHANISM TO PREVENT RUNAWAY WHICH
CAN CAUSE DAMAGE OR PERSONAL INJURY.

ADJUSTMENTS
INITIAL SETTING
Units with switches for DEAD TIME compensation (EC5000,

EC5010, EC5100 or EC5111) Initially set dip switches as shown
in Table 1 below:

Table 1
Initial

Actuator Setting
AGL100, AGS50 S4* - ON
AGB130, AGD130, AGK130, S3*- ON
AGL202, AGL301, AL3000
AGB200, AGD200, AGK200, S2* - ON
AGK270, AGK280
AGK505, AGK525, AGK1600 S1*- ON

*All other switches OFF

Maximum DEAD TIME compensation (D.T.) is achieved with
all four switches ON. The relative amount of the maximum

D.T. compensation provided by switches S1 - S4 is:

S1-50%
S2 - 25%
S3-16%
S4- 8%

When optimizing the D.T. setting with the engine running these
switches may be adjusted on or off to vary the total compensa-
tion. For example, setting S1, S4 - ON, S2, S3 - OFF corre-
sponds to 58% of total possible compensation.

Units with internal dead time compensation capacitors (ECD67-
2110, ECD67-2112, ECD67-5111, ECD 67-5221. CU671. CW

673) Verify that an appropriate capacitor is installed before
starting the engine. Refer to the Speed Control Unit data sheet.
Typical capacitor values are shown in

Table 2:

EGEC Inst 10/05



sthomas

Rectangle



sthomas

Stamp





ADJUSTMENTS (Continued)

Units with external pins for DEAD TIME COMPENSATION
capacitors (EC60) Solder an appropriate capacitor on the
pins provided before starting the engine. Typical capacitor
values are shown in Table 2:

Table 2

Approximate

Actuator Capacitance (UF
AGL100, AGS50 0-10
AGB130, AGD130, AGK130, 10 - 22
AGL202, AGL301, AL3000

AGB200, AGD200, AGK200, 10 - 22
AGK270, AGK280

AGK505, AGK525, AGK1600, 32-68

AGK2200

Tantalum electrolytic capacitors are recommended provided
their working voltage is 10 WVDC or better. Observe polarity
as shown in the Speed Control Unit data sheet when connect-
ing. Capacitive values can be added by soldering additional
capacitors in parallel. Larger actuators which are fitted to larger
engines have slower response time and need more compen-
sation (more capacitance).

INITIAL ENGINE START

A. Preset the GAIN/STABILITY and, if used, the optional ex-
ternal SPEED TRIM control to mid position. The SPEED
control pot should remain in the factory set idle position
(1000 Hz speed sensor signal).

Apply DC power to the engine governing system. The
actuator may momentarily move but should remain in the
no fuel position. (If actuator is not in the no fuel position,
proceed to troubleshooting and DO NOT START the en-

gine).

Crank the engine. The actuator will move to the maximum
fuel position (or to a start fuel position on some units). Once
started, the engine will be controlled at a low idle by the
engine governing system.

If the engine is unstable after starting, turn the GAIN and
STABILITY controls CCW until the engine is stable.

GOVERNOR SPEED SETTINGS

Increase the engine speed to the desired governed speed by
rotating the external SPEED control CW. If at any time the
engine governing system becomes unstable, turn the GAIN
and STABILITY controls CCW until the engine is stable.

PERFORMANCE ADJUSTMENT

Once the engine is at the desired governed speed and at no
load, the following performance adjustments can be made:

A. Rotate the GAIN control CW until instability results. Slowly
move GAIN CCW until stability returns. Rotate CCW an-
other 1/8 turn (or 1 division) to insure stable performance.

Rotate the STABILITY control CW until instability results.
Slowly move STABILITY CCW until stability returns. Ro-
tate CCW another 1/8 turn (or 1 division) to insure stable
performance.

If low frequency (.5 to 3Hz) instability or surge is encoun-
tered, increase the DEAD TIME COMPENSATION. If high
frequency instability is encountered, decrease the com-
pensation.

Load may now be applied to the engine. If necessary,
repeat A and B above until optimum performance is ob-
tained. Normally, the critical condition for GAIN and STA-
BILITY adjustment is at no load.

NOTE: Optimum adjustment of both controls is in the furthest
CW position that will result in the best response and stability
under ALL operating conditions. Backing off slightly from the
best position achieved during adjustment will allow for chang-
ing conditions that may affect the dynamic response of the
engine. If aload bank and a strip chart recorder are available,
use them to evaluate and optimize the performance using Fig-
ure 2 as a guide. If a stable system cannot be obtained, refer
to the section on Troubleshooting.

LOAD
REMOVED

o

SPEED
TRANSTENT

|

LOADED

62+

614

60+

GENSET FREQUENCY ,Hz

RECOVERY
59+

S8+

57

INITIAL GAIN AND STABILITY ADJUST-
MENTS YIELD A TRACE WITH
RELATIVELY LARGE SPEED (FRE-
QUENCY) TRANSIENTS AND A
RELATIVELY SLOW RECOVERY (TIME)

INCREASED GAIN RESULTS IN
SMALLER SPEED TRANSIENTS

TIME

INCREASING STABILITY SETTINGS
REDUCES THE DURATION OF THE
TRANSIENT AT FULL LOAD AND GOOD
STABILITY. THE CONTROL UNIT IS NOW
PROPERLY ADJUSTED.

Figure 2. Typical Strip Chart Performance vs. Load Changes
(Isochronous Operation Shown)





TROUBLESHOOTING

Governor is Inoperative or Throttle Does Not Move
If the engine governing system does not function properly, use the following steps to determine the cause. Use a standard

VOM and observe proper polarity.

STEP COHTROL UHIT HORMAL READH G POSSELE CAUSE OF
TERMHALS ABHORMAL RE ADING
1 Mag Pickup T.0%rmsminimum while 1. Zap between magretic speed sensor and gear teeth too large.
crarking Feadius doserto gear if possible.
2. Shoted or improper siing 1o magnetic speed sensor. Residtance
of sensor shoud be 30 to1200 ohms.
3. Defedive magnetic gpeed seneor aor s2neor gain iz too low
2 BAT (+], Battery Supply Yoltage (12%de, 1. Improper wring of batiery circuit.
BAT (-] 24%dc nomiral) 2. Blown fuse.
3. Lowvbatery voltage. (Referto Speed Cortral nit data sheet)
3 Irterral +5.0 %dc (<100 on some units*), 1. Iradegquate battery woltage.
Reguated for TRIM or REMOTE SPEED 2. Short acrosstrim control circuit.
Yoltage* controlz 3. Defedive Zpeed Contral Unit.
4 Actustor (+], Zero volts when not cranking, 1. SPEED seting lower than crarking speed.
Aduator (-] 1-3 %o when crarking 2. Defedive Contral Unit.
3. Shotbopen in Actustar winng.
4. Defective Adustor (zee Actustor Troubleshooting).

*Refer to schematic on data sheet

Unsatisfactory Performance

If the governing system functions poorly, perform the following tests.

SYMPTOM TEST PROBABLE FAULT
Engine 1. Do not crank. Apply DC power to the 1. If Actuator commands full fuel, disconnect speed sensor.
overspeeds governor system. If Actuator still commands full fuel - Speed Control Unit defective.
If Actuator commands minimum fuel position, check speed sensor
voltage, frequency. (Refer to Speed Control Unit data sheet).
2. Manually hold the engine at the desired 1. If the voltage reading is 1.0 to 3.0 VDC,
running speed. Measure the Actuator DC a) SPEED adjustment set above desired speed.
voltage. b) Defective Speed Control Unit.
2. If the voltage reading is above 3.0 VDC,
a) Actuator or linkage binding.
3. If the voltage reading is below 1.0 VDC,
a) Defective Speed Control Unit.
4. GAIN set too low.
Actuator does not 1. Measure the voltage at the battery while 1. If the voltage is less than 7V for a 12V system, or 14V for a 24V
energize fully cranking. system, replace the battery. It is weak or undersized.
2. Momentarily connect Actuator terminals. 1. Actuator or battery wiring in error.
The actuator should move to the full fuel 2. Actuator or linkage binding.
position. 3. Defective Actuator. See Actuator Troubleshooting.
4. Fuse opens. Check for short in Actuator or Actuator wiring
harness.
Engine remains 1. Measure the Actuator DC voltage. 1. If voltage measurement is within approximately 2 volts of the
below desired battery supply voltage, then fuel control restricted from reaching
governed speed. full fuel position. Possibly due to interference from the mechanical
governor, carburetor, spring or linkage alignment.
2. SPEED setting too low.

Electromagnetic Compatibility (EMC)

Most AMBAC Electric Governor products are designed to be in-
sensitive to Electromagnetic Interference (EMI); but for excessive
levels of interference some installation considerations are still nec-
essary.

The governor system can be adversely affected by large interfer-
ing signals that are conducted through the cabling or through di-
rect radiation into the control circuits. Applications that include
magnetos, solid state ignition systems, radio transmitters, volt-
age regulators or battery chargers should be considered suspect
as possible interfering sources.

It is recommended to use shielded cable for all external connec-
tions. Always use twisted leads for the Magnetic Pickup. Be sure
that only one end of the shields, including the speed sensor shield,
is connected to a single point at the speed control unit. Mount the

Speed Control Unit to a grounded metal back plate or place itin a
sealed and grounded metal box.

Radiation is when the interfering signal is radiated directly through
space to the governing system. To isolate the governor system
electronics from this type of interference source, a grounded metal
shield or a grounded solid metal container is usually effective.

Conduction is when the interfering signal is conducted through
the interconnecting wiring to the governing system electronics.
Shielded cables and noise filters are common remedies.

In severe high energy interference locations such as when the
governor system is directly in the field of a powerful transmitting
source, a special class of EMI shielding may be required. Contact
AMBAC application engineering for specific recommendations.



JBERUBE

Stamp







ENGINE

GOVERNING SYSTEMS

SECTION EG 50-5

AMBAC

L hEaaraw

EC 60

Supersedes Issue
Dated October 1993

SPEED CONTROL UNIT

@ @

7} [ o

("STAB GAIN SPEED DEAD TIME )
EZ:—)}'—_*_EI

AMBAC)

ELECTRIC GOVERNOR

TYPE EC—BO[:I SERIAL No.[::l O

MADE IN U.S.A.

SPEED  SPEED BATTERY
TRIM  SENSING START

m #J7=-%, ACTUATOR ISlGNAL
—‘1“'[ I T
1 2 3 4 5 6 7 8 _

9 10

HARARRATA

ACTUAL SIZE

OPTIONAL SPEED SENSING

FEATURES

Low cost
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Vibration and moisture protected
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. Tach drive from alternator
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INTRODUCTION

The EC 60 speed control unit contains ail solid state
electronic circuits which sense speed from either a
generator or a gasoline engine ignition system and
provides a controlled output current to a proportional
electric actuator for throttle control.

The performance of the speed control unit is isochro-
nous. The speed is adjustable via a 22-turn speed ad-

response. The stability control and dead time com-
pensation capacitor are used to match the time constant
of the speed controller to the actuator and engine. A
speed anticipation circuit is provided to minimize
over-shooting on engine start-up. A wide range of
speed signal inputs and DC supply voltage amplitudes
can be accepted. If the input speed signal is lost, the
speed control unit will sense this and shut down the

just control. The gain control adjusts the speed of system.
SPECIFICATIONS
VARIATIONS
o Lo 10, IO U OO T UT U OO TSSOSO P 50/60 H% unit
- Frequency Range (Speed Sensing) ......ccoeuveuiineniuiiiuieiiiiriirenaiie e eieieie e saesaa e aass 45 to 130 Hz
- Remote Speed Trim Range .........c.coiiiiiiiiiiiiiiiiin it rta e ettt eae e nsnetnaasneaaeses 15 Hz
e 2T O 10 P TR SPUt 400 Hz unit
- Frequency Range (Speed Sensing) -.......ccoieininiiiuiiiiinmiiiiiniiieniiieeieiasnesteeannranenannaaas 200 to 500 Hz
- Remote Speed Trim Range .......iieuiniiiiiiit ittt et m e et e e e s eenaneneas 250 Hz
OPERATION
= GOVernInE MOAe ... .ouiiiiniii ittt et e et e et ne et e ae et et e s an e raeans Isochronous
- Steady State Stability ...cocioiinin ittt + 0.25% or better
- Speed Drift with Temperature ...........cooiiiiiiiiiiiii it + 1% maximum
POWER INPUT
- Speed Sensor Signal to Speed Controller ........coveviinieiiiiiiniiioniiiniiiriiireans 4-30 volts rms, 3mA
o SUPPLY et te et e s d e re e aa 12-30 VDC (transient voltage protection)
D 41T+ 1 S RSP PP Negative ground
- Power ConSUMPLION ......c.ciiiieiinreennannenssisssesstommancecnaneeseasanns 24mA (continuous) plus actuator current
- Maximum Actuator Controllable Current .......couvvieeiiiieiiiiiiriiiiiei e neen. 4 Amperes continuous
ENVIRONMENTAL
- Temperature Range ...t es . -40° to + 65C (-40° to +150°F)
= Relative HUmIdity ..ot ettt e et e va e e a e et e e e eae e nans up to 100%
LS P PO SRR Fungus proof and corrosion resistant
PHYSICAL
I D 1110 T3 1o PRSP See Figure 1
1 11 S OO UPUPSRPRN 0.2 kgs. (0.5 Ibs.)
= U MOOUNIIE .ot e e e ettt e et e e eeaaneaaans Any position
- Electrical Connections ............ccoveeiiiniiiiiiiiiiii e, Pigtail barrier strip connector provided
RELIABILITY
I =1 S U PPN OSPPPIRt 100%
= VIBIALION Lottt e e e e aaaan Printed circuit board is encapsulated
ACCESSORIES
S FU L1369 oo Holder w/electronic fuse for 12 volt systems
= FU L1368 (e Holder w/electronic fuse for 24 volt systems
S FU QL1367 .o Electronic fuse for 12 volt systems
= FU L3606 oo e s Electronic fuse for 24 volt systems
S M AL 1440 e ans Spark plug sensor
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EC 60
T 1041'_2% & 15.9mm
- 3.50° o -le’ e
6. omer i““ 88.9mm 3.2mm | l

T

- SPEED DEAD TI
1.50 STAB  GAIN R_—ll%fl

38. tmm

. , AMBAC) ]
BLECTRIC GOVERMOR i
e e £C 60lfsern wo. ]
MADE N U.8.A.
3.00" .
76 .2mm Tl e T g PIG TAIL
SPARK PLUG SENSOR MO L BARRIER STRIP
MP 411446 .19°DIA | ARG, § T 0 ¢ 10 CONNECTOR
{SEE TABLE 3) 2 MTG.HOLES OPTIONAL
SPEED TRIM CONTROL
OPTIONAL 18 GAUGE AWG
CUET10A. TP6T1A. TP6T2A WIRE PIGTAIL
1.50 LONG
ELECTRONIC 38mm
FUSE, SEE
SPEC (PG 1)
= -30 VOLTS
NEG 4 o st /\L CAUTION:
GENGERRRY TRANSFORMER CLOSING THESE CONTACTS
- : SETS THE ACTUATOR TO
— THE FULL THROTTLE
BATTERY COIL (SEE SPECIFIC WIRING DIAGRAM POSITION.
IN THE ACTUATOR PUBLICATION) CLOSE DURING ENGINE
HOOK-UP FOR STARTER MOTOR cgmgggg
IGNITION SYSTEM + - ONLY IF AN ENGINE S|
APPLICATION BATTERY SIGNAL IS NOT AVAILABLE
DURING STARTING.

ACTUATOR

Figure 1 - EC60 Speed Controller Dimensions and Wiring Connections

INITIAL GAIN AND STABILITY CONTROL INCREASED GAIN RESULTED IN A NEW READJUSTING BOTH GAIN AND
ABJUSTMENTS GIVE A TRACE TRANSIENT WITH REDUCED EXCURSION. STABIUITY CONTROLS GIVES A TRACE,
INBICATING, FAOM THE EXCURSION OF IT IS APPARENT FROM THE LONG TAIL INDICATING GOOD TRANSIENT AT FULL
THE TRANSIENT, THE GAIN SHOULD BE ON THE TRANSIENT THAT THE LOAD AND GOOD STABILITY. THE SPEED
INCREASED BY TURNING THE GAIN STABILITY CONTROL MUST BE TURNED CONTROL UNIT IS NOW PROPERLY
CONTROL CW. NOTE: TIME IS CONSTANT  CW. ADJUSTED.

FOR ALL CONDITIONS.

Figure 2 - Typical Performance Chart
Page 2
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DESCRIPTION

The control circuits are designed to operate directly
from a 12 or 24 VDC battery system. The engine
speed signal is obtained from either the generator or
gasoline ignition system. The speed control unit will
accept any signal if the frequency is proportional to
engine speed and in the frequency range of the speed
control unit (above 2 Hz to run, 45 to 130 Hz to
govern). The signal strength must also be within the
range of the input amplifier (4 to 30 volts RMS).

For an ignition coil sensing system, terminal "5"
should be connected to the coil (-) so as to provide a
switched battery voltage each time a spark plug is en-
ergized or as shown on Figure 1 and Table 3, a
spark plug sensor may be used to measure engine
speed.

When using one phase of the generator output, a
voltage transformer is required for generator voltages
above 30 volts, for example, with a 220 volt line to
ground generator, a 50:5 transformer should be used
as shown in Figure 1.

A speed sensor monitor circuit is used to detect the
ignition or generator pulses. If the pulses disappear
for longer than 1 second, the speed control unit will
turn off the output circuit. Some generators will not
provide the 4 volt minimum signal strength during

engine starting. For these cases, a start signal input
is provided (terminal 10). Once battery voltage is
supplied to this signal input, the speed sensor moni-
toring circuit is disabled, and the actuator will go to
full throttle. Once a speed signal is detected, it will
immediately regulate the engine speed. To avoid
the possibility of excessive engine speeds, should a
speed signal not be sensed, a voltage signal should
only be supplied to terminal 10 during engine crank-

ing.

A gain control is provided to adjust the speed conrt:)l
unit's sensitivity. A stability control and dead time
compensation capacitors match the time constant of
the electronic controller to actuator and engine.

The actuator output current switching circuit pro-
vides a pulse width modulated current to drive the
actuator. The actuator responds to the average cur-
rent to position the engine throttle. The output of
the circuit provides up to 4 amps of continuous cur-
rent at voltages up to 30 VDC. The output is suit-
able to drive AMBAC's AGB, AGD, AGS,
AGK130, AGK200, and AGK500 actuators, as well
as those from other manufacturers.

An overshoot limiter circuit minimizes the overshoot
of speed on start-up (typically less than 1.5%).

INSTALLATION

The speed control unit is rugged enough for mounting
in the control cabinet or engine mounted enclosure.
Care should be taken to ensure that the speed control
unit is not subjected to extreme heat. If it is expected
that water or mist will come in contact with the speed
control unit, mount it vertically so that condensation
will not accumulate on the speed control unit.

Leads to the battery and the actuator from the speed
control unit should be #16, or #14 if over 10 feet
long. These are the leads that are connected to termi-
nals 6, 7, 8, and 9 of the speed control unit. A fast

Page 3

acting external fuse (see ACCESSORIES column on
page 1) must be in series with terminal 7, the positive
(+) battery input terminal. The speed sensor leads
are twisted and/or shielded for their entire length and
are connected to terminals 4 and/or 5. Connect the
shield to terminal 4 only. Do not connect the shield
at the speed sensor end. If a remote speed trim con-
trol is used, connect it using shielded wire. Connect
the shield to terminal 3. Actuator connections should
be made according to the actuator publications.
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CAUTION:

THE ENGINE SHOULD BE EQUIPPED WITH AN
INDEPENDENT OVERSPEED SHUTDOWN
MECHANISM TO PREVENT RUNAWAY WHICH
CAN CAUSE DAMAGE OR PERSONNEL INJURY.

INITIAL SETTING

Insert an appropriate dead time compensation capacitor
in pins E1 and E2. These are located at the top right
hand corner of the speed controller. Typical capacitor
values for a 50 KW engine running at 1800 rpm are
shown on Table 1 below. Smaller engines at higher
speeds will require less and vise versa.

Table 1
Approximate
Actuator Capacitance Range (uF)
AGS 50/AGL 100 0-10
AGB 130/AGD 130/AGK 130 10-22
AGB 200/AGD 200/AGK 200 10-22
AGK 500 22 - 68

Capacitor sizes 4.7, 10, 22 and68 uF are provided.
These are tantalum 10 WVDC, 12 VDC, 20% surge.
Observe polarity when connecting to pins E1 (+) and
E2 (-). Capacitive values can be added by soldering
additional capacitors to pins E1 and E2 in parallel.
Larger actuators which are fitted to larger engines
have.glower response time and need more compensa-
tion. During performance testing, if low frequency
(less than 3Hz) instability or surge is encountered, in-
crease the dead time compensation. If high frequency
instability is encountered, decrease the compensation.

The speed control unit has been adjusted at the factory
for starting conditions and will control the engine at
45Hz. The following adjustments or checks should be
made prior to starting the engine:

A. Pre-set the gain, stability and, if used, the external
speed trim control to their mid-points.

B. Apply DC power to the engine governing system
thru the wiring system by closing the switch S1.
The actuator may momentarily move but should
remain in the no fuel position.

ADJUSTMENTS

C. MOMENTARILY connect terminal 8 to terminal
9. This should cause the actuator to snap into the
maximum fuel position. If not, check for wiring
defects or consult the "Trouble-shooting” Section
(Page S).

INITIAL ENGINE START

Crank the engine. The actuator will move the fuel
control to the maximum fuel position as soon as an en-
gine speed signal above 4-volt and 2Hz is sensed or
the start signal control switch is closed (see connection
to terminal 10 on Figure 1). Once the 4-volt, 2Hz
speed signal is sensed via terminals 4 and 5, the input
to terminal 10 will be ignored. The engine will be
controlled to a preset 45Hz by the speed controller af-
ter start-up.

GOVERNOR SPEED ADJUSTMENTS

Increase the engine .speed to the desired governed
speed by turning the "speed" adjusting screw in a CW
direction. If at any time the engine governing system
becomes unstable, turn the gain and stability control
CCW until the engine is stable.

PERFORMANCE ADJUSTMENTS

Once the engine is at governed speed, the two per-
formance adjustments, gain and stability, can be made
as follows:

A. At no load, turn the gain control CW until insta-
bility results. Then back-off slightly CCW (1/8
turn) beyond the point where stability returns.

B. Turn the stability control CW until instability re-
sults. Then back-off slightly CCW (1/8 turn) be-
yond the point where stability returns. Excellent
performance should result from these adjustments.

C. Load may now be applied to the engine. If neces-
sary, repeat A and B above until optimum per-
formance is obtained. Normally, the critical
condition for gain and stability adjustment is at no
load.
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NOTE: Optimum adjustment of both controls is in the
furthest CW position that will result in the best re-
sponse and stability under all operating conditions.
Backing off slightly from the best position achieved
during adjustment will allow for changing conditions
that may affect the dynamic response of the engine. If
a load bank and a recorder are available, use them to

SECTION EG 50-5
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verify the performance using Figure 2 as a guide. Ifa
stable system cannot be obtained, refer to the Trouble-
shooting Section.

The previous procedures should result in a high per-
formance isochronous governed speed control system.

TABLE 2
TROUBLESHOOTING

Symptom: Governor is inoperative or throttle does not move. (Measurements to be made with standard YOM.)

STEP TERMINALS

NORMAL MEASUREMENT

1 4,5 4 to 30 volt rms
(AC measurement)
2 7,9 Battery voltage
(DC measurement 7+ and 9-)
3 1,3 5 volts+ 0.5V from the
internal supply
(DC measurement 1+ and 3-)
4 8,9 2 volts maximum but not less

than 0.5V while cranking engine.

(Voltage to transistor) DC
measurement 8§ + and 9-)

Erratic or Unstable Governing or Unwanted Droop
If noisy electrical devices are present, such as magne-
tos, solid state ignition systems, battery chargers or
regulators which emit radio frequency interference
(RFI), unstable governing or droop may be noticed.
The speed control unit has internal filters which pro-
vide some protection from radio frequency interfer-
ence. Excessive levels of RFI must be treated
separately. A metal shield placed around the emitting
source will help and/or placing the governor harness
and speed control unit as far away as possible from the
emitting source. Always twist the leads from the

POSSIBLE CAUSES OF
ABNORMAL MEASUREMENTS

1. Faulty speed sensing signal (transformer or
ignition coil).

2. Shorted or improper speed sensing wiring (to
the transformer or ignition coil).

1. Improper wiring of battery circuit or fuse blown.

. Inadequate battery voltage.
Short across trim control circuit.
Defective speed control unit.

W

. Speed setting lower than cranking speed.
Output transistor defective.

Error in actuator wiring.

Actuator defective.

PN

speed sensor transformer or ignition coil ali the way
back to the speed control unit. Shield the speed sensor
leads with the shielding connected to terminal "4" of
the speed control unit only. If noise is still present, a
1000 micro-Fd (12V) capacitor may be connected
across the speed trim control, terminal 1+ to terminal
3-.  This will reduce external interference coming
from the power supply. When extreme RFI is encoun-
tered, it may be necessary to shield battery leads to the
speed control unit. The shield should be grounded at
terminal "9" of the speed control unit.
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TABLE 3

ENGINE SPEED RANGES WITH SPARK PLUG SENSING

o SPARKS ONCE PER REVOLUTION

i.e., - 2 stroke engines
- some small 4 stroke engines

EC 60A3 EC 60A4
Number of Cylinders Sensed RPM Range RPM Range
(45H2) (130Hz) (200Hz) (S00Hz)
1 2700 7800
2 1350 3900
3 900 2600 © 4000 10000
4 675 1950 3000 7500

o SPARKS ONCE EVERY TWO REVOLUTIONS

i.e., - 4 stroke engines
EC 60A3
»4  Number of Cylinders Sensed RPM Range
Min. Max.
(45Hz) (130Hz)
2 2700 7800
3 1800 5200
4 1350 3900

Note: The speed controller frequency range is from 45 to 130 Hz. Thus, by sensing more than
one spark plug, the engine operating range can be lowered.  Care must be taken to ensure that the
multiple spark plugs sensed have an even firing order, e.g., for a 4-cylinder, 4 stroke engine with
a firing order of 1, 3, 4, 2, where it was desired to use 2 sensors for an engine speed range of 2700
to 7800 rpm, only spark plugs 1 and 4 or 3 and 2 could be paired together.  Care is needed with
VEE configuration engines to avoid the uneven firing from one bank to the other.
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