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INTRODUCTION

The ESD5200 Series speed contral unit is an all electronic device
designed 1o control engine speed with fast and precise response
to transient load changes, This closed loop control, when con-
nected to a proportional electric actuator and supplied with a
magnetic speed sensor signal, will control a wide variety of
engines in an isochronous or droop made. It is designed for high
reliability and built ruggedly fo withstand the engine environment,

Simplicity of installation and adjustment was foremast in the
design. Non interacting performance controls allow near opti-
fmum response to be easily obtained,

Other features include, adjustable droop and idle operalion,
inputs for accessories used in mulli-engine or special applica-
tions, a single element speed switch, protection against reverse
battery voltage, lransient voltages, accidental shart circuit of tha
actuator and fail-safe design in the event of loss of speed sensor
signal or battery supply.

DESCRIPTION

Engine speed information for the speed control unit is usually
received from a magnetic speed sensor. Any other signal gener-
aling device may be used provided the generated frequency is
proportional to engine speed and meets the vollage input and
frequancy range specification. The speed sensor is typically
mounted in close proximity lo an engine driven ferrous gear,
usually the engine ring gear. As the teeth of the gear pass the
magnetic sensor, & signal is generated which is porportional to
engine speed,

Signal strength must be within the range of the input amplifier, An
amplitude of 0.5 to 120 volts RMS is required to allow the unit to
function within its design specifications, The speed signal is
applied to Terminals C and D of the speed control unit. Betwean
these terminals there is an input impedance of over 33,000 ahms,
Tarminal D is internally connected to Terminal E, battery nega-
tive. Only one end of the cable shield should be connected,

When a speed sensor signal is received by the controller, the
signal is amplified and shaped by an internal circuit to provide an
analog speed signal. If the speed sensor monitor does not detect
a speed sensar signal, the output circuit of the spaed contral unil
will turn off all currant to the acluator,

A summing circuit receives the speed sensor signal along with
the speed adjust set point input, The speed range has a ratio of
8:1 and is adjusted with an internal 25 turn potenliomater. The
outpul fram the summing circuit is the input to the dynamic control
section of the speed control unit. The dynamic control circuit, of
which the gain and stability adjustments are part, has a control
function that will provide isochronous and stable parformance for
most engine types and luel systems.

The speed control unit output circuit is influenced by the gain and
stability performance adjustments. The governor system sensi-

tivity is increased with clockwise rotation of the gain adjustment.
The gain adjustment has a range of 33:1, The stabllity adjust-
ment, when advanced clockwise, increasas the time rate of
response of the governor system to maleh the various time
constants of a wide variety of engines, The speed control unit is a
P | O device, the “0", derivative portion is fixed but can be easily
varied, when required {See Instability section).

Curing engine cranking, the actualor becomes lully energized
and moves 1o the maximum fuel position. The actuator will remain
in that state during engine cranking and acceleration. While the
engine is at steady load, the actuator will be energized with
sufficient currant to maintain the governor speed selt point,

The oulput circuit provides switching current at a frequency of
about 500 Hz to drive the actuator, Since the switching frequency
is well beyond the natural frequency of the actuator, there is no
visible motion of the actuator cutput shaft, Switching the output
transistors reduces ils internal power dissipation for efficient
power control. The output circuit can provide current of up to 10
amps cortinuous at 25°C for 12 and 24 VDC battery systems. The
actuator responds to the average current to position the engine
fuel contral lever,

In standard operation, the speed control unit performance is
isochronous, Oroop governing can be selected by connecting
Terminals K and L and the percent of droop governing can be
varied with the droop adjustment control. The droop range can be
lurther increased by connecting Terminals G and H.

The spead control unit has several performance and protection
features which enhance the governor system. A speed anticipa-
tion circuit minimizes speed avershoot an engine start-up or
when large increments of load are applied to the engine. Engine
idla speed can be remotely selected and is adjustable. Accessary
inputs to achieve variable speed operation and multi-angine
control can be accepted by the ESD5200 Series speed control
unit from GAC lpad sharing modules, automatic synchranizers,
ramp generatars and other accessory engine control modules,
Protection against ravarse batlary voltage and transient voltages
is provided, The design is fail-sate in the evant of loss of speed
sensor signat ar battery supply.

The ESD5200 Series speed control unit includes a single ele-
ment speed switch. It provides a convenient means of sensing an
overspeed condition and activating an internal relay. This relay
may be used to shut off the fuel or ignition to provide sale engine
shut down. The speed switch fealure includes a wide adjustment
range, test and reset functions, and an LED indicalor,

The ESD5200 Series speed control unit, is compatible with
GOVERMNORS AMERICA CORP. proportional electric actuators
as well as those from ather manufacturers,




SPECIFICATIONS

FERFORMANCE
[sochronous Operation [/ Steady State Stability . .............. T A TS oo = 0.25% or better
Speed Range/GOVEINGOr .. oo ias i ca s e B R S 1K —7.5K Hz continuous
Speed Drift With Temperature [Guv&rnur and Spead Swﬂch} ............................................ + 1% maximum
1B AT G i o e i e 0 B A B e i RO R i Min. 1200 Hz below set spead
OB A TR s ooty i i B 0 T A e M R Min, 4100 Hz below set spead
DEEDE R ATIGE s g v svom i i g m g v . T PTG 1-5% regulation®
Droop Adj. Max, (H-G and K LJumparad] ........................................... 875 Hz., = 75 Hz. per 1.0 A change
Droop Adj. Min. (H-G Open, K-L Jumpered) .. ..o e e iira e 15 Hz,, + & Hz. per 1,0 A change
=Tol: 1T BN vy il o] - R e e R P S e e P ey s T RO 30 1 1.8
Rempte Variable Speed RANGE . .. oo it i e e e e e e 500 - 7.5K Hz. or any part thereof
Tarminal Sensitivity
i cmnnai s T L R R T A 100 Hz., = 158 Hz / Volt iv 5.0 K impedance
L o o e S S v e S R e 735 Hz.,, = 60 Hz / Volt (& 65 K iImpedance
I o v, e o O A RO e s e 148 Hz,, = 10 Hz / Volt (0 1 Meg. Impedance
B B S i e L T by S S R o 0 T 10 VDC Supply & 20 ma Max,
Spaed SWHEH AC]USIITIBTE FBRIEE 10 wermim b e e o b A b A KU bt 4 e 1000 - 10000 Hz,
ENVIROMMENTAL
Ambient Operating Temperature Range . ... ......... R T R - 40" to +180°F { - 40" to +85°C)
PRalebe FEAICIN o s e R e B S e R T R R Y A R e up to 95%
B Serfaces. FINISIBE 5 » o wiiiom i e e o T e il 5 W R SR TR s & Fungus proof & corrosion resistant

INPUT POWER

BN e A s e R 12 or 24 VOO Battery Systams (translent & reverse voltage protecled)*”
POlBEI s e S R R R R s e e e s e e MNagative ground (case isolated)
Powat ConSUMBION . cuco g s s s 3 L e S R 50 ma continuous plus actuator current
Wl ikt Settialar Corrsnt-at-2550 (77F] oo i sam Do b 5 siaiion s d v s B R B e 10 Amps continuous
SReEt SEREOESITNEE v i s R e R A R A e N S e, BT 0.5-120 Volts RMS
St Swilehy BBty CoMBIS TN BIMENITY. i i i st eticss s S 6 i3 s o 0 i R B 10 Amps
RELIABILITY
B o i S i e i s e ey coeneess 1G(M 204100 He,
TRstmE e e i o T e P e i N R 100% Functionally tested.
PHYSICAL
DT B T O s 0 i o i b B b B b B L b ol 1 A8 F b b b 58 6 e At m 4,8 See outline {Diagram 1)
Weight ...... Ty b e R AR R T e O 1.8 |bs. (820 grams)
I g s e e o e s e i S R Any position, vertical preferrad

*Droop is based on a speed sensor frequency of 4000 Hz. and an actuator current change of 1 amp from no load to full lpad.
Applications with higher frequency speed sensoar signals will exparience less percentage of droop. Applications with more actuator
current change will experiance higher pereentages of droop. See droop description for specific details on operation of droop ranges.

“*Protected against reverse voltage by a series diode. A 16 amp fuse must be installed in the positive battery lead,
For 32V systems, order ESD5232

**"Pratected against shor cireuit to actuator (shuts off current to actuator), unit automatically turns back on when short is removed.
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APPLICATION AND INSTALLATION INFORMATION

The speed control unit is rugged enough o be placed In a control
cahinat or engine mounted enclosure with other dedicated con-
trol equipment, It water, misl, or condensalion may come in
contact with the controller, it should be mounted vertically. This
will allow the fluid ta drain away from the speed control unit,

Extreme heat should be avoided,

WARNING
An overspeed shutdown device, independent of the gover-
ot system, should be provided to prevent loss of engine
control which may cause personal injury or equipment dam-
age. Do not rely exclusively on the governor system electric
actuator to prevent overspeed. A secondary shut off device,
such as a fuel solenoid, should be used.

WIRING

Basic electrical connections are illustrated in Diagram 1. Actuator
and battery connections o Terminals A, B, E, and F should be
#16 AWG (1.3 mm sg.) or larger. Long cables require an
increased wire size o minimize voltage drops,

The bartery positive (+ ) input, Terminal F, should be fused for 15
amps as illustrated.

Magnetic speed sensor connections to Terminals C and D MUST
BE TWISTED AND/OR SHIELDED for their entirg length. The
speed sensor cable shield should only be connected to Terminal
D, The shield should be insulated to Insure no other part of the
shield comes in contact with engine ground, otherwise stray
speed signals may be introduced into the speed control unit. With
the engine stopped, adjust the gap between the magnetic speed
sensar and the ring gear teath, The gap should not be any smaller
than 0,020 in. {0.45 mm). Usually, backing cut the speed sensor
Haturn atter louching a ring gear tooth will achieve a satistactory
air gap. The magnetic speed sensor voltage should be at least 1
VAC RMS during cranking.

ADJUSTMENTS
Before Starting Engine

Check to insure the GAIN and STABILITY adjustments, and if
applied, the external SPEED TRIM CONTROL are set to mid
position.

CAUTION
Overspaed relay has not been set yet, to protect the
anging.

The speed cantrol unit governed speed setting is factory set at
approximately engine idle speed. {1000 Hz. speed sensor signal)
The speed switch |s factory set at its maximum speed selting.
(10,000 Hz. speed sensor signal)

Crank the engine with D.C. battery power applied to the governor
system. The actuator will energize fully to the maximum fuel
position until the engine starts. The governor system should

starting, turn the GAIN and STABILITY adjustments counter-
clockwise until the engine is stable.

Governor Speed Setting

The govarnad speed set point is increased by clockwise rotation
of the SPEED adjustment cantrol. Remate speed adjustment can
be oblained with an optional Speead Trim Control. See Diagram 1.

Governor Performance

Once the engine is at the operating speed and at no load, the
following governor performance adjustments can be made,

A. Aotate the GAIN adjustment clockwise until instability
develops. Gradually move the adjustment counterclockwisa until
stability returns, Move the adjustment one divigion further coun-
terclockwise 1o insure stable performance,

B. Rotate the STABILITY adjustment clockwise until instability
develops, Gradually move the adjustment counterclockwisa until
stability returns. Move the adjustmant ane division further coun-
terclockwise to insure stable performance,

C. Gain and stability adjustments may require minor changes
after engine load is applied. Normally, adjustments made at no
load achieve satisfaclory perfformance. A strip chart recorder can
be used to further optimize the adjustments,

It instability cannot be corrected or further parformance improve-
ments are reguired, refer to section on SYSTEM TROUBLE-
SHOOTING to adjust the DIP switch positions and for other
troubleshooting procedures.

Idle Speed Setting

After the governor speed setting has been adjusted, place the
optional external selector switch in the IDLE position. The idle
speed set point is increased by clockwise rotation of the IDLE
adjustment control, When the engine is al idle speed, the spead
conltrol unit applies droop to the governor system ta insura stable
operation,

Speed Droop Operation

Droop is typically used for the parelleling of engina driven
generalars.

Place the optional external selector switch In the DROOP posi-
tion, Droop is increased by clockwise rotation of the DROOP
adjustment control. When in droop operation, the engine speed
will decrease as engine load increases. The parcentage of droop
is based on the actuator current change from engine no load to
full load, A wide range of droop Is avallable with the internal
control. If more droop is required, 8 jumper between Terminals G
and H can be added to double the droop available. Droap level
raquiremants above 10% are unusual,

It droap levels experienced are higher or lower than those
required, contact the factary for assistance.

After the droop level has been adjusted, the rated engine speed
satting may need to be reset. Check the angine speed and adjust
the spaed setting accordingly.




Accassory Input

The AUXiliary Terminal N accepts input signals from load sharing
units, aulo synchronizers, and other governor system accesso-
ries. GAC accessories are directly connected to this terminal, It is
recommended that this connection from accessories be shielded
as It is a senaitive input terminal,

If the auto synchronizer is used alane, not in conjunction with a
load sharing module, a 3 M ohm resistor should be connected
between Terminals M and P. This is required lo match the voltage
lavels between the speed control unit and the synchranizar,

When an accessory is connected to Terminal N, the speed will
decrease and the speed adjustment must be reset,

When operating In the upper end of the cantrol unit frequency
range, a jumper wire or frequaency trim control may be required
between Terminals G and J. This increases the frequency range
of the speed control to over 7000 Hz.

Accessory Supply

The + 10 volt regulated supply, Terminal P, can be utilized to
provide power to GAC governor system accessories. Upto 20 ma
of currant can be drawn from this supply. Ground reference is
Terminal G. Caution — a short circuit on this terminal can
damage the speed contral unit.

Internal Speed Switch

When the engine is running at the desirad speed, push and hold
the TEST button. Rotate the OVERSPEED adjustment counter-
clockwize until the LED lights and the relay energizes. Current to
the actuator will ba removed and the engine will shut off.

DIAGRAM 2

8 o

Cw

*Salect Proper Potentiometer Value Form Table 1

Release the TEST button, After the engine stops, press the
RESET button or remove battery power. Restart the engine and it
will return to the original speed setting,

The averspeed funclion is now set o approximately 10% above
the requested speed. If a differenl value for overspeed is
required, standard proceduras for adjustment should ba used,

Always use the relay contacts provided 10 shut down the system
by a means other than the governor or actuator,

It is recommended that the overspeed protection system be
tested and veritied during scheduled service of the equipment,

Wide Range Remote Variable Speed Operation

Simple and effective remote variable speed can be obtained with
the ESD 5200 Series speed control unit,

A single remaote speed adjustment potentiometer can be used to
adjust the engine speed continuously over a specific speed
range. Select the desired speed range and the correspanding
potentiometer value. (Reler to TABLE 1.) If the exact range
cannot be found, select the next higher range potentiometar, An
additional fixed rasistor may be placed across the potantiometer
to obtain the exact desired range. Connect the speed range
polentiometer as shown In Diagram 2,

To maintain engine stability at the minimum speed setting, a
small amounl of droop can be added using the DROOP adjust-
ment. Al the maximum speed setting the governor performance
will be near isochronous, regardiess of the droop adjustment
setling,

Cantact the factory for assistance if difficulty is experienced in
obtaining the desired variable speed gaverning performance,

TABLE 1
VARIABLE SPEED RANGE POTENTIOMETER VALUE

 Speed Range

900Hz. 1K
2,400Hz, 5K
3,000 z. 10K
3,500 Hz. 25K
3,700 Hz. 50K




SYSTEM TROUBLESHOOTING
System Inoperative
It the engine governing system does not function, the fault may be determined by pertorming the voltage tests described in Steps 1, 2, 3,

and 4, { + ) and ( - ) refer to meter polarity. Should normal valuas be indicated as a result of following the troubleshooting steps, the fault
|'na;-I be wuh tha actuator or the wiring to the aclualor. See specific actuater publication for testlng dalan[s

Probable Cause of

Step Terminals Narmal Reading Abnormal Reading

1 Fi+)& E(~) Battery Supply Voltage (12 or 24 VDC) 1. DC banery power not connacted, Check for blown fuse,
2. Low battery valtage,
3. Wiring emar.
2  C&D  1.0VACRMS Friin.'.'ﬁﬁiié_ééé'ﬁ'ﬁl'ﬁam KX Gap Dbetween sp&adﬂs?ﬁsnr and gear 1eeth o0 great,
Check gap,
2. Improper or defective wiring 1o the speed sensor. Resistance
batwean Terminals G and O should ba 30 1w 1200 ohms,
3. Dafective mead sensa;
3 P+} & G{ -} 11] "JDC imemal Supply 1. Short an T&rmmal F I:TIHS- WIH cause a defactiva unit,)
2. Defective spead control
) Flay& Al ) 1.0-20 VDO while cranking 1. SPEED adjusimani sel too fow,

2, Short/open in actuator wiring,
3, Defective speed control.
4. Defective actuator. See Actuator Troubleshooting,

Unsatigfactory Performance

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

Symplom Test . ._ Pmbﬂ '-a Faull

1. Actuator goes 10 full fuel, Then, Dbscnnnsﬂ spoed Sensor
at Terminals C & O
It actuator still at full fuel - spead control unit defective,
It acluator at minimum fuel position - erroneous speed
slgnal. Check spead sensor cabla.

Engine Overspeeds

tha governor "ystern

2. Manually hold the engine at the
dasirad running speed. Measure
the DC vollage batween
Terminals A (-} & F[ +} on the
spead contral unit

1. W he vollage reading is 1.0 to 2.0 VDO,
a) SPEED adjustment set above desired spaad,
b} Dafeclive spead contral unit,
2. If the voltage reading is above 2.0 VDC,
a) Actuator or inkage binding.
3. It the voltage reading is below 1.0 VDC,
&) Defective speed control unit,
4, Gain set 100 low.
5, Ovarspead S8l point too low

Owerspead shuts down angine after
running speed is reachad.

Check impedance hatween Terminals
C & D, Should be 30 19 1200 chms,

Ovarspeed shuls down enging
before running spee»d is reachad,

1, SPEED adjus! se! foo high. Tuin COW 1o lower,
2. OVERSPEED set too close to running speed.
Sea OVERSPEED adjustmant section.

3. Actuator or linkage binding,
4, Speed control unit defective,

1. OVERSPEED set too low. Adjust 5-G turns GW,
2. Erroneous spead sansor signal, Check wiring,

1 Measura the valtage at Hm batiery
while cranking.

Actuator doas not BNErgize I'uII:.r

2. Momentarity connect Terminals
A and F, The actuator should
move to the full fuel position,

Engine ramains hﬂluw das.lrﬂd
governed speed,

1. Measure the aciuator output,
Tarminals A & B, while running
under governor contral,

1. I the vollage s less than 7 W lor g 12 Y system. or
14 Y far a 24 V system, replace the battary
if It is weak or undersized,

1. Actuator or battery wiring in arrar,

2. Actuator or linkage Binding.

3. Delective actuator. See actuator troubleshooting.

4, Fuse opens. Check far shart in actuator
or actuaior \wrlng harrass,

1. If mlta.gﬂ rmaasurﬂmani is within approximately 2 volis of
the battery supply voltage, then fuel contral restricted from
reaching full fuel position, Possibly due 1o interference
fram the machanical governaor, carburetor spring or
linkage alignmeant,

2. Speed setting too low,




SYSTEM TROUBLESHOOTING

Sensor Signal

A strang magnetic speed sansor signal will eliminate the possi-
bitity of missed or extra pulses. The speed control unit will govern
well with 0.5 volts RMS speed sensor signal. A speed sensor
signal of 3 volts AMS or greater at governed speed is recom-
mended. Measurement of the signal is made at Terminals C
and D,

The amplitude of the speed sensor signal can be raised by
reducing the gap between the speed sensor tip and the engine
ring gear. The gap should not be any smaller than 0.020 in, (0,45
mm), When the engine is stopped, back the speed sensor out by
%a turn after touching the ring gear tooth to achieve a satisfactory
air gap.

EMI SUSCEPTIBILITY — The governor system can be adver-
sely affected by large interfering signals that are conducted
through the cabling or through direct radiation into the control
circuits.

All GAC speed control units contain filters and shielding designed
to protect the units sensitive circuits from moderate external
intarfering sources.

Although itis difficult to predict levels of interference, applications
that include magnetos, solid stale ignition systems, radio trans-
mittars, voltage requlators or battery chargers; should be consid-
ered suspect as possible interfering sources,

If it is suspected that external fields either those that are radiated
or conducted, ara or will affect the governor systems operation; it
is recommended to use shielded cable for all external connec-
tions, Be sure that only one end of the shields including the speed
sensor shield, is connected to a single point on the case of the
speed control unit, Mount the spead contral unif to a grounded
metal back plate or place it in a sealed metal box.

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

Conduction is when the interfering signal is conducted through
the interconnecting wiring to the governar systerm electronics.
Shielded cables and installing filters are common remedies.

As an aid to help reduce the levels of EMI of a conductive nature,
a battery line filter and shielded cables is conveniently supplied
by GAC in KT310, To reduce the levels of EMI of a radiated
nature, a shielded container P/N CA114 can be sourced from
GAC and its distributors,

In severe high energy interference locations such as when the
governor system is directly in the field of a powerful transmitting
source, the shielding may require to be a special EMI class
shielding. For these conditions, contact GAC application engi-
neering for specific recommendalions,

Instability

Instability in & closed loop speed control system can be cate-
gorized into two general types. PERIODIC appears to be sinusai-
dal and at a regular rate, NON-PERIODIC Is a random wandering
of an occasional deviation from a steady state band for no
apparent reason.

The PERIODIC type can be further classified as a fast or slow
instability, Fast instability is a 3 Hz, or faster irreqularity of the
speed and is usually a jitter. Slow perlodic instability is below 3
Hz., can be very slow, and is sometimas violant.

If a fast instability ocours, this is typically the governor responding
lo engine firings. Raising the engine speed increases the fre-
guency of instability and vice versa. If this is the case, setting the
LEAD switch {SWH1) nearest the SPEED adjustment to "OFF" will
reduce this tendency. In extreme casas, this may not take all the
jittar out of the system. In this case, turn DTC switch (SW2) to
“OFF", to further stabilize the systemn. Swilch locations are
illustrated in Diagram 1.

Interference from powerful electrical signals can also be the
cause. Turn off the battery chargers or other electrical equipment
to see if the symplom disappears.

Slow instability can have several causaes. First DIP switchas 1
and 2 should be turned “ON" in the following order:

FIRST — SWH1
SECOND — 5wz
THIRD — SW1 & SW2

Readjust the GAIN and STABILITY, after each change of the DIP
switch position. If this is unsuccessful, the dead time compensa-
tion can be modified. Add a capacitor from posts E2 to E3
{negative on E2), Past locations are illustrated in Diagram 1. Start
with 10 mids and increase until instabilily is eliminated. The
contral system can also be optimized for best performance by
following this procedure.

If slow instability is unaffected by this procedure, evaluate the fugl
system and engine performance. Check the fuel system linkage
for binding, high friction, or poor linkage. Be sure to check linkage
during engine operation, Also look al the engine fuel system,
Irrgqularities with carbuereted or fuel injection systems can
change engine power even with a constant throttle setling. This
can result in speed deviations beyond the control of the govarnar
system. Adding a small amount of droop can help stabilize the
gystem for troubleshooting.

NON-PERIODIC instability should respond ta the GAIN control, If
increasing the gain raduces the instability, then the problem is
probably with the engine. Higher gain allows the governor to
respond faster and correct for the disturbance. Look for engine
misfirings, an arratic fuel system, or load changes on the engine
genetator set voltage regulator. If the throttle is slightly erratic, but
performance is fast, setting the left side switch (SW1] to OFF will
tend lo steady the system.

It unsuccessful in solving instability, contact the factory for
assistance,
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