OVERNORS ENGINE
il GOVERNING
Lonp_ SYSTEMS

ESD5100 SERIES

SPEED

(mm

STABILITY

SPEED CONTROL UNIT

e

GOVERNORS AMERICA CORP. « 720 Silver St. »+ Agawam, MA 01001-2907, USA



ESD5100 SERIES
SPEED CONTROL UNIT

PTI 1000

PRODUCT
TECHNICAL
INFORMATION JU'-‘!';W“

INTRODUCTION

The ESDS100 Series spead control unit s an all electronic device
designed to control engine speed with fast and precise response
to transient load changes. This closed loop control, when con-
nected 1o a proportional eleciric actualor and supplied with a
magnetic speed sensor signal, will control a wide varlety of
engines in an isochronous or droop mode. Il is designed for high
reliability and built ruggedly to withstand the engine anvironmant.

Simplicity of instaliation and adjustmenl was foremost In the
design. Mon-interacting performance controls allow near oplis
mum response to be easily oblained.

Other features include; adjustable droop and idle operation,
Inputs for accessories used in mulli-engine or special applica-
lions, prolection against reverse battery vollage, transient voll-
ages, accidental short circuit of the actuator and fail-safe daesign
in tha aven! of loss of speed sensor signal or battery supply.

DESCRIPTION

Engine speed information for the gpeed control unil is usually
received [rom a magnatic speed sansor. Any othar signal gener-
ating device may be used provided the generated frequency is
proporiional to engine speed and meets the vollage Input and
frequency range specification. The speed sensor is typically
mounted in close proximity 10 an engine driven ferrous gear,
usually the engine ring gear. As the teath of the gear pass the
magnetic sensor, a signal is generated which is porportional to
angine speed.

Signal sirength must be within the range of the input ampiifier. An
amplitude of 0.5 to 120 volts RMS is required to allow the unit 1o
function within its design specifications. The speed signal is
applied to Terminals C and D of the speed control unil. Batwesn
these lerminals there is an Input impedance of over 33,000 ohms,
Terminal 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
gignal is amplified and shaped by an internal circuit 1o provide an
analog speed signal. If the speed sensor monitor does not detect
a speed sensor signal, the output circuit of the speed control unit
will turn off all current to the acluator.

A summing circult receives the speed sensor signal along with
the speed adjust set point Input. The speed range has a ratio of
8:1 and is adjustad with a 25 turn potentiometar, The output from
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 adjusiments are part, has a confrol function that
will provide Isochronous and siable performance for most enging
types and luel systams.

Tha spead contral unit cutput circuil is Influenced by thia gain and
slability performance adjustments, The governor
system sensitivity is increased with clockwise rotation of the gain
adjustment. The gain adjustment has a range of 33:1, The
stabilily adjustment, when advanced clockwise, increasas the
lime rate of response of the governor system to match the vanous
lime constants of a wide variety of engines, The speed control
unit is a P | D davice, the “D", derivative portion can be varied
when required (See Instability section).

During engine cranking, the actuator becomes fully energized
and moves to the maximum fuel position, The actuator will remain
in thal state during engina cranking and acceleration. While the
engine is at steady load, the acluator will be energized with
sufficient current lo maintain the governor speed sel point,

The output circult provides switching current at & frequency of
about 500 Hz to drive the actuatar, Since the swilching frequancy
is well bayond the natural frequency of the actualor, there is no
visible motion of the actuator output shaft. Switching the output
transistors reduces its internal power dissipation for efficien
power control. The output circuil can provide currant of up 10 10
amps continuous at 25°C for 12 and 24 VDC baltery systams. The
actualor responds 1o the average current 1o posilion the engine
fual control lever.

In standard operation, the speed control unil performance is
isochronous. Droop governing can be selected by connecting
terminals K and L and the percenl of droop governing can be
varied with the droep adjustment contrel. The droop range can be
increased by connecting Terminals G and H.

The spead conlrol unit has several performance and protection
features which enhance the governor system. A speed anlicipa-
fion circuil minimizes speed overshoot on engine stad-up or
when large increments of load are applied 1o the engine. Engine
idle speed can be remotely selected and is adjusiable. Accessory
Inputs 1o achieve variable speed operation and multi-engine
control can be accepied by the ESD5100 Series speed control
unit from GAC load sharing modules, automatic synchronlzers,
ramp generators and other accessory engine conlrol modules.
Protection against reversa battery voltage and transient voltages
Is provided. The design is fail-safe in the event of loss of speed
sensor signal or battery supply.

Tha ESD5100 Saries speed control unil is compalible with GOV-
ERNORS AMERICA CORP, proporticnal electric actuators as
well as those of other manufacturers.




SPECIFICATIONS

PERFORMAMNCE
|sochronous Oparation/Steady State Stabillty ..............c00e0ea, berrnrrrnrarentareegnesrneseenes £ Ou25% OF batier
Speed Range/Governor . PR RN ety SRR L _ 1K — 7.5K Hz continuous
Spead Drift With Tempermwe i,'Gmrurmr and Spe&d S'll‘ill:hi' .......................................... = 1% maximum
die Adjust CW ~ Min. 1200 Hz. below set speed
Idtaﬁqumncw etk ey mae b bl bet b et eesibaininiininnasbnarsarinissinearsees MU 4100HZ. bolow set speed
CNOOE FIBIIB ... cmnibcsvmsen e s s i sa s oiwah wora s Soai b e B P00 e e AR 0 e 5 4 Sl 1 — 5% regulation®
Droop Adj. Max (H-G and K-L Jumpered) . ........ccovvviiraiiniornivainisinsieenias, 878 HZ, = 75 HZ. per 1.0 A change
Droop Adj. Min. (H-G Open, K-LJumpered) ... ... ... ieiiiiiiiiiiaiiiiiiaiieinnsineiss 16 Hz., + 6 Hz. per 1.0 A change
Sopad T BRIGE. oo sdinedaimis v s o n baii S e R T N B B R e W S + 200 Hz.

H&mla'#arinhhﬁpndﬁnngu EDU-TEKH: or any part thereol
Terminal Sensitivity

4 POV EArE L e L 0 S X S e e e ] 100 Hz., + 15 Hz / Vot @ 5.0 K impedanca
| S R, o I N S . 735 Hz., = 60 Hz / Volt (' 85 K impedance
N e s e b S S I R e e e R iR ‘HBH:, = 10 Hz / Volt ir 1 Mag. impedance
B o AN S W e TR e e s s s s s rnmonsocrra T WG BHODRNY (5 S0 i e
ENVIRONMENTAL
Ambient Operating Temparatura Hanga ............................................... —40" + 180°F (—40" to + 85°C)
Ralative Humidity . . ciaae Upto 95%
All Surtace Finishes . Fungwprcuf&mrmmnmslslam
INPUT POWER
BRUEROI. -t v oo o A N AT 12w2¢UDCerrSrﬂms{tramml&mwmavmmnrMBd}“
POMIY v o vnamvrnnrraisimnssramslsnéssdsadalsssnssmssysnesvakarvinloyssdivaiineies Negative ground (case isolated)
Power Consumplion ., . 50 ma continuous plus aculator currant
hhmmumﬁnluawlrl:unmlalEE"C{TT’FJ fet e e e st asesesiaassnsibaisnnsieresnsessses, 10 AMPS continuous®"
Speed Sensor Signal ......... S i b b s a5 A0 ol RIS
RELIABILITY
Vibration ........ R T e e S B e S S B A 1G @ 20-100 Hz,

TOBUNG .+ v vveteaseecnrnssesnsnssnsassnssssssnssrnsinrireasaestsntnnsissienesesisnense o 100% Funclionally tested.

PHYSICAL
Dimenslons .......ooc00us S S R e R e e R e e e UTIoR S0 pram 1)
Weight ...... R B P T R R SR s e R A LA e A 1.2 Ibs. (545 grams)
MOUNROD « o vansmnnnnmrsanromyesnmresrstrstasestes P SRR e R e R Any pasition, vertical preferred

*Droop is based on a speed sensor frequency of 4000 Hz and an actuator current change of 1 amp from no load to full load. Applications
with higher speed sensor signal will experience less percentage of droop. Applications with more acluator current change will
experience higher percentages of droop. See droop description for specific detalls on operation of droop ranges.

“*Protected against reverse voltage by a series diode. A 15 amp fuse must be installed in the positive battery lead.
For 32V systems, order ESD5232

***Prolacied against shor circuit 1o actuator (shuts off current 1o acluator), unit automatically turns back on when short is removed.

ESD 5100 Series (Popular Exacutions)

ESD 5119 - Reverse Acting / EFC Actuafor
ESD 5120 - Forward Acting / EFC Actuator / ADC 100 Series / ACE 110 Series




IES WIRING /OUTLINE
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APPLICATION AND INSTALLATION INFORMATION

The speed control unit is rugged enough 10 bé placed n a control
cabinet or engine mounted enclosure with other dedicaled con-
trol equipment. if water, misl, or condensation may come in
contacl with the controller, it should ba mounted varticalty, This
will allow the fluid to drain away from the speed control unit,

Extrema heat should be avoided,

WARNING

An overspeed shutdown davice, independent of the gover-
nor system, should be provided to prevent loss of enging
control which may cause pérsonal injury of eguipmant
damage, Do nol rely exclusively on the governor system
glectric actuator to prevant overspeed. A secondary shut
off device, such as a fuel solenoid, must be used.

WIRING

Basic elactrical connections are llustrated In Diagram 1, Actuator
and battery connections to Terminals A, B, E and F should be
16 AWG (1.3 mm sq.) or larger. Long cables require an
increased wire gize to minimize voltage drops,

The battery positive (+) input, Tarminal F, should be fused for 15
amps as illustrated. The ESD 5100 series is suilable for 12 VDC
and 24 VDC operafion.

Magnetic speed sensor connections lo Terminals C and D MUST
BE TWISTED ANDYOR SHIELDED for thair entire langth, The
speed sensor cable shield should ideally be connacted as
shown in Diagram 1. The shield should be insulated 1o insure
no other parl of the shield comas In contact with the angine
ground, otherwise stray speed signals may be introduced into
the speed control unit. With the engine stopped, adjust the gap
between the magnatic speed sensor and the ring gear teeth,
The gap should not be any smaller than 0.020 in. {0.45 mm).
Usually, backing cut the speed sensor 3/4 turn after touching
the ring gear tooth will achieve a satislactory air gap. The
magnelic speed sensor voltage shouwld be at least 1 VAC
RMS during cranking.

ADJUSTMENTS
Before Starting Engine

Check ta Insure the GAIN and STABILITY adustments, and |f
applied, the external SPEED TRIM CONTROL are sel to mid
pasition,

Start Engine

The speed control unit governed speed selting |s factory sel at
approximately engine idie speed. (1000 Hz. speed sensor signal

Crank the engne with DC power applied o the govemor system.
The actuator will energize 1o the maximum fual position unlil the
engine starts, The govemor system should control the engine at a
low idle speed. I the engine is unslable after starting, turn

the GAIN and STABILITY adjustments counterciockwisa until
the engine (s stable.

Governor Speed Setting

The governed speed sel point is increased by clockwise rolation
of Ihe SPEED adjustment control. Hemaole speed adjustment can
be obtained with an oplional Speed Trim Cantrol,

{See Diagram 1)

Guwmnrﬂﬂ‘umnm

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

A. Rolate the GAIN adjustment clockwise until instability
develops, Gradually move the adjustiment counterclockwise until
stabilty returns. Move the adjustment one division further coun-
terclockwise to insure stable performance.

B. Rotate the STABILITY adjustment clockwise uniil instability
devalops, Gradually move the adjustment counterclockwise until
stability returns. Mova the adjustment one division further coun-
terclockwise to insure stable perlormance.

C. Gain and stability adjusiments may require minor changes
after engine load is applied, Marmally, adjustmeants made at no
load achieve satistactory performance. A strip chan recordar can
be used to further optimize the adjusiments.

IF instability cannol be correctad or further parlormance improve-
ments are required, reler to saction on SYSTEM TROUBLE-
SHOOTING. In this sechon, information can be found regarding
troubleshooting procedures as well as instructions on adjusting
the DIP swilch positions of the ESD5121,

Kiie Speed Seting

After the governor speed selling has been adjusted, place the
opfional external selector switch in the IDLE position. The idle
speed set point is increased by clockwise rolation of the IDLE
adjustmant control, When the engine is at idle speed, the spead
conltral unit applies droop 1o the governor system 1o insure stable
operation.

Spead Droop Operation

Droop is typlcally used for the paralleling of engine driven
generators,

Place the aptlonal extamal seleclor 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 1o
full load. A wide range of droop is available with the internal
control. If more droop is required, a jumper between Terminals G
and H can be added 1o double the droop available, Droop leval
reguiraments above 10% are unusual,

I droop levels expenenced are higher or lower than those
required, contact the factory for assistance.

Alter the droop level has been adjusted, the rated angine spead
setting may need 1o be reset, Check the engine speed and adjust
the speed setting accordingly.




Ammlnpu!

The AUXiliary Terminal N acceplts inpul signals from load sharing
units, auto synchronizers, and other govamor system accesso-
ries. GAC accessones ara directly connetted Lo this terminal, it is
recommended that this connection from accessones be shiglded
as il is a sensitive Input terminal,

Il the auto synchranizer |s used alona, nol in conjunction with a
load sharing module, 8 3 M ohm resistor should be connected
betwean Terminals N and P. This is required to malch tha vollage
levels between the spead control unit and the synchronizer,

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

Whan operating in the upper end of the control unit frequency
range, a jumper wire or frequency Irim control may be required
betwean Terminals G and J. This increases the frequancy range
of the spead contral o over 7000 Hz.

Accessory Supply

The + 10 voit regulated supply, Terminal P, can be utilized lo
provide power lo GAC governor system accessories. Upto 20ma
of current can be drawn from this supply. Ground refarence is
Terminal G. Caution — a short circult on this lerminal can
damage the speed contral unil,

Wide Range Remaote Variable Speed Operation

Simple and effective remote variable speed can be obtained with
the ESDS100 Series speed control unit.

A single remote speed adjustmant potentiometer can be usad fo
adjusl the engine speed continuously over a specific speed
range. Select the desired speed range and the corresponding
polentiometer value, (Refer to TABLE 1.) If the exact range
cannot be found, select the next higher range polentiometer. An
additional fixed resistor may be placed across the potentiomeler
to obtain the exact desired range. Connect the speed range
potentiometer as shown in Diagram 2,

To meaintain engine stability at the minimum speed selting, a
small amount of droop can be added using the DROOP adjust-
mant, At the maximum speed setting the govemor performance
will be near isochronous, regardless of the droop adjustment
setting.

Contact the factory for assistance i difficulty is experienced in
obtaining the desired variable speed governing performance.

TABLE 1
VARIABLE SPEED RANGE POTENTIOMETER VALUE
Speed Range F“crtentETaierﬁ_lm -
800 Hz. 1K
2.400 Hz. 5K
3,000 Hz, 10K
3,500 Hz, 25K
3,700 Hz, 50K
DIAGRAM 2
G J K L
i
Cw

*Salect Proper Polentiometer Value From Table 1




SYSTEM TROUBLESHOOTING
Systemn Inoperative

If the engine governing system doas nol function, the fault may be determined by performing the voltage tests described in Steps 1, 2,3,
and 4, ( + ) and (=) refer to meter polarity. Should normal values be indicaled as a result of following the troubleshooting steps, the fault
may be with the actuator or the wiring to the actuator. See specilic actuator publication for testing details,

Probable Cause of
Step Terminals Normal Reading Abnarmal Reading

1. DC battery power not connaciad. Check for blown fuse.
2. Low ballery voliaga,
3. Wiring error.

1 Fi+)& E(—) Banery Supply Voltags (12 or 24VDC)

2 C&D 1.0 VAC RMS min., while cranking 1. Gap between speed sensor and gear teelh oo greal. Check
gap.
2. Improper of defective wining to the speed sensor. Resistance
betwesn Temminals C and D should be 30 to 1200 ohms,
3. Defective spead sensor.

. Bhort on Terminal P, {This will cause a defective unit.}
. Defective speed control.

. SPEED adjustimant sat oo low.

. Short /open in actuator winng.

. Defectve spead contral.

. Defective actustor. See Acluator Troubleshooling.

3 P(+}8&G(—} 10 VDC, Intemal Supply

4 Firj& A=) 1.0-20VDC while cranking

B L MY o=

Unsatisfactory _fl_ﬂmnu

If the governing system functions poorly. periorm the lollowing lesls.

Symptom Test Probable Fault
Engine overspeads 1. Do Mot Crank, Apply DC powerto the 1. Acluator goes to full fuel. Then, Disconnect speed sensor al
Qovemor system. Terminals C & .

If actuator still ad full fued - speed control unil defective.

If actuator at minimum fuel posibon - eroneous speed signal.
Check spead sansor cable.

2. Manually hold the engine at the 1. Il ihe voltage reading is 1.0 1o 2.0 VDC,
desired running spead. Maasure the i} SPEED ad|usiment et above desined spasd.
DG voltage betwean Terminals A () & b Defeciive speed conirol unil.
F {+ ) on the speed control unit 2. Il the vollage reading is above 2.0 VOC,
a) Actualor or nkage binding.
3, I ina voltago reading is below 1.0 VDC,
a) Defective spaed control unit
4. Gain set too low

Actuator doas nol anergize 1. Measure 1he voltage at the battery 1. Il the vollage is less than TV for a 12V syslem, or 14V for a
fully while cranking. 24V system, replace the battery it it s woak or undersized.

2. Momentarily connect Terminals A and 1. Actuator or batlery wiring in emor.
F. The actuator should move lothe lul 2 Actuator or linkage binding,

fusi posiion. 3. Delective actuslor. See actualor troubleshooting.
4. Fuse opena. Check for short in actuator or actuator wiring
harmess,
Engine remains below desired 1, Measure the acluator outpul, Termi- 1. I voltage measurement is within approximately 2 volts of tha
governad speed. nals & & B, while running under gover- battery supply voltags, then fuel contral restricted from
nor control, reaching full fusl position, Poasibly dua to intefferanca from Ihe

mechanical governcr, carburelor spring or linkage aignment.
2. Speed setting too low.




SYSTEM TROUBLESHOOTING

Sansor Signal

A slrong magnelic speed sansor signal will eliminale the possi-
bility of missed or exira pulses. The speed control unil will govern
wall with 0.5 volts AMS spead sensor signal. A speed sensor
signal of 3 volts AMS or grealer at governad speed is recom-
mended. Measurement ol the signal is made at Terminals C
and D.

The ampltude of the speed sensor signal can be raised by
reducing the gap batween the speed sansor tip and the enging
ring gear. The gap should not ba any smallar than 0.020 in. (0.45
mm). Whan the engine is stopped. back the speed sensor out by
3, turn after touching the ring gear tooth to achieve a salisfactory
air gap.

Electromagnetic Compatility (EMC)

EMISUSCEPTIBILITY — The governor system can be adversaly
affected by large interfering signals that are conducied through
the cabiling or through direct radiation inlo the control cincuits.
All GAC spead control units contain fillers and shielding designed
to protect the units sensitive circuits from moderale extarnal
interfering sources.
Although it is difficult 1o predict levels of interfesence, apphcations
that include magnetos. solid state ignitlon systams, radio trans-
mitiers, volage regulators or battery chargers, should e consid-
ered suspect as possibla interfering sources,

If it is suspecied that external fields either those thal are radiated
or conducted, are or will alect the governor systems operation; i
is recommended to use shislded cable for all external connec-
tions. Be sure that only one and of the shields including the speed
sansor shield, is connected to a single point on the case of the
spead contral unit. Mount the speed control unit to & gounded
melal back plate or placa it in a sealed malal box.

Radiafion is when the interfering signal is radiated directly
through space to the governing system, Ta isolate the govemaor
gystem alectronics Irom this type of inlerference source, a melal
shigld or a solid metal container is usually effectve.
Conduction is when the interfaring signal is conducted through
the interconnecting wiring lo the govemor system electronics.
Shielded cables and Installing liters are commaon remadies,

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

In sovare high energy interference locations such as when the
governor system is directly in the field of a powerful transmitting
source, the shielding may require 1o be a special EMI class
shielding. For thesa condifions, contact GAC apphication engi-
nesaring for spacific recommendations,

Instability

Instability in a closed loop speed control system can be cate-
gorized inlo two general types, PERIODIC appears 1o ba sinusoi-
dal and al a regular rate. NON-PERIODIC is a random wandanng
or an occasional deviation from a sleady stale band for no
apparant reason.

The ESDS131 Speed Control Unil was denved fram the standard
GAC ESDS5111 Spead Contral Unil, All specitications, installation
procadures, and adjustments, excepl those noted below are
identical,

The difference between the ESD5131 and the ESD5111 lles in
the two DIP swilches located under the upper access hole,
Switch C1 replaces and lunctions as the E6 to E7 "Lead Circuit”
jumper found in the ESD5111. The normal position is “ON",
which is equivalent to having the jJumper in place. Move the swilch
lo the "OFF" position il there is last instability in the sysiem.
Swilch C2 contrals an additional circuit added in the ESDS131
that is dasigned to eliminale fast erralic governor behavior,
caused by very soft or worn couplings in the drive train between
the engine and generator. The normal position is "OFF". Move 1o
the “ON" position if fasl erratic engine behavior due fo a soft
coupling is exparienced,

When switch C1 Is in the "ON" pasition, and switch C2 is in the
“OFF" position, the ESD5131 operatas axaclly like an ESDS111.
The PERIODIC type can be further classified as a fast or slow
Instability. Fast Instability is a 3 Hz. or faster irregularity of the
spead and |s usually a |itter. Slow periodic instability |s below 3
Hz., can ba very slow, and is sometimas violent,

If fast instability occurs, this is typically the governor responding .
lo engine firings. Raising the engine speed increases the ire-
guency of instability and vice versa, If this is the case, cutling tha
jurmper from E1 to E2 will reduce this lendency. In extrama cases,
the removal of the E1 to E2 jumper may not take all the jitter out of

the system, A second jumper, E6 10 E7, may be removed 1o
further slabilize the system. Post locations are ilusirated in
Diagram 1. Interference from powarful electrical signals can also
be the cause. Turn off the battary chargers or other alacinical
equipmant 1o see |f the symplom disappears.

Slow instabllity can have many causes. Adjustment of the GAIN
and STABILITY usually cures most siluations by maltching the
spead control unit dynamics. If this is unsuccessful, the dead tima
compansalion can be modified. Add a capacitor from posts E2 1o
{nagative on E2). Post locations are illustraled in Diagram 1.
Start with 10 mids. and Increase until instabllity is eliminated. The
control system can also be optimized for best perormance by
foliowing this procedura.

It show instability |s unatlected by this procedure, evaluate the fusl
systam and engine performance. Check the fuel system linkage
for binding, high friction, or poor inkage. Be sure to check linkage
during engine operation. Also look at the engine fuel system,
leragularities wilh carburetion or fuel injection systems can
change engine power even with a congtant throttle sefting, This
can result in speed deviations beyond the control of the governor
system. Adding a small amount of droop can help stabilize the
system for troubleshooting

NON-PERIODIC instability should respond to the GAIN cantral.
increasing the gain reduces the inslability, then the problem is
probably with the engine. Higher gain allows the governor 1o
respond faster and correct for the disturbance, Look lor engine
misfirings, an erratic luel system, or load changes on the engine
genarator set voltage regulator, if the throttle is slightly erratic, but
performance is fast, removing the jumper from E6 to E7 will tend
1o steady tho system,

I unsuccessiul in solving inslability, contacl the factory for
assistance.




