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introduction

Dauble-contact regulators of the type covered
i thds manual are wsed with I:l'ﬂlcumm‘gm-
crators on & variety of applications inclwding
passenger cars, trucks and farm tractors. As
a member of the charging circuit team, the
regulator operates with the generator to
charge the battery and operate electrical ac-
Cessnries,

A complete description of the operating
[‘H“Lﬂcip]ﬂ ol doublesponiac n-.gu!:.:l:nr.p 1
contained in this manoal, Charging efrceuits
having a dash indicator lamp as a charge indi-
cator, and circuits having o dash ammeter ane
hath incladed. For backgroound material, i
iz suggested the following Deleo-Remy train-
ing manuals be reviewed:

DR-5133A4 — Fundamentals of Electricity
and Magnetism

DR-51338 — Storage Batterics

DR-5133K — Fundamentals of Deleotron
Crenertons




design features

A typical double-contact regulator containg a
field relay unit and o voltage regulator ot
The double-contact regulator gets its mame
from the dual set of contacts used on the
viliage regulator umnit,

REGULATOR

The regulator assembly is mude waterproof
b}' a soft rubber g_n:kl,'l between the eover
and hase and by molded sleeves located
around the base rivets. The waterproof con-
struction resists the entrance of harmful va.
pors and moisture, and greatly extends the
useful life of the regulator,

The terminals are of the slipconnection type,
amd thee mating wiring harsi=s connector bady
iz keyed to slobs in the regulator base to in-
sure proper connections. The terminals are
Fully encloged and protected by the gang type
conmector, which is locked in place by a latch
on the regulator base insulabor.
.n.lu.l.:il.ll:l

The Beld relay unit consists of & winding and
core mounted wnder & movenble fat steel
armature, The armature is attached to an ron
frame with o Aat spring. A contact is located
on the srnature directly over a stationary
contact. When the winding is energized, mag-
netic attraction overcomes the Bat spring ten-
gion and causes the armature o move down-
ward, closing the eontacts,
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The voltage regulator unit consists of a shunt
winding over an iren core which iz asembled
onte a metal frome, A Hat steel armature s
attached to the heel iron of the frame by o
thermometal hinge, The hinge bends to allow
the armature to move toward the core when
||1:|.|:;|1.r|ic-.|||':.-' attracted by current Howing in
the shunt winding., The heel iron acts as a
pivot point, and the magnetic attraction is
opposcd by an adjustable helical spring lo-
cated on the other side of the plvot poink.

The lower and upper contacts on the moveable
armature are insulated electricilly from each
other, and a stationary set of contacts is lo-
cated between the armature contacts, With
this arrangement either the lower set of con-
tacts will be closed, the upper set will be
closed or both sets will be separated at any
one time. The helical spring tension holds the
lower contacts closed when the regulator unit

is mot operating.

For maximum e the contacts are made of
silver, platinum and gold, The upper contacts
arc made of an a!l-u:,.' af 511\'&:. The lover
stationary contact s made of platinom and
the moveable contact is made of gold on reg-




ulators used on negative ground systems. With
this arrangement the current will fow from
the gold to the platinum contact which is
necessary for maximum life. If a negative
ground regulator is used on a system with the
positive post of the battery grounded, curmont
will flow in the opposite direction from the
platinum to the gold contact and very short
contact life will result. Regulators for positive
ground systems have the lower contacts re-
versed, with gold as the stationary contact and
platinum ag the moveable contact, so the
current will flow from gold to platinum, A
polarity marking, N or F, is stamped into the
base of each regulator to denote the ground
system for which it is designed.

With waterproof construction, protected ter-
ininals and the best-known materials ge oon-
Lacts, an extonded regulator life can be ex=
pected,

the voltage
regulator unit
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The need for a voltage regulator unit in the
charging circuit is brought about by the fact
that the generator voltage increases as the
generator speed increases, Since sulficient volt-
age must be developed at low speeds to
charge the battery and operate electrical ac-
cessories, this voltage #f unlimited at high
speeds would increase to values that would
overcharge the battery and damage the acces-
sories. It is the sole function of the voltage
regulator unit to limit the generator voltage
b o safe value,
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The voltage regulator unit achieves voltage
limitation by controlling the amount of gen-
crator feld current, Remembering that pen-
erator voltage is proportional to Seld current,
it is seen that for any given speed decreasing
the Beld current will decrease the
Therefore, by decrcasing the feld current as
the generator speed increases, a balancing
effect can he obtained with the net result
being a constant voltage limited by the volt-
age regulator unit,

The operation of the voltage regulator unit
will be expliined fist by observing its be-
havior with changes in generator speed, amd
then by observing its behavior with changes
im electrical losd.

regulator operation with
changes in speed
For purposes of discussion the generator spoed
range will be divided into three parts—low
sped, medium speed and high speed. Typical
speeds of 01000 rpm, between 1000 and 3000
rpm, and 3000 rpm and above will be used
for the low, medium and high speed ranges.
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It is emphasized that these speed munges are
selected purely for purposes of discussion

Let's consider first a basic simplified circuwit,
and observe the cumrent flow path with the
switeh elosed but with the generator not op-
erating. The current Aows from the battery
through the closed lower or serics contacts of
the valtage regulator wanit, and then through
the generator Beld winding back to the bat-
tery. With the feld winding energized by the
battery, the generator will produce voltage

when it beging to operate.
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As the generator beging to operate and the
spead increases, the generator voltage will ia-
crease to a value above the battery voltage.
The generator then will charge the battery
and supply itz own Beld current,
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The charging cirenit voltage throughout the
low speed range will vary from battery valt-
age to some value just under the voltage reg-
ulator setting, IF battery voltage is 120 volts,

and the voltage regulator setting on the lower
contacts is 138 volts, tho voltage range will
b 12,0 o just under 138 volts, Although this
valtage will be impressed across the vollame
regulator unil shunt winding, it will not be
sufficient to attract the armature toward the
core and open the lower contacts becanse the
Iselical spring is adjusted to a L3.8 volt setting.
Therefore, throughout the low speed range
the wer contacts will remain closed,
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A typical generator having a feld winding
resistance of gix (B) ohms would have a Beld
current Bow of two (2} amperes to 2.3 amperes.
These values are obtained from Ohm's Law

as follows:

12 walts I35 valts
B ohms — 2 amperes and —popeo- = 2.3

amperes, The curve shows the Beld winding
current throughout the bow speed range of
thio gemerator.
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As the generator speed increases and moves
fnte the medium speed range, the voltage
reaches the 138 value which is the voltage
regulator setting on the lower contacts, At
this voltage the shunt winding creates encagi
magnetic pull to overcome the spring tension
amd ottract the armature toward the core,
causing the lower contacts to separate, With
the contacts separated, the generator Held
current is diverted through the resistor which
is in serics with the field winding. The series
resistor causes the ficld corrent to decrease,
the generator voltage to decrease, and the
magnetic pull ereated by the shunt winding
to decrease, The spring then overcomes the
magnetism and the lower contacts reclose.
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This eycle then repeats as much as 50 cycles
per second to limit the generator voltage 1o
138 valts. A curve showing the voltage at a
constant 138 volt value for the lower part of
the medium speed range, from 1000 to 2000
rpm, is shoam,
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Also shown is a curve of the effective Beld
current as the generator speed increases from
1000 te 2000 rpm, The meaning of the word
“elfective” will be explained later on This
curve illustrates the fact that the field current
must decrease ns the speed inercases in order
to limit the voltage to the 135 value, A
typical value of effective Beld current at 2000
rpm may be 1.5 amperes. How the vibrating
bower contacts control the field current to this
vitlue at this speed will now be explained.

If the resistance of the resistor is 14 ohms,
aned the field winding resistance is six (6) ohms,
the Beld current with the contacts separated
will be
13.8 volts
14 + Gohms — -5 ampere,

or say V7 ampere. With the contacts closed
the feld currcnt will rse to 20 amperes and
then the contacts will open. The ficld current,
therefore, will vary between these two values
as the contacts vibrate, A curve showing this
variation in field current at 2000 generator
rpam s illustrated,
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From the curve it should be observed that
a complete cyele of the contacts consists of
an open period and a dosed period, Ar 2000
rpm the length of time the contacts are open
is slightly shorter than the length of time the
conticts are closed. The met result is an
effective current of 1.5 amperes, which is the
exuct field current needed at this speed w
limit the generater voltage to 13,8 volts. The
valtage regulator unit automatically selects the
correct period of time to be open and the
correct period of time to be closed in order



fo obiain the cormect offective feld current
and voltage lmitation,

If the contacts are vibrating at the rate of
50 cycles per second, one complete cvele of
open and close will recquire 1750 of o second,
This time: period is shown on the illustration.
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As the generator specd moves inko the upper
part of the mediom speed range, the effective
feld current must decrease oven Purther in
order to limit the voltage to the 138 value,
Curves showing the voltage and the decreas-
ing Aeld current in the 2000 to 3000 rpm range
are {lustrted, Do the saowe mpmoer as before,
the voltage regulator undt will operate auto-
matically to lower the ficld current, and will
II'.'L"L'IEII_I_.'I'ILIII iz 1.'|ri|r'.|.|.|..ri|:|.' 1'1:..' :.:'I‘mrls,ing the me-
lationship  between  the open and  dosed
periods in o oyele,

To illustrate, shserve the curve of Geld our-
rent with time for the upper part of the
medium speed mnge, A speed of 2500 rpm
and an elfective current of LD ampere, will

It used a5 an expmple, When the contacts
close, the Beld current may rise bo 1.5n,rr|.[.|-|;.-r|,-.s
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andd then the contacts open, The Beld current
then decreases to 7 ampere. As the conlacts
vibrate, the Beld current varics between these
twor values to give an effective current of 1.0
ampere. The conlact perfods have reversed
from that at lower spreds; now the open
period i much longer than the closed period,
amd this relationship gives an effective enrrent
of L0 ampere, This is the feld current need-
e at this speed to limit the voltage to 13.8
volts. At this speed the contacts may vibrate
at 10 cyeles per second, so the time for one
cvele will be 1700 of o second as illustrated.

When the generator speed reaches the 3000
rpme valee, the veltage regulator armature
iy “Hont” so that bath sets of contacts re-
maln constantly open and do oot close, At
this specd the 14 ohm resistor in series with
the Held provides the Geld current necded to
limit the woltage, and thiz Geld surrent will
b constant at about the .7 ampere valoe. The
voltage across the shunt winding creates mags
netism to exactly balance the spring tension
and hold the armature in its unchanging
position.

It is interesting to observe that the contacts
remain elosed st 1000 rpm and remain open
at MMM rpo. Ve have seen that in between
these two speeds the contacts vibrate, and
stay open for progressively longer periods of
Hme until at 360 rpm they are open all the
timse. With a vibrating frequency of zoro cveles
per second at both 1000 aned 3000 mm, the
maximum frequeney oocurs somewhere in be-
tween, We hove clwsen as an oxample 50
eveles per second at 2000 rpm, Although the
curve shown may not be exact, it serves to
illiestrte the Foct that the [r‘t"-rll]l,.“{':,.' of vibra-
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tion increases, repclws o moasimom, Hhen de-

creases again to zero as the speed goes from
1O to I rpm.
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When the gencrator speed moves into the
tovwer part of the high speed range, the volt-
age will increase slightly in order to over-
come the spring tension and pull the armature
closer to the core. We will use an example
of 14.0 volts, which is the voltage regulator
sotting, on the upper set of contacts. As the
armature moves closer to the core, the upper
contacts will close, allowing current to How
through the 14 ohm resistor directly to ground
through the closed upper contacts, hypassing
the field winding completely, The field cur-
rent will decrease to practically zero, the gen.
erator voltage will decrease, the shunt winding
magnetism will decrease, and the spring will
cause the oontacts to open, This will re.
eitablishi Bebd current theowgh the 14 ohm
resistor, and the oyele will then repeat as
much as 300 times per second to limit the
voltage to the 14.0 value throughout the high
speed range, A voltage curve is illustrated,
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Also illustrated is & curve showing the de-
creasing feld current as the gencrator speed
increases to its maximuom operating value, The
curve shown represents an effective feld cur-
rent—the actual curve varies between two
vilues at different speeds as the upper con-
tacts vibrate,
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For example, an effective Held current of 5
ampere may be needed at 5000 rpm to limit
the voltage to 14.0 volts, A Beld current curve
at this speed giving an effective beld current
of 5 ampere is dlustrated, Note that the con-
tacts are open for a looger period of tme
than they are closed. With a vibrating fre-



quency of 100 cycles per second, only 1/100
of a second is required for a complete open

and closed period.
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As the generator speed increases above 5000
rpm, the open and closed periods change o
reduce the feld current even further as re-
quired. For example, at 8000 rpm the Aeld
current requirement may be only .1 ampere,
and the field current curve at this speed is
illustrated. Observe that the contect periods
have reversed, and are now closed longer than
they are open. A vibrating frequency of 300
eveles per second under these comditions
would require anly 1/300 of a second for a
complete open and closed period.
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As in the medivm speed range, the vibrating
frequency for the high speed range increases
From zero at 3000 rpm, reaches @ maximum,
and approaches but never quite reaches zero
again [upper contacts alwavs closed) as the
generator reaches its maximum operating
spoed, The frequency curve shown while not
necessartly exact serves to illustrate this fact.

In summary, both the lower contacts and
upper contuets operate automatically o pro-

vide the field current needed at various speceds
to achieve voltage limitation, In simplest terms
the feld current decreases as the speed in-
CrCases.

In our discusson we have uged numersical
values and illustrations solely for the purpose
of explaining the method whereby the voltage
regulator unit limits the generator voltage,
We have assumed that the battery state of
charge, electrical load, temperature and other
factors were constant throughout our discus-
sion. Although these factors cause some varia-
tions in operaton, our discussion sl ferves
to explain the basic principles on which the
voltage regulator unit operates.

regulator operation with
changes in load

The electrical load in a charging circuit ds
determined in part by the state of charge of
the battery and the number of accessories in
operation. As the battery state of charge de-
creases, and as more accessories are turmned
on, the current requirement from the gen-
erator increases.
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It is o characteristic of the generator that as
its current output increases more feld current
is needed to develop the required voltage,
For any given speed, the voltage regulator
unit will sutomatically operate to change its
closed and open periods and provide more
field current as the generator current output
increases. In simplest terms, as the outpat in-
creases the Held current increases.

In order to Hustrate & very important effect
of battery state of charge on voltage limitation,
let's consider a hvpothetical charging system.

1
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Assume that the voltage regulator setting is
13.8 vaolts, and that electrical sccessories drawe.
ing 30 amperes at this voltage are turmed on.
Furthormsore assumee that the maxinom ouipst
capacity of the generator is 40 amperes.

If the battery s fully charged, it will deaw
a small charging current of say wo amperes,
Under these conditions the penerator with
sufficient speed will provide a total outpot of
32 ampores and the voltoge regulator will
aperate to limit the voltage to 138 volts,

Now consider the operation when the battery
is disclarged so that it woubd scoept a 20
ampere charging mte at IL8 volis. With a
30 ampere accessory load the total current
requirement would be 50 amperes at 135
volts. But the generator is capable of supply-
ing only 40 amperes; therefore, the accossorices
will receive about 30 amperes and the battery
about 10 amperss. With a 10 ampere change
rabe to the battery some voltage less than 135
volts is required, consequently, the generator
voltage will be below 138 volts, As an ex-
ample, the voltage may be 136 volis which is
the voltage necded to provide a 10 ampere
charge rute to the battery. This means that
undler these conditions the voltage regulator ks
not vibrating, and the lower contacts remain
closed at all times, even though the generator
may be opemating at high spoeeds.

£ B |
CORCLIT
WO TAGE
WoATace)
FITIENG /ﬁ
oW ——— I
' I
|
] I
oW HIGH

BATTEEY STATE OF CHARGE

From the foregoing discussion it is seen that
the generator voltage even at high speeds
may be below the regulator setting if the
battery ks in a discharged condition, In other
words the voltage regulator unit does not
nepessarily operate at all times throughout the
masdivm and high speed ranges. If the lopd

rovguirements excesd the maximum generator
output, the voltage regulator unit will not be
operating. OFf course, in time the battery will
become charged and the regulator unit will
then start to operate.

In summary, with changes in load:

I. The voltage regulator unit will operate at
medium and high speeds if the battery is
charged and load requirements are low,

2. The voltage regulator undt will not eperate
even at high speeds i the battery is dis-
charged and the load requirements exceed
the maximum generator outpat,

These conclusions are general in nabure, and
ignore many other factors such as battery
temperature which has an important effect on
the churging circuit veltage, Nevertheless, the
basic illustrations serve to point out the fact
that even at high speeds the voltage regulator
unit may not be operating. Accordingly, mo
attempt should be made to adjust the voltage
regulator setting under these conditions, with
theix voliage regulator not operating,

advantages of dual contacts

The use of a dual set of conlacts on the
voltage regulator unit results in contact point
life better than that obtainable with a single
set of contacts, IF a single set of contacts s
used, a primary design requirement is that
the resistor across the contacts must be of
sufficiently high valwe to limit the voltage at
high speeds. Unfortunately, as the resistance
vilue is increased the contact life decreases,

By wsing an upper set of contacts to lmit the
voltuge at high speeds, the need for o resistor
of high vitlue is eliminated, and a resistor of
low value (14 ohms) can be used across the
lower contacts to lmit the voltage at medium
speeds. The lower contact point life is aceord-
ingly improved.

It should alse be noted that the upper con-
tacts when they separate break o pesistive cir-
cuit and not an inductive circuit since o
ficld current flows through the contacts on
sepumtion, Consequently, little arcing occurs
and the upper contact point Hfe is very good.



temperature compensation

Ome important feature of the voltage regu-
lator unit is the use of lemperature compen-
sating devices. It should be recalled that a
high voltage is peeded to charge a cold bat-
tery, and a low voltage is needed to prevent
overcharge to o hot battery.

Since the battery on many applications i
subijeeted to a wide range of operating tem-
peratures, it {5 desirable to use temperature
compensating devices to change the operating
voltage to suit the batbery requirements. This
is automatically accomplished by temperature
compensating devices,

Three types of temperature compensating de-
vices are often used on double contact voltage
regulator units, The three types are the
thermometa]l hinge, the mognetic bypass and
the ballast resistor. All three operate at the
same Hme to give a lower sotbing when hot
and a higher setting when cold, Typical values
IIIiH_IL‘l: e 14,00 voults at 60° F and 13.0 'l.rl:ﬂH- at
180 F, a range of one volt.

THERMCMETAL HIBGE

[l
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The thermometal hinge consists of two dis-
similar flat pieces of metal bonded together
and mounted between the voltage regulator
armature and the heel irom, The two dissimilar
picces of metal have different rates of ex-
Pansion and contraction with bnmpc-nl,tum
clanges. Due to the different mbes of ex.
pansion and contraction with temperature
changes, the thermometal hinge tends to
efedle i ‘l'.-|:|n||.|e n[-l!ing i q'l:].ﬂril:‘h'.c p||.'|| %
the operating  lemperature  inereases. This
means that bess magnetic pull i noeded to
move the armature, and the unit will operate

at a lower voltage as the temperatore in-
creases, As the temperature decreases, the
torque of the hinge opposes the magnetic pull
and a higher voltage 5 needed to overcomse
the combined effect of the hinge and spiral
spring and move the armatore toward the
gore, Therefore, at low temperatures the reg-
ulator operates at o higher voltage,

The :mgm:lir.: bvpms s a flak piece of 5ptu;iu.]
nickel steel mounted on top of the core on
thi voltage regulator unit. This metal changes
its magnetic permeability with temperature;
that iz, it conducts magnetic lines esier when
cold than when hot. At oold femperatures
some of the magnetic lines pass through the
mctal bypass to the iron frame amnd arc
diverted away from the armatore, leaving a
deficiency of magnetic lines in the anmature
and therefore reducing the magnetic pull on
ther armature, To make wp for this deficiency,
amd thereby attract the armature toward the
core, more current must fow through the
shunt winding which must be provided by a
higher operating voltage, Thus the regulator
|:||'ﬂ,:n:|.1'|r,'.a wt !u'glu,:r h'ﬁlt.u.ﬂu when oold. As
the temperature increases, the metal bypass
conducts fewer magnetic lines and  allows
mare lines to pass through the armature, This
reduces the total magnetism that the shunt
winding miust provide, and the regulator sct-
ting decreases as the temperalure increnses,

Az the outdoor temperatune changes from oold
to hot, and as the winding temperature in-
creases due (o self-heating caused by current
flow, the temperature at which the shumnt
winding operates increases. This causes the
resistance of the shuot winding to increase.
With higher resistance, more voltage is need-
ed to create the same magnetic pull and cause
the contacts to separate, The resulting high
voltage at high temperatures is just the op-
posite effect that is desired. To decrease this
effect a ballast resistor is often used in series
with the shunt winding, The resistance of the
ballast resistor remaing practically constant
regardless of temperature,

To illustrate, consider a shunt winding having

a resistanes of T2 ohims, and no ballust resistor,
Due to an increase in the temperature of the

13
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winding, the resistance may increase by 25
per cent, or 18 ohms, making the winding
resistance 90 oluns, Now compare this 90 ohm
value with the total resistance resulting from
the same temperature dse of o coll and ballast
resistor in serfes. The shunt coil will use
larger wire but the same number of ampere
tums as before. Its resistance is eight ohms
before the temperature rise, and the ballast
resistor has a resistance of 16 ohms giving a
ol circuit redstance of 24 ohms, When the
temperature ingreases, the ool resistance in-
creases by the same 25 per cent to 10 ohms,
bavt ithe hallast resisbor remulng m:iuﬂ}r at
16 ohms, The total resistance now is 28 ohms
which is an approximate eight per cent in-
crease in coll cireult resistance rather than
25 por cent. Thus, the cffect of the hallast
resistor is o cause a smaller increase in coil
circuit resistance with temperature rises.

In conclusboa, it is seen that all three methaods
of temperature compensation act together to
cause the repilator to operate at a lower
seiting when hot and a higher setting when
cold, This variation in the operating voltage
of the voltuge regulator unit occurs auto-
matically with temperature changes to pro-
vidde m more desirnble voltage across the bat-
tery for charging purposes. The three methods
of compensation are combined to take acdvan-
tage of the dezirable charncteristics of each
T i

the field relay unit

The field relay unit i3 a simple magnetic
switch that s made o close when the Beld
relay winding & energized. The Hat spring
located between the moveable armature and
iron frame causes the ocomtacts to separate
when the winding is de-cnergized. The pri-
mary function of the feld relay is o provide
u low resistance connection betweon the bat-
tery and regulator shunt enil, and also to dis-
conmiect the generator field from the battery
when the switch is turned off,

In order to better understand the need for
& Held rolay, consider first, a simple circuit
amangement, as shown, This cireuit has a
very undesirable feature, in that the regulator
will provide a constant voltage at the switch,
but the voltage across the battery, that is,
from the junction bleck to ground, will vary

ACCELIONY
JURCTION EWITCH yoah
EATTERY E BLOCE
"
|; AMMETER

1]
GEHEEATOR R

as the acoessory load varies, This ocours due
to the line drop between the switch and
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junction block. Thiz line drop varics as the
accessory load is varied.

This undesirable operating characteristic is
carrected by adding a field relay to the circuit
and connecting the ficld relay to the junction
block as shown, This causes the regulated
voltage to appear at the junction block, and
to remain constant and unaffected by the ac-
cessory load. In this tvpe of circuil, the Beld
relay winding is energized when the switch
is chosed, and penerator Geld current Bows
through the closed Beld relay contacts and
voltage regulator contacts to the feld winding.

The circuit between the junction block and
the ungrounded side of the voltage regulator
shunt winding is called the sensing crcuit.
Since the voltage setting of the regulator is
measured across the voltage regulator shont
winding, this circuit connects the regulated
violtage to the junction block where it is im-
pressed across the hattery. The point in the
charging circuit between the gencrator and
hattery to which this sensing circuit is con-
nected is called the zensing point, In the
llustration, this point is the junction bleck,
and the sensing circuit conssts of the leads
and Beld relay connected between the junction
block and the ungrounded side of the regu-
lator shunt winding.

The circuit just desoribed is ideally suited to
an ammeter as o charge indicator. When an
indicator Lamp is used as a charge Indicator, a
different type of cireuit armngement is re-
guired, This type of circult, along with other
circuits in common usage, is covered n the
following sections,

indicator lamp
circuit

On many applications an indicator lamp is
used in the charging circuit to indicate that
the generator is producing voltage, & typical
wiring diagram showing internal cireuits in
which an Indicator lamp is used is Hustrated,
The operation of the regulater in this cireuit
iz dleseribed as follows,

When the switch is closed, before the engine
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has started, the indicator lamp lights to indi-
cate the generator is not operating. The cur-
rent How can be traced from the hattery to
the switch, through the indicator lamp and
rosistor which is in parallel, and then through
the voltage regulator contacts. From here it
continues to fow on through the generator
field winding to ground, completing the eir-
cuit back to the battery, Current through this
circuit energizes the Geld windings sufficiently
o insure voltage build-up in the stator wind-
ings when the engine starts. The voltages gen-
erated in the stator windings are then changed
or rectified by the six generator diodes to a
dee. voltage which appears at the “BAT” or
output terminal on the generator, The resistor
in parallel with the bulb allows more current
to flow through the feld winding to insure
mitial voltage build-up in the stator windings.

As the gencrator beging to operate, voltage
from the "R” or relay terminal is impressed
thmugln the regulator No, 2 terminal across
the field relay winding, causing the relay con-
tacts to close, This connects the regulator No,
4 terminal directly to the battery through the
field relay contacts, causing the indicator lamp
to go out, Cenermtor Beld current then Bows
from the battery to the regulator No. 3 ter
minal, and then through the feld relay con-
tacts and voltage regulator lower or series
comtacts bo fhe feld winding.

As the speed of the generator increases, the
voltage at the “BAT™ terminal of the generator
alsor increases. This impresses a higher voltage
through the feld relay contacts and across
the voltage regulator shunt winding. The in-
creased magnetism ereated by this higher volt-
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age across the winding eauses the lower or
series contacts of the regulator to separate.
The field current then Aows through a resistor
which reduces the field current. This reduced
ficld current causes the generator voltage to
decrease thereby decreasing the magnetic pull
of the voltage regulator shunt winding, Con-
sequently the spring canses the contacts to
reclose, This cycle repeats many times per
seoond to limit the generator voltage to a
prosct vk,

As the generator speed increases even further,
the resistor, connected across the contacts, is
net of sufficiently high value to maintain volt-
ape control on the contacts, Therofore the
voltage increases slightly causing the upper
or “shorting” contacts to close. When this
happens, the generator Beld winding is shorted
and no current passes through the winding.
With no current in the field winding, the
generator voltage decreases, which also de-
creases the magnetism in the shunt winding
amd the upper contact points‘'open. With these
points open, feld current fows throngh the
resistor ausd the Beld wlnﬂing. Asg the 'I-'n'!lﬂgl‘
increases, the contacts reclose. This cyele then
repeats many times per second to limit the
generator voltage to a preset value at high
generator speeds, The voltage regulator unit
thus operates to limie the value of generator
voltage throughout the generator speed range.
Consequently  the clectrical accessories ame
protected from excessive voltage which woald
couse damage.

Some vehicle manubecturers may use this wir-
ing arrangement with an ammeter between
the jonction block and battery as a charge
indicator. Tn this case the indicator lamp bulb
is merely removed and the same wiring har-
ness is used, The drenit then operates in the
same manner just deseribed, except initial
fieled current before the feld relay closes lows
through the resistor only, Although the resistor
reduces the indtial Seld current, the indtal
current is sufficient to allow rapid build-up of
voltage by the generator,

ammeter circuits
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A wiring dingram in which an ammeter s
weet] @z o r.-haq‘.",u- indicator is illustrated. Tn
this circuit the Beld n:-]u:.; 'w;il'rdinﬁ 1% e
nected directly to the battery when the switch
iz closed. Cenerator Beld current then Bows
From  thie |.'|.u.‘|:|!|.-:r:." inita the re-_t:ulutnr Nao. 3
l:r-r.rn:inqlr l']':n.lugh the feld J:'rlu.}' conbicds and
the lower contacts on Hlee 'r'ultug,e rl:g,i.ll'.ilﬂt'
unit, and then through the field winding back
to the battery, The voltage regulator unit then
operates in exactly the same manner as pre-
1.-1'|:||,|.5.'|:.' chescrilsed,

Another eircuit using an ammeter in which
no repulator feld relay is used is shown in
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this illustration. A special switch having a
separate set of contacts for the feld current
circuit eliminates the need for a Beld relay.
In this circuit Geld current flows thmu,gh the
closed switch at all Hmes, through the bewer




contacts on the vollage regulator unit, and
then through the fiold winding back o the
battery or generator. The veltage regulator
umit operates in exactly the same manner as
has been previously described.

adjustments and
maintenance

adjustments

During our discussions throuwghout tlis manual
typical numerical values have been used, Tt
should be recognized that actual values may
vary from the ones used ag examples due to
thie LHERLY varialiles in the :;tullj;'ulﬂ carcuit
such as temperature, baltery state of charpe
and engine speed.

The setting of the voltage regulalor unit is
;ltlﬂru!t'lfr' illJ._il.L'ﬂ‘E'l’l rIIn‘ln,g :||'|.|.|.|'|I|.|F|.|.-|;'I||:'|:r i
usually does not reguire readjustment, The
spring tension can be changed f necessary in
order to readjust the operating voltage. This
adjustosent should be made only by Eollow-
ing the procedure outlined in the 1pp|[{=|,|.H:l
Deleo-Remy service bulletin, The applicable
service bulletin nomber is listed alongside the
regulator model number in the Deloo-Remy
Test Specifications Booklet,

The voltage regulator sciting should be re-
uﬂ;'LL-.'tﬂl |:|-.|||.'_l." if a prolonged service rocord
of battory behavior indicates an adjustment is
necessary.  If the battery rermping  unders
charged over reasonably long service periods,
wsually due to consistent operation at low
speeds and fow temperatures with heavy elec-
trical loads, the setting should be raised as
recommended by the applicable service bul-
letin. This conditon will be evidenosd h}-‘ slow
L'n.ulkul,g arsd liktle f any waler usage in the
hattery. IF consistent overcharge as evidenced
by excessive battery water usage prevails over
a lengthy service period, wseally caused by
l:rlig 15|.-:ri|.1-|.'|.1 i ]IiHI‘I :[ml dﬁvh‘nﬂ at hish
temperatires, the regulator setting shouk] be
lowired. It is emphasized that the regulator
setting as originally adjusted during  manu-
Fucture will be ileal for e great majority
of applications, with only a very few isolated
cases roquining readjustment,

malntenance

The double-contact regulator utilizes the best-
known materials and desicn features, and is
manufactured to exact specifcations o pros
vide long periods of satisfactory service. No
maintenance sttention of any kind is required.

the Delco-Remy
education program

The Deleo-Remy Education Program is die-
giged to provide to mechinics and students
up-to-idate technical information on automos
tive electrical equipment,

This manual, ene of a series, is a part of the
program, Used in n classroom in conjunction
with training charts, these manuals aid in ex-
plaining the theary of aperation and construc-
tion of electrical units,

Al available to servicemen and students iz
a series of Maintenance Handbooks. Each
handbook s a collection of Deleo-Remy ser-
vice bulleting. They serve ag a reference in the
maintenance and testing of electrical units.

Test Specification Booklets contaln service test
data for the electrical units manufactured by
Deloo-Remy, These booklets are designed for
automotive electricians engaged i mainte-
nance and testing.

Strip films with records and film booklets
cover the basic operation and maintenance of
units in electrical svatems. There are many
picturcs and a wealth of information in dia-
grams and legemnds,

Crther booklets cover vivri o l!lhu.;.-:'.s i main=
tenance and testing procedures for Deleo-
Remy electrical units and their related cireuits,

For complete information on the availahility
and cost of the above material weite o Techs
nical Literature Department, Deleo-Bemy Di-
vision, General Motors Corporation, Anderson,
Indiana,
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