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SOLI D STATE SCHEMATI CS

1. Termnal Learning Obhjective: Gven a schematic, a faulty

gener at or set electrical system and applicable tools and test
equi pnent, with the aid of references, repair the generator set
el ectrical systemso that it functions properly in accordance with
the appropriate equi prent technical manual. (1142.1.2)

2. Enabl i ng Learning Objective: Gven a schenatic diagramof a
circuit and a list of circuit operating characteristics, identify the
characteristics that apply to the circuit, in accordance with TM
00038G 35. (1142.01. 03bb)

QUTLI NE:

1. Steps O Reading Schenatics:

a. The first step in reading a solid state schematic is to
identify all the conponents of the circuit, and identify any conponent
that you don't know how it works. As you look at circuit one in your
handout, you will find that there are resistors, capacitors and
transi stors.

b. You have | earned about all of these conponents, so you can now
look to see if there are any configurations that you have not |earned
about. As you will see, @ and B are directly coupl ed unlike
transistors, B, and 4 forma differential anplifier and @2 and @&
are directly coupled unlike transistors.

c. Now that you have identified and understand all conponents of
the circuit, you are ready to |look at the actual purpose of the
circuit, which inthis case is to energize the K3 relay to open the
start circuit once the generator is running above 750 RPM

2. Color Coding Schematics:

a. To help keep track of the many different potentials you will
be dealing with, you are going to color code the schematics, with each
potential a different color.

b. To keep track of the colors you will have to make sone sort of

a legend on the diagram To do this, make a snall box of the color to
be used and wite beside it what potential the color is to represent.
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c. Start with the negative input and use the BLACK. Start the
color at pin 1 where it says "-VDC' and follow that line all the way
up to the emtter of @, branching off and going to the bottom of R21
R20, R19, and the bottom plate of C3.

d. Color the positive input using the RED. Start at pin 4 where
it says "+28vDC' and follow the Iine up and around to the top of R2,
branching off to the top of R7, R8, and Q.

e. For the output, use ORANGE. Start at pin 8 where it says "To
starter cutout relay K3" and follow that Iine down to the collector

of (®.

3. Circuit OQperation

a. To learn the operation of an unknown circuit it is always best
to start at the output and work back to the input, identifying what
must happen to get the desired result. Color code where the potential
that caused this happening is felt. This may sound confusing for now
but as you go along you will see what is happening, so let's get
started.

b. Looki ng at the schematic, what nust happen for the potential
to flowto K3? @b nust cone on, so wite "ON' between the emtter and
the collector of . Since @ is an NPN transistor, you know that a
positive potential is needed on the base, so put a "+" at the base of

.

C. Next ask, what has to happen to give a positive potential on
the base of (®? There has to be a voltage drop across R21 with
positive on the top. This positive potential will be felt on the base
of @ toturnit on. Wth a BLUE colored pencil, in the | egend put
"Bias potential for ". Take this color starting at the top of R21
and trace to the bottomof RL0 and across to the base of (&b.

d. Since you know that to have a voltage drop you nust have
current flow, ask what nust happen to get current flow through R21?
To get current flow fromnegative to positive through R21, @ nust be
turned on. You know that @2 has to be on when B is on because they
are directly coupled unlike transistors. Since @ has to be on, wite
"ON' between the enmitter and collector. Put "-" on the base since
this is a PNP and takes a negative potential to turn it on.

e. How do you get a negative potential on the base of @Q2? To get
a negative potential on the base of 2 there nust be a voltage drop
across R2, with positive on top and negative on the bottomwhich is
being felt on the base of 2. Take the color YELLOWand call it bias
potential for Q2. Mark this color fromthe bottomof R2 to the top of
R6, and then across to the base of .

f. W are now back to the question of what caused the voltage
drop? As before, to have a voltage drop there nmust be current flow
fromnegative to positive through R2. To get this current flow, @
must be on. If Q2 is on, @B will be on because they are directly
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coupl ed unlike transistors. Wite "ON' between the collector and
emtter of 3, and since it is an "NPN' transistor, put a "+" on the
base as (B needs a positive potential on the base to turn it on. Also
note that B and 4 forma differential anplifier. Wen @B is turned
on, 4 is turned off, wite "OFF" between the collector and emtter of

.

g. Now that you know that (B nust be on and that it requires a
positive potential, ask howto get a positive potential on the base of
@B? As you look at the schematic, you see that the capacitor C3 has
it's positive plate connected to the base of (B. Once the positive
potential on this plate, which is also felt on the base of (@B, becones
positive enough, it will forward bias B's emtter-base junction and
turn it on. Take the color PURPLE and color fromthe top plate of C3
to the base of B and to the right hand side of RI11.

h. The last question you have to ask is how to nmake the top plate
of C3 positive? Notice that C3 is also connected to pin 2 which says

high input. |If this high input is a high positive input it wll draw
el ectrons off the top plate of C3 thus making it have a positive
potential. Underneath high input you can put a big "+" sign to show

that the high input is a high positive input.

i. To followthe circuit that you have been working on, start
where you ended and backtrack to where you started. The only thing
you should do is identify the input +28VDC and -VDC, which were the
BLACK and RED |l i nes, since these two colors are the references for
current flow.

(1) Start at pin 2 or high input. Wen a high positive input
is placed on pin 2, it will draw electrons off the top plate of C3,
giving the top plate a positive potential. Once the positive
potential fromthe top of C3, which is also being felt on the base of
@B, becones large enough, it will forward bias the enitter-base
junction of @3 and turn B on.

(2) When B turns on, the current through R19 will increase,
thus the voltage drop will increase across R19 with negative on bottom
and positive on top. This increased positive potential fromthe top
of R19 is being applied on the emtter of Q4, and will reverse bias
A's enmitter-base junction and turn Q4 off.

(3) Also while @B is on, there is current flow from negative
through R19, B3, R6, and R2 to positive. This current flow through R2
creates a voltage drop across R2 with negative on the bottom and
positive on the top

(4) The negative potential fromthe bottomof R2 is felt on
the base of @, which turns Q2 on. Wen Q turns on, it allows
current to flow fromnegative through R21, R10, and Q2 to positive.
This current flow through R21 creates a voltage drop across R21 with
negati ve on the bottom and positive on the top.

(5) The positive potential fromthe top of R21 is felt on the
base of @ which turns @ on. Wth @ on, current can flow from
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negative through @ to pin 8 or the K3 relay. The circuit is now
conpl et e.

(6) As you can see, by first working through the circuit from
output to input, identifying the operation state of each conponent,
explaining the circuit is mde easy. This way of solving the
operation of unfamliar circuits is not the only way to figure out the
circuits, but is usually the easiest.

4, Pur pose of Exciter/Voltage Regul ar

a. The purpose of the exciter/voltage regulator is to sense
changes in the generators output and adjust the DC input to the field
wi ndi ngs to keep the output steady. This is inmportant since nost

el ectroni ¢ and comuni cati on equi prent that you will power will not
tolerate fluctuations of even .5 volts. To fully understand how t he
vol tage regul ator acconplishes this, you will ook at the circuit

under several conditions.

b. First you will see nornal operation with no |oad, or in other
words the generator is putting out 120 VAC

c. You will then look at the circuit when I ess than 120 VACis
bei ng produced and then when nore than 120 VAC i s bei ng produced; both
with no |l oad on the generator.

d. You will finally ook at the circuit when a load is put on the
gener at or.

5. Normal Operation (NO LQAD):

a. Wien the generator is running with no load applied and is
putting out 120 VAC, this 120 VAC is applied to the voltage adjust
rheostat R2.

(1) R2 drops 50 volts and sends out 70 VAC. This 70 VAC is
applied to J9 at pins A and B, and then it is fed into the primary
si de of T201.

(2) T201, CR212 and CR213 make up a conventional full wave
rectifier with C202 being the filter for the rectifier circuit.

b. T201 and CR214 make up a half-wave rectifier which along with
CR211 mmi ntains a constant positive potential on base 2 of @Q02. The
conventional full wave rectifier network puts out a DC voltage
proportional to the AC input or approximtely (=) 35 VDC.

c. This output is felt across the voltage divider network nade up
of R212, R213, and R214. The voltage divider network places a
positive potential on the base of QR01B which is directly proportional
to the AC input.

d. Q01 is a self-contained differential anplifier or in other
words both transistors are in the sane canister. QQO01A is the stable
side of the differential anplifier because CR209 mai ntai ns a const ant
positive potential on the base of R01A  During normal operation, the
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differential anplifier is balanced in that the sanme anmount of current
flows through both sides of the differential anplifier. The current
com ng out of QRO1A flows through R206 and R208 creating a voltage
drop across R208 with negative on the bottom and positive on the top.
R208 is the biasing resistor for 204. The negative potential from
the bottom of R208 turns Q04 on half way.

e. R04, QR02, R203 and C200 nmke up a capacitive discharge
oscillator (CDO. The current that flows through Q204 conmes fromthe
positive plate of C200 causing C200 to charge.

(1) When C200 charges to the gradi ent voltage of QR02, the
positive potential on the emtter of 202 will cause Q02 to cone on
Wien Q02 turns on, a pulse of current will flow from negative through
R203 into base 1 and out the emitter of Q202 to the positive plate of
C200, discharging C200 and turning Q02 off.

(2) The pulse of current created while Q02 was on will create
a monmentary voltage drop across R203 with negative on the bottom and
positive on top. The positive potential fromthe top of R203 will be
felt on the base of Q03 causing Q03 to pul se on, then off.

f. When Q03 pul ses on, a pulse of current will flow through the
primary side of T202, this will induce a pulse in the secondary side
of T202 which will be rectified by CR210.

(1) This secondary pulse will apply a positive potential on
the gate of R05. The positive potential will turn Q05 on during a
portion of the positive alternation being applied to pins L and M of
J13.

(2) This results in 28 volts of pulsating DC going to the
field windings through pins Rand S of J13.

g. This is how the voltage regul ator works under nornal operation
This may seemdifficult to understand, but as you look at it again you
will begin to understand it better

6. Low Vol t age Operati on NO LOAD:

a. Wile you are |Iooking at |ow voltage operation as well as high
vol tage operation, you will be using the terns; nore, |ess, sooner
|ater, snaller, larger, faster, slower. Wen you use these terns you
are using themin respect to normal operation, so if you say Q4 is on
nore, you nean 4 is on nore than it is under nornmal conditions.

b. If there is less than 120 VAC com ng out of the generator
there will be I ess than 70 VAC being applied to pins A and B of J9 and

to the primary side of T201. Therefore the rectifier circuit will put
out less than 35 VDC. This snmaller input voltage to the voltage
di vider network will place a smaller positive potential on the base of

QO01B turning it on |ess.
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(1) Wth side B of the differential anplifier on less, the
current flowi ng through R209 will be | ess causing the voltage drop
across R209 to be |ess.

(2) The potential at the top of R209 is the sane potential at
the enmitter of QRO1A. This increased negative potential will forward
bias the emtter-base junction nore, thus turning QRO1A on nore.

c. Wth QO01A on nore, it will allow nore current to flow through
it to RR0O6 and R208. This larger current flowwll create a |arger
vol tage drop across R208 with negative on the bottom and positive on
the top. The larger negative potential fromthe bottom of R208 which
is being felt on the base of 204 will turn Q204 on nore.

d. Wth Q04 on nore, nore electrons will be drawn off the
positive plate of C200 causing C200 to charge faster. Since C200 is
charging faster, it will place the gradient voltage on the emtter of

@02 sooner, causing @02 to fire sooner. Wth Q02 firing earlier,
the pul se of current across R203 which causes a voltage drop wll
appear earlier. The earlier positive potential fromthe top of R203
which is felt on the base of 03 will cause Q03 to pul se on, then
of f, sooner.

e. Since Q03 pul ses on sooner, a pulse of current will flow
through the primary side of T202 sooner, which will cause the
secondary pul se being created in the secondary side of T202 to appear
earlier.

(1) Since the secondary pulse is created earlier, a positive
potential is placed on the gate of Q205 earlier, causing Q05 to turn
on earlier during the positive alternation.

(2) Since Q205 turns on earlier during the positive
alternation, nore voltage will be applied to the field w ndings thus
i ncreasing the size of the magnetic field inside the generator to
i ncrease the voltage out put.

f. Even though these are sone rather |engthy explanations, you
must realize that this process takes place within mcro-seconds, and
this process can be repeated thousands of tinmes a second.

7. Over Voltage Operati on NO LOAD:

a. If there is nore than 120 VAC bei ng produced by the generator
there will be nore than 70 VAC being applied to pins A and B and of J9
and the primary side of T201. This larger input to the rectifier
circuit will create a larger output or one that is nore than 35 VDC
This larger output voltage is applied to the voltage divider network,
whi ch places a |arger positive potential on the base of R01B turning
Q201B on nore.

b. Since side B of the differential anplifier is on nore then nore

current will flow through R209 causing the voltage drop across R209 to
i ncrease.
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(1) This places a larger positive potential on the top of
R209. This potential is the same potential as at the enitter of
QO1A.

(2) Since the positive potential at the base of (RO1A is now
constant, the forward bias of the enitter-base junction will be |ess.
Therefore, RO1IA will be on I|ess.

c. Wth QRO1A on less, it will allowless current to fl ow out of
it through R206 and R208, creating a snaller voltage drop across R208.
The smal |l er negative potential fromthe bottomof R208 will be felt on
t he base of @04 which will turn Q04 on |ess.

d. Wth Q04 on less it will pull fewer electrons off the positive
pl ate of C200, causing C200 to charge slower. Since C200 is charging
slower, it will take longer for Q02 to fire. |If Q02 fires later
then the current flow through and the voltage drop across R203 will be
produced later. |If the positive potential at the top of R203, which
is being felt on the base of (203, is being produced later, it wll
cause Q03 to pulse on, then off, later.

e. Since Q03 is pulsing on later, the pulse of current through
the primary of T202 will create the pulse in the secondary of T202
| at er.

(1) This later secondary current will place a positive
potential on the gate of Q05 turning Q05 on |ater during the
positive alternation.

(2) Since Q05 cane on later, in the positive alternation |ess
voltage will be applied to the field w ndings, nmaking the nagnetic
field smaller, producing | ess AC

f. W have now been through the three different functions that
voltage regul ator perforns when no load is being applied to the
vol t age regul at or.

8. Cenerator Qut Put Load Applied:

a. Before you get into how the regulator circuit works when a | oad
is being applied, let's see what happens to the generator output when
you apply a | oad.

b. As you apply a |l oad, you are drawi ng current which you do not
draw with no load on the generator. The nore of a | oad you put on the
generator the nore current you draw, since when you draw nore current,
you drain the voltage output.

c. To keep the voltage constant, you nust increase the strength of
the magnetic field inside the field wi ndings as you increase the |oad.
To increase the strength of the magnetic field, you nmust increase the
DC voltage at Pins R and S of J13.
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d. To do this the sane as you did for |ow voltage operation would
burn up conponents, so sone other way of supplying this DCto the
field windings is required.

9. Operation Wth Load Appli ed:

a. Wen a load is applied there is an AC voltage comng fromthe
current transforners CT4, CT5 and CT6 being applied to pins A through
F of J13. This AC voltage is directly proportional to the | oad being
applied in that as the load is increased this AC voltage al so
increases. This AC voltage perforns two functions within the
regulator circuit.

(1) The first function is to apply voltage, proportional to
the load, to the field windings. Since it is AC voltage and the field
wi ndi ngs require DC the input AC nust be rectified to DC. This
rectification takes place in three different rectifier circuits which
are made up of: CR203 and CR206, CR202 and CR205, and CR201 and
CR204. As you can see these are conventional full wave rectifiers and
there is one for each phase. So now there is DC voltage that is
proportional to the load going to the field wi ndings through pins R
and S of J13.

(2) The second function this AC perfornms is to elimnate the
DC vol tage that was being sent to the wi ndings when no | oad was being
applied. To do this it is first rectified to DC and then fed into the
circuit so that it elimnates C200 and all the conponents C200
controls.

b. The AC voltage is first fed into the full-wave bridge rectifier
which is made up of T203, CR215, CR216, CR217 and CR218 with C206
serving as the rectifier filter. There is now a DC voltage that is
proportional to the load com ng out of the rectifier.

(1) This voltage creates a voltage drop across R204 with
negative on the left and positive on the right. The positive
potential fromthe right of R204 will be felt on the base of QO06,
which will turn Q06 on

(2) Wth Q06 on, current can flow from negative through Q06
and 04 to positive. Since R04 now has a steady current going
through it, it will no longer pull electrons off the positive plate of
C200, so C200 will not charge.

c. If C200 does not charge, no positive potential will be placed on
the emtter of 02, so Q02 will not fire. |f QRO02 does not fire,
all the conponents that fall after Q02 in the circuit will not

function. Thus the original DC voltage has been elimnated. Now the
circuit is conplete
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