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1-1 INTRODUCTION 

SECTION I 

INTRODUCTION AND DESCRIPTION 

1-2 DESCRIPTION 

The 5 Volt Measuring Voltage Supply, shown The 5 Volt Measuring Voltage Supply consists 
in Figure 1-1, is a dc-to-dc converter. It is the of five main assemblies (see Figure 1-2). The main 
voltage source which supplies the excitation and assemblies are: the base assembly, the connector 
calibration voltage requirements to the IU instru- assembly, and three terminal board assemblies. The 
mentation system. The voltage supply accepts connector assembly and terminal board assemblies 
unregulated 28 Vdc from the IU primary batteries (Figures 1-3 through 1-6 are mounted on the base 
and converts it to a highly regulated 5 Vdc. assembly. The base assembly also provides a 

mounting surface for several of the component parts. 

The 5 Vdc is distributed through the measur- 
ing distributors to the IU potentiometer transducers, 
S-IB and S-IVB potentiometer transducers, all meas- 
uring racks, the TM calibrator, both FM telemeters, 
and both analog multiplexers. The 5 Vdc applied to 
the transducers is used as  an excitation voltage, 
whereas the 5 Vdc applied to the telemetry compo- - nents serves a s  a calibration reference voltage. \ 

Connector J1 facilitates all electrical con- 
nections to the 5 Volt Measuring Voltage Supply. 

Assembly of the voltage supply requires two 
steps of encapsulation. The first step involves con- 
formal coating the components mounted on the con- 
nector assembly and terminal board assemblies with 
Epocast 202. After assembly and test all recesses 
and remaining space are  filled with Eccosil 4640, 
except thaMylgard 182 will be used on S-IU-206 
and subsequent units and S-IU-512 through S-IU-515 
inclusive. I 

I 3BM K1 

Figure 1-1. 5 Volt Measuring Voltage Supply (Three-Quarter View) 

Changed 1 June 1972 1 
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Figure 1-2, 5 Volt Measuring Voltage Supply with Cover Removed - Top View 

End View Top View 
IBM K3 

Figure 1-3. Component Assembly Terminal Board TBI 

2 
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Top View Bottom View 
IBM KC 

Figure 1-4. Component Assembly Terminal Board TB2 

Bottom View 

Figure 1-5. Component Assembly Terminal Board TB3 



5 Volt supply 
Section I 

Figure 1-6. Connector Assembly Including Filter Assembly 

1-3 ELECTRICAL CHARACTERISTICS 

The electrical characteristics of the 5 Volt 
Measuring Voltage Supply a r e  specified in Table 1-1. 

Table 1-1. Electrical Characteristics 

Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .  24 to 32 Vdc 

Output Voltage 
. . . . . . . . . . . . . . .  Zero to  1-ampere load 5.000 rt 0.005 Vdc 

Adjustability 
1 -ampere load . . . . . . . . . . . . . . . . . . . .  + 0.050 Vdc. Adjustable resolution 

0.002 Vdc or  less. 

Short Circuit Protection . . . . . . . . . . . . . . . .  Continuous output short circuit will 
not damage the unit. The unit is 
self limiting to  a maximum of 3 
amperes input current and resumes 
regulation within 1 second after 
removal of the short circuit. 

Output Load . . . . . . . . . . . . . . . . . . . . . . . .  Zero to 1-ampere continuous 

Steady State Output Voltage Regulation. . . . . . .  0.005 Vdc over the specified input 
voltage range 
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Table 1-1. Electrical Characteristics (Cont) 

Dynamic Output Voltage Regulation . . . . . . . . .  & 0.005 Vdc for step changes over the 
specified voltage input range. Out- 
put voltage will not vary more than 
+ 0.10 Vdc and will recover within 
100 microseconds to * 0.005 Vdc 
following application of a 1 -ampere 
maximum step load change with a 
5-microsecond risetime. AC current 
reflected back into the source will 
not exceed 100 ma peak-to-peak. 

Output Ripple 
Zero to 1-ampere load . . . . . . . . . . . . . . .  *O. 005 V peak-to-peak maximum 

Input Voltage Transients . . . . . . . . . . . . . . . .  + 50 volts for 20 microseconds 
superimposed on the input line will 
not cause output voltage variations of 
more than + 5 millivolts. 

Efficiency . . . . . . . . . . . . . . . . . . . . . . . . .  43 percent at 1-ampere load 

Warmup Time . . . . . . . . . . . . . . . . . . . . . . .  None required 

Operating Temperature. . . . . . . . . . . . . . . . .  0 OC to 50°C (32 OF to 122 OF) 

Pin Functions 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28Vdc Return 
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28Vdc 
C, D, E, . . . . . . . . . . . . . . . . . . . . . . . .  5 Vdc Return 
F, G, H . . . . . . . . . . . . . . . . . . . . . . . . .  5 Vdc 

Electrical Insulation 
All pins to housing . . . . . . . . . . . . . . . . . .  ** 10 Megohms maximum 
Pins A, B to C, D, E, F, G, H . . . . . . . . .  ** 10 Megohms maximum 

* Measured at  connector J1 with Tektronix 555 Oscilloscope equipped 
with a Type L preamplifier. 

** Measured at  a 50 Vdc megger test potential. 

1-4 DIMENSIONS AND WEIGHT 

The 5 Volt Measuring Voltage Supply has the 
following dimensions and weight: 

Height : 2 inches maximum 
Width 

Base: 4-7/8 inches maximum 
Top : 3-9/32 inches maximum 

Length : 4-13/16 inches maximum 
Weight : 2. 5 pounds maximum 



SECTION II 

PRINCIPLES OF OPERATION 

2-1 GENERAL PRINCIPLES OF OPERATION 

The 5 Volt Measuring Voltage Supply consists 
of the following major circuits: 

Input filter-regulator circuit 

DC-to-DC converter circuit 

Output regulator-filter circuit 

Figure 2-1 is a block diagram of the 5 Volt 
Measuring Voltage Supply. Unregulated 28 Vdc is 
applied to the input filter-regulator circuit. In this 
circuit the 28 Vdc source voltage is filtered andline 
variations a re  removed. The output of the regulator 
is compared to a constant reference voltage and the 
resulting er ror  voltage is applied to an amplifier 
which varies the duty cycle of a transistor switch. 
The output of the transistor switch is a square wave 
whose period is a function of the e r ro r  voltage 
detected in the comparator. A filter circuit follows 
the switch to provide an average value of the output. 
The output of the regulator circuit is applied to the 
oscillator portion of the dc-to-dc converter. The 
square wave oscillator output voltage is reduced in 
the stepdown transformer and is rectified and filtered 
prior to being applied to the output regulator. Output 
regulation is accomplished by varying conduction 
through the series  regulator control element. The 
conduction of this transistor is controlled by the 
magnitude of the e r ro r  voltage sensed by the com- 
parator. 

An overload protection circuit is provided to 
limit the series  regulator current to a safe level in 
the event of an overload at  the output. 

2-2 DETAILED PRINCIPLES OF OPERATION 

The following is a more detailed description 
of the 5 Volt Measuring Voltage Supply (see Figure 
2-2). 

2-3 INPUT FILTER 

Unregulated 24 to 32 Vdc input power is applied 
across pins A and B of connector J1. Low-frequency 
filtering is provided by capacitors C14, C15, andC16. 
Capacitors C17 and C36 provide filtering of RF inter- 
ference. Capacitor C3 and filter choke L1 filter out 
any line variations which may be present at the input 
and also prevents ac current spikes from being re-  
flected back on the 28 Vdc line. Diode CR16 provides 
reverse polarity protection in case the voltage at- the 
input is reversed; if pin B of connector J1 is negative 
with respect to pin A of J1, diode CR16 becomes 
reversed biased and will not conduct current. During 
normal operation CR16 is forward biased and provides 
a current path to the input filter-regulator circuit. 

2-4 INPUT REGULATOR 

To be supplied at  a later date 

2-5 OSCILLATOR 

The output of the input filter-regulator circuit 
is applied to the oscillator portion of the dc-to-dc 
converter. The voltage is applied to the collectors 
of transistors Q5 and Q6 through pin 3 of transformer 
TI. The emitters of Q5 and Q6 a re  tied to the input 
return. 

In order for the oscillator to operate, it is 
necessary to provide base drive for Q5 and Q6. 
Resistor R9 provides the initial base drive for the 
transistors. The same voltage which is applied to 
the collectors of Q5 and Q6 is applied across R9 
and the base circuits of Q5 and Q6. As soon a s  
current flows through R9 the oscillator will begin 
to operate. Once the oscillator has started and 
voltages a re  induced in the transformer, CR4 offers 
a low impedance path to ground and base current 
will no longer flow through R9. Diode CR4 also 
serves to block any current flow from ground to 
the oscillator input voltage. 

Assume Q5 conducts f i rs t  causing its collector 
voltage to drop. This effectively connects the output 
of the input regulator across pins 3 and 4 of TI. The 



5 Volt Supply 
Section I1 

resulting flow of current in this winding results in a 
field being induced in all windings of TI. At pin 9 of 
T1 the induced voltage is positive, providing :Q5 with 
increased base drive. At pin 11 of T1 the induced 
voltage is negative, biasing Q6 off. Current flow 
between pins 3 and 4 will continue to increase until 
the voltage induced between pins 18 and 19 is suffi- 
cient to allow switching current to flow in saturable 
reactor SRl. 

SFU operates on a steep hysteresis curve and 
requires only a small amount of current flow (in 
either direction) to switch from an unsaturated to a 
saturated state. When sufficient current flows, S m  
switches from a high impedance unsaturated state to 
a low impedance saturated state. In the saturated 
state, SR1 offers a low impedance path from the base 
of Q5 to the base of Q6. When SR1 switches, the 
potential at  pin 19 of T1 is applied as reverse bias 
to the base of Q5, and the potential at pin 18 is 
applied as forward bias to the base of Q6. Q5 is 
immediately cutoff and the field induced in T1 begins 
to collapse. The ac  path to ground for SR1 switch- 
ing current is through capacitor C29. 

As the field collapses, voltages of the opposite 
polarity a re  induced in T1 with the following results: 

SRl is returned to i ts  unsaturated state 

Pin 9 of T1 is driven negative biasing Q5 off 

Pin 11 of T1 is driven positive, biasing Q6 on 

When Q6 conducts current will flow between 
pins 2 and 3 of TI. Current flow will continue to 
increase until the voltage induced between pins 18 
and 19 is sufficient to allow switching current to flow 
in SRl. When SRl saturates in the opposite direction, 
the potential at pin 18 of T1 is applied as reverse 
bias to the base of Q6, causing Q6 to be immediately 
cutoff. This completes one cycle of the oscillator. 
The oscillator continues to switch in the manner 
described above at  a 4 kc rate. 

Resistor R31 and capacitor C37 are  used to 
filter the high-frequency switching spikes that appear 
at  the output of the oscillator. 

------ --- 

----- 
IBM K7 

Figure 2-1. 5 Volt Measuring Voltage Supply Block Diagram 
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2-6 RECTIFIER - FILTERS 

There a re  three separate rectifier-filter cir- 
cuits in the dc-to-dc converter section of the 5 Volt 
Measuring Voltage Supply. All three are  transformer 
coupled to the output of the oscillator circuit and pro- 
vide the output and bias voltages for the voltage supply. 
A minimum of filtering is required in these circuits 
because of the near perfect square wave output of the 
oscillator. 

Preregulator Bias Supply 

The rectifier (CR7 and CR8) at pins 12, 13, and 
14 of TI produces the dc bias voltage required by the 
input regulator circuit. The voltage coupled across 
transformer T1 is full wave rectified and referenced 
to the incoming 28 Vdc line. Capacitor C6 provides 
sufficient filtering for this voltage. 

Output Regulator Reference Supply 

The object of the circuit located at pins 15, 
16, and 17 of T1 is to develop a reference voltage on 
the base of transistor Q9A. The voltage used to 
drive this reference circuit is supplied by the trans- 
former coupled voltage appearing at pins 15, 16, and 
17 of TI. This voltage is full wave rectified by 
diodes CR13 and CR14 and is filtered by capacitor 
C9. 

In order to maintain a constant voltage at the 
base of Q9A, a constant voltage must be maintained 
across the voltage divider network consisting of re- 
sistors R14, R15, R16, R18, R26, and R32. The 
resistance bridge consisting of resistors Rl l ,  R12, 
R13, and Zener diode CR15 is used to develop and 
maintain this required voltage. 

The constant voltage required by the voltage 
divider network is developed in the following manner. 
The voltage rectified at the transformer is applied 
across the resistance bridge from the junction of Rl1 
and R13 to the junction of R12 and CR15. When this 
voltage is applied, Zener diode CR15 conducts estab- 
lishing a set voltage at the top of the voltage divider 
network Rl3 establishes the bias for CRl5 and sets 
the current level in CRl5. The impedance ratio be- 
tween R13 and CRl5 is approximately 10:l (R13 = 
619 ohms, CR15 "= 65 ohms). 

Concurrent with this action, the other leg of 
the bridge (R11 and R12) must divide the applied volt- 
age so that a voltage differential exists across the 
voltage divider network Two factors determine how 

the voltage is developed across Rl1 and R12. The 
first factor is the impedance ratio between R11 and 
Rl2 is approximately 30:l (R11 = 2% R12 g64.9 
ohms). This results in a very small portion of the 
voltage applied across R11 and R12 being dropped 
across R12. The second factor is the impedance 
ratio between the two legs of the bridge is approx- 
imately 3:l (R11 + R12 Z2.06K, R13 + CR15 E0.67K). 
As a result more current will flow through CRl5 
than Rl2. The combination of these factors, (noting 
that the impedance of R12 and CR15 a re  approximately 
equal) results in a much smaller portion of the applied 
voltage being dropped across R12 than across CRl5. 
Thus a voltage differential is established across the 
voltage divider network 

In order to maintain a constant voltage at  the 
base of Q9A, the voltage developed across the bridge 
must be independent of line variations. This is ac- 
complished by critical selection of the bridge coinpo- 
nents. R12 is a "set-in-test" resistor selected, at  
the time of factory test, to match the impedance of 
CR15 when CR15 is at its breakdown potential. When 
an increase in voltage is applied across the bridge, 
the voltage developed across CR15 increases slightly 
due to increased current flow. Keep in mind that the 
increase in voltage across CR15 is not proportional 
to the current flow through CRl5. Therefore the 
increase in voltage applied to the bridge is dropped 
almost completely across R13. In the other leg of 
the bridge the impedance ratio (30:l) results in the 
increased voltage being dropped almost completely 
across R11. Because of the manner in which R12 
was selected, the portion of the voltage dropped 
across R12 will be approximately equal to the in- 
creased voltage dropped across CRl5. By algebra- 
ically adding the voltage drops across R12 and CRl5, 
(or R11 and R13) it can be seen that there is no change 
in the potential across the voltage divider. 

Once the voltage across the bridge is estab- 
lished and maintained at  a constant level it is the 
function of the voltage divider network to establish 
the required voltage level at the base of Q9A. Temp- 
erature compensating resister R26 maintains a con- 
stant voltage across the voltage divider network by 
varying its resistance with any change in temperature. 
R15 sets the low side of the adjustment circuit (R16 
and R18) to the desired level. R18 is a 500 ohm, 
22-turn potentiometer which provides the 50-milli- 
volt adjustment capability of the supply. R18 is 
shunted by R16 (51.1 ohms) to lower the resistance 
of the adjustment circuit and thereby increase the 
resolution of adjustment. 
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The output of the supply i s  adjustedto 5.000 Vdc 
when the correct value of "set-in-test" resistor R32 
is selected (during factory test) and placed in parallel 
with R14, thereby establishing the proper operating 
point of Q9A. 

Capacitor C34 in the bridge circuit provides, 
filtering for the oscillator frequency which may be 
present at the output of the rectifier. 

Main Power and Output Regulator Bias Supply 

The bridge rectifier at pins 6, 7, and 8 of:T1 
provides output and bias voltage to the output series  
regulator. The circuit operates in the following 
manner (see Figure 2-3 for a simplified schematic). 

When pin 6 is negative with respect to pins 7 
and 8, diodes CRlO and CR12 are  forward biased and 
will conduct. When conduction occurs point "A" is 
clamped to the potential at pin 6 and point "B" is 
clamped to the potential at pin 8. The induced volt- 
age between pins 6 and 7 is now directly across Rx, 
and the induced voltage between pins 6 and 8 is now 
cirectly actoss Ry, and current flows in both load 
circuits. 

When pin 8 becomes negative with respect to 
pins 6 and 7, diodes CR9 and CRl l  a re  forward biased 
and will conduct current. Point "A" is now clamped 
to the potential at pin 8 and point "B" is clamped to 
the potential at pin 6. It  can therefore be seen that 
point "B" is always clamped to the high side of TI, 
and point "A" to the low side of TI. This results in 
a constant dc voltage being maintained across Rx and 

RY. 

Rx = Series regulator and 
external load. 

Ry = Series regulator bias 
circuitry. 

IBM K 9  

Figure 2-3. Simplified Schematic of Main Power and 
Output Regulator Bias Supply 

Filtering is provided for both RF interference 
and low frequencies (see Figure 2-2). Capacitors C7 
and C8 filter low-frequency variations, while capac- 
itors C20, C21, C22, C30, and C31 attenuate RF 
interference. 

2-7 OUTPUT REGULATOR 

The output of the 5 Volt Measuring Voltage 
Supply is series  regulated by transistor Q10. Basically, 
the output regulator works a s  follows (see Figure 2-2). 
The supply output voltage is fed back to the base of 
Q9B (through R24) and is compared to the reference 
voltage present at transistor Q9A. Transistors Q9A 
and Q9B form a differential amplifier. Any difference 
voltage between the sample and the reference voltage 
is amplified by the differential amplifier and further 
amplified by dc amplifiers Q7 and Q8. The output of 
dc amplifier Q7 is used to control the base drive of 
series  regulator Q10. 

As an example of the regulation action, assume 
the output voltage decreases due to an increase in load. 
The decrease in output voltage appears at  the differen- 
tial amplifier causing Q9B to conduct less. As current 
flow through Q9B decreases, its collector voltage 
increases. This increase in voltage is applied to the 
base of Q8, resulting in Q8 being biased off. As 
current flow through Q8 decreases, the voltage drop 
across resistor R23 decreases. This decrease in 
voltage is applied to the base of Q7, resulting in Q7 
being biased on. Increased current flow through Q7 
results in an increased voltage drop across R29 and 
R30. The base of Q10 senses the increase in voltage 
and Q10 is biased on. As current flow through Q10 
increases, the voltage drop across Q10 decreases 
resulting in the output of the regulator increasing to 
its original level. 

Because of the high gain developed across Q7 
and Q8, high-frequency oscillations may appear in the 
regulator. To prevent these oscillations an RC net- 
work consisting of R22 and C10 is utilized to reduce 
the high-frequency gain across the dc amplifiers. 
Resistor R.21 provides increased current stabilization 
for transistor Q10. 

Incorporated into the output regulator circuit 
is a short-protection circuit. This circuit consists of 
bias resistors R29 and R30, transistor Q11, and cur- 
rent sampling resistor R27. If the output of the supply . 
exceeds a set  level, the current flow through R27 for- 
ward biases Q11 allowing it to conduct. The conduction 
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of Q l l  overrides the regulation control of Q7 result- 
ing in QIO being biased toward the off state. The more 
output current that is drawn, the more Q10 will be 
biased off. 

Resistor R28 is a load resistor placed across 
the output of the voltage supply to improve voltage 
stability. 

2-8 OUTPUT FILTER 

RF interference a t  the output of the 5 Volt 
Measuring Voltage Supply is attenuated through capac- 
itors C23 through C28, and C35. Capacitors CllA, 
CllB,  and C l l C  provide low-frequency filtering. 



SECTION Ill 

PREPARATION FOR USE AND SHIPMENT 

3-1 PREPARATION FOR USE 

The packaged 5 Volt Measuring Voltage Supply 
shall be opened in the following manner: 

a. Slit tape on outer carton. 

b. Cut barr ier  bag immediately below seal. 

c. Slit tape on inner carton. 

d. Check humidity indicator (see following paragraph) 

e. Lift out top cushioning pad. 

f. Remove component. 

g. Remove dust cover from connector. (Bendix 
Par t  No. 10-70506-18) 

h. Visually inspect power supply for physical damage 
and corrosion. 

i. Replace dust cover on connector. 

The humidity indicator has three blue indicators 
graduated to indicate thirty, forty, and seventy percent 
humidity. These indicators will turn pink when their 
respective percent of humidity has been reached. A 
visual inspection for corrosion should always be made 
immediately after unpacking a power supply. If the 
seventy percent indicator is pink, it is recommended 
the voltage supply be returned to the laboratory for 
inspection and testing. 

3-2 PREPARATION FOR SHIPMENT 

3-3 PACKAGING 

The 5 Volt Measuring Voltage Supply shall be 
packaged in accordance with Method IIb or  Method 111 
of Military Specification MIL- P-116 and marked in 
accordance with Military Standard MIL-STD-12 9. 
Determination of whether to use Method IIb or  Method 
111 is dependent upon the degree of protection required. 
Method 111 i s  to be used if the power supply is to'be 
shipped between plants at the Huntsville facility and 
there will be no storage required. Method IIb is to 
be used in all other cases. Refer to Figure 3-1 for 
packaging instructions. 

3-4 MARKING 

Markings containing the following information 
shall be applied on the inner and outer cartons. 

MSFC Number 
Item Description 
Quantity 
Contract Number 
Level of Preservation and Date 
Serial Number 

A Method IIb Process Label (IBM No. 7904879) 
shall be applied to the top of the water-vaporproof 
barr ier  bag after it has been placed in the outer 
carton. Make certain the packaging date is recorded 
on this label. 

A Fragile Label (IBM No. 7904880) shall be 
applied to both ends of the outer carton. 
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"B" flute corrugated 
fiberboard. Method IIb: Use items 1 thru 7. 

Method IIT Use items 1 thru 5. Do 
not include the desiccant 
o r  the humidity indicator. 

Items 1, 2, and 3 to be fabricated 
Material: 275 lb  test "A" flute from polyurethane foam cushion- 
IBM Stock No. 7904770 ing 4 lb/ft3 density. 
Inside Dimensions 

Length: 9.0 inches Power Supply will be surrounded 
Width: 9.0 inches by cushioning provided by items 
Depth: 7.50 inches 1, 2, and 3. 

Place two, 8-unit bags of desiccant 
inside of the pad, item 4. 

Style: Bag 
Dimensions 20.0 x 22.0 inches Inner carton, item 5, to be closed 

with pressure sensitive tape and 
corners a r e  to be blunted so  as  not 
to damage barrier bag, item 6. 

Pe r  PPP-B-636 
Type 1, Class 1 After inner carton has been inserted 
Style: RSC in barrier bag, place humidity indi- 
Material: 275 lb test "A" flute cator on top of inner carton. When 
IBM Stock No. 7904770 barrier bag is sealed, the humidity 
Inside Dimensions indicator will be between inner car- 

Length: 9.75 inches ton and barrier bag. The barrier bag 
Width: 9.75 inches originally is heat sealed, however, 
Depth: 9.25 inches when packaging a defective voltage 

supply, waterproof tape may be used. 

MSFC Number After barrier bag has been inserted 
Item Description in outer carton, apply a Method IIb 

process label on top of the barrier 
Contract Number bag. Record the packaging date on 
Level of Preservation and Date the label. 
Serial Number 

Outer carton, item 7, to be closed 
with 3-inch Kraft Tape. 

Method IIb Process Label 
IBM No. 7904879 

MSFC Number 
Item Description 

Contract Number 
Level of Preservation and Date 
Serial Number 

IBM K10 

Figure 3-1. Packaging Methods IIb and 111 for the 5 Volt Measuring Voltage Supply 



SECTION I V  

PREVENTIVE MAINTENANCE AND REPAIR 

4-1 PREVENTIVE MAINTENANCE ( ~ o t  Applicable) 

4-2 REPAIR 

All repairs on the 5 Volt Measuring Voltage 
Supply will be accomplished by component replacement. 
If failure analysis determines repair is possible, the 
component should be returned to the manufacturer for 
repair. 
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