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1. 0 INTRODUCTION 

Automatic power management (APM) is, as its name implies, a 
method for making the best possible use of reserve power. By 
controlling where the power is dissipated, central station temper­
ature can be affected. The APM will also prevent underload/ 
overload conditions on the 55 watt (maximum) shunt regulator. For 
the purposes of this report, reserve power is defined as input (R TG) 
power minus output (load) power minus conversion losses. 

2. 0 TYPES OF APM CIRCUITS 

Three types of APM circuits have been proposed: analog or 
proportional, switching, and digital. The proportional APM is 
a linear region device and control is achieved through regulation 
of the voltage across a fixed dump res.istor. Since the device 
normally operates in the active region, some of the reserve power 
will be dissipated in the APM power transistor and will become 
part of the internal dissipation. 

The ewitching APM is effectively a shunt regulator operated in a 
switching mode. The power handling element is operated either 
in cut-of£ or saturation. Power control is thus achieved by vary­
ing the current (averages) through a fixed resistor. A drawback 
of this method is that the frequency is uncontrolled and resonance 
with other portions of the PCU is possible. 

The digital APM is similar to commandable dumps except control 
is automatic. This APM requires several dump resistors ordered 
in a digital fashion (i.e., a 7 watt dump is achieved by turning on 
1, 2, and 4 watt dumps). This control is then achieved by varying the 
resistance in the dump circuit. 

The effectiveness of these three styles of APM is graphically displayed 
in Figures 1 through 4. 

2. 1 SELECTION OF APM 

All three styles of APM have advantages over the other two types. 
The APM was initially a switching type since that is the most efficient 
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pf the three. A schematic is shown in Figure 6. The problem 
stated i~ Section 2. 0 did occur. The output filter of the 12V 
line had a resonance at 3. 5KHz and since the square wave 
produced by the APM has a component at 3. 5KHz, the system 
would go unstable. The proportional and digital types were then 
investigated. The digital type required an up/down counter, 
separate drivers for each dump, and separate dumps within the 
PDM. A preliminary schematic was drawn and is shown in 
Figure 5. Parts count eliminated the digital APM. The proposed 
proportional control circuit required a simple modification of the 
switching APM as shown in Figure 7. Parts count was reduced. 
This type of APM can be selected to have a comparable efficiency 
to the switching APM, but over a small range. Selection is based 

, on e~pected operating point in Figure 1. Desired operation is APM 
full on or close to full on at lunar noon •• The proportional APM has 
been designed into the DVT model. 

Since the switching type APM offers good efficiency at all points with­
in its range, an effort to eliminate the resonance by going with full 
capacitive output filters is under investigation. 

3. 0 APM INPUTS 

3. 1 EARTH COMMAND 

The earth command will enable the APM to 
its automatic state. Normal operation will be to leave the APM 
on and allow the automatic feature to manage the power. 

3. 2 TEMPERATURE 

Temperature of the thermal plate determines if reserve power 
is to be dumped internally through the shunt regulator internal 
heater or dumped externally through the APM. The method of 
temperature input is a thermostat connected to short out the 
base drive in the initial stages of the APM. If the temperature 
fal~s below 60°F the thermostat shunts off base drive, cutting 
off the APM, and puts all reserve power into the thermal plate 
heater. When the temperature risesabove800F the thermostat 
opens and allows power to be dumped into the PDM. Between 
60oF and 80°F the condition of the thermostat depends on its 
past history. 
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3. 3 RESERVE POWER 

The voltage at the emitter of the shunt regulator transistor 
(which is a linear function of reserve power) is the input to 
the reserve power detector. With a switching or digital type 
APM, this signal is modified to input a hystersis to reduce 
the frequency of oscillations. 

3 OP 

l-21-71 

10 



.t\.J..A)~.t"' automauc ¥ower Management 
·--"·"C 
LTI!t~ . ~-

./"'""-"" ' ' ' /''""""'"''~--... , ' - - --~\ 

:u INTERN. HSSIPATION\AS A AJNCTI\. INPUT POWER MINUS RESER .OWER ----····---:------~---·---~,., ...:...---------· -·----;;.--·-------·-:' --- _____ ._. ··-·- -----------~ ---··----·-----~----~----"'--~------- ------·-----.-- -·-------- ---------

[~~r I I I ' \ 
I I I I 

RESERVE 
:30I I I I I lt>owEir- I I I 

;(/) 
!t-
11-

:APM OFF 

~~:25--·~ ~-----4----- r----~ ---,---J .... ~ --~ v; 20 --r--- -+---

V) -c 
-I 
<( 
:z 
.~ .. 15---.- --r-----::~~-1 :z r---~ ----~--~ --~-

10.-----' --JLf--

L()CU5 of co~\ltRS\O~ \.055 

{) flO 

.i 

~ ~- -~ ~ ~ 
!INPUT POWER MINUS RESERVE POWER (WAllS) 

10 

-

00 

ATM-947 
-~ ~--...,,.,\ 

\ 

' l 
1:-.. )i of 10 

Date: 1-21-71 

18310P 
·FT~IiRr 1 



.-~,\ 

Al.SEP:t,~ ia.tic Power Management A 147 

lTOTAL PCU INTERNAL DISSIPATION AS A FUNCTION OF INPUT POWER MINUS RESERVE POWER· ·· · ····-·-· ....... ~ - · · · · --- · · · ------ - --------------------------·-- ---------~----~----------~----- -- - --- -- ·- -- --· --- ---------:---- Page 5 of ll 

:351 I 1 I I \ I ·1 I 1 Date: 1-21-71 

301 I I I I \: I I I 
:ANALOG 
1APM 

-~ 251 I 
s: I - I 

I I 
<C 

APM OFF 
z ~----

~~ 20
1 I I 1 .. --'~ I 1 -, f\ 1 1 

-0 

~ Br------r------t-}1~-t-----:~~~-i~~~~~~r-L-----J 
~ z 

a 101 I 'I 0.. I .. I /- t - , ~ , I I ~ I I' I 

I Locus of co~\IH~S\0~ Loss 
I .I I INPUT POWER= 74W 

I 

o. I ' I I I ' I I I I I 
0 10 20 30 40 '.50 !60 70 RO R1lOP 



...... 
or-­...... , 

...... 
t-'HN 
~ 0 I 
0'-...o..-t 

I •• 
~ Q) Q) 
L. till ...... 
L" C1! C1! 
<P.tO 

...... 
~ 
Q) 

s 
Q) 

till 
C1! 
~ 
ro 
~ 
,... 
Q) 

~ 
0 

P.t 
u ..... 

...... 

8 
0 ...... 
::S 
< 
P.t 
Cil 
Ul 
....:! 
< 

-V') 

I= 
<C s: -z 
0 -
~< 
a.. -
V') 
V') -c: 
.....1 
<C z 
c:::: 
LLJ 
1-z 
:::::> 
(.) 
a.. 

TOIAL PCU INII:I{NAL UISSIPAIIUN AS A 1-UNCIIUN Ul- INPUI l"'UWtK MINU~ Kt~tKVt t'UWtK 

·-, . 3. 

30 

n: 
..,J 2. 

20 ~ 

u: 
L.J 1 

1 0 

5' 

o~... 
0 

" ~-----

I I T I I T -. ... 
1 

RESERVE 
POWER 

SWITCH lNG APM 

_,~ 

~!£:!. \ 
~, 

' ~ 

) "~ If' 
', -

·~ 

~' ~ 
' ' ' .. 

~ 

\ ~ 

"' 
... 

-
I 

.l 
APMON Al ~W 

• '-
-I 

I ' 
APM ON A14W_ 

us Of cmNtR~\Oli toSS, 
~ 

\.~--- .• l 

INPUiPOWtR·=-·74W-
APM RANGE = 32 W i 

10 20i 30! 40! 501 60. 
INPuT fiowErfr¥fiNu ·s~RE::sERvt t>owi1r fwAfis) \ 

" :';.' 

-7U 8(l 
. --- ---·----·--

8310Pi 
fl r.ilor:il 



(«'" 
>lu. 

---~-'··;. 
PCU INTE( 

-~··--~ •<···-- ,,, L D ISSIPATION_AS A_ fUI\1<;~.>-
.·""'""""'"""' 

_!F_JNP!!lPOW~J~_NttNUSJ~ESL )J~QWER_, 

3SJ 1 r ·'" 1 1 ·· t ' ' ' r ~,:TM-947 .. 

RESERVE 
301 I I I I \POWER- I I I 

-Vl 

!DIG~TAL 
1APM 

~ ~ APMOFF s s: ---bll ~ - ~ 
ro z ~ ~ 0 ~ 

~ i= 20 ' ~ < ' (I) a.. 
~ -
0 Vl 
~ Vl ~ --~ 0 
:: ....J }5L----
"' <( § z 
~ a::: ! 

< ~ 
tl4 z 
f:a:1 -

~ B 10 I < a.. 

5
1 I j j I !INPUT rJwER = 74W I 

APM RANGE = 30 W 

ol I I l I I I I I o 1w ·w ~ ·~ ~ ~ ro -~ . , . ' 

INPUT POWER MINUS RESERVE POWER (WATTS) 

Page 7 of 10 
Date: 1-21-71 

183IOP 



~t::ll 0 • J 

+.S>I 

ALSEP Automatic r. 

--r:-

JHt! £...-... 

/HC'/5 

Figure 5 
Digital APM 

.: Management 

.,_ICV •I~V 

. --- ------~---...._..., ...... , .. ___ ~""'-~~-. 
/~~.\M-947 

lge 8 of 10 
Date: 1-21-71. 

-'IC" 0 • • ./\/\~A 

ZNZ!Jo?Jt; 

l."Z!JtJ?A 



Input 

Gnd. 

ALSEP Automatic Power Management 
PAGE 9 q, 10 

DATE 1-2.1-71 

r---------------------------------------+ ••V(UI) 
r---------------------+•12\I(UI) 

t---""""1-----<~r------------+•I•V (1' 
R4 lt'7 

SOIK II' 

~~~~+-~an~~--------_.-+~•~o 

U.21C 

~-<1~--------~~~M 
Rea c;ll 
IOIC. 1.0 

~--._ __ _. __________ ~--------~--~~~------._-r~----------------~~~ 
API\\ ON 

Figure 6 - Switching APM Circuit 



4teraapaae 
,, .... Dlvllllon 

Input 

Gnd. 

NO. RIV. MO. 

ATM-947 

ALSEP Automatic Power Management 

P'AGI ,10 OP 10 

DATI! 1-21-71 

~-------------------------------·--~+IW(\.11) 
t----------------_:_--~+12V(UI) 

14 
!IOIIC. 

lt"' 
IIC. 

t-----..-------------.,--++IQ.V(I) 

Q'-
~-2 

~~~~~~~~------~~~·~~ 
u.aJC 

APMOn 

~---------------~---4 ~PMI Tat.P 'fM 

APM Off 

Figure 7 - Analog APM Circuit 


