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G Haot yoRRBER TO:

FROM:

SUBJECT:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
2101 WEBSTER-SEABROOK ROAD

HousTON, TEXAs 77058

A1l ye knowledgeable ones desirous of tiny 7 Nov 1949
tidbits of tantalizing information

A studious researcher of sim-generated problems
Them sticky marks and rods

Recent developments have come to my attention and I thought
I should make you all aware of them since Apollo 12 is just around
the corner. In one of last Friday's descent runs those tricky sim
people decided to stick the MARK X button "in" and as a result the
crew was prevented from going to P66! Since the MARK and MARK
REJECT buttons use the same processing in the computer as the
RATE OF DESCENT switch, this is a perfectly legitimate failure and
the systems people should have been prime for it since alarm 112
(mark or mark reject not being accepted) occurred some time prior
to P63. In the future the crew will be monitoring for the 112
alarm and should they get it they may be interested in something I
learned from the flight software people. P66 can be entered through
the back door by first going to P67 (ATTD HOLD and MAN THROT),
establishing the rate of descent desired via the TTCA, and then
switching back to AUTO THROT. This will establish P66 guidance
and hold the rate of descent just established. Any further changes
in the rate of descent will require the same "in-and-out-of-P67"
procedure.

Another little goodie concerns a RATE OF DESCENT switch that
sticks (the possibility of which is not all that unlikely according
to Grumman). If it occurs prior to selection of attitude hold
the crew will again be locked out of P66. If it occurs subsequent
to selection of attitude hold the computer will proceed directly to
P66, process a one-foot-per-second change in the rate of descent
P66 was entered with, lock the crew out of P64 and P65, and process
no further ROD inputs. Again the "in-and-out-of-P67" procedure can
be used to hold a manually established rate of descent, but of course
P6é/ and P65 guidance is lost since P66 performs an attitude hold
function only. There is no alarm 112 in this case so your only
indication of something wrong is the sudden and undesirable appear-
ance of P66 in the DSKY mode lights.

Stay tuned for further developments.

Bud Durand
LM Systems Branch




NATIONAL AERGINAT T S AR SPACE ADMINISTRATION
MANSS T SEACECRAFT CENTER

Souon TExAS - TI0HE

NOV 10 1969

IN REFLY RETER TO:  6Q_FCL 3

MEMORANDUM T'G: FC/Chief, Flight Directlor's Office
FROM : FCh/Assistant Chief, LM Systems Branch
SUBJECT : Emergency liftoff procedures

1. Discussions among members of the Apollo 12 ascent team have indicated
that the present checklist for emergency liftoff, while adequate, does
not portray the actions that would be taken for an absolute minimum
liftoff situation. The existing procedure was based on minimum time
altivation and alignment of both guidance systems, preconditioning the
ascent batteries, and configuring all systems for staged operations.
Simulations have indicated that manual ascents are feasible and should
be considered as the normal mode of operation if time does not permit
battery preconditioning or guidance system activation and alignment .

2. Using these new guidelines, we have prepared a procedure which
should allow liftoff within three minutes (system configuration time
only) and enable at least a computer driven FDAI reference. Listed
- below are the required chronological steps:
BATS 5 & 6 - ON tb - gray
BATS 1 thru 4 - OFF/RESET tb - gray
PRO
(RESTART LT - ON, STBY LT - OFF)
RSET, V96E
CB(11) IMU OPR - CLOSE
(NO ATT LT - OFF IN 90 SEC)
IF TIME ALLOWS:
V4LIN20 - LOAD DESIRED
X, Y, Z GMBL ANGLES

CB(11) AGS - CLOSE

AGS STATUS - OPERATE

400 + LE LUNAR ALIGN

L00 + OE ATT HOLD

MODE CONT (BOTH) ATT HOLD

Configure CBs Per EMER LIFT OFF Status Charts




S-BAND ANT - SLEW
p = +120°
Y = -30°
TRACK MODE - AUTC
MASTER ARM - ON
ASC He SELECT - BOTH
ASC He PRESS - FIRE
GO TO APS START CARD

3. Modifying the present 15 minute procedure to place the ascent bat-
teries on line, take the descents off, and then activate and align the
guidance systems may also eliminate glitching the computer systems.

L+ We recommend that these changes be made to the Apollo 12 checklists

or at least that the technical information be relayed to the crew. Inputs
from the ground during real time, except to recommend an emergency liftoff
within a certain time frame, should be eliminated.

ot A Ladly

Donald R. Puddy

ce:
FC/G. D. Griffin

M. P. Frank

C. E. Charlesworth
FC2/C. S. Harlan
FC5/J. C, Bostick
FCL/W. L. Peters

R. A. Thorson

FCL :DRPuddy :mg




1/30/70

Note of Interest - PQGS (See also "PQUS" dated 2/27/70)

1. Apollo 11 and 12 data has indicated that the DPS Propellant Quantity
Gagirg System low level 1light came on some 20 to 30 seconds early.

This is coanfirmed both by the smoothing of the PQGS data and by calcu-
lating where the light should have been activated according to the
trajectory data. The data also shows that the PQGS measurements
‘oscillated (see figure 1) two to three percent from one second to the
next. These oscillations make it almost impossible to delcare the low
level invalid because they jump into the acceptable range.

2. Data indicates that the early low level and PQGS oscillations are
being caused by slosh in the propellant tanks or inside the PQGS tube.
In order to discuss this problem, a meeting was called by Colonel
McDivitt and Mr. Owen Morris. The various aspects of this problem were
discussed and the following conclusions were reached: '

a. For Apollo 13, no extra time should be added to the low level
because no cne knows for sure what is causing the apparent premature
low level or whether it will occur on Apollo 13 as it did on Apollo 11
and 12.

b. Increasing the sample rate on Apollo 13 and 14 on the PQGS
measurements to 100 samples per second should allow post mission teams
to determine what is happening.

¢c. If glosh is the problem, it was noted that the anti-vortex baffles
would prevent an early uncovering of the zero G can. The low level is at
9.4 inches and the anti-vortex baffles are about three inches high.

Colonel McDivitt did feel that the Apollo 13 procedures should be
looked into to see if there was any way to minimize the problem. He
also felt that a larger effort should be spent to try and understand
the problem.

3. The following action items were given to Owen Morris in conjunction
with the above:

a. More work should be done to try and determine whether slosh
could cause this problem and what sort of mechanical means could be
used to correct it; i.e., screens, baffles in the PQGS.

b. Work should continue to see if electronic filtering could correct
the low level coming on early by having it look at a certain number of
inputs before latching.

c. The accuracy of the PQGS should be looked into again in light
of the recent data and the effect on the mission.
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d. Ground controllers should look into whether the PQGS could be
smoothed so as to better validate the low level.

. Since the meeting, the following things have occurred or come to
light: '

a. The 100 sample/sec PQGS data will be averaged every second at
the RSDP and sent back to MCC for real-time use. If the frequency of
the oscillations is greater than 2 or 3 cycles per second, the data
should appear smooth. Determination of whether the data is smooth or
not will have to be made in real-time.

b. We had a discussion with Al Bean and Al said he did not notice
any fluctuations in the gages during Apollo 12, but he never looked at
them for a long time; he did glance at them occasionally. He did say
that he was surprised that they seemed to work so well. This may
indicate that there is only a ground problem, but since Al said it
could have been fluctuating but he did not notice it, we have no way
of knowing for sure.

5. The ground procedures and mission rules are being scrutinized to
determine if any improvement could be made if the smoothed data is in
fact smooth. The current procedure 1s shown in Figure 2 and the pro-
posed procedure is shown in Figure 3. The advantages and disadvantages
of each procedure are shown below:

a. Current procedure:

(1) Advantege. If anything goes wrong, the crew always reads
2% on his gage which simplifies the procedure from a
ground standpoint.

(2) Disadvantages.

(a) The crew could abort as much as 60 seconds early (3%)
if low level was invalid and if the crew display
oscillates as much as the ground telemetry.

(b) ‘The crew must look at their gage more which takes time
away from other things.

b. Proposed procedure:
(1) Advantages:

(a) If the low level light comes on when the lowest PQGS
is greater than 7%, that much hover time can be saved;
i.e., 20 seconds/1l percent PQGS.

(b) The crew hears callouts just like the low level was
valid unless there is some other failure which invali-
dates the time; i.e., propellant leaks, MR, ete.




(2) Disadvantages:

(a) It changes an existing procedure which has worked
well for two missions.

(b) It complicates the ground procedures.

(¢) This procedure will work only if the ground data 1is
smooth which won't be known until powered descent is
ctarted. 1In the event the data wasn't smooth, the old
procedure would have to be used. Of course, the crew
wouldn't know what procedure we wWere using, so it
wouldn't be any impact on them.-

6. No decision has been reached to date on what procedure should be
used and no decision will be reached until further study is made.

- /]
7?%4§£4Vf :§>-i9(ébqu<43
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February 19, 1970

llote of Interest -- Bang-Bang Method for APS Helium Leaks ;

The procedure to use should an APS helium leak between the quad check
valves and ASC helium regulator 1 and 2 shutoff valves occur has been in - ;
a constant state of change since IM-5 (schematic, .enclosure 1). The dis- i
cussion has concerned the exposing of a leak in the above mentioned area :
to a constant supply of helium. The object when a leak is present is to
expel propellants. A certain amount of helium is required to expel
propellants, and the remainder may be lost through a leak. The helium
leak rate on the helium which may be lost can vary depending on the time :
the leak is exposed to the helium source. The smaller the leak exposure
time, the larger the leak rate can be for a given amount of helium. The
amount of time the leak is exposed to helium can be reduced by closing
the ASC shutoff valves and using the tanks in a blowdown mode. Using the
Conservation of Mass principal, the following equations can be written
which shows graph%cally why the time the leak is exposed (ttime lealk exposed) ;
needs to be restricted. :

i
M., =M :
in out ;

Mleaving source tanks _ out (1) to expel propellant §

(2) thru leak

i

Mleaving source tanks (mleak)(tthne leak) * (mto expel) (tg%nqlto) :
exposed prplnt prplit

Enclosure 2 shows the procedures for IM-5 (method 1), IM-6 and IM-7
(method 2), plus the new approach known as the bang-bang method (method 3) 5
which is being proposed for IM-7 and subsequent. Each of the three proced-
ures listed in enclosure 2 was subjected to a study to show the maximum
allowashle lesk rate that each method could stand and still provide for
propellant depletion. The results were:

Method 1 - 0.02 1bs mass of He/sec
Method 2 - 0.03 1bs mass of He/sec
Method 3 - 0.0k 1bs mass of He/sec

The assumptions used in the study are described in enclosure 3, and a
plot of time into powered descent versus ullage pressure for each method
is shown in enclosure 4.

The data clearly indicates that method 3 which is the bang-bang pro-
cedure allows the highest leak rate while still being able to deplete
propellants. Method 3 showed that the maximum leak rate increased by :
placing the APS in a blowdown mode on three occasions during the burn.
Since this wes a hand calculated study, conditions could not be optimized;
therefore, larzger leak rates could be found to be acceptable simply by
placing the system in a blowdown mode more often. A computer study which




could refine the assumptions made and optimize all parameters involved
will be the only way to determine the proper procedure exactly.
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Method 1 (Ii-5 procedure) ]

If leak occurs prior to liftoff between quad check valves and :
shutoff valves: :

(1) Pressurize with one bottle immediately prior to ignition.
(2) Use second helium bottle when APS gocs in blowdown.

Method 2 (IM-6 and IM-7 procedure)

If leak occurs prior to liftoff between quad check valves and
shutoff valves:

(l) Pressurize with one bottle immediately prior to ignition.

(2) Use second helium bottle when APS ullage pressure greater
than or equal to 125 psia or after 280 sec into the ascent
burn.

Method 3 (Bang-Bang procedure)

If leak occurs prior to liftoff between quad check valves and !
shutoff valves:

(1) Pressurize with one bottle immediately prior to ignition. 5
(2) After 60 seconds into burn, close ASC shutoff valves and i
go into blowdown until ullage pressure is 125 psia. :
Repressurize and repeat procedure until propellants are
depleted. Second helium bottle should be used when
required.

Enclosure 2




‘Assumptions made in study ]
(1) All helium is used from each tank. :
(2) Helium usage (and propellant usage) is same whether system
is in normal burn mode or blowdown mode. - This causes Isp
to be fixed.
(3) Engine helium usage is 0.0205 ‘1b/sec. : ;

(h) Minimum ullage pressure for safe engine operation is 125 psia.

(5) Time to repressurize system at any time into the mission from
an ullage pressure of 125 psia is 15 seconds.

(6) The leak is downstream of the regulator so lcak rate is
constant during normal operation. (Pressure fceding leak
is around 180 psia at all times when the leak is being fed.)

Enclosure 3
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Qce correction to the Note Of Interest on "Redundant Ascent Engine
On," dated 4/3/70 - :
20 February 1970

Note of Interest - Redundant Ascent Engine On

1. The Apollo 13 mission rule on loss of redundant ascent engine on
capability during PDI presently requires an abort if DPS insertion capa-
bility exists. This is based on the risk of continuing PDI past DPS
insertion capability with only one path to ignite the APS, and the fact -
that this risk is unwarranted. Extended lunar stay would be NO GO with the
crew being one failure away from a catastrophic condition (i.e., failure in
manual APS on circuit). :

5. TIf the loss of redundancy occurs after DPS insertion capability, PDI is
to be continued through landing even though extended lunar stay is NO GO.
The rationale is that the APS must be used regardless of loss of redundancy
and it is safer to land, regroup, and lift-off from the lunar surface than
attempt an abort stage during the final minutes of PDI.

33 Utilizing certain design features of the auto eng on logics, a work-
around procedure is available for certain "Eng on Cmd" failures, previously
considered as loss of ascent eng on redundancy and cause for abort or an
early lift off. When the LGC (or AEA) commands an "eng on" to the CES
circuitry, the CES sends an "on" command to both the descent and ascent

eng on logic. Which engine ignites depends on which engine is armed. Both
the descent and ascent engine on/off logic are designed such that once an
"on" command has been received, the auto "on" command from the computer or
logic input CES circuitry can be lost and the logic will hold the engine on.
Therefore, both the descent and ascent eng on/off logics are holding an eng
on during PDI, and will continue to do so even if the ENG ARM circuit
vresker (LCB37, panel 16) fails, or any other failure occurs, resulting in
the loss of the auto on to the logics. The eng on/off logics for both
engines will continue to hold the "on" command as long as their respective
circuits are powered and not reset. For the ascent engine, the power source
is from the ATCA power supply, which requires the ATCA circuilt breaker (Lcm82,
panel 16). The ABORT STAGE pb resets the ascent eng on/off logic, and there-
fore, should not be used during the nominal procedures for lunar 1ift off.

li. Since the Abort Stage pb resets the ascent eng on/off logic, redundancy
should be considered lost for these failures only for an abort during PDI
requiring use of the APS. 1In order to achieve an Abort Stage during PDI
and still maintain the redundancy for the cases listed above, MASTER ARM,
APS pressurization, and EPS battery switchover must be performed manually
as well as placing the ENG ARM switch to "ASC" and calling up the appro-
priate LGC program via the DSKY or switching to AGS. This is a lengthy
procedure during an Abort from PDI, especially during the final minutes.
Therefore, if an APS abort is required after a loss of the auto on cmd,

it is recommended that the Abort Stage pb plus Start pb be used. Based

or the work-around procedure, however, the above failures should be con-
sidered as NOT having lost ascent engine on redundancy. Therefore, PDI
should only be aborted prior to loss of DPS insertion capability for con-
firmed failures of the manual Start override circuitry or auto on circuitry
resulting in a loss of the "on" command from the ascent eng on/off logic.




5. Assuming the auto on failure during PDI, the following procedures
should be performed for IM powerdown after landing and lunar liftoff:

a. Iunar surface powerdown:

(1) CB (16) stab/cont: ENG ARM - OPEN (Prior to selecting P68
if not already open).

(2) CB (16) Stab/Cont: ATCA - LEAVE ENERGETZED

If the ATCA circuit breaker is pulled during the nominal power down
sequence, the "on" command held in the ascent eng on/off logic is lost
and cannot be restored. Therefore, liftoff at next best opportunity
is required. There is sufficient battery power on Apollo 13 to handle
this additional load.

b. Tunar liftoff:
(1) Pressurize APS nominally per checklist.

(2) MASTER ARM - on at nominal time in checklist (staging will
not occur if not performed). '

(3) DO NOT activate Abort Stage pb at any time (nominally,
T -30 sec).

(4) ENG ARM sw - ASC at TIG = O (eng will ignite and staging
will occur).

(5) Backup auto start via START pb.

(6) Manual shutdown based on DSKY/DEDA shutdown criteria (auto
off command will not reach ascent eng on/off logic) .

N/ A
. a/«_/?,

arry W. Strimple

GNC Section, LSB




23 February 1970
Note of Interest ~ Loss of Manual Throttle

The loss of both TTCA's or the manual throttle logic will cause the

throttle to fall into the non~throttleable range when the LGC commands
full throttle. This could occur anytime during the first seven minutes
or so of powered descent, resulting in an abort case (the present M/R
calls for an abort prior to higate) when max non-throttleable time is
exceeded. In order to prevent an abort, the DECA power CB (LCB69 PNL
11 STAB/CONT) could be pulled which forces the throttle to FTP
hydraulically due to the fail safe design of the throttle when DECA

— power is lost (see DRW 10.23 Zone G5). At throttle down, which could
be relayed from MCC or read from commanded throttle on DSKY, the crew
could push in the DECA Power breaker and continue to land with the auto
throttle in control (Note: The auto throttle commands can compensate
for loss of the manual throttle bias at thrust levels of 63% and below).
To abort, the same procedures could be used to obtain max throttle
capability. However, during the period that the DECA Power breaker is
pulled, there are two operational modes in wlich redundancy is
temporarily lost:

1. The crew loses the ability to monitor the Eng Gimbal warning light.

2. There is only one method of holding on the DPS ENG (i.e., the
("Des Eng Cmd Ovrd" Sw PNL 3 ISI9).

These two apparent disadvantages may be circumvented since the gimbal
circuit can be monitored from the ground and the single route of
holding on the DPS engine is not critical prior to throttle down.
Therefore, the method of pulling the DECA Power breaker is a feasible
procedure for the continuation of PDI if all manual throttle is lost.

([;"(/ ,// (% f'(”i "

Ed Marzano

i




23 February 1970
Hote of Interest - IM Attitude Control Modes during PDI

1. Of the many IM attitude control modes, four are acceptable for per-
forming undocked powered maneuvers. In order of priority, these are:
PGNS Auto, AGS Auto, PGNS Rate Cmd, and AGS Rate Cmd. However, for PDI,
AGS Auto is not considered a valid control mode except for an abort
case. The remaining modes, PGNS minimum impulse, AGS pulse, AGS direct
(3-axis), and hardover are deemed unacceptable for powered maneuvers.

2. For PDI, a philosophy has been adopted which states that any failure
that leaves only one acceptable control mode such that one more failure
would require use of an unacceptable control mode, an abort will be
requested to insure crew safety. Based on this philosophy, there are a
number of failure modes which may occur that will allow for continuation
of the mission. A number of examples follow: (Enclosure 1 defines the
control modes, their components/interfaces, and disabling failures.)

3. The present mission rules require PGNS Auto/Rate Cmd and AGS Rate Cmd
for initiation and continuation of PDI. If a failure occurs in the PGNS
auto mode such that PGNS rate cmd in uneffected (e.g., mode control switch
failure), the two remaining control modes, PGNS Rate Cmd and AGS Rate Cmd,
share no point of commonality except jet drivers for which one failure
has no effect on crew safety. The same logic is true for a loss of PGNS
Rate Cmd independent of PGNS Auto. In these cases continuation of the
mission would be the recommended course of action. It should be pointed
out that loss of either mode may cause a change in the crew landing pro-
cedures. For example, loss of PGNS Auto would cause the crew to manually
fly the FDAI error needles until touchdown. This would not allow auto-
matic velocity nulling using auto-P66. Loss of PGNS Rate Cmd would
necessitate flying in PGNS Auto or switching to AGS Rate Cmd for manual-
P66 capability and switching back to PGNS for Auto-P66 velocity nulling.

4. A failure which causes loss of both PGNS Auto/Rate Cmd would leave
only AGS Rate Cmd as an acceptable control mode. A subsequent failure
(CES AC fail, which disables all three RGA's and loss of AGS Auto) would
result in an abort utilizing one or more of the unacceptable control
modes. Thus a failure common to both PGNS Auto/Rate Cmd would require
an abort.

5. The loss of AGS Rate Cmd would leave the crew dependent on PGNS Auto/
Rate Cmd. This is undesirable since a single failure could remove total
PGNS capability; however, consideration for continuing the mission with
loss of AGS Rate Cmd would be given if the failure is independent of AGS
Auto since this would be a valid mode for an abort if required. The
partial loss of AGS Rate Cmd (loss of one RGA) is considered an accept-
sble mode with the crew using AGS direct (secondary coils) in the
effected axis. Based on this, a one-axis failure on AGS Rate Cmd will
allow continuation of the mission.
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6. TLoss of AGS Auto would not constitute loss of AGS Rate Cmd in all
cases since the crew may have rate dampening capability (no attitude
hold). Thus, this failure may not be cause for abort unless AGS Rate Cmd
is also disabled. In addition, loss of any of the unacceptable modes of
control (secondary coils, etc.) also is an allowable event until only one
acceptable control mode exists at which time an abort must be performed.

7. The statements above reflect the intent and interpretation of the
current 3-axis control mission rules. It should be pointed out that
inherent in these rulings is the availability of PGNS guidance steering

for either automatic steering or for providing steering information to

the crew (FDAI error needles). The loss of this capability above hi-gate
is cause for an abort. However, below hi-gate manual landing at the

crew's option may be attempted with loss of guidance steering. The
rationale for this decision is that the proLlem may be recoverable upon
landing and that time for ground evaluation during this time frame 1is
minimal. Thus, in accordance with this statement, landing may be attempted
after hi-gate (at the crew's option) with a violation of the 3-axis con-
trol philosophy stated earlier, since the failure of guidance steering may
be common with PGNS Auto/Rate Cmd. Of course, an obvious unrecoverable
failure would be cause for an abort and would be so recommended during this

time frame.

Richard A. Thorson

Enclosure




Control Mode

PGS Auto

PGNS Rate Cmd

Components/Interfaces

Operational ISS
Operational LGC
Valid Navigation
Primary Pre-amps
CES-LGC Interface

Operational ISS
Operational LGC
Primary Pre-amps

Ruling

Loss of model

Loss of mode
Loss of mode
Loss of mode?
Loss of mode®

Loss of model
Loss of model
Loss of modeg

ACA c/m with loss of one
ACA-LGC Interface Loss of mode
CES-LGC interface Loss of mode?

AGS Rate Cmd Operational AEA c/m3
Operational ASA c/m3
3 RGA's c/m with loss of onel*
ACA c/m with loss of one
Abort pre-amps Loss of mode?
ATCA Loss of mode
CES-AEA interface Loss of mode?

AGS Auto Operational AEA Loss of mode
Operational ASA Loss of mode
3 RGA's c/m with loss of onet
Lbort pre-amps Loss of mode®
ATCA Loss of mode

CES-AEA Interface

Loss of mode

1. A permanent loss of either the ISS or LGC will disable both PGNS Auto

and Rate Cmd. A temporary loss of the ISS or LGC will disable only PGNS
Auto (cause a loss of guidance steering) leaving PGNS Rate Cmd as an
acceptable mode.

2. Although these components and interfaces are common to each mode, there
are specific failures associated with each that may disable only one of the
two modes.

3. Loss of the AEA or ASA functions would cause a loss of the attitude
hold function of AGS Rate Cmd. This would only effect AGS Rate Cmd if
erroneous outputs were introduced to the ATCA. A zero output would permit
retention of AGS Rate Cmd as an acceptable control mode.

. TLoss of one RGA would disable rate dampening in the effected axis only.
By using AGS direct in this axis, AGS Auto/Rate Cmd remains an acceptable
mode .

Enclosure 1




February 27, 1970
Addendum to PQCS Note of Interest

Reference Note of Interest - PQGS (For copy of this reference contact

R. S. Nance, extension L717.)

1. The purpose of this addendum is to update everyone on the status of
the PQGS problem with oscillating data and the recoﬁmended procedures for
Apollo 13.

2. Since the PQGS Note of Interest was put out, the following new devel-
oments have occurred:

a. Post touchdown PQGS data from IM-5 revealed the PQGS measurements
settled out after a I=w minutes except for a very few one and two-PCM count
changes (one PCM count equals approximately O.4% PQGS reading).

b. Crumman has done some crude initial slosh testing that shows that
slosh could be amplified by the PQGS. This may be due to the high velocity
of the fluid as it passes the three openings at the bottom of the tank (see
enclosure 1). This propellant flow could cause a pressure drop inside the
PQGS and make the level pulse down. This is only considered a possibility
now but more sophisticated testing is under way.

¢. Grumman made a movie of what the IM-6 fuel 2 ground data would have
looked like on the onboard gage. Even though we already have seen this data
on graphs, the movie really impressed just how much the PQGS onboard gage
could fluctuate.

d. Marlo Cassetti's people have done some statistical analysis of the
ground PQGS data and have come up with one sigma variation from the mean of
0.,6% and a three-sigma variation of *+ 1.8%. Due to the lack of high sample
rate data, these numbers are relatively crude. Enclosure 2 shows these
numbers are rather conservative. By Jjust looking at this enclosure, one
can see for any given instant the variation could be considerably less than

1.8%.

3. Tne current decision point for validating the low level on the upper
end of the range is 7.1% on the lowest valid PQGS reading (5.6 nominal

low level + 1.3% PQGS accuracy + 0.2% possible error due to sampling data

once every 5 seconds at MCC). This conveniently corresponds to a PCM




2
count which is 7.134%. This means that if the proposed (alternate) ground
procedure (figure 3 of this addendun) were used,at least 1.5% of the
propellant would be lost if the low level is invalid. This is due to
starting the 93-second time callouts at 7.1% instead of 5.6%. This means
that the abort/no abort decision point could come at 2.5% actual propellant
remaining (1% abort pad + 1.5% lost because of starting time callouts at 7.1%
instead of 5.6%). The current procedures call for using 2% on the lowest
valid gage if the low level is declared invalid. ’

Because of the fluctuations of the PQGS (+ 1.8%) the abort decision
point using this method could come at 3.8% actual propellant remaining
(29 abort pad + 1.8% fluctuation). This means the difference between these
two methods could be as much as 1.3% (3.8% minus 2.5%) which is equivalent
to 26 seconds of hover time. One, however, must not lose sight that the
1.8% fluctuations are a 3-sigma situation and the one-sigma fluctuations
are only 0.6% which would made the abort/no abort decision point 2.6%

(2.0% + 0.6%). This says that the 2% method could be just as good as the
alternate procedurej in fact, there is a 67% probability that this will be
true. None the less, the possibility does exist that the current procedure
could make us reach the abcrt/no abort decision point as much as 26 seconds
early, so we recommend that the alternate procedure be implemented since 1t
could help the situation ard it would not endanger crew safety. This
recomuendation is made witk the following provisions:

a. Flight controllers must simulate these procedures until they have
confidence in them. This vwill only be possible if the simulation people
can mod the current programs to make the simulator data look like real
world data, and there is nc guarantee that this can be done. If the
procedures cannot be simulated, the Apollo 12 procedures will be used.

b. The smoothness of the data must be validated in real-time.
Tt must be noted that the recommended procedure in no way changes crew

procedures and does not change current procedures if the low level is

valid.
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L . No matter what procedure is adopted, the crew must be advised of how
much the PQGS fluctuates. Whenever the crew is told to use 29, on their
gage, they must realize that this means once they see 4%, they must
monitor the gage continuously until they see 2% for the first time. That

point is their abort/no abort decision point.

" Robert S. Nance, Jr.
IM Propulsion Section, LSB
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March 2, 1970

Second Addendum to PQGS Note of Interest

On February 27, 1970, a meeting was held with Jim McDivitt, Owen Morris,
Phil Deans, Don Arabian, and other interested parties and it was decided
that FCD's recommendation was the best we could do for Apollo 13 and still

remain conservative in approach.

/e,,@&_:/_( ) %va«-e_
Robert S. Nance
IM Propulsion Section, LSB
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27 February 1970

Note of Interest - Pipa Bias Measurements on the Lunar Surface

1. During the Apollo 13 mission, pipa bias calculations will be made
after touchdown for comparison with pre-PDI bias measurements. Pipa bias
measurements will also be made during launch prep with the intention of
giving FIDO a PGNS Delta V error estimation. No attempt will be made
to update pipa bias from the surface measurements, since no real-time
experience has been gained with the procedure. Based on successful
measurement of pipa bias on Apollo 13, it is anticipated that a mission
rule change will be proposed for Apollo 14, stating that pipa bias will
be updated during launch prep if the delta bias exceeds + TBD cm{secz.

2. The method used to measure pipa bias on the lunar surface is to
calculate the amount of lunar gravity expected in each of the IM stable
member axes using MPAD's value of lunar gravity, gimbal angles at the
time of the measurements and the Guidance Officer's determination of

local vertical attitude. This calculated value is differenced with the
measured value of lunar gravity, obtained from pipa information, to
determine pipa bias. The technique described above was applied to Apollo
11 and 12 data. The biases calculated on the surface correlated very well
with inflight bias measurements. The pipa bias shifts experienced during
Apollo 12 between PDI and Insertion would have been detected during launch
prep had the above method been used. Refer any questions concerning lunar
surface pipa bias calculations to John Nelson, extension 4717.

‘/¢,é%é:: ;;7:;%é2£23’:z——~

John L. Nelson
GNC Section, LSB
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March 9, 1970

Note of Interest -- RCS Heater CB Anomaly IM-7/Apollo 13

Reports from the Cape indicate a problewm with an RCS heater circuit
breaker (LCB222 RCS system A/B-2 panel 16). The circuit breaker on
the average of 25 percent of the time fails to stay latched when
activated.

This circuit breaker (LCB222) powers one heater on each of the four
thrusters on quad one. There are two heaters for each thruster in

the quad. The other set of heaters for quad one are powered through
circuit breaker 4CB218 (RCS system A/B-1 panel 11) which has automatic
control only.

The decision has been made to push the circuit breaker (LCB222) in for
launch. - The circuit breaker will have a guard placed over it which
will allow the circuit breaker to pop due to an over current condition
and allow it to stay in nominally.

The following procedure will be used to insure a safe operating thruster
temperature. On the backside of the moon, during normal activation,

the crew will close the heater circuit breakers and put all RCS heater
switches to auto. Since the circuit breaker for quad one (LCR222) is
already puched in,the set of heater associated with it will be activated
when the RCS heater switch for quad one is placed in the auto position.

Approximately 15 minutes later at A0S, the ground receives data. At

this time, the quad temperature should be up to a nominal reading if both
sets of heaters are working properly. One heater on each thruster will
maintain the thruster temperature but requires a longer time initially

to warm the thruster up to a safe operating temperature. If the quad
temperature is low at this time, we know that only one set of heaters

are working. With only one set of heaters on quad one, we would have

to wait 25 minutes after the quad temperature reached 120~ F to insure

a safe engine operating temperature.

This could possible delay the hot fire test 5 to 10 minutes. This would
be only a minimum change to the checkout prior to PDI. A change has been
submitted to the checklist to reflect changing the circuit breaker

position.
<£§Qé;z4v/zz)’ ZQ;)511Xéoyud

Glenn W. Watkins
IM Systems Branch/Propulsion Section




. March 19, 1970
i‘ ‘ NCUR OF INTERELT: YALTD/TIWALTD LOW IEVEL AND THE CREW

War IM=T. the ~round is processing data from the DPS propellant gauging
cvstem at a much higher sauple rate. It is hoped that by having the
higher sample rates that the deta will be processed to be smoother than

on previous missions. This will aid the ground in determining a valid

or an invé]id low level. The ground's criteria for a valid low levei is
that at least one propellant quanity must fall in the range of 7.1 percent

to 4.5 percent when the low level comes on.

INVALID LOW LEVEL CASES

1. Early Lov Ievel

If the low level comes on earlier than 7.l percent, say 8 percent,
the ground will call the low level invalid. A call will be made when the
lovest gauge reads 7.1 percent. This establishes the new "low level" point.
Nominal call outs are then made to the crew from that point. Ninety-three
seconds after 7.1 percent the crew would hear their "Bingo" call. In past
missions, the crew would have been told to go on 2 percent on their lowest
gauvge.

2. Late Low Tevel

A Stop watch will be started as soon as the lowest gauge reads 7.1
percent. The propellant quanities will be closely monitored to see if the
low level app=ars between 7.1 percent and 4.5 percent on the lowest gauge.
If the low level comes on late, say 4.3 percent, it would te declared
invalid. Call outs wovld then te based on the stop watch started at 7.1

<~\ percent. The crew in this case wuld not hear a "60 sec” call out since

"y

wve would be past the "60 sec” call before we would know that the low level

was invalid. The cmew would only hear a "30 sec" call and "Bingo" for this




”
)

czee. Araiy rov this eose the erew would have veen told to go on ercent

TWO PERCENT CASES

During PDI, if the low level is declared invalid and the ground special
processing is determined not to be smoothing the data, the crew will be told

5]

to go on 2 percent quanity on their propellant zauge.

If the DPS low level is declared valid, the crew of course, hears their
normal call outs. Several cases will be discussed where the low level would
te declared invalid. The ground procedures will be different from the past

missions, but call outs to the crew vould remain the same.

Other events can also cause the crew to revert to 2 percent on their gauge
as an abort/no abort decision point. In general, anything that can cause

an abnormal ucage in propzllant invalidates the normal call outs past low
level and causes the crew to go to 2 percent. The normal call ouﬁs past

low level are based upon operating in an automatic throttle mode which
established & throttle setting and a propellant flow rate as a baseline.

I the throttle is taken over manually, the engine flow rate is no longer
predictable and the crew must rely on the 2 percent reading. A propellant
leak also invalidates the normal call outs past low level, since an abnormal

usage of propellant results.

t is very important for the crew to realize what a call on 2 percen’
on his gauge means. It is felt that the crew will not see the descent

guanities decrease in a smooth trachion, but will see the quanities fluctuate
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cticularly in the lover quanily resions,  Granman made & mov ie of

Fuel O cround dala ng i vould ook on the onboard pauce, which showed the

Ll didn't decrease smoothly but did tTuctuate. A statistical analysis study

a4

hes shown that the cauge can fluctuate a three si;mma variation ot” + 1.8 percent.

If the decision is ever made to go on a 2 percent reading, the crew will have
to monitor the propellant qguanities almost continually after the lowest
quanity reads 4 percent. Once the gauge drops to 2 percent for the [lirst
time, the crew faces their "Bingo" or atort/no abort decision point. Recog-
nition of the first time the gauge drops to 2 percent is even more critical

with the fluctualions present in the propellant quanity gauging system.

This insures an adequate abort pad of 1 percent of actual propellant (20 sec

of hover).

Yo 1), I

Glenn W. Watkins
IM Propulsion Section, LSB

i e 0




April 3, 1970

Note of Interest - Correction to the Note of Interest on "Redundant
Ascent Engine On"

1. As stated in the Note of Interest - "Redundant Ascent Engine on'",
dated February 20, 1970, an "auto on" command is trapped in both the
Descent and Ascent auto engine on logic after an auto PDI ignition.
Therefore, even with the loss of the ENG ARM circuilt breaker or the

auto engine on command to the logics, the "auto on" from each logic will
still be issued to the respective engine circuitry.

5. Due to this phenomenon, it was rationalized that Ascent engine on
redundancy- still existed if special procedures were performed during
1unar surface power down and lunar liftoff. These procedures were an
attempt to prevent the trapped "auto on" from being reset, which would
occur if the ATCA was powered down during lunar surface activities or
+the Abort Stage button was pushed during nominal liftoff sequence.
Engine ignition was to occur when the ENG ARM switch was placed to ASC,
after insuring APS pressurization and MASTER ARM - ON.

3. Every fact stated above is true, except for one overlooked point -

the ENG ARM switch also resets the trapped "auto on" signal. Therefore,
no auto ignition will occur, as previously thought, when the engine is
armed via the switch, and only manual start capability exists. Both
methods of arming the Ascent engine resets the auto on logic; i.e., ENG
ARM switch and Abort Stage button. Thus, any attempted method of starting
the APS will result in the loss of the "guto on" signal trapped since

PDI ignition.

L. Trom the above discussion, it is obvious that the proposed work-

around procedures will not provide the desired Ascent engine on redundancy.
Once =zgain, the loss of the ENG ARM circuit breaker is cause for abort
during DPS Insertion capability and no-go for lunar stay after DPS Insertion
capavility.

5. Please pass the salt and pepper.

“ / X
o i\]ﬁiﬂ /JKQ

Ly C
(
Larry‘&. Otrimple

Fehgo: IWStrinple tdrd




April &, 1970

Note ot Irterest - IM-7 Shle Heat Leak Anomaly

L. Attachments L and 2 show cross sectional views of the LM super-
critical helium (SHe) tank. Since so much is being said about SHe tank
prol lems lately, I felt a note of interest showing diagram of the tank
would be helpful.

2. During CDDT, the initial SHe pressure rise rate during tank fill was
about 3 times normal before it leveled off to the 7.8 lbs/hr. Also,

wher the tank was vented down after CDDT, the pressure schedulc was
dificrent from previous tanks. This could have been due either to difter-
ent loading procedure (which was not the case), or to a breakdown of the
vacuvum insulation in the annulus between the inner vessel and outer tank
(sec Section BB). This annulus is evacuated to 107 mm Hq during manu-
factiure at Garrett. In the case of the tank presently on IM-7, it was
man. factured three years ago and checked for vacuum at Bethpage one year
ago (it passed).

3. The problem appears to be a very small amount of gas, either air or
nitrogen, trapped in the annulus (vendor didn't purge it all out), or a
very small leak over the year which has allowed the gas to vent in. It

is nost probably the latter case, but no one knows. This gas causes a
"thermal short" while vaporized, destroying the insulation qualities so
impcrtant to insure the burst discs do not blow before the DPS is required.

a
i.  Because of the CDDT anomaly, Discrepancy Rerort (DR) was written, a
special test was devised, and conducted over the weekend of April 3 at
KSC. The 18-hour test consisted of loading the SHe tank and running an
accelerated IM-7 duty cycle on the SHe. The test was as follows:
3. SHe tank was filled with SHe

v. Pressure was artifically forced to 900 psia by flowing warm
helium through the manifold.

GSE equipment was pulled off.

SHe pressure was allowed to build up to 134l psi on its own
(10-nour period).

Tank was vent=d down.

The initial rise rate during fill averaged 28 psi/hr. The average use
rate during the 10-hour period was a steady 14.2 - 1k4.4 psi/hr.

5. Based on the results of the test and the CDDT data, it has been
concluded that the high heat leak due to foreign gas thawing occurs at
a tank pressure somewhere between 640 psia and 900 psia. Taking the




sia). trhiz pubs us about Wy hours GET, =t the earlicest,
Ci1 oepent tne rize rato to change irom €U opsi/hr to tho
ci e walae. e expeéct the "higher value" to be 14.h minus about 1.5
(¢¢  t. 1g stratitication), or about 13 psi/hr. We are, however, using
15 psi/hr in our planning. We had TRW to run the various cases for

nor inal PDI, LOI backup, and TEI backup, and I have the data attached

(A tachment 3). Tt all looks good. We are nowhere ncar the burst dise

loter limit of 1887 psia.

6. We are preparing our procedures for various contingency cases. Mirst

of all, we are planning to have the crew turn on the cabin readout of SHe

prc ssure at the 59-hour IM Familiarization (see Attachment L4 for proce-
dure). If the reading is within some expected range, we will log it and
eg1ess the IM. If, however, the cabin reading is zero, or very high |
(like 1200 or so0), we will ask for a telemetry readout (see Attachment 5 !
fo1 procedure). TIf the SHe pressure is projected to be 1700 or 1750 psia

at PDI, we will close the helium regulator shutoff valves for the 10% ‘
thiottle portion of powered descent burn (where the heat input is very ‘
high to the SHe tank). Then the one valve will be opened after throttle

up and we proceed normally. (We exercised thig yesterday during the sim, |
anc it worked satisfactorily.) We also may have to vent the SHe earlier
on the surface than when we do it now (just before ascent). This is no
prcblem--we will just watch the pressure.

7. If the SHe pressure is clearly too high at 59 hours GET to permit PDI
or LOI backup, we probably will perform some kind of venting procedure
bei-re LOI to get the pressure down in order not to blow the burst discs
(ir we do that, of cource, the mission is over right then, since we don't
hat = blowdown burn capability until about 37% propellant remaining). This
prc cedure will involve firing the DPS for at least 2 seconds to blow the
SHe squib, to close the DPS vent solenoids (Parker valves), blow the DPS
ver t squibs, +X ullage, open the DPS vent solenoids for a very short time.
We probably will freeze up the fuel-to-helium heat exchanger (which is
okey now--it is structurally beefed up), so we will need about 10 hours
the reafter for it to thaw out. We also have a LO-sec. +X constraint due
to plume deflector thermal limits (the CSM -X limits are close to 7 sce,

I t1ink, due to IM impingement). It won't take long with the vent valve
ops : to vent out too much, so it will be a hairy operation. And, we are
toll if slugs of liquid propellant hit the Parker valves while helium is
flcwing, valve chatter will occur, creating the possibility of not being
abl: to reclose them solidly. But, what have we got to lose?

8. They will load SHe Thursday morning, April 9, and top it off on Feiday
mor iing. We will watch the rise rate closely end see if it duplicate: the j
CDL[ rate. If it is clearly higher, we will be in troublc:.
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