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NATIONAL AERONAUTICS AND SPACE ADMINI STRATI ON 

MANN ED SPAC ECRAFT CEN TER 

2101 W t: BSTER -S EABROOK R OAD 

H OU Sl O N . TEXAS 77058 

k•tt.4~-~-M~ rn All ye knowledgeable ones desirous of tiny 
tidbits of tantalizing information 

7 Nov 1969 

FROM: 

SUBJECT! 

A studious researcher of sim-generated problems 

Them sticky marks and rois 

Re cent developments have come to my attention and I t hought 
I should make you all aware of them since Apollo 12 is j ust around 
the corner. Ih one of last Friday's descent runs those tricky sim 
people decided to stick the MARK X buttori "in" and as a result the 
crew was prevented from going to P66! Since the MARK and MARK 
REJECT buttons use the same process ing 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 P6J. 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 t he 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 t he~ 
switching back to AUTO THROT. This will establish P66 gilidance 
and hold the rate of descent just esta~lished. Any further changes 
in the rate of descent will require the same 11 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 
t o 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 t o 
P66, process a one-foot-per-second change in the rate of des cent 
P66 was entered with, lock the crew out of P64 and P65, and proces s 
no further ROD inputs. Again the 11 in-and-out-of-P67 11 procedur e can 
be used t o hold a manually established rate of descent, but of course 
P64 and P65 gui dance is lost since P66 performs an attitude hold 
function only. There is no alarm 112 in this case so your onl y 
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 
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MEMORANDUM 'I'O: FC/Chief , Flight, Di r ec t or ' s C1f fi c e 

FROM 

SUBJECT 

FC 4/Assistant Chi ef , LM Syst ems Branch 

Emergency li ft off procedures 

1. Discussions among members of t he Apollo 12 as cent team have indi cated that the present checklist for emergency l iftoff, while adequat e , does not portray the actions that would_ be taken for an absolute minimum liftoff situation. The existing procedure wc..s based on minim.um time . activation 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 re<'!uired 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(ll) IMU OPR - CLOSE 

(NO ATI' LT - OFF IN 90 SEC ) 
IF TIME ALLOWS: 

V41N20 - LOAD DESIRED 
X, Y, Z GMBL ANGLES 

CB(ll) AGS - CLOSE 

.AGS STATUS - OPERATE 
400 + 4E LUNAR ALIGN 
400 + OE ATI' HOLD 

MODE CONT (BOTH) ATI' HOLD 

Configure CBs Per EMER LIFT OFF Status Charts 



S-BAND AN'r - SLEW 

p = +120° 

y = - 30° 

TR ACK MODE 

MAS'rER ARM 

AUTC 

ON 

ASC He SELEC'I' - BOTH 

ASC He PRESS - FIRE 

GO TO APS START CARD 

3 . Modifying the present 15 minut e procedur e t o place t he asc e nt bat ::.. 

teries on line, take the descents off, and then ac tivat e and align t he 

guidance systems may also eliminate glitching the computer systems. 

4~ We recommend that these changes be made t o the Apollo 12 checklists 
or at least that the technical information be relayed to the crew. I nputs 

from_ the ground during real time_, except to rec ommend an emergency l iftoff 

within a certain time frame, should be eliminated . 

-- cc: 
FC/G. D. Griffin 

M. P. Frank 
C . • E. Charlesworth 

FC2/C. S. Harlan 
FC5/J. C. Bostick 
FC4/W. L. Peters 

R. A. Thorson 

FC4:DRPuddy:mg 



1/30/70 

Not e of Intc-, r es t - PQ,GS ( See als ::i "PQ,CS " dated 2/27 /70) 

1. Apollo 11 and 12 data has indicated that the DPS Propellant Q,uanti ty 
Ga6i r.g System low level light came on some 20 to 30 seconds early. 
This i s confir med both by the smoothing of the PQ,GS data and by calcu­
latir:g where the light should have bee n activated according t o the 
traj ectory data . T'ne data also shov:s that the PQ,GS measur ements 
oscillated ( see figure 1) two to three percent from one s e cond to the 
next. These oscillations make it aJ.r,ost impossible to de l car e the low 
l evel invalid becaus e they jump into the acceptable range . 

2. Data i ndicates that the early low level and PQ,GS osci llations are 
being caused by slosh in the ;prope llant tanks or inside the PQGS tube. 
I n order to discuss this pro~lem, a meeting was called by Colone l 
McDivitt and Mr . Owen Morris. Th e various aspe cts of thi s problem were 
discussed and the following conclusions were r eached : 

a. For Apoll o 13, no extra time should be added to the low l eve l 
because no one 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 sampl e rate on Apollo 13 and 14 on the PQGS 
measurements to 100 samples per second should allow post mission teams 
to determi ne what is happening. 

c . If slosh is th~ 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 ant i -vortex baffle s are about three inches high . 

Colonel McD:i.vitt did fee l that the Apollo 13 procedures should be 
looked i nto 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 
u sed to correct it; i . e ., screens, baffles in the PQGS . 

b. Work should continue to see if e l ectronic filtering could correct 
the low l eve l coming on early by having it look at a certain number of 
inputs bef ore latching. 

c . The accuracy of the PQGS should be looked into again .in li.ght 
of the recent data and t he 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 . 

4. 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 dat a 

should appe ar smooth . Determination of whether the data is smooth or 

not will have t o be made in real- time. 

b . We had a discussion wit h 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 s ay 

that he was surprised t hat 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 notic e it, we have no way 

of knowing for sure . 

5. The gr ou nd procedures and mission 

determine if any improvement could be 

fact smooth . The current procedure is 

posed procedure is shown in Figure 3 . 
of each procedure are shown below: 

a. Current procedure : 

rules are be ing scrutinized to 
made if the smoothed data is in 

shown in Fi gure 2 and the pro­
The advantages and disadvantage s 

(1) Advantage . If anything goes wrong, the crew always reads 

2o/o on his gage which simplifies the procedure from a 

ground standpoint. 

(2) Disadvantages. 

(a) The crew could abort as much as 60 seco nds early (3%) 
if low leve l was invalid and if t he crew display 

oscillates as much as the ground t e l emetry . 

(b ) 'l'he 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 come s on when the lowest PQC~ 

is greater than 7%, that much hover time can be saved; 

i . e., 20 seconds/1 percent PQGS . 

(b) The crew hears callouts jus t like the low leve l was 

valid unless there is some ot her failure which i nvali­

dates the time; i.e . , propellant leaks, MR, etc. 



(2) Disadvantages : 

( a ) It changes an existing procedure which has worked 

well for two missions . 
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(b ) It compli cates the ground procedures . 

( c) This procedure will work only if the ground data i s 

smooth which won't be known until powered descent is 

started . In the event the data wasn ' t smooth , the old 

procedure would have to be u_sed. Of course, the crew 

wouldn' t know what procedure we we r e usi ng , so it · 

wouldn't be any impac t on t hem . , 

6. No decis ion has been reached to date on what procedure should be 

us ed and no dec ision will be reached until further study is made . 
/ 

Distribution : 
FC/E. F. Kr anz 

M. F. Br ooks 
M. L. Wi ndle r 
G. D. Griffin 

FC4/J. E. Han6igan 
J . A. Wegener 
H. A. Loden 
G. W. Watldns 
C. E. Hopkins 
J . E . Essing 
E . L. Keesle r 
R. A. Thorson 
L. W. St rimple 
F. L. Ede lin (SPAN ) 

GAC/Bethpage/J. Salek 

'J?r_-re. ~-r---C s . '91cv-~. 
Robert S . Nance 
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February 19 , 1970 

Eot e of Interest - - Bang- Bang Method fo r APS He lium Leaks 

The procedur e to use should an .AI'S he Jiwn l eak l)etwce n th e quad check 
v e.. h c s an.,i. .D-BC he liwn r egulator 1 nncl 2 shutoff valves occur has been i n • 
a con s tant state of change since J..M- 5 · ( schematic , .enc l osure 1) . The dis­
cussion has concerned the exposinG of a l eak i n t he above ment i oned area 
to a constarit supply of helium . The object whe n a l eak i s present is to 
expe l propellants . A certain amount of helium i s r equired t o expe l 
propellants , and the r emai nde r may be l os t t hr ough a l eak . The helium 
l eak r a.te on the helium which may be lost can vary depending on the time 
the l eak is exposed to the helium source. The smaller th e l eq.k exposure 
t i me , the l arger the l eak rate can be for a given amount of heliUl!l. . The 
2~11ount of t ime th<:? l eak is exposed to he lium can be reduced by closing 
the ASC shutoff valves and using the tanks i n a blowdown mode . Using the 
Conservation of Mass prj ncipal, the fol l owing equations can be written 
which shows gr aphically why the time the l eak is exposed ( t . ) time l eak expos ed 
needs to be r es tricted . 

M. = M 
in out 

Ml . = M (1) eaving source tanks out to expe l propellant 
(2) thru l eak 

Ml . = (mleak) ( ttime leak) + (mto expel) ( tt ime t o ) eaving source tanks 
exBrl exposed prplnt pr nt 

Enclosure 2 shows t he procedures for IM- 5 (method 1) , LM-6 and ]~1-7 
(method 2), plus the new approach knmm as the bang-bang method (method 3) 
,;h i ch is being proposed for IM-7 and subsequent. Each of the three proced­
ures listed in enc losure 2 was subj ected to a s tudy t o show the maximum 
allowa"l:- le l eak rat e that each method could stand and still provide for 
propellant depletion. Tne r e sults were : 

Method 1 - 0.02 lbs mass of He/sec 
Method 2 - 0 . 03 lbs mass of He/sec 
Method 3 - 0.04 lbs mass of He/sec 

The as su~1ptior.s used in the study are described in enc losur e 3, and a 
plot of time i nto power ed descent versus ullage pressure for each method 
is shown in enclosure 4. 

The data clearly i nd icates that me thod 3 which is the bang-bang pro­
cedur e allows the highes t leak rate while stHl being abl e to deplete 
prope llants . Met hod 3 showed that t he maximum l eak rate incr eased by 
plac: i ng the APS in a blowdown mode on three occas ions during the burn . 
Since thi s we.s a h e.nd calculated study, conditions could not be optimized; 
there f ore , l ar rser l eak rate s could be found t o be acceptabl e simply by 
placing the system in a blowdown mode more often. A computer study which 

i 

' ·'. 



could refine the assumptions made 
will be the only way to dete rmine 
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FA/ H. W. Ti ndal l 
FC/ E. F . Kranz 

M. F . Brooks 
J. W. Roach 
G. S . Lunney 
G. D. Griffin 
M. L. Windler 
M. P. Frank 
C. E. Char l esworth 
Branch Chiefs 

FC4/J. E. Hannigan 
J. A. Wegener 
H. A. Loden 
G. W. We.tkins 
C. E. Hopkins 
R. S.Nance 
E. L. Keesler 
R. A. Thorson 
L. W. Strimple 
F. L. Ede lin (SPAN) 
J. Salek ( GAC/Bethpage ) 

and optimize all parameters involved 
the proper procedure exactly . 

b~~ e · ~~~~-V~v 
~n E. Essing . U 
Propulsion Sec t ion, LSB 
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Method 1 (ll~5 procedure ) 

If leak occur s prior to liftoff between quad check valves and 

shutoff valves : 

( 1) Pressurize with one bottle immediately prior to i gnition. 
(2 ) Use second helium bottle when APS goes in blO\.rdown . 

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

If l eak occurs prior to lift off be t ween quad check valves and 

shutoff valves : 

( 1) Pressurize with one bottle immedj '.3,te ly prior to i gnition . 

(2 ) Use second helium bottle when APS ullage pressure gr eat e r 
than or equal to 125 psia or after 280 sec into t he ascent 
bur n . 

Method 3 (Bang- Bang procedure ) 

If leak occurs prior to lif t off be t ween quad check valves and 
shutoff valves : 

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

(2 ) After 60 seconds into burn, close ASC shutoff valve s and 
go into blowdown until ullage pressure is 125 psia . 
Repr essurize and repeat procedur e until propellants are 
deple ted. Se cond helium bottle should be used when 
required. 

Enclosure 2 



Assumptions made in study 

(1) All he lium is us ed 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 lb/sec . 

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

(5) Time to r epressurize system at any time into the mission from 
an ullage pressure of 125 psia i s 15 seconds. 

(6 ) The l eak is downstream of the r ees--u lator so l ce.k rate is 
constant during normal operation . (Pressure f eeding l eak 
is around 180 psia at all times whe n the l eak is being fed .) 

Enclosure 3 
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SL0 e c::i rrec- t i ::in t ::i th e N::ite Of I u t t:> r c s t ::i n "Redundant As cent Engine 

On," dated 4/ 3/70 
20 February 1970 

Not e of Interest - Redundant Ascent Engine On 

1 . The Apollo 13 mission rule on l oss of redundant ascent eng ine on 

capability duri ng PDI presently requires an abort if DPS insertion capa­

bility exists . This is based on the risk of continuing PDI past DPS 

insertion capab i lity with only one path to ignite the APS, and the fact 

that this risk is unwarranted . Extended lunar stay would be NO GO with t he 

"'-' crew being one failure away from a catastrophic condition ( i.e., failure in 

manual APS on circuit). 

-

2 . If 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 r edundancy 

and it is safer to land, regroup, and lift-off from the lunar surface than 

attempt an abort stage during the final minut es of PDI. 

3 . Utilizing certain design features of the auto eng on logics, a work­

around procedure is available for certain "Eng on Crnd" f ailures, previously 

considered as loss of as cent eng on redundancy. and cause f or 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 

logi c i nput 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 

breaker (4CB37, pane l 16) fai l s, or any other failure oc curs, resulting in 

the loss of the auto on to the logics. The eng on/off logics for both 

eng ines 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 f rom the ATCA power supply, which requires the ATCA circuit breaker (4CB82, 

panel 16 ). The ABORT STAGE pb resets the ascent eng on/off logic, and ther e­

fore , should not be used during the nominal procedures for lunar lift off . 

4. Since the Abort Stage pb resets the ascent eng on/ of f logic, r edundancy 

should be considered lost for these failures only for an abort during PDI 

requiring us e of the APS. In order to achieve an Abort Stage during PDI 

and still maintain the r edundancy for the cases listed above, MASTER ARM, 

APS pressurization, and EPS battery switchover must be performed manually 

as well as p lac i ng the ENG ARM swit ch to 11ASC 11 and calling up the appro­

priate LGC program via the DSKY or switching to AGS. Thi s i s a lengthy 

procedure during an Abort from PDI, especially during the fi nal minute s . 

There fore , i f an APS abort is required after a loss of the auto on cmd, 

i t i s recommended that the Abort Stage pb plus Start pb be used. Bas ed 

on the work-around procedure , however, the above failures should be con­

side red as NOT having lost ascent engine on redundancy. There f ore , 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 circu i try 

resulting in a loss of the "on" command from the ascent eng on/off logic . 



-

5. Assuming the auto on f ailure during PDI, the f ollowing procedur es 

should be per~ormed for IM powerdown after landing and lunar lif t off : 

a . Lunar surface powerdown: 

2 

(1) CB (16 ) s tab/cont: ENG ARM - OPEN (Prior to se l ecting P68 

if not already open). 

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

If t he 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 r equired . There is sufficient battery power on Apollo 13 to handle 

this additional l oad . 

b . Lunar lif toff : 

(1) Pressurize APS nominal l y per checklist. 

(2) MASTER ARM - on at nominal time i n checkl ist ( 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 = 0 (eng will ignite and staging 

will occur) . 

(5) Backup auto start via START pb. 

(6) Manual shutdown based on DSKY/DEDA shutdown criteri a (auto 

off command will not reach ascent eng on/off logic ). 

~ ,~t-1.~ 

±?airy W. Strimple 
GNC Section, LSB 



23 February 1970 

Note of Int erest - Loss of Manual Throttle 

The loss of both TTCA 1 s or the manual throttle logic will cause the 

throttle to fall into the non~throttleable range when the LGC commands 
full thrott le . This could occur anytime during the first seven minutes 
or so of power ed 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 (4CB69 PNL 
11 STAB/CONT) could be pulled which forces the throttle to FTP 
hydraulically due to the fail safe desi gn of the throttle when DECA 
power is los.t (see DRW 10 . 23 Zone G5) . At throttle down, which could 
be relayed from MCC or read from commanded throttle on DSKY , the cr ew 
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 w:!ich redundancy is 
temporarily lost: 

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

2. There is only one method of holding on the DPS ENG (i.e., the 
( ('Des Eng Cmd Ovrd 1f 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 engi ne is not critical prior to throttle down. 
Theref ore, the method of pulling the DECA Power breaker is a feasible 
procedure for the continuation of PDI if all manual throttle i s lost . 

c1l //1; ,:(t l//c., 
Ed Marzano 



23 February 1970 

l'JO tE: of Ir,terest - 1M 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 , fo r PDI, 
AGS Auto is not cons i dered a valid control mode except for an abort 
case . The r emaini ng 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 t hat any failure 
that leaves onl y one acceptable control mode such that one more failure 
wou l d r equire use of an unacceptabl e control mode, an abort will be 
requested to insure crew safety. Based on this philosophy, there are a 
number of f ailure modes which may occur that will allow for continuation 
of the mission . A number of examples fo llow: (Enclosure 1 defines the 
control modes , their component s/interfaces, and disabling failures . ) 

3 . The present mission rules r equire PGNS Auto/Rate Cmd and AGS Rate Cmd 
for i nit i ation and continuation of PDI. If a failur e occurs in the PGNS 
auto mode such that PGNS rate cmd in uneffected e . g . mode control switch 
failur e, the two rema i ning control modes , PGNS Rate Cmd and AGS Rate Cmd, 
shar e no point of commonal ity except jet drivers fo r which one failure 
has no effect on crew safety . The same logic i s true fo r a loss of PGNS 
Rate Cmd independent of PGNS Auto. I n these cases continuation of the 
mission woul d be the recommended course of action . It should be po i nted 
out that loss of e ither mode may cause a change ln the cr ew landing pro­
cedure s . For example , loss of PGNS Auto would cause the crew t o manually 
f l y the FDAI error need l es unt il touchdown . This woul d not allow auto­
matic velocity nulling using auto - P66 . Loss of PGNS Rat e Cmd would 
necess itate f l ying i n PGNS Auto or switching to AGS Rate Cmd for manual­
P66 cap.ability and switchi ng back to PGNS for Auto-P66 velocity nulling . 

4 . A fai lure which causes l os s of both PGNS Auto/Rate Cmd would leave 
only AGS Rate Cmd as an acceptable control mode. A suooequent failure 
(CES AC fail, which disabl es all three RGA's and l oss of AGS Auto) would 
result in an abort utilizing one or more of the unacceptable control 
modes . Thus a fai lure common to both PGNS Auto/Rat e Cmd would r equi re 
an abort. 

5. The l oss of AGS Rate Cmd would l eave the crew depe ndent on PGNS Auto/ 
Rate Cmd . This is undesirab l e since a single failure could r emove t otal 
PGNS capabi lity; however, considerat ion for continui ng the mission with 
loss of AGS Rat e Cmd would be give n if the fai lure is independent of AGS 
Auto since t his would be a valid mode for an abort if required . The 
partial loss of AGS Rate Cmd loss of one RGA) i s considered an accept­
;ble mode with the cr ew usi ng 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 . Loss of AGS Auto would no t constitute l oss of AGS Rate Cmd in all 

cases since the cr ew may have rate dampening capability ( no attitude 

hold ). Thus , this fa ilure may not be cause for abort unless AGS Rate Cmd 

is a lso disabled . In addition~ l oss of any of the unacceptable modes of 

control ( se condary coils, etc. ) also is an allowable event until only one 

ac ceptable control mode exists at which time an abort must be per fo rmed . 

7. The statements above r ef l ect the intent and i nterpretation of the 

current 3- axis control mission rules. It should be pointed out that 

inhere nt i n these rul ings is the availability of PGNS guidanc e steering 

fo r e ither automatic steering or for providing steering information to 

the cr ew (FDAI error needles ). The loss of this capability above h i-gat e 

is cause fo r an abort . However, below hi- gate manual landing at the 

cr ew ' s option may be attempted with loss of guidance steering . The 

rat ional e fo r th is decis ion i s that the proc lem may be r ecoverab l e upqn 

land i ng and that time for gr ound evaluation during this time f rame is 

minimal. Thus, in accordance with this statement, l anding may be attempted 

a f t er hi- gate (a t the cr ew ' s opt i on) 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 cour se , an obv ious unrecoverab l e 

failure would be caus e for an abort and would be so recommended during this 

time frame. 

Richard A. Thor son 

Enc l osure 
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Control Mode Com£onentsLinterfaces Ruling 

PGNS Auto Operational ISS Loss of mode 1 

Operational LGC Loss of mode 1 

Valid Navigation Loss of mode 
Primary Pre-amps Lo ss of mode2 

CES-LGC Interface Lo ss of mode2 

PGNS Rate Cmd Operational ISS Los s of mode 1 

Operational LGC Loss of mode1 

Primary Pre-amps Loss of mode2 
ACA c/m with loss of one 
ACA-LGC Interface Loss of mode 
CES-LGC interface Loss of mode2 

AGS Rate Cmd Operational AEA c/m3 
Operational ASA c/m3 

one4 3 RGA' s c/m with loss of 
ACA c/m with loss of one 
Abort pre-amps Loss of mode2 
ATCA Loss of mode 
CES-AEA interface Los s of mode2 

AGS Auto Operational AEA Loss of mode 
Operational ASA Loss of mode 

of one4 3 RGA' s c/m wit h loss 
Abort pre-amps Loss of mode2 

ATCA Loss of mode 
CES-AEA Interface Loss of mode2 

1. A permanent loss of e ither the ISS or LGC will disable both PGNS Auto 
and Rate Cmd. A temporary loss of the ISS or LGC will disab l e only PGNS 
Auto ( cause a l oss of guidance steering) leaving PGNS Rat e Cmd as an 
acceptable mode . 

2. Although these components and interfaces are common to e ach mode , there 

are specific failures asso ciated 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 . 

4 . Loss of one RGA would disable rate dampening in the effected ax is only . 
By us i ng AGS direct i n this a.xis, AGS Auto/Rate Cmd r emain s an acceptabl e 

mode . 

Enclosure 1 



February 27, 1970 

Addendrnn to PQGS Note of Interest 

Reference N6te of I nterest - PQGS (For copy of this r eference contact 

R. S . Nance, .extension 4717 .) 

1. The purpose of thi s addendum is to update everyone on the status of 

the HiGS problem with oscillating data and the r ecommended 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 LM-5 revealed the PQGS measurements 

settled out after a -:-=w minutes except for a very few one and two-PCM count 

changes ( one PCM count equals approximately O. 4% PQGS reading). 

b . Grumman has done some crude initial slosh testing that shows that 

slosh could be amplified by the PQGS . 'l'his 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 

PQ,GS and make the level pulse down. This is only considered a possibility 

now but more sophisticated testing is under way . 

c . 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 1 s people have done some statistical analysis of the 

ground PQC~ 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 re l atively crude. Enclosure 2 shows these 

numbers are rather conservat ive . By just looking at this enclosure, one 

can see for any given ins tant the variation c~mld be considerably less than 

1.e;. 

3, The curren t dec ision point for validating the low level on the upper 

end of the ranr;e is 7 . 1% on the lowest valid PQGS reading ( 5 .6~; nominal 

low leve l + 1. 3~~ PQC~ e.ccuracy + 0 . 2% possible error due to sampling data 

once every 5 seconds at MCC). This conveniently corresponds to a PCM 
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count which j _s 7 .13!+%. This means that if the pr:::iposed (alternate) gr:::iund 

procedure (figure 3 of this addendum) 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 ab:::irt/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. 

Becaus e of the fluctuations of the PQGS (~ 1. 8%1 the abort decision 

point using this method could come at 3. 8% actual propellant remaining 

(2% abort pad+ 1.8% fluctuation). This means the differenc e 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% 

(2.00/o + 0.6%). This says that the 2% meth:::id could be just as good as the 

alternate pr:::icedure·; in fact, there is a 67% probability that this will be 

true. None the less, the possibility does exist that the curr ent 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 it 

could help the situation ar.d it would not endanger crew safety. This 

recommendation is made witr: the following provisions: 

a. Flight controllers must simulate these procedures until they have 

confidence in them. This "'ill only be possible if the simulation people 

can mod the current prograrr.s to make the simulator data look like r eal 

world data, and there is n0 guarantee that this can be done. If the 

proced'.ll'es cannot be simulated, the Apollo 12 procedures will be used. 

b. The smoothness of the data must be validated in r eal-t ime. 

It must be noted that the recommended procedure in no way changes crew 

procedures and doe s not change current procedures if the low l evel is 

valid. 

-· - - - - -- --- ---- ·-·----- · ---- -·-- -~ --- --.... -.. -• -··· ···-~---·--. .. ... . . ; 
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4 . No matter what procedure is adopted, th e crew must be advis ed of how 

l!luc:h the PQGS fluctuates. Whenever the crew is told to use ';!1/o on their 

gage, they must r ealize that this means once they see 4%, they must 

monitor the gage continuously until they see 2% for the f irst time . That 

point is their abort/no abort decis i on point . 

Distribution: 
EP2/ J . Norris 

W. Hammock 
FM7/M. Cassetti 
PA/R. Kubicki 

J. McDivitt 
0. Morris 

FA/ H. W. Tindall 
FC/E. F . Kranz 

M. F. Brooks 
J. W. Roach 
G. S. Lunney 
G. D. Gr i ffin 
.M . L. Wi ndler 
M. P. Frank 
Branch Chiefs 

FC4/J . E . Hannigan 
J. A. Wegener 
H. A. foden 
G. W. Watkins 
C. E. Hopkins 
E. L. Keesler 
R. A. Thorson 
L. W. Strimple 
F. L. Edelin 
J. Salek (GAC/Bethpage ) 

FA/R. G. Rose 
PT/D. Arabian 
EA/P. Deans 

!t'?r?~ 5. 91~.,, 9, 
' Robert S . Nanc e , Jr . 

IM Propulsion Section , LSB 



March 2, 1970 

Second Addendwn to PQGS Note of Interest 

On February 27, 1970 , a meeting was held with Jim McDivitt, Owen Morris, 

Phil Deans, Don Arabian , and other i nterested parties and it was dec ided 

that FCD ' s r ecommendation was the best we cou,ld do for Ap_ollo 13 and still 

remain conservative in approach . 

",c:J -=-- ,~ 
j\o-l,~ .....>. 7(c~ 

Robert S. Nance 
IM Propulsion Sect i on, LSB 
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ALTERNATE GROUND PROCEDURE 

(FIGURE 3) 

~ 17 
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27 February 1970 

No te of Interest - Pipa Bias Measurements on the Lunar Surface 

1. Dur ing the Apollo 13 mission, pipa bias calculations will be made 
after t ouchdown 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 f rom the surface measurements, since no real-time 
experience has been gained with the procedure. Based on successful 
measureme nt 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/sec2 . 

2. The method used t o 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 'rertical 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 dete cted during launch 
prep had the above method been used. Refer any questions concerning lunar 
surface pipa bias calculations to John Nelson, extension 4717 . 

Distribution: 
FA/R. G. Rose 

H . W . Tindall 
FC/E. F. Kranz 

M. F. Brooks 
J. W. Roach 
G. S . Lunney 
C. E. Charle sworth 
G. C. Griff in 
M. L. Windl er 
M. P . Frank 

FC2/C. S . Harlan 
FC5/J. C. Bostick 
FC55/E. L. Pavelka 
FC 56/c. B. Parker 
FC6/c. B. Shelley 
FC7/R. A. Hoover 
FC9/J. E. Saultz 
PM-MO-F/TI. S. Hamner 

/2:7~ 
GNC Section, LSB 

~4/J. E. Hannigan 
H. A. Loden 
L. W. Strimple 
J. A. Wegener 
R. A. Thorson 
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March 9, 1970 

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

Repo:cts from the Cape indicate a problem with an RCS heater circuit 
breaker ( 4CB222 RCS system A/B-2 panel 16 ). The circuit breaker on 
the avera~e of 25 percent of the time fails to stay latched when 
activated. 

Thi s circuit breaker (4CB222) powers one heater on each of the four 
thrusters on quad one . There are two heaters for each t hruster in 
the quad . The other set of heaters f or quad one are powered throus h 
circuit breaker 4CB218 (RCS system A/B-1 panel 11) which has auton1atic 
control only. 

The decision has been made to push the circuit breaker (4CB222) 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 (4CB222 ) is 
already pushed 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 AOS, 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 t he thruster temperature but requires a l onger 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. 

12/4?0 ,J tJ r tJ a,t£1,:~a 
Glenn W. Watkins 
LM Systems Branch/Propulsion Secti on 
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~;yst e:-.i ut a :;1c;d, h i ,;llo r sawplc ra te . It is hoped that by hnvinc t0e 

hi ,;he r sample rates that tl1e data will be processed to be smoother than 

on previous m_j_ss i.ons . This wi ll aid tte ground in determinine; a valid 

or an invaJid low level . The e; round's criteria for a valid low level is 

that at least one propel}ant quanity must f all in the ran1:.;e of '7 . l percent 

to 4. 5 percent when the l ow l evel comes on . 

HNALID LOW LJ~VEL CASES 

1. Early Low Le ve l 

If the low level c ome s on earl ier than 7,1 perc ent , say 8 percent , 

t-he ground will call the l ow level invalid . A call will be made when the 

lowest ga uge reads 7 .1 percent. This establishes the new "low level" point . 

Nominal call out s are then made to the crew from that point. Ninety - three 

seconds after 7 . 1 percent t he crew would hear their "Bingo" call. In past 

missions, the crew would have been told t o go on 2 percent on their l ,,west 

ga uge . 

2. Late Low Level 

A stop wa tch wi ll be star Led a s soon as the lowest gauge reads 7 . 1 

pe rcent . Th(: propellant quani t ies will be c lo se ly moni tared to see i f the 

l ow level appears between 7 . 1 percent and 4~5 percent on the l owest gauge . 

I f the l ow leve l comes on late, say l+, 3 percent , it would l:e declared 

invalid . Call 0,,ts wod d the n be hased on the stop watch started a i~ 7 . 1 

percent . 'The cre v! in ch-:Ls case ',;Quld not hear a "60 sec " call out 3ince 

i.-1e woul d be past th'= "60 sec" call ·he f ore we woul d know that the l ,,w level 

was invalid . 'fne r::n~\,/ .,ould only hea:r a " 30 sec '' call and "Binc;o' ' for this 
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TwO FERCEl'J""T CASES 

During PDI, if the low le ve l is declared invalid and the 8r ound spec ial 

pro~e ssing is d~termined not to be smoothing the data, the crew will be told 

to go on 2 percent quani ty or1 their propellant e:;auge . 

If the DPS l ow level is dec lared valid, the crew of course, hears their 

normal call outs . Several cases will be discussed where the low le vel would 

te declared in-,ralid. 'l'he g r ound procedures will be di ffe rent from the pa st 

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 der::ision point. In general, anything that can cause 

an abnormal usage in prop2llant invalidates the normal call outs past low 

level and causes the crew to go to 2 percent . The normal call outs pa.st 

low level are based upon operating in an automatic throttle mode which 

established a throttle se tt ing and a propellant flow rate as a baseline . 

If the thrott le is taken over marmally, the engine flow rate is no longer 

predictable and the crew must rely on the 2 percent reading . A propellant 

leak also in·:alidates the nor:r.al call outs past low level, since an abnormal 

usage of propellant results . 

It is ver-J important for the crew to realize ,,hat a call on 2 percen· . 

on his ~aw;e !::.leans. It is felt t!w.t t he crew will not see the descent 

quanitie s decrease in a smooth f a shion, but will see the quanities f luctuate 
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dtdn d idn't dc, · 1·(cfl:;E' ~;m.,ot.hly t ,ut did t'luc"l.unlc. A ~;tatisUco.l anaJy~;i.s study 
I 

lw.s sh,:wn tha t the .' ;au;~e can f luc tuate a three s-Lona variation o t· + 1.8 percent . 

I f the decision is e ver made to f;o on a 2 percent reac1in~~, the crew wj 11 have 

to monito r the prop-2llant quanities almost continually after t he lowest 

guani ty reads 11- percent . Once the gauge drops t o 2 percent f'or the first 

time, the crew faces their "Bingo " or abort/no abort decision point. Recog­

nition of the first time the gauge drops to 2 percent is even more critical 

with the fluctuations pre sent in the propellant quani ty gauc;i wr, system . 

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

of hover) . 

lf'/,uwJ W, tJc~ 
Glenn W. Watkins 
LM Propulsion Section, LSI3 
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April 3, 1970 

Note of' Interest - Correct i on to the Note of Interest on "Redundant 

Ascent Engine On" 

1. As stated in the Note of Intere st - "Redundant Ascent Engine On", 

dated February 20, 1970, an "auto on" cormnand is trapped i n both the 

Descent and Ascent auto engine on l ogic a f ter an auto PDI ignition . 

There fo re, e ven with the loss of the ENG ARM circuit breaker or the 

auto engine on cormnand to the logics, the "auto on" from each logi c will 

still be issued to the respective engine ci rcuitry. 

2 . Due to this phenomenon, it was rationalized that Ascent engine on 

redundancy- s t ill exist ed if special procedures were perf ormed during 

lunar surface power down and lunar liftoff . These procedures were an 

attempt to prevent the trapped "auto on" f rom being reset, which would 

occur if the ATCA was powered down during lunar surface activities or 

t he Abort Stage button was pushed during nominal liftoff se quence. 

Engine i gnition was to occur when the ENG ARM switch was placed t o ASC, 

after insuring APS pressurization and MASTER ARM - ON. 

3. Every f act 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 previ ously thought , when the engine i s 

armed via the switch , and only manual start capability exist s . Both 

methods of arming the Ascent engine reset s the auto on l ogic ; i.e. , ENG 

ARM switch and Abort Stage button . Thus , any attempted method of s t arting 

the APS will result in the loss of the "auto on" signal trapped since 

PDI i gnition . 

4. Fr om the abov-= discussion, i t is obvi ous that the propo sed work-

around procedure s wi ll not provide the de s ired Asce nt engi ne on redundancy . 

Once again, t he l o ss of the ENG ARM c ircuit breaker is cause !'or abort 

dur ing DPS Inser t ion capability and no- go for lunar stay after DPS I nse r tion 

capar,ili ty . 

5. Pl ease pass t he salt and pepper. 
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I . :\ l Lachinvr1t.f; 1 and 2 sh8W C'ros n sr·, ·t:.i o ttal views 8.i' th t: JJv1 super-
l'ri l i_ ca] he llum (SHe ) tank. Sin ce so much is be i ng said about SHe t ank pro l Lems late ly, I felt a note of inte r e st showi ng diagram of the tank wcmJ d be he lpful. 

2 . During CDDT, the initial SHe pressure rise rate during tank f i ll was ab::.iut 3 times normal be f ore it leveled off to the 7. 8 lbs/hr. Also , wher the tank was vented down after CDDT, the pressure s chedule was d i fj ,~r ent f r om previous tanks. This could have been due either to diffe r­ent loading pr ocedure (which was not the case), or t o a br eakdown of t he vacv.lffi insu lation in t he annulus between the inner 6esse l and outer t a nk ( SEf Sec t i8n BB). This annulus is evacuated to 10- mm Hq during manu­f act qr e at Garrett. In the case of the tan1'> pre sently on IM-7, it was man1.,fac tured t hree years ago and checked for va,~uum at Bethpage one year ago (it passed ). 

3 . The prob l em appears to be a very small amount of gas, e ither air or · nitr8gen , trapped in the annulus (vendor didn't purge it all out), or a very small l eak over the year which has allowed t he gas t o vent in. It i s nJst probably the latter case, but no one knows. Thi s gas causes a "the r mal sh8rt 11 while vaporized, destroying the insulation qualiti es S8 i mpc rtant t o insure the burst discs do not blow before the DPS is required. 
a 4 . Because 8f t he CDDT anomaly, Dis crepancy Rer:ort (DR) was wri ttE n, a spec ial t est was devised, and conducted ;)Ver thE weekend of April 3 at KSC. The 18- hour test consisted of loading the SHe tank and running an ac ce l e rated IM- 7 duty cy cle on the SHe . The te s t was as f:i llows: 

·1 . SHe t ank was filled with SHe 

:1 . Pr essure was artifically forced t o 900 psia by f l owing warm he l j .un t hr ough the mani fo ld. 

GSE equipment was pulled off. 

1. . SHe pressure was allowed to build up t o 134Lr p s i on its own ( i G-,ou r p~r i od). 

Ta nk was vent -=:d d:Jwn. 

The init i al r i se r a t e during fill averaged 28 psi/hr . Th e average us e rate during t fie 10-hour period was a steady 14.2 - 14.4 ps i /hr. 

~·- , • ., V."-t. 5. Based on the r esult s of the test and the CDDT dat a , it nas been concluded that the high heat leak due to foreign gas thawiug occurs at a tank pr essure s8mewhere between 640 psia and 900 psia. Taking t he 
l ~ 

•. f 
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( rJ ; t J l ['. :; t r atil'icat:i.::in )~ o r ab ~1u t 13 ps i /hr. We a r e, h::iwever , u s i ng 

15 psi/hr in our :p l anning . We had TRW t ::i r un the various cases f::ir 

n8r i nal PDI, LO I b a ckup, and TEI backup, and I have t he data attached 

(A, t·a chment 3 ). It a ll l ook s go::id. We a r e n::iwhere near the burst dis c 

l oie r l i mit ::if 1887 p s ia. 

6. We are preparing our procedures f ::i r various contintsency cases . F'irst 

of a ll, we are planning t o have the crew turn on the cab i n r e adout of SHe 

pr( ssur e at the 59-hour IM Familiarization (see Attachment 4 f :J r proe,· -

dm e ). I f the r eading is within some expected r ange , we will log it and 

e~1 1c?S s t h e IM . If, howeve r, the cabin r eading i s ze r o , o r v e r y h j_gh 

(1 :ike 1200 or s o ), we will ask fo r a teleme try r eadout ( see Attachme nt 5 

fo i procedure ). If t he SHe pre ssure is p r o j ected t o be 1700 or 1'(50 psia 

at PDI, we will c los e the he lium r egulator shuto f f valve s f o r th e 10% 

thJ :) ttle port ion of powered de scent burn (where t he hea t input i s v er y 

h i th t o the SHe tank) . Then the one valve will be opened aft e r t h r o t t l e 

up and we p roceed no rmally . (We exercis ed thi s yeste r day during t he s im , 

anc it worked s a tisfactori l y .) We also may have t o v ent t he SHe e arl ier 

on the surface than when we do it now ( just befo r e ascent). This is no 

prcb l em--we will just watch the pressure. 

7 . If the SHe pre s sure is clearly too high at 59 hours GE1' t o permi t PDI 

.,, 01· LO I backup, we pro ::iably will perform s ome k i nd of vent i ng proc,·dure 

bej ::ire LOI to ge t the pre ssure down in orde r n:) t to b l ow t he burs t discs 

( i J we do that , of cource , the mission i s over r i ght t hen , since we don't 

ha, 3 b l owdown burn c apability until about 37% pr~)p e llant rema ining ). Thi s 

pr:. : edur e wi l l inv olve firing t h e DPS f or at l eas t 2 seconds to b l ow t h e 

SH E squib , to close t he DPS v ent sole noids (Parker v a l ves ), b l ow t he DPS 

ver t squ i bs , +X ullage , op en the DPS v ent s oleno i ds fo r a ve ry short t ime . 

We p:>:>obab ly wil l f r eez e up the fue l-to-he lium heat exchan,c;er (wh i ch i.c; 

okEV now--i t is s tructurally beefed up), so we will need :ibou t 10 hom:s 

th, r-::afte r f:Jr i t t o thaw out. We also have a LrO- sec . -+X cons trai nt d.u e 

t '.'.:.l ri lwne def l r::c tor t herma l limits (the CSM -X l imi ts arc <·lose t o 7 Sc'.C , 

I 1 1i nk , du e t o IM impingement). It won't take l o ng with t h e ve nt vQlve 

op , , t o v ent out too much , so it will be a hai ry operat ioll . And , we a r e 

to] l if slugs of' liqu i d propellant hit t he Parke r valves while h e lium is 

f lc tling, val ve cha t t er will oc cur, creating the po s sibil ity of not being 

ab ] : to r ec l o s e them solidly. But, what have we got t o. l ose? 

8 . They will load SHe Thursday morning, April 9 , and top it off on I' <iday 

mo1 ,i ng . We will wa t ch t he rise rate closely (:;l.nd s ee if it dupl i cate:; the 

CDI C r a t e . If' i t i s c l early higher, we will be i n t r oub l ,:: . 

Att J.chment s ( 5 ) 

¢{;;.;:E:~~:I{., ·~/" 
FCI: : JEHann i ga n : dh 
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May 6, 1970 

Note of Interest: Mini CCB 

SuLJects discussed wbich were applicabl e to LSB: 

1. DPS PQGS CHANGES FOR APOLLO 14. 

2. LUNAR DUMP VALVE CAPABILITY 

Grumman propo sed that t he modified PQGS Probes be put in thr ee 

of the four DPS t anks on LM-8. The modification consists of three 

plugs in each prote ,,:hich decrease the size of the three boles t hat 

allow flow to the probe. It is hoped that this fix will damp the 

oscillations of the PQGS readings. The recmmnendation is backed up 

by a series of tests at Langley which indicate that this fix wL .. l 

improve the situation. The rationale for only three probes is derived 

from the fact that we did not receive any 100 sample per second data on 

Apollo 13 in the low PQGS range ( < 10 percent). The data from the un­

modified probe will provide the basic for further modifica~ions to the 

PQGS or low level sensor if they are required. 

The unmodified probe will be the -Z oxidizer tank which even with 

the oscillating PQGS data should not get below the +Z oxidizer tank. 

This is due to the C,G. location which causes a 2,7 percent difference 

between the tanks. 

Owen Morris directed Grumman to inst all the three modified probes 

on LM-8 and install modified probes on all four tanks for LM-9 and 

subsequent. 

FCD was given the ac tion item to review our .special processing for 

the PQGS and come back with recom.-nendations by June 5, 1970, 

The other item of interest under di.,cussion was the ability of the 

lunar dump valves to vent in zero gravi~y. Grumman presented tteir tests 

to date which indicated that if propellunts reached the vent va.lves 

while a vent ~as being attempted the va~ve would be pulled shut. The 

tests also .showed that the valves would resist being opened age.in or would 

i 
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immedia-r.ely close if they did open. It ha.d been found, however, that 

a trim orifice above the valve would irrr;,rove the situation by cE,usir:g 

a lower pressure at the valve inlet. Tne only problem was experienced 

when low voltage (21 V.) was used and t ne n the valve still wouldn't open. 

Other tests revealed that by rev;rsing --the valve ( inl~-t -,;~ -o-.;tiet ), a -vent-., 

could be accomplished with propellants. 

Grurmnan wants to do some more testi:1g particularly with vent ing 

supercritical helium. LTA 5 will be used 'for some of the tests. So far 

as li.f-8 is concerned, some decision will be made in the near future. 

Grumman felt that if the valve is rever3ed, the orifice should be added 

also since the line will already be cut . 

R ~ s: o//_0-#-~ 
Robert S. Nance 
IM Propulsi on Section, LSB 

Approved: 

' ,·. 



Note of Intere st : :~nvalid Attitude Errors on A1- ollo 13 

A meeting ,,as held )Y John Hannaway of G&c Divi Fion to discus s the LM 

attitude e·rror prob Lem that occurred on Apollo 1 3 . In a ttendance ;.,,ere 

r e pre senta tive s f ro0n G&c, FSB, MIT and LSB~ The followi ng represent s 

conclusions reached by the parties present. 

The error needles 0 1· attitude errors noted prior to the MCC - 7 burn wer, · 

invalid ::.n tha t the ·' were not representative of t he difference between 

the final desired a .;ti t ude (FCDU) and the present attitude (ACDU). In 

f a c:., a study of t h.J post-flight dat a revealed -.;he cal culated errors 

wer -= given ·oy : 

ATI' ERR= FCtJ - ACDU + Fixed Bias 

By imposing a fixed bias on the a ttitude e ri·ur cal culation, it wa r i mp. ,ssibl e 

for the crew to obt,iin valid readings f r om thei r error needles . Th L :.-; w. '. S 

t r ue even when the .:inal desired angles were eq1.al to the actual a nr,le s 

(i.e., the vehicle :,as at the desired attitude). 

The exist ance o f a pos sible bi a s can be seen by the fo l lowin;'; set or 

equations used by t ,1e LGC in generating the err:)r commands . Consider the 

f irst pass through 1~he Attitude error di splay s ·•1h - routine. 

AK = FCDU 
n 

J;DU 
n 

(n cc 1l, 1, 2, 3, ..... ) 

6ERR = AK 
n n 

E = AK 
n+l n 

where AK n 

6ERR 

= The diffe r ence between the final des i -red CDU ang:Les and the 

actual CDJ angles at the time of comp . .1tation . 

n 
= Incremental change in the total at t,j tude error at the ;, imo 

of compltt ation relat in1~ to the di fference between F'CDU and 

ACDU. 

E n 
= The present value of the CDU error coun ·.er, ini ti ally ~3cL 

to zero by '~he DAP upon recognition of 1,. CDU zero c-ommand . 

E n+l 
= The new v;·:.lue of the CDU error counter, 

6ERR on tJ;e subsequent pass through t r e 
di s play Sl ,b-routine. 

used to der ive t:-,t ' 

atti Lude ern1.r 

On the sec ond and subsequent passe s, the above ceqi..: -2nce ti:; exnc t:.1y U:c s ame . 

All 6ERR' s are sent to t he CDU error counter and al 7,e b:n..1.ico.l ly ,,umrned 

cont inuously for display . It can easily be seen t.h:-. tt i f E is non-ze.1 :-, o:::i. 

the first pass through -~he sub- r out'ine, a fixed oia: v:ill 15e esta11l :i_sh "ct 

and maintained througho· .. tt the remainder o f the a t.ti 1 ude error c:ompu t a t Lons . 



'Tne :\.:: llowin. ,:r, exa.mpl•~ i llust rates the problem seen on Apollu l J a s ,,1,:c :'\CD:, ' · 

a pp:; ,: e.cr: :,::e :;::-cDU as in an a tt itude maneuve r: 

Le t ?CDU = 180) 

ACDU = 1 5 )
0 

0 
~ 

ACDU I = 
1 

1t s0 ' 

ACDU2 
= 1Eo

0 

ACDU
3 

= 1Eo0 

E = 1 C
0 

0 

1st pass AK = FCDU - ACDU = 180° - 1 50° = 30° 
0 0 

6ERR = Al'. - E = 30° - 10° = 20° 
0 ,:) 0 

El = AK = 30° 
0 

Displayed a t titude error= L::.ERR = 20° 
0 

2nd pass AIS_ = FCDl, - ACDU
1 

= 180° - 165° = 1 5° 

6ERR1 = AK - E = 150 - 300 = - 1 50 
- 1 

0 
E - AK - 15 2 - 1 -

Di splaye d a ~ti t ude error= 6ERR + 6ERR. = 20° - 1 ) 0 = 5° 
0 ' l. 

3r d pa ss AK2 
= FCDU - ACDU2 

= 180 - 180° = o0 

6ERR2 = A~ - E2 = 0° - 1 5° = - 1 5° 

E3 = AK2 = Jo 

Displaye d a t ~itude error= 6ERR
0 

+ 6ERR
1 

+ 6ERR
2 

Thus, ~he total displaJed error is - 10° . 

I t ca n be seen that in a l l pas se s , a constant bias o r· - 10° was irrl.r,),~ ,,ce,i 

into tl: e displaye d a tti t ude error by f aili ng to zero the int ti. al val'llE' ,, 1· 

E . Tti s i n f ac t was t'.1e p roblem on Apollo 13 . Or<iinar jJ_y, the TlAl' [;2t.s 

En = 0 ,rhe n~ ·,,e r a CDU z, iro i s is s ue d by the LGC . However, 'ir1 i ;h e /\pnl,l.. , l ~ 

·~~se , tie LGC was power1)d up wi t h the DAP turned o r :·. Tbe :-ni! , r,equcn1. qla t ­

fo rrn a l ~gnrrlP,nt a nd the 1:s socia ted CDU ze ro's were nc t 1~eni~crl L,y Lhe 1)./L' n.r,d 



the \·alue s or E (x, y & z ) were no1., ze roed . In fact, the v aL.1e s ,)'. ' r,; __ 
1 

we n -: t.he la s t vRlue s c omputed (AK ) by t he LGC J oll owin,c.,; the PC +2 . , tn-11". 

'l'hi s was confirmed l)y an E-memoryndump prior to turning the DAP on f or 

MCC-7. 

It should be unders ·sood that there was no hardware or software anomaly 

associated wi th' the attitude error problem. The apparent anomaly result ed 

f rom an unorthodox )rocedure utilizing the LGC and DAP independent of 

each other. Nomi na::..ly, this would not occur, however , in f uture m.-i.ssions, 

care should be taken to ensure the proper initiali zation o f the DAP when­

eve r it is turne d Oll . 

Richard A. Thorson 



SUBJECT: IM Ascent Propellant Quantity Gaging Techniques for Short Rendezvous 

1. _ The nominal rendezvous plan for Apollo 14 and t'uture mis 1::inns consists 

of a one or b it type rendezvous. This plan recuires a second APS engine 

l •urn, o r RCS burn with APS interconnect, to be successf ul. '110 insure 

that this cri t _ical ~urn can be accomplished, the APS propellant capability 

mus t be _known as accurately as possi t le. This discussion is a basic 

l ook a t present APS propellant gaging methods and their capability to 

support this goal. 

2. The APS propellant low level sensors are inst alled in eac:h propellant 

tank and detect a specific height of propellant remaining in the tank. 

The hei ght of the sensor is known and varie s ~ 0.100 inches, manufacturing 

tolerances. Considering these tolerances and _2: 3CT flow rates the variation 

in burn time remaining is approximately 1 1/2 seconds. This is at t he 

time of actuating the sensor. 

3. The RTCC calculation of APS burn time remaining is ba sed on parameters 

t elemetered f rom the spacecraft. As a result the accuracy of this program 

is ~· percent of the total burn time. At completjon of the insertion 

burn, the ac curacy of t his calculation is approx i mately 23 seconds. 

4. The LM CALC QTY RTCC Program is used to calculate APS propellant 

remaining . This calculation uses the LGC mass, as telemetered f rom the 

spacecraft . Variation in mass used to calculate propellant remaining , 

as a result, takes into consideration variations in propellant f l ow rat es. 

The accuracy o r· this program is approximately 3 percent, or approximately 

14 seconds o f APS burn time after completion of t he inse rtion burn. 

5. From the atove discussion, it is f elt that the l ow le vel sensor is the 

most accurate method to ga ge the APS propellant remaining . I f the insertion 

burn is completed without actuation of the low level sensor, a minimum of 

approximately 8 seconds of burn time remains. The other methods cannot 

provide this assurance. 

-/~$,f ·_t~,.,~Cc_iz~ -i:~ 

-~'-
Carroll E. Hopkins 



June 17, 1970 

NOTE OF INTEREST: Open DPS Propulsion Items 

A meeting was held on May 27, 1970, between the LM Propulsion Se ction, 

Descent Subsystem Manager and Grumman representatives concerning 

current problem areas on the descent propulsion system. The following 

topics were discussed: Supercritical Helium (SHe), Propellant Slosh 

and Engine Erosion. Supercritical helium and erosion will be discussed 

in this note of interest. Propellant slosh will be discussed in Robert 

Nance's trip report concerning slosh tests at Langley. 

SUPERCRITICAL HELIUM 

The LM-7 SHe t ank pre-mission had a higher than normal rise rate. 

Afte r the second DPS burn on Apollo 13, the rise rate increased to 

appr oximately 33 psi/hr. Grumman feels that the cause of the hi gh rise 

rate is that hydrogen is trapped in the vacuum annulus of the SHe tank . 

Thi s trapped hydrogen increases the heat tr&..::tsfer thru the annulus 

thereby increasing the pressure rise rate. The titanium SHe t ank in 

manuf acturing appears to have an affinity for water vapor and absorbing 

moisture depending on the humidity of that day. The oxygen oxidizes 

before the tank is assembled, but the hydrogen outgasses a f ter a period 

of time. 

At the lower temperature and pressure region, the hydrogen is f r ozen . 

As SHe is being used, the temperature increases causing the hydroge n 

to subliminate. After subliminating,the heat trans fer increases causing 

the pressure rise rate to increase. When 50 percent of the SHe is 

remaining, the hydrogen is completely in a gaseous state and a t tha t 

point, the pressure rise rate on coast is at its highes t . Less than 

50 percent remaining, the pressure rise rate decreases because the bulk 

of t he heat input is absorbed by the SHe tank itself instead of the SHe 

mass. 

The LM-8 and 9 SHe tanks have been tested f or a range of mass conditions 

wi th the worst case pressure rise rate occuring at the 50 percent point. 

Thi s pressure rise rate is approximately 15 psi/hr, much l ower than the 

LM-7 SHe tank in this re gion. Grumman has proposed that i f' each mi ss i on 

SHe t ank can perform the worst case profile with some margin that the SHe 

tank be acceptable f or that mission. Grumman has reviewed t he Th1-8 SHe 

tank for all o C the alternate missions that they are aware of . The 

mode II LOI abort case appears to be t he worst case, since two DPS burns 

are required with a l ong coast time between burns ( 15 to 37 hours). 

The LM-8 SHe tank was able to perfo rm all of , the above profile s considered. 

Grumman was given an action item t o look at a LM rendezvous case after 

the CSM has perfo rmed the circula:rization burn. The propulsion section 

will coordinate with Flight Dynamics to see if all abort profiles were 

considered . Another criteria established for the SHe tank was that each 

t ank be t ested again as close to the mission a s possible to see i f t he 

pre ssure rise rate characteristics had increased to insure the tank 

accept able for the mission. 



Srumman has generated a curve f or each SHe tank showing t he pressur e 
rise rat e a s a f unct i on of propellant or SHe quant i t y. This curve i s 
nece s sary fo r cons t ructing a SHe pro f ile for any alternate m:ission . 
The curve will be submitt ed for SODB approval. 

SHe FRACTURE MECHANICS 

2 

A SHe f racture mechanics curve was presented as a f unct:ion of SHe 
pressure and quantity. The fracture me~hanics curve shows that for any 
quantity of SHe or propellant remaining greater than 25 percent, the 
burst disc will protect you against a tank :failur e. Below 25 perce nt 
mass and at a high pre s sure (below the burst disc), a fracture mechanic s 
f ailure can occur. Th i s of course, means the SHe tank would have t o be 
vent ed prior t o this point. I f an abort required a long DPS burn a s 
well a s retention of the DPS stage for consumables, we could be in thi s 
unprotected re gion. Grumman bas asked that the fracture mechanics 
curve be included into the SODB . 

DPS EROSION 

An erosion redline has been used in past mi s sions that allows only a 
30 percent increase in the DPS throat area. Thi s is to protect against 
an engine burn tbru . GrlilllI!lan bas re-evaluated the DPS erosion and concluded 
that the engine can erode to 35 percent safely without a burn t bru . Thi s 
allows a pad t o take into account str-eaking . This redline numbe r is used 
to compute the time allowable in the non-throttleable regi on . Wi t h t his 
increase in the erosion redline, additional time in t he non- throttleable 
region bas been gained. A failure in the engine throt t le loop (los s of 
manual thrust input 10 percent) would drop the engine in the non- throttle- · 
able re gion. We now have gained additional time to recover f rom that • 
f a i l ure and still complete PDI. 

r ; i---- IJ'I 
/,/fet- !U. (,u(Jffe,~ 

Glenn W. Watkins 
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