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Reference 1 gives a ood review of the early discussions held to determine 
the cause of the DPS throttle oscillations dur i ng the rat e- of- descent 
portion of the .Apollo 11 and 12 lunar landings . As pointed out in the 
reference , several items were considered , including modifying the onboard 
computer program to remove the spacecraft rotational effects from the LM 
accelerometers . 

In reference 2, John Sorenson of Be llcomm presents the results of a "Z
'transform" analysis which further descr i bes the causes of the oscill ations . 
During the same time period, the Guidance and Control Division, the Mission 
Planning and Analysis Division (MPAD) , and MIT have been actively 
pursuing this prob l em . MPAD has programmed the compute r logic in an off
line closed- loop s i mulat ion so that individual parameters could b e varied 
and the results analyzed . Typical results are presented in figures l and 
2 . Figure 1 compares the response of the throttle for the present value 
of l,ng/Tnu for throt tle J aG;:; of O. 2 o.nd O. The tllrottl c la r, o:f O i s consider 
ably more stable . Fic;u_re 2 compares the effect of Lar;/Tau for throttle lag 
of 0 . 2 . The Lag/Tau o:f 0 . 17 provides a stable system . As results became 
o.vailablc , the Flic;ht Crew Support D:Lvision mnde the I.MS avail.able to check 
out the conclusions with n more accurate s i mulntion . The corr elation between 
the VJ.PAD results and the LMS was good. As the data was r eceived , discussions 
were held with Allan Klumpp of MIT . He ran similar cases on the all digital 
simulation at MIT . He confirmed the conclus ions reached by MPAD and the 
Ltt.iS . 



Results from various simulations have been in general agreement , so con
clusions arrived from the sirr:ulation data should sustain a reasonable 
level of conf idence . The simulat i on results can be used to select pro 
gram constants which will assure the most stable condition . There are 
two erasable constants and one fixed constant which may be var i ed to 
effe ct the stability of the system. One of the erasable constants , 
~aurod, determines the magnitude of guidance commands required to change 
the alti tude rate of the vehicle . 

Since the response time i s of great importance, this number should be as 
small as practical . Therefore, this constant should remain at 1 . 5 sec. 

2 

The s e cond erasable constant, Lag/ Tau , adjusts the guidance commands for 
the time delays required to execute fhe commands . This number was . 41333 
for Apollo 11 and 12 ; however, a value of .17 provides a much better r e 
sponse, minimum overshoot, and stabilizes the system . The fixed constant, 
throttle lag, represents the time constant for the engine r esponse to com
manas . I• i'om ene;ine cro1md test and flitr.ht du.Lo,, the enGine time onstant 
ha.s been a.pproxirnately . O; to . OG se c . The Apo.llo 11 and 12 flights used 
a .2 for this constant . If the Lag/Tau and throttle lag are both too large, 
this leads to a system which is only marginally stable . Flight data in 
dicates lightly damped oscillations which were probably excited by rota 
tional effects . Removine; the forcinG function by compensating for the 
rotational effects makes the system less likely to be excited . However, 
by choosing the proper Lag/Tau and throttle lag, the inherent stability 
will be greatly inhaunced . Since throttle lag is a fixed memory constant 
and the system can be made stable with the current value (0. 2 ), it is 
not mandatory that this number be changed . For Apollo 15, the throttle lag 
should be removed from the program . 'l'herefore, the only change r ecommended 
for Apollo 14 is to reduce the Lag/Tau to 0 .17 . With this change , the 
Apollo 14 rate - of - descent program will be adequate for the landing . 
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