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DESIGN GRITERIA AQQ ENVIBDflggyzfi. 

1. General 

1.1 Requirements - The LM and i ts subsystems shall be designed to meet 
the general criteria and environmental conditions herein as well as the 
particular mission requirements as set forth in the detail specifications. 

IModifications of the Lunar Module providing an increase in mission 
capability, shall be designed to meet the general criteria and environmental 
conditions herein as  well as the particular mission requirements as set forth 
in  the detail specification. , '  

Design procedures shall be conducted in accordance with recognized 
rational principles within the following framework. 

1.1.1 Design - The purpose of the entire design and test effort is to 
produce reliab1e*equipment fo r  the lunar landing mission. This purpose is  
accomplished by analysis and test of the failure modes f o r  each item of equip- 
ment during the design development. The objective of this failure analysis is 
the ability to predict, accurately, not only the type, or mode, of failure but, 
the stress level at which it occurs. The design and failure analysis must go ' 7  
hand-in-hand so that the effect of changing design features on the failure modes 
will be part of the design trade-off evaluations and the reliability assessment. 

Stress level, as used here, means the intensity of any parameter, such as 
pressure, voltage, temperature, etc. which affects the ability of the equipment ' 
to perform i ts  design function. These parameters consist of both the environ-a 
mental conditions imposed on the equipment and the self-induced conditions due 
to operating the equipment for  the design mission time. Operating time ( o r '  
number of cycles))should also be considered as a criteria variable. The natural 
and induced environments given in this report are the maximum levels that can 
be expected to occur in any 1M mission. Rational combinations of these environ- 
mental and self-induced conditions must be considered in the design of each 
item of equipment. 

The factor of safety, that is, the ratio of the allowable stress to the 
design stress, must be selected so that the likelihood of failure under the r 
maximum mission level stresses is  acceptably remote. The likelihood of failure 
i s  due ,  in  part to the range of distribution of strength available; this range 
being due to material and constructional variations from one part to another. 
This likelihood, expressed as a probability, leads to the numberical reliability 
of the item of equipment under consideration. 

1 .1 .2  Tests - The development test program supports the design effort by 
providing design data, aiding in  material, component and part selection, 
verifying design concepts and safety factors, substantiating design assumptions 
from breadboard to design freeze, evaluating environmental effects  and deter— 
mining failure modes and operating characteristics under off-design conditions. 
These tests should locate such critical features as  vibratory resonances, 
internittent operation and other non-linear anomalies indicative of potential 
weakness or malfunction as well as the effects of interaction between 
environmental and operational parameters. 

.__..._ . m  M... i .  . . . . 4  ......M.....~,-.......m..;..........“1...................,. W....l............... m... .__ v V V v "n... .._,.,,.m.,..,_a 
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As an integral part of the development test program, overstress tests 
will be employed to obtain failure modes and/or safety margins which exist 
in the flight weight design. These tests, in combination with background 
data, must provide information which gives us-a measure of the unit to unit 
variability of strength. 

The significance of the overstress tests will be increased by stressing~ 
the equipment to failure after exposing it to selected mission environments 
of the operating cycle. These selected mission envinanments will include 
all critical environments and loads due to ground and flight operation. 

These tests are a logical extension of the design verification portion 
of the development tests in that they provide useful information early in 
the program aS“well as check on the ability of the equipment to pass qual- 
ification,tests. 

The information from the overstress tests as*well as other development 
tests combined with the design analysis, should result in such a complete 
understanding of the equipment characteristics that the accurate prediction 
of failure modes can be made. Based on this information thenrequirements 
for qualification testing can be firmly established. 

For testing purposes certain envinanments may be modified and combined 
in order to simulate a more realistic environment. For example, humidity 
and salt fog may be combined into a single test (sea-air humidity) which 
simulates the environment that is prevalent at Ksc. (Reference 25) 
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1.1. 3 .Acceptance Tests - The planning for the acceptance tests should 
begin during the design analysis when the critical Characteristics of the 
equipment becomes apparent. Thought should be 
given at this early stage, to non-destructive tests, inspections or Oper- 
ational procedures which will give meaningful information on the presence 
or lack of adequate strength or operational capability. -These concepts should 
be checked during the foregoing testing to provide the necessary assurance 
that the objectives of the acceptance tests will be attained. This prelim- 
inary set of acceptance test requirements must be complete before equipment 
qualification since equipment must be "accepted" before it can be "qualified". 

L 

The eventual purpose of the acceptance tests is to show that the equip- 
ment is representative of and the performance is equivalent to the equipment 
used in qualification tests. 

1. l. h Qualification Tests - The qualification tests should be planned to 
demonstrate that the equipment will meet the design requirements and has the 
design surety factor. 

The qualification equipment, therefore, will go through the following 
test phases: 

1. The first phase will consist of the acceptance tests derived from 
the development effort mentioned above. 

c. The second phase will be made up of two parts: 

a. The first part will consist of tests to demonstrate the existence 
of safety factors, as required by the failure analysis, for all 
critical modes. These tests, of necessity, will be run at stress 
levels higher than maximum mission level. No failure will be 
permitted at these levels which are called design limit. 

b. The second part will consist of an endurance test performed with 
mission level environments using Operating time rather than Stress 
as the critical parameter to affect the equipment function. The 
test duration will be equal to an operational cycle plus one 
additional flight simulation. (An operational cycle is defined 
as ground operating time plus flight time). No lailure will be 
permitted during this test. 

Tf during qualification a failure should occur a complete evaluation of 
the failure and the failure analysis shall be made. Pending the results of 
this evaluation the equipment is not considered qualified and the acceptance 
tests are invalidated. 

l.l.h.l Post Qualification Tests - The post qualification tests should be 
planned to follow the qualification tests and serve to increase confidence 
in equipment design life and strength. The qualification test-units will 
therefore go through two test phases: 

t l. The post qualification testing of the design limit test unit shall con- 
sist of overs tress testS. 

:. The post qualification testing of the endurance test unit shall consist, 
of two additional flighi simulation tests. ' 
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1. 2 Reliabilit -'lhe nature of the 111m:- landing mission refines that . 
crew safety be 9.611 eved through overall reliability rather tlnn through the ’- 
use of escape systems. therefore , attainnent of the madman mission- re11$- 
bility and crew safety shall be the most important single consideretion in 
the design, construction, kindling and operation of the LE5. 

, For the m, the probability goal for accomplishing the niesiomobjeetivel 
shall be (9. 9811. For the IRS, the prohabifility goal thet none s: the acumen 
shall have been subjected to conditions more severe than the W a y  linitw 
set forth in the crew requirmnts section shall be 0.9995. 

These reliability goals m 1:64 be mt‘including theietfectl at launch 
vehicle and spacecraft environments as well as ground ample): reliability .. f , -  
but excluding consideration of radiation, neteoroid impact and W vehicles .2 
or (famed and Service Model-e operational reliability. V 

. ' a The 111 shall also be designed for a probability of at least 0.995. of not . j 
‘ aborting the mission due to meteoroid penetration. (See 11.2.) ' . ' 

l.  3 - Advance 1g Technolog - Flexibility shall be incorperated into the 
design such thetwadvantege can be taken of advances in technology. 

I Contract No. NAS9-1100 | . 9 - . «treat % '. 
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2- Performance 

2.1 Margins - Rational margins shall be used for systems and components 
so that the greatest overall design efficiency is achieved within the gen- 
eral criteria stated herein. The specific margins stated below are derived 
from rational consideration of past and anticipated operational experience. 
They are to be used as design criteria until experience justifies modification. 

2.1.1 - Design.Margin - All 114 systems shall be designed to positive mar- 
gins of safety. No system shall be designed incapable of functioning at 
limit load conditions. . 

2.2 Criteria 

2.2.1 Repressurization Requirements - The ”Iflishall be capable of receiv- 
ing cabin repressurizations from the Command Module repressurization system. 
The . repressurization system shall be designed for a continuous leak 
rate as high as 0.2 lbs. per hour. 

2.2.2 vacuum Opesation of‘Cabin Equipment - Equipment which is normally 
operated in the pressurized cabin environment shall be designed to function 
for a minimum of two days in vacuum without failure. Time period in vacuum 
prior to operation shall be a minimum of 5 days. ' ' 

2.2.3 Mission.Abort - Provisions shall be made for crew initiation of all 
mission aborts. All aborts during lunar excursion shall provide for return 
to, rendezvous and docking with the Command and Service Modules. 

REPORT [ED-520413 ' 
Rev. one 15 May 1965 
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2.3 Mission.Profile — 

2.3.1 Ground Handling and Pre-Flight Qperations 

2.3.1.1 Packaged - Transportation of test and flight modules will be from 
GAEC to point of use. Air transportation will be the primary mode. Ground 
test modules will be shipped to Huntsville, Alabama; Houston, Taxes; White 
Sands, New Mexico; and NAA Downey, California. Flight modules will be de- 
livered directly to RTE. Flight times are expected to be 5 hours to ETR, 
10 hours to MSC and 10 hours to WBMR. The total elapsed time, including 
stopovers and refueling, is expected to be 8 hours to ETR, 2 days to NBC 
and 2 days to WSMR. 

2.3.1.2 Unpackaged - For flight modules, an acceptance checkout and assem- 
bly will be performed at the launch sites. Assembly into the Launch Vehicle 
will occur on the launch pad for Saturn IB flights. Assembly for Saturn V 
flights will occur in the Vert. Assy. Bldg. Prior to prelaunch Operations 
at ETR the m; and its subsystems will undergo acceptance tests at Grumman. 
m. sub—systems will undergo vendor acceptance tests prior to being delivered 
to Grumman. 

2.3.2 Launch Vehicle - First stage thrust time from hold-down release 
to burnout is about 135 seconds, maximum q occurs at about 65 seconds. Second . 
stage burning time is approximately #00 seconds. The Launch Escape System will 
be jettisoned shortly after ignition of second stage. Third stage burning 
time will be about 160 seconds to place spacecraft in parking orbit. 
The third stage is restartable and after re-ignition will have a burning time 
of 320 seconds for translunar injection. Dynamic loads to be encountered 
are due to thrust changes, maneuvering, gusts and engine induced vibration. 
Total thrust time is (135 + hoo + 160 + 320) = 1015 second or approx.17 minutes. 

2.3.3 Spacecraft - Immediately after translunar injection, the Command 
Module/Service Module is separated from the -LM.shroud and the upper shroud 
is deployed. The CM/SM is then re-oriented to mate with the LEM at the upper 
IM hatch. During this maneuver the CM/SM is the active member and the 1M 
remains attached to the empty SIVB. After transpositioning, the S—IVB and 
lower shroud is separated from the spacecraft and translunar attitude is es— 
-tablished for the lunar trip. Trajectory corrections are applied periodically 
by the Service PrOpulsion System. At about 75 hours the SM propulsion system 
establishes the spacecraft in a circular lunar~orbit at 60 nautical miles 
altitude. The crew is transferred and after a system check, the U! is 
separated at about 95 hours after launch. The LM is the active member during 
Descent, Landing, Ascent, Rendezvous and.Docking. After crew transfer to 
the Command Mbdule the EM is jettisoned. - 

'0“ am new I M4 REPORT LED- 550- l G 
Contract No. NAS9- 1100 WE Rev. h September 1970 

G I U M M A N  A I R C R A F T  E N G I N E E R I N G  C O I P O I A T ' O N  
. ‘ - - -  A A - . -  



PAGE 10 

The summary of 114 Mission Times (Table I) for a nominal mission 
I is not to be used for major subsystems but rather as a guide for determin- 
ing duty cycles of lower level assemblies. It should be noted that no 

single mission can contain all of the time contingencies and probably no 
mission will occur which contains none. In determining the duty cycle of 

a particular item of equipment the maximum range of each mission phase should 
be considered in the light of the subsystem total mission profile within 
which the item must perform. 26, 27; 28,29, 30, 31, 32 ’ 

2.3.h Lunar Ezeursion - The Lunar Excursion Module shall have the 
capability of performing the separation, lunar descent, landing, ascent, 
rendezvous and docking independent of the spacecraft. All IN systems shall 
be capable of performing at their nominal design performance level for a 
mission of two days without resupply. Lunar descent will be by elliptical 
orbit ending at a lunar altitude of 50,000 ft. after which a powered descent may 
end in a hovering maneuver prior to touchdown. Final touchdown horizontal 
velocity shall not exceed h ft/sec., and vertical Velocity shall not exceed 
10 ft/sec.(see 3 3 3. h. 2 ) 

2.3.h.l Lunar Ascent - The powered ascent of the m1 ascent stage to the 
10,x #5 N Mi. orbit shall take 7.1'minutes. 2A 12 hour onbital 
contingency at 50,000 ft. will be available to permit the insertion into a 
rendezvous trajectory at 60 nautical miles altitude. The total ascent time, 
including the 12 hour orbit contingency, shall take 15 hours, during which 
time all ascent stage systems shall be capable of performing at their nominal 
deSign performance level. 

/, . 
f“: tom om nevus-u REPORT LEDHIDaU‘IG 
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3&1 » Genefl . ; . 

. ‘ ‘ ) . F” 

3.1.1 Iselg;tion of; Modifications - The B! and its component subsystems 'g 
shall be designed such that mm]. modifications to  the In module or its 

* subsystems do not propagate through tin other modules of the Apello splee- 

3.2 ‘ S t t l  Reflmnts For in- & m Items *‘ ’ 

3 2 .1,‘ Desifl Factors 1 

3.2.1.1 - Purpose and Definition of Slfct Factors - The level of structural 
strength and stiffness is established by the“ cm—itions of 3 3, 3.  h and h .  o 
in addition to  specific loadings applicable to particular subsystems. Such ., 7 ., 
loads, called Dasign'Mi'ssion loads, are conservatively Selected to" rep. the m ‘  . 
imum range of severity expected on the lunar mission. Rational allowance 

."shall be nude and incorporated in these leads for stress concentrationsyfati 
thermal stream and dynuic response. Factors of safety are mitiplfled by _ _ 
these Design mission loads to provide precautions against unknown deficiencies 

the probability of failure within the necessary limits. See inble V for :. 
of RIFactors of Safety. .3 ' ' 

Ultimate Factor -At  mission level-H- times the ultimate factor of 
safety there shall be no failure of structural members. The ultimate factor 
shall be not less than 1.5 applied mission level. This value my be re-v 
duced to 1.35 for special cases, not involving pressure vessels, upon 
rational analysis and with LEO approval. The HI. landing gear shall use 
1.35 on all mechanical moving parts. 

Yield Factor - At  mission lovel** times the yield factor of safety 
there shall be no permanent deformation or total deformation which would . 
prevent performance of the mission. The yield factor, applied to mission . ' ‘ 
loads is nominally 1.35, but may be as low as 1.0 for ductile materials and‘i—a . 
not involving pressure vessels and need not exceed 1.5. 

3.2.1.2 Pressure Vessel Factors - The? design of pressure-«vessels - ' _ 
shall be based on two analytical considerations. When external leads an . . 
applied in combination with pressure, the factors of 3.2.1.1 above, Will . g 
apply. When pressum is applied as a singular load, the factors of 7”" 
3..2 l . . 2 land3 . . . 2 . l 22be low,  willapply. 

* See 3.1+. l .  2 for equipment when in ground support of IN. 
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3.2.1.2.1 Pressure Vessel Proof Factor - All pressure veSsels will be sub- 
Jected to a pressure proof test during acceptance testing. After exposure 
to proof pressure, the pressure vessel shall be fully capable of performing 
the mission. The proof factor shall be 1.33 times limit pressure.* This 
factor may be reduced for special cases upon rational analysis and negotia- 
tion with NBC. The descent stage propellant storage tanks shall use a ~ 
factor of 1.30, based on the maximum relief valve setting and 1.15, based on 
the maximum burst disc strength. 

3.2.1.2.2 Pressure Vessel Ultimate Factor - At limit load times the ulti- 
mate factor of safety there shall be no failure of the pressure vessel. ‘ 
The ultimate factor shall be 2.00 applied to limit loads.* The ascent stage , 
main propellant tanks, RCS tanks, and Ambient Temperature Helium Pressuriza- 
tion Tanks will have an ultimate factor of 1.50 on the worst combination of 

acceleration, pressure, vibrations, shock, etc. Ref. 18. The descent stage 
prOpellant storage tanks shall use a factor of l.h7, based on the maximumh 
relief valve setting and 1.30, based on the maximum burst disc strength. 

3.2.1.2.3 Pressure VesseleLimit Loads - Limit loads:shall be obtained with 
limit pressures. Limit pressure shall be no lower than the maximum relief 
valve pressure for the system. For cases which do not include a relief ' 
valve, the limit pressure is the maximum due to the maximum temperature 
after pressurization. When pressure effects are relieving, pressure shall 
not be used. . 

3.2.2 Pressure Stabilized Structures - No primary structures shall 
require pressure stabilization. 

* For Propulsion and Reaction Control ystem pressurized components down- 
stream of the helium pressure regula ors. 

Proof press. shall be 2.0 times the maximum expected line pressure 
(use relief valve maximum) 25 the combined surge plus nominal maximum pressure, 
whichever is greater. 

Ultimate pressure shall be 3.0 times the maximum expected line 
pressure (use relief valve maximum) or 1.5 times the combined’surge plus 
nominal maximum pressures, whichever is greater. 

won» 052. REV I a.“ REPORY LED 520-1F 
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3.2.3 Vibration - The applied vibrational environment for launch and boost, 
translunar, descent and ascent phases of the mission consists of random ex- 
‘citation up to 2000 cps. The test requirements include separate sinusoidal 
”vibrations to account for this low frequency portion of the spectrum as well 
as to determine the design adequacy in individual vibration modes. Test re- 
quirements should be considered as part of the vibration design. Separate 
launch and boost vibration are given in Table II for exterior and interior 
-primary structure. Definitions of exterior and interior primary structure are 
in Note 8, Table II, PP. hl. 

‘3.2.3.l Vibration Factors - The vibrational amplitudes given in Table II are' 
estimated envelopes of the highest levels that will occur during a mission. 
Satisfactory operation.must be attained with these amplitudes increased by a 
'factor in combination with other appropriate environments. In cases where mission, 
success or the safe return of the crew is not a consideration and where operational 
characteristics are to be evaluated, lower vibration requirements associated 
:with specific locations may be used. The value of this design limit factor in— 
volving electronic assemblies and fatigue critical structure for pre-launch 5 
packaged of Table 11; part (a) is 1.0 and the value for all other 

, conditions is 1.3 applied to the g and D. A. and (1.3)? applied to random vi- 
bration (g %/ 

In cases involving strength-critical structure, the value of this factor for 
all flight conditions is l. 5 applied to g and D.A., and (1.5)2 applied to 
random vibration (ge/cps) . For pro-launch packaged the factor is 1.0. ‘ 

3.2.h Other Environmental Factors of Safety - The limit proof and ultimate 
factors of safety shall be 1.0 for the following environments: 

a. Humidity 
b. Rain 
c. Salt Spray and Fog 
d. Sand and Dust 
e. FUngus 
f. Hazardous Gases 
g. Radiation 
h. Temperature 
i. Ozone 
.i - Corrosive Contaminants . 

museum” ’ upon 15-52041? 
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3.3 Flight Loads 

3.311 ’Launch.Vehigle 

3.3.1.1 Temperature 

3.3.1.1,1 Saturn V a Anhiont sea level air temperature at EEK during launch 
time will vary between +15‘F. and 100°F. The most likehy range is between'. 
56°F. and 88‘s. . ‘ - 

3.3ml.l§!* Boosted Flight - The temperature/altitude relationship will be 
according to the 11.3. standard atmosphere 1962 (Ref. 10).» 

3.3.1.2 - Pressure - The pressure/altitude relationship will be according 
to the U.S. standard atmosphere 1962 (Ref. 10). ' 

3-3.l.3 Vibr tion - For vibration due to Siturn V launch vehicle operation .3 
see Table II (3;. . , .' 

3.3.l.h aamic Logging - Acceleration loads due to Booster=thrust are 
as shown in Table'IV and Table II. - . - 

3.3.l.h.1v Stagigg - Dynamic loads due to thrust changes are covered by- 
the following: Hold-down release produces £1.25g superimposed on 1.25g 
static thrust. Thrust drop off at lst stage burnout produces -T.¥g. ' 

3.3.2 Spacecraft - 

3-3.2.1 Temperature - The external surface temperature of the 131.udll vary -; ' 
between approximately 4300w +270’F(depand1ng on the orientation of the space f 
craft relative to the sun).due to space environment of 460°}? and solar radia— - 
tion of hhe BTU/rte hr.L The overall structural temperature of the ascent stagei- 
is 0’ to +160°F and descent stage is 20° to +200’F. The oxygen temperature 
in the pressurized cabin ranges from 60° to 90°F (includes local spots). 

3.3.2.2. Pressure - The atmospheric pressure in cislunar space will be 
on the order of lO'lhmm of Hg. The controlled cabin pressure is 5 psia 

(02 nominal) The uncontrolled pressure is 5 psia to .l psia(02 nominal. 

3.3.2.2.1 Corrosive Contaminants - (Applies to the m. cabin interior) Salt ‘ 
atmOSphere, the effect of which is simulated by exposure to a one (1) percent 
salt solution by weight, for "1&8 hours. (Reference 2h). The uposure time 
for 114-10 through it shall be between 5h and 78 hours. 

3.3.2.3 Vibration - Vibration due to Service Propulsion System are of 
negligible design significance. 

'TContract No. HAS 9-1100 - ’ . 'T_ . ' "mi? memes ' 
-' " Rev. we haw-1m 
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3.3.3 Lunar Excursion 
3. 3.3.1. rature- The external mace temperetue at the m will .. g 
very bet-ween ”profimctely 4300‘ and *2? depending on the mutation of : : l  ’ ’ i" 5 
the 5th The space enviromnt is «#66 F. and Somamtieg 13 Me m/ - ' 
Ft. 1111‘. The lunar suflacc temperature will be +250 ta ~36” F. depending 
on the position ofthe sun and the 1acct1an of Im on the m .  The 0mm 
12m. in the pressurized cabin ranges from 60‘10 9U’F(inc1udes local spots). 
The structural temperature will be 30‘. to +16U°F. in vacuum cam for cabin ‘ 
'equip. and equip. bay. +h0° to +100‘B: 1n the propellant campartment (the ,l} w 
descent engine combustion chamber bcchface i s  1+00° F. ) .3 . 

3.3.3.2 agressure - The ambient pressure an the lunar surface will not , ' g'. 3’ 
exceed ,-—1@ m of Hg. When pressurized the cabin pregame at the 3114 will sii’f‘.‘:_"s._ 
be 5.0 psi + .20 psi, with a. reJ.1ef “We setting. of i. 6 p313. .20 p31. . 1-} g 
The cabin ahnasphere will consist of We mach. . _ . - - 9.1-5. :_ 1* 

3.3.3.3. Vibration - Vibmticn due to descent or accent ems are 
as £706.10“: . ' ‘_ E 

Descent - Reference Table II (e‘) . ' ~l .' 

Ascent - Reference Table II (g) 

--~-. . .A‘  
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3-3-3-h~'-' W .  7' 
3.3- 3.1;. 1 Deegent Maneuvers - Dynamic leads during descent are due to the 
Operation of the pain aeseent engine and the Reaction Cmtrol Sym.31pi f ie  , . 
cent lease unwed occur at esp-retina, in elliptical orbit, at start 61' ’ ' ' 
hover and Just prior to tmhdm. “delegations are « a m  n e w  
m the“: at any time during the 1030 jeeeond engine My {71:13. 5,113.: 3,; 

Phebe Vertical Aeeel. Lateral Accel. Rea/see Rad/See * 
'3 . .  , earth 3's ‘ earth 5’8 390113: 3W 

. e a . . - . - . r ' _ *  x ‘ 1  A T‘ , Y and z “ $ 1 . “ ; n  - : ’3 -  

At Separat1on ’ + .368 , 1.0378 + .192 11.391 ’ 
Elliptic melt +3 .372 . . , .. _-;.ea83 ‘ -.+.% +.992 -. 
Start ef— Hem {.707 . 1.0128 _- . £1,156 
End oi’flever f..81‘5 . 1358+ " 4‘ .W5 33.3389 
Transfer Whit 0 0 - 

3. 3. 3. if. 2 'L Land - At tmehdun the propulsion. and Miami ( 3 t  
systems are 69.13%]: of producing the accelerations given in 3. 3 3.h.l abeve. 
In additien the Reaction Contra; Syam cubimd with w D030.“ Engine met 
bring the m attitude withina e: loge; vertical and m hold the m metiae' 
within the feflewing limits at6 meet on the lunar aux-thee. .. ‘ 

m V .. V C ' . )  i t  .t l. . ‘. ‘ 1 . ”  5 r, w" V 0 6 1  _, 4 ' “  . M .  3 1 3 ; ”  ; M 3 3  . 

€ 1 9 :  P .  B 4 11, f p a ‘ :refie'g /696‘ ‘ 2  ;eg/s': ,1 

=h73 (10 - vv) for 102v 
Criticaa impact loads during 1 m  lending, mau1t¥n>g7 true the uni-ting. rates ‘ 
given above, occur for the initial leg inset and for the ”m back” or encom- I' 
fiery meet. Design values are given in able II ( e ) ,  Pg. 59. 

.— 

3.3.3.h.3 Ascent end Rendezveug - Loads due to ascent engine thrust and 
Reaction Cmtrmsten *are ”critical at mm Height mti'hefere; docking. 
The permissible closing velocities for decking do not exceed ‘the following: ' 
Reference 11. " 

Clams Velocity . Side Velocity Angulm Velocity 
- Z ' X g Y 3 W e  ¢_ _ i3 3 

.1 to 1 ft/eec. . 5  ft/see. 1 Degree/See: ' 3 i if" 

Docking leads are estimated. 

X " O Y .’ . ‘ Z .' . .. 
3 3/5690" g R/Seca: . j 'lySeegfj ‘ . A 

Maneuvor ‘- +.T0I ' $.71; 1505 ‘ 138 30 i.ON-‘ it'll-'1' 

Contract. No. NAS9~1100 ' - mom Jim-5204M 
Rev. W5 ‘ 15 Hay 1:966 
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3.3.h 

3.3.h.1 

3.h 

.73.1+.1 

3.11.1.1 

— 3.h.1.2 

3.h.1'.2.1 

3 0 h 0 1 0 2 0 2  

301401.203 

Leakag§_Rates For HermetiCally Sealed Instruments - 

The following leakage rate shall apply to assemblies and 
instruments which are hermetically sealed: 

"The leakage rate shall be not more than 1 x 10 
STD CC/sec/cu. ft. of enclosed volume." 

Transportation, Ground Handling, and Storage - This 

-h 

criteria presents the natural and induced environments 
associated with transportation, ground handling and- 
storage for LM-i and/or individual item. 

Criteria is presented for ground equipment during support 
of EM? and/or individual items, and when subjected to in- 
duced accelerations, shocks and vibrations. 

General 

Definition - For the purpose of this section, a package 
is defined as follows: The package is the complete ready- 
for-shipment outer container loaded with its item, and 

Structural Factors of Safety For Ground Equipment 

Limit Load - Limit loads are service level loads. 
There shall be nogpermanent deformation at limit load. 

fincluding insulation and other special internal supports. 

Ultimate Factor - For ground support equipment and shipping 
containers the ultimate factor is to be 1. 5 applied to 
limit loads. At limit loads times the u1.timate load factor 
of safety there is to be no failure of structural members. ' 

"Eydraulic and Pneumatic Fluid System Factors 

Component Proof Factor 

Lines 2 times oper. press. 
Fittings 2 times oper. press. 
Hose 2 times oper. press. 
*Pressure Vessel 2 times oper. press. 
Aetuating Cylinder 1.5times oper. press. 
All other components 1.5 times oper. press. 

* and/or ASME Unfired Pressure Vessel Code. 

' Burst Eactor 
h times 
h times 
h times 
h times 

oper. press. 
oper. press. 
oper. press. 
oper. press.. 

2.5times oper. press. 
2.5times oper. press. 

FORM 6320 REV I 8-“ QB 1402 new" LED-520-l F 
Contract N0. M8 9-1100 . one 15 May 1966 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  

CODE 26512. 
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3 .h. l .2.3.1 

3.h.l.23& 

.3.h.1.2.5 

Safety of Pressurized Systems - Pressure relief of GSE 
fluid and pneumatic systems shall be provided to ensure 
safety to operating personnel by limiting any pressure 
rise to GSE design limit pressure. In addition, for  _ 
those systems used to service LM flight pressure systems, 
the GSE pressure relief shall provide protection against 
exceeding the design limit pressure of the flight system. 

Proof Tests-Slings - All slings will be subjected to a_ 
proof load acceptance test. After exposure to proof 
load the sling shall be fully capable of  performing its 
intended service. The proof factor shall be 2. 67 times 
the weight of the article being lifted. 

Pressure vessels - The strength of all pressure vessels 
shall be substantiated by rational analysis and proof 
test of  each delivered vessel. Pressure vessels shall 
not require pressure stabilization. Pressure vessels 
may be designed i n  accordance with the ASME Unfired 
Pressure Vessel Code, in  which case they shall be tested 
to the GSE proof pressure. Since the ASME proof pressure 
is  equal to 1 .5  times the ASME working pressure, the ASME 
working pressure and GSE limit pressure are equal only 
when the GSE proof factor is 1 .5 .  When the GSE proof 
factor is 2.0, the ASME working pressure is  1 1/3 times 
the GSE limit pressure. 

FO(IM 5328 REV I 3- 6‘ QB 
}_>nt1'act N D .  

’ anon fi~520-1F "35 0- 1100 one 15 May 1966 

G I U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 26512 . 
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3.h.l.2.7 Sh__9____ck - The following table presents shock loads induced 
. f 0 during handling and transportation. 

Equipment Weight Shock Level ELM}. 

Less than 250 lbs. _ 36 g 11 d: 1 ms 

551' lbs. to 500 lbs. 2h g 11 1 1 ms Half 
501 lbs. to 1000 lbs. 21 g 11 t 1 ms Sine 
over 1000 lbs. 18 g 11 s 1 ms Pulse 7 
When a severe cost or weight penalty is inposed by this 
shock criterion upon the design of .114. 682 (end items), 
or if the fragility level of one or more componentmas 
installed in the end item is not compatible with the shock 
criterion, a deviation from this criterion shall be requested 
from Grumman and after approvaliincorporated into the con- 
tractor prepared specifications for that GBE. Packaging 
equipment containing shock isolating material or special 
handling instruntfions shall be employed to insure that the 
shocks imposed on the end-item during transportation do 
not exceed the level specified in the deviatiOn. Refer 
to Fig. 5 to obtain amplifiCation factors for use with 
isolation material. 

3 o h- o l o 208 ACCECEBtion 

(s) 
viromnent ‘ I Y Z 

Hoisting -- +2. T 10.1 '5 . . 

Railroad Case 1 11.0 1 115.0 
C833 2 1190 172.0 I 

3925.53 3 25-0 
Highway and Secondary Case 1 +3.5 
Road Transit Case 2 11.0 +2.0 

. Case 3 11.0 +1.5 . 
Airplane Case 1 -l.67 
B377 PG Emergency Landing Case 2 +3.0 

Conditions Case 3 ¢1,o 
(For Commercial aircraft, Case 11 -1.0 
Case. 5 31193110 be 46.9. ) Case 5 +11.0 
Dolly TowingWs not Case 1 +1.25 
to exceed am on im- Case 2 +1.0 +0.5 
proved roads Case 3 +1.0 +1.0 

3 3.h.'l.2.9‘ Other Environments - For the following environments,(see Ref. 1) 

g 1. Temperature 

. “ 3. Rain 

3 
N 

*3 
Contract No.” NAS 9-1100 “'0" I‘m-6204!: 

Rev. ,. we a Sept.” 11:70 
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3 6 h 0 1 0 2 I 9  (conto) 

3.h.1.2.1o 

3.h.l.3 

h. Sand and Bust 
5 . Fungus 

To Ozone 

8. Vibration 
9. Acoustics 
lo. Hazardous Gases 
ll. EMI 
12. Pressure Environment 

Vibration and acoustical levels are dependent on the 
location of the GBE item, such as in the Launch 
Umbilio'al flower (LUT). Shock and/or vibration is-- 
olation is required.when the load environment exceeds 
the fragility level of the GEE item. 

Work Platforms, Work Stands, and Floor Loads 

The live load applied to work platforms, work stands, 
and floors is ib3lbs/sq. ft. uniformly distributed, 
or a #00 lb. concentrated load applied anywhere, 
whichever produces higher stresses. ' 

The horizontal loading applied to work platforms, 
work stands, and floors shall be 20% of the live 
load, applied at the C.G. of the live load.i Stairs 
shall support a unifiormly distributed live load of 
100 lbs/sq. £13., or concentrated loads of 300.1135. 
spaced 3 ft. on centers, whichever produces higher' 
stresses. 

Railings shall be designed to resist a horizontal_ 
thrust of 50 lbs/ft. applied at the top of the 
railing. 

For columns, ultimate load factor times applied load a 
shall not exceed column allowable load. For design 
of other members, stress due to ultimate load factor 
times applied load shall not exceed 1.5 times the 
yield stress of the material, or shall not exceed the 
ultimate stress of the material, whichever is lower. 
Other Envirogggmfigl Factors - Use the factors of 3.2.h. 

Contract No. ms 9-1100 Ivan m-seo-wia 
Reva»: 15 m19§5 f ‘ 
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. ,, 3 . h . 2  * Package Natural Environments 

3.h .2 . l  Temperature 

‘Air transportation: -h5 to lh0°F for  8 hours. 
Ground transportation: Packaged: -65 to +160°F 

fo r  2 weeks. 

3 . h . 2 . 2  Pressure 

Air  Transportation: ‘ Minimum of 3 .h5 psia for  
8 hours (35,000 f t .  altitude) 

Ground TranSportationi 
and Storage: Minimum of 11.78 psia. 

3.h .2 .3  Sand and Dust - As in  MIL-STD-810, June 1h, 1962, Method 510 
with exception test will be conducted at a temperature of  
90 i 20°F instead of 160°F. 

‘ 3 . h . 2 . h  Fungi - Exposure as defined in  MIL-STD-Blo, MEthod 508, 
June lh, 1962. 

3 . h . 2 . 5  Ozone - 3 years exposure, including 72 hours at 0 . 5  PPM, 
3 months at 0 .25 PPM, and the remainder at 0 .05  PPM con- 
centrat ion.  

3.h.2.6 Salt Spray - As simulated in laboratory tests by Method 509 
in  MIL-STD-BlO. (No direct impingement on flight hardware). 

3 .h .2 .7  Humidit - In accordance with.Method 507, MIL-STD-BlO, in June 
W e e p t  that the maximum test temperature shall be llO°F 
instead of l60°F and the n1n1mnm.test temperature shall be h0°F 
instead of 68°F to 100°F. 

3.h.2.8 Rain - For design purposes, this environment will be repre- 
' . sented by Method 506, MIL-STD-Blo, June it, 1962. 

*Ambient environments external to package. 

FORM G328 REV 1 8-64 QB 1402 REPORT ItED'SQn" 11? 

Contract No. MAS 9-1100 Rev.°‘“ 15 May_l966 
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3.h.3 Package Induced Environments 

3.h.3.l Sustained Acceleration. - 2.673 vertical (X-axis) with o.ug 
lateral (Y, Z axes). 

‘ 3.h.3.2 Hoisting Acceleration. - Two separate conditions: 

a) 2 o g in direction of hoisting , 
b) 2.67 g Vertical (X-axis) with o.ho g Lateral (normal 

to X-axis) ? I 

3.u.3.2.l- Hoisting with Lift Rings. - The 2.0 g hoisting shall be con- 
sidered to be applied on any one ring or any combination of 
rings, whichever is critical. 

3.h.3.3 ghogg. - As in MIL-STD-8lo (USAF) in June 1962 Method 516 -, 
procedure III. See Table II (a).~ Shock on engine in special 
container see (Ref. 12). 

Shock on IM. Vehicle is to be supplied (preliminary 8 g 10-20 ms). 

3.u.3.h Vibration. - As in MIL-STD-Blo (USAF) 1h June 1962 Method slu-e 
see Table II (a). 

3.h.3.5 Hazardous Gases. - Explosion proofing requirements defined in 
MIL-STD-Blo (USAF) 1h June 1962, Mothod 511 to protect against 
fuel leakage. 

3.h.3.6 Electro-magnetic Interference. - In accordance with LSP—530-001. 

50m 6320 IEV I M4 031402 REPORT LED-520-1D 

Contract No. NAS 9-1100 Rev. D‘" 15 May 1965 
" GIUMMAN AIRCRAFT ENGINEERING conounou 
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PAOI: 2‘3. 

3 0 h l h  

3.h..h.1 

3.h.h.2 

3.h.l+.3 

3.h.h.h 

3.h .h .5  

3'.h.h.6 

3.11.5 

3 . h . 5 . l  

3 . 1 4 . 5 . 2  

3 0 1 4 - 0 5 0 2 0 ] .  

3-h-5-3 

3.11.111 

5.1+.S.5 

Mackaged Equipmcnt Item Natural Environments 

Pressure - Atmospheric pressure corresponding to sea level. 
(Hermetically sealed units installed i n  the crew compartment 
will be subjected to a limit pressure of 39m5'psi absolute during 
preflight checkout). 

Te rature - -20°F to llO"’Fl ambient air temperature plus 
360 B.'I.'.U.7ft.2 hr. solar radiation up to 6 hours per day. 
Humidity - In accordance with Method 507, MIL-STD-Blo, 13+ June 1962 
except that the maximum test temperature shall be llO°F instead 
of 160°F and the minimum test temperature shall be 1+0? instead of 

O . 

gait? 9.335.. 3.1+. 2.5 

Rain - Same as paragraph 3.’+.2.8 except no direct impingement. 

Salt Fog - As in MIL-STD-Blo (USAF) in June 1962 Method 509. 

' . Unpackaged Eguipment Item Induced Environments 

Sustained Acceleration - 2.67 g vertical (X-axis) with ‘0. 1+3 
lateral (Y, Z axes). 

Hoisting Acceleration - Hoisting of the .M'T'vehicle stagesis. 
permitted in  the empty condition only; that is,  with no fuel 
or  other consumables‘on board. Hoisting from the ascent stage 
will be.only through 9. (BE adapter attached to the docking 
structure. The empty descent stage may be attached. Hoisting 
of the descent stage will be through the interstage fittings 
o r  the landing gear outrigger trusses. If it should become 
necessary to hoist the [M in the loaded condition, FM; 
Structural Analysis, and Vehicle Design and Integration 
must be consulted: 

a )  2.0 g in direction of hoisting 
b)  2.  67 g vertical (Xeaxis) with 0 .  ho g lateral 

(normal to X-axis) 

Hoisting ‘With Lift Rings - The 2.0 g hoisting shall be con- 
sidered to be applied on any one ring or any combination of 
rings whichever is critical. 

Shock - Will not exceed MIL-STD-3lo Method 516 procedure I, 
15 g peak but modify shock pulse to a saw tooth 11 :t 1 ms 
rise, 1 i 1 ms decay. Suitably padded work bench surfaces 
will be available for  the equipment item. 

Hazardous Gases (Exposed E ui nt Onl)r -Explosion proofing re- 
quirement defined in MIL-STDfi 10 (um) 11+ June 1962 Method 511 
to protect against fuel leakage. ' - ' 

Electrqagnetic Interference - In accordance with LSP-530—001. 

Contract No. NAS 9-1100 neon LIED-520-1F 
Rev. 9‘“! 15 May 1965 
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h.0 'General Environmental Conditions 

h.l.0 Radiation Considerations 

h.l.l Nuclear Radiation - The nuclclr radiation environments for 
near earth, cislunar and near-lunar space shall be as presented below. (Ref. 16) 
Charged particle radiation shall not be investigated by subcontractors for 
effects on 1M equipment design. 

a. Trapped Radiation - Radiation levels in the Van Allen 
and artificial belts will use protons and electron 
fluxes obtained from the Goddard orbital Flux Code. 

b. Galactic Cosmic Rays .- Galactic cosmic ray doses range 
from 0.1 rad per week for solar activity maximum to 0.3 
rad per week for solar activity minimum. 

c. Solar Particle Events - The solar particle events 
described below are for rigidities above the cut—off 
rigidity for solar particle events in the earth's 
magnetic field. The cut-off rigidity is givenlby: 

_ ' a 2 

2A9 x 109 2 + c063)\ -2(1 + c033 A ) 

= (6371 +10 2 coseA 
where: 

N = particle's cut-off rigidity, BV 

h = Altitude, KM 

A 
Solar particle events will be considered to contain solar 
produced alphas and protons with equal rigidity spectra. 

Geomagnetic latitude 

(1) Time Integrated Spectra - The time-integrated spectrum 
for alphas and protons with rigidities greater than 137 MV 
(10 Mev) will be considered to be of the form 

N ( ) P )  = No exp [-P/P; where P )  137 NW 

where N ( ) P ) =  time integrated flux with rigidities greater 
than P, particles/cm2 

N0 = total intensity of event, particles/cf 

P = particle rigidity, million volts 

P0 = characteristic rigidity, million volts 

tom 03:. m I “403 . REPORT L].‘1D--52")--1Er 
Contraci No. NAS 9-1100 Rev; ONE lS‘Nbv.l965 
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The rigidity of a particle islgiven by: 

- ‘ 5 
P.=l (T2+2TM 02) 2—. o 

e . 

Where Z = particle's charge in units of electron charge e 
i.e., Ze = -l for protons and Z8 = -2 for alphas 

T = particle kinetic energy, MEv 

MOC2 = particle's rest mass energy, Mev 

M002 = 938.2 MEV for protons; 

M602 = 3727.1 for alphas 

PO is evaluated in the energy ranges: 

10 Mev_<_ T S 30 Mev and 30 MevsTélOO Mev 

Below 10 Mev the spectrum is given by: 

N (> T) = NOT'n 

A model spectrum is described by the following expressions: 

- 1 0 2  

3 

T<1o Mev: ‘ N (>T) 
137 Mvs P<239 W: N (7?)  

P2239 MV: N (>P)  

79-9 N (>239 Mv) T 
35.5 N (>239 W) e -P/67 
10.9 N (>239 M'V) e-P/lOO 

where N (>239 MV) is the number of particles/cm2 with 
rigidities greater than 239 MV (3O Mev) encountered during 
the mission. Figure l of Ref. 16 shows the nrobabilit 
of encountering greater than N (> 239 MV) particles/cm 
in an 8.3-day mission plotted against N (2’239MV). The 
values obtained for NO shall be considered to hold for 
both alphas and protons. 

(2) Time Dependent Spectrum - The model time dependent integral 
spectrum is shown in Figure 5 of Ref. 16 for several rig- 
idities. The spectrum will be considered to hold for both 
alphas and protons. Note that the spectrum is normalized 
to one particle/cm2 with rigidities greater than 0.239 Bv 
for the entire event. 
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vh.1.3 

h.1.2. 

Solar 

Earth 

Lunar 

Flux 

Emission 

Emission 

(sub-solar point) 

Lunar 

(Dark 

Earth 
(over 

Earth 
(over 

Lunar 
(over 

Lunar 

(over 

Lunar 
(over 

Space 

Emission 

Side) - 

Albedo 
entire solar spectrum) 

Albedo 
visible spectrum) 

Normal Albedo 
entire solar spectrum) 

Normal Albedo 
visible spectrum) 

Spherical Albedo 
visible spectrum) 

Sink Temperature 

Thermal Radiation - The source of radiation presented below 
impinges on the exterior of the IMi in logical combination: 

hhz BTU/fte/hr 

73 BTU/fte/hr 

h19 BTU/ftE/hr 

2.2 BTU/ftz/hr 

0-35 

o.ho 

0.0h7 

0.098 

0.073 

-h6o°F 

(Thermal emitted energy distribution to be interpreted 
according to cosine law). 

Protection Criteria 
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h.l.3.l Radiation Exposure Limit - The nominal biological dose, 
emergency dose and single acute emergency dose are to be determined. 

h.l.3.2. Materials — The effects of exposure to the Solar Event of 
paragraph h.l.l shall be evaluated and materials selected wherever possible 
which are unaffected. Where materials must be used which deteriorate or 
malfunction due to radiation exposure, an evaluation must accompany the re- 
quest to MSC for approval of the material. ' 

h.1.h. Natural Radiation Mission Environment - The charged particle 
fluxes in the van Allen radiation belts plus all of the sources of electro-' 
magnetic radiation enumerated in Section h.l.l, shall be considered. 
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. ' h.l.5 Induced Radiation Considerations 

h/l/5.l Radio Frequency - The following radio frequency engergy will be 
present due to the operation of spacecraft equipment. The output power is 

1 effective at the antennae. 

I ITEM £33m mWER 

nsxr 2100-2300 mc/sec 20 Watts 
Vbice Communication 250-300 mc/sec 10 Watts 
Tracking Radar X - Band 300 Milliwatts 
Landing Radar X - Band 300 Milliwatts 

E ' h.l.5.2 Thermal - When the environmental control system is operating, 
the cabin atmosphere will be at a temperature of 70 to 80 degrees F. This 
atmosphere will be 100% oxygen at a pressure of 3.5 to 5.8 psi. The relative 
humidity will be between h0¢ and 70%. 

14.1.5.3 RCS Exhaust Plume - 1M ROS exhaust plume effects shall be considered 
during Descent and Ascent. SM exhaust plume effect shall be considered during 
Translunar Coast and Lunar Orbit. The undisturbed ROS exhaust plume is 
presented in Figure 3. For determination of plume heating effects, Figure 3_ 
applies to all SM ROS, and LM up-firing and horizontal firing RCS engines. 
IUM down firing RCS have plume deflectors which disturb exhaust flow. Heating 
effects from in down firing ROS must be determined for specific relationship 
of heated surface to plume deflector. Figure 7 presents location of 08M and 
IM ROS thrusters. 
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h.l.5.h Descent Engine Exhaust Plume - Descent engine exhaust plume effects 
shall be considered during powered descent only. undisturbed exhaust plume 
is presented in Figure h, and applies for LM altitudes greater than 20 feet 
above lunar surface. Below 20 feet altitude, ground effects generate complex 
flow fields which are functions of altitude. 
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h.l.5.5 Ascent BngineLExhaggt Plume - Ascent engine exhaust plume effects 
‘ shall be considered during powered ascent only. Undisturbed exhaust plume 

- is presented in Figure ll and applies for ascent and descent stage separations 
5 greater than 10 feet. Below 10 feet separation, ground effects generate 

complex flow fields which are functions of altitude. 
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h.2.0 Meteoroid Protection - The meteoroid protection required by the 
ID! vehicle to meet the meteoroid reliability goals is defined by‘ 
the following criteria. . 

h.2.l Failure Mbdes 

h.2.l.l Mission Success - In estimating the mission success probabilities, 
it should be assumed that the following'criteria determine an ' 
aborted mission: 

(a) Meteoroid penetration and/or spallation greater than 25% of 
the thickness of a pressurized tank wall. 

(b) Meteoroid penetration and/or spallation of the inner or 
container wall'of a cryogenic tank. 

(e) Meteoroid penetration of the cabin area during any period 
of time during the mission. 

h.2.l.2 Crew Safety - In estimating the crew safety probability it should 
be assumed that the following criteria would result in a crew 
fatality: 

(a) Meteoroid penetration and/or spallation greater than 25% - 
of the thickness of a-pressurized tank of the descent stage in 
such a manner that a hazard would exist. 

(b) Meteoroid penetration and/or spallation greater than 25% 
of the thickness of a pressurized tank of the ascent stage. 

(c) Meteoroid penetration of the cabin while.pressurized. 

h.2.2 Overall Structural Reliability - The overall structural reliability 
is given by the equations: “ 

n I 
= (1 ~2AQ- £19 436:8) 

where r éATS . A e  

' Ts yAe 

A T ° A A e  
in = ———--—— 

T .Age 

Ae = total effective area 

= n o  A 
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h.2.3 

h.2.h 

Y\ - shielding factor 

T = total time in primary environment 

Ts = total time in secondary environment 

A T  :- time in primary environment for an elemental area 

zxis - time in secondary environment for an elemental area 

AsQ probability of penetration for an elemental area — 
time product in the primary environment 

AQs = probability of penetration for an elemental area - 
time product in the secondary environment 

F9==probability of encounter ofia secondary velocity 
class , 

Shielding Factor — The planetary shielding factor is determined by 
the equation: 

7} 
_ l + cos 9 

2 

lunar radius where 0 - arc sin ( . 
lunar radius + EEM orbit altitude 

The Design Meteoroid - The design meteoroid for the primary 
environment and the secondary (lunar ejecta) environment are 
defined as follows: 

The Primary Designeteoroid - For the 
combined sporadic and stream environment the primary design meteoroid 
is established by the LM. mission success probability, a 95% 

confidence level in the penetrating flux, and the sporadic meteoroid 
model specified in the following equation. 

log N = loglo - filoglo'm 

where N = impact per ft2 - day units 

_ on = 3.776 x 10'll (r1;2 - day units) 
8 = 1.3h 

“"1: meteoroid mass in grams 

fOIM G32! REV I 8-64 new" LED— 520-41P 
Contract NAS9~llOO , own 15 May 1966 

G I U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O I A T I O N .  
CODE 26512 



use 31 

11.2.5 

h .2 .5 . l  

h . 2 . 5 . 2  

The design mass is  given by the equation: 

-m__ ‘1 hoe QEAA e - A T ] 1 / fi  

II
 

Primary mass density . 5  gm cm3 

Primary design velocity V = 30 km/sec. 

- The Secondary Desig§_Meteorqig - The secondary 
design meteoroid i s  established by the .HM mission success 
reliability, a 50% confidence level in the penetrating flux 
and the secondary flux model specified i n  the following equation. 

loglo N = loglo 0‘3 - (310810 1118 

where =4 s z 2.57 x 10"7 (ft2 - day units) 

[3 = 1.3h 

m3 = meteoroid mass i n  grams 

The design mass is  given by the equation: 

lfiB 

L AQS 
Secondary mass density (33 = 2.5 gm/cm3 

The secondary flux velocity has an average value of 200 meters/sec. 
I n  evaluating the secondary f lux the following velocity distribution 
shall be used:  

For Vs z 0.1 km/sec. probability of encounter p = O. 9785 
Vs = 0.25 km/sec. probability of encounter p = 0 .  O2lh 
Vs = 1. 5 km/sec. probability of encounter p = 0.0001 

Shielding Design Criteria - The penetration resis tance of each 
elemental area shall be determined on the basis  of the following 
c r i te r ia :  

Fini te  Thickness Single Skin Areas - The thickness of a metallic 
shield required to r es i s t  penetration by a meteoroid of diameter d 
i s  shown i n  Figure 8 for impact velocities > 10 km/sec. Similarly 
Figure 9 covers the velocity range 0 to l .  5 km/sec. 

Finite Thickness Double-Skin Areas (yfl>’lO km/sec) — The thickness 
of a metallic shield, t3, required for complete melting o f '  
vaporization of_ a meteoroid of diameter d i s :  I 

O. 0 8 < t  i<0. 25 
d 
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The thickness of a metallic sheet behind the shield defined 
above is given by the empirical expression: 

he m . v 70,000 a 
82 git,“ t b = =  

where m = primary meteoroid design mass, gms 

V = primary meteoroid impact velocity, km/sec 

s s spacing between t8 and tb, cms 

<5:O.7 a compressive yield stress equivalent to 0.7% strain, psi 

The expression is directly applicable to aluminum TOTE-T6. 

For the case when the sheet behind the meteoroid shield tS is either a 
stressed tank wall or a non—stressed tank wall in direct contact with the 
contents, then the tank wall thickness tt, is given by the formula: 

168 m . v 70,000 % 
tt = 2 _............ 

S 56.7 
The above criterion will satisfy the condition of no spall off the inner 
face of the tank wall. 

h.2.5.3 Finite Thickness Double-Skin AreesgE 1.5 km/sec) - The 
thickness of the combined metallic shield tS and back—up, tb, 
required to prevent penetration by a secondary (lunar ejects) 
particle dB is given by the empirical expression: 

ts+tb 

ds 
= A 

. where A is a function of the impact velocity and is obtained from Figure'lO. 
' For the case when the second sheet tb is either a stressed tank wall, or a 

non-stressed tank wall in direct contact with the contents, the combined 
thickness to prevent penetration is: 

(tS + 0.25 tt) 
d 
s 
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' h.3 Lunar Surface Model 

h.3.l Gravity — The mean acceleration due to the moon's gravity at 
the surface of the moon is 162.29cm/sec2 (5.&I45 ft/secz). This is equivalent 
to 1/6.0h26 times the standard surface gravity of the earth. 

h.3.2 ‘ Pressure - The atmGSpheric pressure of the moon does not exceed 
10'12mm of Hg. 

h.3.3 Thermal - The surface temperature varies between +l20°C (250°F) 
on the bright side to -185°C (-300°F) on the dark side of the moon. The 
solar radiation is t BTU/sq. ft./hr. The variation of the surface temperature 
of a point on the lunar equator during a complete lunation (29.53 days) is shown 
in Figure 6 (sofiid line). During the lunar day, the temperatures of local 
surface areas may be up to 30°C higher than the averaged temperatures shown on 
this plot. This effect is due to local variations in albedo and topography, 
which cannot be taken into consideration on such a plot. 

For a point at some higher latitude, the temperature decreases 
approximately as the cosine of the latitude to the l/h power, as compared to 
the temperature of an equatorial point at the same brightness longitude. 

The calculated temperature variation for a lunar equatorial 
point having the thermal characteristics of a normal terrestrial rock is also 
shown in Figure 6 (dashed line). 

Average Model - The measured surface temperatures are best fit 
‘by a theoretical survey of temperature versus time based on a lunar surface 
thermal inertia “It“... 750 (cgs units). The thermal inertia Y :  (kfic) where 

_r 
k (thermal conductivity) k 1.0 x 10 ) cal,/cm/sec/°C 

’0 (density) ".A‘: 0.9 gm/cmj 

0 (specific heat) 1=t=: 0.2 cal/gm/°C 

Model for Local Variation - Although most, if not all, of 
the lunar surface is covered with material having the above properties, there 
may be local patches of material whose thermal properties approach those of 
normal terrestrial rocks. Such material would have approximately the following 
characteristics: 

3 K m  2.2 X 10- cal/cm/sec/°C 

P :R 2.5 gal/cm3 

a c 0.2 cal/gm/°C 

{
\

J
J

H
 

1f 2 (b)- a» 30 cgs units 

roam can REV 1 a.“ on 1402 REPORT LED-SBO-l F 
Contract No. NAS 9-1100 REV-”A" 15 May 1966 

G I U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 265” 



PAGE 3“ , \' '\ 

.‘x \ 
’ l . I. ~.. .2 

. 

a » !  

. h.3.’+ Landing Site Engineering Design Model — Since the lunar surface 

(b) 

(e) 

(d) 

(a) 

Arc  

varies considerably the following engineering design model will b e ’ u s e d ' i n ,  
configuring the landing gear: Ref. 16 

(a)“ The touchdown point at the landing s i t e  i s  considered to 
be a c ircle having a radius of 10 meters.  The landing 
site is  considered to be an area of about 10 sq.  kilometers. 

The surface consists both of  high porosity material (e i ther  
a cohesive o r  noncohesive aggregate) of variable thickness 
and a structurally competent material. A combination of 
these materials, whose essential propert ies are described 
in  step ( c )  and ( d ) ,  may produce a heterogeneous surface 
which does not exceed the specif icat ions l isted in steps 
( a )  through ( 5 ) .  

The minimum bearing strength o f  the Righ porosity material 
is  such that a static load of 7 x 10 dynes/cm2 ( l  lb/in2) 
will penetrate no more than 10 cm (A in )  and/or a dynamic 
load of 8 .3  x 105 dynes/cm2 ( l 2  lb/ine) will penetrate ‘ 
no more than 60 cm (2b  i n )  below the surface.  

The effective r ig id i ty  and strength of  the structurally 
competent material i s  i n f in i t e .  

The coefficient of f r ic t ion that may be expected during 
horizontal sliding will be between O.h and 1.0 and will 
be constant for any given landing. 

The "effect ive protuberances" at the touchdown point will  
be less than 60 cm (BM i n ) .  Effective protuberances may 
result from single protuberances such as  blocks, o r  from 
various combinations o f  heights, depress ions ,  and surface 
sinkage wi th in  a horizontal d i s t a n c e  of  approximately 10 
meters (ll yards) .  

The "effect ive slope" at  the touchdown point wil l  not exceed 
12 degrees.  The e f f e c t i v e  slope c o n s i s t s  o f  the  general 
surface slope of the touchdown area plus o r  minus  the com- 
bined e f fec t s  o f  protuberances, d e p r e s s i o n s  and sur face  
sinkage. The increment of the "e f fec t ive  slope" due to 
protuberances and depressions ( a f t e r  accounting f o r  erosion 
and soils mechanics effects)  may be calculated from the 
formula:  

sin‘:heééht o f  protuberance + depth o f  depression:] 

D = Minimum distance between the l i n e  connect ing the adjacent 
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h.h Human Tolerance Limits 

h.h.l Carbon Dioxide - The carbon dioxide partial pressure nominal limit 

shall be 7.6 mm of Hg maximum. ‘The emergency limits shall be as indicated in 
Figure in Ref. 16. 

h.h.2 Cabin Temperature - The cabin temperature non-stressed limits shall 
be 60°F minimum and 931R maximum. The stressed and emergency limits are pre- 
sented in Figures 15 and 16 respectively Ref. 16. 

h.h.3 cabin Relative Humidity - The cabin relative humidity non-stressed 
limits shall be LO percent minimum and 70 percent maximum. The stressed and _ 
emergency limits shall be as indicated in Figures 15 and 16 respectively of Ref.16. 

h.h.h Radiation Limits - The radiation limits are to be determined. 

h.h.5 NoiSe ? The noise non-stressed limit shall be 80 db overall and 55 db 
in the 600 cps to #800 Cps range. The stressed limit shall be the maximum 
noise level which will permit communications with the ground and between crew 
members at all times. The emergency limit is presented in Figure.IT Ref. 16. 

h.h.6 Vibration - The vibration stressed, non-stressed and emergency limits 
are to be found in Figure 18 of Reference 16. 

h.h.7 Sustained Acceleration - The sustained acceleration limits are to be 
determined. The sustained acceleration p rformance limits are defined as the 
maximum sustained acceleration to which t e crew shall be subjected and still 
be required to make decisions, perform hand controller tasks requiring visual 
acuity, etc. 

h.h.8 Impact Acceleration - The impact acceleration nominal and emergency 
limits are to be determined. 

h.5 Materials 

h.5.l Crew Compartment - Materials used in the IBM Crew Compartment must 
be tested to LED-520-3 Revision A. The testing procedures include oxygen 
compatability, vacuum stability, toxicity limitations and flammability. 

h.5.2 Outside the Crew Compartment - Materials used outside the crew 
compartment must be evaluated and approved by the m Materials Group. A list 

“of approved materials is maintained by that group and an up-to-date list is 
'circulated monthly by IBM Engineering Memorandum. 

11.5.3 Processes - Processes used in the fabrication of IM equipment. in» 
eluding application oi‘ finishes, must be evaluated and approved by them 
Materials Group. Approved processes are published as the LSP—lh-xxx series 
of Grumman Standard Specifications. ' 

5.0 Summary of Simultaneous Conditions - Tables LlEg III 

6.0 Weight and Balance — Tables IV & V 
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.'.O( ”5 10'1“. ‘ 

Table I LM and LMMP Mission Time LM LM Time Min/Max. 
Normal Mission and Sys's. Crew Nominal (MP) (Minutes) 
Min./Max. Missions on 

Mission Phase 

1.l Space Vehicle Prelaunch Position- 
ing. - — #BOM 

1.2 Prelaunch Checkout 'all None 25,909M 
1.3 Launch Countdown 2,880M 

2. Launch and Earth Ascent " 12M 12/12 
3. Earth Orbit " 180M 60/270 
h. Translunar Injection " 5M 5/5 
5. Initial Coast — to transposition " 15M 10/300 
6. Transposition, Dock and Jettison 

SIVB _ " 30M 20/300 
7. Continue Translunar Trip to LOI " h080M 3600/6600 

2-7 (launch and translunar) h3OTM 

8. Lunar orbit Insertion all " 6M 6/6 
9. Lunar Orbit Coast " " 2u0M 2u0/360 
10. DOI ' " two .3M .3M 
11. Lunar Orbit Coast " " 15M 15/— 
12. LM Housekeeping " " 90M 30/120 
13. Lunar orbit Coast " " 780M 660/900 

(Lunar orbit) 

1h. LM Checkout and.Activation " " 137M 60/150 
15. LM Separation and Prep. for 

Descent " " 260M 260/260 
‘ l6. LM Powered Descent to Hi 

Gate " " 8.5M 8.5M 
17. Hi Gate to Low Gate all two 2.hM 2.hM 
18. Lo Gate to Touchdown " " 1.1M 1.1M 
19. Postlanding Checkout " " 15M 9M/75M 

(Lunar Descent) 

18.0 Lunar Exploration 
18.1 LM-7 to LM-9 (um) 33.5H 
18.2 LM-lo to LM-l3 {lMMP} ShH 

l9. Prelaunch Preparation 61.8M hO/llO 
20. Powered.Ascent 'all two 7.1M 7.1 
21. Rendezvous from 9xu5 mi " " 150M 50/660 

orbit to soft docking 
22. Hard Dock, Transfer Crew 

n. to LM Jettison _¢ " None 300M 601 . 

- contract 'NAS 9-1100 'f;”' LED 520-10 
_ Rev.: h SepteMber 1970 



h8 

(Lunar Ascent) 

Descent Engine Operating Time 
(Including (90) seconds pre- 
launch check) (Duty cycle 
time in Engine Spec. = 1030 
seconds) 

17.21%. 

Ascent Engine Operating Time 

(Including (60) seconds pre- 
launch check) (Duty cycle time 
in engine spec. = 525 sec.) 

8.8M 

(L-) 

(M.P.) 

I 
tn...- 

Cwn’t 1‘8 ('1: 

Approximate totalLM lifetime 
from launch = 170 hrs. 
(Including 112 hrs. orbit con- 
tingency) Days 

Mission Phase 
H = Hours 

M = Minutes 

HAS 9-1100 

J? L! 1'31".“ .7: ‘ 

I? '1": 

n . ’ 

Rev.. (a Y !  

4 r. .m" F231 F? L «arr: 
.r-:- 
.E 
.‘M‘ 

.‘iv 1' 

(Ref- 96, 97, ?8, 29, 3O, 31, 32) 

flfib'"’5"§7341<; _ * 
h September 1970 

'r"=¢!h<3 Ctfimruxr', -: ~~ 
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TABLE II 

E“! MISSION LEVELS 

ENVIRONMENTALlAND LOAD CONDITIONS 

Notes: 1. Factors of safety are not included in the levels specified herein. 

a. m/or individual items ref. 3.2 

b. Ground Equipment ref. 3.h 

2. All accelerationg are "earth g's". Multiply by earth weight or 
use 39.? ft/sec. as appropriate. (sign conv. - Page 37) 

3. Vibrational spectra shown gives straight lines on a log-log plot. 

h. Packaged and unpackaged - The word "packaged"in this table refers 
to containers used for transportation, handling and storage. 

5. Radiation - applied to external and internal items. Ref. para. h.0 
and h.1. 

6.. Meteroids — applies to external items only. Ref. para. h.?, and 
h.2>.1 . 

7. Plume induced environments 

a. RCS - as per paragraph h.l.5.3 

b. Engines - as per paragraph h.l.5.h 

8. For launch and boost vibrations, that primary structure which is 
directly excited by the acoustics transmitted through the 
Spacecraft LM Adapter (SIA) is designated exterior primary structure; 
that primary structure which either does not face the adapter or is 
shielded from it by another piece of structure is designated interior 
primary structure. 

FORM can REV! 8-64 Q3140: " REPORI LED- 590-1F 
Contract NAS’il-llOO Rev. one 15 May 1966 

G I U M M A N  AIRCRAFT ENGINEERING.  c o n o I A H O N  
(1305 26512 
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TABLE II 
MISSWS 

mmfll. Aim LOAD CONDITIONS 
' 7  

(a) Pre-Launch - Pacljged 
Transportation, handling and storage in shipping container shall not produce 
critical design loads on the m . or M equipment and shall not increase 
weight of the "ISM. The following design environment applies only to packaged 
1M equipment and not to complete {-114 stages, except where Specified. 

Accelegtiog; : ., A... 

(ns) 2. 67 g vertical with 0.1+ g lateral, applied simultaneously to the package. 
. lhistcwition also applies to complete 114 stages. 

(v) 1.0 g vertical 

(ns) 2.0 g in direction of hoisting (when rings are used, consider applied to 
any one or anarmnation of rings). 

Shocgg 

(ns) Shock as in MIL-STD-Blo (USAF) In June 1962 Method 516 Procedure III. 

Vibration: 

(us) The. following vibration levels are specified during transportation, handli 
and storage. Vibration to be applied, along three mutually perpendicular 

. axes, x, y, z to the package. 

(Time: 1/2 Octave per minute, three times per axis from 5 cps to m. 
cps and back to 5 cps). 

For 100 lb. or Less For £00 lb. or More 

cps g or D.A. cps g or D. A. 
5-7.? .5 in D. A. 5-7.2 .5 in D.A. 
7.9-26 sl.3 g , 7.2-26 11.3 g 
26-59 .036 in. .1“, 26-52 .036 D.A. 
52-500 $5.0 g -----  
(f) (f) 

(f) for 100 to 300 lbs. — use Figure 5lh—8 Method 51h MIL~STD-810 (USAF) 
11+ June 1962 for maximum frequency. 

(v) Earth gravity compensation is not required 

(ns) Not simultaneous loading conditions at these levels 

(nc) Not simultaneous environment conditions at these levels 

FORM 6328 REV 1 a.“ on 1402 REPORT IED-520-1D 
Contract NAs 9—1100 - Rev-nWE 15 May 1965 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 76512 



vAGE 5L 

(a) Pre~Launch - Packaged (contfd) 

Pressure: 

Ground transportation and storage: min. of 11.78 psia 

Air Transportation: min. of 3.u5 pain for 8 hrs. (35000ft. alt) 

Temperature: 

Ground transportation: -65°F to +160°F for 2 weeks 

Air TranSportation: -h5°F to +iho°r for 8 hrs. 

Storage Temperature: -20°F to +llOF ambient air temperature. plus 360 
BTU/ftE/hr. up to 6 hrs/day for 3 years. 

*Humidity: 

(no) In accordance with.Method 597, MIL-STD-Blo, 1h June 1962, except‘ 
that the maximum test temperature shall be 110°F instead of 160°F 
and the minimum.test temperature shall be h0°F instead of 68°F to 100°F. 

*Rain: 

(no) Rain defined in Method 506 MIL-sTD-Bio (USAF) in June 1962. 

*Salt Spray: 
(no) Per Method 509, MIL-STD-810; (No direct impingement) 

*Sand and‘Dust: 

(no) Per Method_510,lMIL-STD-810 except test. temp. shall be 90° i 20°F 
instead of 160°F. 

Fungus: 

In accordance with Method 508, MIL-STD-8lO (USAF) 1h June 1962. 

*Ozone: 

(n?) Three years exposure as follows: 72 hours. at 0.5 PPM, 3 months 
at 0.25 PPM and remainder at 0.05 PPM concentration. 

*Hazardous Gases: 

Explosion exposure as defined in Method 511, MIL-STD—BIO (USAF) 1h June 
1062. ' 

*Eleetromagnetic Interference: 

In accordance with LSP-530-001. 

. *Ambient environments on outside of package 

roam 0323 REV 1 3-“ 0131402 REPORT m 
Contract HAS 9-1100 Rev. DAW 15 Nbv.l905 

G R U M M A N  A H I C P A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 26512 
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TABLE II 

. MISSION IEVELS 
ENVIRONMENTAL.AND LOAD CONDITIONS 

(b) Pre-Launch - Unpackaged 

Ground handling shall not produce critical design loads on the LMTcaM. 
equipment and shall not increase weight of the 114.. The following design 
environment applies only to unpackaged LM equipment and not to complete 

LMfi stages, except where specified. 

Acceleration: 

2.67 g Vertical with 0.h g lateral applied simultaneously. This condition 
also applied to complete ill stages. 

(ns) 2.0 g in direction of hoisting 

Shock: 

(ns) Shock as in MIL-STD-Qlo (USAF) lh June 1962 Method 516, Procedure I 
modified. Modify shockpulse to sawtooth 15 g peak lO-l2 ms rise, 0-2 ms decay. 

Pressure: 

Ambient ground level pressure. (Hermetically sealed units installed in the 
crew compartment will be subjected to a limit pressure of 20.5 psi absolute duridg 
preflight checkout). 

Temperature: 

-20°F to llO°F Ambient.Air Temperature plus 360 BTU/FTQ/hr up to 6 hr/day. 
From the time of hypergolic loading (approx. T-ll2 hrs) to lift off (T-O): 
hO°F to llO°F SLA cavity external to UM. 
50°F to lOO°F SIA cavity internal to IM. 

Humidity: 

(nc) In accordance with Method 507, MlL-STD-Blo, 14 June 1962, except that 
the maximum test temperature shall be llO°F instead of 160°F and the minimum 
test temperature shall be hO°F instead of 68°F to 100°F. 

Rain: 

(nc) Same as prelaunch packaged but no direct impingement 

Salt Fag: 

(nc) Same as prelaunchpackaged 
Sand & Dust: 

‘I’ . (nc) Same as prelaunch packaged (not required for hermetically sealed cabin 
equip). 

Pom 6328 REV 1 a.“ QB 1402 Wow! IED-520—I} 
Contract NAS 9—1100 Rev. an I; September 1970 

G R U M M A N  A I R C R A F T  F N G I N E E I H N G  C O R P O R A T I O N  

CODE 76512 
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( b )  Pre-Launch5Unpackaged (cons) 

Fuggus: 

Same a s  pre-launch packaged 

929._ (me) 
Same a s  pre-launch packaged 

Hazardous Gases:  

also applied to complete 11¢ stages. 

Electromagnetic Interference: 

Same a s  pre-launch packaged 

( v )  See Page #2 

.MIL-STD—BlO, Method 511, 1% June 1962 and.MSFC Dw. lQMOlOTl. T h i s  condition 

( I18)  H H N 

( n c  ) I I  I I! a I I  

FORM 0329 REV 1 8-64 031402 REPORT LED-SEO-lE - 
Contract NAS 9—1100 RevDATE 15 Nov. 1965 

G I U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
CODE 26512 
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TABLE II 

LM MISSIQN LEVELS . 

ENVIRONMENTAL.AND LOAD CONDITION§ 

(b') Pro-Launch Sheltered Environment for complete .111. Stages: 

Ground handling shall not produce critical design loads on the IM or IM 
equipment and shall not increase weight of the IM. . The following design 
environment applies only to complete IM‘. stages.* - 

Pressure: 

.Ambient ground level pressure. (hermetically sealed units installed in the 
crew compartment will be subjected to a limit pressure of_20.5 psia during 
preflight checkouts). 

Tegerature 2 

+60°F to 80°F for up to 3 years. +52°F to +105°F for 1 hour, maximum with 
environmental equipment out of comission. , 

Humidity 

I 30 to 70% for up to 3 years‘. 100% rel. humidity up to 10 days. 

Sand and bust: (nc) 

External to the IN the particle count shall not exceed level 1,000,000 of 
LSP-lh-006 (Ref. 21) . Internal to the LM cabin the particle count shall 
not exceed level 100,000 of walk-006 (Ref. 21). 

Ozone: (nc) 

Same as pre-launch packaged 

Hazardous Gases: 

MIL-STD-BlO (USAF), 11+ June 1962, Method No. 511 and MSFC Drawing 101401071. 
This condition applies to complete 1M stages. ' 

Electromagnetic Interference: 

Same as pre-launch packaged. 

*Grumman cold flow facility conditions to be supplied 

Fe.» 032: REV I 3-“ 031402 REPORT LED-52033 
Contract NAS 9-1100 one 15 Nov. 1965 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABLE II 

MISSION LEVELS 

ENVIRONMENTALrAND LOAD CONDITIQN§ 

(c) Launch and Boost SATURN v 
I 

f . I. ,. p- 4 
Acceleration (2) i g Rad/Sec2 g Rad/Sece‘g Rad/Seca 

Lift Off Condition E +2 -' ; $.65 ' — $.65 -' 3 . 
Max q Condition (s-1c) f +2.3 - E i.30 - i.30 - '*' 
Boost Condition (s-1c) ; +h.h - g i.20 ‘ - ‘ =i.20_ - 
Cut off Condition (3-10) 5 -1.70 a i 1.10 - @r.10 - 
Outboard Engine Cut-Off : +3.0 - 1 -l.O - i-l.0 - _ 
Outboard Engine Cut-Off g -l.O - g +1.0 9 P+l.0' - t 

< Cut-Off Condition (3-10) g -1.70 - : 1.10 - i.10 - 
Engine Hardover (S-II) 1 +2.10 ,- : i.h0 - E -: - 
Engine Hardover (S-II) ? +2.10 - ; - - 3i.h0 - 
Engine Herdover (S-IVB) +1.60 - ; i.23 i.70 i .23 1.70 
Earth Orbit 0 0 I 0 I o 0 

Vibration 

Themission vibration environment is represented by the following 
random and sinusoidal envelopes considered separately: (appropriate 
account must be taken for transmissibility of secondary structure). 

INPUT TO EQUIPMENT SUPPORTS 

(a) From Exterior Primary Structure (b) From Interior Primary Structure. 
Random 1 Random 

10-23 12 db/oct. rise to 10-23 cps 12 db/o rise to 
23-80 c p s . 0 1 h 8  g2/cps 23—80 e p s . 0 1 h 8  gg/cps 
80-105cps ‘ 12 db/oEt. rise to 80-100 cps 12 db/oct rise to 
105-950 cps .ohhh g /cps L 100-1000 cps .0355 Sz/cps . 
950-1250 cps 12 db/o t decrease to 1 1000-1200 cps 12 db/oct dear. to 
1250-2000 cps .01h8 gfi/cps I 1200-2000 cps ,\ .01u8 ge/cps . 

_Sinusoidal . , Sinusoidal . 
5-18.5 cps 0.15h in D.A. : 5-16 cps 0.15u in.n.s. . 

18.5-100 cps‘ 2.69 g peak 16-100 cps 1.92 3 peak - 
{ 

(2) Paragraph 2.3.2: S-IVB ignition prior to earth orbit and reignition for 
. ' translunar boost. . 

‘"”i:i.f':..‘“ """" -21.-. ' Lt .esng; EEEI§20-1E5" ‘ f7" .* '“ *“ 
Contract HAS 9-1100 _ -.:. - h Septsmber 1970 

'. ‘ ammo-Aw: aartCPAF-‘f EN'."£-?NIIE_FHNG cnfiaf’rmsfivlru 
‘ ' ‘ .- 1:602“, 1m"; ' . ' 



( c )  Launch and Boost (continued) 

During all but approximately 2 . 5  

sinusoidal vibration envelopes. 

frequency of the equipment being 
seconds of exposure. 

Vibration levels may be lower at 
L due to the reaction of equipment 

time approx. 2 m i n . )  

Temperature- 

65’ to 75°F cabin structure. 
. W m  . m . - » -  

For design purposes the above random spectrum applied for five min. 
-. “ along each of the three mutually 

. - :  ' applied in addition to the corresponding sinusoidal spectrum 
acting for five seconds at the natural frequency of the equipment 
being designed will adequately represent the environment. 

perpendicular axis x ,  Y and Z when 

During the launch and boost phase of flight, the 1U! is exposed 
to random vibration of varied levels and spectra for 17 minutes. 

minutes of this period, the 
intensity of the random vibration is of such a low level that i t -  
is considered to be of  negligible design significance. 
addition, the launch and boost environment is considered to in- 
clude peak vibration levels which are presented.by the above 

In 

The number of sinusoidal peaks 
for design can be considered to be 1 percent of the natural 

designed times the number of 

specific equipment locations 
on primary structure. There- 

fore, a rationally demonstrated reduction in these levels may 
be used for LEM equipment design and test .  

Acoustics: Octave Band 0-5 at max q 
{sound pressure levels (CPS) Level (db )  
in d ; b .  external to ' 
LEM) , 2 
(re.  .0002 dynes/cm ) 9 to 18.8 127 ~ 

18.8 to 37.5 133 
. 3 7 . 5  to 75 136 

75 to 150 13h 
150 to 300 129 
300 to 600 125 
600 to 1200 120 

1200 to 2&00 116 
,+ 2&00 to h800 112 

f ‘ . h800 to 9600 107 
, ' ' Overall ‘ . l h l  

Pressure 

.Atmospheric pressure at sea level to 1x10 8 mm Hg except in cabin which 
is initially 60% pure oxygen at one (1) atmos. to 1x10"8 mm Hg (Decay 

Contract ms 9-1100 

‘ . G R U M M a L  

"if. F" H'v‘. 

Rev.t”*£ 
A . N L H  #«F‘T E h !  
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(c) Launch and.Boost-:r-- cont'd. 

. ' Temperature: (cont'd) 

65° to 75°F equipment bay (ascent stage) including NAVBASE equipment area ' 
65° to 75°F equipment bay (descent stage) 
65° to. 75°F fuel and oxidizer compartment (adjacent to ascent and descent 
stage main propulsion tanks only.) 
15° to 100°F ambient sea level - NMR 
60' to 80°F :14 external surface, L a B 
65° to 75°F RCS propellant compartment structure. Fuel and oxidizer tank 
65' to 75°. -200’F'to 270’F 1M external surface, orbit 

Humiditz: 

"none" 

Hazardous Gases: 

Exterior to cabin:-None; Inside cabin:-(02) 

Electromagnetic Interference: 

Same as pre-launch packaged 

Radiation: 

See Paragraph h.l 

Meteoroid: 

.For external items. Ref. h.2.1 

vow 6328 nevi! 3-04 QB mz I ' REPORT m 
, Contract ms 9-1100 Remove h September 1970 

V G I U M M A N  A I R C R A F T  E N G l N E E R I N G  C O R P O R A T I O N  
CODE 26512 ~ 
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FORM 

TABLE II 
mssxon IEVELS 

mmom'ML AND IDAD CONDITIONS 

- (d)  Space my ht - Translunar . 
' X . Y Z - 

Acceleration: g Rad/ Se 09 g Rad/Sec? g - Rad/Se c2 

‘ SM prOp. system operating -.36 .. 1.062 $1.99 : .062 11.90 
34 prop. systeWnot operating 0 0 0 O V 0 0 

Shock: (Cond. Transposition) -.052 - i.065 $.10 i.065 $.10 

Vibration: None 

SM prop. system. operating 

Plume Effects: 

Due to Engine: To be Supplied 
Due to RCS: In accordance with para. h .  1.2.  3 

- Pressure: 

—1h _ 
l x 10 mm Hg uncontrolled vacuum (Space) 
5 . 8  to . l  psia uncontrolled cabin ( 0  ) about 66 hrs. non linear decay time. 
1 x 10-9 mm Hg uncontrolled vacuum ( descent stage) 
1 x 10"10 m Hg uncontrolled vacuum (I'M ascent stage) 5 

**Temperature. - 
32° to 100°F Descent Engine Compartment (IM Structure) 
32:130 lOOGF. cabin structure 
32° to 100° F equipment bays (ascent stage) 
32° to 100° F equipment bays (descent stage) 
50' 10 90°F fuel and oxidizer compartmeni (adjacent to ascent and descent 
stage main propulsion tanks only.) 
-300" to +270° F LM external surface* 

32 ° to 110°F for navigation base equipment 
-7.6°F Equivalent black body earth temp. 
32° to l30°F RCS propellant compartment stmcture. F181 and tank ’40" to 100°F. 
-l’+° F to 350° F inner panel cabin window (unpressurized rabin) 
0° F to 350° F inner panel cabin window (pressurized cabin) 
~87° F to +275: F outer panelcabin window (unpressurized cabin) 
-TO° F to +275° F outer pane. cabin window (pressurized cabin) 
weEquipment temperature due to combined exposure shall 0e determined for 
external items. 
*Top surface of ascent stage can reach 1h-OO‘F dueto Service Module RCS 

plume impingement during transposition, docking and separation. 

04 REPORT twp-520-15 t 133? 0-1100 one hseptember 1970 
G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  

CODE 26512 

ev I 8 
rec 

328 
on Rev. 
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( d )  Space Flight Translunar (cont‘d) 

For External Items: 

Solar radiation : hk? BTU/fte/hr 
Lunar surface -300° to +250°F 
(depending on sun's osition) 
Space :r ‘0° Rankine -h60’F) 

Hazardous Gas:‘  

Same as launch and boost 

Electromagnetic_Interference: 

Same a s  pre-launch packaged 

Radiation: 

van.Allen; Solar Flare and Space background. 
To be defined as  needed (inner belt 10 minutes followed by 1/2 h r .  delay - T u n e r  
belt 20) (See paragraph h . 1 ) .  

Meteoroids: 

For external items. Paragraph h . 2 . l  

tom 6328 REV I M4 Q31402 REPORT W 1 1 7  - 
Contract NAS 9-11-00 Rev. one 15 May 1966 . p 

" GRUMMAN u n c u r r  ENGINEERING CORPORATION _' _*_.. 
CODE 26512 
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TABLE II 
yg§$IQF'LEVELS 

W Am) man consumes -‘ 

(e) Qufigr Descent - Including separation, descent, hover and touchdown 

Accelerttions: ‘X M ‘Y: ' Z; 

”. . g rad/secz ‘5 , red/sec? ,g rad[s;¢ 
Descent engine openting +32 $.12 m {.65 ., .1358 1‘52. _ ; 
Transfer Orbit .0 0 ov-;V"Q_ # ‘ O . O .- 

Landing: Steady state ’ ' 
at C . G .  of jflfi JFor 

. accelerations at any ' 
other point,~ see page 255 ‘ 

Case 1 ‘ '?.125 i £1.35 “”6“"? i O - ”#10:, ,' ' 
Case 9 . o No 11;.121 ,c1.E _o_. 
Case 3 111.u68 $.033 6s=lh .¢,3.5»c.3oh ‘ 

- 088° " . o o 3:29.041: 1.337 _ 0   
Shock:Case 5 J ‘_ 1.210 .337,, 0 u .0 w+1e,3§n ‘ 

Lending: 20 ms Rise Time 1 ' 
200 ms Dwell Time - ho ' ‘ , . 
ms Decay . _ 

Case 1‘ ‘8.0 -, , tl§.0 - _L; 
Case 2 £810 . iifi.0 . 
Case 3 . ' ltlh.0 t18.0 
0333 h 8:0 1 _ ‘ ilh.0 

‘ Vibration: Tfié mission vibration edvirondent is repre- 
sented by the following random_and sinusoidal 
envelopes considered separately: 

INPUT FBpM PRIMARY swnugmURE - 
(Appropriate Account Must be Taken for'TEansmiss~ 

ibility of Secondary Struct.) 

(a) To.Ascent Stsge Equip. Sugggrt 

Random: 

10 to 20 cps 12 db octave rise to 
20 to 100 cps .02 g /cps . 

100 to 120 cps 12 db octave decrease to 
l20 to 2000 cps .01 g /cps ' 

Sinusoidal: 

5 to 17 CPS ‘ 9.10111. D‘Ao ’ 

-l.§h'g Peak - ' 17 to 100 cps 
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TABLE II 

(e) Lunar Descent (Cont'd) 

Vibration: . 

(b) To Descent Stage Equip, Support 

Random: '- Sinusoidal: ,, 

15 to 100 cps .031 gQ/cps 5 to 20 cps 10.10 in. D.A. 
100 to 175 cps 6 db/oct. dec. to 20 to 100 cps 1.92 g Peak 
175 to 2000 cps .010 g_/cps 1 _“J 1“ 

(c) To Descent Stage Equip'. Support 
Note: The following random and sinusoidal vibration levels shall apply to 
.procurements aide after Januarygl965 (ref. 20). 

Random: Sinusoidal: 

10 to 30 cps. 6 db/oct rise 5 to 23 cps ' 0.1 in. D..A. 
30 to 60 cps .085 g 2/cps 23 to 100 cps H77 Peak 
60 to 175 cps 6 db/oct dec. to 
175 to 2000 cps .010 ge/cps 

A. 

For design purposes the above random spectrum applied for 12 1/2 min. along 
each of the three perpendicular axis x, y and 2, when applied in addition to 
the corresponding sinusoidal spectrum acting for 12 1/2 sec. at the natural 
frequency of the equipment being designed will adequately represent the 
environment. 

Plume Effects: 

Due to Descent Engine See Figure h 
Due to RCS in accordance with para. h.l.5.3 

Pressure: 

1 x 10- ? mm Hg vacuum (space) 
h.6 to 3.8 psia controlled cabin 
l x 10" mm Hg vacuum (m descent stage) 
1 x 10"lo mm Hg vacuum (nu ascent stage) 
5.8 psia to 10'9 mm Hg uncontrolled cabin 

Temperature: 'H; u 

1 32: 1:0 lOdF Cabin Atmosphere ms operating 
320 13010001?- cabin structure 
32? to l60'F environment for instrument panel equip. (rad. cooled) uncontrolled 
cabin (unpress). 

32° to l30°F equipment bays (ascent stage) including NAVBASE equipment. 
32“ to 100°F equipment bays (descent stage) 
50° to 90° F fuel and oxidizer comnartme t structure (adjacent to ascent and 
descent stage;main propulsion tanks only. 

-300° to +270‘F DM.external surface* ' 
-Hh°F to 350° F inner panelcabin.window (unpresaurized cabin) t 
0"! to 350 F "inner panelcabin window (press. cabin) (heaters to maintain IOU ten 
-87°F to +2759F outer panelcabin window (unpressurized cabin) (above dew pt.) 
“76°F to +275° F outer panel "cabin window (pressurized cabin) 

*Top side surfaces of descent stage can reach 1600’F during 1M ROS plume 
32PF to 130° F 303 propellant compartment structure. Fuel and tank h0° to lOO°F.Z 

£ 

.1. I 

' L. impingemen . A/S areas can reach lhop‘F dur1pg p lq_1mnigggg§ng. 
roam 6328 REV 1 a M 121 140? "PO“ IED- 520- 

Contnact NAS 9-1100 Rev. 0 hSepteMber 1970 
G R U M M A N  A I R C R A F ‘  1 N c . 1 : N £ 1 M N G  C O R P O R ' A I ' I O N  

1- com" 25:12 _ 
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we Equipment temperature due to combined exposure shall be determined for 

( e )  Inner Descent (cont'd) 

Jimturwm Leont' d) 
' 32??"120'120‘1‘111 cages compartment walls 

5033'? to lEOO‘F- 131111193 Engine Operation - Beece‘nt Engine Case (Titanium) 

For efitorhal itansi. 
Solar radiation = 1&2 emu/m é/hz 
Lunar surface :- ~300° to +250°F 

(depending on sun' 3 position) 
Sme: 0' Rankine ($160?) 

Humidity: Controlleo cabin (02), to to 70$ r.h._ 
Locally in cabin (92), O to 100$ r.h.  
(including 1% by weight, salt solution) 

vHsZardous Gas: Same as launch and boost~ 

Electromagnetic .v 
Interterence: Same as pre—launch packaged. 

Mbteoroids: , Use distribution for spdhedic meteoroids 
as specified in Table V ( for  external items). 
(paragraph h 2- 3) 

Sand end Dust: This is to be specified by Grumman 

Radiation: See paragraph h.l .  

exte rnsl items . 

*** The backface temperature of the Descent Engine Combustion Chamber i s  ~TOO°F. 
(max). The back face bf the Dedut combustion emer can be seen 
by the engine cavity walls. @nly the radiation skirt i s  hidden by the 
heat shield. 

Contract N0. M5 9-1100 . mom Lm-SE‘O-IG 
Rev .0“: h aunt." 191'0 
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F m  for detemfining linear and rotational necelemtions at any 
paint on the 

fit = fag + é z  :42: ~63?” fl 
8 8 . 

i131: éag - a; w? a; Ag 
Where Xcg, c ,  c = Acceleration at m c . g .  in X ,  Y ,  Z 

~ directions. ' 

.ipt, . t , "  Zpt = Acceleration at am point on m '  in 
- ‘ ‘ I, X ,  I ,  Z direction. 

5:, ésr, 9% = Rotational Accelercmon ibcutfcajective ' 
axes. ‘ ' ' 

. 43:, 43;, 42 :- Distlncc from specific point to‘ m C.G. 
. . along respective axis ' , 

( X :  218, I t o ,  2 : 0  a n :  96) 

3 == 386 149». 

See Fig .  2 for m 35:95 

on me o .  W‘- 9-1100 7 ' ' anon LED-5204.! 
' ' ’ ‘ ‘ Rev. DATE 15 Nov 2.1.965 
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ENVIROWTAL AND LGAD CGNDITIGNS 

( f )  Lunalr Stay 

“
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g - Acc elerati ons : 2g 
f 
3 ‘ . 

g cond. - at rest 1/6 g 

Shock: Not critical 
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NOTES: Ascent and descent engines not operating. Vibration due to  other 5 
sources to be supplied. - 
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‘ -70°F to +275’F outer panelcabin window (pressurized cabin) 

. TABLE II 
MISSION LEVELS ' 

ENVIRGNMENTAL.AND LOAD cDITIeNs 

(f) Lunar Stay (cont'd) 

Pressures: l 

l x 10-12 mm Hg uncontrolled vacuum (surface of moon) 
h.8 to 5.8 psia (O ) controlled cabin 
l x 10‘9 mm Hg cab n (hatch open) max. Open hatch time = 20 mins. non-linear 
decay. - 
l x 10‘? mm Hg vacuum (J3! descent stage) 
1 x lO'lO mm Hg vacuum (Bl ascent stage) 
5.8 psia to 10-9 mm Hg uncontrolled cabin 

“ 1 “ , .  erature: . 
r‘ (02 temp) pressurized controlled cabin 

L‘ 'to lOO9F ** Cabin structure at touchdown 
32"to 130°F<** cabin structure at lift-off 
32° to 160°]? environment for instrument panel (rad. cooled) uncont. cabin (unpresf _ 
3%?to l30°F equipment bays (ascent stage)including NAVBASE equipment equip.- '* 
{32° to 160’F equipment bays (descent stage) 
110° to 100°F fuel and oxidizer compartmentséadjacent to a/s main prop. tanks only . 
W to 200°F fuel and oxidizer compartments adjacent to d/s main prop. tanks duly) 
~300° to +270°F LEM external surface *‘ 
0° to 300°F descent engine compartment 

~1h°F to 350°F inner pane cabin window (unpressurized cabin) 
O°F to 3§Q°F inner pane cabin window (press; cabin)(heaters to maint. low temp. a 
-87°F to +275‘F outer panelcabin window (unpressurized cabin). ‘defi'pt.) 

32° 60 l30°F RCS propellant compartment (h0° to 100°F - RCS Fuel & Ox. Tanks) 
32° to 160°F Aft Bay Equipment 
*ECS Oxygen Design-Mission, the maximum cabin structure temp. increases 

linearly from lOO°F to 130°F during the lunar stay period. 
For external items: 

Solar radiation - Aha BTU/fte/hr 
Lunar surface =~300° to +250°F (depending on sun's position) 
Space = '0‘ Rankine (-h60'F) . - 

Humidity: (cabin only) 

Controlled cabin (09) hO-70% rel. hum. avg. 
locally in cabin (0%.) 0-1001. rel. hum. 
including 1% weigh , salt solution) 
azardous Gas: 

Same as launch and boost 

Radiation: _ . 

Solar flare and space background to be defined as needed. See para. h.l 

FORM (:32: REV I a.“ on 1402 upon M G  . 
Contract NAS 9-1100 . Rev. one 1+ September 1970 

GRUMMAN “scent encmsnmo‘ celrounon 
' CODE 26512 
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TABIE E II 
MISSION IEVEIS 

ENVIRQWL AND LQAD CONDITIGNS 

(15‘) Lunar Stay (c‘ont'd) 

sElezQMetic Interference: . 

Same as pagkugeéupre-‘launch 

Meteoroids: 

For external itéms. Ref. h.2.l 

Sand and pust: 

This is 'to be Specified by Grumman 

row cm In : 0-64 on 1402 men m 
Contract MS 9-1100 one 15 N0 , ‘1965 

GRUMMAN AlIClAFT ENGINEERING conounofi 
CODE 26512 ' 
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TABLE II 

MISSION LEVELS 

MOWL AND LOAD CONDITIONS 
(g) Lunar.Ascent - Including ascent rendezvous and docking 

Acceleration;_ ' X if ' Z ' 

.JE_ ‘ rad/sec? g rad/sec? g mad/sec 

engine operating + .70 1.711 1.011 1.83 1.011 11.117 
docking condition -h.0 0 0 O 0 0 
transfer orbit 0 0 0 I 0 _ 0 0 11_1 

Vibration; The mission vibration environment is represented by - 
the following random and sinusoidal envelopes» con- 
sidered separately. 

INPUT FflflHIPRIHABY STREETURE 

of Secondary Structure) 

(A) to Ascent Stage Equipment Supp't 

Random 

10-20 Cps 121dbéoctave rise to 
20-100 .02 g cps 

100-120 121db getave decrease to 
120-2000 .010 g /cps 

'Sinusoidal 

5-17 cps . 0.10 in DaA. 
17-100 1.511 g peak 

For design purposes the above random spectrum applied 
for 8 1/2 min. along each of the three mutually 
perpendicular axis x, y, and 2, when applied in 
addition to the sinusoidal spectrum acting for 8 1/2 
sec. at the natural frequenCy of the equipment being 
designed will adequately represent the environment. 

Plume Effects: ' Due to Ascent Engine See Figure ll 
' Due to RCS in accordance with paragraph h.l.5.3. 

(Appropriate Accountlust be Taken for Transmissibility 1.: - ' 

‘ FORM 632' WV! HQ. 031402 T _ upon IED-SEO-JG- # 

Gent rel-c1; NAS -1100 ' ' Rev ”"5 1* SePtember 1970 
. GIUMMAN AIRCRAFT ENGINEERING CORPOIATION 
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no! 68. 
A 4 .  

110° to WI? ascent engine compartment structnre (max temp, is reached 1 .. 3 

‘ Humidity: (cabin only) 

. 7 .  ‘v' 

TABLE II 

mics isms 
(g)  Lunar AsceVnE . 

1 Pressure' ' 
l x 10—Ié mm .Hg vacuum (Space) 
11.8 to 5 .8  psia controlled cabin 
1 x 10-10 mm Hg vacuum ("In Ascent Stage) 
5 .  8 psia to 10-9 run Hg uncontrolled cabin 
During the course of the Fire-in-theHHole (FITH) staging pressures are created in 
the interstage area as a function of separation distance, tilt angle, and sideslipa" 
Pressure transients arise a s  a result of the interstage configuration, separation " ' 
distance and the resulting flow field. The maximum equivalent steady state press» 
occur at zero stage separation (starting iransient). Tests to date indicate that o 
the ascent stage a pressure of approximtelyQTQ psia i s  developed in the sepa f' 
flow region adjacent to the nozzle in the ascent engine compartment and pressures 
as high as W psia occur in the regions of minimum clearance between stages due to: 
the reattached flow. The peak pressure on the descent stage deflector i s  6.0  pain 
due to the direct flow impingement. Maximum equivalent steady State Pressures m .  
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built up on the descent stage in the first 0.10 seconds of the starting transient _ 
decaying to 50% of the steady state value 0.30 seconds after ignition .(Ref. 26) 
Temperature:** 
32° to]30°F (02 temp) pressurized cabin 
32° to 130°F'* inn-bin structure ' ' " 
32 to 130°F equipment bays (ascent stage), including mmgg eguipment 
110° to 100°F fuel and oxidizer compartments (adjacent to 3/3 min prep. tanks only) 
~300° to +270°F LNL external surface* 
-11+°F to 350°F inner pane cabin window (unpressurized cabin) . 
O°F to 350° F inner pane cabin window (press. cabin)(heaters to mintain low temp .. 
-87° F to+2_75° F outer pane cabin window (unpress. cabin). above dew p t . )  
-'r0° F to +275° F outer pane cabin window (pressurized cabin) 
32° to 130° F ROS prepellant compartment (hm to 100°F RCS Fuel a 01:, Tanks) 
225° F max. on engine cover 
h00°F - external separation surface(for .30 mins)' 2 
1170‘? - on injector plate of ascent engine 
32' to 160°F environ. for instrument panel (rad. coe1ed undont'."'cabin (unpress) 250°F max. on engine mount brackets _ Quip. 
650°F on ascent engine nozzle surface (below 631 area ratio) 

transient during FITH, 
7818F at peak load 8c 7' 10°F at 

hours after engine shutdown). 
For external items: 
Solar radiation = M2 BI'U/ftQ/hr 
Lunar surface = -300° to +250°F (depending on sun's position) 
Spare‘“ 0° Rankine (-h60°F) 

Controlled cabin £0 2:; no to 70$ r.h. 
locally. in cabin 02 0 to 100% r .  11.; ( including 1% by weight, salt- solutiipn) _ 
Hagardous Gas: ‘ ' ' ' 
Same as Launch and boost 
Electromgnetic Interference: 
Same as pre-launch packaged 

*W1 11 reach 1600 °F on certain skins during service module ROS plume impingement. 

zero cad on A/S base heat s h i e l i i * ” ° f  

Mazatlan-u . mom M- 550-136 
Contract NAS 9-1100 ._ Rev. DATE h September '1970 

snumuu A u c u n  e u s m e n m c  convent ion  .- 3"... 
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TABLE II 
MISSIONuEvms 

m m  m LOAD CONDITIONS _ 

(8) Lunsr.Asc§§§ (cont'd)_ 

Meteoroidsz' . 

For externsl items.‘ Paragraph h.2.l 

Sand ag‘d figst: ; 
. This is to be specified by Grumman 

' Radiation: 

See paraggaph'h.1 

**Equ1pnent tempirature due to combined exposure shall be détermined 
VfOr external items. 

mm 6328 REV ! 8.64 03140: (WORM-11" 
Contract ms 9-1100 Rev. one 15 my 1966 

GRUMMAN AURCRAFT ENGINEERING CORPOIATION 
' CODE 26512 . 



“AGE. 70 

Notes: 

TABLE III 

LMMPNMISSION'LEVEIS 

EIEEEQIIEKILL AND LOAD CONDITIONS 

Factors of safety are not included in the levels specified herein. 

a .  LMMP/or individual items ref.  3 .2  
b .  Ground Equipment ref .  3 . h  

g "  All accelerations are "earth g s . Multiply by earth weight or 
use 32.2 ft/sec.2 as appropriate. (sign conv. e Page 37) 

Vibrational spectra shown gives straight lines on a log-log plot. 

Packaged and unpackaged - The work Hpackaged in this table refers 
to containers used for transportation, handling and storage. 

I 
Radiation - applied to external and internal items. Ref .  para. 
h .  0 and h .  l .  

Meteroids - applies to external items only; Ref. para. h.2 and 
h .  2 .  l .  ' 

Plume induced environments. 

a .  RCS - as per paragraph h . l . 5 . 3  
b .  Engines - as per paragraph h . l . 5 . h  

For launch and boost vibrations, that primary structure which is  
directly excited by the acoustics transmitted through the Space- 
craft LMMP Adapter (SLA) is  designated exterior primary structure; 
that primary structure which either does not face the adapter or is 
shielded from it by another piece of structure is designated 
interior primary structure. 
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TABLE III 

MISSION LEVELS 

ENVIRONMENTAL.AND LOAD CONDITIONS 

(a)  Pre-Launch — Packaged 
Transportation, handling and storage in shipping container shall not 
produce critical design loads on the IM or IM' equipment and shall not _ 
increase weight of the JIM» The following design environment applies 
only to packaged IM- equipment and not to complete IM' stages, except 
where specified. 

Acceleration: 

(ns) 2.67 g vertical with 0.h g lateral, applied simultaneously to the package. 
This condition also applies to complete IM' stages. 

(v)  1.0 g vertical 
: 

(ns) 2 .0  g in direction of hoisting (when rings are use, consider applied to 
any one or any combination of rings). 

Shock: 

(ns) Shock as in MIL-STD—810 (USAF) 1h June 1962 Method 516 Procedure III. 

Vibration: 

(ns) The following vibration levels are specified during transportation, 
handling and storage. Vibration to be applied, along three mutually 
perpindicular exes, x ,  y,  z to the package. 

(Time: % Octave per minute, three times per axis from 5 cps to max. 
cps and back to 5 o p s ) .  

For 100 lb.  or Less For_300 lb.  or Mbre 

cps g,or D.A. cps g or D.A. 
5-7-2 .‘3 in D.A.  5-7.2 . 5  in D.A.  
7.2-26 11.3 g 7.2-26 11.3 g 
26-52 .036 in D .A.  26-52 .036 D . A .  
52-500 _ $5.0 g . . . . .  

(f) = (f) 
( f )  for 100 to 300 lbs. - use Figure 51h-8 Method 51h MIL-STD-810 (USAF)- 

lh June 1962 for maximum.frequency. 

(v)  Earth gravity compensation is not required 

(ns) Not simultaneous loading conditions at these levels 

(no)  Not simultaneous environment conditions at these levels 

mp-zmv LED-520-lG 
centract NAS 9-1100 0* 1» September 1970 

""..F-i*..2MMI°.‘: A I R C R A F T  E N G I N E E R I N G  COR?’C> P A T  O H  
j-‘w‘ y hfi z ‘ c  
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(a) Pre-Launch - Packaged'(continued) 

Pressure: 

Ground transportation and storage: min. of 11.78 psia 

Air Transportation: min. of 3.h5 psia for 8 hrs. (35000 f t .  alt) 

Temperature: 

Ground Transportation: -65°F to +l60°F for 2 weeks 

Air Transportation: -’+5°F to _1h0°F for 8 hrs. 
Storage Temperature: -20°F 0 +llO“F ambient air temperature. plus 360 

BTU/ft /hr. up to 6 hrs/day for 3 years. 

*Humiditx: 

(no) In‘accordance with Method 507, MIL-STD-Blo, 11+ June 1962, except 
that the maximum test temperature shall be llO°F instead of l60°F and 
the minimum test temperature shall be h0°F instead of 68°F to lOO‘F. 

*Rain: 

(nc) Rain defined in Method 506 MIL-STD-810 (USAF) 1h June 1962. 

*Salt Spray: 

(no) Per Method 509, MIL-STD-810; (No direct impingement) 

,*Sand and Dust:  

(nc) Per Method 510, MIL-STD-810 except test. temp. shall be 90° + 20°F 
instead of 160 F. 

Fungus: 

In accordance with Method 508, MIL—STD-Blo (USAF) in June 1962. 

*Ozone: _ 

(no) Three years exposure as follows: 72 hours, at 0.5 PPM, 3 months at 
0 .25  PPM and remainder at 0 .05LPEM concentration. 

*Hazardous Gases: ‘ 

Explosion exposure as defined in Method 511, MIL-STD—810 (USAF) 
1’4 «Tune 1962. 

*Electromagnetic Interference: 

In accordance nith LSP-530-001. 

*Ambient environments on outside of package 

. .. 1 , ‘ A .  . I mr'on ' r  ‘ IEDQ'SQOJILG - A 
- Contract MS 9-1100 - » m. , it September 1970 
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TABLE III 

. '  ‘ ’ MISSION LEVELS 

ENVIRONMENTAL AND LOAD CONDITIONS 

(b) Pre-Launch - Unpackaggg 

Ground handling shall not produce critical design loads on the 1M OrIMv . 
equipment and shall not increase weight of the Hi. The following design» 
environment applies only to unpackaged . 1M equipment and not to complete 
LM stages, except where specified. 

' Acceleration: 

2. 67 g vertical with 0. h g lateral applied simultaneously. This condition 
also applied to complete 1M stages. 

(ns) 2.0 g in direction of hoisting 

Shock: 

(ns) Shock as in MIL-STD-810 (USAF) in June 1962 Method 516, Procedure I 
modified. AModify'shodpulse to sawtooth 15 g peak 10-12 ms rise, 0-2 ms 
decay. - ' 

Pressure: 

. ' Ambient ground level pressure. (hermetically sealed units installed in the 
. crew compartment_will be subjected to a limit pressure of 20.5 psi 

absolute during preflight checkout). 

Temperature: 

-20'F to 110 F.Ambient Air Temperature plus 360 BTU/FTe/hr up to 6/hr/day. 
From the time of hypergolic loading (approx. T- 112 hrs) to lift off (T—O): 
hO‘F to 110 ’F SLA cavity external to LM 
50”F to 100°F SLA cavity internal to HM 

Humidity: ’ . 
.(nc) In accordance with Method 507,mmL-STD-810, 1h June 1962. except that thé' 1 

maximum test temperature shall be 110° F instead of 160°F and the minimum 
xtest temperature shall be h0°F instead of 68°F to 100°F. 
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Rain: 

‘ (nc) Same as prelaunch packaged but no direct impingement 

Salt Fog: 

1 (nc) Same as prelaunch packaged 

Sand & Dust: 

_ (no) Same ns prelaunch packaged (not required fer hermetically sealed cabin’ 
; equip . , 
a,“ , an. ,wr M - ‘D‘w-v 4‘” w '  - - ‘ I  u -  1.— ~'.“.”nu 

{ 5 1 w .  LED-520'1G _ 

Contract NAS 9-1100 ww1r_h September 1970 
G R U M M A r .  m (1.“ R A F T  Hus N E E R I N G  COR-”ORA! U N  

13(1):: ,.;_.: 
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(b)  Pre-Launcn_Unp§ckgged scout) 

EEEEEE’ I 
Same as pre-launch packaged 

Ozone: (no) ' 
Same as pre-launch packaged 

Hazardous Gases: 

MIL-STD-810, Method 511, 1‘! June 1962 and Mc DW. lOMOlO'Tl. This. . 
condition also applied to complete IM stages. 

Electromagnetic Interference: 

Same as preélaunch packaged 

(v) See Page M2 

(ns) See Page he 

(no) See Fage he 

- ____ W - - . - «  I ’ m - n .  ” a n :  . A ‘  cur-1o. 

Contract NAS 9-1100 . 

ref : ‘ - ;c . f  . I‘ED_520_1 G 

h September 1970 L"! e. r a; 
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TABLE III 

MISSION LEVELS 

.ENVIROMJENTAL AND LOAD COVDITIONS 

Pre-launch Sheltered Environment for complete IflLStgges: 

Ground handling shall not produce critical design loads on the IM or 
IM' equipment and shall not increase weight of the ML. The following 
design environment applies only to complete lld'stages .* ' 

) 

Pressure: 

Ambient ground level pressure (hermetically sealed units installed in _ 
the crew compartment will be subjected to a limit pressure of 20. 5 psia 
during preflight checkouts). 

Temperature: 

+60°F to 80°F for up to 3 years. +52°F to 105°F for 1 hour maximum with 1,, 
environmental equipment out of commission. 

Humidity: 

30 to 70% for up to 3 years. 100% rel. humidity up to 10 days. 

Sand and Dust: (nc) 

External to the 134 the particle count shall not exceed level 1, 000, 000 
of LSP-lh- 007 (Ref. 21). Internal to the 111 cabin and partical count 
shall not exceed level 100,000 of LSP-lh-006 (Ref. 21). 

Ozone: (no) 

Same as pre-launch packaged 

Hazardous Gases: 

MIL-STD-810 (USAF). 1h June 1962, Method.No. 511and.MSFC Drawing 10M01071 R 
This condition applies to complete 114' stages. 

Electromagnetic Interference: 

Same as pre-launch packaged. 

* Grumman cold flow facility conditions to be supplied 

_ - - ‘ ‘ W  
Contract NAS 9-1100 , as” h September 1970 
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TABLE.III 

MISSION LEVELS- 

ENVIRONMENTAL.AND LOAD CONDITIONS 

(c) Launch'and.Boost SATURN V 

. x I . 
Acceleration (2) i g Rad/Sece i g Rad/Secea g_ Rad/See 

- - r 
Lift Off Condition ‘ +2 - i t.65 - h 1.65 - 
Max q Condition (s-1c) +2.3 — . i.30 - % i.30 -. 
Boost Condition (3-10) 3 +u.u — i.20 - E i.2o - 
Outboard Engine Cut-Off . +3.0 - -1.0 - i -1.0 - 
Outboard Engine Cut-Off i -1.0 - +1.0 a : +1.0 - 
Cut Off Condition (8-10) 1 -1.70 - i 10 - 2.10 — 
Engine Hardover (S-II) +2.10 - i.h0 - 4 - 
Engine Hardover (S-II) ‘ +2.10 - - - i.h0 - 
Engine Hardover (S-IVB) § +1.60 - i.23 i.70 i.23 i.70 
Earth Orbit 0 0 '0 0 0 0 

Vibration: 

The mission vibration environment is represented by the following random and 
sinusoidal envelopes considered separately: - 

1. General Primary Structure 

Since these vibration levels are input to equipment support, appropriate 
account must be taken for transmissibility of the secondary structure. 

1.1 To Ascent Stage Equipment Support 

Random: 2.5 min/axis Sinusoidal: 3 oct/min/axis 5e100e5 Hz 
20 - 69 Hz .015 gE/Hz 5 -220 Hz .15h inch D..A. 

} f 69 - 100 +12db/oct 20 - 100 3.1g 
3 100 - 1h5 .065 ge/Hz ‘ w 

1h5 - 200 +12db oct 
200 - 300 .25 /Hz 

. 300 - 620 -60 db oct 
*g 620 - 1500 [Hz 
3 1500 —~‘ 2000 -12db/oot ! V . 
g 1.2 To Descent Stage Equipment Support 

§ Random: 2.5 min/axis Sinusoidal: juoct/min/axis 57100-5 Hz 
i 20 _ 35 Hz +15db/c 5 - 27 Hz .lSh inch D.A. 
{ 35 - 6 0 . 0 8 3  gg/Hz 27 — 100 5.8 g 

60 *— 100 +6db/oot 
100 - 350 hge/Hz 
350 - 580 -6db/oct 
580 - 2000 _.089 ge/Hz 

i 

E . 1. - _-1 
“f*“””“”“””“””““‘“5 " A atet- LED-520~1G 

-_ Contractj'NA8.9-1100 ' ' CW'r’ h September 1970 

«uzubiisnwn.varve rruzwsrmppnnarknw 
. - ' fight-13. 
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2.0 General Secondary Structure 

These vibration levels are input to equipment from secondary structure 
and shall be considered as input to "hard mounted" equipment. 

2.1 To Ascent Stage Equipment _ 

Random: 2.5 min/axis Sinusoidal: 3 cot/minlaxis 5-100-5 Hz 
20 - 200Hz +3db/oct 5 - 25Hz _ .15h inch D.A. 
200 - 250 .36'g2/Hz 25 - 100, fig 
250 - .2000 -db/oct 

. 2.2 To Descent Stage Equipment 

Random: 2.5 minlaxis Sinusoidal: 3 oct/min/axispS-lOO-S Hz 
20 - 200Hz +3db/gct 5 - 25Hz ’.15h inch DmA. 
200 - 250 .36 g [Hz 25 - 100 5g 
250 - 2000 -3db/oct 

3.0 Specific Equipment Vibration Levels 

The vibration levels for individual components on the Lunar Medule are 
specified in LSP-520-001B dated.August h, 1967. 

u w -  r m m M - v - a fi u u '  ‘ r m _ _  _- 
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( c )  Launch and Boost (cont‘d) 

'o 4 d Imp-ul- m . ,  ‘1 m. s - w... o w n - m u m m x u  wuumhwc- _— .— ‘ “‘ 

Acoustic: 

Sound pressure levels in d.b.  (reference 0.0002 dynes/Cm2 external to the 
Iflfi'with the Saturn V at lift-off and max g levels are as follows: 

Octave Band Center Sound Pressure 
Frequency . Level 

Hz d .b .  

16 106 

32 125 
63 135 

125 _ 139 
250 IBM 
500 126 

1000 122 

2000 117 

MOOO 112 

8000 _108 
Overall‘ lhl 

W= ~ ‘ 
Atmospheric pressure at sea level to 1x 10 8 mm Hg (N2 ) " 
except in  cabin which is 82%jpure oxygen at one (1) 
atmos. to  5 .  8 psia (Decay time approx. 2 mins . )  

Temperature: 

650 to 75°F cabin structure. 
65“ to 75°F equipment bay (ascent stage) including NAVBASE equipment area 
65° to 75°F equipment bay (descent stage) 
65” to 75°F.  fuel and oxidizer compartment (adjacent to ascent and descent 

stage main propulsion tanks only). 
15” to 100°F ambient sea level - AMR _ 
60* to 80°F SUM external surface Launch & Boost, -200°F to 270°F 

during orbit* 
65? to 756F RCS propellant compartment structure. Fuel and tank 

65° to 75°F SIA internal surface - to be supplied 
* The LN skins can reach lh00°F during SM/RCS plume impingement 

m.nn, LED-520-lG 
Contract NAS 9-1100 _ ‘mr' h September 1970 
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(c )  Launch and Boost - (Cont'd) 

Humidity: 

"none" 

Hazardous Gases: 

Exterior to cabin: - None; Inside cabin: - (02) 

1 Electromagnetic Interference: 

Same as pre-launch packaged 

Radiation: 

See paragraph h,1 

Meteoroid: 

For external items. Reference h.2.l 
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TABLE III 

MISSION LEVELS 

ENVIRONMENTAL.AND LOAD CONDITIONS 

(d) Space Flignt - Translunar' X ' Y , 2' 'h'*__' 

Acceleration: Rad/Sec2 g Rad/3602 g ' Rad/Sec2 
SM.prop. system operating B36 ) - t.062 $1.99 i:O62 £1.99 
SM prop. system notrating ’ 0  0 0 ' : 0 O 

1 , E. # 

M:(Cond. Transpgggfi- - . 0 5 2 ] -  1-.065 $.10 ; 1.065.} 25.10 

Vibration: None 

SM prop. system operating 

Plume Effects: 

Due to Engine: To be supplied 
Due to RCS: In accordance with para. h. 1. 2 .  3 

Pressure: 

-1h 1 x 10 mm.Hg uncontrolled vacuum (space) 
5.8 to _91 psia uncontrolled cabin (Op ) about 66 hrs. non linear decay time.’ 
1 x 10 mm Hg uncontrolled vacuum (IM descent stage) 
1 x lO’lOmm Hg uncontrolled vacuum.(Iy[ ascent stage) 

Temperature: 

32 to 100°F cabin structure 
32“ to 130°F equipment bays (ascent stage) 
32° to 100°F equipment bays (descent stage) 
50° to 90°F fuel and oxidizer compartment (adjacent to ascent and descent 

-stage main propulsion tanks only). 
—300" to +270°F LM external surface* 
32° to llO”F for navigation base equipment 
32' to 100°F D/S engine compartment (LM Structure) 
32° to 130°F RCS propellant compartment structure. Fuel and tank h0° to 100°#. 
-Jh to 350°F inner panélcabin window (unpressurized cabin) 
U E to 20°F inner panelcabin window (pressurized cabin) 
-87°F to 275°F outer panéLbabin window (unpressurized cabin) 
-70°F to 275°F outer panéLcabin window (pressurized cabin) 

* LM external surface can reach lhOO°F due to Service Module RCS plume 
impingement during transposition, docking and separation. 

mam LED-5204 c 
Contrace NASNg'lJ-OO ' i -' . . “A”; 1" September 1970 
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(d). Space Flight Translunar (contfgl 

For External Items: 

Solar radiation = hue BTU/ft2/hr 
Lunar surface -300° to +250°F 
(depending on sun's position" 
Space = 0° Rankine (-h60°F) 

Hazardous Gas:  

Same as launch and boost 

Electromagnetic Interference: 

Same as pre-launch packaged 

Radiation: 

van.Allen, Solar Flare and Space background. 
To be defined as needed (inner belt 10 minutes fol lowed.by-% hour delay» 
outer belt 20) (See paragraph h . l ) .  

Meteoroids: 

For external items. Paragraph h.2 . l  

. 
g

-
g

m
-

A
 

—
4 

3
-

,
»

.
.

n
u

-
a

u
n

x
:

 
a 

.
.

 
. 

. -
3

,
 

«
m

m
r

m
 

w
-

m
m

w
 

--
»

.'
.,

-¢
n

‘!
'.

m
 

"
' 

- 
1

“
"

 
-

.
 

«
a

w
e

-
a

m
:

 
a

r
m

-
e

x
a

m
“

:
-

 
W

 
. 

;‘ .- - '  .w H ‘  ‘ ‘ VH- 'C-“J - II. P Contract NAS 9-1100. pg"; LED 520 1J. 
_ I _ ' h September 1970 

<-.m_;M.x-v.,r-: ' A m c p a r r  e:w<3a~mr:reiw_<3 CORPORA-mm 1 
" ' (.OLI': we. 5:1" - 

— 
«

W
a

r
—

'
6

‘
 

I
M

:
“

.
1

“
"

 
a

b
s

-
—

 



PAGE 82 

TABLE III 

MISSION LEVELS 

ENVIRONMENTAL AND LOAD CONDITIONS 

( e )  Lunar Descent - Including separation, descent, hover and touchdown 

Accelerations: , X Y z 3 

[ g rad/sec2 g rad/seca g rad/sec2 

Descent engine operating +,82 $.19 i.08 i.65 $.08 i.65 E 

Transfer'Orbit ‘ 0 , 0 ' 0 0 0 0 ' 
Landing: 8.8. at 0.0. of , 

LM for accelerations at g E 
any other point, see P'55L 2 

w
!

“
-

 .
m

-
.

{
y

 
n. 

Case No. Y .X ' 1i Z 
g rad/sec2 g Erad/sec2 ;g rad/seed: 

1 +.5h5 1.037 i1.096 -.016 0 36.957 
2 +3345 $.07? (1 '- +7, 12111; +1 0% 1-030 
3 +.570 .18.581 '¥.026 +1.923 -.280 1.112 
n . . .  . .  . . .  +1.917 1.018 0 ~- 31h.507 i.273 3.101 

‘I’ 5 1:917 0 +_.273 -.05 0 $13.7h2 
” Shock: _ . _. ' ‘ 

Landing: 201nsRise Time ‘ _’ * ' § 
200 ms Dwell Time - . ‘ i 1 
ho ms Decay . L . ,3 ,_ . , g 

Case 1 8.0 ‘ ' 1 .  ' “ i i h .0 "  ’ 3 
Case 2 ‘ 3218.0 ' ilh.0 j 
Case 3 . ilh.0 18.0 3 
Case h .._3 8.0 1 11 ilh.0 ; 

Vibration: . _ ' i 
The mission vibration environment is represented by the following random 
and sinusoidal envelopes considered separately: 

1. General Primary Structure 

Since these vibration levels are input to  equipment supports, approp- 
riate account must be taken for transmissibility of the secondary 
structure. . . ; 

1.1 To Ascent Stage Equipment Support 

Random: 12.5 min/axis -Sinusoidal: l oct[min[axis S-lOOefiflz 

10 - 3h Hz .003 ge/Hz 5 - 30Hz .023 inch D.S. 
3h - ho +12 db/ ct 30 - 100 1.1g 
MO - MOO .0059 g /Hz . 

MOO - #80 ~12 db oct j 
h80 - 2000 .003 g /Hz ; 

b32831“ H I V  2 5.58 I W M  _ R E P O R T  I ‘ E D - s e o - I G  .2 

Contract NAS 9-1100 or”: u September 1970 
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(e) Lunar Descent - Includipg_Separation,.Descent, hover and touchdown (cont'd) : 
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1.2 To Descent Stage Equipment Support 

Random: 12.5 min/axis Sinusoidal: l oct/min/axis 5-100-5Hz 
10‘ - 60Hz .018 ga/Hz 5 - 30Hz .023 inch D.A. 
60’ - 67 -12 db oct 30 - 100 1.1g 
67 - 300 .012 g [Hz ‘ ' - 
300 - #30 -12 db oct 
#30 - 2000 .003 g /Hz 

2.0 General Secondary Structure 

These vibration levels are input to equipment from secondary 
structure and shall be considered as input to "hard mounted" 
equipment. 

2.1 To Ascent Stage Equipment 

Random: 2 min/axis Sinusoidal: l oct/min/axis 5-100-5Hz 
10 - 38112. .018 gE/Hz 5 - 30 Hz .023 inch D.A. 
38 - 50 +2h dB/oct 30 - 100 1.1 g 
50 - 70 .15 g /Hz 9 
70 - 600 -3 db/oct to .018 g‘/Hz 
600 - 750 —2h db oct . 
750 -2000 .003 g /Hz ‘ 

Random: 10.5 min/axis 

10 - 38Hz .018 ga/Hz 
" 38 — hh +2h db oct 

uh - 120 .059 3 /Hz 
120 - 1&0 .21; db oct 
1&0- - 600 .018 g /Hz 
600 - 750 ~2h db oct 
750 -2000 .003 2 /Hz 

2.2 To Descent Stage Equipment 

Random: l2.§3min/axis Sinusoidal: l oct/min[axis 5:100-5Hz 

10 - 50Hz +12 db oct 5 - 30Hz .023 inch D.A. 
50 - 100 .015 g /Hz 30 - 100 1.1g 
100 - 500 -3 db/gct 
500 -2000 .003 g /oct 

3.0 Specific Equipment Vibration Levels 

The vibration levels for individual components on the Lunar Module 
are specified in LSP-520-001B, dated August 1h, 1967. 
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(e)  Lunar Descent (Cont'd) 

N I-véfiiif-‘AFT ENGHJFFRzNG crlt‘e-RATION- 

Due to Descent Engine See figure h 
Due to RCS in accordance with para. h. l .5.3 

~ Pressure: 

-12 ' l x 10 mm Hg vacuum (space) 
h . 6  to_3.8 psia controlled cabin 
l x 10 mm Hg vacuum (LM descent stage) 
1 x'10'10mm Hg vacuum (LMascent stage) 
5.8 paia to.10' mm Hg uncontrolled cabin 

32‘ to 100°F pressurized cabin (oxygen atmosphere) 
‘ 3 2 “  to 100°F cabin structure 

329 to 160°F environment for instrument panel equip. (rad. cooled) 
uncontrolled cabin (unpress). 

32° to 130°F equipment bays (ascent stage) including NAVBASE equipment. 
! 32“ to 100°F equipment'bays (descent stage _ 

50° to 90°F fuel and oxidizer compartment structure (adjacent to ascent 
and descent stage main propulsion tanks only). 3 

-300° to +270°F LM external surface* 
-1h°F to 350°F inner panelcabin window (unpressurized cabin) 
0“F  to 350°F inner panelcabin window (press. cabin)(heaters to maintain 

-87°F to 275°F outer panélcabin windOw (unpressurized cabin 
-70°F to 275°F outer panéLcabin window (pressurized cabin) 
32 ‘F to 130°F RCS propellant compartment structure. Fuel andtank he” to 

* Some surfaces of descent stage can reach 1600°F during LMLRCS plume 
impingement. A .S  areas can reach lh00°F during plume impingement. 

3 2 ”  to  120”F on engine compartment walls CUM structure) 
500° to 1200°F on D/S engine case (titanium) during engine operation 
1000°F on titanium backface of base heat shield. 

For external items: 

Solar radiation = hhe BmU/fte/hr 
Lunar surface = 300° to +250°F 
(depending on sun 's  position) 
Space: - 0° Rankine (-h60°F) 

- we»; 1313-5204:} 
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(e) Lunar Descent_1cont'd) 

Humidity-:- 

Hazardous Gas: 

Electromagnetic Interference: 

'Meteoroids: 

Sand and Dust: 

Radiation: 

. 

L fl m m  J t i g h - m - fi I I I - fl r . ~ l m - ‘ - F _ . : — ‘  : ,  : ' _ . ,  , —  

mcsr. 85 

Controlled cabin (02), no to 70% r .h.  
Locally in cabin (02), o to 100% r.h. 
(including 1% by weight, salt solution) 

Same as launch and boost 

Same as pre-launch packaged. 

Use distribution for Sporadic meteoroids 
as specified in Table V (for external 
items) (paragraph h.2.3)  

This is to be specified by Grumman 

See paragraph h. l  
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TABLE III 

MISSION LEVELS 

ENVIROMNTAL AND Loam CONDITIONS 

Formulae for determining linear and rotational accelerations at any 
point of the IEM. 

Xpt = Xcg - 92 A x + 93 A z 
8 8 

t _‘ = c + Oz Ax - Ox A z 
3 g 

Zpt = 203' - 0y A x + 0x A x 
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Where Xcg,° 'c, c = Acceleration at m c.g. in X, Y,.Z 
‘ ' directions. ' 

l . 
I O O O O O O . . 

' Xpt, t ,  Zpt = Acceleration at an}r point on In in 
; X, Y, Z direction. 

Ox, 9y, 02 = Rotational Acceleration about respective 
axes. 

A x. A y, A z = Distance from specific point to m .C.G. 
along respective axis 

; (X=207,Y=O,Z=O=IMMPOG)Se-e 
.; 2 Table V 

.§ g = 386 in/sec 
t 

i See Figure 2 for IMMP axes 
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TABLE III 

, MISSION LEVELS 

ENVIRONMENTAL.AND LOAD CONDITIONS 

(f) Lunar Stay 

I Accelerations X 

i cond. - at rest 1/6 g 

. Shock: Not critical 
3 

I 

i g 
y t 

3 

fl NOTES} Ascent and descent engines not operating. Vibration due to other 
sources to be supplied. . 

ii 
I 

'l 
T 

,I 

,i 
L ___:__ ‘ I i 

WW LED- 20-1 
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EABLE III 

MISSION LEVELS 

ENVIRONMENTAL.AND LOAD CONDIEIONS 

(f) Lunar Stay (cont'd) 

Pressures: 

l x 10'12 mm Hg uncontrolled vacuum (surface of moon) 
h.8 to 3. .8 psia (0% ) controlled cabin 
l x 10' mm Hg cabI n (hatch open) max. open hatch time = 20 mins. non-linear 

decay. ‘ ' 
l x 10-9 mm Hg vacuum (LM descent stage) 
1 x lO'lOmm Hg vacuum (1M ascent stage) 
5 8 psia to 10"9 mm Hg uncontrolled cabin 

I Temperature: 

32° to 130°F (O temp) pressurized controlled cabin 2 

32° to 100°F cabin structure at touchdown 
32c to 130°F cabin structure at lift-off 
32° to 160°F environment for instrument panel (rad. cooled) uncont. cabin 

(unpress. equip.) 
32° to 130°F equipment bays (ascent stage including NAVBASE equipment 
32“ to 160°F equipment bays (descent stage) - 
hO” to 100°F fuel and oxidizer compartments (adjacent to a/s main prop. 

t s o M J )  
32°  to  200“F fuel and oxidizer compartments (adjacent to d/s main prop. 

tanks only) 
-300° to +270°F LEM external surface 
32° to 300°F descent engine compartment structure; 1+00 to 100°F RCS fuel 

’ and oxidizer tanks 
-lh” to 350*F inner pane cabin window (unpressurized cabin) 
0 ”  to 350”F inner pane cabin window (press. cabin)(heaters to maint. low_ 

temp. above dew p t . )  
-87” to 275°F outer pane cabin window (unpressurized cabin). 
-70" to 275“F outer pane cabin window (pressurized cabin). 
32” to  130°F RCS propellant compartment structure. 
32” to 160°F.Aft Bay Equipment. 

For External Items: 

' Solar radiation = hhe BTU/fte/hr 
Lunar surface = -300° to +250° F (depending on sun's  position) 
Space = 0°  Rankine (-  h60° F) 

Hm miditx: (cabin only) 
Controlled cabin (O2 ) hO— 70% rel. hum. avg. 
Locally in cabin (02) 0-100% rel. hum. 
(including 1%wweight, salt solution) 
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,IABLE III. 

MISSION LEVELS 

ENVIRONMENTAL.AND LOAD CONDITIONS 

( f )  Lunar Stay (cont 'd) 

Hazardous Gas: 

Same as launch and boost 

Radiation: 

Solar flare and space background to be defined as needed. See para. 

Electromagnetic Interference: ' . 

Same as packaged pre—launch 

~ Meteoroids: 

For external items. Ref .  h . 2 . l  

Sand and Dust:  

This is to  be specified by Grumman 
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TABLE III 

MISSION LEVELS 

ENVIRONMENTAL AND LOAD CONDITIONS 

(g) Lunar Ascent - Including ascent rendezvous and docking 

Acceleration: I Y Z 

' 3g» radlsec2 g rad/sec2 g_ radlsec2 a 
engine operating +.70 2.7h 1.0h _i.83 1.0h :1,u7 i 
docking condition -h.0 g 0 O ? O ‘ O O 3' 
transfer orbit O 1 O O i 0 g 0 0 g 

.. i 2 2 4* j ; 

Vibration: 

The mission vibration environment is represented by the following random 
and sinusoidal envelopes considered separately: 

1. General Primary Structure 

Since these vibration levels are input to equipment supports, appropri- 
ate account must be taken for transmissibility of the secondary structure. 

._l.l To Ascent Stage Equipment Support 

Random: 8.5 min/axis Sinusoidal: 1% oct/min/axis 5-100s5gg 

10 - 3h Hz .003 g2/Hz 5 - 30 Hz .023 inch D.A. 
3h - ho +.2 db/ ct 30 - 100 1.1 3 
ho - Moo .0059 /Hz » . 
h00 - h80 -12 db oct 
h80 -2000 .003 /Hz ” 

2.0 General Secondary Structure 

These vibration levels are input to equipment from secondary structure 
and shall be considered as input to "hard mounted" equipment. 

2.1 To.Ascent Stage Equipment 

Random: 5 min/axis Sinusoidal: 1% oct/min/axis 5-100-5Hz ' 
10 - 3q .003 g2/Hz 5- 3OHz .023 inch D.A. ' { 
3h - ho +12 db/gct 30-100 1.1 g - 
ho - Moo .0059 g /Hz 
hoo - #80 -12 db oct 
h80 2000 .003 g /Hz 
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TABLE III 

MISSION LEVELS 

ENVIRONMENTAL AND LOAD CONDITIONS 

(8) Lunar Ascent - (cont 'd) 

Random: 3.5 min/axis 
10 - 38Hz .018 ge/Hz 
3 8 .  - an +2u db oct 
nu - 120 .059 g /Hz 

120 - 1h0 -2h db oct 
1&0 - 600 .018 g /Hz 

(600 - 750 -2h db oct 
750 2000 .003 g /Hz 

3 . 0  Specific Equipment Vibration Levels 

The vibration levels for individual components on the Lunar Module 
are specified in LSP-520-001B, dated August 1h, 1967. 

Plume Effects:  Due to Ascent Engine See Figure 11 
Due to RCS in accordance with paragraph h.1.5.3. 

Pressure:  

1 x 10"12 mm Hg vacuum (Space) 
h.8 to  508 psia controlled cabin 
l x 10' ; mm Hg vacuum (LB! Ascent Stage) . 
5.8 psia to 10' mm Hg uncontrolled cabin 

During the course af the  Fire-in-th Hole (FITH) staging pressures are 
created in the interstage area as a function of separation distance, tilt 
angle, and sideslip. Pressure transients arise as a result of the inter- 
stage configuration, separation distance and the resulting flow field. The 
maximum equivalent steady state pressures occur at zero stage separation 
(starting transient). Tests to date indicate that on the ascent stage a 
pressure of approximately 0.79 psia is developed in the separated flow 
region adjacent to the nozzle in the ascent engine compartment and 

' pressures as high as 3.1h psia occur in the regions of minimum clearance 
between stages due to  the reattached flow. The peak pressure on the 
descent stage deflector is 6.0 psia due to the direct flow impingement. 
Maximum equivalent steady state pressures are built up on the descent stage ' 
in the first 0.10 seconds of the starting transient deca ing to 50% of the 
steady state value 0.30 seconds after ignition. (Ref. 26K. 
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TABLE III 

MISSION LEVELS 
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(g) Lunar Ascent (cont'd) 

Temperature:** 

32° to l30‘F (0n) temp) pressurized cabin 
32” to 130° F cabin structure 
32° to 130°F equipment bays (ascent stage), including NAVEASE equipment nk#k 
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#0” to 100“F fuelxand oxidizer compartments (adjacent to a/s main prop. ta 
only 

-300" to +270° F LM external surface* 
-lh° to 350°F inner panéLcabin window (unpressurized cabin) 
0“ to 350°F inner panéLcabin window (press. cabin)(heaters to maintain 

low temp. 
-873 to 275°? outer paneLcabin window (unpress. cabin). 
-70” to 275°F outer panéLcabin window (pressurized cabin) 
32° to 130°F RCS propellant compartment structure; ho to lOO°F RCS fuel 

and oxidizer tanks 
225° F max. on engine cover 120 min. after engine shutdown 
400°F external A/S base heat shield (30 mins) Temp. transient during ‘ 

FITH, 270 °F at peak 
. - ’ load 86 710 “F at zero 

; ' load on A/S base heat 
shield during firing- 
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1 h70°F on injector plate of ascent en ine 
{ 32“ to 160°F environ. for instrument panel rad. cooled) uncont. cabin 
El (unpress) equip. 
: 250“F max. on engine mount brackets 
; . 650°F on ascent engine nozzle surface 

E h0° to 250°F ascent engine compartment structure ** 

For External Items: 
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? Solar radiation = hh2 BTU/ftE/hr . ; Lunar surface = -300° to +2 50” F (depending on sun' 3 position) E 
‘ Space = 0’ Rankinex(- M60 F) V 

Controlled cabin (02 ), ho to 70% r. h. i ‘ i , ) 
locally in cabin (02), O to 100% r. h. (including 1% by weight, salt 'fi 

solution) ' 

i miditx: (cabin only) 
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Hazardus Gas: _ . 

Same as launch and boost 
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TABLE III 

MISSION LEVELS 

EEHUIKEWEmflmI:AND LOAD CONDITIONS 

(g) Lunar Ascent Loont'd) 

Electromagnetic Interference: 

Same as pre-launch packaged 

* Temp. can reach l600°F on certain skins due to RCS plume impingement.‘ 

** Max. temperature of structure is reached 1 — 3 hours after engine 
shutdown. 

,Meteoroids : 

For external items. Paragraph h .2 . l  

Sand and Dust:  

This is  to be specified by Grumman 

Radiation: 
. See paragraph h . l  

** Equipment temperature due to combined exposure shall be determined 
for external items. 
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vsz 68a 21992 woo 

§ mm; xv- 
g m MASS PROPERTY HISTORY - DESIGN WEIGHT - PRELIMINARY 
9+ ‘ 
g MISSION EVENT . WEIGHT In st. From Thrust Axi I 
:2 EARTH LBS) . xx 

5 TRANSLUNAR INJECTION 32000 

E3 
'53 IMA/CSM SEPARATION 32500 

END INSERT ION IO HORNANN - 32113 ,. 

' *2: 
BEGIN ROVER 1691A? : 

-MINIMUM 1146 50 g“ 

LUNAR TOUCHDOWN -NOMINAL 1 =2: 

'13 
CD 

2‘ 
g 2:. N: 
515 S 
5% CONPIETION OF CREW TRANSFER A695 2 5A -1 - . 21mg l s? 

. O 
{351% EOTE- THE rum/BEES GIVEN ABOVE ARE NOT EXACT. THEY REPRESENT ESTMTED VARIATION OF m WEIGHTS AT IEPIOES g 
V! , STAGES OP TEE EISSION STARTING WITH THE SEPARATION WEICRT OR 32500#. FIRM NUMBERS WILL BE PROVEES 

AS SOON AS POSSIBLE. 
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TABIE V‘ 

LM-lO MASS PROPERTY HISTORY - DESIGN WEIGHT 
.__ g . -  3 -_ _._ 
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Weight. 7; Center W J ,3 J . ; , . ,  , 
,_MISSION EVENT (Earth 18s.); STA {InS Dist. From 

H - I ' ' ’ 2 , -Thmst Axis; I " . T  ; . i f . 
x x ;  ‘ y y ;  z z =  ‘yzg x2. - x y  

BTOOOiét Case _ ‘ J: K Y a 2L 1.- , L, i I _ . 1 M 
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LUNAR TOUCHDOWN" _ f , ‘ . 
Minimum (19361 DPS + 130 consum) 17890 207.2 .36 i_.52 315718317585 =18753 : 239 1 663 g 26 
Nominal {18953 f 130) 18298 205.9 , .35 ;-.51 ;15971;17990 £19138 3 239 660 g 28 
Maximdm (17970 + 130) 19281 203.0 g .33 f-.h9 $16589 19011 320016 3 239 3 658 3 31 

PDI . 37381 ; 183.1 .17 ;-.25 27937 29730 E28163 ; 234 61h i 59 
1 a .. . 1‘ ; 
f I 3; 

3 i 4 3. i I :* é ' 3 
LUNAR LAUNCH ’ 10931 3 231.0 3-.oh $2.83 7 6738 3899 9 5985 f -20‘; 180 9 60 

-,CONCENTRIC SEQMENCE INIT. MANEUVER ' 5915 3 258.1 §-.0h $5.2u'3 3300 2910 i 1992' '—21 E 86 * 7h 

* ‘ * 3 3 3 - ' 3L ‘ 
FINAL HARD DOCK A 567h 3 257.2 3-.oh 35.87 ; 3191 2868 g 1867 ~13 . 92 ; 7h 

3 1 -~ 3' i .' i ‘ E- 

-, COMPLETION OF CREW TRANSFER 3 N989 ? 257.1 g .73 32'53 E 2952 26u1 g 1726 g -16 f 120 ' 75 
h; 5 3 l L __ i 

g6
 32

11
M 

' ’ -a‘_ 4 at 
'. 1; - ‘ ‘-""_B‘ l " . V . 1  . i n “  v}; .f 6-4.. « ‘Ir - . -  v r .r- 4-1- .. _. A. 1.... " _...__. '_-. ..._ __ .. .4:- 
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o g - TABLE VI Sign convention positive 
a fi . directions as on page 3!} 

- g 6 ACCEIERAfI‘ION DUE TO BOOSTER 
,3 g - - LIMIT LOADS . 
F W mg" " M ” g  ' ' '" ' WT‘WHWW' ‘.‘:,;;c‘,'3_',“r,{19“h,“ : ' ‘1 

i T Weigh}: 5,191.,” -- __- ; -11. Thrust - lbs. longitudinal g ” s _  Eaters]. M t g e ?  . 
E BoOster e Ignition , Cut- Off Ignition Cut-Off Minimum Msximm "Y Z ’ Y“ Z T 
\o _' .2. .. ---_.. 1.... 1 1 - . .  ' .... ,1 2 - _ . 
.L 
w _ i 
8 k . ., 

SATURN 18 5-D. 1,199,080 381, 210 11,,5014 000% 1,730, 000 1.25 1+.5 ' --- “- -- 3 
S-IVB 256,100 . 51, 900(5)§. -- : 200, 000 .78 3.85 --- --— -- 

SATURN V 5-10 - 1.6 1.65 1.65 -..~ . 
S-IC L);j6,000,000 1,758,700 37,500,000: 8,630,000 .-_, . 11.9 1.1 53.1 -- ‘ 
SJCE )6?“ -- . -- ; -- -- -- ,- 2.07 1.3 1.3 -- I 
3-10 C/OfiTXQ) -- f -- -- i .. .. -1.7 3.1 _+_-.1 -_ ! 

S-IVB % 360,050 , 128,850(6) -- ; 200,000 .56 1.87(1) --- --- -- _ 1 
SATURN 7 3-10 b/o -- £1,758,700 i -- 3 8,630,000 .. .5. -'--- --- -- 1‘ 
(Engine S-ll b/o(-g) 1,376,050 ‘ hh7,850 : ' 1,000,000 .8 . 2,;5 ‘ 33m 4 -__ -..'r- 
Hard-Over) S-IVB we 3 --  128,850 i -- j 200, 000 -- 1.870.) 12.23 1.23 1 .702 .702  

«- 8:11 ,_b/.o<2) ' 12,376,050 M73820. : _ . [29° -8 2-15 - - 1-‘0 i, .. ~ ' ' 6E 
Notes: (1) Includes 1. 2 dynamic amplification. ‘ - 

,3 g (2) . M Ltr. PBS/1.1665 1461:4675 7 Déeexib'e'r 19611 ‘ -- ~ 5 

5’3 ‘ 
+3 - (5) Second stage Jettison weight: 25,180, Payload weight: 26, 720. , % 
Vi? (6') 'mird stage Jettison weight = 36, 500, Payload weight = 92, 350 including adapter 3: 

. 5°17 (7’) At end of first stage thrust, longitudinal spi‘ingback ‘ __ . u 2": 

LE ‘ ‘ 6i 

‘1 ":b/o Burn out - e/O‘Cut Off 8‘ 



‘ 
u
m
 
m
o
:
 

l
u

o
u

v
u

o
u

o
a

 
a

n
u

n
m

a
n

a
 

L
i

v
a

b
l

a
v

;
u

v
w

w
n

n
a

 
A 

0
0

1
1

-
6

 
s

v
n

 
w

a
r

d
-

n
o

n
 

m
a

m
a

 
39

61
 '.

A0
& 
S
T
 

. 

(2) 
(3) 

5 TABLE VI:— W - In; FACTORS OF SAFETY 
3 Environment location Mission Level Acceptance Design Miseien Design Limit“) Ultimte 
E 1 ' ’ ' LQualifi cation) 

3 Loads 1.0 1.0- 1.0 115(6). - 1.5(6) g 
Acceleration 1.0 1.0 ’ 1.0 1.5 - 1.5 
Shock 1.0 ' 1.0 ' ' 1.0 ‘ 1.5m " 1.5m) 
Vibration Elect. Assy. or Fatigue 2 (1,3)2 (1,3)? ‘ 

; crit. Struct. 1.0 1.0 (1.3) - . 

(Random P8P) Strength Grit. Struct. (1.5)”3 (1:57)? 

Vibration Elect. Assy. or Fatigue (7) lam" 1.363 

crit. struct. 1.0 1.0 1.3 ; 
(Sine s or D1117 Strength Crit. Struct ' 1 '1.5 (fl 1. 5(77 
Pressure 1'2? 'Cabin 1.092 1.33 1 . 5 3 2 % “ )  1 2.0;?! 

rm . Sto e Tanks . 1.012) A 1.33 1.0“” 1. 513! 1 1.5“” 
a fi-elium Storage” Tanks 1.0??? . 1.33 . 1. 01?) 13(3) 1 1.5551 
8 super Critical Hei'lhnks 1.0121 - 1.33 1. 0(2) 2.03?! p.657? 
3 - 12) 27 a) water Tanks 1.0 1.33 11. 0K 2.0K 2.015) 
5| mmticésigh Pressure 1.912) 1. 1. 012) 2.0 1.124.013; 

o - o g h ‘P ' ' {3| Temperature ”‘31” Res 15°“ Pressure) he; 0‘ ) 3-1.5 1.937 i :81) E13091: ) 
E Accoustics 1.0 1.0 1.0 1.0 ' J1.0 

. KORE: (1) Qualification shall consist of two parts (a) design limit level tests as noted herein- (‘5) 
endurance tests to consist of one complete operational cycle plus one additional flight simu- 
lation at mission level (Ref. Para. 1. 1.1+). 
Factor applied to max. relief valve setting or max. thermally developed pressure. 
Pmof pressure = 2 x m . relief valve setting or combined surge plus nominal pressure whichever 

is greater (not applicable to propellant storage tanks). 
(14)“ Burst Pressure -- 3 x max. relief valve setting or 1.5 x combined surge plus nomiml pressure 

whichever is greater (not applicable to propellant storage tanks). 
(5) For pressure combined load conditions use 1.5, where pressure is a singular load use 2.0. 
(6) For all mohanical moving parts of m landing gear use 1.35. 
(T) For packaged or unpackaged prelaunch conditions use 1.0. 
(8) For pressure combined with load. 
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9. 

10. 

11. 

O 12. 
13. 

111.. 

A 15. 

16. 

17. 

.18. 

19. 

20. 

21. 

22. 

23. 

. ', 21+. 

25. 

m o m  

Apollo Ground Support Equipment - General Environmental Criteria 
and Test specification. MSC-GSE-lB, Rev. 1, June 23, 196A. 

NASA Project Apollo - LEM Technical Briefing 

MSFC Drawing No. lOMBlOTl 

.Grumman LSP-530-001 

ARDC - 1956 Standard Atmosphere 

MIL-STD-810'(USAF) 11+ June 62 

NASA TWXOSB to GAEC dated 6 May 1963 

GAEC Telecon DIMe520-16 dated 16 May 1963 

Grumman - LPL-ShO-l dated 15 July 1963 - Mission Analysis 

NASA Letter sss/LN' - 63-h8 1 April 63 

NASA Telegraphic Message - SCE-‘I'356/63-62, 7 June 1963 

Engine Container Spec. LSP-heo-OOI 

NASA mm PBS/1.1665 4611—675 
7 December 196k 

Grumman Letter - LLB-520-27 dated 8 March 1965 

NASA Letter SLE¢13~63-h27, dated Gctdber 16, 1963 

Grumman LSP-hTO-lA dated 7 June 1965 

ASME Unfired Pressure vessel Code 

MSC Letter ES2-l-65-3 dated 18 Jan. 1965 
(for ambient temp. helium press. tanks); 

Gmmnan ISP-hTO-lA, SCN 5A dated 3-21-66I 

Grumman LMD-520-2h6 dated 25 June 1965 

Grumman LSP-lh-OOG, 1 July 196h 

Grumman LED-520-3 Revision A, dated May 2%, 1965 

NASA Ltr. Wmh5/13/65-837 Oct. 1, 1965 
NASA Ltr. 3651+ 66-199, April 7, 1966 

NASAILtr. PR23-66-125, February 15, 1966 

Humanlflwlldl ‘ IEKNT LED-520-IF 
Contract No. me 9-1100 W! 15 May 1966 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
' CODE 26511 
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I 26. ' Grumman LED 611-2, IM-l Operating Equipment vs Mission Time. 
: 27. Grumman mam-1+7, Modular Mission Data (rm-2) r 

28. Grumman LED sac-59, m3 T-Cup 
29. .Grumman 1m ShO-l-Ll, IM-ll T-Cup 
30. Grumman 'IMO 5hO-lh81, LM-S T-Cup 
31. Grumman mo sac-1527, m-6 T-Cup _ > 
32. Grumman LAV she-1275, JIM-10 Thru 11+ T-Cup (Timel‘ine 8: Consumable Usuage 

Program) ‘ . 
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