
/) 

Prepared By: 

LSG 770-154-10 - LM-5 

LUNAR MODULE 

STRUCTURE S 

HANDOUT 

LM-5 

FOR TRAINING PURPOSE S ONLY; IN 
SUPPORT OF LM -5 STRUCTURES COURSE 

FOR 

FLIGHT CONTROL DIVISION 

AT 

MSC, HOUSTON, TEXAS 

Approved By: 

/V, if&wiu_y£� \ 
William Strasburge 
IM Instructor 



) 

TABLE OF CONTENTS ( Cont) 

·ChaP,�er 2 Iunar Surface Equipment Deployment 

Equipment Locations - Descent Stage 

Modularized Equipment Stowage Assembly (MESA) 

MESA Deployment 
Back�p Deployment 
MESA Deployed 
MESA Deployment Mechanism 
MESA Deployment Ratchet/Spring Assembly 
Modularized Equipment Stowage Assembly MESA Ballet 
MESA Ballet with Equipment 
MESA Stowage List - IM-5 
MESA Side Views 
MESA Pallet W/0 Equipment 
TV Camera and Tripod 
Closeup Stereo Camera - Stowed 
Lunar Stereo Camera 
Tongs 
Gnomon 
Hammer w/Extension Handle 
Scoop 
Solar Wind Composition Experiment 

S-Band Erectable Antenna 

S-Band Deployment Sequence 
S-Band Erectable Antenna Handling 
S-Band Erectable Antenna 

Early Apollo Scientific Equipment Payload (EASEP) 

EASEP Deployment Sequence (1, 2, 3, 4) 
Scientific Equipment Bay Door 

Lunar Samples 

Frame & Cable Assembly 
Deployment Mechanism 

Sample Return Box 
Scale 
Lunar Equipment Conveyor 

IM-5 

� 
2-1 

2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 
2-ll 
2-12 
2-13 
2-14 
2-15 
2-16 
2-17 
2-18 --
2-19 

2-20 
2-21 
2-22 

2-23 thru 2-26 

2-27 
2-28 

2-29 
2-30 
2-31 



Chapter 1 

) 

TABLE OF CONTENTS 

Ascent and Descent Stage Structure 

IM Ianding Gear 

IB.nding Gear Primary Strut 

Ianding Gear Secondary Strut 

Landing Gear Deployment and Downlock Mechanism 

Stowed Position 
Down and Locked Position 

Translunar Flight 

CSM Separation from LM & SIVB 

Post Transposition Docking 

LM/CSM Undocking 

Thermal Control 

Typical Thermal Shield and Blanket 

Thermal Control Coating 

Blanket.Joining 

Abrasion Protection and Penetration Insulation 

Standoff Installation & Blanket Venting 

Panel Shingling - Front View 

Bay Vent 

Landing Gear Thermal Protection 

Micro-meteoroid Protection 

RCS Plume Deflector 

Descent Stage Base Heat Shield 

Temperature Graphs 

EVA Antenna Erection Mechanism (l) 
EVA Antenna Er ection Mechanism (2) 

IM-5 

� 
1-1 

1-2 

1-3 

1-4 

1-5. 
l-6 

1-7 

1-8 

1-9 

1-10 

1-11 � 
1-12 .. :.· . .... ... < 

1-13 --

1-14 

1-15 

1-16 

1-17 

1-18 

1-19 

l-20 

l-21 

1-�"�2 

1-23 

1-24 

l-25 



CABIN SKIN 
ASSEMBLY 

�� 

l: .. 
ASSEMBLY 

· SPECIMEN RETURN 
', CONTAINER 

:·• ASSEMBLY 

MID SECTION 
ASSEMBLY 

UPPER DECK � ASSEMBLY 

.� 
SCIENTIFIC 
EQUIPMENT 
BAY 

LOWER DECK 
ASSEMBLY 

I 'ASCENT AND DESCENT STAGE STRUCTURE T30915-83.1 

IM-5 



) 

DEPLOYMENT 
TRUSS 

'•: 

OUTRIGGER 

---,6 .. __ ----,2 .. __ 

LANDING 

I L:!�;: LANDING GEAR I 

PRIMARY STRUT 

CROSS-OVER 
TRUSS A SSY. 

SECONDARY_. 
STRUT 

k--------36�"--�-----
T30900-99.3 

-



) 

) -

BEFORE IMPACT 

4500# 

OUTER --------CYLINDER 

10 IN. 

INNER 
CYLINDER 

HONEYCOMB 
CARTRIDGE 

9500# 

STROKE (COMPRESSION) 

AFTER IMPACT 

321N. 

I LANDING GEAR PRIMARY STRUT I T30005-213 

LM-5 

-I 
. .  ,...�... ·, ' 



� ' 

-c._: 

� OUTER CYLINDER 

COMPRESSION 
HONEYCOMB 
CARTRIDGE 

':'%�:,�· 65X?Z£ .. -
�-��g��-

y 

TENSION ROD INNER CYLINDER 

I 

I 
I 
I 

LOAD 

� 

5000# 

TENSION 

I 
I 1 500# 

.J. __ STROKE r--- I( ------I 

-121N -
--

----,---

,

-

+161N 

--,---

�� I 
I 
I 
I 
I 
I 
I 

COMPRESSION 

4500# 

IU-�- . .  ��-� -�- �- ·-·-

-- -- ���-l �ANDING GEAR SECONDARY STRUT 

I 

PISTON 

TENSION 
HONEYCOMB 
CARTRIDGE 

·J 

T30005-214 

f 
Vl 



) 

DOWN 

)- CRANK ASSEMBLY----------

·.LANDING GEAR 
DEPLOYMENT AND_ . 
N; LOCK,•MECH�NISM· QvJ;EO POSITIONl..' 

�DESCENT STAGE 

DEPLOYMENT 
TRUSS 

LM-5 

T30915-18.2 



LOCK ROLLER TRUSS� 

TRUSS SUPPORT LINK 

DEP LOYMENT 
TRUSS A SSEMBLY 

LANDING GEAR 
DEPLOYMENT AN D 

DOWN LOCK MECHANISM 
(DOWN AND 

LOCKED POSIT ION ) 

LM-5 

ISUAL INO ICATOR 

• 

T30915-19.2 



X 

ROTATION 1.5 TO 2.5 RPH 

20° OR LESS 

I TRANSLUNAR FLIGHT I 

SOLAR 
INPUT 

T30005-201.1 

IM-5 



) 

,·; 

(/)
 

0
 

0:
: . . . 

\ \ \ ... 
}I 

:E
 

(/)
 

0
 

m
 

>
 I 

(/)
 

IM
-5 

m
 

>
 I CJ) cO
 :E 

__ __.
 

� 0 0:: lL z
 0 

!;i a:: <( a. w
 CJ) :E CJ)
 

(.)
 

. 
'';' 



CD
 

� I Cl)
 

L
M

-
5

 

(!) z 

CID
 

CJ)
 

I 
10

 
CJ)

 
0

 
,

 
..

.. 

�
 

0
 

Q
 __ 

0 z 0 t­C/) 0 
0.. en z 
<t a:: 
� t­en 0 Q.. 



) ·.·). ' . "
·

 

·. ·. ·. . . 

. .. ··· 
. .. 

. . 

·. .
. 

: : 
: 

: . 
. 

. . : 
. 

: :: .· 
.· 

. ..
. 

. .. . 
. 

. .. . 
. 

. · .
.

. 

: :.:· .·· .. · 
. . . . . 
. ... . . 
. ... . . . 
.;.· . · . . 

. 
. :-

-�· 
• : <-'

'' 
: 

:."
 

. . 

:E
 

..J
 

IM
-5 

I 
1 

C)
 

z -�
 

(.)
 

0 0 z ::> :E C/)
 

(.)
 

..
..... 

:E ...J 
L

_j
 



! 
INBOARD 

PLUME 

(HEAT RATE a TIME) 

�. j � 

l r 
0 u -----o------ -----

0 0 0 C) 0 0 
00 0 0 00

" 
0 0 0 0 0 6 0 0 0 0 0 0 Q 

0 0 0 0 0 
0 

d 0 c 
., e o o o o. o o 9 o 2 o o o 0 o 9 o o o ., o 0 o 0 o 

: 

750°F L 
HEAT SINK UP TO .020 ALUMINUM 
OR 
INCONEL a NICKEL FOIL PACK 

���lS�� MULTI- LAYER 

· . 375°F 

MULTI- LAYER 

S TRUC TURAL SKIN 

jTHERMAL CONTROL ! 
130005 -198.2 

It� -- ;"�f_;_�.--:?&�� 
- �:E:::v�:-
---��-:':",;;;::_:� 

u 

� 
V1 

gf:? <:!g ··-k-::;J.t.-�-



Ll 

FOIL { 
PA_CK-UP 

THERMAL { 
BLANKET 

v 

:::•:•:•:•:::•:•:•:•:::•:•:•:::•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:::•:•:::•:::•:•:::•:•:•:•:•:•:::•:•:::•:•:•:•:•::•:::•:•:::•:•:•:•:•:•:•:•:•:•:•::•:•:•:::•:•:•:•:•:•:•:•:• 

·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=•:•:•:•:•:•:•:.•:.•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•::•:•:•:•:•:•:::•:•:•:•:::•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•: 
. 

INCONEL 

� INCONEL MESH 

:..,.____ .5 MIL NICKEL 

\.__) 

llllllllllllllllllllll!illlllllllillillliililllllllll } I5 LAYERS 
.5 MIL H-FILM (ALUMINIZED) } 10 LAYERS 
.15 MIL M YLAR (ALUMINIZED) 

I LAYER .5 MIL H-FILM 

ALUMINUM STRUCTURAL SKIN 

I TYPICAL THERMAL SHIELD AND BLA-NKET I 
T30005-211.1 

fi�'< 
:-;;-..:-..o.::.: ;. ?�ffJ;. •••• .·:� ' 

f 
Vl 



'-' 

ENVIRONMEN TAL 
INPUT (0 s) 

v 

SURFACE SPECTRAL 
PROPERTY ( E' Th) 

r THERMAL CONTROL 
COATING 

�iA...,F_.t .,..,.ct·¥.,.;._ -x 

0 s = % OF THE TOTAL SOLAR ENERGY ABSORBED BY 

A SURFACE. ( 0-1.0) 

\_ OUTER SKIN 

E'th = ABILITY OF A SURFACE TO REJEC T HEAT TO SPACE. (0-1.0) 

·.� 

I THERMAL CONTROL COATING] 
T30005-204.1 

·I·· ,. , . .  · 

� 
Vl 

::_if&�-:EZ-5-J./ ::��?X: 



IM-5 

) 
..------liN.------.� 

SINGLE LAYER 

TAPED SEAM 

)-

LANKET 

..-------2 3/4 IN.-----� 

FOLDED SEAM 

I BLANKET JOINING I T30005-205.1 



) 

z
 

0
 

� 0:
 

1-LL.I
 

z
 LL.I
 

LL.I
 

a.
. 

<X 

::z:
:: 

en
 

LL.I
 

:liC z
 <X ...J 

m \ 

....: 0
 

N
 

I 
It)

 
0

 
0

 
0

 
..,

 
1-

z
 

0 � ..
.J 

::
:> 

(/)
 

z
 

z
 

0 � 0::: 
1:­w z

 
w 
o_

 

z
 

z
o

 
o

t­
-

u
 

(/)
W

 
<(

f­
o:

::o
 

co
o:

:: 
<(

o_
 

LM
-

5
 



li 

v 

RETAINER 

GROMMET 

9/16" VENT HOLE 

1 T HERMAL 
BLANKET 

'-J 

�J 
S HIELD 

WAS HER 

SCREW 

1 118" GAP 

[STANDOFF INSTALLATION AND BLANKET VENTING I 
T30006-212 

-��-:'�.;; :; . .  

� I 
Vl 

�{�1t�:�r . {B? 



II 
�

 
z

 
-

�
 

-'
w

 
e>

_
 

z
>

 
-::C

t-
cn

z
 

_,
o

 
Lt.J

o:
: 

z
"-

<(
 

a.
. 

If')
 

0
 

N
 I 10
 

0
 0
 

0
 

If')
 

�
 I 

-

L
M

-
5

 

'·· 
·.

: 



)� 

THERMAL BLANKET 

INNER 
SHI E LD 

,-

SCREEN\ 
-

\ 
\-

\-
\­

\­
\­

\-
\-

� � �-:-.,niELD 

THE RMAL 
BLANKET 

I BAY VENT I 

LM-5 

O UTBOARD . 

T30005-215.1 



)-

DOWNLOCK 
DEPLOYMENT 
MECHANISM 

SECONDARY 
STRUT 

TITANIUM 
GUARD 
PLATE 

PAINT 

ANODIZED 

----- > 
THERMAL BLANKET----- \ 

::q:�.:"ANDINGi::\.·GEAR· THERMA L PROTECTION I 

PRIMARY 
STRUT 

PAD 
A SSEMBLY 

T30915-101.2 



v 

.· �oo4�MIN. ALUMINUM -
.. OR EQUIV. MASS · 

u... 2" 

--===-==-----===-===-

<"-'----

�------ , 

MIN. .,.1 
.012 MIN. ALUMINUM 

DOUBLE WALL 
CONCEP T  

IIIIL. II THERMAL BLANKET 

.. INBOARD 

EQUIV. MASS OF 1/8" 
THICK ALUMINUM 

SINGLE WALL 
CONCEPT 

\J 

jMICRO-METEOROID, PROTECTION I T30005-202.2 � 

It I 0 
'"' . 
' 

I 
\n 

·' ;:;:;:;::;-:.�" -
;:�fff�f:: 

�: 



'J 

) 
lr 
0 
1-
(.) 
.... 
...J 
LL. 
.... 
0 

.... 
::t: 
1-

0 

8 

. C> .25 
z .  
927 
"" 
.... 
(.) 
z C:( 33 
1-
(/) 
0 

CATENARIES . 

LOWER------ q�!!!!;!!�iJ}��" 
BEAM 

UPPER BEAM 

STEEL 
SUPPORT RIB 

.......- ---

/I 
I 
I 
I 

45 �------��---------------------
1/2 V3 1/4 1/5 1/8 

NUMBER OF FOILS 
( INCONEL SKIN/NICKEL FOIL 8 MESH) 

, :, ,J RCS 'PLUME DEFLECTOR 

LM-5 

., 

T30005-216 



.�'.' .. : 

H.;.FILM BLANKET 
(1/2 MIL, 25 LAYERS) 

ENGINE 
NOZZLE 
EXTENSION 

\ 
2100°F 

\ 

;·�: 

SUPPORT 

14 
LAYERS 

"" 
1100� 

v 

BELLOWS 

COLUMBIUM-10 MILS 

-FILM BLANKET 
(1/2 MIL, 25 LAYERS) 

SUP 

NICKEL -FIBERFRAX INSUL A TION 
MIL/112 MIL) (24 MIL$) 

TITANIUM BACKFACE STRUCTURE 

H-FILM BLANKET 
(112MIL,I L 

10 
LAYERS 

3 
LAYERS 

700•F ., 

J 

r DESCENT STAGE BASE HEAT sHIELD 1 T30005-196.2 §2 

·I � : 
.:.\, . � 

��;:;I§: E§�; ·:jf��g;�. 

I 
Vl 

/Za/: 

'elm{ 



�;�,:...::�--:�,.�i� �·�-

\J 

60 

,... TRANSLUNAR a DESCE NT .... ... L 

DESCENT ENGINE FUEL TEMP. 

100 

I� TRANSLUNAR a DCSCENT �LUNAR STAY ..,,._ 

CA BIN TEMP. 

[1-EMPERAruiE-<iRiPtis] 

-I li 

��.: < 

J 

80 

T30005- 206.2 

f 
V1 

.'$':::.;;:.: ·{£4��­;i;��j; 



\ 

j >-rt' 

-) 

,, ., 

LM-5 

ANTENNA ERECTION MECHANISM' ( 1) I 
T30715-142 



)-
r- -

J 
I 

I 
I 

L __ 

LM-5 

A 

T30715;145 



.+_) 

EASEP 

)-
MESA 

S-BA ND ANTENNA 

I EQUIPMENT LOCATIONS- DESCENT STAGE I 

LM-5 

T 30005-220 

� � 



LM-5 

---
- ----

�-

T30005-222 



LM-5 

·) 

BACK-UP DEPLOYMENT 
T30005-221 

- -.. Page 2-3 
ONLY 



) 

I MESA DEPLOYED I ' 

LM-5 

T30005-223.1 



) ) 
D

a
t

e
: 

M
ay

 1969 
· · 

·
·

·FO
R 'T

RA
I

N
I

N
G

 
P

UR
P

O
S

E
S

 
O

N
L

Y
 

L
M

-
5 

�
 

(f)
 

z
 

<(
 

:c
 

(.)
 

w
 

�
 

.,:.:.
 

z
 

w
 

�
 

>-0
 

..
...J 

c.
. 

w
 

0
 

<(
 

(f)
 

w
 

�
 

..
... 

t\1
 

t\1
 

I 
10

 
0

 
0

 
0

 
I<)

 
..

... 

P
a

g
e

 2-5 

�
 



) 

\ \ \ 

) ) 
D

a
t

e
: 

M
ay

 1969 
F

O
R

 T
R

A
IN

IN
G

 P
UR

P
O

S
E

S
.

O
N

L
Y

 \ \ \ 

L
M

-
5 

ID
 

t\1
 

t\1
 

I 
It)

 

8 0
 

..,
 

1-

P
a

g
e

 2-6 



) 

) 
Date: May 1969 

EQUIPMENT STOWAGE ASSEMBLY 
MESA PALLET 

- FOR TRAINING PURPOSES ONLY 

LM-5 

Page 2-7 

� .. ' � 



) 

) 
Date: May 196 9  --- �-

�-- --- - - -

[MESA PALLET WITH EQUIPMENT l 

FOR TRAINING PURPOSES ONLY 

EQUIPMENT LUNAR TRANSFER BAG 

Page 2-8 

LM-5 



IM-5 

) MESA STOWAGE LIST - IM-5 

Weight Earth Illnar D!J./CSM 
Item Lbs. Qty Launch Launch Transfer 

Lunar Television Subsystem 
Lunar Television Camera 7-2 l * 
TV Wide Angle Lens .4 1 * 
TV Lunar Day Lens .4 1 * 
TV Cable Assembly (100 ft) 2.4 1 * 
TV Tripod Assembly 1.74 l * 

Equipment Lunar Transfer Bag l * 

S-Band Antenna Cable 6.0 l * 

Lunar Sample Scoop ·9 l * 

Extension Handle 1.2 l * 

Tongs ·3 l * � ' 

Gnomon Assembly ·5 1 * 

Hammer 1.8 1 * 

Solar Wind Composition Exp 1.0 l * *SRC #2 *SRC #2 

) Close Up Stereo Camera l * *Film *Film 

Sample Return Container #l 15.6 l * * * 
Scale l 
Solar Wind Composition Bag 1 
Sample Bags 5 
Packing Material 
Bulk Sample Container l 

Sample Return Container #2 20.9 l * * * 
Solar Wind Composition Bag l 
Core Tubes 2 
Documentation Sample Collection Bag l 
Sample Bags 15 
Gas Analysis Container l 
Lunar Environment Sample Container l 
Packing Material 
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