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APPENDIX A AIRCRAFT CABLE

Construction and Physical Properties of Type I, Carbon Steel and Corrosion Resistant Steel Wire
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Nominal Tolerance on Allowable Construction Minimum Breaking Minimum Breaking Approximate

Diameter of | Diameter Increase of Strength of Composition Strength of Weight per 100

Wire Rope | (Plus Only) Diameter at Cut A* Composition B** feet

End

in. in. in. Ib. Ib. Ib.
1/32 .006 .006 3x7 110 110 0.16
3/64 .008 .008 7xX7 270 270 0.42
1/16 .010 .009 7xX7 480 480 0.75
1/16 .010 .009 7x19 480 480 0.75
1/32 .012 .010 7xX7 920 920 1.60
3/32 .012 .010 7x19 1,000 920 1.74
1/8 .014 011 7x19 2,000 1,760 2.90
5/32 .016 .017 7x19 2,800 2,400 4.50
3/16 .018 .019 7x19 4,200 3,700 6.50
7/32 .018 .020 7x19 5,600 5,000 8.60
1/4 .018 .021 7x19 7,000 6,400 11.00
9/32 .020 .023 7x19 8,000 7,800 13.90
5/16 .022 .024 7x19 9,000 9,000 17.30
3/8 .026 .027 7x19 14,400 12,000 24.30

* cart_)on steel
** stainless steel

From MIL-W-83420C Spec Wire Rope




APPENDIX NICOPRESS SLEEVES

FOREWORD AND IMPORTANT INFORMATION

For more than 30 years NICOPRESS SLEEVES have been used with aircraft
control cable, wire rope, and fiber rope. NICOPRESS OVAL SLEEVES are used
toeye-splice,and NICOPRESS STOP SLEEVES are used to terminate cable and
rope.

For convenient and proper compression of Nicopress Sleeves both in the field and
in the shop, many types of Nicopress Tools are available.

They include: )
Bench Tools Manual Hydraulic Tools
Hand Tools Power Hydraulic Tools

Detailed instruction sheets showing proper tool operation and adjustment, plus
gauges for checking sleeve compression are packaged with each tool. For
customers wishing to utilize their own power press equipment, we will furnish
the necessary die groove dimensions required to fabricate special dies.

We have determined through pull testing that copper and plated copper

Nicopress Oval Sleeves will hold military specification grade aircraft control

cable in tension until it breaks, when the cable is made to military specifications:

MIL-W-83420, dated 9-7-73 for cable constructions 3x7, 7x7,and 7x19, and MIL-

\éV-léSllA-éf dated 2-20-64 and MIL-W-5424B dated 1-10-72 for cable construction
x19IWRC.

However, other types and grades of cable exist and may be used with Nic0||oress
Sleeves. In order to establish the exact holding power of a Nicopress Sleeve
when used with other types of cable, we recommend pull testing prior to use.
This step insures the proper selection of materials, the correct pressing
procedure, and an adequate margin of safety for the intended use.

Nicopress Sleeves are available in other materials such as aluminum and
stainless steel.
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APPENDIX B NICOPRESS SLEEVES

OVAL SLEEVES

STOP SLEEVES
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HICOFRESS FINISHED NICOPRESS FINISHED
QWAL SLEEVE EYE SFLICE ATOIF SLEEVE TGP
SLEEVE STOCK MO, WEIGHT LEHNGTH LERGTH
HICOPRESS FER 1000 BEFORE HFTER
CABLE FLAIN IINC-PLATED HARD TGOL SLEEWES COMPRESSED COMPRESSED
SITE COPPER COPPER STOEH MO, LES, APPROX. APPROX,
B BT8R _ 1 IPelaB od 2 S o8 1/4% B
37647 14.11.84 26-11-B4 51-B4_287 2 | 78"
FE-1-C | 51-C-f 3 : T
Ll 5 R 75
[ o { A7 i | 34
| 23
. I 7 i B i
51-F2-850 | 56 i T &7
| 28-10-Fs 3-F&-950 80 ]|
| 2s-13-69 | 3-69.950 | L S O B F 37
WO, 635 HYDRAULIC TOOL DIES
3/B" 18-23-H5 28-23-H5 ~ Owval HS R 11 /8"
Fis ~ 18-24-18 28-34-18 Oval Ja 3032 1-3/4"
1727 18-25-K& 28-25-Ka Oval KE 410 1-7 /8"
T 18-27-M1 26-27-M1 Oval M1 551 ! 20 |
578" 18-26-M5 2B-2H-N5 Cwal N5 a02 | =mrer |
APPRON. SLEEVE =4 TTPIiCAL
CUTSIDE WEIGHT LENGTH HOLDING
HICCPRESS HNHICOFRES: DIAMETER FER 1000 BEFORE STRENGTH OF
CaBLE STOF SLEEVE HAMND TOOL oF SLEEWVES COMPRESSED S5TOP SLEEVE
SITE STOCK MO ATCCE N, SLEEVE LBS. APPROX. Las,
1/327 871-32-B =17-BA 1/8" /4 174" 120
3jea” BF1-12-B4 51-B4-867 | 11,764 1172 7/32" 240
116 | @7i-1-C | 51-C-E87 13/647 . 7/33" B 430
Tis “e871-1-0 | 51.0.93% | 1/4” B 5,732 475
F1-17-
332" i 51-m3 21 fea a 50167 &00
3 32" BF1-3-Q | 51-0-92% ] [ e [ T 550
1/8 51-MJ 21,/64" g 5016 00
5 /327 BT1-19-M 51-MJ _arfedT | 13 50187 1,200
316" LR 51-MmJ 27 /64" s/16" 1,600
7 Azt a71-22-M 51-MJ 7ig" } 2,500
1747 B71-23-F6 3.F6-950 21,/33" 3500 |
5 /167 B71-26-F6 | 3-F6-950 VEFL 4,000




APPENDIX C

BOLTS

Steel Aircraft Bolts - Strength Requirements
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Ultimate Tensile Strength (Ib)* Double Sheer Strength (Ib)?
Fine Thread®
Size Eyebolts Hexagon Head All Bolts

No. 6 - - 2,120
No. 8 - - 3,000
No. 1 1,150 2,210 4,250
1/4 2,450 4,080 7,360
5/16 3,910 (AN44) 6,500 11,500
5/16 5,290 (AN45) 6,500 11,500
3/8 7,015 10,100 16,560
7/16 9,200 13,600 22,500
Y 14,375 18,500 29,400
9/16 10,125 23,600 37,400
5/8 - 30,100 46,000
3/4 - 44,000 66,300
718 - 60,000 90,100
1 - 80,700 117,800
1-1/8 - 101,800 147,500
1/14 - 130,200 182,100

1 The values shown for the ultimate tensile strength are for minimum values and
are based on 125,000 psi for non-corrosion-resistant and corrosion-resistant steel.

The strength values shown for the eyebolts are based on the strength of the eye.
The root area of the thread is the basis of calculation for the tensile strength of
hexagon head bolts.

Clevis bolts shall have tensile strengths equal to one-half of the requirements for
hexagon-head bolts when used with AN320 or MS21083 nuts. Clevis bolts are
intended primarily for use in shear applications.

2 Ultimate shear strengths are computed on the basis of 60 percent of the ultimate
tensile strengths.

% Class of thread is as specified on the applicable standard drawing.

* Different from size 5/16 above in the design of the eye section.
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STANDARD GUIDE FOR FASTENER SELECTION
AND PrODUCT MARKING REQUIREMENTS

Product Giade | Industry Monmital Fraduct| Tenalle Epoath | Produiet Hardnesal Marking RE quite ment

Igentificrtion | Standards Materts] Dlamaters Fal Fachvil Far MAtching Mut
FAE.425 14 e 1 K2
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ERTE . ;
Latw or Mediur Garlon ; oI
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oM 4449 (0EE038 14 thre§ 120090 £25 - 74
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GAEJAZ 3 o HLT S -
fireds 5 Oertthrivz | 105000 18- (B
130 RE3E ftagioge | Methubie {;}J%] ca6- g0
Property Class | Medim Carbon |-
BB SAE N8B | Stesl, hest crentad 120550 .
MITHAHEE | onctr 855 - o
M4 |
AGTI A1935 Chroinlura« nd Gt 1
B-7 Matbdatiuti Aley | # 4 5000 ™
St 212 and Lredsr

Carbon sted Wb thn B
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Gradess | 194 Catbin Steel |78 and Smafar] 150,000 £5% - (30
Medlun Carlen aliy | other sizes
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At | mwyetela | wwnivz | sooo | s-coe
uenched & Tarparsd

BAE 420 Lerw Garbon Boran

MartenelyrStael, | Fmdand Flangs 5
Skt ueached & 114 thewr L sl Lag- 033
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teciut bt Al
Froperty Cls
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ngﬁmr’ 0 18G50
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* All fagtener producte (Hota, bolts, studs, washehs, ofa.p are required to be parmanently marksd to iantify the
rade or praperty clags and the manufasturer's or mrivate kel distebutars idssbiiestion symbe
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APPENDIX D SWIVELS

SWIVELS
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TIMKEN® TAPERED ROLLER THRUST BEARING EQUIPPED

Load Fafed

L:;ﬂllmt' Swival Wire Rope Wight
(metric 1ons) Type MHumbar Size (lbs)
B -1 3-5-1 Ve S50
3 5 F=5-2 Ya 2.25
a 5.3 S _ann
| 54 [ 9,00
| 3 5-5 1o 830
! 54 Va a.00
5 51 H 16.50
5 52 = 14.25
5 53 % 1350
-4 1375 |
81 JAW & HOOK ; —-§'-_ = = : I "1"3;-2-5-"-:
5 56 " 1525 |
A% 51 b 33.50
i O I - H 20.25
Ay 53 ™ 2325
A 54 Er] 29.00
v 5-5 E) 28 35
135 S G 3200
10 51 T 46,75
|10 82 Y 4575
10 _ S T 4350
10 5-4 T 44.00
10 56 T A2.00
1 56 & 45,30
13 =4 1| Tavs
15 5-2 1 BETS
1% 53 L S1.00
15 -4 1 61,00
15 ] i &1.00
5-5 JAW & EYE 5 5.8 1 T4.00
== 51 = | 4000
| so = 140.00
25 | 5-3 135.00
25 5-4 —_— 135.00
25 5-3 —_ 130,00
25 5-8 A 135.00
| a5 31 = 23000
g5 52 = 15500
I | e S - 150.00
35 5S4 = 150,00
35 5-5 —_ 145.00
35 56 — 215.00
45 5-1 i 250.00
[ sz | = 235,00
a5 53| =
45 ] 54 | 4554 - 225.00
45 65 | #5585 e 215.00
a5 56 555 — Z270.00

3-5 EYE & EYE

the Working Loac Limd. Fleass order oy Saioel Humber

vty Progf seatad 1o F imas P Warking Lead Line, Uinets Lakd ia 5 tieas

-2 JAW & Jaw

S-4 EYE & JAW

5-6 EYE & HOOK



APPENDIX E LINKS, RINGS, AND SHACKLES

LINKS AND RINGS

= Forged from special ar gquality cardan o alloy $lesls,
= Weldlags

WELDLESS SLING LINKS & Solasder

Warkin [ = Qupnchad andg lempered
Diameter | Inside Inside Ingide Load Limit.* |
Stock Langth wWidth Widlh Weight | Single Pull
fin} (in} | Small End | Largs End | (Ibs) gm |
T s | m 1 RE 1600 |
S sy L | e S 2 1 55 1 2800 |
£ W | i 2% | 1.0 4300
i i b ol] U B 3 1851 8000 |
G S | 1% aw | ee | ga0n |
i S 2 4 | 430 | o800 |
L T | 2% [ 5. | 850 16750 |
13 2% 2% Eig 11.50 20500
“hrermum Limpie Load is B gmas the Working Losd Lenn, G-341 5-341
WELDLESS RINGS WELDLESS SLING LINKS
DIMENSICNS Workin
Waight Load Llnsn'

Diameter Stock | Inside Diamoter (lbs) Single Pull
{En) fin] bs) e
Tkl 4 | T e | 7200
i 51 |  3ap )  S600°
L . I IS - S I [ Y, | O
1% 5] 650 10400
At 5 I T
1% G 10,63 18000
“Mismiom Ultimata Losd is 6 1imas the Wiosking Load Limit

WELDLESS END LINKS &5 G tananized

S-Bal
Diamoter fnalde Inzlda Weight ?T-:::_‘;g Waldless Rings meet
Stack Lﬂ_ﬂgﬂ* Width b5} Limit® Federal Specification
fim) fin Lin} ey | RR-C3710 Type Y
e 13 | 1 15 | 2500
Ay 1% g 23 EB00
e | 2% H L E500
B | 34 A | B5 | 8300
i [ 2 1% |18 [ 14000
i | 9V 2 | 275 | 12000
1 | 5% 2% | 395 | 15200
1% [i=x 21y | 730 | zeam0
e Tl 2% | 1038 | 20000

“Minimum Uitmate Load is 5 bmes the Waorking Load Limis,

WELDLESS ALLOY MASTER LINK G-340  S-340

Yearkin WELDLESS END LINKS
Diameter Inglde Inside Waight Load L|I'Iﬁ1.'
Stock Len Width (18] [Single Full]
{in} fin {in} ﬂaﬂ
% 5 my A9 4100
: [ 3 163 5500
i 2 225 | 2500
7 35 5.00 20300
a3, 3 975 300
105 | 525 1742 | G900
iF] I & 3612 53700 |
14 il 4112 H1400
16 fi 54.80 A%L00
16 B 71.60 1232730
i T BT.0 TAELET |
i a 115.00 190000 A-G42
BT a0 0 145001 RO WELDLESS ALLOY MASTER LINK
[T I =7 17 200.00 A33500 | Individually proal lesled

tirimum Ulimain Laad is § timas Werking Land Limit. [Sngle Pul]
TWaded Masizr Link
“Fai Working Load Limit [Deobls Pl at 807 Included Anglal Mullioh b .73



APPENDIX E LINKS, RINGS, AND SHACKLES

FORGED SHACKLES

Load Tratted

s Working Load Limit permanently shaown on avery
shackls.

*  Forged, Quenched and Temperad, with alloy pins,

* Capacities "4 thru 150 tons,

& Look for the red color . . . mark of genuing Crosby-
Laughlin quality.

*  Shackles can be furnished proof tested with gertifl-

G-208 S-209 cates 1o designated standancs (.o, ABS, Lioyds. ste.), Gz 5.913
Charges for proof testing and certification available
Scraw pin anchor upon request. Found pin anchar
Ehackies maat Faderal # Hot Dip Galvanized or Self Colored ghackles meet Fadaral
Speacilication AR-C-271h Specifization RR-G-271b
Type IV Clags 1. ANGHQH ‘SHAGKLES Type [V Class 4.
DIMENSIONS (in)
Working Maminal Diameler Tolerance
Load Shackle Insida Width Pl Mii Weight
Limit Size Inside Qutside ot o 5]
(tons) {in} Length | atPin | at Bow Fin of Eye | Length | Width | 213 209
S e Yy il % e bl g Yig TR e 08
e B 1 1% Ya 173 %ig g T Vg J3] a2
W He | 1T T A= G e g e ki I
1 w | 1% G r) iRH T Az s 28]
1% The 1M 23a 1552 bl 1l Y .38 38
2 Ve 178 e 1% kLl | g ¥ g0 B3
At 5h 2% 11 15 i LT Y 1.50) 1.38
4% % 2%y | 1% 2 W | 1% T 83z 2328
61 s 3 e |0 =23 | =1 2% Via d40| 338
Bl 1 33 LT 2 1l 2% Y 5.00] 532
9% 1% 4 118 2y | 1w | am e 5.97 | 881
12 1% T 2y | 3% 14 B ta 8.75  9.50
_ 13% 138 e 2% 3 I g Vi 13.25) 13.25 |
17 1% 5% 2% | 3% 1% | 35%% a 17.25| 17.70
25 A% 7 2% |=5 W= 4% # 29.45| 30,358
5 2 % G 5% | 2w 5 5 4575 4500
155 21 10% 4 | 7w | 2% B % — | 8575
tEurnished in screw pin anly
3-2131
THAWLING SHACKLES Self Colgrad only
DIMEMSIONS (in)
Warking - Mominal
Load" | Shackle Inside il sl
Limit | Size | Inside | Width Outside| 1 - Waight
{tons) fin} Length | at Pin Pin of Eye | Length | Width (o5}
I R I e | S e | 58 1%, Ve Yig i
Trawding shackle with ad | % 2 1% 0 19, Ya Yo 1.24
thin square head y | ‘ |
il 435 ) W j 2% | 1% h 1% [ W Vg 218
Gle | Th | 2m,. 17hg 1 2V Y Wi 3.28

MOTE: Maximurn Procd Load is 2.2 times the Working Load Limit or a desigrated. Miramum Uttimate Strength s § fimes the Warking Load Lim
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APPENDIX

E LINKS, RINGS, AND SHACKLES

TURNBUCKLE ENGINEERING DATA

27

Proaf Laad bwice Warking Load Limil » Litimate Load Hve times Warking Load Limil,

HOOK HODK Dimensions (in) Wioring
e (U Dimensicns and strength > o e
q A 8 [ {lbx)
] e e 400
% s & I, 1]
: #a s 1,000 It
: b i T 1,500 -
4 ] ! 2,250
5] *a 5,000
M= £,000
1 5,000
L 5,020
E 1 e 7.500
EYE Dimensions {in} Waorking
Eoad Limsit
A a8 [= [+] (1 (b=} ErE
d 5; e 7] e 125, 500 ‘
Ha g %z LT Wy E10
E™ o e 1t 2y 1, ﬂ 0
va Tz s 1%s ENT 2200
. a ! L 1% ER 350
[ 1 D 2t oy, 5,510
T | 1% | 5 2% . b faali]
= /P 3 o4 0000
1A BT 1Ya A%ig T 15,200
1% 2V 1% L] ] 21,400
14 | 2% 1% Allhg 10 28,000
2 ™ 1% 5% 12 7,000 acd s |
2% At 2 53 33y 60,000
2% I a3k 2% v 15 75,000
F"T JAW Dimensians (in) Warking
Ja = = = = = g == Lopdl Limsit
Dimensions and strength ’ o H sy
4 : 1 e b e | W vz 1%h 500
By T ] 15 g Ve 2 {0}
| T W | M T | Map | 2% 1,200
‘2 il k] o1 Mg *a 233 2,200
: ¥ W | W | Ty | aw | 1o, 5,500
n Mg | e | 1% | AW 1% 5,200
4 1% e | 1% | 255 | 1% 7.200
; 1% By | 1My | 5% | Fha 10,000
134 i FE The | 2% 15,200
g | g | 2% | 7% | Gk 21,400
2% 1 P | G% | aw 26000 |
21 19 | 27 [T0% | 2%, 37.000
2% 1% | 4% T8y | 5 _EQ0%0
¥ 1% 53 15 Bl T,
Eﬁ R S T b} BODY
| W A A, S | 500 Diménsicns and strongth
e 1% S " B
% B T 120
h | T A e 7, 2200
Y [- S ) e 250
¥, B | &% % 500 2 @-}
i i &, ¥ 720 = i
=53l B ¥ % 10,000 | T b= F- =l 7
i 12 5 1% 10,000 —% -
i 16 21 [ W0oe |
i 2e a7 1Y, Wnmn |
¥ 1z 154, L
B | o | i, 15300
12 T | Tk 21400
B EH Y, % 21.400
18 Y T 25000
4 2 | T 7000
Ell N [ 3y TR



APPENDIX F U-JOINTS 28

Alloy steel u-joints as advertised in Boston Gear Mechanical Product Catalog are
recommended:

Maximum Recommended

Boston Cat. No. Payload (Pounds)
J 150 1100
J 175 1300
J 200 1800
J 250 2400

J 300 3000



APPENDIX G PAINT AND INSULATION 29
Insulation Data

Density Conductivity Specific

Name o X (Ib/ft") (Btu[in/ft']hr. °F) Heat
Ethafoam 0.655 0.78 2.2 0.35 0.5
Dark Blue Foam 0.442 0.725 1.8 0.23 0.5
Light Blue Foam 0.61 0.836 2.1 0.185 0.27

Thermal Surface Samples

Sherwin

Sample Williams

Number Description Identity o x A/XY
| Tracom Black A61350 0.928 0.92 1.01
2 Waifer Grey ABA37 0.663 0.908 0.73
3 Old Tavern Brown ABN53 0.905 0.915 0.99
4 Plantation Brown ABN56 0.83 0.718 0.90
5 Fairfax Brown AG6NSI 0.86 0.918 0.94
6 Cape Hatteras Blue A6L52 0.778 0.913 0.87
7 Peace Yellow ABY61 0.269 0.897 0.30
8 Admiral Gold ABY69 0.495 0.903 0.55
9 Sandpiper ABA58 0.536 0.903 0.59
10 Sundance Yellow ABY68 0.33 0.908 0.36
11 King Yellow ABY56 0.365 0.901 0.40
12 llarvest Gold ABY63 0.51 0.909 0.56
13 Leatherstocking Green AG6N51 0.815 0.915 0.8
14 Buchs County Gold A6G55 0.89 0.916 0.88
15 Ardmore Green A6G124 0.873 0.916 0.95
16 Sage Green A6G99 0.605 0.907 0.66
17 Colony Green A6G54 0.779 0.915 0.85
18 Provincial Gold ABY55 0.709 0.913 0.78
19 Woodland Olive A6G125 0.78 0.913 0.85
20 Super White AB6WA40 0.236 0.895 0.29
21 White Tape 0.375 0.917 0.41
22 Light Blue Foam 0.61 0.836 0.73
23 Dark Blue Foam 0.442 0.725 0.61
24 Ethafoam 0.655 0.78 0.84

NSBF uses Sherwin Williams white appliance paint #1400878 on most metal surfaces. This
epoxy base spray enamel adheres well to metal without extensive surface preparation.



APPENDIX H EXAMPLE CRUSH PAD DESIGN 30

The following problem shows how crush pad requirements can be calculated for a
given gondola. The first solution is a simplistic approach which does not take into
account all of the conditions affecting the gondola at landing. The second solution
considers a more realistic set of impact conditions.

PROBLEM: Provide ground impact protection for a science payload weighing 3000
Ibs., and allow a maximum stopping load of 10 g.

DEFINITIONS: wW
V.
Vi

K.E.

S
S’

Tc
Ti
Tu
Tt
N

C.S.

G
g

GIVEN: Vi
Ti
Tu

C.S.

G

Weight

Velocity

Velocity Immediately Prior to Impact

Kinetic Energy

Minimum Allowable Stopping Distance

Actual Available Stopping Distance

Total Required Payload/Crush Pad Contact Area
Total Required Minimum Thickness of CrushPad
Crush Pad Thickness Increment

Usable Crush Pad Thickness

Actual Total Thickness Used

Integer Number of Crush Pad Thickness Increments
(Ti) to Use

Crush Strength of Crush Pad

10 Ib/in2 = 1440 Ib/ft’

Maximum Allowable Stopping Acceleration
Acceleration Due to Gravity

32.2 ft/sec/sec

20 ft/sec

41in

0.7 (70%)

10 Ib/in2

109



APPENDIX H
SOLUTION 1
K.E. = Yo x W/g x V?
= Y% x 3000 / 32.2 x 207
= 18,633 ft -1b
S = V(2 x g X G
= 20%/ (2 x 32.2 x 10)
= 0.62 ft = 7.5 1in
Tc = S/ Tu
= 7.5/0.7
= 10.7 in
Tt = Nx Ti > Tc
= Nx 4 > 10.7
N = 3
Tt = 12 in
S = Tt x Tu
= 12 x 0.7
= 8.4 in=0.7 ft
K E = Ax CS x S
or A = KE/CS/S
= 18, 633/ 1, 440/ 0.7
= 8.5 ft ft 2

Therefore, a square crush ﬁ
t

layers) deep will provide

ad arrangement 4.3 ft. on each side and 12 in. (three

e needed protection.

CAUTION: SOLUTION 1 ASSUMES THAT THE PAYLOAD WILL IMPACT THE
GROUND IN AN UPRIGHT ORIENTATION (NO SWINGING); IN MOST CASES THIS

IS AN UNREALISTIC SITUATION. IT ALSO ASSUMES THA

THE CENTER 18.5

31

SQUARE FEET OF THE GONDOLA CAN SUPPORT 30,000 LBS WITH NO DAMAGE,
THIS MAY OR MAY NOT BE TRUE.
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SOLUTION 2

Solution 2 assumes, more realistically, that the gondola may not be upright at
impact and that, for this reason, crush pad should be located at the corners rather
than at the center of the gondola.

For this example, assume that a design analysis indicates that each corner can
withstand 2.5W without deformation. Therefore, if the gondola impacts upright on
all four corners, it can withstand 10 g; if it impacts mainly on two corners, it can
withstand 5 g; and if it impacts mainly on one corner, it can withstand 2.5 g. (These
assumptions may be different for an actual gondola.)

The kinetic energy will be the same no matter how many cor nersimpact smultaneoudly.
K.E. Yo x W/gx V?

15 x 3000/32.2x 202
18,633 ft-1b

For the case where all corners impact simultaneously, a 10 g acceleration is
allowable.

S = V/I?’2xgxG)
= 20%/(2x32.2x10)
= 062ft=75In
Tc = S/Tu
= 7.5/0.7
= 10.71In
Tt = NxTi>Tc
= Nx4>10.7
N = 3
Tt = 121in
S’ = TtxTu
= 12x0.7
= 84iIn=0.7ft
K.E = AXC.S. xS’
or A = K.E./C.S./S'
= 18,633/1,440/0.7
= 185 ft

Therefore, a square crush pad arrangement on each corner 3/1 feet on each side
and 12 inches (three layers)deep will provide the needed protection.
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For the case where two corners impact simultaneously, a 5 g acceleration is
allowable.

S = V2/$2 x g x G)
= 20%/(2 x 32.2 X 5)
= 1.24ft=1491In
Tc = S/Tu
= 14.9/0.7
= 21.36 in
Tt = NXxTi>Tc
= Nx4>21.3
N = 6
Tt = 24 in
S’ = Ttx Tu
= 24 x 0.7
= 16.8iIn=14ft
K.E = AXC.S. x§8
or A = K.E./IC.S./S'
= 18,633/1,440/1.4
= 9.25 ft?

Therefore, a square crush pad arrangement on each corner 2.2 feet on each side
and 24 inches (six layers) deep will provide the needed protection.

For the case where one corner impacts initially, a 2.5 g acceleration is allowable.

S = V2/$2 x g x G)
= 20%)(2 x 32.2 x 2.5)
= 249 ft =29.8 Iin
Tc = S/Tu
= 29.8/0.7
= 456 In
Tt = NXxTi>Tc
= N x4 >45.6
N = 12
Tt = 48 in
S’ = Ttx Tu
= 48 x 0.7
= 33.6INn=28ft
K.E AXC.S. x8
or A K.E./IC.S./S'

18,633/1,440/2.8
4.62 ft?
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Therefore, a square crush pad arrangement on each corner 2.2 feet on each side
and 2.2 feet on each side and 48 inches (twelve layers) deep will provide the needed
protection.

CONCLUSION

An inverted pyramid configuration of three crush pad layers 3 ft. on each side,
followed by three layers 2.5 ft. on each side, followed by three layers 2 ft. on each side,
with one pyramid on each corner would protect this gondola under the given
conditions. The upper corners of the gondola should also be protected from tipover
upon ground impact.

CAUTION: THE PRECEDING CALCULATIONS ONLY APPLY UNDER THE GIVEN
CONDITIONS. THIS SOLUTION WILL NOT ADEQUATELY PROTECT ALL 3000-
POUND GONDOLAS.



APPENDIX | LAUNCH VEHICLE CAPABILITIES

Table V 1.3 NSBF Launch Vehicle Capabilities

Gondola Height
Suspension Point

Distance from
Pin Fitting to

Maximum Gondola

Launch Vehicle Ground (Ft.) to Ground (Ft.) Weight (Lb.)
Tiny Tim 36.5 31 6500
Crane 26 21 5500
BST 22 17 3000
Ascend 11 16.5 12 2400

35



FIGURE 1

Figure 1

Staging Area Hoist.
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FIGURE 2

: \.1.
%
1.-'!‘\ -

Vg

Figure 2

This sequence, timed in seconds shows the recoil of the
parachute toward the payload following termination.
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FIGURE 3

Figure 3 Radiator Panels
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FIGURES 4&5 39

Figure 4 Bolted Gusset Plate.

Figure 5 Gondola suspension points can be configured in a variety of
ways. For this payload, the scientist provided a triangular plate
to which the NSBF attached two clevises. The clevises were then
suspended from the launch pin.



FIGURE 6

Figure 6 Rigid Suspension System
£Ag upper portion and
B) the entire rigid member.
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FIGURES 7 & 8

E
-

Figure 8 Side Mounted Ballast Hopper
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FIGURE 9

B ‘—N—~_.___,_=_r' e ey

Figure 9

Crush pad can be positioned to
horizontal and vertical impact

o

rotect the gondola against
rces.
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