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Computer Programs for Tathered-Balloon System
Design and Performance Evaluation

1. INTRODUCTION

In 1774 several agencies expressed interest in being able to loft several kinds
of payloads on a balloon to very high altitudes and keep them overhead for periods
of time ranging from several days to several weeks, The French government had
partial success with a tethered balloon concept whereby the tether cable on its reel
was carried up with a free balloon, It was programmed to drop its reel during
ascent for ocean recovery and to continue its ascent to 18 km as a tethered system.
This concept, demonstrated in equatorial latitudes, minimizes the drag lvoads since
relative winds on ascending balloon and cable are very small,

The Aerospace Instrumentation Division of AFGL decided that a method invéiv-
ing a fixed ground station such as would be required at a missile test site must be
evaluaterd, An altitude of 20 km was selected because of its desirability for several
kinds of projects. A series of tests to select an optimum Kevlar cable was begun
and will be reported in a separate document, A balloon design has been selected
and will undergo a.preliminary test as a free-balloon early in 1977. The results
of this test as well as the actual tether feagibility iest to be made in August 1977
will also be separately reported.

(Received for publication 25 August 1976)
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This report covers an outgrowth of the stuciy of the high-altitude system de-
sign. One of the needed parameters is the tether-cable length in order to have a
proper amount available and a balloon sized to lift both the payload and the cable
under many different atmospheric conditions, Many other yuantities are also
needed for a realistic and scientific approach in the design of a high altitude tethered
balloon system, It was found that several existing computer pregrams were based
on limited assumptions of, for zxample, constant cable drag coefficients or winds.

In deriving a more realistic cable program, it became apparent that two of
the principal inputs defining the upper-end condition of the cable were the total

‘balloon upward force, and its angle to the horizon, The balloon provides buoyant

und aerodynamic lift in the vertical direction and drag in the horizontal direction.
The iwo aerodynamic forces change with a balloon's angle of attack and this angle
in turn is governed by not only aerodynamic characteristics but other design param-
eters as well,

Hence other programs.were developed to provide the balloon characteristics
for any range of altitudes or balloon types. This report describes those programs
developed to date’in sufficient detail to allow their use directly or, by adaptation,
with any computer system. In Section 5, some results of the study of the high~
altitude, tethered-balloon ueging one of the computer programs are examined,

2. TETHERED-BALLOON COMPUTER PROGRAMS

As is found in many special technological fields, there are many day-to-day
tethered-balloon problems requiring repetitive calculations. Some of these are
quite simple in nature, some are practically solvable only by means of a computer,.
and many lie somewhere between the above extremes, Tach problem may he set
up differently each time it is encountered depending on_the time allowed to answer
some question, the particular predilections of the person undertaking the task, and
the mathematical aids used,

This repcrt attempts to provide some uniformity in tecliniques, assumptions,
and precision by offering a series of tethered-balloon programs designed for an
office type of computer, Most organizations engaged in such work have a large
digital computer department, However, certain formalities in procedures, lack of
personal control by the user, and some degree of awe by many engineers do not yet
allow the master computer to be a universally acceptable tool capable of fast
response,

A desk computer of the capacity considered herein is a remarkably capable
machine for solution of the most lengthy and rziterative problems encountered in
designing or analyzing existing tethered-balloon systems, Its closeness to the

8
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engineer allows its use for an immediate answer. Due to familiarity generated by
complete user control, it becomes amenable to experimentation with many varia-
tions in program input or even content when properly documented, In addition, the
nature of balloons requires that some field operations be conducted in remote areas
of the world where only a desk computer can be made available as a part of the
ground base equipment.

The programs presented herein were developed for use in a Hewlett-Packard
Model 9810A desk calculator/computer. The particular instrument used has 2036
program steps (Option 003), 111 storage registers (Option 001) and a tape printer
{Option 004). All programs require the MATH~ROM (No. 11210A), Some programs
require less than the full number of program steps and storage registers as can be
noted in their respective descriptions.

The programs can be converted to other models or brands of desk computers
using Reverse Polish or none RP logic or units having fewer program steps. With
the latter in mind, the programs were written with minimum use of subroutines so
that they may be divided more easily intc several shorter complete programs,
They are not meant to be models of programming efficiency and do not utilize every
nuance of logic or operation which the HP 9810A offers, They are meant to be

utilized by engineers who may wish to change some internal elements or constants
‘but without having to develop a new program,

Each program-is-documented in subsections as follows:

(1) Description of physical problems,

(2) Descriptionof the program development including the detailed mathematics,
physics, aerodynamics, etc., involved in the problem solution.

(3) Flow chart,

(4) Operating instructions,

(5) Input data form,

(6) Program listing,

(7) Sample of printed output,
(8) Notes for user, including possible changes in program,

Table 1 provides-an overvi.., of the six programs presented with a brief
description of their usage and capability. Program No, 76,001 canbeused typically
for a rapid determination of what balloon in an inventory is capable of performing
a special task, It treats the no-wind condition which is indicative of the smallest
balloon capable of the particular task, It also provides for multi-cable geometry
and checks the ballonet for adequacy to cover the specified altitude range,

Program No. 76.002 is also a no-wind program for examination of the effects

of center~of-gravity and center-of-buoyancy position relationships. Programs
76,003, 004, and 005 may also be used for similar studies although they were pri-
marily designed with wind to calculate all balloon forces and to obtain the net total

9
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force and’its angle when the balloon is at the trim condition for input into 76, 006,
the tether-cable program, No, 76,003 is intended for any balloon type or shape
whereas 76,004 and 76, 005 are specialized for the Family-2 balloon design, These
latter two are shown as written for a 45,000 CF bal'son but directions are provided
for simple-changes to cover universal applications.

A typical balloon problem was established and used in Program Nos. 76,001,
004, 005 and 006 to illustrate their printed input and output information.

Table 1. Tethered-Balloon Computer Programs

USAGE

PROGRAM

Selecting Min.
Stock Balloor:
For Given
Payload and
Test Config.

76,001 BASIC BUOYANCY
Wind = 0, Any single altitude and surface
altitude, 1 to 5 cable configuration
Checks: Ballonet/Aliitude Acceptability
Provides: Gross and Net Lift at Surface
Multi-Cable Geometric Parameters

Analysis
of Ralloon
Geometry

76,002 GENERAL T-BALLOON
Trim, wWind = 0, any single altitude,
optional matrix variation of CG and
CB locations
Provides ¢ trim at input or matrix values
of CG and CB-locations,

Balloon
Trim

76,004 FAMILY-2 T-BALLOON
Trim, any wind value,
design altitude condition
where ballonet empty

Provides: o trim, FT' 9

and
Total
Force
Req'd
for

76,003 GENERAL T-BALLOON 76,005 FAMILY -2 T~BALLOON

over range of altitudes.

Trim, any set ol-wind "frim, any set of wind

profiles, any altitude range prefiles, any altitude

from ballonet empty to full range from ballonet empty
Provides: & trim, Frp, 8, etc, to full

" Provides: a trim, Fp, 0, ete,
over range of altitudes,

Tether
Cable
Parameters

Analysis of System Flight Conditions

s
e

76. 006 TETHER CABLE. TWO DIMENSIONAL
Single cable, any set of wind protiles,
(Fp and 6 input required)

Provides: Tension, angle, and space position of
all points of cable from balloon to surface,

il el
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Table 2 is provided in order to fully define the program lictings which are di-
rect copies of the output tape (less number code), As can be noted, certain codes
in the listing have double meaning depending on whether the system is in or not in
an alpha~numeric print mode,

Table 2, Definitions of Program Codes

[ T

A, Standard Mode

In the explanation below, x, y, and 7 represent the contents of display registers
X, ¥, and z, respectively; a and b represent the contents of memory registers a
and b, respectively. The mnemonics and their respective functions are shown
below:

Mnemonic Function
i T x
b~ x
a a~=x
YTO ¥ 2 memory address which follows
XTO X = memory address which follows
X 1/x= x
IND Used for indirect addressing
XFR Puts the value in the following memory
address into x
XSQ xz" X
RUP X2y, y-2, 29X
DN Z9Y, YIX, 22
XEY Y=2X, X9y, 292
UP XY, y2?2Z, X%
v RS
DIV ylx> y
X Xy y
- y-x2y
+ Y+x=-y
CHS ~X X
EEX Used when assigning an exponent
to a number being entered into x.
CLX Set x to 0,
0 through 9 0 through 9, respectively, into x.

Used to put a decimal-point in a

number being entered into x.

11
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CLR
CNT

e dbie aatins ey

LBL

FMT

PNT

X<Y

X>Y

GTC

END

PSE

Setto 0, x, y, 2, aand b,

Used as a null operation within a
program, Used to run a program,

Used in conjunction with a following
symbol to indicate a position in the
program memory,

Used to enter (FMT, FMT).and leave
(FMT) the print mode.

Prints the value of x; when multiple
PNT's are used, lines are skipped
after x is printed,

If x<y, jump to the address indicated
by the number given in the next 4 steps;
if not, skip the next 4 steps.

If x=y, jump to the address indicated by
the number given in the next 4 steps;
if not, skip the next 4 steps.

If x>y, jump to the address indicated
by the number given in the next
4 steps; if not, skip the next 4 steps.

Go to memory location specified in the
next steps.

Used as the last step of a program;
sets point of operation-location 0000,

Causes program to pause and x, y, and z
to be displayed,

Causes prograin to stop.

Conversion from rectangular to polar
coordinates; A-~»y, r = x,

% - x

Natural logarithm of x » x

eX o x

Used in conjunction with keys M, N, and
O for inverse trigonometric functions

sin x»x

CO8S X X

tan x-»x

Common logarithm of x = x

10% 4 x

Clears all numeric registers.

12
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B, Alpha Numeric Mode

The alpha numeric mode is entered by using the FMT step twice and is exited
by using FMT once. The mnemonics and their significances in this.mode are
shown below:

Mnemonic Character printed

A through 0 A through 0, respectively.
~

b

a
YTO
XTO
1/X
INT
IND
YE
XFR
XsQ
¥ RUP
X

. . | .
m-.—..L-E%—AMM‘ o oot 4t b

L
W

Sy

AT
s e

-*\ﬂ®N<x5<cemwow

+ +
CHS ”
EEX -
0 through 9 0
CILX

through 9, respectively

-

SFL
LBL
IFL

X«Y
PSE

X=Y
X>Y
GTO . #

CLR This causes a carriage return
CNT This causes a space

0

NAQ o~ o P e

13




Gl i b

3. COMPUTER PROGRAMS

3.1 Program 76.001 — Tethered Balloon Basic Buoyancy,
Ballonet Check, Multiple Tether Cable Configuration

3,1.1 GENERAL DESCRIPTION

This program was develcped to assist in the rapid solution of many day-to-day
problems involved in estimating which of several stock balloons might be accept-
able for a given payload. It is also useful as the first step in the series of pro-
grems,

The approach was to permit any one of five typical tethered balloon cable con-
figurations to be handled, These are single, dual, three, four, and five cable con-

figurations as illustrated below.
4 5

The program is designed to simply compute the net lifting force at the surface
that must be resisted by one or more winches or tie-down points on the ground by
subtracting all of the various masses from the gross lift of the balloon, Since no
aerodynamic forces are considered, this covers the zero wind case,

Since wind produces additional-lift, particularly in the case of aerodynamically
shaped balloons, this program is ideal for selecting a minimum balloon size for a
given problem. That is, it represents the minimum lift that any configuration will
experience.

14




Also included is a check that the balioon height above ground does not exceed
that permitted by the fixed ballonet volume. If it should exceed the allowabl: ex-
cursion, the user is permitted a choice of, (1) accepting the condition which
entails a non-rigid balloon on the surface before reelup, (2) requesting the maxi-
mum permissable flight altitude for a tight-balloon at the surface, or (3) selecting

a new altitude.
In the tether cases 2 to 5, additional information on the geometry of the cable

layout is also provided.

3.1,2 DEFINITIONS AND DEVELOPMENT: PROGRAM NO, 76,001

A.
B.

Wind = 0, Most severe czse, that is, minimum lift.
Length of cable,

Config, 1: Single tether (N=1), 4= Z]3 - Zs = Vert, Height, H
Coafig. 2: Two tether (N = 2)

&

Given x, Distance between two
Anchor Points
X

tany = 30
o =90-y
{ =H/sina

Config. 3, 4, and 5 have in common a 3-cable
pyramid, all 3 equal in length, the apex lies
vertically over the ground zero point, and

the 3 anchor poini3 form an equilateral
triangle centered at ground zero.

Config. 3: Balloon attached at apex.,

.Config. 4: Balloon extended above apex by 4th cable, ’e' length

of 4th cable, must be entered.

Config. 5: A 5th cable from-apex to ground zero is added,
(Designated as 5 cables, N=5, even if there is no 4th cable;
o=0as entry)

15
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Given @, cable angle at surface

' -ﬁ}:—a , lengths of pyr. cables

r = { cos o, radius of ancr. pts.

s=r/2

B

2H
arc tan —;—R » Pyr. plane

angle at surface. \

Cable weights:

Allow for each cable to be different

size and weight,

Allow for entry of each cable weight

after net lift at the balloon is calculated,

Weights entered in 1b/1000 ft but these are reduced to 1b/ft in
program and stored so that the weight of each cable is £ X (Ib/ft),

Basic calculations: VB = Balloon volume, v = Ballonet volume.
sp. lift at Z = Sp Lift at Z = 0, MSL x pZB/po

Gross lift, LG = VB x (Sp. Lift at ZB)

Net Balloon Lift, L = LG - WB

Net Balloon lift with Instrument Package = L - WI = LG - WB -W
Net Balloon lift with Payload=L - W, - WP = LG -W_ - WI -W

I B
Net lift on ground = L; = W, - W) - W, - (sum of all cable weights)

I

Ballenet. Given ballonet volume, v, as entry

Vo=-v
(1) By definition: pdlpb = —%— » Designed into balloon
B

. Inp/p,
(2) Obtain pB/po from —y—o>- = a +a; 2p
B

Inpglo,
(3) Obtain pS/po from—-zs—- =a +a, ZS

16
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4) pglog = pplp, xp,lpg
a, If pBlps >p d/pS’ balloon flight altitude is lower than
the max. it could be flown above Z s
b, If pB/pS < py4lpgs balloon flight altitude is above that
permitted by ballonet design for flight starting at
ZS - that is, gas would be lost or must start with slack
balloon on the surface to provide full balloon (ballonet
empty) at Zp,
c. If pB/pS =p d/ps. exact design flight altitude above Zg
is being used.
d. In program, user is allowed choice if condition b results
] ’ from the altitude and ballonet size entered.
Choines are: 1. Keep ZB and accept slack surface
condition.
2, Let program compute max. ZB 80
that condition ¢ exists.
3. Pickanew?Z2

e b o 4

1

For d-1: Compute amount of inflation on surface

3 p p f
: For d-2: B = d i
; Ps ~ Pg |
Py _Pg _Ps |

L= Sx = ]

Po Pg po 1

2 |

-a - [: - 4a, lnp./p ;

. - %" Y% 1 d"o ’

Then ZB = Zd = LEY %

|

§

T .
] ﬂS_ . Vol gas at ZB . VB
:; [ Vol gas at ZS Vol gas at ZS

TotVolatZs=VolgasatZ +v=V $+v
S B pg

\' lpa + v
- % fullness at Zg = (—i%ﬁs—) 100
B




3,1,3 FLOW CHART

._ 3

Internal - No., Title | 0673
Constants Stored ) )
User Entries, Pnt, Stored x . . d
EE— P, P
3 VB s s
- W Pa _2d ,Ps |
- B P, P P
o W, ° § o |
4 !
§ Ve -a -\/a 25 4a lnpd/po i
N 7. =0 0 1 i
4 Zs d 231 I
3 z 7 ‘
K H(computed) J
k. N=1,2,3,40r5 ——
3 If N=20x
3 1fN=3,4,5-¢ ——
E N=4,541, |
- 0726 n= 1 Stored
. 0408 o |—— 0729 Z Pnt
tnplp, H=2-2
plpy» —g—=3,+3,Z s
SLHel., = SL Hel x plp
an ,p z S. L. o
pslpo"—zg_o'=“o+alz‘s A = SL Hel
v s I‘G = 5L Hel, X VB
- V . . .
Paleg = —va_s— Nlp = Lg-Wg= L
oo = plp. Xp.lo A NLg,; = NLp - W,
2 °_ o8 NLg,p= Nlpyy - Wp
[oevs
User Entry
C1

——"'_'l 0467

“Alert" Message for
Z Too High
Enter Choice

n=1 - Keep Orig. Z
n=2 - Set Z= Max Design 0941 I

nx2’ - A different Z User Entry
Ve .

0974 l

User Entry
r

Wes

I |

Note: In flow chart, N indicates number of cables, n indicates altitude cholce
when original altitude entered {8 too high.
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Yes
1007
woer
User Entry
Wea

1046 I
f'oer Entry

Wes

—

WC= HX SWCI

J1602

1121 l -

y = are tana}é

a=z=80-y
1= H/sina
WC = tSWQ1 +£SWey

11602

——
1256

H =H-fe
Py
1=P_
smaog
r=£fcose

2h
p:ar’ct:m-?a

W) = 85Woy + 15Wep? ESWey

W TR R Bk B TR TR, T

19

Yes No

| Wew = Ve * Ves

-

1602

I 154¢

Wes = Hp SWig

Weis) =
c(s) = WC“) + Weg

—y

1602

+p - Ve

NL = NLB-H

163;\\\\‘\\\

Is n<1

No
1643

1

Vol Gas at Surf = plps Vg

Vol Infl.Surf.= plps Vg+v

% Surf.Infl.= v—c’l‘-,lln-M X 100
B

1766

Pnt Progr No,
Clear all Registers
Go to 0000

R b N




O

KEY STROKES

RUN
END
FIX 2, 3, ---
CONT

Ent, V
CONT

Ent, v
CONT

Ent, W
CONT

Ent. WI
CONT

Ent. W
CONT

Ent, ZS
CONT

Ent, Z
CONT

Ent. N
CONT

TER Ty T e T

Y TREes mEAe A e B ER Sate v A

3.1,4 OPERATING INSTRUCTIONS

PRINTS

(No. of desired decimal places)

Program No. and Title
Enter in X,
BALLOON VOL. (VB. CF)

VB value
BALLONET VOL. (v, CF)

v value
BALLOON WEIGHT (WB. 1b)

WB value
WT. BAL, INSTR, PKG, (WI' 1b)

WI value
WT, EXP, PAYLOAD (WP. 1b)

Wp value
SURFACE ALT. MSL (ZS, ft)

ZS value
FLIGHT ALT. MSL (Z, ft)

Z value
VERT. HEIGHT (H, ft)

H value

NUMBER OF CABLES (N=1, 2, 5, 4, or 5)
(If there is no extension cable between

3 cable pyramid and balloon but there is a
cable from apex to ground zero, ENTER/(5),

20




L sadr W e e m et LA ] . s

Ty g R Y

(IN=1) (I N=2) (f N= 3, 4, or5)
Dist. on Ground P;-ramld Cable
Between 2 Cables (x, ft) Angle (x, deg)
Ent. x Ent, o
CONT X value CONT « value
- (If n= 3)

(IfI N=4orb5)
Length Ext, Cable a'e' ft)

Ent, E,e
C?NT 2e vulue

| g (if ballonet checks too small .
- following is printed,)

#xAlert, , Alert XX
Flight Alt, Too
High Above Surf,
for Ballonet Size
Ent. in X one of
the following. .
1-to Retain Alt,
and Slack Launch
Condition
2-to Obtain Exct
Max. Design Alt,
or Z’-A Diff. Alt.

Ent. 1, 20r 2/
CONT 1, 2, or 2’

(If 2’ is still too high)

Flight Alt, MSL (2, ft,)

Z value (Repeat of Orig or 2nd Selection or Max, Design)
Vert, Height (H, ft.)

H value (repeat or new value)

-Groes Lift (LG 1bs)

LG value

Net Baln, Lift,
NLB value

Net Lift w Instruments

NLB + Ivulue

Net Lift w Payload
NLp .1+ P value

Ent. in X Cable
Wt, per 1000 ft
Cable No, 1, Wey, 1bs

21
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F-nr-,,r_,, Gcm b Sainkia A h - G ao iy il S e R e e e e e i Rt i £ e A Ty

£ B
k Ent, W
E C1
. CONT
E (IfN= 1) We, value
£ (ifN=2, 3,4, or$
4 Cable No, 2
b
Ent. Wc2
; CONT Yee value
3 (fN=2)" (IfN=3, 4, or5)
3 Cable No. 3
- Ent. WC3
1 CONT WC3 value
3 {(IfN=4orb)
. Cable No, 4
- Ent. Weq
- CONT Wy value
3 (It N=5)
- Cable No, 5
¥ - Ent. Weg
3 ’C?NT WCS value
3 Helght of Pyr. (H_, ft)
H , value P
) LEngth of Each
e Pyramid Cable (3, ft.)
& value
: . Radius of 3 Ancr
4 Pts. Abt, Gnd Zero (r, ft)
3 r value
, Angle at Grnd
: of 3 Pyrm. Planes (8, deg)
3 ' B value
3 ' Tot. Wt. of 3 Pyrm
Cables Wc(s), lbs
Wc(s) value
; (IfN=40rs5)
' Wi, of 4th Cable, Wcy, 1bs
e
] Wc(4) value
% Tot. wt, of 4 Cable, We,,, los
: Wc(,” value
. ‘ -
4 Length of each of (If N = 5)
| o e Wi, of 5th Cable, We g, Ibs
E % 4 value We(g, value
3 . 'I\‘:t. wt, of 2 Cable, Wc(z), Ibs Tot, wt, of § Cable, w°(5)' 1bs
;- c(2) value Wc(5 value
1 | ) )
- Net Lift at Grnd, (NL, 1bs) {Divide this by number of cables attached to ground
] to obtain tension in each cable at the ground)
1 (If slack balloon selected above)
Remember * this is a slack balloon
on the surface, Inflated Vol. on
1 surf, (Vg, cu ft)
P S
L : VS value
¥ ! Percent of Baln, Volume (Vg/Vp X 100)
F »
] Vg/Vg X 100 value
22
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rese S it o o PN SO o ot SR
3,1,5 SAMPLE INPUT DATA FORM
Input 76,001
Volume of-Balloon VB cu ft
Volume of Ballonet v cu It
Weight of Balloon WB 1b
Weight of Instr, Pkg. W, b
Weight of Payload WP 1b
Altitude, Max. or Design ZMAX , ft, MSL
Altitude of Surface Zg ft, MSL
Number of Cables N —
If 2, Distance on ground X ft
If 3, 4, or 5, Pyramid Cable Angle o deg
If 4 or 5, Length of Ext. Cahle ¢, ft
Cable #1 Weight per 1000 ft 1b
Cable #2 Weight per 1000 ft 1b
Cable #3 Weight per 1000 ft 1b
Cable #4 Weight-per 1000 ft b
Cable #5 Weight per 1000 ft 1b
3,1,6 PROGRAM 76,001 - BASIC BUOYANCY
STORAGE 007 |[Splvtre-2l  ore | VL
008 |Sp. W/t Cn3 019 | 7=/
b |Ro 009 [Spstéc-4|  |o20 [Sp.L Aol S,
a| Ry 00 |gnslcs| o2 | Bg
000 | /290 0N | X =2Cabk 022 | &
001 | Vg 012 |ox-20abd| o023 =2 2.
002 | - 03 |oc- A3 |os | /7.
003 | Wp 014 [ Ao -vtc| o2s [ 2 /4
004 | \Wr 015 | Ne e | o2s | 2/
005 | Vp 016 | NWoppers| 027 [Hp 242
006 1Sp.lL'EC = 017 \NVL g rzep S

23
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3.1,6 PROGRAM 76,001 - BASIC BUOYANCY

STEP | KEY STEP | KEY STEP | KEY STEP | KEY STEP| KEY STEPY KEY
0009--CLP | 99S0-- 8 | 0198-- L | #155--XTo | 9209--FHT | 0250-- 3
0aa1--FNT | W9St-- 1 | 8181-- L | 61S1--FuT | 9201--FNT | B251-- DN
8U02--FHT | 9052-- 3 | 0152-- 0 | B152--3TF | v2w2--yTo | 0252--FM7T
0953-- ¢ ) 0053-- & | 9163-- § | @153--FHT | 0203--1/%| 0253--FHT
0004-- o | 06S4-- o | 919d4-- H | 0154--%T0 | 0204-- o | D254=--IHT
8005-- 0 | 0055-- & | 816S--cHT | 9155-- 3 | 920S-- F | 9255-- €
0006-- § | 8656--CHS | B105--THT | 6156--FNT | 0206-- 7 | B256-- o
0007-- o | 0657--EEX | D197-- § | 0157--FNT | 0E07-- £ | 8257--XTO
0093-- A | 9955-- 5 | 5193-- L | 6iS8--1uD | B205-- € | 9258-- .,
| 0003-- M | 9859--CHs| 6189-~ , _| £159--¥To | 5209--CHT | 025%-- H
0616--CHT | 00€0--XTO | G110--FHT | @160-- . | 8218-- A | 0268-- E
6611--CT0]| 9961-- b | ©111--3Tp | 0161-- B | 8211-- L | 0261-- 1
0a12-- 7 | 0662-- 9 | 6112--pHT | @i62=- A | B212--XT0| 0262-- G
6613-- 5 | ooe3-- , | 0113--%70| 6163-- L | 6213-- . | 0263-- H
661d-- , | 00B4-- 0 | 911d4-- 1 | B164-- , | 6214-- M | ©264--XT0
8615-- 0 | 0965-- 6 | D115--FHT | 0165-- I | 8215--YT0 | 0265-~FMT
0016-=.0 | 9066-- 5 | O116--FHT | £166-- H | 0216=- L | 8266--PNT
0017-- t | 0067-- 3 | 0117-- £ | 0l67--vTo | 8217--FNT | 0267--FNT
0018--CLR | 0965-- & | 6118-~ R | 61656--8T0 | 0218--STF | 02E3-~FHT
| 8619-- B | 0063-- 3 | 0119~- L | 0163-- o | 8219--FNT | 8265-- N |
C0020-- A T 0070--XT07|"0126-~ L [0170-- . [ 0220--XTO 0876--1/X
0021--yT0 | 0671-- § | 8121-- 0 | 6171-- ¢ | @221-- 2 | @271-- M
@022-- 1 | @072-- 2 | o1zz-- 0 | e172-- ¥ | g22z-- | | @272-- B
8625-- C | 0873-- @ | 6125-- E | 06173-- i | 922%-- UP| 6273-~- E
0624--CHT | 0074-- 1 | 0124--%T0 | 6174--FHT | 2324--FMT | 8274-- o
0025-- E | 0675-- 0 | #125--CHT | 0175--5TP | B225--FMT | B275--CHT
0026--1,% | 0076-- 0 | 0126--14T | 0176--PHT | 0226-- F | 06276-- G
0627-- 0 | @077-- 6 | 6127-- 0. | 8177--8T0 | p22?-- L | 0277-- F
0628~--YFR | 0076--8T70 | 0128-- L | 0178-- 4 | 6228-- 1 | 627&--CHT

| 0029-- A | 0079-- @ | 0129-- , | 6179--FuT_| 0229-- G | 0279-- © _|]
6830-- N | 08S0-~FHT [ 0130--FHT [ 0180--FHT [ 02%0-- H [ 6220-- A
8031~- € | @881--FHT | 8131--5Tp | @121-~IHD | 0231--%T0 | B251-- B
0832--%FR | O052-- E | 0132--PHT | 0182--XT0 | 0232--CHT | 0282-- L
8633--FMT | 0083-~ 0 | €133--w~o | 0183-- . | 0285-- A | 028%-- E
8034~- I | 0084--XT0 | 0134-- 2 | 6184-- E | 6284-- L | 0284--¥T0
0035-~ , | 0685-- E | 0135--FNT | 0185-- YE | 6235--XT0 | 0255--FHT
0036-- 7 | 0086-- o | 0136--FHT | 01&86-~ ¢ | 0236-- . | 02&6~-STF
0037-- 7 | 00€?--CHT | 0137-- B | 0187-- . | 8257-- M | 0287-~FHT
003¢-- 1 | 0088-- I | 0133-- § | 0186-- ¢ | 0238--YT0 | 0282-:XTO
0039-~ 6 | 8689-- H | 0139~ L | @18%-- g | 0239-- L | 0259-- 4 |

—0046-~ 7 T B090--CHT T 6140-~ L [ 0190--XFR0240-~FHT T 0250-- §
0041--CHS | 0091~~ YE| 6141-- 0 | 0191-~ L | 6241--5TP | 0291-~ UP
0042--EEX | 0092--CLR | 6142-- 0 | 0192-- 0 | G242--PHT | B282-~ 2
0043-- 1 | 0093-- - | 0143-- H | 0193-- & | 0243--RT0| 0293--R<Y
0044~~ § | B094-- - | G144--CHT | 0194-- D | 0244-- 2 | 6294-- &
8045--CHS | 0495-- - | @145--IHD | 0195--FHT | ©245-- 2 | 0295-~ 3
8046--XT0 | 0696-- - | 0146-- E | 08196-=STP | 0246--KEY | B296-- 4
0047-- o | 0097--CLR | 0147-- 1 | 0197--PHT | 0247-~ - | 0297-~ 7
6048-~ 2 | 0098-- B | 014%-- G | G198~-KTO | 0245-~YT0 | 0295--X>Y
0049-~ , | 0099~- A | G149~- H | 0199-~ 5 | 0249-- 2 | 0299-~ ©
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- STE
?g?g__ - P | KEY | STEP| KEY |y STEP
1301 -~ B8350~- P | KEY
3395--Fn7 | £352-- o | g40i-- k 84s0-- 1 | 95go-- A | 95 KEY
0204--FpT | 2333-- M B402--FiiT | 8452-- Up | 9501-- 3555-~IHD
6-- 555~ -=% 2%-- 2 253 - 1552 -~
0307 - 1 0352__ D 04Bs__Mc 0454-- - 6563-- INT | 0553-- N
YT0 cN ; 1 | e4s5- 9594~ - i
B393--%T0 0357-- CT 340_6-- 4 gdce -KFR 05‘35-—r‘E 9554 ~-
0305--", 0355-- A 0407--PHT B45oo p1y pEESmN B .
9311 N CBagh- L DinoTIATR | B4maT MM 0507--1/% | 0557--ci
9311~ N_| 63¢i-= L Todio-- 2 -0453--xT0 | 0359 ¢ 0534 1
- - - Q= -
8313-~ T} 63¢2--C 8411~~ UP G-~ 2 6510~ F | _0559-- -
31 o | B56a: R | 2412 UF | osgzeouy i | et
-~ 0 | 6365-- N | d1a-- % 0463-- 512-~ 0 ~- 1
oa1e-miox | 8366 ¢ | B4iE d | eieis 7 1 ostitel HEmad
0318-- 3 | oaceo- pi1o— 1 | gdco & |32 -=CHT | §564--
| 0319-—cL aser— e | Gias M gd6e—- 9 oaia-- B =
0321-- E 0376--PNT] 90419-~ DN --FNT | 651 -~ 0SE7 -~
a7 ~-= g420=-- ] 08469~ 3-- L AEEo 1
832210 0378 1 042i--xTo | B47i-- i S b€5--ciT
0324~ E 2375 3 | 6433~ 2 | 0475 % | 6521-- N T 8570-- 7
0325-~ E 8374--%FR 9423-" 4 0442'" A 0522:".5 8571-- L
8326-~ N 8375-~ 1 gazd-—XFR g473-- L | 8523 -XT0 | B572--KT
— - hndnd J U
FECE N IS0 Diza @ gard-- E ) 032d- CLR } 9573-~
©8325~- T | 8377-- U 26-- 3-- @ f ;-_"YTU 0574--
i Up | gaz7-- Lp 0476--T0 PR G578 1
3330--'3 —oggg:-X=Y__n429:: uF aise R g5re-- D
st n | gsein 4 | e Loirs=lole | 05251z 037810
8333-- L 3g2-- g | 843 -~ b | g4gy-- F [ 6580-- E | 0579-- L
0334 ~~ 0:_583-- 2 ,'2"" + '1""' L 3 _— H as3g-~~ —
8355y B364-~FHT Gasg-- MM gage-- | 8531--XT0 | B5%1-- H
et I e el 8y Dages & o322 . | ogaei: K
8337--51p asae-- L | Bazernd Sasat | 9agd-- M DangmoChT
833 --PHT | 0388~-~ 0437--y70 | Q486--CHT 0535-~CHT g55e - b
= 339--¥ P N 0435~- 0487 -~ uS536-~- ¥ &5-- H
8340-- ID--—ggg?"’ G 045; g 0482 A 6537~ C;.Ig 0536--1/%
I '_1.-...\) . - Q- L p = B as__
LSt 9331-— G401 oy-t-0483-—XT0 | 95%8-- 0 neeoo N
eg ?""GTO 3920 g441~-~ IJp 0450--- _‘3559—_ H Gc':"g‘-— C
343-- 0 8553 —m HT | a442--%FR G491 ~-RT0 0540-~ E —-ﬁgvf-- H
8344-~ 4 | 0394~ £ | 5443-- 2 6492-~ 0 G541--CHT 99n-- L
8345-- aae Ty yE Gadd-- 4 | 8498-- 2 6542-- 0 asal-- ¢
0346-- 8 9395--XT0 | 24457 5 Baaa ol | Geas-- F 052~
Epfan 5397 -~ s | BaaeooYIo 0495~ LR | B2ad-CLR Sagg T
: T (3 — - ~ - (% e X g [ -
03457 | B8998 | Bads s 2 | 04d- ¢ | 0347 Pl ogge--xTo
~8 | p445--upr.| 84%8-- Lo|oeae o | BEsen d
R Gagamciir. | oaoos 0597-- 0
-CHT- | 0549~ L ,[1596'-— i
- 0 | 0599--
CLR
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Tyt

e ek

iz

it

Atan i

-

o, 1 AR
PN

' “ T

STEP
— KEY | STEP | KEY STEP | KEY STEP -
£09-- 2 | 0550--PNT | 9700 KEY | sTEP| KEY
3591-- - | #S1-- wp 3‘”?-~ » | 9750-- Up sTer| KEY
£02--x10 | BE52-- 701 -- 730--
0c0a-— 5" | Begs-cxsy 5702--%¢ | Byerp" Bo01-—xFR | oes1-- 3
S G- \ - - - f.lt' -
004--CHT | Bo54-- 0 el | Arsso- 0202--"3 L
A S I 15 o e pendms on | GezsocFHT
9607--xT0 | B657-- 2| 7hgoz 2 | Grsi--FHT 5255--FHT | 9555~ k
aeasc A | pesemm 2| Grds-- 2| Br5z--FHI 9306--FIIT | 0556--410
- - 1 06S5%--Y=y | - 8-~} Zde== AS557 -~
be1i--out | oeel-- & o7 a-—1To T 9ree it 9355 L
e1l--o 1 -~ oo & -B589--AT0L 0555~
0ei2._ £ | oeca- 7 | op13- & \h7ea-- o | sere--cur EErEan Sy
0613-- YE 3663 - ? o?tg*- 9 1--KTD 0811__ B J@§D~- F
-- YE 0863-- 3 | 6715--Fii 4762-- 3811-- B | 8361--KT0
peld-- b | Begd ooigoEny | Sres-- H 0§12-- A | 826z--ENT
ge15--K10 5665--%T0 | B715-— 1 | goeds € 0813-- L | 8863--1HD
beis-Th | veer 6716-- A | ovee—- & 0315-- . | bees-— 1
- ?--2 o 766-- G 815-~ . | 0265~
o10- e | oecerato| orizt | GrEd il cgig- L | oece—
~oé20-- b TpEzo—- 4 Lo715--rim | apestns | ooronoyh BECTTTHER
eitt T gessil ¢ | SregmctHT --FHT_| 0613--%T0 ] 0563-- L
B622~--~ 71--1 0721--G [ 8770-~PHT [ B320-- 1869-- D
B622--vTo | D672-- 1 | 0722-- 10| Gr7i--¥To ve2i PN aere-EnT
-= Turr | 0753 ?72-- get-- 571--PHT
pezs-- 1 | es3ooRER| Dres-- 7 | o7e 2 | 0222-- UP| 0Z72--}
pegdTT b | Sesat g | Brzd-- 2 1A G555-uFR | Ga7E-— 1
| seze--cnt | ve7e-- ? | 6725~ 9 GP?i"ﬂFR 5204 4 | 6E74-- 1
vear-— ' | oerovih | aeeok10 S-- 2 | 0325-- - | 6575-- ?
-, * -"YTO - 0??@—— £ LT J??J""FMT
peze- k| Beres @ crar-"s" | Gr7s- bp | 6P opT | 88731 |
S ATt xep s aa T TRER Risani g B+ cvamil SIS~
0631——CLR 8651 -XFP 0730~-~ 2 a?ﬁ?_— 2 _;8329“— H ﬁp?4 H
0632-- g1-- 2 | 9731-- g0-- 4 | 0550-- 575--,T0_]
oeass O | Bessit 3 6732 -Far | Sresioyd TN Il
| s634--ciir nesas X | Srss--Fu arE2-oaIR Y REIIIIONT Gear—— N
9635--x50 0685--XT0 oaa F 0754-- X i I I
- B6-- 2 | 0736~ &85-~ 3535~ 4554 -~ YE
AT BE£7-~ 4 Syoé -1 | orse--eut S e e
Be3g--CliT, Bes-- I g787-- & | G7E7--FNT naseralQ| pest-- €
pege-- | Besh T UF Grse-- M| 9ras-- & basz--IND 9387~ A
ceti-s b | oesi- It S SIS I S oo L
91~ - 30— § 0Z4b-- 1 TH250--
Be42-- F | 0692-- o Gral-- R | 0731--vTO Goa1-- il | o591-<cCk |
G644~— f 9693-- R | 0743--%T0 6792--YTG | 0342--YT0 §591-~CLR
aed f 0694~- b 0744 TO | G?793--CNT | ©&843~-~XT0 E??e ~IND
oe S-- L | 6695--%30 | 6745-- | 6794-— L | 0543-- 0| BE23--KT0
064¢--xTo | Dede-- Pl ey | GeEs- CES N 3 ¢ Sl
064e-Fitt | 0eas— © | bpdpo JO 1 orse- F 1 aaassTr 6596-- E
0845--5TF | 0659-- Up | 0745-iiT 07or--¥To | Bedr-- e | Ao o
-PHT | 0753--FHT | #245--S it an




Vet B e R RT T

STEP | KEY | STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP] KEY
0909-~ ¢ | 9950-- 0 | 1999-- § | 1059=- . 1160-- B | 1150-~ L
0991-+ 9 | 9951-- , | to0t-- 7 | 1051-~ 5 | t191-- L | 1151-- E
8902-~ o | 0352-- 2 | 1952--GT0 | 1052-~FHT | 1192-~ E | 1152--CHT
8993--CHT | 9353-~FHT 1i33 -~ 1 1553--8Tp | 1193-=FUT | 1153~ ¢
0994-~ F | 0954--3Tp | 1094-- 8 | 1954--PHT | 1104--FHT | 1154-- F
0905--%T0 | 9955--FPHT | 1005~ -6 | 1055-~ up 1185--6GT0 | §155-~CNT
0906--CLE | B956-~ 1P lw:t#-- 2 | 1856--KFR | 1106-- 1 | {15¢-- 2
0967-~ ¢ | 9957--4FR | 1007-~FNT | 1057-- 9 | 1107-- 5 | 1157--CHT
6903-- 7 | 095%-- 0 | 1008--FNT | 1055--DIV | 1108-- 0 | {iS55-- ¢
| 0909~~ B 1 0959--DI% ] 199%9~-~ C _]| 1059--vT0_| 119%-- 2 | 1159--  _|
0910-- L | 6960--v70 | 1910-- A | 1060-- 1 [ 1i106-- 2 T 1160-- &
0911-~ € | 9961-- 7 | 1011-- B | 1061-~ 9 | 1111-=K=¥] {161--
0912--CNT | 9962-- DH | 1912-- L | 1062--%FR | 1112-- 1 | {162-- E
6913-- 4 | 0963-- 2 | 1813~-- E | 1063-~ 1 | 1113-- 1 | 1163-- g
0914-- 0 | 0964--%<Y | 1914~-CNT | 1064-~ 5 1114~ 2 1§ 1164--%70
0915-- . | ©965-- 0 | 161S5-- N | 1065-- UP | 1115-- 1 | {165-~CHT
0916-—1 | 9966-- & | 1016-- 0 | 1066~- 1 | 1116--GTO| 1166-- ¢
- 0917--FMT | 0967-- 7 | 1617-- ., 1067--K=y | 1117== 1 | {147~ 4
B91&~-3TF | 0965-- 4 1018-~ 4 | 1068~- 1§ 1118-- 2 1168~- 0
_8919--PHT | 9969--GT0_|_1819--FUT_| 1669-- 0 | 1119-- § | 1169.-1,%
T6920-- UPT 0970-- 1 | 1820--3TP["1670-- 7 T 1126-- 6 T117@0-- N
@921--%¥FR | 0971-~ 0 | 1621-~FNT | 1628~~ ? | 1121-=XFR | 1171-~ D
6922-- o | 8972-- ¢ | 1022-- UP | 1872~-GTO | 1122-- 1 | {172--FHT
0923--pI1y | 0973-~ 2 | 1023--%FR | 18673-- 1 | 1128~- 1 | 11723--CHT
0924--YT0 | 0974~-FMT | 1024-- @ | 19?74~- 1 | 1124~- UP| 11724--PNT
0925-~ 6 | B975--FNT | 1825--DIY | 1075-- 1 | 1125--KFR | 1{75-~ M
0926--%FR | 9976-~- C | 1626~-YT0 | 1076~-~ @ | 1126-- 2 | 1172¢-~ UP
0927-~ 1 | 8977-- A | 1027-~- 9 | 1077--KFR | 1127-~ 3 | {{77--¥FR
9926-- 5 | 8978-- B | 1628-- DH | 1675-~ 2 } 1128~- UP| 1178-- 2
| 0929-- UP | 8979-- L | 1629-- 4 _| 1679-- 3 | 1129-- 2 ] {{79-- 3 _|
9930-~ 1, | 6980-- E | 1030-~8<Y | 1080-- UPT[ 11308-- ¥ T 1186~--XEY
89231--%<y | 0981--cHT | 1031~ 1 1081--XFR | 1131~- DH| 1181--p1Y
0932-- 0 | 0982-- H | 1032~~ 0 | 1982-- 6 | 1132--D1Y| 1182--" 1}
8933-~- 3 | (983-- 0 1623-~ 4 {083-~- R 1133-~ DH | 1183~~FKT
09%4-~ 4 | 0984-- . 1634~- @ 1084~-~YT0 | 1184~~ L | 1184-~FNT
0925-~ 1 | 0985-- 3 | 1635~--GT0 | 1085-- 1 | 1185-- 0 | 1185~- L
0936--GT0 gsue--FnT 1936~~ 1 1086-~ 6 | 1136-- UP ] 1186~- =
@927~ 1 9g7--STP | 1037-- 6 | 1067-- DN | 1137-- 9 | 11537-~ N
6938~ 0 egee--pm 1638-~ 6 1688--FHT | 1138-~ 0 | 1185-- ¢
8939-- 6 | 0959-- UP_| 1089-~ 2 | 1089-~FHT | 1139--KEY | 1189--4T0
T0940-~ 2 T0990--YFRT1040~-FUT T 1096-~IHD [ 1146-- - T1196-- 4
0941-~FHT | 0991-- 0 | 1041~-FHT | 1091~-~-XT0 | 1141-~ DH| 1191--CHT
0942--FH7 | 0992--D1v | 1042~~ C | 1092-- , 1142--KT0 | 1192-~ ¢
094%-- ¢ | 0993--YT0 | 1043-- A | 1698-- 0 | 1143-~- 1 | {193-~ F
0944-- R | 0994~- & | 1044~-~ 8 | 1094-~ F | 1'144=~ 2 | {184=wCHT
0945-- B | 0995-- DN | 1045-- L 1095-~CHT | 1145--FNT I 1195~ E
0946-- L | 0996-- 3 | 1046-~ E 1096-- 1 | 1146--FUT | 119¢6~- R
0947-~ E | 0997--%<Y | 1047-~CHT | 1697~-~CNT | 1147-- R | 1197-~ ¢
6948-~CHT | 0998~ 1 | 104&-- 1 | 1098-- C | 1148~~ H | 1198-~ H
0949-- H | 0999-~- 0 | 1649-- 0 1099~~ A | 1149-~ G | 1199--CLR
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12;; KEY | STE
1301-- P P | KEY
1203-- F | 1289 STEP
12@@_"“1 1251"'PNT KEY
{204_:?T0 125:':r70 1309__ STEP | KE
1209 Ho| 15237 ! 1301‘-PH 1350 Y | ST
86 - E 1254~ 6 §62-_*”T 135 - er| x
1207~ CNT {255~ == 9 1363~ 0 16:1-' 14 EY
1305--c 1220y 1304--ch 1‘4“’2"-x'f 1400--t 2TEP
| 1505--C 1z56--% T 353-~ T0 it KEY
12?3" ET 1527’- ER 1352" ET i554 Y10 1482 1 {450-

- S5-- 36—~ See - H02-~4FR €1--
}211-:a‘-12:sé-..,3 13677 ¢ 1395-- & hra) e €
1gla._ B 1£60-_Xgr__1233~- & 195578 {aga- M P
1213-_ '-E- 1251-.. lFi 1519-"CLP 1358""?”0 14n§"’ . 1454..‘ g
1214“"Fm 192?““ 4 1310"‘ ﬂ"-4359:' . 1405 L 1455-- L
1215._p T 12’5 1313-~XFR 1366-- G 1408~ L 1456--.5
1318 i 12€4--v70 AT 1364-- D L ig05" | PE
T up | 12¢¢-- o | 151d-- o | 156z-- | e i 1353--F2f

- - L~ 5 - P > . ! — E% -
1529-~4§P 1267--xFR 1310 1 1964 £ ML }436-ZP“4_
1228-_ & | 1565~ 3 A 1517 1] 1365~ E 1413~ FMT 461-~ up
1221__XF LT 3 1218 ~CHT 1366-— O 1414,“Pu7 1452__XFR
i Smm ?R i " _1319'- e 1367~ i 1415_'KFR 1463~ 1
1253--pup IZ?é"XEY 1220-~ A 1353_:FMT 1416-- 6 1464-2 3
12 4-~ 12?:"'Fm | 132 - B ] 1369~ buT | 417~ up 465~ up
1225~ 2 1275--Fn} teel- L 1900 XFR 1415 TXER 1485-¢
{558 1 {273-- § {sz2-- € 1371::xr;~<--1413::r e
1zer-- o 15787 § {524-FiT {3722 & {420 % {3c8°" 4
Rrmuy {2770 ¢ {525- Up {375-4Py {4212l SE
{539 ¢ | 1279-- H N 1375 3" 14555 s
jasi--rt be7s--A10. ot 1 1376 % 14240 {472-"¢T0
1232._F1T 1253"Cur 132G~ 3 1377-- g | l4zs -RUP ‘4?3_'fTo
12§3---,<'T‘T jagin 1 350-—KE 1376 L {4563 14740 ¢
1234 - 1o jege- f 1331_'XEY- 1375~ L (55— uF 1475~ 6
lzrs"-x%r j2es--ulT 1352 1380--F1t 14365 1478-"cTo0
1236__ x 1235:-*ﬂ 1933~:KEY 1391__Fn7 1429-- 8 }4??__5Tp
127--1ii {26e" {554 ki 15065 13500 K ie ¢

~}§39-:‘TD 1287~ ® 1552-" a 1ges-- N Ryt o {460 3
1230-- 5 __1233:-FMT 1537 A 1365~ G 1433~ + 1491__ 2
12 1-- F 129r;"PNT 13%6-- D 1386~ L 1434~ FMT 482-_XFR
1242--cl 1541 ‘XE?__1339_ I Loaoor [azam-EHl 1465
3245-~ 2T 1292~-DIV 1’:5_‘}/2 1338_‘CNT, 1436_”XT0 1484 - 4
1z4d--cl 1595 emt 1341.'”0*-1389.' | 143t RIS B XEY
i e {12 H e
12472 8 jzsse L EVE 1302~ ET_’“jigi'Iﬁn 1402 3
122?‘* i 159700 E 1345_:°ﬁ7 ‘993_: a 1441_"KTU“—§489-:FDH

Gm-FHT 1298_~ H 1346~ 3 1394~ H 1442_: . 1490__ HT
1259-x7 i§4?~-c”7 ifgs--cn 1443 ¢ 149‘--5”7_

®T0 1533-_ ﬂ lggg__ ER }444__CF 1392-_x¥n

| e il | e °

1~98‘-c§ 1346‘-c° fase: o

399-- 3T 71432'" 2T 1432" F

1445 {gg?i:cgr

& | 1435 1
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STEP | KEY STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP] KEY
1500--0NT | 1550-- 8 | 1690--FMT | 16508-~ UF | 1790-= 0 cno.
1501-- ¢ | 1551--XEY | 1681--PNT | 1651--3FR | 1761-- 1 | 155 0ocent
1502-- A | 1552--CHT | 1602-- UP | 1652-~ 2 1702--CNT | 1752-- B
1503-- B | 1553--XFR | 1603-~%Fk | 1653--RUP | 1703--%T0] 1753-- R
1534-- L 1554-~ 1 1604-- 1 1654~-~ + 1764--~ H 1754-- L
1505-- E | 1555-- 9 | 1605-- 7 | 1655-- DH | 1705-- € | 1755-- n
1506--NT | 1556-- & | 1606~~KEY | 1656--KEY | 1706--CHT | {756~-
1567-~PNT | 1557-= DH | 16097-- - | 1657~- UF | 1797--YT0 | 1757-~11IT
1508-- + | 1558--FNT | 1603~-~ DH | 1653~~ DH | 17088--1/X | 1758-~ 0
| 1509--XFR ] 1559-~FNT_| 1609-~-XT0_| 1659--01v_| 1709-- o 1. 1759-- L -
1510-- {1 | 1560-~IHD| 1610-~ 1 [ 1688-~ 1 | 1716-~ F | 1768-~1/%
1511-- 5 | 1561~-XT0 | 1611-- & | 1661-- 0 | 171i-- R | 1761-- M
1512-- UP | 1562~-~ ., 1612--FMT | 1662~~~ 1 1712-- 1762-- E
1513~ 4 | 1563-- 0 | 1613-~FHT | 1663-~ & | 1713-~ E | 1763~-FNT
1514--X<Y | 1564~~~ F 1614-- H 1664~~~ DN | 1714~-~-CLR | 1764--FHNT
1515-- 1565~-CHT | 1615-~- E 1665-~XEY | 1715~~ 1 {765~-PHT
1516--_5 | 1566-~ 5 1616-~%T0 | 1666-~FNT | 1716-- H 1766-~-FMT
1517-- 4 | 1567-~-XT70 | 1617--CNT | 1667--FMT | 1717-~ F 1?67--FMT
1518-- g | 1568-- H | 1618~-- L | 1668-- o | 1718-- L | 1768-~ J
1519~~RUP_| 1569--CHT | 1619~~ 1 _| 1669-- E _| 1719-- R | 1769~-~ ,
1520--FNT 1 1570-~ C [ 16208-- F T 1670~- M [ 1726~-XT707 1 1770-~- B |
1521 -~FMT | 1571~~ A | 1621--XT0 | 1671-- E 172i-~ E 1771-- .
§1522--XT70 ] 1572-- B | 1622--CNT |} 1672-- N 1722-- D | 1772~-~1HD
1523-- 0 | 1573-~- L | 1623-- - 1673-- B 1723-~CHT | 1773-~ .
1524--%T0 | 1574-- E | 1624-- G 1674-- E 1724--1IHT | 1774-~CHT
1525-- , 1575--FMT | 1625-- a 1675-~ a 1725-- 0 | 1?275-~CHT
1526--11D | 1576--PHT | 1626-- H | 1676-~- % | 1726-~ L | 17276-- 7
1527--%70 | 1577-- + | 1€27-- 1 | 1677--410 | 1727~ . | 1777-~ 6
1528-~ , | 1578-- DH | 1628-- , | 1678-- 4 |1728-- 0 | 1778-- ,
| 1529-- 0 | 1579~-¥T0} 1629-~ - _| 1679-- 1 _|1729-- H | 1779-- 0 _
1536-~ F | 1580-- 1 | 1636--FMT | 1680~-~yT0 [ 1730-~-CLR"["1780-~ &
1531~-CNT | 1581~~ 6 | 1631--PNT | 1681--CNT | 1731--YTO | 17¢1~~ 1
1532-- 4 | 1582--FMT | 1632-~PNT | 1682-~ 1 |1732--1/X | i7&2-~CLR
1533--CNT | 1585~-FMT | 1633--%FR | 1683--yT0 | 1733-- o | 1783~--CLR
1534-- ¢ | 1584--%XT0 | 1634~ 1 1664-- f | 1734-- F | 1784~-GLR
1535-- A | 1585-- 0 | 1635-- 9 | 16585--cHT | 1735~- . | 1765--CLR
1536~- B | 1586--XTo | 1636-~ UP | 1686-~yTO | 1736--FHT | 1786~-CLR
1537-- L | 1567-- 1637-- 1 | 16g7-~ L |1737--FHT | 1787--CLR
1538-~FNT | 1588--1HD | 1638--K>y | t688-- f | 1738-- DH | 1705-~FHT
1539--PHT | 1569~-XT0 | 1639-~ 1 | 1689-- ¢ _|1739--FNT | 1789-- K
1540--RT0 [ 1596-- T1640-- 7 T1690-- Kk [1740--FHT-"1796--CLX
1541-~ 1 | 1591-- 0 | 1641-- 6 | 1691--CHT |1741-- 0 1 1791--GT0
1542-- ¢ | 1592-- F | 1642-- ¢ | 1¢92-- p |1742-- E | 1792-- 0
1543-~GT0 | 1593--CNT | 1643--%FR | 1693-- f |1743-~ & |} 1793-- 6
1544-- { | 1594-~ 5 | 1644-- 2 | 1694-~ L 1744-- C 1 1794-- B
1545-- 6 | 1595--cNT | 1645-~ 6 | 1695-- [ |1745-- & } 1795-- 0
1546-= 0 | 15%6~~ C | 1646-- UP | 1696-~ g. |1746-- N 1 1796--END
1547-- 2 | 1567-- § | 1647--XFR | 1697-= 0 1747--410
1545--XFR | 1525~ B | 1648-="1 | 1698-< y | 1748"~CHT
1549-~ 2 | 1589~- | | 1649-- % | 1699--cNT | 174
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3.1,7 SAMPLE INPUT/OUTPUT PRINT

The following copy of the HP Printed Tape shows-a typical problem and solution,
TFor a discussion of the particulars of this problem, see Saction 4.

PROGEFE #74,001
BRSIC ELOYANCY
EHIER 11 iywmme
BALLOGH ‘L.,
T0O0N, H0s
BALLONET YL,
3000, 19+
BALLOON WEIGHT
725, Nids
UT.BAL. INSTR. FLE
100, 0 -
WT.EXF, PRYLOAD
160, 000+
SURFAGE ALT.H3L
4800, oD
FLIGHT ALT.MSL
1580, B0
YERT.HEIGHT
14300, 0
HUNBER OF CRELE
1. 008
##FALERT#2
FLIGHT RLT.T0O
HIGH REOYE SURF.
FOR BRLLUNET
S1ZE
ENT.IN X OHE OF
FOLLOWING, ..
1-T0 RETAIN ALY,
AND SLACK LALMLE
CONDLT I0n
2=T0 OETAIN ENLT
MAK, DESIGH HLT.
OR Z-R DIFF.61 71,

o

*

30

MAX,
FLIGHT ALT.HSL
13906, 417
VERT.HEIGHT
9906, 41T
CROSS LIFT
1293, 538
HET BALH.LIFT
568,538
HET LIFT W IHSTR
468,538
MET LIFT I} PAYLD
362, 538
ENT.IN ¥ CAELE
UT.PER 1080 FT
CABLE HO.1
25, 050
WT.OF 1 CRELE
247, BN
HET LIFT -GRHD. -
120,878

J.BW, 7E.A01
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PROGRAN #7&.001
BRSIC BUDYRHLY
ENTER IH He=-—=--
BALLOOH %oOL.
45000, DO9¥
BALLONET vOL.
13522. 000+
BALLOOH WEIGHT
970, 000
WT.BAL. IHSTR, PEA
150, 000=-
UT.EXP.PAYLOAD
190, 090=
SURFACE ALT.NSL
4000, 300«
FLIGHT ALT.MSL
15000, 300%
VERT.HEIGHT
14008, 3040
HUMBER GF CRELES
1. 080
+##(LERT %%
FLIGHT ALT.TOO
HIGH RCaYE SURF.
FOR BALLOHET
SIZE
ENT.IH ¥ OME OF
FOLLOWIHG...
1-T0 RETAIN HALT.
RHD SLACK LAWHCH
COHDITION
2-T0 DBTRIH ENCT
MAX.DESIGH ALT,
OFR 2-A DIFF.ALT.
2. 000~

MAX.
FLIGHT ALT.HNSL
15323.¢770
VERT.HEIGHT
11223.770
GROSS LIFT
1850, 818
NET BALH.LIFT
gaa.818
HET LIFT W IHSTE
v3o.als
HET LIFT U PAYLD
&30, 318
EHT.IH ¥ CABLE
UT.FER toBo FT
CHELE HOD.1
5. 0unus
WT.0F | CRELE
233,094
HET LIFT ~GREHW,~
347.724

JoBJW, PEL.001

[ I

PROGRAM #7n. 002
BASIC BUOVAHLY
EHTER IH Hs----
BALLOON YoL.
45000, B0
BALLOHET L.
13522, #ags
SALLCOH MEICHT
TR, Lt~
BT.BAL. THETE .. Py

UT.EH
SURFACE ALT.!:L
$Aa0. s
FLIGHT ALT.HSL
14000, 3d0x
VERT.HEIGHY
19500,
HUMBER 0OF CRHETLE™
1, gea-
FLIGHT RALT.MZL
14a00, 059
VYERT.HEIGHT
100309, 430
GROSs LIFT
234,319
HET BRLH.LIFT
64, i
HET LIFY U IH:TR
214,310
HET LIFT M FRA.LT
714,319
EHT.IH W CALLE
WT.PEF 192003 FY
CHBLE Ho. 1
25, -
WI.0F | £iRLE
250,401
HET LIFT ~-Gkia, -
464,318

JoBOML, O Fe, 0]
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3.2 Program No. 76,002 — General Tethered Balloons, Trim,
Single Altitude, Zero Wind, Optional Matrix

3.2,1 GENERAL DESCRIPTION

The trim of a tethered balloon is associated with the magnitude of several types
of forces and their effective points of application relative to the point to which the
tether-1i*.e 15 attached. This point of tether-line attachment is called the con-
fluence-point due to its being the confluence of a number of smaller flying~-lines
leading to attaching points along the balloon's sk:=.

The forces, (see Figure in Section 3. 2,2) acting on a tethered balloon, under
zero wind conditions are the gross lift and the weight of the balloon and its hard-
ware; their net effect being opposed by tension in the tether cable,

In Section 3. 2.2, the derivation of an equation adaptable to use in a simple
computer is shown, It essentially states that the net rotational moment about the
confluence-point must be zero, The program will compute the lift force from the
volume and altitude entered and then solve a simple equation for the trim angle-of-
attack,

An optional feature is a matrix whereby four dimensions relating the center-
of-gravity and center-of-buoyancy positions are made to vary automatically with a
trim angle solution for every combination of the four variables,
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3.2,2 DEVELOPMENT OF PROGRAM AND EQUATIONS

This case is concerned with any tethered balloon under zero wind conditions.

A, The object of the program is to determine the trim angle of the balloon.

The tether cable is connected to the system at the confluence point of the multiple

flying-lines attached to the balloon's skin, Hence at trim:

¥ Moments at Confluence Point = 0

CP-Confluence Poi
and Attcchment Point
for Tether Cable

Considar Positive Moment Clockwise

If ""a =LG sin o
Ln =LG cos o

=1
WA‘ Y sin o
WN=Wcosa

Sum of the moments:

(1) mWN+nWA-uLa-th=0

(2) chosa+nWsinn¢-uLGsinry-tLGcosn=0
(3) mW-tL;+nWtaney -ulgcosa=0

(4) mW—tLG=tanoz(uLG-nW)

m'W-tLG

(5) o = arc tan——r,—_—-w-
u G n

e S
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B. Dimensions, m, n, t, and u are needed within program but are included
by providing the locations of the C.P,, C.G., and C, B. on the x-y grid defined
above, that is,

XCP - Pos, Value YCG - Neg., Value
YCP - Neg. Value XCB - Pos, Value
XCG - Pos. Value YCB - Pos. Value
Then)
m= X, - X°F t=Xn, - XCP
CG CB
n=Y., - ¥CF u= Yo - YCF
T TCG - °CB

C. To provide an optional matrix of variations in m, n, t, and u to indicate
an optimum combination in design problem, the program is set up so that after
first computation each in turn will be incremented to a larger value by a desired
amount, say 0,1 fi, any number of times up to a limit, To handle this, inputs

are:
Am - m Increment At - t Increment
nAm - Number of m Increments NAt - Number of t-Increments
An - nlincrement Au - ulncrement
NAn - Number of n Increments NAu - Number of u Increments

This suggests that when running the matrix, values of CG, CB, and CP locations
should be entered to produce the smallest reasonable starting values for m, n, t,
and u in order to bracket useable conditions.

D. To calculate lift for a given volume of bailoon at any altitude, using helium,

The density ratio may be obtained by use of the relationship

tnplp
—g—=a,+ alz

where
Z = altitude, Ft. MSL
a, = -1.7772°10
a_ = -2.8136172

The specific 1lift of helium, standard conditions at sea level , 06599 lbslftz.

Specific lift at altitude = . 06599 plpo

Gross lift, LG = Vg x (Specific lift)

34
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3.2.3 FLOW CHART

@ 0000

Progr. No, Title
p/p, Sp. Lift Constants
User Entriea:
(x) () (2)

STOP 1: Z wtg Vg
Talc. of Gross Lift, L

plpy+1nplp,
— 2

e AL

Rl i)

=a +4,2

(] 1
1 Spec. Lift = Sp, Lift S.L. X p/po
h' L=VgX Sp. Lift

STOP 2: xCP  yCP _
STOP 3:

Xce Yeo
m=X.. -xCP
G cp
n= YCG -Y
STOP 4: Xcp Yep -
t=Xcp-

ML AR ol

Matrix Mesgsage
If none desired, enter
£ in X at next Stop.

«

n

=
Q
-]

STOP §: worAm N&m — |

TR

No

— 1]

Myimit * (Am X NAm)+m

STOP 6: An NAn -
Myt ™ (An X NAn)+ n

sTor ek~ ‘
Vesmit = + T

m.nlt Au  NAu = )

Yiimit = (Au X NAu) + u \aan

T ]o493

m=mg

0332 t=t
[ Am = Matrix Call Code I

— - —) Yes 4

0335 No

0529
mW - {L
I o = arc tan EE_:JIW— I
218 0519 ]
Yes
Is MCC<n 0406

0383 l

No

Print a, Trim Angle Matrix Complete Message
Clear Registers Clear Registers
Go To 0000 Go To 0000

© ©
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3.2.4 OPERATING INSTRUCTIONS
KEY STROKES

RUN
END

FIX, 2,3,----

CONT

Stop 1, Enter:

CONT

Stop 2, Enter:

CONT

Stop 3, Enter:

CONT

Stop 4, Enter:
CONT

Stop 5, Enter:

or

Stop 5, Enter:
CONT

x)

CP

CG

CB

Am

ENTRIES

(Y) (2)

CpP

CG

CB

NAm -

36
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PRINTS

(No. of decimal
places desired)

Program No, & Title

V., Balloon Volume
B UCF
WB' Bﬁ)lloon Weight,

Z, Altitude, £t MSL
LG' Gross Lift, 1b

xCP, Confl. Point X,
ft

YCP, Confl, Point Y,
ft

XCG' Center of
Gravity X, ft

YCG' Center of
Gravity Y, ft

XCB' Center of
Buoyancy X, ft

YCB‘ Center of
Buoyancy Y, ft

m, ft

n, ft

t, ft

u, ft

Ent, 1inX if no
matrix calcu-
lations are
desired,

(If no matrix requested.)
Trim angle, a
Value of trim angle

Am, Increments of Am,
ft

NAm, No. of Incre~
ments

m,, Limiting Value of

‘m, {t




K Stop 6, Enter:
i CONT

Stop 7, Enter:

] CONT
J Stop 8, Enter:
FL CONT

An

At

Au

By ey fione g oatuwmi i e !

£ v)‘..m..-.k

NAn -
NAt -
NAu -

L X e Aoy by g et T

An Increments of An
ft

NAn No, of Incre-
ments

n, Limiting values of
n, ft

At, Increments
of At, ft
NAt, No. of Incre-
ments
tl‘ Limiting value
* of t, ft

Au, Increments
of Au, ft

NAu, No. of
Increments

u, Limiting value
of u, ft

Program then proceeds to calculate all combinations of m, n, t and u inmatrix
beginning with initial values obtained from entries at Stop Nos. 2, 3, and 4.

m, ft
n, ft
t, ft
u, ft
a, deg trimn angle

m’=m+ Am

n
t
u
T
m*=m+ 2Am
ete, until final n
t
m& u
n, a
% etec, until m, = m then,
4 m' L
n‘=n+ An
u, t
u
@ o
P
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3.2.5. SAMPLE INPUT DATA FORM

INPUT 76,002, 76,003, 7 .004, and 74.005
) 16,003, 76,004, 76,003 16,003 and 76,005
EXTRAWEIGKT TABLE WIND PROFILE¢
Balloon Volume Vg cu R W,y b No. 1 1
Ballonet Volume v cuft Y‘ n ZMAX' RMSL
Balloon Weight Wy 1) X, ft Wind, knots
Hull Length 3 n W, No. 2 2
[11] }_.ocnlon “P!. ¥CP ft Yy Z,
xCP r X, Wind,
Location of Center <G W, No. 3 b}
il i Y o 3
x¢6 n % Zy
Location of Center (4] X. Wind.
e of Buoyancy ¥ n 3 3
aCB fn ., No. 4 ’
@ [Locationof Aero | LAHC “ Yy z,
Reference Center
XARC r Wind,
Attitude, AMax Zy ft \\",. No, 8 5
Altitude, Surf Zg n Yy Zy
tacrementof Alt | a2 " X, Windg
@ |ac, /e " a Wy No, € s
[J Ar Y z
9 [acyia? . N Windg
@ |c,TABLES W, No. 7 7
IR ¥y z,
a, 4 deg Xy Wind ,
Sy Wy No. 8 0
2.2} 2 Yy z,
2 deg Xy Wind,
S W No. 9 ]
hUA ] \'9 29
ay dep .‘(9 \und.,
Cyy “io No. 10 10
N0, 4] 4 ‘10 210
a, dee X)o Windy,
cm \\" N, 13 1n
No, s} 5 ‘n n
ay tec i Windyy
(‘Ms \\” \e, 12 12
ro. 6] ¢ ‘iz ‘iz
- ag fo \" Wimdy,
‘-,\!‘ L 1 ", 1t It
AU A B Yy ‘1
a, fec M Aty
Cur

L3 <17

See \ote 78,008
Req 2 [ar 16,008 and 58,704
Req 4 tar 16,003 anits

Artninw of tan painta o s

beuseds 4 aniv ur A amer

POInte Tak he use s, }arst prger
.

rustbe inra- 0

Are wavher 27 every
me SO~ 2 Beypeg,
Ore entis 1= he

Tt et PA un e av i
Favlaay " ean dre ar
L LA Lo L PP

Jorer
LCENLY

Ui o e 3 Prgare
Sutheusesana

L P L 3
ey, Frrat - athe
AR AR A R EXLIRAN1S 1]
1-! Ry T80 e paires
I A
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3,2.6 PROGRAM76,002 - TRIM, GENERAL BALLOCN, WIND= 0
.
- ]
STEP | KEY | STEP | KEY STEP| KEY | STEP | KEY STEP| KEY | STEP KEY
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3.2.7 SAMPLE INPUT/OUTPUT PRINT

Rt e S MMt s Y

The following copy of the HP Printed Tape shows a typical problem and solu-
tion. The left column shows input and output printouts without the matrix solution,
The center and right columns show, for the same starting input figures, the first
few and last few of the matrix solutions called for by the initial definitions of
matrix size, Am, NAm, etc.

PROG.#75.962
TRIMs GEH. BALLOOH
WIND=9
45000.49
18806.60
S008, 80
2568, 41

26.60-
-31.90
55.00%
-3.60
38,080%
.20

28.40
28,940

3.49
32.10

ENT.oq IH ¥ IF HO
MATRIX CALC,ARE
DESIRED

TRIM AHGLE

20.17

PROG.#75.802
TRIM,GEH.BALLOGH

WIND=&

45000, 060

oo, ga
5080, a9
2568, 44

26.60
-31.910
S5. A%
~-3.008

30,08
6,21

28,40
2e,90

3,40
22.10

ENT.o IH ¥ IF HO
MATRI® CALC.ARE

DESIRED

5.60
2.08
38,40
1,00
2.6u
30,94
7.0
2,60
18.40
B,25%
2.89
32,60

28.40
28.90

2.40
32.10
20,17

33,48
28.90
3.49
3. 10
24,73
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38.40
23,91

.40
2.1

28,99

28.490
29.50
3,40
32.19
2. 52

32.40
29.39

3'4’3
32.19
25,15

[p X RO
NI D D O

Y 0 T 0

o

BT s o L <

n

[N [L xRN 2]

Peu B RO R R

IO X
LY NIV N
00T a0
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32.6
-14.7

[x)
. s
Dl

1

38.40
31,90
18,48
32.60

=9.52

MATPIE CONRLETE
PROG.#76&. 002
TRINs GEH, ERLL Don
YIND=q
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3.3 Program No. 76,003 — General Tethered Ballocn, Trim,
Variable Altitude and Wind

3.3.1 GENERAL DESCRIPTION

The trim of a tethered balloon is associated with the magnitude of several
types of forces and their effective points of application relative to the point to which
the tether-line is attached. This point of tether-line attachment is called the con-
fluence~-point due to its being the confluence of a number of smaller flying-lines
leading to attaching points along the balloon's skin,

The forces acting on a tethered balloon, (Figure in Section 3. 3, 2) are the
gross lift, the weight of the balloon and its hardware, and those aerodynamic forces
and moments generated by the action of the wind. Since trim in the vertical sense
is of principal interest in loading or in early design of a tethered system, the lift,
drag, and pitching-moment were the only aerodynamic parameters considered.

In Section 3. 3, 2, the derivation of an equation adaptable to use in a simple
computer is shown, It essentially states that the net rotational moment about the
confluence~point must be zero, Program 76. 002 is for the condition of a single alti~-
tude where the wind is zero and therefore considers only the lift due to helium
buoyancy and the weight of the balloon. Program 76, 003 considers all parameters,
including a zero-wind input, and in addition permits application of any extra masses
at any location on the balloon. It calculates the gross-lift at any maximum altitude
selected agsuming that the balloon is completely filled with helium, At increment-
ally decreasing altitudes, this lift remains constant. Since a wind-profile from the
maximum altitude to the surface altitude, is part of the user entries, the aero-
dynamic parameters vary with the wind magnitude and atmospheric density.

Unlike Program Nos. 76,004 and 76, 005, the parameters completely defining
the aerodynamics and the possible movement of the centers of buoyancy or gravity
with trim-angle or ballonet condition of most balloon designs are not completely
known. Auacordingly, all defining parameters are left as user inputs and the refer-
ence centers left fixed for all flight conditions. For example, a-fixed aerodynamic-
reference- center for application of a pitching-moment coefficient is utilized here
(In 76. 004 and 5, the more convenient concept of a variable center-of-pressure
eliminating pitching-moment was possible, )

The ballonet fullness, which depends on-relationships between maximum and
surface altitudes, was not needed or considered here. Use of Program No. 76.001
is recommended to first check that the capacity of the balloon's ballonet is not
exceeded by any proposed altitude excursion,
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3.3.2 DEVELOPMENT OF PROGRAM AND EQUATIONS

This case is concerned with any tethered balloon at any altitude or wind con-
dition, Knowledge of aerodynamic coefficients, CL-CD-CM. are presumed,

A. The object of the program is to determine the trim conditions of the
balloon and the total force and its angle which must be resisted by the tether-cable.
The tether cable is connected to the system at the confluence-point of the multiple
flying-lines attached to the balloon's skin. Hence at trim:

¥ Moments at Confluence Yoint= 0

~y

CP=Confluence Poi
and Attachment Point-
for Tether Cable

g

S s iy

o

Pogitive Moments are Clockwise
(1) 0= mWy, + nWA -th-uLa- rN+sSA+ M
3 Resolve Aero Ly & D into N and A by:

cos ny =-€: and %

Lj; sin a = -I?—A—and %
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%
§ a=LAcos(z N=LAcosa+Dsinu
‘ b= LA sina A=Dcospn - LA 8in o
19 c¢c= Dcosa
3 i d = Dsing
13 2) 0=mWy+ nWA-thn-uLa--rLA cosa - rD sinn + 8D cos
A j - sLA sing + M
§\ La=LGsina WA=Wsin¢x
z Ln=LGcosa WN=Wcos°‘
% (3) 0=mW cos g+ nW sinnz-tLG cosa—uLG sina-rLA cos o ~ rD sinw
: + sDcosa - sL, sinw + M
g ¢
‘ (4) 0 = mW 4+ nWtangy - tLG.r - uLG tan o - rLA -rDtane + 8D
; -—sLA tan o + M/cos o
: § (8) 0=mW - {L, + tana (nW - uLg) - rL, - rDtano + sD
B
E - sL, tana+ M/cos a
- = DL, = 2/3
3 Leta= dCL/dar CLO = 00 then: LA = anq VB
5 _ _ 2
1l b = CDO and ¢ = dCD/da
, then: Cp=b+ co:2 and: D= (b + caz) q VB2/3
&
F 2/3 2 2/3
f:: (6) 0=mW-tLG+tanq(nW-uLG)~raaqVB/ -r(b+ca)qVB / tan o
i E 2/3
b 2 2/3 2/3 CmMaVp ¢
+s(b+ca)qVB -saaqVB tan a + — 555
& LetK:qVBZIS
: B 2
- ¥ (1) 0=mW -tL,+tang (oW - uLg) -K[rag+ r(b+ ca”) tana
C, K
bk . 2 M
‘}5 S(b”'cd)"'saatana]‘*‘—c—o?;—-(x—
;. §
s 3 (8) 0=mW-tLG+tana(nW~uLG)-K[raa-sb-—sca2
b B —_
i 2. CycK
| M
?: +tana(saa+rb+rca )]+m—
4 To allow for adding extra loads (equipment, counter-weights, etc.) at any
3 § position on the balloon, consider the following two weéghts:
& P cP
L’ 4 Ml' Moment about Conf Point = WNI(XI ~-X" )4 wAl(y1 -=y)
‘ : M, =W,cosa (x, -x*P) 4 W sina(y, - yCP)
k ; M, =W, cos o (x, - xCP) + Wy sina (y, - yCP)
4
b
g
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M extra

M1+M2

TM extra _ _,CP _LCP . CP
""éo_sa""'wl(xl x7T) + W, (xy - x )+'cann/[W1(y1 y)

IM extra _

CP - cp
o5 -ZWe(x-x )+~tannt>..We(y-y )

(9)
Letting L = LG for clarity and adding the provision for extra weights,

Eq. (8) expands to

(10) 0= mW - tL + tan v (nW =~ uL) {Mech, Mom,)
- K[rao -sb - scoz2 +tana (saa+ rb+ rcaz)] l
Cum TK (Aero Mom, )
LomeE ]
cos a
+ cos o:[L‘We (x - xCP) + tan & S‘We (y - yCP)] (Extras Mom.)

B, After solving Eq. (10) for A
Ly, D, M o can be calculated,
Then solution for-the total force and its angle at the confluence point are known.

rim’ the coefficients CL’ CD' CM' as well as

NETURY ____ FrsTOTAL
RESULTANT
FORCE

© = ANGLE ABOVE HORIZON
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C. A 2 constant form for density ratio is utilized in this and other programs.

Inplp,
-—z———— = ao + 8.1 z
where
a, = -1,7772710
- -5
a, = 2,81361

D. Dimensions m, n, r, 8, t and u are calculated by program after user
entries of
xCP and yCP - Confluence Point
XcG and Yeg - Center Gravity
%R and YCB - Center of Buoyancy

XARC - Aero Ref. Center (yypo=0 agsumed)

E. Aerocynamic coefficients in this general program are handled as inputs
also. However, options at the end of program allow repeated passes without re-
entry of these coefficients, balloon dimensions, or other parameters,

dC
_drxk = a in Moment Equation - Slope of the lift coefficient curve

where CL =0at a=0
CDo = b in Moment Equation - Drag coefficient at @ = 0
dcC

——g—= c in Moment Equation - Second constant in drag coefficient
dr aCy
form CD =g a
dry

Pitching Moment Coefficient, CM' was found, with at leas* one balloon to have
a variation with o that could be defined by a series of straight lines.

\ o (DEGREES)
™

\
\
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This requires entries (up to a maximum of 7 sets of entries) of signiticant
points in the following manner which are stored and retrieved by use of region
number codes. dCMI da values of each region are computed and stored at time of
entry. Subscript B used here to indicate base value of a region, that is, the values
at point number 1 are the base values for the region between points 1 and 2,

Register (2) (Y) (X)
o @B My
Entry 1
Entry 2
Entry 3
Entry 4
Entry 5
Entry 8
Entry 7
dcC

. = M -
To calculate:; CM = CMB o (] aB)
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3.3.3 FLOW CHART

| B q) 0000

8 Progr. No. Title
E P, Sp. Lift, Knots/fps Consts,
k USER ENTRIES
(x) (y) (z)
STOP 1: ¢ b a
1 a=dC /dv
b= CDO s
c= dCD/dn
, C,, TABLE
1 STOP 2: Myax - -
2 MMAX = No. of a=C__ Points
3 STOP 3: Cy o Pt No
Repeat STOP 3 Until
{ Pt No, = M
- Cale, dC, [o] -C
: M, "My,1 My
Lall e
] ; - — 0219
3 PHYSICAL BALLOON
: - -
E | sToP 4: T Wi Vg
3 .
i STOP 5: xCP yCP
STOP 6: Xon Y -
8 cpcc CG
é m= XCG -X
n=Ygq - yCP
STOP 7: Xanc YARC
; - _ <CP
) r=XaRc xcp
2 8=Yapc-Y
STOP 8: Xcg Yog -
: P
E teXop - xCP
3 = -
u=Y CB Y

@ } 0371

EXTRA WEIGHT MESSAGE"
STOP9: w - -
If No Extras
STOP 9;: X, Y, Wl
For each Extra Weight
STOP 9: L4 - -
When entries Completed

G -t s AW, T ‘ N - gl e Y e o B
i et e 3 I o e e A A e Plasiu A

err ok e

= 1 0546

ALTITUDES

STOP 10 Az z, Zyax
WIND PROFILE

STOP 11: W knots Z Pt No. = P

starta = 2‘-a
A Trigger Setup
N = 0-002
P=12b

0682

~®
plpy»1n plpZ =3 +a,Z -—-O-@

0685

p=plp, X p,
Sp. 'Lift = Sp, Lift at SL < p/p

l 0722

LG = Sp. Lift at ZMAX X VB

! 0730
Locate Wind Zone and Cale. Wind,
Starting P = 1, Obtain Zp .
from-2(P+ 1) + 79 IND, ADDRESS

AZ

p* ZP -2
AW

P+1
P Ve - Wp
aw _ AWp
z 'SZ;
AZ =+ Zp - zdw
AWo = AZo - Iz
wind = WP + AWo
(fps)
PRINT Z and Wind (Knots)
q = 1/2p VA(PRINT)

K = qvg”' ;_®
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Prev. Ax - 2nd Prev. Ax
CM Calculation Arv -+ Prev. An
Starting with Moqgivppg = Myax™! Prev. + 2nd-Prev. = A}  (trigger)
1
Obtain aBM-l o' =+ An

[

TR RSP R ATR T RV TR

. 1203
No 1160 Yes
y, =
A Is MT = 1215
:

) No uM '
3 | 0940 Is "M<0 1179 Y

Calculation of Aero Terms
in Moment Equation

3 -
% e : [Ee=o]
; o5 & - K[ran - sb - son
2 + tana(sax + rb + rcaz)] 1 | )
Calc, of Masa + Buoy Term 1038 Ag = -.01
-in Moment Equation .
mW~tL+tany (nW-uL) 1183
Cale. of Extras Term in 1081 Prev. Ay + 2nd Prev, Aa
Moment Equation Ay » Prev, Ala
cosaft W (X-XCP) + Prev. +'2nd I,’rev. = ATy
e CP o' =0’ + Ax
tana £ We(Y-Y )|

£ Mom = 18t v 2nd + 3rd Group

No Yes

Go to 0888

1215 |
Final Answers Calc. and
Printed for Each Value of Z:

MECH, MOMENT

Yes AERO MOMENT
EXTRAS MOMENT
FMOMENTS € 0
Atrim
C

T,
AERO LIFT, Ly
Cp

DRAG

C

PMCHTNG MOMENT

LG - GROSS BUOY LIFT
L=Lg+La

We = SUM of EXTRA WEIGHTS

W; TOTAL WEIGHT = \VB+We

Ly=L-W

Frp, TOTAL FORCE -——.
R,TANGLE TO HORIZON @

1117
Is *M<0

bbbt oluaindi b acCaui iR SR A R A D LA A
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(19 | 1748
1526 Balloon Repeater

Prints: Vol,, Wt, Hull Length

N’=N+1
Reset a TRIG, Constants

Yes 17178 No
1797 IsR=4

Clear Extras
Storage Registers

Go to 0371
| 0371 (¢
0370
. BT 1757

Extras Repeater
Prints: Sum of Extra Weights

@ 0885 1T |

1586 [ -
PROBLEM SOLVED MESSAGE ] 1830
DIRECTIONS FOR NEXT
;- PASS, ENTER IN X AT STOP 12 Altitude-Wind Repeater
3 1 - TO START COMPLETELY Prints:  Zy. o
3 NEW PROBLEM Zeynr
3 2 - TO CHANGE ONLY BALLOON AZ
3 SIZE OR DIMENSIONS OR
: CONF. POINT, C, ARC, Cp P
;- LOCATIONS, zl
) 3 - TO CEANGE ONLY "EXTRAS" MAX)
GROUP, WIND,
4 - TO CHANGE ONLY ALT, - — P
WINDS: z
N No,=.0 + 002 ( W,
ZMAx = 010 P,=P, +1)
PNo 1 @, =z, -2
az2b fict, s
STOP 12: 1,2,3, or 4
R No. » 030

1735 [ ———
Clear all registers | 0000
Go to 0000 d 1934 @

TRIM ANGLE =.2and » 0
Start over anew at Stop 1
Go to 1735

No
1748

Noto: In flow chart, N is altitude point counter, P is wind profile point number
and {s repeater code for starting new problem,
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3.3.4 OPERATING INSTRUCTIONS

KEY STROKES

RUN
END
FIX, 2,3, ----

CONT

Stop 1-1-1, Enter:
CONT

Stop 2-2-2, Enter:

CONT
Stop 3-3-, Enter:

CONT

Stop 4--4-4, Enter:
CONT

Stop 5-5-5, Enter:
CONT

Stop 6-6-5, Enter:
CONT

Stop 7-7-7, Enter:
CONT

ENTRIES PRINTS

(No. of desired
decimal places)

(X) (Y) (2) Program No. and

oo

C,. o Pt. No.
M (start #1)

Pt, No. Repeats

o until all

C points en-
tered at
suce, Stops
No. 3

w A

ol

VB’ Balloon Volume
CF

W,,, Balloon Volume
B* Ty
cp CcP ¢, Length, Hull, ft

xCP, Confl. Point

X, ft

¥vCP, Confl. Peint

Y, ft

CG CG

X ~~s» Center of
cG gravity X, ft
YCG' Center of
gravity Y, ft
m, ft
n, ft

ARC ARC

Xapre &

Yagpe
r, ft
s, ft

52




o

Stop 8-8-8, Enter:

CONT

Stop 9-9-9, Enter:

Stop 9-9-9, Enter:

Stop 9-9~9, Enter:

CONT

XcB YeB -
n - -
(If no Extras'')

X, ' W,

(For each "extra" weight)
'

(After all weights eniered)

Stop 10-10-10, Enter: AZ ZS ZMAX
CONT
Stop 11-11-11, Enter: Wind Z bt, No,
(Start
No. 1)
CONT

X .y» Center of
CB Buoyancy X,
ft

Y . ,» Center of
CB Buoyancy Y,
ft
t, ft
u, ft

Directions for "Extra"
weights;

Ent, 1! in X if none.

Ent, Wt, in Z, yinY,
x in X,

Ent. 1 in X whea
entries made com-~
plete

w For each
< extra if

1 any are
Y 1 entered

ALTITUDES

ZMAX

zmax' ft MSL,

Zg, ft, MSL
AZ, ft
WIND PROFILE

Pt, No. Z, 1st point

Alt, Ft must be

Wind, Knots Z max,
Repeats
for each
point
entereu
until last
point must
be ZS’

ikan
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Program now takes over and computes and prints foliowing group of parameters
starting at Z = Zmax’ then at decreasing altitudus 2 = ZM -AZ, Z= ZM - 2AZ,
etc. to and including Z = ZS' Values of parameters appear on tape on next line
below the word.
ALT, ft
WIND, Knots
DYN. PRES. Ib/ft2
MECH, MOM,, ft-1b
AERO MOM,, ft-1b
EXTRAS MOM, ft-1b

SUM OF MOM. ,
ft-1bs, (~0)

Trim Angle Atck.

AERO LIFT, Ly, 1b

AERO P, MOM.,
(about the ARC)

GROSS BUOYANT
LIFT, LG’ 1b

TOTAL LIFT,
L=Lg+L,, Ib

SUM "EXTRA" WTS,
W, 1b

TOT. WEIGHT,
W= WB + We, ]

NET LIFT,
L=L-W,1

TOTAL FORCE
FT' 1b

ANGLE TO HORIZON,
6, deg

After Z = ZS condition is printed:

Prob, Solved
J.B.W, 176,003
Enter in X

1'
2‘

3.
4.
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To Start Anew

To Change Baln,
Dim.
To Change Extras

To Change Alts
and Wind Profile

et e A




Stop 12 Enter:
CONT
If Entry is:

1

Goes to Start.
Reprints Title,
User Reenters.,
Complete Input,

1,2,3, or 4

2

PNTS: Physical
Baln, Stops 4, 5.
6, 7, 8 repeated
for reentry, Then
auto pnts, Sum of
extra wts, alts.
max. surf, A,
wind profile,
Continues into
computations,

55

3

PNTS: Vol, Wt,
Length Hull extra
wt message Stops
9 repeated for
reentry then auto
pnts alts, max,
surf, A, wind
profile. Con-
tinues into
coraputations.,

4

PNTS: Vol,
Wt, Length
hull, sum
of extra
wts, alts,
max, surf,
A, wind
profile.
Continues
into com-
putations,




T

Lol i iale

TR

T

o i

R )

"

i)

R LIRS B

e

. ue R e Tt R T L

3.3.5. SAMPLE INPUT DATA FORM

e 06 6 ©

INPUT 76,002, 16,003, 76,004, and 76,008
76.003, 76.004, 76,003 76,003 and 76,003
EXTRA WEIGHT TABLE WIND PROFILE®
Balloon Volume Vg wn w, 1 No. 1 1
Ballonet Volume v cuft Yy n Zp SL
Balloon Welght Wy » X, ft Wind, knots
Hull Length g n w, No, 2 2
atl ( cP n Y. Z
o on ot . ¥ 2 2
xCP n X, Wlndz
Location of Center | yCG " Wy No. 3 3
of Gravity
xC¢ n Y 2y
Lotation of Center | (CD X wi
of Buoyancy ¥ r 3 M’
xCB n ", No, 4 4
Location of Aero ARC Y, z
Reference Center ¥ " ‘ 1
xARC n X Wlnd‘
Altitude, Max 7.M n Ws . No. 8 H
Altitude, Surl Zs n \'5 Zs
tncrement of Alt az n X Windg
oy taa . we No, ]
C b Y b4
by ¢ L
2 g
oyl < X¢ Windg
C"TABIJ.‘ \'-" No, 7 1
No. 8|8 ¥y 2z,
L o feg X, Wind 1
Cay Ws No. 8 [
azG 2] 2 Y z.
.9 Seg .‘(‘ \Hnd‘
Cuz Wy o, o *
Mo, 1) Y, z,
ay deg X, u lnd”
Cyy Yy Mo, 10 10
NO, 4] 4 "XO Zlo
a, sez X0 Windyq
€y Wy o, 11 i
R I ‘u 2
ay g X" \\uﬂ“
Cas My N, 12 12
NO, 8] ¢ V2 ?43
LA teg \” “'“ll
Cag Wiy AR 3]
AU A i Zax
a, ez i Rintyy
Cuz

See Note 76,003

<o
% Req 4 (rr 26,002 an1 26,001

Req §iar 76,003 oets

® Aririr gr Al twa prarets o yat
be uses, & matirur of even

POIALE Fay be ute f, |opa? prant

must be far 0> 0*

Ary myrcher &7 extra
AergMs ™ avbe pied,
One entry  ar he
Inateam e Parusie ang
Pavisad 7 trese are a1
Crrfigerce Puart rage

\ vy CP
LRRALE

A range o nf 2 Pante
st be ysefang s
AR g Al 1Y g he
A5€L Farat vyt be
apay, At g last ot be

S ppr TRANE Teqnires
e salue A wan f,
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3.3.6 PROGRAM 176,003 - TRIM, GENERAL BALLOON
STEP | kEY | 5TEP | KEY STEP| KEY | STEP | KEY STEP| KEY | STEP| KEY
OuNd--CLE | 0050-~- @ olaa- /TU J1S59--RUF | 9200-- DY 0250--PNT
Qudl--FNT | 09St-- | '2'101-- S V1S ~-PHT | n20t--piv | 9251-- 2
9NG2--Fnt | ans2-- 3 9L02-- 5 D152--Fp7 { 0202-- 2 | 9252--FLP
0NZ~~ o 10S3-- 6 ﬁ13?-'FbP Q153-=RIF | D203--YUTQ | WESS--FUT
003d-=~ o onSd-- | AIgd-=FHT | d1S4--2T | 9204-~ + B3254-- 3
ga5S-~ 0 | 95SS--CHS | W1G5--¥T0 | 91SS-- Az65-- o | 9255--D1Y
GRds-- 005&~-~EEY | #106-- & D1SE-=TO | 3205-=-yT0 | B3545-- IH
IBE7-- aNS?-- 5 a?-- 6 Q157 --1HD | 9297--1HD | D257 --1EY
QOGE--53T0 | woss- --Hs tag--FUP | n1s52-- B A20%~- 9 | BESE-- H
godd-- 72 ] aeS9--XT0 Lﬁ1€’~—?TD | 9159 -- o P 0202-~- § ] 0OESI--XTO_|
geid-~ 4 n3éQ-~ @4 3119~- 5 glen--RipF ﬁElﬁ-- Pl BEEB~-- §
gaty-~ , g351-~ 3 Biil-~- 7 B161-=-¥TO | 0Z1i--HFR | B2E1-- 4
£a12-- AR&2-- ¢ p112--FHT | O162-- - 8212-- 2 N262-- |
0313-~ 1 GR53~-~ 9113--FNT 8153-- 3] 9213-- 5 BWag3-- 5
0014-- 3 | B964-~ 0 | a114--FHT | 916d--vTo | B214--3>Y | 0264-- Up
0815--CLE | 9965-- & | 6115-- € | 9165--1ND | 9215-- & | 0265-- UP
9916 -=-%¥TO | 9966~~ § 011é-- M gles-~- g B216-- | B265--STF !
QBt7~~ g IR5?-- 2 0117--CHT | 01e7~-~nEY | 0217-- 3 BZe7~-¥T0 !
0015-~ 1 BeS-~- 9 G118--4KT0°] 9185-- 215-- 2 0z2é5-~- 3 .
| 0019-~ N | 6069--RT0§ 6119-- A | B169--u=y_| 0219-~FNT | 0269-- €
" 5020--CLR T 9970-- 0 9126-- B 3i70-- 8 "] 0220--FUTT 0278--FHT
gozi-- G Bo71~~ 3 gizi-- L 317§{-~ 1 8221-~ 1 8271--YT0O
goze~-~- E BurE-- § giz22~-- E g1v2-- 2 p2z2z-- H gz72-- 3
pezE-- N BATI~~ , 8123--FHT | 9i73~~ 2, P223--%FR | B273-- 7
go24-- , 3974~ o Bl1z2g~- 2 B174~-%EY | 9224--YT0 | B274-~KEY
8o2S-- B 0375-- 9 9125-- UP | g175-~ - 0225-- 1 wz75--PHT !
0625-- A | 0076-- 2 | 8126-~ UP | 0176-- 3 | 6226-- ¢ | 0276--PHT
BazZ7-- L Har?-- 3 B127--3TP | B177-- ¥ wza27-~ A B277-- 6
GRZ5-- L 0878-~ ? B128--KT0 | 0175-- 5 0225-- L g273-- UP
| 8029-- § ] 9979-- 5 | 6129-- 0 A 9179-- 3 | G2°Q--LHT | B279-- UP_]
6630~ 0 0058--%T0 | 01326=~ 2 0180-- + | 8220~- B | 9280--3TFP
ga31~~- | Hest-- B 6181-- § 0181--%¥Ty | 6231-- R Bz231-~PUT
0022-~FNT | 9932-~- 3 0132-~ 3 0132-~- g gezz-~ L Bege--%EY
0o35~-- 1 ga23-~ ¢ 8133-~- UP | a123-~¥FR | 92323-- H B282--FHT
0034-- , agd4-~ | 6134-- UP | 0184--IHD | B234-- y284~- YpP
v035-- 7 9a55-- , 6135--8TP | o185~-~ @ Ud?q--FHT B255--4FR
0036~- 7 O08E~-~ £ B136-~RUP | 0186--fUP | 9236~- 4 0286-- 3
0037-- 7 8037-- 3 0137--FHT | 5137--4EY | 0237-- up | 02587-~ &
eaIs~-- 2 QRss~- 7 0138--RUF | B1353-~ - 0233-~ UP | B285--RUP
QU39~--CHS | 0a89-~ 3 8139--YT0 | gig9-- { B239--3TF | D2233--KEY
[ BOS0~~EEX T A090--KTO " 0140-~ b T o190--RT0 T 0240--vTO0 T 0290-- ~ 7
g0d1-~ 1 ORIl -~ Bi141--%T0 | 5191 -=- - 0241-~ 1§ 0291 --YFR
0042-- 5 | 99%2-- 3 | 0142~-- o | 6192-- 5 | 0242--%T0 | 0292-- 3
BOdE-~CHE | 90953-~ 2 0143--PHT | 019%-~4FR | 9243-~ 2 9z293-- 7
DG ~=dT0 | D394 -- 1 0144-~ 73 U1S4-~IHD | 0244~-RUIP | 9294--KEY
g04S5-- 0 oS-~ p B145~~ B195-- n B245~=-PHT | 0295-<XT0O
hgé-~- 3 godg-~ Ip Bi46~-- 5§ B136-= PP | 0296--4T0 | Q295--- 2
andv~- 9 gR9?--3TF B3147-~ 8 0197~ 0247-- 4 0292~--FMN
BH4G-- 2 Wi9g--Rup Blés-- + 0193-~4EY | 0248-~ 2 1298-- 1y
AigQes | 999--FNT Slgd-- 1199~e o 0249~~kDp | 9299-~ -
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ST TR TN R IRy T A RN R

TR T T A

STEP KE.Y STEP | KEY STEP | KEY 5TEP | KEY STEP} KEY STEP} KEY
W30~ =T | paep.. - A4S0-=[Hp | 3500--FHT | B550--%T0
G391 4 ggg?__ 3 g:g?__ g N451--XTi | 1SO1--KEY | B551--7T0
B342-~ DU} n352--upy | gunz-~cLR | Y94%2--vT0 | MSL2-- o 35°°-- .
9303-~PUT. | y353--puT | 0403-- E | 0453-- ., B503--KFR | 0553--FNT
E0d~-FUT § g354-~ pH | od0d4-- N B4%4-~-~ E uS -Hi—- 3 09 4-- 1
0305-~ 7 | 4355-~ - N4N5-=%T0 335§~- ¥D g:g:" 3 35 g-— SF
9305~~ WP | pase--y D40k=-= Sh-=~) H50E-= & BE96-~
9307~ UF | 0359-- @ | 8407--10D | 0457-- E B507--YT0 | 8557-~ LIF
H30E~-53TF | u355-- pH | 9d4nz--%T0 3333"' E @gtg-— ; 3552-_Eﬁs
| 9309~~FHT | gas9--pHT L n409-- , _| B453-- 4 Ban9-- 2 L 5§ ~-=RUP_
0310--XEY E3Eu--PNT fdig-- 1 9460-- D B310-- 2 0560-~FNT
B311--FHT | 0361--3FR | B411-- N | B461--FHT | 951:--RUP | 0561--XTO
0212~ UP | 5362-- 3 | Bd12--CHT 0462-- 9 | B51&-- R | 6562~ |
6313--5FR | 5383-~ 0 | 0413--%30 | 0463-- Up | D513--YT0 | 656%-- 9
3314~~~ 3 ] a364-- Up | G414--CLR | 6463~~ PP | OS514-~ + B564-~4T0
9315-- 6 | 0265-- 1 | 0415--4FR | B455--STP | 515-- 0 | 0965-- 2
B316--RUF | 03£6--4<Y | O416--CHT | @4éc--yTD | 0516-~ 5 6366-- 9
B317--KEY | 367~ "1 | D417~ a 3425-- ? 221?-- ; gggg--xIa
9315 - | 036g-- 7 | 6415-- 4EG-~ §15-- 565
319--vFR | 9369-- 9 | 0419--CHT | g469--%EY | 851%-- UP | 0565-- & _
-Sééa-- gp"czra-- 7 [9420--XFRT 9470~ ¢ | 0520-~ UFT0570--RUP
832i-- 7 B371-=FUT | 9421=-=-CLA | @471--x=y | 9521~--5TF | 6571 --FNT
3322—"KE‘( !‘3?2—'F‘E1T ?333_-0!:E 84?‘-__ B gézz__g[v-ro gg;s__x.{u
[ X P - "3“3__ J 2d=- -!.:.__ "23__ D ==
gggf--i?é 33;4-- YE 91?4--C¥T 33?4-_ g 0524-- z gs;g--Pip
9325-- 5 | u375--410 ] 0425-~ 0475-- & B525--KEY S75--Fl
33%2-- i | 9376-- o | B426-- 1 0476--%FR | 0526-- 1 | 6576--PHT
9327-- - | 06377-- A | 8927--CHT | 0477--"3 | 0527--4="-| 0577--FHT
B328--YTN iﬁ?g— ?HE 3153—'r£p B475-~ | gsgg-- 5 gdgg--gng
3329-~ 5 | 9379-- Sdcd=-LLK } g479--gup | 0529-- 5 579--
0330~ BN [asga--ATOTTadge-- B T edso--pnT T0530-- 3 T0580-- 1
9331--FNT | 4331--¥T0 | 0431-- N 1 g431--xTo | 0531-- 6 | 6581-- M
9332--FHT | 0282-- e 34 32--4T0 gjgg-- + ?de--blu 3533—-C3T
§335-- 5 | DEE3--C 3453~ . -- 5 | 9533-- 553~
5335-- up | 93%4-- 5 gjég--tng Bdid-- 0 3534-- Z >gs§4-- f
B335-~ Up | 0355-- 44 55-- 0435--%70 | 0535-~ 585-- ¢
éﬁé”--s¥5 (386~ -ATO | BdsE-- 1 0436-- 3 | 8536--XFR | 6556-- 0
B9337--FUT | 0387~ B437-- H | 04g7-~ 1 | 0537-- 3 | 0587-- F
§335- Y | $355--CHS pigg--CHT | edes--vre | 0536-- 0 | @583-- I
359--PHT | W3E9--CHT | 9439-- YE | gaga-- 3 | 0539-~ UP | 9583-- L
"ggié--Fﬁ; i39G-- 1 -0440--CHT 10430~ ¢ 0546-- | 6509~ € —
9341--RFR | 2391-- H | B441-= A | 9491--RUP | 0541--R<Y | 0591--FNT
0342-- 3 | B392--CNT | Bad2-- F | 0492--FNT | 0542-- 1 | 0592-- |
B343-~ 6 | 9293-- YE | B443--RTO0 | gyaz.-uey | 6543-- ¢ | 6593-- |
§394--RUP | H1594-~COT | Oddd-— E | gaas "2" | g543-- 2 | 0553-- up
0345--REY | BE95-- 1 | M43~ a | gyac__yrp | 0S45-~ 0 | 0595-- Op
03¢6-~ - | B896-- F | Wddb== 0 | gyag "3 | 0S46--FNT | 0596--5TP
0347--¢70 § BEET--CLR | W7~ L § gydo 7 | 0547--FiT 0557--FF
024g-- 7 | #3%8-- W | Wadd-~ L ggaco_pyp | 0S42-- A | 0593--PHT
0349-~7FR | #39S-- 0 | B49==CHT | qugq..pNT | 3S49-- L | 6595-~RUP

B LA G T

ey e




3 ‘
3
Bo STEP | KEY STEP | KEY STEP| KEY STEP | KEY STEP}] KEY STEP] KEY
9 0600~-FRT | VESH~~ 1 Br-- HF |} BUSHB-- 7 . . B35 =m
» 6gni--Rup | g51--x70 | c7ot--urr | 6751 & | G50 N1 | bagyoo T
- NEA2-=-YTH | NESZ2-- @ N7H2-- 3 A752~- ¢ ﬂége-- Q ,;5,_- H
; QE03-- 3 | 8653-- | | Gv03-- 4 | 0753-- 1 | qzp3-- - | o353
: QE0d~~ 1 N654-- | NeNd-- ¥ B754-~ UP | Jzad-- DN o
2 QEDS-=FHT | B685~~0T0 | 070S-~-vTo | 8755-~- b | GzoS5-- % | &
i BEIE--FHT | B656-- 4 aroe-~ | ATSE~~ + asne-- 2 | o
ABB7P--XEY | B657~- 3 BPRT-- 3 BPST=~1T0 | aznz--4T0l o
Ped3-~ 2 | B853-=NTd | 9703-- DH | O73E-- b nang-- - | g
| Qegd-=RUP_| B559-~ ¢ | 07@9--NFR | 9739--GT0_| nea9-- g | gzse
BE10-- ¥ | 0660-- 5 T[B710-- 3 [ 08750-- B [ 0210--%FR == 1
3 06t1-- 2 | weét--uTn | 071t-- 5 [ 9761-- 7 | a2t1--IHD | 0261--%FK
: B612-- 0 | D662-- &4 | 071222 % | 6782-- 3 | 0212~- 0 | 0562-- 1
; G615~ + | 9663-- 6 | 0713--%FR | O753-- 6 | 2243-~ + | 025%-~ 3
4 0614--yTo | 9664--%T0 | 0714-- 2 | 0764~- = | 3514--2FR | 0264-- ¥
3 8615-- 0 | 9665-~ 0 | 0715-- Up | 07E65--3T0 | 0215-~ 3 | 0265-~ 2
: 0615--%FR | 9666-- 4 | 0716~- o | 9766-- - | 021é~-- 2 | Gz66--DIY
3 9617-- 3 | 8667-- § | 8717--u¢y | B76P-~ @ | 2817--YTO| 6367--KFR
; 0618~~ 2 | 96é5-~ 6 | 9718-~ 0 | OFEE~--UFR | 0218-- 1 | 0368-~ 4
2 BE19--RUP | BEE9--%TO | B7159-~ 7 8765--1HD | 9619-- 5 | 62ed-- 1
: Fge20-~ ¥ TO67O-- 4 Torao-- 3 TTOP70-- 0§ UE20--DIVTOE7O--KEY ]
; 9621-- 1 | 0671-- 4 | @721-- 9§ | 9771~-uT0 | 9221--KFR| DEP1-~ ¢
9 0622--YT0 | BE7E--UTO | DP28--UFR | O772-- § | L222-- 1 | 8E72--YT0
3 0623~-IHD | 0673-- 4 | o723-- 4 | @773-- & | WBZ3~- 0 | 0573-~ 1
3 0624-- &’ 06?4—- 7 | orzd4-- 2 | a7ra--uey | 9824--FHT | 6274-- &
4 B625-~HT0 75--v70 | 07z2s--rup | 9775-- -~ | 0€25-~FHT | 0275--FHT
; BE2E-~ - aﬁ?e-- 5 | 0726-- X | 6776-- 1 | 0%E6-- A | 037e--FHT
4 0627-- o [ 0627-- 0 | 9727--vTo | 9777--uTO | w&€27-- L | 0%77~-- @
: 0625-~HFR | WE7E-- .2 | B728-~ | | 8775-- + N528--AT0 | B275--KFR
3 | 0623-- 3 | 0679--"1 | dpz9-- 4 | 077%-- g | 0€29--FHT | B&79-- H
: C3630-~ 1 | 9880--2TO T 0730-- & [O730--NFRTOSIN-~FHT T0380-- . 7
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3.3.7 SAMPLE INPUT/OUTPUT PRINT

The following copy of the HP Printed Tape shows a typical probiem and solu-
tion.

The balloon, 45,000 CF, was assumed to have an aerodynamic pitching~mom-
ent variation with angle-of-attack which could be defined with only 3 points (2 straight
lines), No "Extra Weights" were added. A 3-point wind profile from the max alti-
tude, 5500 ft, to the surface, 4000, was also part of the input.

Solutions provided trim angle, total balloon force and angle, and other param-
eters at 5500, 5000, 4500, and 4000 ft. Option 3 was then exercised to add 273 1b
at the confluence point and similar solutions then followed. Note that only the extra

weight and its location had to be entered; the other format inputs were printed auto-
matically,

ot b = e
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PROG. #76.003

TRINs GEH.RALLOGN
6. 84900
6. 10504
6.90071

CM TABLE
1-. 88805
@, 488004
A.090060

2.080004
6,80909
8,081608

3.00000
14.83000
8.00009

PH,SICAL BALH.
45800, 89
1880, on
83.79
2€.60
-21.99

S57.30%
-2.50
30.70
2%.40

Sz.20%
B.840

25.e0

21,90

O
PO e
[ X R AN
DR S
B

[ox)

EXTRR MTS,
ENT.m IH X IF
HOHE
ENT.UT.IN 2
Y IN ¥y B IH &
EMT.¢ IN X AFTER
ALL WUTS.EHTERED
ALTS.
256840, 08
40008, 00
506,040
WIND PROFILE
1,08
5588, 048
59,60

2.aa
5690, 09
25.849

.00
4609, 60
15.088

ALT

SHun, 06
HEIGHT

{500,008

MWIHD

D)

o
=

B t1Y]

DYH.PREZ.
T

o

i

MEGH., MM,
6031.72

AERD MaM.
~602%, 50

EXTRAS MOM,

u. a0
SUM OF MM,
=

[l
Y—
V]

]
TREIN AHGLE
od

ekl

LX)

L
8.17

RERD LIFT
15

929.63

(203

£D
B.11
DRAG .
1943, 34
ch
8.1
RERO P. MOM
254.76

GROSS LIFT
2538, 17
TOT.LIFT
4059, 80
SUM"EXTRA"UWTSE
g, 06
TOT.WEIGHT
1909, 09
HET LIFT

TOTAL FG

o
el
]

L0 0D
Pl 3D
=~ kg man

el ad O]

AHNGLE TQ

=

ALT
980, a0
HEIGHT
100, 09
WIND
25,40
DYH.PRES.

P
ol

‘MECH. MO,

. 4967, 41
AERD MM,

-4963, &

EXTEAS HOM,
0.aa

SUM OF MO,
4.13

TRIM AMGLE

s
T
EN

cL

Feh
X

o]

RERO LIFT

oyl

f“‘\._/yf*-\m_

(=g
-
[x 2%
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ALT

4208, 00
HEIGHT

WIND

8.08

15.00
DYN.PRES.
.68
MECH. MOH.
3546.00
AERO t10M,
-3533.28
EXTRAS MON.

G‘Bg
SUN OF HMOM.

12.72
TRIM AMHGLE

cL

6.19
9.30
AERD LIFT
268.57
ch

8.13
DBRAG

il

114,43

B.01
AERO P.MOH
781.98

‘GROSS LIFT

2538.17
TOT.LIFT
. 2798.74
SUN"EXTRR"UTS
6.00
TOT.WEIGHT
1065, 90
HET LIFT
T179n.74
TGTAL FURCE
1794.39
ANGLE TO HORIZOH
86,34

PROR.SOLVED
J.g. .M. 76.003

ENT.IN ¥
1 TO STHRT HHEW
2 TO CHAHGE BALH
DiN.
¥ TO CHG.EXTRRAS
4 TO CHG.RLTS.
OR WIHDS
3.006%#
YOLsWTs LHGT. HULL
45080, 09
1909, 00
23.70
EXTRA WTS.
ENT.n IH ¥ IF
HOHE
ENT.NT.IH 2
Y INYs ¥ IH ¥
ENMT.n IN ¥ AFTER
ALL WTS.EHTERED
275.680
26.60
~21.90

ALTS. s MR SURF,
DELTH
5500, 06
4000, 05
560, 59
WIHD PROFILE
1.00%
5500, 00
50, 6
2.00
5066, 0
25, 05
3.90
4008, 60
15,00
ALT
HEIGHT

WIHD

5560.00
15006, 00
50,00
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DYNI PRESI
7.21
HECH. MOHM.
EB21, 72
AERD HMOM.
-6025, 66
EXTRAS MON,
9.08
SUM OF MOM,
56,12
TRIN AHGLE

cL

3.42

a.1v¢
AERO LIFT
1529.63
Ch

g.11

DRAG

1642, 34
CH

a.a1

AERD F.HOM

4354, 75
GROSS LIFT

2539,17
TOT.LIFT

4059, 540
SUN"ERTRA"NTS

275.00
TOT..WEIGHT

1275.09
HET LLIFT

2784. 21
TOTARL FORCE

273 8%
AHGLE TO HORIZAH

£9.40

ALT

SO0, 00
HEIGHT

1o06, a0
UIHD

2

D]

Y

[}

DYH.PRES.

—

D]
i)

MECH. MOM.
“‘9'3?0 ‘;l

o e
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3.3.8 NOTES

A, If incorrect data is entered, do not press STOP END to restart program.

For proper restart, clearing all registers, press the following

STOP
GO TO
1
7
6
9
CONT

B. Pitching-moment coefficient, CM table, STOPS 2, 3, See also section
on development
1. STOP 2 requires entry of the total number of points used to
define the C, /o curve,

2. STOP 3 requires entry of Point Nos. which should start with 1
for first point where a = 0 and proceed to 2, 3, etec, with
larger values of &, Last Point No, must equal number
entered in STOP 2,

3. Upto a total 7 points may be used to define the Cm /a curve,

4, If for example, 6 points are used to define the curve, 5 slopes,
dcm/ da are thereby available for calculation of Cm at any a.
The slope between Point Nos, 5 and 6 is assumed to extend
beyond Point No. 6

C. Extra Weight Entries, STOP 3

1, The payload weight can be included here if desired as will nnt

affect the trim angle if located at the confluence point:
(X) ) (z)

STOP 9-9-9 x°F yCP w
It will affect the net lift and hence the total force and its angle,

2, Other extra weights locations will also affect the trim. Due to the
make up of the program do not make the X location of any weight
equal to 7, X locations can carry a negative sign if ahead of the
nose of the balloon. A negative-Y indicates a position below the
centerline of the balloon,

D. Wind Profile Entries, STOP 11

1, First entry must be Point No, 1, with Z = Zm

{Ballonet empty condition),

ax
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2.

3.

Up to 12 more altitude~-wind points may be entered to define the

ax to zsurf‘
The last entry must be for Zs urf®

wind profile from Zm
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3.4 Program 76,004 — FAMILY-2 Tethered Balloun Trim, Single Altitude, '
Design Condition: Ballonet Empty

3.4.1 GENERAL DESCRIPTION

A type of tethered balloon, called the FAMILY-2 has an aerodynamic shaped
hull and two vertical and two horizontal fins, During its development, model
wind~-tunnel and full-scale static and flight tests were made in extensive detail.
References 1 and 2 provide a sufficient amount of information on a 200, 000 CF
system to write a trim equation with more exact constants than any other balloon
now available,

Program Nos. 76,004 (and 76, 005) were approached with the idea of providing
a quick solution to trim problems as well as inputs to the tether-cable program.
They were tailored for a 45, 000 CF balloon which the AFGL will receive in 1976,
However, they can be easily converted into a completely general program as ex- ‘
plained in Section 3.4.8. Program No. 76,004 is concerned with the condition
where the balloon is completely filled with gas, that is, its ballonet is empty. It
will be called the design condition. Program No, 76, 005 was designed to accom-

* modate both the design condition as well as other conditions at lower altitudes where
the ballonet is in various stages of air inflation,

Due to the extensive measurements made with the 200, 000 CFF FAMILY~2
balloon by the Range Measurements Lab of the Air Force Eastern Test Range, it
was possible to obtain data which allowed use of the balloon aerodynamic center-
of-pressure, Like the neutral-point, it is defined as the point where the pitching-
moment is zero. This permits elimination of one term in the moment equation
developed under Program No, 76.003 where a fixed aerodynamic center was
utilized, The longitudinal variation of CP with trim angle was computed in non-
dimensional form.

Since the RML balloon features a large windscreen to cover its payload and
the more general balloon being obtained does not have a windscreen, the differences
in aerodynamic characteristics had to be obtained from wind-tunnel tesis of the
two designs, Since flight data differed significantly from wind-tunnel data, the
delta windscreen effects were applied to the flight data to obtain the full-scale
aerodynamic characteristics of a FAMILY-2 balloon without windscreen,

The center of buoyancy locations were non-dimensionalized from flignt mea-
surements of the RML balloon assuming that the windscreen has no effect. The
vertical location is a straight-line function of true angle-of-attack. However, the
longitudinal location is a function of both trim angle and ballonet fullness, For

1. Yon, T.H, (1974) Design Verification if the IID-7A Balloon, Test Program
Report TR No, T4- ervice Co, for Range Measurements Labora-
tory, Air Force L‘astern Test Range, Patric AFB, Florida, 2 Volumes.

2, Schjeldahl, G,T. Co, (1971) Wind Tunnel Test Results Family IID Aero-
dynamically Shaped Balloon, 5 Volumes,
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this cage, of an empty ballonet, a curve-fit with a correlation of 0. 99 was possible,
This fit is used in Program No. 76,004, the design condition.

3.4.2 DEVELOPMENT OF PROGRAM AND EQUATIONS

This case covers a gpecific tethered balloon type wherein:

a. The location of the aerodynamic center of pressure (CM = 0) is known
and can be utilized rather than an arbitrary fixed aerodynamic reference center
(CM # 0).

b. The fore and aft location of the center of pressure varies with angle
of attack,

c. The location of the center of buoyancy varies with .,

d. The balloon will be flown only at its design altitude condition (ballonet
empty),

A, The object of the program is to determine the trim conditions of the balloon
and the total force and its angle which must be resisted by the tether-cable. The
tether-cable is attached at the confluence point of the multiple flying-lines attached
to the balloon's skin, Hence at trim:

¥ Moments at Confluence Point = 0
Positive moments are clockwise

Y
LG
L,
~ \
La N
A 1\ N
&
\O La
cs
~
Center D
Pr%fss .
s o~
U] ] - 4 X\
~), r %

m W N
CP~Confluence Poin

ond Aftachment Point
for Tether Cable
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The moment Eq. (10) developed for Program 76, 003 in Section 3, 3. 2 is applic=~
able here provided the aerodynamic pitching-moment {s removed. The equation
then becomes:

0=mW - tL + tan o (nW - uL) {Mech, Mom,)
-K[raa-sb-sca +tana(saa+rb+rca N (Aero Mom, )
+cos o [IW, (x - x© )+ tan o TW (y - ycp)] (Extras Mom)

B. After solving for % rim the Aero Lift (L ) and Drag, can be calculated

and used with buoyancy and Mass terms to obtain total Resultant Force (F ) and
(0) at the Confluence Point

NET LIFT Fr=TOTAL
RESULTANT
GROSS—-Lg FORCE
DRAG, D 6 2 ANGLE ABGVE HORIZON
BALLOON-W 0

EXTRAS—We

C. Use 2 constant form for density ratio (same in all programs)

Inp/p
o _
—y— = ao+ aIZ
where

-1,7772"10
-5

8

-2, 81361

a
(o)

D. For 45,000 CF Balloon, let

XCG =57.3 ft
Yog = -2.5 Built into program,
CP See Notes to change to
X = 26,6 entry quantities or to
vCP = _31.9 change values
g§=31,9
‘c= 83.7




CG Location assumed unchanged with ¢ variation. RML tests for CG
were made with empty ballonet and therefore best for design condition,
E. Center of Buoyancy ~ Empty Ballonet
Yop for 200, 000 CF balloon= 0,5
Hull length, ¢ for 200, 000 CF balloon = 137, 58

Yop [ = .003634

From fit of data in Reference 1 for empty ballonet case
XCB/E= 8, + 85 o+ a

where

a, = 426185
a, = -. 00110645
a, = . 0000438942

F, Aero Coefficients - Flight data corrected for no windscreen by difference
in wind-tunnel data with and without wir~ .:reen

a, Cp =.049¢ or dCL/da 049

2 dCD 2
b. CD=.106+.00071fy ='C +-—2-a
0 dor
CD =, 106 = minimum drag at o = 0
(0]
ch/do,2 = ,00071
Y
Ce SP =0
c
ch

d. from W, T, tests w/o windscreen, A series of straight lines is
used to define the variation of X /c with

X il
( CP 3 C
Region o Basge ‘Base da o Range
1 0 . 657 . 2691 ¢-,55
2 .55 . 805 ~.435¢ .55 -1,35
3 1,35 . 457 . 1229 1,35 - 1,7
4 1,7 , 50 . 01395 1,7 -6,0
5 6.0 .56 . 00370 6.0
26,0 .634
x X XCP
<P . (—=— CP) + -(a-~-a )
5 Base T Base

73

PO




L st Silh vy

3.4,3, FLOW CHART

©

0000

Progr, No. Title
p» C.B,; Aero, C.P., Sp. Lift, Constants
USER ENTRIES

(x) (y) (z)
STOP 1: Vol, — —
STOP 2: WtB _— -
STOP 3: —
{ STOP 4,5,6,7 OPTIONS (See N%tlgs)]
C
n=Y - Y
C
8= -YEp
Extra Weight Message
STOP 8: " -— —_
If no extras
STOP 8: X W1
For each Extra Weight
STOP 8:
When Entriea Completed
STOP 9: Z
STOP 10: Wind - —
STOP 11: o* — -
(Guess)
0691
p/po - In p/polz =a +a, z
p=plp,Xp,

Spec. Lift = Spec, Lift at S, L., X plpo
VB X Spec. Lift

74

0855
No 0820 Yes

0855

0833 Yes

Is w<1,35°

0855

Using 2n + 60, Obtain fromn
Ind, Storage: dXCP/'é

Using 2n + 59, Obtain from
Ind, Storage: (xCP/C)BASE

=1/2 ,, vel?
X X dX -
CP _{°CP CP/c
k- qVB -_ -("‘:‘)"' o (e-ap)
c ¢ /g
X
—e— Xep=—E x T
0760 c
X
CB _ = Xp - XCF
= =a +a;0+a,0 r=Acp
Xcp = ﬁ XT 0886
© cP Calc of Aero Terms in Mom. Equ.
t=X 3B -X -K{. 049 ro - . 1063- 0007 1sa®
Yop S Yon 3 + tana(,049sa -, 106r + , 00071 ra)]
c Calc. of Mass/Buoyancy Terms in 9998
u=Y v Mom. Equ.
CB
mW - tL + tan o (nW - ul)
Calc, of Extra Weight Terms in 0997
Mom. Equ,
cosa (L we(X-ch) .
» v wCP
tan @ S W, (Y-y" 1))
Note: In flow chart, n’ {s used as the CP region number, @

e e i i e A nn e s - e v
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1046

o -

No Yes
1481

Go to 0760

1052
| Ax=-.1 I

1056

Prev Ax - 2nd Prev A
Ay » Prev Ay
“Prev  Aw+2nd Prevs Ao,

o' =a+ ha

[ 1123

Yes
IsTM<O

1093

| 1137
Final Answers Calc and Printed
r
t

u
Mech, Moment Terms
Aero Moment Terms
Extras Moment Terms
T Moments € 0

o, Trim Angle

CL = .04901t

Ly 2
CD = ,106 + .00071¢rt
x, Center of Pressure

L=L T L’G
We, Sum of Extra Weights

= \V
W.-“B-I»We

Lygr=L-W
Fr., Total Force
8, Angle to Horizon

I

1421 |
V a.z=.23nd-ao

Start Over

1105

Prev Ax - 2nd Prev Ax
At = Prev Ax

Prev A~ + 2nd Prev Ax= Ami.z

a' =a+ Ay

1101 ‘
Awv = -, 01

1537

Clear all Registers
Ready Next Problem
Prog. No.

Go To 0000
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3.4.4 OPERATING INSTRUCTIONS
KEY STROKES ENTRIES

RUN
END
FIX, 2,3-=--

CONT (X) (Y)

Stop 1, Enter: \'2 -
CONT

Stop 2, Enter: w -
CONT
Stop 3, Enter: c -

CONT
(Stops 4, 5, 6, and

use of these for X X(‘G' AND YCG)
Stop 8, Enter 1 or: xl Y1
CONT
{Stop 8 repeats until closing 1T is entered)
Stop 3, Enter: Z -
CONT
Stop 10, Enter: w -
CONT
Stop 11, Enter: o -
CONT

76

(z)

PRINTS

(No. of desired
decimal places)

Program No, and
Title

VB' Balloon Volume,
CF

W, Balloon Weight,
B

‘c, Length, Hull, ft

not in program as written, See notes for optional
ChnoL &bt

X - CONF, PT.
XCP

Y - CONF, PT.
vCP

X, Y CG-M, N, S
XcG

Yea
m
n
]
Directions for "Extra'
weights:
Ent 11 in X, if None.
Ent Wt inZ, yinY,
x in X,
Ent I in X when all
entries made.

W1 (if entered)
Y, (if entered)
X1 (if entered)

Z, Alt, ft
W, Wind, Knots

&, Guess trim angle,
deg

[
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(Program begins computations) DYN PRES2
q, 1b/ft

In a¢-trim loop, a pause at Step 1125, displays & in X reg.,, and Moments
in Z reg. as search is made for a-trim where . Moments = 0, When found,
printouts then occur as follows:

R
r, ft
T
t, ft
U
u, ft
MECH, MOM.

Values of Mech
Moment, ft-1b
AERO MOM.
Value of Aero
Moment, ft-1b
EXTRAS MOM.
Value of Extras
Moment, ft-1b
SUM of MOM.
s Moments = 0
TRIM ANGLE ATCK
v, deg
CL
CL

AERO LIFT
Ly» b
cDh
C

DRAG
D, lb
¥-CENTER PRESS
GROSS BUOY, LIFT
LG' 1b
TOT. LIFT
L= LA + LG' 1b

SUM "EXTRA" WTS

Twextra. 1b

TOT. WEIGHT
W= WB +
sW , 1b

extra
NET LIFT
LN =L-W,1b

; TOTAL FORCEz—
Fp=yLy?+ D b
' ANGLE TO HORIZON

8 = arc tan
LN/D. deg

READY NEXT PROB.,
J.B. W, 76. 004

A new set of data can now be entered at first stop in program after repeat of Title
and Number.,

D

Dhaea=-any}
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2 3.4.5. SAMPLE INPUT DATA FORM
4
3
Y INPUT 76,002, 76,003, 76,004, and 76,008
76,003, 76,004, 74,005 786,003 and 78,003 ¢
EXTRA W EICHT TABLE WIND PROFILE®
Balloon Volume Vg e wy (U] No. 1 1
Baltonet Votume v cult ¥y n Zyaxe nMsL i
. H
Balloon Weight WB n Xy ft Wind, knots {
2
k- Hull Length H n W, No. 2 2 i
/ Q@ [Locs cP fn ¥, z i
L stion oln' Y 2 2 ;
7
xCP " Xy Wind, '
3 Location of Center CG W, No. 3 3 !
@ of Gravity Y f 3 B
3 xce n ¥y Zy
3
3 Location of Center CcB X Wind, ¢
i ® of Buoyancy ¥ R 3 3
- x¢8 n w, No. 4 \ ‘
O | Location of Aero ARC Y z .
Reference Center ¥ " M M
S XARC " X, Wind, )
3 Altitude, Max zy, n Wy No. § H 1
- Altitude, Surt 12 n Yy Zy
Increment of Alt AZ nt X Wind,
3 D |y a0 . We N, 8 ]
3 > c”o 3 Yo zg '
2 =
3 oyl 3 Xg Windg
F 9 {c,TABLEY W, No, 1 1
3 NO. 1] 1 ¥y 2,
ay ° deg Xy Windy
S Wy ~ No, 8 s
NO. 2] 2 \'. z.
3 LF deg Xy Windy
1 Caz Wy No, 9 )
- NO, 3] Y, A'!9
3
3
ay deg Xy Wingy
3 Cpy %o No. 10 10
E NO. 4| 4 Yw zl°
3 y
9 dex X0 Windyo
4 - -
7 Cone w No, 11 n
F
e R E Yy z,,
i ag deg .\t" Wlnd”
L Cas Wi No, 12 12
NO, 6] ¢ \'" 7."
3
ay deg Xy2 Wind,,
3 Cps Wiy No. 13 n
3 R ¥y )
3 a, ez X3 “'Mli
y
Sz
O See Note 16,008 A m
. ; A “extra™ It ¢
§ ovdioriiootmeon | Ammmb st |t
Req'd for 74,003 only Oneertry cande | matimum of 13 may be
i ¢ A minimum of two potnts must Tnetrument Phckage and | used: Fiest must Ge
:;4:«':':6.',?::'35'"&‘.::"?“ Paylosd. 1t IMIQ‘I?( st | Zatax andlast mustbe
i mest be for s 6° p Confluence Point make | Zgupre. 16,000 requires
3 ' YerY one value of wind,
P
' xex®
3 78
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3.4.6 PROGRAM 76,004 - TRIM, FAMILY-2, SINGLE DESIGN ALTITUDE
STEP | KEY | STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP| KEY
INIY--CLR | 9050-- 7 | 0100--CHS | 21S0-- 7 | 0209-- 2 | 9250--XT0
2981--FMT | ugSy1-- 7 | ©l61--XTO | 0151~- 1 | @261-- 2 | ©251-- @
0002--FUT | aas2-~ 7 | 9i1e2-- & | 0152--XTo | n20z-- ¢ | ©252-- 4
0203-- ¢ | 9053-- t | 9163-~- 3 | 9153-- 0 | 0203--¥70| 9293-- ¢
8034-- o | 0pS4-- 7 | 0104-- 7 | 9154-- 2 | 6244-- 9 | 0254-- @
Qeu5-- 0 | vpSS--CHS | 2105~- . 0155-- 1 H265-- 6 | 02355--4T0
0696-- G | 0a56--EEX | W106-- 0 | 0156-- 9206-~ £ | 9236-~- ¢4
090?7-- . | ogs?-- 1 | 91e7-- @ | 9157-- ¢ | n2g7-- , | 2257-- 4
0008--GTD | aosg-~ o | 9108-- 1 A158~- S | 920¢-~ 5 | 925&8--%T0
| 0699-- 7 | 6059--CHS | 0109-- 1t | 8159-- 7 | 6209--x710] 9259-- ¢4
0010-- 6 | oaen--xT0 | 9118-- @ | 9160--XT0 [ 021@-- o | 9266-- 7
0911-- , | gag1-- @ | 9i11-- 6 | 01€61-- @ | 9211-- & | B261--%XTO
6012-- 9 3962-- 3 g9112-- 4 8162-- 6 0212-- 7 | B262-- 5
0013-- @ | ape3-- 9 | 9113-- 5 | 8163-- 1 | 0213-- , | 9263-- @
0014-- 4 | qp4-- 2 | D114--CHS | G164~- , 9214~- o | 9264~-¥70
0015--CLR | 9065-- , | 9115--XT70 | 9165-- 2 | @215-- 1 | ©9265-- S
0016--XT0 | vage~- g |.2116~- 08 | D1é6-- 6 | 0216~- 3 | Q266-- |
8017-- a | po67-- 1 | 8117-- 3 | 8167-- 9 | B217-- 9 | B267--XTO
0018-- I | pess-- 3 | Bl1e~- 6 | B16E-- 1 p21e-- 5 | 826%-- 9 ,
@019-- M | ans9-- ¢ | 8119-- . B169--KT0 | 0219--370 | 02€%-- 5 :
0020--CLX [ go70-~ @ | 9120-- 8 T[781708-- 0 T a220-- 9 T-02708-- & ;
0821-- D | go71-- 6 | 9121-- 0 | 9171-- 6 | 0221-- & | 9271--, ~
8022-- E | ao72--cHS | 0122-- 3 | B172-- 2 | n222-- & | @272-- 0
0023-~YT0 | 0973--EEX | ©0123-- 6 | 9173-- , g223-- , | 9272-- 6
0024-- I | 0074-- 5 | 0124-- 3 | 9174~~~ & | 0224~~ § | B274-- 5
0025-~ G | 0o7S--CHS | 9125~- 4 | 9175-- g | @225-- ¢ | 9275-- 9 5
0026-- N | 0076--KT0 | 9126--KT0 | O176-- 5 B22F-—XTD RETE-- 2
8027--CNT | oa7?7-- ¢ | ©127-- @ | 0177--XT0 | 0227-- G2y7-- 2 |
0028-- A | ogA7g-- 3 | 0128-- 4 | 8178-- O g228~-- s 0272--XT0
| 8029-- L | 0679-- 8 _| 0129-- @ | 0179-- & | 0229-- 9 | 0279-- 0 |
0030--XT0| oRg0-~ . 8130-- , Tf 8186-- 3 T 0230-- , T 6280-- 3 |
0031-- . | pogi-~ 4 | 0131-- 9 | 9181-- , 0221-- ¢ | B2&1-~ 4 :
0022-- F | oog2-- 2 | 0132-- 4 | 6182-- 4 | B232-- 0 | Q2&2-- . !
8033-- A | 0023-- ¢ | 8133-- 9 | O183-- 3 | g233~- 2 | BEsz-- 0 ;
@034~~ M | 9024~-~ | | 0134--XTO | 9124-- 5 | 9224-- 7 | 9284~- @
8035-- . | 9ueS-- & | 0135-- @ | 0165--CHS | 0235--4Tn| U285-- 2
802€-- 2 | noge-- 5 | 9136-- 1 | 0186--KTO | 9236~- g | 0256-- 2
003?—-cur o087--x70 | v137-- 9 | 0187-- g0 | g2z7-- 7 | 9ez7-- 7
8938--kT0 | poge-- p | 0138-- , 6158~ € 0238-- o | 9282-- 2
0039-- , | gng9~-- 3 | 9139-- 1 | @159~~ 4 A239~- 1 | 02a9--XTO
~0040-~ B T 0590-- 5 [ 0140-- 6 T°0190-~ ., [T0240-- | T 02%0-- 9
0041-- A | 0091-- . 0141-~ 6 | B191-- 4 N241--uT0] Be91-- 1
0042-- L } 9092-- 4 | 8142--XTO } 9192-- 5 | 9ade-- 4 | 0292-- 2
0043-- L | 0993-- 3 | 0142-- 5 | 0133-- 7 0243~-- 3 | 0293--FNT
00d44-~ 0 | 9094-~ g | 0l44-- 2 | 9194--3T0 | wz44--xT0| 9234--FNT
8@45-- 0 | 0035-- 9 | 9145-- 0 | 8195-- @ 0245~-~ 4 ) B295-~1IHT
00d6-~ H | 0096-- 4 | Oldb-- , 0196-- 6 | 0246-- 5 | 9296-- 10
B047--F1T | DH97-~- 2 | B147-- 0 | 0197-- 5 | 9247--uT0]| w297-- L
0048-~ 1 | ong9e--gey | ©i42-- 0 [ 919%-- , g24¢-~ ¢ | B298-- ,
0049-~ , | vo99-~ 4 | 0149-- 0 | 0199-- | 0249-~- 5 | 9299--FnT
79




ik

v

A dain bl il

fa i)

o Jaas S

EiLhliank allkh ke
L

STEP { KEY | STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP]| KEY
039-- 1 ne f1459-- asn0-- 1550-~
0301--stp | 9339-0ENT | asma-- o | BT 8| ESI0TT B LRSSl
..’-'292""P”I E‘Q‘lz_._ YE ‘:'4‘-':;.__ - ;:'452-—CNT ‘3502""CNT ‘.‘552"‘ 'J
avg3--xTu— 0253~ - aang-~cLy | 9493--1H3 | ©503-- YE 0593-- £
9394-- 4 | 9354== £ | geod-- @ | 9454--XT0 | 9504--CHT 0554--.1
9335-~ 2 ﬂ3d)~_ g | agas--gLy | 9455--vT0 | 9505-- 1 | 9555-- 2
0396-~ UP S6-~- N Addb-=- H 0456--CLR NS06-- N nso """ b
a3g7-- 2 ;_135.?.... F aan7--cLy | 9457-- E N507--CHT | RES7-~RUP
1308-- UP 0358~~ , a4ig-~yT0 | 045&-- N n&sne-- vg | 9S53--FHT
?309-- Juzs9-~ 1 Jodoa--Fu7 ] 0459--XTD_| __?Sﬁﬁ—-CLR__“cu9--'Tﬂ
e i et et e
-- 0361-- , | 0411 -- -~ L.11-- BE61-~
0312--XEY | 0362-~FNT | 0412-~ , 0462--CHT | 8512--KTo | 9562-- +
?313-- Ho | 0263-- 2 | g413~~ 3 | 0463-- 1 B513-~ , | B363-- 3
$°12:-XTU ?3?2-- 6 | 8414--PNT | B4€4-- N | B514--CHS 9363-- 2
ST 1 | Saegmn o | SuigIoRUP | SacomoT | sgieochT | 1gE0- b
- -';‘ - (24 b-- - == "‘ == -J-’J-—
9317--FUT | 0367--PHT | 6417~ 2 | @467--CLR | 9517-~ H 55€7--XEY
O318--FNT | G36E--HTO | @415-~ . | 0465-~ 0 | A51g--CNT | H5623--FHT
;?ggg--Iun | 0269-= 5 | d419~-~- 5 | 0469--4T0 | 0519~-~ YE_| 0S69--FHT
9320-~ E T[RETO-- 4 042a-~-CHS | 8470-- H B520-~CNT | 9979-~ UP™
9321-~- 1 aﬁ?1~- UP | 0421--PNT | 8471-~ E | B8521-- R | 8571--XFR
6322-- crzg--FnT O422--RUP | 0472-~ o | BS22-~- F | 8572-- 5
0324--:170 | 0374--kiR | 0424-kUp | Daga-— 1 | B53e- e | D3ra-- -
-=n x Gt 144 244 =~ -- S24-- E A57 4=~ -
8325--FNT | 0375-~ ~ | 0425~--KT0 | 0475--1T0 as«s-- o | BS7S--XFR
19326-- 2 | 4376-- € | Ba2e-- 3 | 0476-- E | 06526-~ £ | O576-- 5
8327--STp | 4377-- 0O B427--PUT | 0477--CLX | 6527-- N 4377-- 5
035 2--PHT ?;-8-- N L4gj--FHP @475-- E ﬁq¢~--”TD 3378-~FEUP
| 9329--0T0 _4;3?-- F g4ha——PNT | 0479-~ H- | 0539-~ o _| 9379--4EY_|
nsﬁa-- 1 Tasee-- . 04 30=~KTOT D480--KT0 r'us-'m-- [ T assn-- -
b332--FuT | 0362--x70 | a3t--rip | Sagpo- o | SesiiT/Ey | BaEaC &
A% as Hahao_onD  pdzz--RUE | 0482-- o 0532--1T | 9582-- X
A333-~ L | 9343 04 33==CHE 04-5':--: LR | 0532--cHT | B323--YT0O
9334-- E | 0324-- 3 | 0434--PNT | 0484--IND | 0534-- £ | BEG4-- +
39;—5?-- ‘x~_| ‘::;S:;:'-—- 1 :’:-::.“j--nlu gj&:f—'-—:{m US285~-- 1 BS%S—- ]
K ognle== 1 i BE-~ Ql..r-- \ I526-- 2
RET .J':"-‘-'-J ) 4 258~-=~0 S ‘:153:2:-- ‘:‘F-'E::-::—" PN
_9@3?--(:.\47__'."?’5‘? FHT _lZi-t’.f‘--FI-IT___G-;"':'-—IHT__ B53%-- E 4529--170
el e I et L L S I
fadf-=1-% ] 92 5 LR Fle~CLY | 9541 ~- Ha91-- 0
0342-- L | 9392-- 5 | Dd4d42-~ F | 0492--UuFF mszé--FST ﬂS?é-- 3
9343-~ L 3333:: WP | 0443--CHT | @493--CNT | 0843-- & | 9583-- 1
0344--FHT aééﬁ--§H¥ ”411"' ol 0494-- 1 | 0544-~ Dp | 95%4-- &
0348-- 3 | 0395--FUT | udid-- 0 ] @438-- I | a545-- Up | 9555~ 1P
ug4ﬁ---TP k396 PE L WaLe=CHT | Q495--CHT | 0S46=-5TP | 059E~-- UF
6347--FNT Uv;;'~FLA Uid7-- E 1 p4a7--iFp | 0S4v--vTo | 9597--STF
§343--7C | AoBB--RFR | DbiG-- TE | pa9g--iLF | 054g-- b | 9598--¢T0d
4349~=- § | AEYI=-LNT | A449--3T0 | Q42%-- § | 0549--ey | §599-~ &

80




STEP | KEY STEP | KEY S £ £
BEOg-=-CYy e ?E.P KeY STEP | KEY STEP| KEY STEP] KEY
BE0n--11C7 | G650--STF | D7UD--XFR | 0750--%FR
001-- o | 0651--PHT | 0781-- 3 | ar5y--"y | 280977 9 | 0o5e-- L
DGR~ nE52-- WP | w7v2-- g 0752~ 9801~~ -2 | 9251~-RUP
0505--"p | 06S3-- 1 | 0763-- + | 0753-- | HEaz-- 5 | o252--RUP
0i04-- & | 0654-- , | 07e4-- Du | 0754-- o | 3203705 1853~ XEY
peas-- 1 | BESS-- 6 | 0705-- X | 9755-- E BE04---UP | 0554~ B
8606-- 2 | 65—~ & | 0708-- DN | 07S6--vTo | fas— np | oaoe- 2
0867--5TD | BES7-- 7 | 0707-- | B7ST--(T0 BEQL=- UP | 6356-- 2
QE0g-- § | 9553-- 8 | 0702-- UP OTSE-—FHT WERe=-- & | 6357--RUP
0509~ 5 ] 0653-- X 1 87a9-- UP 1 0753--FHT D20Z--RLY | 0858~ ¥
0610-- 5 [0LE0--YTO [ 0710--4FRT[ 0760~ a BEnd-- 8 108859-- & !
Geli-- & | 0661-- 1 | 8711 1 B7Elom up | HELB-- & ) 0260-- 0 i
oi12-- 3 | 0sea—- 1 | 9712--2 | o7éz-—use | na1z-- 5 | paes-—vT
0613-- U | 06s3-—FmT | 8713-- X | 07853-— Up | G815~ 1 | 0565-- b
0514-- UF | D6£4--FHT | 0714--vT0 | 6764--1tFR 0813-- 1 | 0263-- b |
BE15--FNT | 0565-~ G | 0715-~ 1 hooe_ ok | Q814 . | 0854--AFR
Be1e-_FuT | fecio—1ox | 8716-- 2 | 0riio- 2 | soie--gup | ogeennhD
9617-- A | 0EE7-- E | 6717-- Il ATeT— % ?ﬁis“m-”’ 0g€6-~ b
0618-- L | B653--YT0 | 8715--kFR heituer | oalaoee | DEeT--RUP
| 0612--xTo | 0sa--vTa | 8719--3 FAFEARU AN I Eain 1l ML
DE2h-— | Desa-— NI B7Eh-— § Toree-- & T he2a--KivTasen—xTom |
| 0621-- F | 9671--xT0 | 0721-- % | 8771--RUP fE2f--RevTas7a--410
065370 | Bevao— o | 072z--uFR | orvi-— % | G6sz-- & | berz-- b |
seres | obram | weaT | gtre | seea | oerieuen |
BE25--1T0 | D675--CHT | 8725-- ¥ aolan @ Y REEATT Y |hEram
T b e b N RS R ERR ] oy |
27--FHT | QE77-- 1727~ - 27— 7 A !
BE2g-3TF | 0E78-- G oSS TuEn | QTTIT DM BEEITT I | MATIITHER :
[ 0623--FHT | pévs-- L | 8729--"1 | 9775--xrR asae—gup | pava o |
0630--xT0 8250-- € T0730-- | T 0780-- g | 0430-- 3 R f
063i-- 1" | D6gi--FiiT | 0731~ N s lrur | nagaTTRIR *
063z-- 0 | nega-- 1 | B732-- UP oronume | Daa2-ip | bogs—— 4 |
0633--FiT | nega-- 1 | 0733--4FR | 0783--"5 aaso ey | oogemm 4
0634--FHT | 0:>4-- UP | 0734-—1" | 0784-- § | ne3d—" SogaooyT ‘:
n":.:"““m o8GR | 0735-- % | 0785-- - | 04235-- 2| aead--vIo :
3636-- 1 | 0uB6--3TP | 0736-- X | 0786--1To fose—- & |ooea 3
ggz;-- M. | 9887--PHT | 8737-- 2 B757-= 7 | 1E237-- 5 ?SEE"“& 1
E;‘;‘:’“ o GeEE--PHT | 0723--DIv | o783--uFR | 0235-- ol = mask :
__1?95“'QL(<~_i?E,E:'3-—'ATD G7529-=3FFR 0759 \4 % i'l';" é'_- X 135223--' g
064f-- K 0630-- o |0740-~ 4 |-0790-- o | 9840-- 5 J 38394tk |
?34})-- Ho| 0691--4FR | 0741-- 1 | a791-- up f241--RUP g:_gu-— 2
0642-- 0 | 0632-- 1} B742--XEV | 0792--4FR fai2-— 2 | 6592 X
o=l IO K J?' :'_"' x L= o JpEN : -‘;' D - :'-::.’-‘.'-\ul
§644--VT0 | 0634~ Up | 9744--¥T0 3,3;,4'-_ g :.:fg.'{_-gﬁ? fi93--HER
Qeas-TT| Beget R Biv ) B795-~1FR | HE45--4CY Gaas-— Op
0g47-- 0 | BEG7--5 pEotmail IEEcul B et i et
gédg-- Up | fids-- & | O74E--FIT 4TSET T | GEae 5 |asae— 9
— X o e = ANCr - 14 & ARG~
: Uy Gedt-- 0749-- 1 A7Q9-~yTG | NMR49~~ & | fA99-~ ¥




AR Sl d s

X

STEP | KEY | sTEp | KEY | STEP| KEY | STEP | KEY | STEP| KEY | STEP| KEY
9I)-- o | ge50-- - 1000=~ UP | 10509-- & 11yn== 5 | 1150-~PNT
0301-- X | 9951~-2FR | 1001== o | 1051-- 5 | 1101-- . | {1S1--Fn7
0%92-- M | 035z-~ 1 | 1082-- 0 | 1eSe-- & | 1192-- 0 | 1152-~Fuy,
0943--XEY | 1953-~ 4 | 1003-- X | 1653-- , | 1183-- { | 1153-~1/¥
Baceyrg | B938-- # | 1604--UFR | 1054-- 1 | L104--CHS | {154--FyT
B905-~RFR | 0955--7T0 | 1005-- 5 | 1055--cHs | 1105-- UF | 1155--}FF
0306-- 5 | 0956-- 2 | 1006-~ 1 | 1656-- UF | 1108-~0FR | 1156-- .53
O ir | 9957~ @ | f007-- + | 1057--xFR | 1187--74" | 1157-- 3
0905--XFF | 0382-~uFR | 1002-~ a. | 1853-- 4 | 1102-~ 7 | 1153--pHT
0999-- 2 ] 8959-- 1 | 10699-- N __1&59-- 4 | 1189--2T0 | 1159--pHT_|
C0910-- 8 T gdeg-~ 1p 'ulu-- % T 1060--uTo [ 1118~ 4 T 1160-~FHT
0911-- ¥ | 0961--vFR | 1811--vT0 | 1051~ ¢ | 1111-= & | 11€1--Fp7
9912~ DN [ (5962-- 3 1315 == 3 | t@g2-- 5 | 1112--YT0 | 1162-~ N
0%13-- + f p2e3-- ¥ | 1813-- 1 | 1063--vTo | 1113-- 4 | 1163-- E
0914-- o | 0964--UFR | 1014--2FR | 1084-- 4 | 1114-- 7 | {1g4-- ¢
0913-- 0 | 9965-- 2 | 1015-~ 3 | 1665-- ¢ | 1115--KEY | 1165-~ H
0916-= ¥ | 0386~ UP | 1016-~ 0 | 1966--NEY | 1116== + | {{6f-- ,
0917--YT0 | 9267--uFR | 1017-- + | 1867-~ + | 1117--¥T0O | 1147-- N
0318-~ b | 9962-~ 7 | 1618--XFR | 1068-~vT0 | 1118-~ 4 | {168-- @
0919-- 0 | 09¢9-~ % | 1019-- 2 | 1069-- 4 | 1119-- 6 | 1169-- 1
—eaqg__ UF. U"?“-- B“ lnl‘:'“__ 9 _iﬂ?ﬁ—-— 3 -bIIEG'“XEY-ﬂll?B" E 7]
0921--KER | 8971-~ - | 1621--CHS | 1671--4EY | 1121-- o | 1171-- N
0322-- s 0372--7T0 | 1622-~ + | {@e2-- o | 1122-- + | 1172--%T0
092%-- ¥ | 0973-~ b | 1023--%70 | 1075-~ + | 1122--¥T0 | 1173--FHT
0924--WrF | 0974--%FR | 1924-- 2 | 1674--6T0 | 1124=- o | 1174--¥FR
0%25-- 1 1 0975-- 1 | 1625-- 9 | 1675-- 1 | 1125--PSE | 1175-~ 3
0925-- 9 | 6976-- UP | 1028--yT0 | 1076-- 1 | 1126-- . | 1176-- 1
€927-- % 1 0577--2FR | 1027-~ 0 | 1o77-- 2 | 1127-= 2 | {177--FHT
0923-- u | @gra-- 4 | 102g-~ 2 | 1078~ 3 | 1128-=00Y | 1178--FN7
0925--RS0 | 0579-- % | 1629-- 2 1079--3Fr_| 1129-- 1 | 1179--FHT
0930-- UPT 0930--RFR 71036~ § " 1080-- ¢4 | 1130-- 4 T1186-- g
6331--UFR | 9981-- 2 | 1031-- Up | 1081-- & | 1121-~ 8 | 1131-- E
0932-- v | 0952-~ Up | 1022--XFR | 1082--8=y | 1132-- { | 1182-- ,
0933-- X | 0953-~4FR | 1633-- 4 | 1p%3-- 1 | 1132--G70 ) 1133-- @
0924--WFR | 6984-- 3 | 10234-- 2 | 1084-~ 1 | 1134-- 7 | 1184-- ,
0925-- 0585-- 3 | 1035--k=y | 108S-- 3 | 1135-- & | 1135--
0335-- * | 0386-- % | 1636-- 1 | 1086 7 | 1186-- B | 1186-- 0
D9g7-- % | 0987-- DN | 1087-- & | 1087-- D4 [ 1137--FNT | 1187-- n
0935-- DH A988-- - 1A35-- 7 10588-=-¥>Y 1133--”‘” 1138~-
8939~ - | 4989-- o | 1039-- 3 | 1638-- 1 | 1139-- 4 | 1189--FNT_]
r094u--KFR“-9990-- 0 1040 DHTTT1690-~ | T[T1140--FHT T 1 196--%FR
09d1-- & | 0991-~ % | 1041--%>y | 1091-- o | 1141-~%FR | 1191-~ 2
0942-- WP | gag2-- | 1042-~ 1 1092-- 1 | 1d2-- 5 | {192-- 9
0943--0FR | 9993-~ + | 1043~ 9 | 109°-- , | 1143--pHT | 1192--pPHT
0944-- 2 1 0994-~y70 | 19d4-- & | 1994-- § | 1144==FHT | {134--FNT
0945-~ 0 | 0995-- 2 | i045-- 3 10%5-- | 1145--FMT | 1195--FHT
0946-- X 1 69%6-~ 0 | 1046-- . | 10%6--6T0 | 1146--3T0 | {19¢--
OR7-- DNY 2997--iFR | 1ow7-- 1 | (0d7-= 1 | 1147--FHT 1157-- VE
094 5=m WHHE-- S [ IOE--GTO | 10%E-~ | - 148-dFR | [138--8T0D
0949 b | Q999-- 2 | {048-~ | fpso- ¢ |ogs--"7 [ 1153--a

82




EE"‘*“‘*ﬁT?ﬁ*“* T 'wwil ”,_“:Wﬁw_

;.f‘.i""‘i’f' - =

I AL R A

-~FHT
~FHT]

l

- o bt ft Ba ot bt i Prm. b Bt b b b Pt fe b a e b bt Bk Bt a4 bap bbb b s bk Bk e G fn b b b ek Bk bt b B a e

]

1

-
|

[}

1
-
m

--FHT

1229-- ﬂ

1
1
=
-
=

o0 G G0 ) 00 G oL o T o) e D K € G L) 0 L) #ad D e L0 £ L €O D ) KD ¢ J(\ LAY AR A A R

B R R R N B A R R R S N e e
mamm~ammvmm&mm»ammwmm&mm~aomwwm&wm
)

1263--4T0"
1269-- 0
1370 -%T0
1\5?1"'- .
1272-- L

1418=-=~4T0
1419--FHT

T14z0--pHT T

142{-~ -
1422--KFR

1458-- 10
1469-=
14709~- 1 7
1471--420
1472-- 10

STEP | KEY | STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP| KEY
1200~= 0 | juopee v | 1300-~ 3 | 1359-- 6 | 1400-- up | 1450-- a
13‘:‘1""1'1".' 12-.5i-_;,i‘-'- 12901~=F1T 1251-- a 14‘:‘1“"}'.FR 1451-- C
L2928 -=0HT 1262--pnt | 1302-~-FHT | 1332-- 11 1402-- | 1452-- E
1202-- 1 1293=-=-FNuT | 12903-- € 1353-~-YT0 | 1493-~- + 1452--FHT
120d=-- 1 S54--FMT | 1304-- D 1354-~-%T0 14534-- DH 1454--FHT
1205-- N 255~ [ 1350 --FHT 1255--CHT 1435-~FHT 1455-=1EY
120e-- Z28&-- L 1396--PHT 1356-- L 1406--FNT 1455--FIT
12097 --FNT 257--FHMT | 1307-- DH | 1357-- 1 1497 =-4T0 | 1457~ -FIIT
120%5-=1FR 255%~-- Up | 1302--FNT 125%8-- F 1492-- 0 1458-- A
L 1209-- 2 1 1259--%sn] 1305 --FHT A 1389--KT0 | 1499-=-UT0_} 145%-~- H _|
1216-- 1 TEO--VEY | 1 - 1360~--FT 1419-- R 14508-- 0
1211 --FnT Zet-- eyl et a* 1351--PHT f411-- L 1401-- L
1212--FN1T ZR2--%FR ] ! -~ A 1383-- UP | 1412--CHT | 1482-- E
1212--Fi17 2e3-- 1 1 == 0 1263-- b 1413--IHD 1453~ -3HT
1214--YTi 2hd-- 4 12 -FHT 1264-- + 1414-- E 1464--0T0
1215--1.-% 265-~ X 1 -PH1 1265-- DH | 1415-- 1 1465-- 0
12i6-- N 2eg=-=HFR | 1216=-=KT0 | 1366--FNKT | 1416-- § 14566--CHT
1217--CHT 2e7-- 1 i -4 1367--FNT 1417-- H 14567-- H
1218-~ i 268-~ 4 1 - % 2
1219 Zr% 1
12 e7n 12
gvi 1
e i
3 1
4 1
5 1
[ 1
1

1223~- 1 273--KT0 =Ll 1373-- 1 1423-~ 4 | 1473-- H
1224-- € |12v4--1 == E° | 1374~ F | 1424-- ¢ | 1473~-FHT
1225-- 1 | 1275--FHT == H | 1375--370 | 1425--%EY | 1475--PNT
1226--470 | 1376-~FHuT =—AT0 | 1376--FNT | 1426--FHT | 1476--GT0
1227--v10 | 1€77-- A == E | 1377--FNT | 1427--FNT | 1477-- 1
1228--Fn7 [ 1273-- E | 1%25-- o | 137¢-~ UYp | 1422-- 0 | 1478-- S
1229--uFR | 1279-~ o | 132%--CHT | 1379--4Fr_| 142%-- E | ' '79-- 3 _|
1230-- 2 | 1280-- 0 TFT1830-- d TMigsgoo & T[T 1430--%T0 [ 1480-- 7
1231-~ & 2E1--CHT | 1331-= 0 | q3g1-- 9 | 1431--CHT | 1481--FiiT
1232-~pH7 | 1882-- L | 1332-- E | 1322--Fn7 | t422-- L | 1452--FuT
1235-- o | 1288-- 1 | 1333--YT0 | 1382--FUT [ 1433-- 1 | 1483--3T0
1834-~FN7 | 1€84-- F | 1224==YT0 | 1324--vT0 | 1424-- F | 1484-- 4
1235-~FHT | 1855—-nT0 | 133%-- . | 1385--1,2 | 1435--%T0 | 14585-~ |
1236--uTD | 1886-=FNT | 1330=-FUT | y336-— n | 1438--FNT | 1426-- 1
1237-- o | 1257-=PHT | 12237--HFR | 1827--CNT | 1437--FHT | 1457 --0NT
1238-~ 1 2ag--UFR | 133%-- 5 | 1338-- € | 1433--%EY | 1483-- A
1229-- H ggd-- 2 | 1239-- 4 | 1289-- vE | 1439-- 8 | 1489-- }
Clzag--cHT 180 1 1B WP R0 L ) T 1 0-~FHT T 145%0-~ 5 T

1241-- f [ 1281-= 8 3 L1Z41-=0FR § 1391 o | 1441--FHT | 1491-- L
1242-- N (1222-~AIR | 1242-= L | 4340 g ) 1442--u710 | 1492-- E
1243-- 13 Eode- 2 | L3dE=- 4 4 qgag-coHT | 1442-- 0 | 14%2--5FL
1244~ L | lefb== o p13dd-- DN ggoqootyp | 14da--3To | 1494--",
1245-= £ | 12%9ee a0 f LadS==FUT | 45952070 | 1445-- 7 | 1495-- 2
1246--C T | LERE--RFP | Dode=-UPR 4 gage-ovth | (448-- L | 1496--CLR
1247-= 5 | 1EF7-- 1 P L2d7-- 2 ) yza7-. 1447--CHT | 1497-- §
{3agoango | 1395== 4 | 134E--FNT 0 yadnoeny | 1d4g-- F | 1458--
f2qt=m g | V@GE-=HEY D VRI--FHT | (g2 pyt | 144%-~ @ | 149%-~ @

83




T

STEP | KEY | STEP | KEY STEP| KEY | STEP | KEY STEP| KEY | STEP| KEY
1$90--CHT } 1550=-=XTND
1501~--CEX | 1551 --CHT

AT

TR

1992-- 9§
1502--CHT
1504-=YT0
1565-~- 0
15096-- o
1507-- o
1508--4FK

[ 1509-~CL3

 1539--FNT
1549--FMT
1541-- o
1542~~ E
1543~~ A
1544-~ 1
1545--4FR
1546--CHT
1547-~ N
1548-- E
1549-- YE

1552-- 1
1553~- a
1554-- 10
1595-- €
1556-— .
1557=--CLR
1558--J

_1550-- ,

1510--CLR [ 1560-- B
1511=-HFR | 1561 -~ ,
1512-~ 0 1 1582-~1HD
1513--1/% | 1583-~CHT
1514--CHT | 1564--CHT
1515-= 0 | 1565-~ 7
1516--1/% | 1565-- &
1517--vT0 | 1567~ .
1518--%T0 | 1563-~ B

| 1519--CHT | 1559-- B
1520--¢T0 T 1570-- 4
1521--%70 | 1571~~CLR
1522-- A | 1572-~CLR
1523-- o | 1573--CLR
1524~-%70 | 1574--CLR
1525--CLR | 1575--CLR
1526-- 0 | 1576=-FNT
1527-~1HT | 1577-~GTO
1528-- € | 1578-- 4

| 1529-- o |.1579-~ 0
1538--CHT | 1580-~ 9
1531-- A | 1581-- @
1532-- G | 1582--END
1533-~ R
1534-~ 1
1535-~ 1
1536--FHT
1537-- K
1538--CLY

84

P,

s o e e

——— - —— " cm——




PN

1AW g

i

STORAGE REGISTERS

STCRAGE
b | Temp.

2]l o

000

00 | Wg

002 | Lo

003 | M

004 | M

005 | A

006 | <
A4

008 | C

003

010

o | Wind, fps
012 | Po,5lua/6
03| P, v
ou [K=q V"
015

016

017

018

019 [Cr/do
020 o

021 G 2
022

023

024

025

026

027

028

029 |Hero Mo
030 |Mech.Mord
031 E&éﬁéﬁq
032 £ _Mom,
033 | <L

034 |Sp.diFt sl
035 | 2o

036 | @y r Xca |
037 | 2, )

038 | 2o

035 4,:“5"

040
043
042
043
044
045
046
047
048
049
050
051
052
083
054
055
056
087
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
e77
078
079

2

F

A, Fgﬁcr
vy A0

|t By 04

A Trigaes,

Ao
} ‘,

Brev aa

i

2 ml

X..
TC

Xh 26,6

Y -39

Xe/E Y

X/ fdo

Xeel a2
Hyc/do)
/ARX

/)

W)

Xk 35

/e

85
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080
081
082
083
084
085
086
087
088
089
090
09
092
093
094
035
096
097
098
099
100
161
102
103
104
105
106
107
108
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3.4.7 SAMPLE INPUT/OUTPUT PRINT

The following copy of the HP Printed Tape shows a typical problem and solu-

tion. For a discussion of the particulars of this problem, see Section 4.

t e e et - eEp——— s

PROG. #75.004
TRIM» DESIGH ALT.
FAN.Z T.RRLLOOH
YoL,

43000, 40ns
WEIGKT

BP0, 060+«

LEHGTH HILL

W=COHF.PT,

=4
¥Y-COHF.PT
-31.903+
A Ch-sMsthx
97.300x
gn 5‘3“"‘

EHT. o IH A

DTHERWISE, BHTER

WT.IH 27 IH ¥

AHD ¥ IH ¥

EHTY. o IN W AFTER

EHNTRIES COMPLETE
w9B.000

=21,900
26,000
ALT.FT.H5L

14000, ARG
VIiHDLHOTS
25,000«
TRIM HHGL
10, aon-

GUESS

IYH. FRESS

F
(..":’ D ?c.;‘;‘

T
a.ne

L

86

MECH. MOHEHT
2694,525
AERD, MOM,
-3715.0%3
EXTRAS HOM.
B, 000

SUM OF MOMENTS
-23.518

TRIM AHGLE ATCK
7.570

cL

RERD LIFT

Ch

DRAS
4-CENTER PEES

GROSS LIFT
1224, 113}
TOT.LIFT
2ha1, 193
SUH ENTER WTS.
26V, LIS
TOTHL MEIGHT
1220, 000
HET LIFT
1201.,19%
TOTAL FNFLE

E:E:‘} . E"E‘t’

AHGLE TO HOFIJDH

A
FERYY

J.Bu

R T

BEST FPRE,

[P




cgal i S e s e A e T R At s e bon e s eacuar et el b EE T b ar ey o aanr I S A O A e
" ) i . 1

e N T O e on- ek qmst ot S i . . - - [EpT————— vt e T

e 1,

3.4.8 NOTES

A. 1If incorrect data is entered, do not press STOP END to restart program, !
1 For proper restart, clearing all registers, press the following:

STOP
: GO TO
1

5

3 .
7 |
CONT !

B. Extra weight entry, STOPS 8, can also be used to include the payload if ;
desired. It will not affect the trim angle if located at the confluence point. !
(x) (Y) (2) ‘

Stop 8, Enter xCP Y©F Wiy i

o

Y v
il g

It will affect the net lift and hence the total force and its argle.

. ! C. This program was written for a Family-2 Ballcon Design, It was tailored
% for a 45,000 CF size with several constants for this size built into the program,

3 Should any of these differ when an actual 45,000 CF balloon is flown and measure-
ments made, the following table indicates what step/numbers in the program

should be changed, The table also indicates the changes required to make a univer-
sal program for any size Family~-2 balloon,

To Modify for To Generalize for
Continued 45, 000 any Size
As Written CF Use Family-2
Step No. Key Key Key
0363 2 X of Confluence n Insert 4 Stop No, 4
0364 6 Point = 26,6 ft n Mod, 1
0356 . - xCP . Dist, +
0366 6 n sTOP Entx‘Finx
0384 3 Y of Confluence n Insert 5 Stop No. 5
0385 1 Point = 31.9 ft n Mod, t
0386 : = yCF . Dist t
) 0387 9 n 1
5 0388 ChgS ChgS sToP Ent Y°F inx
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Step No.

0410
0411
0412
0413

0417
0418
0419
0420

D,

strokes

Step
No,

0030
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315

ERaca ek

As Written

Kez

5 X of Center of

7 Gravity = 57,3 ft
) =Xcaq

3

2 Y of Center of

. Gravity = 2,5 7t
5 =Yeq

ChgS

T T e T Y Y

To Modify for

To Generalize for

Continued 45, 000 any Size

CU Use Family -2

Key Key

n Insert 6 Stop No. 6
n Mod, 1

. Dist. T

n STOP Ent Xc Gin X
n Insert 7 Stop No, 7

. Mod., %

n Dist. %

n(or ChgS) STOP Ent Yo GinX

Conversely, several parameters left as entries might be desired as fixed
inputs when only one specific 45, 000 CF balloon (or other size) is being investi-
gated, The volume, weight, and envelope length may be fixed by the following key-

w o

-

Step
No.

0316

0317
Vol 0318
of 0319
Balloon, 0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331

FMT

Wt
of
Balloon

w
X~ B

Step
No.

0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346

Key

PNT
FMT
FMT

[l

FMT

Envelope
?  Length,
<

= 20 -~ S~ B~ - |

If a volume other than 48,000 CF was being considered, the modifications shown in
Note C must also be made.
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3.5 Program 76.005 — FAMILY-2 Tethered Balloon Trim, Variable Altitude t
and Wind Profiles |

3.5.1 GENERAL DESCRIPTION :

A type of tethered balloon, called the FAMILY-2, has an aerodynamic shape :
and two vertical and two horizontal fins, During its development model wind- !
tunnel and full scale static and flight tests were made in extensive detail. Refer- 1
ences 1 and 2 provide a sufficient amount of information on a 200, 000 CF system j
to write a trim equation with more exact constants than any other balloon now
available.

Program No, 76,005 (and 76.004) were approached with the idea of providing
a quick solution to trim problems as well as inputs to the tether-cable program.

They were tailored for a 45, 00C CF balloon which the AFGL will receive in 1976.
However, they can be easily converted into a completely general program as
explained in Section 3, 5. 8,

Program No, 74,004 is concerned with the condition where the balloon is
completely filled with gas, that .s, its ballonet is empty. It will be called the de-
sign condition. Program No. 76,005 was designed to accommodate both the
design condition as well as other conditions at lower altitudes where the ballonet
is in various stages of air inflation,

Due to the extensive measurements made with the 200, 000 CF FAMILY-2
balloon by the Range Measurements Lab of the Air Force Eastern Test Range, it
was possible to obtain data which allowed use of the balloon center-of-pressure.

Like the neutral-point, it is defined as the point where the pitching-moment is
zero, This permits the elimination of one term in the moment equation developed
under Program No. 76. 003 where a fixed aerodynamic center was utilized. The
longitudinal variation of CP with trim angle was computed in non-dimensional form,

Since the RML balloon features a large windscreen to cover its payload and the
more general balloon being considered does not have a windscreen, the differences
in aerodynamic characteristics had to be obtained from wind-tunnel tests of the two
designs. Since flight data differed significantly from wind-tunnel data, the delta
windscreen effects were applied to the flight data to obtain the full scale aero-
dynamic characteristics of a FAMILY-2 balloon without windscreen.

The center of buoyancy location was non-dimensionalized from flight measure-
ments of the RML balloon assuming that the windscreen has no effect. The verti-
cal location is a straight line function of trim angle-of-attack. However, the longi-
tudinal location is a fuaction of both trim angle and ballonet fullness. For the case
of an empty ballonet, a curve-fit with a correlation of 0. 99 was possible. This fit
is used in Program No, 76,004, the design condition,

For the general case, Program No, 76,005, a complete fit of all four mea-
sured cases (Ballonet Empty, 1/3 full, 2/3 full, and full) which is within the scope
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of this computer program, was more difficult and permits larger errors than the
design case. An error in the longitudinal position of the center-of-buoyancy of

up to 0,3 ft in a balloon having an envelope length of 100 ft is an outer limit, Un-
certainties in other balloon or atmospheric parameters could be larger sources of
error. However, the effect of the center of buoyancy error can be noted where
design conditions from the output from Program No, 76. 004 and from the first
output group from Program No, 76,005 are compared.

In Program No. 76,005 ballonet fullness is computed at each lower altitude on
the agsumption that the initial flight altitude entered is the design altitude where
the ballonet is empty. Computations are first made for the design altitude, then
proceed downward at delta-altitude increments to, and including, the surface alti-
tude. No check on the ballonet's ability to handle the total altitude excursion is
made within this program. Therefore as an initial step, Program No, 76,001 can
be utilized to obtain both the no-wind buoyancy/weight balance as well as the ac-
ceptability of the altitude excursion by the ballonet.
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;. 3.5.2 DEVELOPMENT OF PROGRAM AND EQUATIONS

This case covers a specific tethered balloon type wherein:

a. the location of the aerodynamic center of pressure (CM = 0) is known
and can be utilized rather than an arbitrary fixed aerodynamic reference center
(Cpp # O

b, the fore and aft location of the center of pressure varies with angle
of attack, a.

c. the location of the center of buoyancy varies with « and the "fullness"
of the ballonet,

d. the balloon will be flown at the design altitude (ballonet empty) and
at lower altitudes, where the ballonet fills with air as the gas volume decreases.

A. The object of the program is to determine the trim conditions of the balloon .
and the total force and its angle which must be resisted by the tether-cable, The '
3 tether cable is attached at the confluence point of the multiple flying lines attached
3 to the balloon's skin, Hence at trim:

T Moments at Confluence Point = 0
: Positive moments are clockwise

b i~

b icd

X

CP-Confiuence Foi
ond Attachment Point
for Tether Cable

TR NeY,
. .~ o e e ettt e,
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The moment Eq. (10) developed for Program 76, 003 in Section 3. 3, 2 is applic-
able here provided the aerodynamic pitching-moment is removed. The equation
then becomes:

0= mW - tL + tan ¢ (mW - uL) {(Mech., Mom.,)
- K[raa-sb- seog2 +tang (sa g+ rb+ rca?')] (Aero Mom, )
4+ cos o [zwe (x - xCP) + tan o )Z‘.We (y - yCP)] (Extras Mom, )

B, After solving for O rirn the Aero Lift (L A) and Drag, can be calculated
and used with buoyancy and Mass terms to obtain total Resultant Force (FT) and
angle () at the Confluence Point,

| AERO~Lp NETLUT Fr=TOTAL
GROSS~Lg R ST ANT

ORAG, D
BALLCON-W
EXTRAS—Wq

6 =ANGLE ABOVE HORIZON

C. Use 2 constant form for density ratio (same in all programs)

lnplp,
—p— =3 +an

where

a, = -1.7772°10

a_ = -2,81361°9

o)

D. For 45,000 CF Ballcon, let

Xog = 57.3 ft
Y6 ™ ~2.5 Built into program,
CP _ See Notes to change to
X" = 26,6 .
cP entry quantities or to
Yy~ =-31.9 change values
s = 310 9
E = 830 7

CG Location assumed unchanged with  variation. RML tests for CG were
made with empty ballonet and therefore best for design condition,
E., Center of Buoyancy - All Ballonet Conditions
Hull lengh="¢
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From Reference 1, —%—B- varies as a straight line between two conditions;

Y
CEB = .00363 Ballonet Empty ! :

¥
CB_ 06178 Ballonet Full
(o3

Y
CB _ 00363+ ,05815 v

[o]

where
vy = Ballonet Fullness Fraction

Using Reference 1 measured data, Figure E4-10, the following equation permitted
a reasonable fit to that curve presented.

: X
, 2 2 2 22 23
E —%.—I-S-=Ao+f0a+flav+f2a-y N Gy H B0 Y B Y

where

Ag= .42 gy = - 00004389 ;‘
fo = -.001030 g, = » 00005007 |
£, = -.005411 gy = » 0002048
f, = .004689 gy = 0001692

F. Aero Coefficients - Flight data corrected for no windscreen by difference
in wind-tunnel data with and without windscreen,
a, CL =,049 ¢ Oor dCL/du =,049
dCp 2

2
b, Chr=.,106+ .0007i¢ =C t—y o
D DO dot

C. =,106 = minimum dragata =0
Do
dCp/da® = . 00071
Y
Ce qc—r—, =0
c

X
d. —%2- from W, T, tests w/o windscreen. A series of straight lines is
used to define the variation of X, p/€ with o




St e 7
F i

pd o . Ll w
T LT T T "
AT Ay

N aabiac-

X
(}.59_13.) d%).

Region o Base ¢  Basge “da o Range
1 0 . 657 . 2691 0-,55
2 .55 . 805 -.4350 .55 -1,35
3 1. 35 « 457 . 1229 1,35 ~ 1,7
4 1.7 +50 . 01395 1.7 - 6,0
5 6.0 .56 . 00370 6.0 - 26+

26,0 .634
Xcp _ Xcp Xu'gz
=== (=) Baset—gr—(a - ap )

] (o]

G. Ballonet Fullness Fraction
Let V]3 = volume of balloon
v = Volume of Ballonet
oo VBTV pd . . . .
By definition: _V-I-B—— = po which defines the maximum or design altitude which
is accommodated by a ballonet of a given volume in ¢ flight from an altitude, ZO'
where it is full of air,

(1) v= VB (1- B%-), a fixed quantity for a given balloon, In actual use,
there is a greater probability that the balloon will not be flown from Z0 (Sea Level),
It would probably be flown from a ground station above sea level and thus have a
maximum altitude higher than if launched from sea level, More typically, the full
range of flight altitude required in a project might not require the full capability
of the ballonet, that is,an empty ballonet at design or maximum altitude but a par-
tially full condition at the surface. These various flight conditions are illustrated
below,

— —“—jr——-— Z3d—ALTITUDE WHERE BALLONET
EMPTY, IF FULLAT Z4
2y ~ACTUAL ALTITUDE IN GENZRAL
PROBLEM WHERE BALLONET EMPTY
—peem et e ——— — o ——t=— Zq ~DESIGN ALTITUDE, S.L.LAUNCH,
BALLONET EMPTY
A 8 c D

I7IY 77777778 7777777 777777/77777777 zl = SURFACE ALTITUDE

— !—' == =~ — 7y —THEOR.ALTITUDE WHERE BALLONET
FULL IN GENERAL PROBLEM

and bl Zo -SEALEVEL
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Cases A, B, and C above represent the full range of altitudes a balloon can tra-
verse with a given fixed ballonet size, that is, the density ratio:

Case D is the mcre general case where the full capability of the ballonet may not
be required, that is, the ballonet not full at ZS.
To obtain a relationship for the variation of ballonet volume with altitude

consider: P
Volume of gas at Sea Level = VB p—d, which expands to:
o
Pg
Volume of gas at Zd = VB E = VB
p Py P
In general, Volume of gas at Z = V by, 90
B p, B o, Pz
So, Volume of Ballonet = VB - Vol of Gas
Py P Py P
(3 v=V,-V, =2 -2 =v_ (1--22
B B Po Pz B Py Pz

o -
AtZ=0, v=Vg(1- p—d), Ballonet Full by Eq. (1) Definition
(o]

AtZ = Zd’ v VB (1-1) = 0, Ballonet Empty
Therefore if v = Ballonet Fullness Fraction:

Py P Py P
d__?_) 1___(10

' -4 _o°
) \ 1 Py PZ Py Pz
° v, (1--9 1-pylp,
B P,

To cover the general Case D above, the following is an equivalent definition:

pB pu
.z PuPz
v, i E.I}
pu
P _ Pyq
but by the definitions in Eq. (2) above — = —
Py Py
P Py
"o 52
y = —p
1--4
Po

a5

- -
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However, since the computer program evaluates density relationships, plpo. the
use of pu/pz is undesirable. Making use of Eq. (2) relationships,

Therefore, program is designed to:

a,
b,

C.

Obtain pd/po from Eq. (1)

Obtain pB/ Py from first or highest altitude calculation
where ballonet is empty, y=0

Obtain pzl Py computed at each lower altitude,
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XCP/'E. Triggers for « Loop
Stored

1 0353

User Entries
Stp, 1 Vg
Stp. 2 WB
Stp. 3 ¢

@ xCP#
(5) Y
(6) Xc

(#These are best estimates for
45000 CF balloon, See User Notes)

Megsage for "Extra"

Weights x (2

None: Stp 8 " -
or Stp8 Xy

vy Wt

swx-xCF)
sw(y-yCF)
Stp 9 X, Y, Wty

0620 —

Messgage Alt, Wind Profile
(x} {y) ()

_ Stop 10: wknot ZB Pt. No.

Stop 11: W Z Pt, No.
after Zs Cond, Ent.
Stop 11: «

0734 l

Stop12: AZ v o J

{from 1933
0717
inplp,
plpo Py = a°+alz
p=ploy X p,
Sp. Lift = Sp, Lift SL X plpo

l 0817

Lg= VB X Sp. Lift
(Ballonet Empty at
1st or Max. Alt.)

pplo, = plp,

0830
Locate Wind Zone

AZP Zp-Zp_' 1
w

Awp’;’lw -
A

dw _

el
AW, = 82, 37

W= vfps=wP+AWO
Pnt Zand W

(W reconstructed
in knots for
print only)

2
=1/2 pv
.: 2/3
=qVB
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3.5.3 FLOW CHART !

{

}

0000 3
Internal, No. Title No
Constants, Table for 0673




o

T~

Yes 1247

Note: In flow chart, n is also used as altitude point counter, n
number, and p for wind profile point number,

b Y T Y e T A PR T T YTy r— TRT TR Ty -
| 1247
0996 PE
c
Pq _ Vg-v - C: Using 2n’ + 60
Py VB xCB
L ———) Using 2n’ + 59
o———0 (Fs2),
1- (polp)(pB/po) Xcp (X,...,) . d xcpl?: ( )|
yE _ = (= —— (a-ag
I depo Fr%xg c « ¢c /B
20
1054 f— ©O) Xop= -CE 3
X ¢
CB 2
—==A +fa+fay+fay _ . +CP
T o 'O 21 22 , r= XCP X
2
+ g gy gy
+ gyt 1281
X 3 Cale of Aero Term in
Xcp® -CB < Mom. Equ,
¢ -K[. 040rex - . 106S - . 0007 1Sa°
= Xop - X v + tan af, 04950 + . 106 T + . 0707 1ra?))
Y, Y - CB Calc of Mass + Buoyancy 1372
B CB
——==|—_— + Y Terms in Mom. Equ.
e \ T /g dy mW -tL + tan o (nWV -~ uL)
v = YeB Calc of Extra Weights Term 1416
CB~ < N if any in Mom, Equ,
cp cosa[Ew_(x-xCF)+
u=Y -Y e C)
cB tana LW (Y-Y "))
sMom, = 1st T+ 2nd T + 3rd T 1437

1459
Is *M<O

1474

Prev Ax ~ 2nd Prev An
Ac = Prev Axy
Prev Ao + 2nd Prev = Aa

T

o« =a+ Ax

I
for CP region

98
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] 1870

n =n+1-009

Reset Triggers
for a Loop

S

' No Yes
£ 1524

F |M= -.Oli

L

b o A

. ¢
2% 1528
é« 2 Prev &c - 2nd Prev Aa
é 2 Ao -+ Prev Ax
i Prev Aa + 2nd Prev = A '1‘2 4 G(%;I;O
35
g . a’ =oa+ da
5
; 1551 1034
& Go To 1987 Ready Next Prob,
. % Progr. No
y e § s | ey Clear all Registers
Go To 0000

1562 r
Final Answers Calc .

and Printed for
One Value of Z
Mach, Moment
Aero Moment
Extras Moment
FMZ0

X4rim

CL = a,049 o

Ly
2
Cn=,106+ ,00071 ¢, v into x
D T Go To 1054

Dy,

G @,__,__J
L= I‘G + LA |
s\ extras

W W+ Wext
L . 2 L-‘; ras Trim angle =.2 + 0
NET Start Anew
Fq Clear Registers
9 Go to 0000, END
a9
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3,5.4 OPERATING INSTRUCTIONS

KEY STROKES ENTRIES
RUN
END

FIX, 2,3, -~-~

SR N TR R e TR e

PRINTS

(No. of desired decimal
places)

CONT x) () (Z2) Program No. and Title
Stop 1, Enter: VB -— —
CONT VB' Balloon Volume, CF
Stop 2, Enter: WB — —_—
CONT WB' Balloon Weight, 1b
Stop 3, Enter: c —_— —_ ¢, Length, Hill ft
(Stops 4, 5, 6, and 7 not in program as written, See notes for optional
. CP CP
use of these for X", Y, Xy and YCG)
Directions for "Extra"
weights:
Ent. 7 in x if none,
Ent, WtinZ, yinY, xin X,
Ent. 7 in X after all entries
made,
Stop 8, Enter @ or: X1 Y1 W1
CONT W, (if entered)
Y1 (if entered)
X1 (if entered)
(If m goes to Stop 10)
Stop 9, Enter 7 or: X2 Y2 W2
CONT W2 gif entered)
- Y2 (if entered)
(If  goes to Stop 19) X2 (if entered)
Directions for Alt-Wind
Profile:
Ent, 7 in x after surface
entry., [First Entries at
Stop 10 must be Pt. No.
for Max Balloon Altitude
(Empty Ballonet)]
Stop 10, Enter: w Z}3 Pt, No, = 1
1, Pt. No.
CONT ZB' Maux Balloon Alt, ft MSL
W, Wind, Knots
Stop 11, Enter: w Z Pt, No.
CONT Pt. No.
Z, Alt, ft

100

W, Wind, Knots
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(After Zs is entered

Stop 11, Enter: L — —
CONT

Stop 12, Enter: AZ \4 Q.
CONT

(Program begins computations)

Pause in a-trim loop, step 1552, o in X reg.

follows:

101

and's Moments in Y and Z as search
is made for a trim where ¥ Moments = 0. When found, printouts then ocer~ 28

o S, % e,

o, Guess trim angle, Deg-

v, Balloonet volume, CF ?

AZ, Desired decrements in
Alt, ft

ALT

Z, it
WIND

W, Knots ;
DYN. PRES2 i

q. 1b/ft
BALLOONET FULLNESS

Y

o e,

Ay e s

MECH, MOM,
Vealue of Mech, Moment,
ft-1b
AERO MOM.
Value of Aero Moment,
ft-1b
EXTRAS MOM.
Value of Extras Moment,
ft'lb ¥
SUM OF MOM. _ '
£ Moments = 0
TRIM ANGLE-ATCK
o, deg

“Lc,
AERO LIFT
Ly, 1b

D, Ib
GROSS BUOY, LIFT
LG' 1b
TOT. LIFT
L=L A + LG’ 1b
SUM "EXTRA" WTS
2wextra’ Ib

TOT, WEIGHT
W= Wg + zwema. 1b

NET LIFT
Ly = L-W,1b

o,
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TOTAL FORCE

F L.2+ D% b

T*® N
ANGLL TO HORIZON
¢ = arc tan Ly /D, deg

Program now brings Balloon down AZ in altitude, recomputes wind, q and ballonet
fullness and goes through another « trim search, When a Z value less than Z-
surface is reached, Z-surface is substituted and the surface conditions are the last
block of computed data, Completion is indicated by following:

Ready Next Problem

J.B.W, 78-005
A new set of data can now be entered at first stop in program after repeat of Title

and number,
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3.5.5. SAMPLE INPUT DATA FORM
INPUT 76.002, 76,003, 76,004, and 76,003
76.003, 76,004, 76,005 74,003 and 76,005
EXTRA WEIGHT TABLE WIND PROFILE®
Balloon Volume Vg cu Rt Wy b No, 1 1
Bsltonet Volume v wit \', r zlle' fMSL
Belloon Weight wB ™ x, n Wind, wnots
Hull Length < n Wy No, 2 2
@ | Location of yCP n Y, z,
xCP a X, W|ndz
Location of Center CG W, No. 3 3
® of Cravity M r 3
x¢¢ ft ¥y %
@ I.‘oeulon of Center | (CB n X3 Windy
o yancy
x¢B n w, No, 4 '
@ | Location of Aero ARC Y z
Reference Center Y L 4 4
xARC n X4 WIM‘
Altitude, Max Zy n LA No. § s
Altitude, Surf Zg ft Yy Zy
tacrement of Alt ae it Xg Windg
Q@ |4c toa ’ Wy No, 6 ¢
[« ® Y, zZ
® |%p, s "
2
Q9 |ucylda ¢ Xg Aindg
Q CMTABLP.' W., No, 7 1
No. 1] 1 ¥y z
a, ] deg X.’ Wind 7
Cut Wy No. 8 0
NO, 2| 2 Y‘ z‘
a, deg X' Wll\da
Tmz Wy No. 9 ?
NO, 3{ 3 (A z,
ay deg X \\'lnd,
Cyy Wio No, 10 10
NO, 4] 4 YIO Zm
a, deg X10 Wind 10
Cate Wi No. 11 n
NO, 81 8 Y" Z"
ay deg X5 wind,y
Cyts Wyg No. 12 1
NO, 0] ¢ \’" 7.‘3
ag teg X1z Windyy
Cue Wiy Ne. 13 1
NO.T}7 Y 24
) a, deg X1 Wind,y
Cxr
@ See Note 74,008 » .
Any sumber of "extea™ A minimum of 2 Pointe
8 :"‘:: ;" 3} "'f 18,30 "!’le may be ysed, muet he used and a
4 ANI |or on| ’Im- One emry tsn be masimyum of i3 may be
minimum of twa po “"“‘" Instrument Pae and | ured, First mus® be
:",'d':‘:"‘:"::""':::“ﬁ"n;':m Payload, If these are ay | Zpiay sndlast must ba
muat be for 00 0° Conflvence "”“c”",’“"" Zgppye 16,004 requires
LA one value of wind,
X XCI'

et e et L5
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3.5.6 PROGRAM 76.005 - TRIM, FAMILY-2, VARIABLE ALT. AND
WIND PROFILES
STEP | KEY STEP | KEY STEP | KEY STEP | KEY STEP| KEY STEP| KEY
gann--CLe | 0uSH=- 7 | oton-- 5 | @199-- 3 | MeWU=- B 9E50-- ¥
HOaL-- FUT | WeSt-~ 7 D1gI-- 4 1S1--ATg | H2Rl-- 2 | 0251--1T0
0092--FKT | 0652-- 7 | 9192=- 1 | 0152-~ « | U2MI-- 0 | a252-- @
000%-- 1 | 9053-~ 2 | 9103-- 1 | 0153-~ 2 | 9293-- . | 9253-- £
0004-~ o | 0954--CHS | G103--cHS | 9154-- 7 | B204-- 8 | a254-- 5
8RaS-~ N 35S5--EEX | B1uS--uT0 | 0155-- 1 8235-- A 4255~ .
6006=- 5 | 90S6=- 1 | G1dé-- 0 | 9158-- & | 020E-- B | §255-- 1
0007-- . | 9857-- 8 | 0197-- 2 | 9157-- @ | 9I97-- 7 | 9257-- 2
B005--570 | QuSE--CHS | @1og-- 5 | 0153-- 2 | B2Mg-- 1 1 aa5e-- 2
L 9009-- 7 | 9053--RT0| wia9-~ , { 8159--CHS ) DEUR--AT0 | g25%-- 9
6010-- & | 00SG-- 8 [ 0110-- 9 | Bién--EEX| 9219-- U T o2en--1T0
0o11-- . | 0oet-- 3 | o111-- g | 9161-- 7 | 92ll--2 | a2&1-- @
9012-- 5 | 90%z-- 9 | Bitz-- 4 | 0162--cHS | 9212-- 1 } @2ez-- &
6013-- o | 9063-- 2 | 9113-- & | 6163--%70 | 9213-- .} §263-- 6
8014~- § | O3F4== . | 911d-- 3 | 01&4-- 0 | 92ld-= & } azed--
0915--cLR | ©955-- @ | 9115-~ 9 | o165-- 2 | 9213-- 5 | @ze5-- §
0G16--2T0 | O0EE-- § | 0116--%T0 | 91é68-~ g | B2lé-= 7 1§ @2cé--4T0
@917-- o | O067-- 2 } B117-- 9 | 0167-- , | 0217--KT0| §287-- 4
0013-- 1 | 0062-- 5 | 0118-- 2 | w1ég-- g | 9218-- 0 | a26z-- ¢
0019-- t | 0058-- { | o119-- 4 | 81¢3-- g | 0219-- % | gzea-- 7
- ao20--cLy T o070~~L43 T 0120-- 4 [9i7o-- 3 [02E0-- 1 Trgern--
0o21-- 3 | weri--g€X ) giz1-- 3 | ote1-- 4 | 922l-- . | g271-- @
0o22-- £ | wo7e-- 5 | 9.02-- 3 | otpe-- 3 | 9222-- 2 | @272-- |
6023-- € | 0073-~CHS | 9125~ 9 | 9173--x70 | 08323-- & | g273-- 2
0024-- o | WOP4--RTO | 0124--EEX | 9174-- 0 | 9€4-- 9 | 6274-- 3
0025-- . | on7S5-- o | 61e5-- g | o175-- 3 | BeiI-- 1 | 0275-- 5
0025-- fi | 0076-- 3 | 0126--CH3 | 0176-- 6 | 92SE--WTO | az76--KT0
poz7-- L | a877-- & | o127--870 | o1ve-- . | 9e2r-- 8 | azp7-- @
002z--4T0 | oore-- . | 812%-- o | 0178-- o | 922%-- & | qzve-- ¢
| e6z9--vTo| 0079-- 4 | etza-- 2 | 8179-- 5 | Begv-- 2 ] aeve-- 3
eo20-- ., | O0E0-- 2 T 8130-- § | o184-- g | 9230-- . T azzd-- ,
0021--cLR | o0g1-- 7 | 01%1-- § | 81g1-- 1 | B231-- & P azgi-- g
0032-- F | o0ee--%70| 0132-- o | 61g2-- 5 | 0232-- 0 | g2e2-- &
6033-- A | onz2-- o | 913%-- 9 | 0183--uT0 | H2¥3I-- G | 0283--4T0
0634-- M | 003d-- 5 | 0124-- 7 | @184-- 0 | UEI4--RTO| G284-- 0
Ga35-- . | 0085-- 5 | 0135--cHg | 0125-~ 3 | 02F5-- @ azes--
00%6-- 2 | G036-~ , | 0126--EEX | B188-- 7 | QE%e-- & | azie-- 3
0637--CHT | 0037-- & | 9137-- 8§ | 8187-- , | @2%’-- 3 | 4pg7--
g02e--410 | o032-- 0 | 612s--cHs | 6igg-- g | BE@3E-- .} 9ESE-- @
@035-~ , | B029-- 1 | 8139--uT0_| 018 g4 | v23%-- 4 | page-- 0
604 0-~ B [ 0090-- & T1d0-- 9 [ 81¥a-- 9 T[TH248-- 2 TTazag-- 3
0041-~ 7 | D0%1-- 2 | Ofd41-- 2 | 9191-~5T0 | B241-- 5 | g291-- 7
00d2-- L | 009&--CHE | Gtd2-- 6 | 01%2-- 5 | HE42--CHI | az92--KT0
00d3-~ L | 0093--uTo | a143-~ , | 0193-- 1 | 024F--RT0} 4293-- g
004d-= 0 | 9034~ 8 | 0dd-- o | G134-- 9 | G244--0 | aa4-- 2
a045-- 0 | 9095-- 2 | 0145-- 0 | 91%5-- , G24S-= & | 0295-~ ¥
Q== I GRaE~- 2 | B146-- 1 Qi{96-- 1 Hzdp-- 4 B2 ~= |
0047--FUT | 0097-- . | 0147-~ 2 | G147~~ g | BE47-- . | G207~ |
0lds-- 1 BRaS-~ 0 Bi40-- 0 0192-- 4 Q24&=-= 4 N2ag~=YTH
| 0049-- . 00%9-- 0 | B1ad-- g | 0199~~uTy | BI4R-- 5 | w2e9-- 4
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B ~ ~ * ; _ 1
i :
‘ A
¢ STEP | XEY | STEP | KEY STEP| KEY STEP | KEY STEP| KEY STEP| KEY }
l 0300-- 3 | 5350~ 1 | B4pg-- 9 | 8450--XT0 | 6500~ N | 0550--FNT i
b 03G1~-KT0 | 3351=-=4AT0 | g491--cHg | 9451-- a | 9S01--CNT | £551-- 8
¥ 93n2-- 4 | n3%52-- % n4g2--41n | 9452-- A A592--XFR | 99532~~- UP
4 B3i3-- 5 | 1353--STP | g403-- g | 8453--CHT | D593--CLR | BS53-- UP
4 0394--XT0 | £254-~PUT | g4a4-- 5 | 6454--IND | 0504-- “E | 0554--STP
B 0305-~ 4 | 9335--XT0 | n40u5-- 5 | @435-- E 9505--CHT | 93553--YT0 :
F § 0335~-- 5 | B256-~ 4 Ba96~~ P | 0456~ 1 0395-- 1 u556-- a !
E 0397--uTo | 9357-- 2 | 0407-- 5. | 8457-- ¢ | 9507-- N | 9557--4EY :
Q308~~ § | 235%~~ WP [ f4q02-- 7 | 0453~ H { 9598--CHT | 9552~ «
| 9205-- ¢ ] 0259-- 2 | a499-- , ] 0459--KT0_3 8509~- YE 1 A559--K=y |
: p316-- & | 9350-- UP| 0410-- 3 | 0460--yT0 | 0510~--CLR | 0566-- 6
3 9311-- 4 | 9261-= 3 | 0411--RUP | 8461--CLR | 0511-- E | B551-- 6
. 9312--uT0 | 9262--D1Y | 0412-- - | @462-- E 0512-- H AS62-~ 2
3 0313-- 4 | 9363-- DN | 0413--YT0 | 0463-- N | 0513--XTg | D553~ B
i 0314-- 4 | 0344--HEY | G414-~ 0 | 0464--4T0 | 8514-~ . | 0564-- 4
A 9315--%T0 5322-'~H 6415-- 8 | @4€5-- , | @515--CHS | 0555--RUP
1 9316-- 4 | D26E7"RID | 0416-- 3 | 46e--CHS | 0516--CNT | B566--PHT
L § 9317-~ 7 | 9367-~ 0 | @417-- 2 | 0467--CHT | B517-- 1 | 0567--XTD
! B318--xT0 | 1582 ] g418-- ., | 8462-~ 1 8518~- N | 85628-~ o
| a3i5-~'5 | 0369-- 1 | 0415-- 5 | @469-- N _| 0519--CNT | 9565--KT0
0326~ § 537477 |2| U420--CH370470~-CHT | B520-~ YET] 0576-- +
0221 --4T0 E;7é:: Gg 0421--RUP | @471~- YE | 0521--CHT | 8571-~ S
8222-- 5 | 027277 WO | 04z2-- - | @472--CLR | 8522-- A | 0572-- 9
B} 9323-- 1 | 92737-8IF | 0423--vT0 | 0473-- 0 | 0523-- F | @573-- IH
i 8324--x10 | BET-"EUT | B424-- 0 | @474--xT | 0524--KT0 | 0574--FH]
0325-~ o | H37977RI0 ) 0485-- 0 | @d75-- H | BS25-- E | 8575--KEY
=9 326-- 5 | gaf500 o | 93%5o- 4 | @d7é-- E | 0526-- o | B576--PHT
F T n327-~ 2 | 93T7-7 9 | D427--CHS | @477~ o | B527-- R | 8577--PNT
| 329-- ¢ JniiTT uof Magd-- | 0479~- 1 _| 6529-- L | 0579--KFR_
~;§ [0330-- ¢ | o22d= WP ma4e0--ENT T a480--¢T0 ™| 0536--CHT | 6580-- 5
! 8331-- § | 1352 7P gjzg--FNT 6451-~ E 0521-~IHD | 0S81-~ 4
j 8332-- 9 | p252TTRIT | D4%2-- 1 ) eds2--cLy | 8532-- £ | @582-- -
4 8333-- & | a3zioloss 5434--PF 0483-- E | 0533-- I | 9583--KXFR
; 0334-- 3 | 238c7T0 : 24--CHT | g484-- | 8524-- G | 0584~- 5
.t 0235-~4T0 | froroe n g4°;'"&T0 0485--%T0 | 6585-~- H | 0585-~ 5
£ 0336-- 0 | 4225 0 5 | HassoC H | odg6-~ £ | 0536--XT0 | 3556~-~RUP
Bl 0357-- 2 | paes.- o | oasr-m E | eder-- o | 0537--7T0 | 8587--REY
| 0328-- 4 | 4355 0 ¢ | haagl & | @488--CLR ] 0538--CHT | 058g-- -
3 | 0339-- . La3sais __;4; E_|0489~-1hp_| 0539-- A _| 0589-- o _|
29 6340~ 0 | a3a1-- & 343?::CHT 0490--X707 [ 08540-~ o | 8590-- X
- 0341-- 9 | 3355 ufg [ dddzc B fedot-- ', ] 6541~ E | 8591--¥T0
1 02342-~ 2 | 436%-m1 0 | 445~ (';- 0492-- 1 9542--CLR | 9592-- +
, 0343-= 3 | p394-- & | madq-—chp | 0493-= M | 8543-- € | 0592~ 5
] 0344-- 7 | 9395-- & |mage--ci' | 0424--CHT | 8544-~ N | 0594-- 2
33 0245-= 2 | y396-- UP | fdqeoe p | 0495--KSQ | 0545--4T0 | 0595--RUF
4 0346--370 | 0357~ 2 | fgasoocig | 0426--CLK | 8546-- € | 0596-- X
; 0347-- 5 | g390-- 1 | oqagoo g | B43T--KFR | 0547-- a | @597--vT0
3 £,34€-- 1 | 325Qmn JadE=- &L | 0492--CNT | 654E-- E | 0598-- 4
+i | 0349-- 2 ’ « j0H49-- VE | 0499-~- "1 | 0549-- 0 | 8599-- @
o}
e
¥
] # 105
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STEP | KEY ] STEP | KEY STEP | KEY STEP | KEY STEP| KEY STEP| KEY
BE6A0-- 5 | B650--CHT | B700-=RUP | B7SH-=YTO [ gona cime
DE01-- 1 | 5651~ vE | 0701--REY | U751~ IKD | agpros'10 LI
@EN2=~ @ | 0852--CHT | 9702-~ | | 9752~ & | pza2-- 3 | pgse-- 4
0E02-- WP | 0653-- R | O702-~ , | 9753-- 1 | ggg3-~ IH 0555-~ 1
0ED4-~ p | 0ES4-~ F | B704~~ & | @754~~ 2 | ngna-~urr | gzsi-- up
QE5S-~STP | 9655--4T70 | 9705-- 3 | 9755-- WP | 4gas-- 3 | g255-- b
0606--(TO | B4S6-- E | O706-~ 7 | O756~~ UP | 03ic-- 4 | gz5e-- +
Q607== o | 0457-- o | O707-~ 5 | 9757--STP | 4307-- X | ozs7--vTn
0605--REY | DES2--¥TO | 070&-- X | G733--FUP | 9g0g--KFR | aa5s-~ 4
| 06D D=~ ¢ 4 | BES9=-=1,4] 0?139--‘(TI]___E‘F':-"E‘"-F’NT  4809-~ 9 | 0859--GT0 ]
T0610--%=y] 0660-- a | BP18--IND | 9760--RUP T 0210-~ UPT a2é0-- 0
g611-~ @ | 06s1-~ F | 0711-- o | 9761--FHT | Bgi1-~ 0 | 03é1-- €
0612-- & | 9862-~ , | 9712-- 1 | 9762--RUP | 0g12--8<Y | p262-- 3
0613-~ 2 | 0563~- E | 0713-= 1 | O7£3--PNT | 0213~ 9 | g2e3-~ 9
9614-- 0 | B66d4~- H | 0714-- Up | 9764-~PUT | 0214~- & | go6d4-- 2
0615--GT0 { 0565--¥T0 ] B715-- yp | 9765--¥T0 | 0&15~~ 3 | na:i5--RUP
GE16=~ 0 | D66h=~ o | B716--STP | O7EE—- 6 | 0816-- 0 | G265-~KEY
0617-- 5 | BEE7-~UFR | O717--YT0 | 9747--KT0 | 0817--KFR | 0267-- -
0618-=- 6 | D66E-~FMT | 9718-- 9 | 0768-- 1 | 0818~-- 4 | 9EE8--YTO
| 0619~= 4 1 0669--5TP] 0719--XEY | 8769~ £ | £819-- 2 | §869-- o
0629-~ | T 0670--¢TO| 9720-- ¢ | B8770--RUPTT 0820--RUPT 0270--4FR]
0621-~ 0§ | 0671~ 1 | 0721--i=y | B?71--X70 | 0€21-- ¥ | 0571--IND
e622-~ UP | BE72-- § | B722-- @ | 9772-- 5 | 0822--YT0| 0572-- a
@623-- UP | 0673--RUP | 0723-- 7 | 9773-- 7 | 0823-- 2 1 0373--KT0
Q624--FHT | D674--PHT | O724~- 3 | B774--4FR | 0824--XFR] 0E74-~ §
BE25-~FHT | B675--RUP | O725-- 4 | 0775-- 1 | 0825-- 1 | gg75-- 8
8626-- A | A67E--FHT | 0726~-UFR | 827€6-- 0 | 09826-- 8 | 6576--RUP
6627-- L | 0677--RUP | G727-- o | B777-- UP | 0e27--XTO| 0577-- -
86628--XT0 | 0678--pHT | B72e-~4Ev | 9778-- Up | 9R28-~ 7 | p3?2-- |
| 0629~ , | 0679-~PHT | 07&%-~-GTO_| 0779--KFR_| BEZ9-- 3 _FB“?°-~RHP
BE30--THD | DEEO--YTO | 0730-- o | 2780~- 3 7| 0830-- b T azsg-- +
@E21-- 1 | 0681-- o | 9731-- & | 9731-- ¢ | Q€31-- UP| @221--vT0
0632-~ N | oeg2--yev | 0732~- 7 | O782-- X | 9832-- 1 | 6682-- q
0632-- I | B623~~ 2 | 0723-- 3 | @783--iFR | 9€33-- ¢+ 1 08983--KFR
0624--CHT | 0584--RUF | 07234~ | | 9784-- 3 | 0834-- 2 |} 6534--THD
0635-~ « | 0685-- ¥ | @735--x70 | 97%5-- & 1835-- K | 0385~ o
8636-~ o | 0686-- 7 | 0736-- - | 0786-- + | 9836-- 7 | p226--KT0
0637-- 0 | 8687-~ 9 | 0737-- ¢ | 0767-- Dy | ©827-- 9 | q237-- ¢
0638-~ F | 0883-- + | 0728--FR | 9768-- ¥ | 0838-- 4 | pzg5-- 5
| 0639-- 1 | 0829--vyTo | 0735--1ND_| 972%-~ DH_| 9E39--YTO | 9259-- ¢
BE40-= L T 9690-- o | O740-- o | 97%0-- J T[9840-- o T 03%0-- 2 7
ge4i-- £ | 0691--4FF 5{41-—x70 §791--XT0 | 9841-=RFI | §291-- +
B642-- E | 9E92-- o | 6742-- 0792-- { | Gg42--IND} 6€92--¥TD
B642-~ H | D6Y3-~RT0 | O74F~- s 5793-- g | 9843--a | 093~ «
BE44-=RT0 | 9694--1HD | 0P44-- Up | 0794-- up | B544-- LF ] 0394--XFR
0645-~ , | 0695-- o | 0745-~ 2 | 0795-~ up | 9E45--&FR | 0295-~1HD
BE4E--CHS | DE85-~ | | O746--%TO | 0796--uF~ | HE4E-- 1 | 0895--
BG47-~BNT | 06a7-- + | 0747-- & | 0797-~ 1 | HE47-- O | 0297--KEY
D645~ 1 | 0692--yTo | 6748~- o | 0798-- 2 | 9E4E--DY ] weye--UFR
064%~- H_| 0699-- o | 0749-- = | 0799-- % | "A49-- N | 0899-- 5
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STEP | KEY STEP | KEY STEP | KEY STEP | KEY STEP] KEY STEP]| KEY
3900-- 9 | nasa-- k { teon-- WP | 1050-=¢Ty | 1190-= X T 1158-- 2
09I1-- - 951-- H 1001--%FR | 10S1-- , 1101--yYTQ | 1151-- 2
0992-- py | ©952-- 0 | 1992-- 9 1082-~FNT | 1192-- + 162-- X
8903--%EY | ©953--KT0| 1003-- - 1053--pHT | 1193-- 5 1153--uFR
0904--p1y | 9954--v10| 1003-- pn | 1954-- yp | 11@4-- & | 1154-- 5 }
0905--%FR | was5--Fut | 1005--%EY | 1055--k50 | 1195--UFR 155-- &
0905-— & | 9956--pHT | 1006--D1y | 1955-- X [ 1186-- 2 | 1155-- 4 !
0507-- & | 9257--NFR| 1807--¥T0 | 1057--4FR | 1187-- 3 1157--4FR i
09n%-~ 1P | 9I53-~ 1 1603-- 7 1053-- § ftag--gup | 1153-- 2 i
| 0909--¥FR|_095%-- 3 | 1009-- 4 } 1059-- 7 A es--x | 1159-- 5 | |
0910-- 1 gasf--vEr T 1010--2FR | 1660--¥5n | 1110--¥TO | 1160-- & t
0911-- 1 N951--4sn | 1011-- 1 1061-- ¥ 111]== + 1161-=8FR i
8912-- - 0962-- X | 1612-- 2 1962--%FR | 1112-- 5 1162-- 3
091%-- DN | W963-- 2 1913--1/% | 1063-- 2 1113-- 8 1163-- 4§ |
8914-- X | 8964--01v | 101d4-~ UP | 1864-- & | 1114--dFR 1164--XFR 3
0515~-¥FR | 9955--%FR | 1015--XFR | 1065-- ¥ | 1115--5 1165-- 5 i
0916-- 5 | D356-- 4 | 1016-- 7 1066--4T0 | 1116-~ 7 1166~~ 4 ;
@917-- 9 | B957-- 1 | 1817-- 3 1667-- 5 | 1117-- up | 1167-- - :
@918-- + | 032g--4EY | 1818-- K 1gee-- 5 | 1118--%FR | 116€--YTD
| 6919-- 1 | 9969-- X | 1619-- 1 1069--%FR | 1119-- & 1169-- 7 '
6920-- . g976--yTo T 1020--REY T 1670-- 6 [1120-- @ T 1170--KFR]
921-- 5 | B971-- 1 | 1921-- - 1a71-- o | 1121~ ¥ 1471-- &
@9z2-- 3 | 9972-- 4 1 1p22-- 1 1@72-~-K50 | 1122-- ¥ 1172-- 9
0923-- 7 | 0973--FuT | 1922-- up | 1073-- up j 1123-- UP 1173-- UP
0924-- 2 | 0974=-FUT | 1024--%FR | 1674--%FR | 1124--4FR F174--4FR
0925--vTD | 9975~-- D | 1625-- 7 1g7s-- 5 | 1125-- 2 1175-~- &
0926-- 1 | 997¢--HFR | 1026-~ 4 1676~- 7 | 1126-- 4 | 147&~-- 7
0927-~ { | 0977-- H | 1927-- - 1677~~-%Xs0 | 1127--RUP | 1177-~ ¥
0928-- Up | 9978-- . | 1625-- Dn | 1078~ ¥ | 1123-- K 1175~-%FR
| 6929-~ DN 0979-- « | 1029--11y_| 1079--xFR_| 1129--yT0 | 1179-- 3 ]
0930--D1YV | 9920-- o | 1936--YTO | 1050-- 2 | 1130-- 4 1130-- &
a921--4¥FR | 9921-- E 19231~- 6 fggl-- 7 1131-- & 1181-- +
G9%2z-- { | 0922--yYTo | 1032-- 0 1age-- X | 1132-- ¢ 1182--4FF
09az-~ o | 098%--vT0 | 1933-~ DN | 1658--yT0 |} 1133--KFF 1163-- &
@9z4--FHT | 0924-- 1034--FHT | 1084~-~- + | 1134-- 2 1184-- X
0o%5-~FHT | 385--FHT | 1035--FUT | 1985-- 5 | 1185-~ 3 | 118%--4FR
69%6~-~ A | D985--PHT | 1038-- B 1a26-- & | 1126--2EY | 1186-- 5
6937~ | | 0927--LFR | 1037-- A 1087-~%FR | 1137--0FR | 1137-- 5
0955--%T0 | 0988-- 9 | 193%-- L 1088-- 5 | 1138-~ & 1185-- -
| 0989-- , | 9989-- UF | 1033-- L {aga-- 7 | 1139-- 7 | 1189--¥T0
0040--FNT T 0990-- & T 1040-~ 0 T 1090--xan ™| 1148-- % T["1190-- u n
@941~-pHT | 0991--¥<y | 10di-- H 1A91-~ Up | 1141--RUP | 1191~-- 3
0942~- DH | ©992~~ 1| 1042-- E 1692~ Pp | 1142--RupP | 1192-- 3
0943-~FHT | #993-- 0 | 1043--4TD | 1093--UFR 1143-- ¥ | 1198--'5
0S4d--FHT | 2994-~ | 1649-~cHT | to9d4-~- 6 | 1144--¥T0 | 1194-- UF
0945-~THD | 0598-~ u | 1045~ F 1095-- 9 | 1145-~ + 1195--KFR
A94c-~ 1 0996-~nFF | 1046-~1/8 | 1036~ K 1146~- 5 | 1196-= 5
0947-- N | 9997-- 4 | 1047~ L 1097--XFR | 1147-~ & 1137-- 7
0948-- p | 99%92-~ 2 | tod4e-~ L 169ge~- 2 | 114€-~ DH | 119C~-- UF
0949--CLY | 099%=-- Ui | 1849-- | 1099-- 6 | 1149~-8FR | 1199~ & |




STEP | KEY | STE
AL
e — ey | step| kev | svee | kev
1201-- 1 1258-= ¥ . STEP| KEY | ST
1202-- 2 1251~ & }%g?-- % 1350-— 6 | 1400- ep| xey
1203-- 4 1252-- B | 130 -- 1351--KeY 1401~ 3 | 1450--KFR
1onio 3 | 1233 r 1502 REY 1352-- 4R | 1402 M Bt 3
jeba T | iezd--vIn 12034-~ 353-- 2 14013 -- 1452-= 3
1265-~ 1255~ o 1’a=_'XFR 1259-- 0 | 1404--KF {455 ~=1="
1207 -~ : 1‘;-'56--}{[:—( g 5 1355-- % E""'XFR 1454 ~=
}zné—-gﬂp {é?f--:uh 1306-- UP | 1355 0EF fioe- 3 }jég-- s
| 1209-4"4 255-- o | 130 - 1357-~ 5 5 S6-~ 0
{gm--aap-r};:g--ﬂgm_z333-- 2 | 335-xdy 1407-- 0 | 1a57-- 2
11--F etim= A 1310-- ~+- “= e 5%-- N
{5127y | 1252w KT [ 5N‘*ii‘fs--"gﬁ--ggsg--x>¢
13-- 1 SRETTh 1312-- o {411~ B9-= 1 |
£ 2 |z i 4i-- e | 14el-- 4
G—- 4 17 5__." 314-~ 5 aveTT 1413-- Le~= 7
1216-- 7 —1%2;-_”0 1315-- 7 {gfﬁ"x*’ﬂ 1414....“50 1463-- 1
ey e e | e, | Hi
RS BErT N -— R S 1416-- S-= 1
Easl =dl =gt e g | et
S20-- 5 ~12ro--RUP1320-- 5 | 1369- 1418-- 2 .
1221 =il 270--RUPT"1328-- 7 T -YT0 o 1468-~ 4
§§§§-~R§P a71-- 4 | 1821 o | 1370 5 s kT id5e- &
3--F 575~ 352--%FE | 1372-- 2l Ph-- 4
1225--RUP | 1279- % 1522--%FR | 1372--KFR dzi--5 | 1471--
e2d--RUp | 127877 Er | 1359-—nF ig7a--1 | 1423~ ro| l4zee- L
| e G
-2 |1277-- 4 == 1 | 137¢ 1425--%F -
1229-~ 1276-- 1327-- 9 -= 2 Seo" R | 1475--4FR
1229-- ; i 1%33__.& 132¢-~ X iﬁ?z"‘ 4 135‘;__ 9 14?6--“4
1236-- . |12g0-- 50__1329--770— ,1g7°'-XFR 1456 + 1477-- 4
{231{-- 8§ 1281-~}li: 1330~~~ § ?—1”7:9" e _ 1429""'X+ 1478--4T0
1222-~ § 1262-~- ‘SR 1331=-~ 9 128‘3"’ up —143(ﬁ-_ FR-_14??—— 4
1233-~RUP 1283-~ 7 1232-- DN 1;91"'”"&' 1431~ 5 [ 14g0-- 5
1234-- 2 1264--R8Q 1333-~4FR ;geﬁ" 7 | 1432-- 7 | 1481--YTD
iggg--ﬂljp 1265-~- ig%g"‘ ? 132‘2:' ;é” 1423~ ;{ i‘;?f_"— 4
- CEG——- II== - _— g3=-
1535 X<y Lagi--KFR | 1936--¥80 tess-- 1aga- Yy 454 -¥EY
1238-- | 1283-- 1 1337~ UP—_MQE"YTO 1436~ | 1485~- +
| 1239 2 | 1289~ X 1332--4FR | 1566 5 PE 1426--1T0
1240-- ¢ 11299--RFR- 1339~- 6 $88-- 3 14@3__"FR 1457-~ 4
1241-~ 7 1291--'6R —1340-- ¥ --}389"’XFR 1426-~ 3 | t4%8-- 3
1242-— { ) 1292-- U 1341--XFR 1"90'" ! T1440-- 6 | 1489--XEY
1243--RUp 1202-- db | 1342-- 2 1391-- Up | 1441-- + TI1420--XFR
1243-—rue | S2977HR 45080 % | 302--KER | 1445 5" | 1492- 7
12aamchny | 1295-- 31 isadm X T DA S IS E A
1246__'8 1296-- X ig;}g-_.ﬂo {232"X§R 1444-: 2 ijgi-- +
47— ~ | 1797--BFR -- - t1i3 o 1445 -={T0
1546m 2 |1:98--'5 1347-- 5 | 133670 2 | 1446~ g | 1495-~ 5
. e 397-- 6--y10 | 1 g
1249--Rup | 1299~ 184€-- 9 up | 1447~ 496~ 7
p > | 135 xde | 1392--KER | Lade-- 3| 1497--sT0
{445-- gp | 1499-~ §
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TR i ik ikt oo

v e+ SRS -

STEP

STEP’ KEY

KEY STEP | KEY STEP| KEY STEP | KEY STEP| KEY
1500-~ 1550-- 7 | 1600-- T
1500-- 8 | 180 ol | LERITTPNT | 1e3i TNy | 1osen 8 | 1750 oPHT
{ SE| 1601-- + | 1651--CHT | 1701
lous-Tufr | 1552 . | 1eqa--xrx | 1e52- p | 126STTRTR | 17850 ek
1o0ITKER | 155500 5 | 1ens—m | 1633-- 0 | 17aElT % | 1P5LTER
15w & | 152070000 | tema- § | resac- g | iZe3o Lo iFSiC d
1305-xoy | 1555-- 1 | 1605-- + | 1€55-- L | 1705--xFR | 1755-- ¢
1506-— 1 | 1556=- ¢ | 150€--Fm1 | 1656-- E. | 170é--"2 | 1756-- 1
1§07-- 5 | 1557-- 2 | 1607-~FNT | 1657--CNT | 17a7-- 0 | 1757--FN7
tooe- e | 1558-- 7 | 160s— € | 1656-- f | ivie-- + | 1758--FuT
| 1509-~ 2 _} 1559--GT0_] 1£09~~ YE_| 1639-~KT0 1709-~%FR 1?§:§~-Kf0
1510-- DN 1560-- 1 | 1610--4T0 | 1€6G-- C [ 1710~ 1 | 1768-- 0
1o1toowsy | 1561-- 8 | 1611-- o | 1661-- K | 1711-- 4 | 1761--270
1512-- 1 | 1562-- 5 | 1612-- A | 1652--FNT | 1712--4EY | 1762--
{515-~ § | 1563-- 4 | 1813--yT0 | 16€3--PHT | 1713-- % | 1763-- L
1514-- 2 | 1564--FNT | 1614-~CNT | 1664--FHT | 1714--FMT | 1764-- 1
1516-- 4 | 1565--FMT | 1615-~ N | 1665-~FHT | 1715~-FMT | 1765-~ F
1516-- , | 1566-- 1 | 1616~- 0 | 1666-- C | 1716=- C | 1766--KT0
1517-- B | 1567-- E | 1617-- 1 | 1667-- L | 1717-- D | 1767--FHT
1518-- 1 | 1566-- ¢ | 1618~ E | 1668--FNT | 1718-~FNT | 1768--FNT
1519--GT0_| 1569-~ H | 1619-- § _| 1669-- up_| 1719--FHT | 1769--¥T0
1526-- 1 | 1570--CNTT 1620--xT0 [ 1679--Req " 1726-- DN "1770-- 5 -
1821-- 5 | 1571-- 1 | 1621--Fu7 | 1671~-xEY | 1721--FHT} 1771-- &
1522-~ 2 | 1572-- 0 | 1622--pNT | 1672-- yp | 1722--FHT | 1772-- UP
1§23-- g | 1573-- M | 1623-- pn | 1€73--gFR | 1723-~ D | 1773--XFR
1524-- , | 1574~- E | 1624--FMY | 1674-- 1 | 1724-- o | 1774-- 1
1525-- @ | 1575-- N | 1625--Fut | 1675-- 9 | 1725-- A | 1775-- UP
1526-- 1 | 1576--%T0 | 1626--vTo | 1676-- % | 1726-= G_| 1776--KFR
1527~-CHS | 1577--FNT | 1627-~1/% | 1677-- DN | 1727--FNT | 1777-~ 5
1526-- UP | 1578--%FR | 1628-- M | 1678--PHT | 17285--FHT | 1778~ O
| 1529--xFR] 1529--'3 | 1629--clT L 1679-- UF 1729-- up | 1779-~ +
1530-- 4 | 1580-- 0 [ 1630-- 0 | 1620--KFR | 17309--KFRT["1780--FIT"
1531-- 7 | 1581--PNT | 1631-- F | 1681-- 1 |1731-- 2 | 1781--FHT
1532--%T0 ¢ 1532-- UP | 1622--CNT | 16&2-- 4 1732--FHUT | 1782--YT0
1533-- 4 | 1523--%FR | 1633-- 1 | 1683-~ x | 1733--FHT | 1783--1-K
1534-- g | 15g4-~2 | 1634-- 0 | 1684-- pn | 1734-- & | 1784-- M
1555--yT0 | 1585-- ¢ | 1€35-- 1 | 16€5--Fu7 | 1725-- a | 1785--K)¥
1536-- 4 | 1526--FNT | 1636-- E | t686--FuT | 1736-- 0 | 17¢6-- E
1537-~ 7 | 1587~-FNT | 1€37-- H 1627-- A 1737--%¥70 | 1787-~- YE
153g--XEY | 1588-- A | 1639--g70 | 1668-- £ | 1738--¥T0 | 1788--RTU
| 1539-- + | 1569~- E | 1639--YT0_| 1680-~ o _| 1739--CUT | 1789--
1540--yT0 T 1590-- o T1640--FHT [ 1690-- o ~[ 17407~ B J1790-- A =
1541-~ 4 | 1591~- 0 | 1641--PHT | 1691--cHT | 1741-~1/K | 1791--%5 7
1542-- 6 | 1992~-CNT | 1642--%FR | 1692~~ L te42-- 0 | 1792-~1HD
1542--xEy | 1593-- # | 1643--"5 | 1693-- [ | 1743--¥FR| 1793--4T0
1544--RFR | 1594-= 0 | 1644-- 7 | 1694-- F | 1744-- . | 1734--YT0
1545-~ 5 | 1595-- M | 1645-~FMT | 1695--x70 | 1749-- L | i789""
{546-- 7 | 1596-- E | 1646-cFHT | 1696--FuT | 124%5== 1 | 1796-"FA1
i547-— + | 1597-- N | t6a7-2ut0 | 1697--puy | 1247-- F | 1727--PHI
1545--yT0 | 1598--3T0 | 1648-- q. | 169¢--xTp | L748--KT0} 1798~ B
1549-- 5 | 1599--FHT | 1649-- 1 | 1690--"5 | '749--FuT | 1799--FUT
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il ki s >
ol T
:

T P = T

STEP | KEY | STEP | KEY STEP| KEY | STEP | KEY STEP| KEY | STEP] KEY
1£00-<FHT | 1850-~ A {190g-- 7 1350-~ B 26000-- 4
1e0l--NTi { 185t-- N 1991 ~-=XFR | 1951-~ . 2001 ~~FNT
1g0z-~- 0 1852-- ¢ 19682-- | 1952-~FMT | 2002--FNT
1893-=XT0 | 1553-- L 1942~-- 9 1353-- K 2002~-4T0
1204-~ 1354-- E 1994-- JP | 1954=-~0CLY 2084 -- q
1865-~IND | 1355~-0NT | 1995-~4FR ]| 1955-~ 2995-~ 1
180%-~ E 12356~=4KT0 | 1996-~ 1 1355-=XT0 | 2005-- H
1€07-- 1 1857-- 1 1937-~- 5 1957~- a 2997 -~CNT
180%-- 1358--CHT § 1993--4=Y | 1952-~4T0 | 2003~-- H
 1209-- H _| 1359-~ H | 1999-- 1 | 1959-- b _| 2009-- H
1210==%T0 | 1260~-~ 0 1919-- 9 1950--FNT | 2010-- G
1211-=FHT | 1261-=- o 191{-- 3 1961 --FNT 2011-~- L
1812--PHT | 1862-- 1 1912-- 4 1962~~ J 2912-- E
1813-- - 1263-=-%50 1 1313-<HEY | 1953-- . 2013--SFL
1814-=XFF | 1264-- 1 1914-- P | 1984-- B 2014~--~ ,
1815-~ § 18865-- H 191S-~HFR | 1965-- , 2815-- 2
1816-~ ° 12368~=-FMT | 191&-~ 1 1956--1ND 2nic6-~EEX
18i7--%EY | 1867~ ~PHT | 1917-~ % 1967~~ , 2017~~~ 9
1812--FNT | 12658--PNT | 1918-~ - 1968~~-CHT 2018--CLR
1819--FNT | 1269--pNT | 1919-~ DH  1969--CHT_| 2019--YT0
1820~ H T 1870-~%XFRT 1920~-~%3Y" T1970-~ T T 2020--XT0
1621-~- E 1871-- 9 1921-~ 1 1971~-- & 262i-- A
18622--uT0 | 1372~- UP 1922-~ 9 1972-- . 2622-- o
1623--CHT | 12873-- 1923-~ 2 197%-- 2025--XT0
1824-~ L 1874=-- + 1924-~ ¢ 1974-- 9 2024-~CNT
1825~- 1 18?5--?Tu 1985-~ DY ] 1975-~ & 262%-- R
1626-- F 1876~-- 1 1926--¥TO 19{#--PLP 2026-- N
1 1827--¥70 | 16877-- @ 1987-~ 1 19727~-CLE § 202?7-- E
1823-~FNT | 1878-- 9 1222-- 0 1975~--CLR | 2022~-1IND
| 1829-~PHT_| 1879-~ 1 _| 1929~~GT0_| 1979~~CLR_| 2023-~FHT
1830~=-YEY Fleeo-- 1 19306~ 9 198p-~CLR | 2035-~ K
1€31-- A 18221--4T0 | 19231-- 7 1921~-FHT | 2631--£LY
1832-~FlT 1332-- 4 1932-- 7 1982~-570 | 2J32--5T0
1932--FNT | 1383-- 3 1983-- 7 1983-- 0 2033-- @
1834--%T0 | 1224--XT0Q 1934--FNT 1984-~- 9 2034--EHD
1635-- 0 1825-~ 4 1935--FUT | 1985~- @
1836--%T0 | 13586-~ 5 1936~~ & 1986-~ Q.
1837-- A 1827--4T0 | 193?-- E 1887--%>Y
183¢-~- L 1828-~ 4 1928~-~ AR 1988~-- 2
1839~-CHT_| 12239-~ ¢ | 1939-- ] | 1989-~ 0
| 1840-~ F T 1290-~XT0 | 1940-=4FR | 1990~-- @
1841-~ 0 1291{-- 0 1941--CHT | 1991-~ 1
1842-~ a 1892-~ 4 1942-~ H 1992-- DN
1842-- ¢C 1892~-~ ¢ 1942-~ E 1993--4FF
1844-~ E 1894-~ 194d-- YE | 1994~- &
1€45-~-FNT | 1295-~%TQ 1945--KTi 1998 -~ 0§
1846--PUT | 1898-= ¢ | 1946=-CHT | 19%4~--GTD
1847-~KEY | 1997-- 4 1947 -~ ¢ 1997 -~ |
1€48-~FNT ] 1898--%T0 | 19248~- ¢ 1998-- 0
1849-~FMT | 1699-- 4 | 194%-- 0 | 1944-- § -
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STORAGE REGISTERS
STORAGE '
b | P CounteA g
a | Zwo, Use
000 |~ 040 080
001 | o041 [Va¥2 081 |Z,
002 | Lo 042 | Ve | ot |082 | .
003 | 2 043 | At Trigen 083 | Z3 b
004 | 77 044 | Oev.aa i" o8¢ [ W5 '
005 | A 045 &g&&%L 085 | Z
006 | < 046 [AocTriog 086 | W3 i
007 | L 047 | Prev.aalr dl  losr [ Zy W
008 | C 048 | ey an] 088 |Wg N
009 |7 Covveer 049 089 | Zs ~ |
0o | Z 050 | £ W, oco {Us 4
o \Wing  fps 051 |Z Afr(x- 091 {Z¢ 9 |
012 | Lo, slug /e 052 |El(y-y°r] 092 | Me ¥
03l P u 053 093|Zy O
o4 |(K=9-VY7% 054 [ XF=26.6 094
015 | Zg 055 | YP=-3i,9 095 |2 ®
06 | AZ 056 096 |Wg 2
017 057 | o 097 | Zy ~
08 | (74 058 | Zemype. 098 [Wh X
019 [l /o 059 | Temp., 099 | Zo )
1020 | Cop . K) 060 . 100 | We
021 |dlo/dac¥. 061 Xo-’76' 1 10 Zu W
022 | £ ‘ 062 WX /da, 102 | W
023 | £ 063 [Xeo/E Y 2, 103{Zn X
024 | Fa 064 |I/dar ) 106 | U
025 | 9o 065 | Xerl Y3 105 | 23
026 | 9 066 y/da) | 106 [ )s
027 067 | Xeo/ ¥4 107 |-/ Zseet,
028 | 93 068 HY/d) 108
029 MesoMom, 069 | X ¥ 5
030 Weck Mom 070 [dyt/da
031 | b, on
032 | Z Mom, 072
033 | 4 073 | 8/6
034 | Sp.LrAes L 074 | G/t
035 | Ao 075 1
036 (e fZ Yeo 76
037 |Yea/E S 077
038 |@e Ll 078
039 &, )77® 079
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3.5.7 SAMPLE INPUT/OUTPUT PRINT

The following copy of the HP Printed Tape shows a typical problem and solu-

PROG. #7&.005
TRIMs DECR.ALTS.
FAM.2 T.EBALLOGH
459010, BOGS
F70.0006%
83.7080%
IF THERE ARE HO
EXTRA WEIGHTS
EdT.o IH ¥
DTHERWISE, EHTER
WT.IN Zs% IH ¥
A IH ¥
EHNT.# IH ¥ AFTER
ALL MEIGHTS ARE
EHTERED

i
AN
.....!'n
\D@

[ ]
DD W]

26 bﬂ

ALT.WIHD PROFILE
ENT.n IH ! AFTER
SURF.EHTRY "

3. 009
19060, 060
&0, fan

-l.
ﬂ

:nnn n
—1-'1':‘

o .-n o

=
DKl W]

w
.
]
-
2

T

o

L

D
D

Pl

[aoe X s}

t

>
P
.
=
Do)
Lt

G ﬂ

ALT.
14000, 0068
WINDsKNOTS
25,000
DYH.PRESS,
1.373
BALLOHET FULLHEZ.
0.800
MECH MﬂnEHT
51z, 252
RERD HDHEHT
-R2537.371
ERTRAS MOMEHNT

0, a0
Sun OF nUMEHTS
3-11"
TRIN HHGLE ATCK
7.430
CL
0,267
REROQ LIFT
640,213
co
d. 145
IRAG
254,383
GREOSS BUOYL.LIFT
1934, 099
TBT.LIFT
ST4.312

SUN"EXTPH‘JTU.
254,900
TOT.WETGHT
1220, 9494
HET LIFT
1354,212
TOTAL FORCE
1377, 997
AHGLE TO HORI1Z0OH
79, 362

ALT,

4

BHEa,
WIHD, KHO

el

_| ._u
l_.l
l_l

S,

o’\
Pl
=

&
£
2

DYH. PRES!

.42
BALLONET FUL I
9.

'\- 'Zt.l wn

For a discussion of the particulars of this problem, -8ee Section 4,

MECH MOMEHT
9013.184

AERO MOMEHT
-90869,932

EXTRAS MOMENT

a, 699
SUM OF MOMENTS
3.247
TRIM AHGLE ATCH
7,570
L
0.371
ARERO LIFT
663.716
CD
B.147
DRAG
264,443
GROZS BUOY.LIFT
1924.0899
TOT.LIFT

Z26B2.815
SUM"EXRTRA"NTS,

259,400
TOT.WEIGHT

12205, 000
HET LIFT

1382,.215
TOTAL FORCE
1407.875
AHGLE TO HOR1ZOH
79.174

ALT.
12000, 060
WIHDs KHOTS
BEL ALY
DYH, PPEE?.

67
BALLONET FULLHS.
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e )

LR A s bl L L il

/,,f”‘-\k_—’//"

ALT.
10003, 9913

WIND, VHJT

5.0

oo
D

o Ty (D l"l

DYH.PRESS
9,041

BALLOHET FULLHZ.

9,405
MECH MOMEHT
16787, %
AERO MOMENT
-~ 10534, D20
EXTRAS HOMENT

w1

w
-

9,000
SUN. OF MOMEHTS
~46, 727
TRIM GHGLE ATCH
4.4580

cL
8,220

AERD LIFT
25149, 905

Ch
a1

]

T

£
DRAG
ld?S 4%
GROSS BRUOY.LIF
l;l._-l ek
TOT.LIFT
$45, 004
SUNTEHTRR"NTS,
25, 000

J." —lu:'

TOT.MEIGHT
1220, 0050
HET LIFT
225,004
TOTHRL FOFCE
506,00
AHGLE 10 HORI o
56, 902

i

(

ALT.
5909, g
WIHD KHOTS
=30, 094
D¥H.PPRESS,
2.63?
BALLOHET FULLHS

B
MECH WMOMEHT
D743, 951
AERD MOMEHT

-9759.784

EXTRAS MOMENT
0, S

SUM OF MOMEHTZ
~15.2332
TRIM AHGLE ATLCE

\Jc -'-FU
cL

. 291
AERD LIFT
. BEF. 242
co

A.131
DERG

436, 852
GROSS BUOY,LIFT

1934, 003
TOT.LIFT

2903, 342
SUNT EXTRAMTE,

250, 00n
TOT.MEIGHT

fzeh, ang
HET LIFT

LEET, 342
TOTHL FﬂFLE

17
ANGLE TO H

r_q.—-n,_
La o
[ R ]
I """J’

P

ALT.
42uh., 90
WIHDs KHOTS
-20. 039
DYH.PRESS.

L RN ]

BALLOHET PUL
Ul
MECH MOMEHT
2452, 402
ARERD MOMEHT

~3472, 252

EXTRAS MAOMENT
0, 0
SUM OF MOMENTS
20, 149
TRIM ARHGLE ATCE
7B

QI fos
s T2 0D

e

CL
B, 232
AERD LIFT
997,935
1]

DEAG

r'l
GROSS BUY,LIFT
1934, 039
TOT.LIFT
EHREZ.0ET7
SUM"ERTRANTE.
250, Oy
TOT.WEIGHT
1220, 010
HET LIFT
132,037
TaATAL rHPtE

mm et
12"-".., ar

AHGLE TO HORIIOH
sa.410

READY HERT FROE.
U = O R 1)

L ove

S P
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3.5.8 NOTES

A, If incorrect data is entered, do not press STOP END to restart program.
For a proper restart, clearing all registers, press the following:

STOP
GO TO
1

9

3

4
CONT

B, Extra Weight entry, STOPS 8, 9

The payload weight can be included here if desired, It will not affect the-trim
angle if located at the confluence point:

(X) () (Z)
STOP 8 (or 9): x°F P wiy
It will affect the net lift and hence the total force and its angle,
C. Altitude-Wind entries STOPS 10, 11

1, First wind entry, STOP 10, must be Point No, 1 in (Z), starting
Max altitude (Ballonet empty) in Y, and the wind at that altitude
in X,

2. Up to 12 more Alt-Wind Points may be entered (STOPS 11) to define
the wind profile from max altitude to the surface,

3. The last entry must be the surface altitude and surface wind,

4, A '"7n" is then entered to cause the program to continue on to
STOP 12,

D. This program was written for a Family-2 Balloon-Design, It was tailored
for a 45,000 CF size with several constants for this size built into the program,
Should.any of these differ when an actual 45,000 CF balloon is flown and measure-
ments made, the following table indicates what step numbers in the program should
be changed, The table also indicates the changes required to make a universal
program for any size Family~2 ballocn,
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Lk A

e

stk poune ditle

Steg No.,
0388
0389
0390
0391

0397
0398
0399
0400
0401

0407
0408
0409
0410

0417
0418
0419
0420

E,

As Written

Key
2 X of Confluence

6 Point = 26,6 ft
. - XCP

6
3 Y of Confluence
1 Point = 31,9 ft

. - yCP
9
Chg S
5 X of Center of
7 Gravity = 57,3 ft
’ = Xca

3
2 Y of Center of

. Gravity = 2,5-ft
5 *Yeoq
Chg S

To Modify for
Continued 45, 000
CF Use

To Generalize for
Any Size
Family=-2 Balloon

Key
n Insert
n Mod.
. Dist.
n
n Insert
Mod.,
. Dist.
n
Chg S
Insert
n Mod.,
. Dist,
n
n Insert
h Mod.
h Dist,
Chg S

Key
4 Stop No. 4
by

STOP EntXCFinx
PNT

5 Stop No. 5

sToP EntY°Finx

PNT
6 Stop No. 6

STOP EntX..inX

PNT

CcG
7 Stop No. 7

STOP Ent YCGm X
PNT

Conversely, several parameters left as entries might be desired as fixed

inputs when only one specific 45,000 CF balloon {or other size) is being investi-

gated.

ing key strokes:

115
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Step No, Key Step No. Key Step No.  Key
0353 nY)  vel 0363 2 0373 1
0354 n of 0364 1 0374 n Wt
0355 n \ " Balloon 0365 3 0375 n of
0358 n 0366 - 0376 n Balloon
0357 n 0367 i 0377 n
0358 n 0368 X_y 0378 X
0358 X 0369 x¥ 0379 1
0360 4 0370 Xa 0380 CNT
0361 2 0371 0 0381
0362 N 0372 4 0382 n
0383 n T
0384 n
0385 n
0386 X
0387 8
The ballonet volume, v, is incorporated by the following changes:
Step No, Key Step No. Key
0753 n Vol. 0763 S’I"S)P Entry ¢ in ¥, AZ inX
0754 n of 0764 XY
0755 n Balloon 0765 PNT
0758 n 0766 Xa
0757 n 0767
0758 X 0768
0759 0 0769 Yo
0780 CNT 0770 1
0761 1 0771 6
0762 2 0772 XY
0773 PNT

If a volume otiar thun 45,000 CF was being considered, the modifications
shown ir. Note D must also be 1nade,
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3.6 Program No. 76.006 — Tether Cable, 2-Dimensional Case, Variable Wind Profile,
Optional Internat Variable Drag Coefficient

3.6.1 GENERAL DESCRIPTION

In the flight of a tethered-balloon one is typically concerned about ti= ability
of the balloon (a) to lift the weight of the cable, (b) to retain a reasonal e magni-
tude of cable tension at ithe ground, (c) to keep the cable tension at the t2p within
a safe limit, and (d) to keep the balloon within a reasonable definition of the word
"overhead' under varying conditions of altitude and wind.

All of the forces_introduced by the balloon can be summed up into one force and
its angle. This total force, FT’ and the angle 6, can be computed by Program No.
76,003, 76,004, or 76,005, These two parameters are then treated as inputs to
this cable Program No, 76. 006,

The basic forces acting on the cable, in addition to the total force, Fr, acting
at the top of the cable, are the aerodynamic drag and the cable weight. The weight
is easily specified.

The drag is more difficult since it is a variable function of atmospheric density,
wind velocity, and cable diameter, In addition, since the program was intcnded
for use to altitudes up to 65, 000 ft, the effect of Reynold's Number on drag coef-
ficient could not be ignored. Accordingly, an option was permitted in the operation
of the program to-permit the user to either specify a cylinder, Cp» orto allow the
program to compute a CD. The former is held constant for all-conditions while
the latter varies with altitude-wind-velocity-diameter, per Section 3.6.2,

In concept, the cable is broken into rigid elements of a specified length, K,
and the forces acting on this length evaluated to obtain a magnitude and angle which
the next lower element must align with and provide equal restraint. Thereby, a
series of outputs is. possible at each of many points proceeding downwards from the
balloon to the surfare, The cable's space, position, angle, tension, and length
are shown as outputs.

During the downward progression of calculations, the cable tension, T, and
angle, A, are monitored for the condition of zero tension or horizontal cable.

Under such conditions, the balloon has not provided sufficient lifting force for the
size and weight of cable involved and the cable is said to be unable to reach the
surface. For a given balloon and cable, a lower flight altitude is indicated, If
such an event occurs at the surface, the cable is lying on the ground without ten-
sion. Hauling in some cable would bring the balloon to a lower altitude and 1ift the
cable off the ground,

For a corupiete evaluation, the behavior of the tether cable during its ascent
or descent and at its maximum altitude should be examined. Use of Program No,
76. 003 or 76, 005 to provide solutions for balloon F’I‘ and 8 for maximum and
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intermeadiate altitudes is suggesteds Haéeh of these solutions using the appropriute
altitide and wind ds the starting valies i Program No. 78,006 will provide the
domplete analysis, It Bhould be eatitioned that this program as well us the others

in this report provide answers for statie ¢onditions and do not attempt to consider
the dynamies of balloon, cable, or Bystein motion,

3.8.2 DEVELOPMENT OF PROGRAM AND EQUA'TIONS

This tether cable program will consider the 2-dihiensional case only where
the winds, cable, ballooh and groittid winch all lie in the plane of this paper:; A
negative wind may be used indicating flow from right to left in the diagram below,.

A, The objective of the program is, starting at-the top of the tether cable
where it is attached to the Confluence Point, to evaluate its tension, angle, space
position, etc. moving downward to the earth's surfacé, Consider the cable as a
geries of rigid cylindrical elements of length, K, attached by freely pivoting con-
nectors, Consideér the wind to be constant over léngth, K,

Assume no inoments are
prodiiced on 8hort element K,
L Forces in Hotiz, Dir on 1st
Element

(i) FpcoB8+L, =T, cosb,

L Forces in Vert, Dir, on 1st

AT
Element /ﬂgll
(2)Fpsinf=W, +T, sing, - . Zg-})

a
Wiy = Wey)
\/ Wik Weyg = Wegy
I

' b —o] Z5-i-l2

In considering drag due to wind, one method would require a table of cylinder
¢ p valuesvs pitch angles. Since C D is also affected by R (Reynolds No), such a
double variable table would be cumbersome, Insteadapitchangle of 0° will be
assumed and a wind component flow concept similar to wing-sweep will be utilized.
This breaks the wind into a component normal {o the cylinder as the drag producer
and assumes that the other component parallel to the cylinder produces a negligible
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skin friction. (Note: this may be improper at supercritical values of R but is
better than neglecting pitch or assuming that C D is a constant, a difficulty of other
more simple programs,)

Therefore

‘ b DT

WIND=V W O D,.=D,. sin
g~ Pr 80
VN=Vsin9 .‘)w=DTcosG
3 D.=C.qA=C.ARv 2-cC Ap/2v? (sing)®
T D D7 'N D
(4) Dy=CLA p/2 V2 (sin6)° = Cp qA isin 9)°
(8) Dy = CpAp/2 (sin 6)% cos 6 = Cp, qA (sin 9)% cos 6
pV.d

. . . _ _ 2
-However, the use of VN will be required in cale, of Rn = and ay = % VN

- ;2
(6) D = CDAp/Z VN = CpAay

(7) Dy = CDAp/2 VN2 sind=C.A q sin 8

D
(8) Dy, = CDAp/2 VN2 cos § = CpA qy cos @

Eq. (1) = (9) Fp cos 0+ DHI =T, cos 61

Eq. (2) = (10)FT sin 9 = W1 + Dw1+T1sin 91

FT cos 0 + DHl

cos 01

(11) ’1'1 =

FTcos£)+D

cos @

(12) H1

sin 01 = F’I‘ sin§ - W1 - DWI

FT sin§ - W1 - DWl

(13) tan 91 = T

T cos ¢ + DHl

)

F,.sin8 - (W, + D
T 1w & Angle of next lower element

FT cos ¢ + DHl

arc tan

(14) 91

FT cos 0 + DHl
cos 01

(15) T1 « Tension at top of next lower

element
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3 NOTE: Before obtaining values of §, and T, the space position of
the bottom end of the element is determined by:

Vert, Displ: (15) jj=Ksing

Hor. Displ: (16) hl =K cos 8

Program proceeds on down, one K element at a time, until the sum of the

iTz -2z,
DVN diam,
B. Reynolds No, vs CD R = —
\
100 =
CLASSIC CURVE
cp I OF CYLINDER
¥ “/\r—
] AN I

L1 1
I 10 10% 103 10% 10° 10° 107 R

(17a) For R <1, assumed Stokes condition: Cp, = (10, 9/R)/(,87 - Log R)
To incorporate conditions where R > 1 into program, series of straight 1ines on a
semi-log plot were used as approximations, At Rcr area used roughness cond,

k/d = 0,009 (hei htaf:“ h), Reference 3.

(17b) R>1Cp = Cp page point ¥ KR (L08R - Log Ry, .o Point)* This is ob-
tained by working from low end of R towards larger values, and taking slopes of
CD-R moving left to right on plot,

Under Condicicn B, (R > 1), the following constants are included in program
storage for C D solution,

Region RBase CD Base Eﬁ
N R <§ 1 12,5 -10

nep R <900 9 2,18 -1

nep R <4500 900 .98 0

Naop R <8000 4500 .98 .7308
Nap R <40,000 9000 1,2 0

nop R <50,000 40, 000 1.2 -4, 54
nep R < 250,000 50, 000 .16 . 3434
Nep R > 250, 000 25,000 1,0 0

3. Hoerner, S,F. (1958) Fluid Dynamic Drag, Publ. by author,
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The 1962 Std. Atm, values of it plotted shows that, within accuracies needed in
this CD useage, 2 straight lines are sufficient to define the variation of pt with

C. Coefficient of Viscosity, (1, for R =

altitude.

@ 66,000 ——

2

< 36,500 ——
2 1

955282 1205~

. M (1bs/ 1t -sec) ‘
3 .
* (18a) From Z = 0 to 36, 500: p=1,205"5 — 68418471 2z,

(18b) From Z = 36,500 to 66,000: =, 95528'"5 .

8, o

P SRR
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3. 6.3

¢

FLOW CHART

STEPS 0000~ 0370
ENTRIES CONSTS.
ENTRIES VARIABLES
STORE, PRINT, ETC.

TND FIELD ENTRY
l Winors: 2 "

0370

@~
0456

j=Ksinb
Z=Zpppy

Not

A

0485

Reg 006X

Set K’ = K/10
Wiy = WQKIIO

A'=A/10
10~ Reg 006 ~

0487 | '

0511 [
j=K sin 6~ 62
+63

h=K cos 8= 60
461

K~+64
\VQK-NBS

0708

] o580

A2, =2,-2;,,
AW =W~ Vi
¥ = awnlaz,

az=2, -2
AW =AZ%\ZV-
Vipg = W= Wy s AW,

(Wind table stored in
f.p. 8. Reconstruct to
KNOTS for Print Only)

i = 95528

0686
=V siné

0703
18 Z<35500

Yes

[ 0781

Cale p/p, from
Inplp,=a,Z+ a,Z

p slugs = ,002378 plpo
ft
for Drag Use
p lbs = p slug X 32,174
"
ft’ ft
for R Use

e: In flow chart, n l; used for wind profile point number, “cp for CD-R

region number,
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(1049)

0901
Is R>900

0918
Is R>4500

0935
Is R>9000

0953
Is R>40, 000

fep =5

99

0
s R>250, 000 nop =17

fep = 8

1006 [
Using Nep Retrieve
RB -+ 3n4+ 68
’CDB + 3n+ 69
'KR - 3n+70
C =CDB+KR(LOGR-LOGR

- I

B

TR T e 2y

(5)——————— ""CABLE APPROX. ON SURFACE"—
490 1313

] 1049 @

R 2
ay=1/2p vy

When W = 0
D'I‘ =0
No 1113 Yes
Is 6 = 90°
No
1135
DHI = D’I‘ sin @
DWI * Dy cos §
Wt,, + D
K~ "Wt
§, = arc tan Pz sinp -k * Owa
17 F + D
T cos A H = 90°
F +D 19
T -_Tcosh H
1 cos A, Tl = FT - WtK

No 1242

IsT1<0

Yes
""TENSION. ., . ZERO"mx

"CABLE HORIZONTAL'"—{

1340 Print end values of cable

1381 "READY NEXT PROB."

1400 CLEAR ALI. STORAGE REGISTERS
1407 Program No.

1416 RAISES PAPER TO TEAR-OFF LEVEL
1423 Go To 0000

1431 END
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3.6.4 OPERATING INSTRUCTIONS

KEY STROKES

RUN
END
FIX, 2,3, ~=--

CONT
Stop 1-1-1, Enter:

CONT
Stop 2-2-2, Enter:

CONT
Stop 3-3-%, Enter:

CONT
Stop 4-4~-4, Enter:

CONT
Stop 4-4-4, Enter:

CONT

ENTRIES
{No. of
decimal
places
desired)
(X) (Y) (Z2)
Il or CD* ZS urf’ (ft, MSL) zBalloon’ (ft, MSL)

*Enter I! to use built-in cylinder C, variation or
Enter C__ value which will be usecpthroughout

progran‘E
0 or K* Wt/ 1000 ft(lb) Diam, (in,)
(Element (cable) (cable)
Length)

Zg = Zg
*Enter 0 to set K = —Too— or Enter X in ft

8 (deg.) Fq (1b) —
(Angle to (Balloon tot.
Horiz,) Force)
Wind (Knots) Z (ft) Wind Entry Number
(First Entry Z  First Entry #1)
Balloon)
Wind Z Wind Entry Number

Until, last set of entries must be for
Z = Z surface

The above entries will be printed out in groups as they are entered as follows:

Zg
Zg
7 or CD

Diam,
Wt/ 1000
K

Balloon Altitude, ft MSL,
Surface Altitude, ft MSL

7 to indicate internal use of variable CD
CD to use as constant CD

Diameter of cable, in,
Weight of 1000 ft of cable, 1b
Element length, ft either K entered or

z. -2
K-_B~%s
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"Enter Wind Field"

2 NOE NS EN~

Y
sz [

Total balloon force, Ib
Angle of FT to horizon, det

First wind entry No,
Altitude, (balloon), ft MSL
Wind, (at balloon), knots
Second Entry

Alt

Wind

Third Entry

Alt

Wind

Last Entry No. (Max, 11 Sets of Entries)
Altitude - (surface)
Wind (at surface)

A, The following parameters are then printed for each K element downward
to surface, NOTE: To avoid print of any or all of these replace "PRINT" with
"CONT" at associated program step numbers,

STEP
NO.

479
530
534
547
551
561
565
675

834

1050
1083
1106
1147

Altitude, ft MSL of element bottom

Vert, Dist,, top to bottom of element, ft

Total Vert, Dist,, balloon to bottom of element
Horizontal Dist., top to bottom of element, ft
Total Horiz, Dist., balloon to bottom of element
Total element (cable) lengths, ft

Total element (cable)weights, 1b

Wind at bottom of element, knots, assumed acting
over length of element

Reynolds number

Drag Coefficient

Dynamic pressure, lb/t‘t2
Total Element drag, lb
Horiz Component of Drag, lb
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1160

1194
1211

1202-3
1273-4

B.

Vert. Component of Drag, 1b

Angle of next element, deg

Tension, top of next element, 1b

(bottom of this elem.)

Ending of Program:

When cable reaches near surface
{<K), prints "CABLE APPROX.

AT SURFACE"

rK

TWtK

XDW
!‘.DW + YWt

Dy

Altitude, ft
(surf)

Angle at winch,
deg
Tension at winch

Vert, Dist., ft

Horiz. Dist., ft
(ball. - winch)

Cable Length, ft
Cable Weight, 1b

If T{<0, prints
"TENSION IS
ZERO"
(where T1 =0)
1t
~0
{(where T1 = 0)

Tot, Vert. Comp. of "

Drag, 1bs.

Sum Vertical Forces,

lbs.

Tot. Hor. Comp. of

Drag, 1b
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If 64<04
prints "CABLE
HORIZONTAL"

(where 6 = 0)
~0

{where 8 1 = 0)
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3.6.5 SAMPLE INPUT DATA FORM

e

INPUT

76,008

Ealiat i JCH i b

Altitude, Max, Starting,

ft, MSL

Altitude, Surface

ft, MSL

Cable Diameter

in,

Cable Weight/ 1000 ft

1b

i Total Force

1b

3 Angle of Fo

deg

WIND PROFILE

. Must use minimum
: of 2 points, No, 1
3 always Z Last

T A

No.

ft, MSL
knots

é point alw%;s Zg.
: Max, No. of points:
H 110

i

No.

No.

No.

No.

No.

No,

No.

No.

Lain g 3

No.

10

No.

11

Ealau o d
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3,8.6 PROGRAM 76,006 - TETHER CABLE, 2-DIMENSIONAL

R b AR AR S e T

Lkl

STEP | KEY. STEP| KEY | STEP | KEY STEP| KEY
Raun-~CLF @log-- 1 0150-- 1 geng-- 9 M
0L =-FRT gint-- 2 | 0151-- 9 | ©w&9i-- 0 | 2231-- LF
QANZ2~~FHT a19z-- 3152-+5T0 | Q202--4T0 | Be5E-- UP
000%-~ o X 0193-- 5 | 8153-- 7 | 9203-- @ | 9233--3TP
000d- 4 i B104--KTD | 9154-- & | 0204-- 3 | 9254--FUP
0095-~ 0 151 9145-- 8 | 2155--3T0 QERS-~ & | 8255--PHT
QONE~~- G OnSE-~EER | 910 7 D1%6=- 2 B2as-- 4 0*'#-—“TD
000?-- o 0?5?-- 1 Elﬁ?—- 2 #1.i7-- 5 B207--
8ous-~ A onse- gLas-- 1 9158--%KT0 | 9809s-- S 252
oneQ-- Mo 96s9 g1o9-- 0 | 9159-- 9 L p2o3-- 4 1 @e99--
8610--»NT L 3119~-CHS | D1é0-~- 3 gE10--oHS | BEED~
9011--5TN | 996 0111-=-XT0 | B161~- 4 g211-~-%T0 | 921~
9012~-- 7 8062-- 2 | 0112-- 1 916Z-- ¢ g212-~ 0 | 9282--
@013-- 6 9 | n113-- 7 | ntéz-- 5 | pelz-- 2 | 9263~
eBld-- 2 | ot14-- 3 | o184-- 5 | 0214-- 2 | D254~
0015-~ 1 . | 0115-- 9 | B165-- o | A215-- 5 0265—- a
001é-~ 2 g | 9116--%T0 | B166--4T0 | B216~-- 0 | Q2ER--
0017-- & 1 a1i7-- 9 Q167-- 1 ae17-- N QEZET~--
eaig--CLR 3 | 9118-- 72 | 0168-- & | 0218-- 0 | HEc2--
| 8019-~ 2 6 | o11%-~ .. | 0169-~ g | 0219-- 9 | Be&s--
0020-~ - g T-o186-- 2 Toat7p-- . | @a2zo--u107| 9270~
0021--CHT 6 a121-- g171-~- 7 pazli-- o SIS
0022~-~ D Bav2--cHS | 9122-- 9 pi72-- 3 paagz~-- o QEFE-
on22-- 1 | 9073-~EEXR | 9138-- & 31?3-—=g gzes-~ 9 | 8273~
0024-- N a124--%70 | pi74-- ¢ | pzz4-- . | ©274-
9925-~ E X g125-- 0 01?5--xT0 0225-~ 7 GZ?S—-PHT
onzE-- N 9a7E~~XTO | ©@126-- 7 B176-- 0 g22é-- © BETE~=ATH
0gz7--Y70 | 94 0127-- 5 | 0177-- & | 0227--4T0| weE77-- 0
0628-~- 1 3 a2g-- 1 gi7e-- 2 peag-- 4 RE?2-~ 9
| 3629-- 0 ] s | 0129--cHE | o179-- 9 | @e2%-- 3 J 0279-- 7
©@020-- H 1 0130--4T0 | 9i180-~- 0 g230-- 0 | BES0-- 1
0431~-- A , | s131-- 9 | o181-- 0 | o231~ , | H281-- 2
Q022-- L 6 g122-- 7 a1ge-- @ NEae-~- 3 | BeE2--01Y
8933--1L 3 a133-- & O1ga--¥T0 | 0233-- 4 gaaz-~
0034-~4T0 7 | 0134-- ¢ | 0184--"g | pe34-- 3 | D2E4-- 7
0035-- E g | o135-- 0 | o185-- & | o23s-- 4 | 92%3-- DK
0026~-KT0 wto | 01%6-- 0 | g1g6-- 3 | @22é--dT0 | BEEE-- 0
0037~-- H 0 0137--UT0{ i27-~- 1 G2e7-- 0 Qea7-=Y=y
9058-- E G- 2 g135-- 0 aleg-- g2ag~-- 9 NeEs-- 0
| 0023-- & _BB&?-- 7 | 013%-- 7 | B1g9-- 2 | 923%-- 1 | 0289-- &
004--CcHT | Ba9d-~ | 14a-- 7 [o190--5T0 | 0248-- 2 | 9&%0-- 2 ]
00di~= 0 | 0091--ATO | D141-- . Glay-- 2 | BEd41-- § 1291~ 7
00dz-- f | ofdz-- b | 9142-- 9 | 0192-- 4 | 0242-~ 5 | UEHE--G10
0843~- €& ON9%-~nT0 | 9143-- & 0193-~2T0 | n243-~ 0 nE9z-- 1
0044-~- L | 0B%4-~ 7 Bldd-=5T0 | atsd4-- 0 N244=- 0 NEIg-= &
0045-- E QeG-- § 9145-- 7 01%5-- & NedS-~ 0 Q2aS-= 0
OO4E--FHT | 00%i-=3T0 | Bl46-- 3 0196=-~ 7 OZd6--nTin | 9EHE-- 2
00g7-- | ST D147=--RTO | S197-~ 4 n2dy-- 0 GIuT-~4FR
nds-- anag-- 9 11d4&%-~ 0 Biofe- 0 N245-~ 4 GEARe- 2
QU4-- 7 | B09H-=~ 3 Ojdie- 2 N1G9-= W (24 0mm 2 OEA%-- P
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STEP | KEY. STEP]KEY STEP| KEY STEP | KEY

STEP| KEY STEP] KEY
N3NA~=1FP P e 0450--XTO | 3500--2T0 | 1SS50~~ 1
ga01-~ 4 | 222077KI0 | 9400--YTO | 451707 1 pSoi- -D1v | 9551--pHT
-‘3‘.14-— - év-q-_ 1 04“.7'—-F'UF’ 0452-- i 0503-_ nSsa"r\FR
0303-- 1 | 0323t hr | 2302--RUP | Qas3--vTo | 0S03--uTo | 0553 7
920d-- 9 | 0355- FuT | aaai-—arp | 0454--IHD | 95ad4--DIY 6354410
0305-~0 | a3s5-- G405-- 3 8455-- a B59S-- 2 05595-~ +
9306~ 5356~ H | danco- 5 | 0456--%FR | 0505--6T0 | 0556-- 6
2307-- 0 | gasr--u70 | 6407~ ¥ | 0457-- 2 | 0507-- o | pSSv-- %
020g--n1Yy gggg ag0as--y7o | 0458-- 05935-- ¢ 6353--XFR
3309-- UM | ga5%- I“D~—940?"-IHD- 0459-- UpP_} 9509-~ 5 | 9559~- 5 _
@310-~FUT | 0365-- 1 0410~ o 0460--XFR | 8519~- & | 0560-~ 4
8311-- UP| 03261-- N | n4ii-~ 1 | 0451-- 5 | 0S11--3FR | 0561--PHT
82312-- 1 | 93e2~-- D 0412--%Tn | 9462-- % 0512-- 2 BG62--KFR
2312-- 0 | 0263--CHT § B413-- = 0463--LFR | 9513-~- H 0563-- B
8314-~ 0 B364~-- F fsi{d== n 0464-- 4 051d-- UP | 9544-=- 8
B8315-- 0 | 0265-- 1 0415--%FR | 0465-- 1 0515--4FR | DSES~--PHT
0316-~ UP | 036E~-- E A41e-~THD | 9966--KEY | O9516-~ 5 85cs-~-CHT
G317-=-HFR | 0367-- L 0417-- o B457-- - 8517-- ¥ BS67--CHT
031g-- 7 0363-- D 0418~- UP | B462--5FR B513~-YTO 3563~~CNT
0319--E7 | 0363--FUT | 0419--4FR_| 0469-- 4 | 6515-- & | 0569-~CHT
[ B%20-~DIY T H370-- 4 To420-- § | 0470--H>Y"] u 20-- 2 TT9570--CHT
0321-~- IH | 9371-= UP \ giy21-=%<y | 0471-- @ 95°1--(TU 8571--CHT
9322-~ ¥ | B372~-- UP | p422-~ 0 8472-- 4 0528~- + g572~~CHT
0323--%T0 | B837?3~-~STF | 0423-~- 2 0472-~ & 85232-- & B5?3--CHT
3324-=- 7 | 08374--RUP | 0424~-- ? 0474-- 5§ 4524-- 2 B574--CHY
0325~-H{FR } QZ75--PHT | 0425~-- 0 B8475--YT0D | 6525--4T0 | 0575--CH;
0326-- 4 0276--RUP | 0426~~ UP | 0476-- 4 0526-- + 8576--CHT
0227--RUP | 9377--FPHT | 0427-- 2 04?7-- | 9527-- 6 9577--CHT
022¢-- ¥4 4378~-RUP | 042e~=-%T0 | 0475-- DH | 0S522-- 4 DS578--CHT
03°9--h. D372--FHT | 0329-- + | _0479--PHT | 0S29~-4E'Y ] 0579=--CHT_

T 0330-~ 5 T O0XE0--PHT | 04%0~~ o | [ 6420-~GTO} 6520--PUT | 0530-~ b

A331--YT0 | 0331--¥T0 | p421--%FR | 0481-- 1 B521--4FR | 9581-- UP
(322-~- g | ¥332-- 3 0432-~- 5 6482-- 5 8332-- & | 0582-- 1
¥333-- 5 | 0#383-- 5 | 2433~-~ UP | 0482-- B853%-~ 3 0533—- +
0324~ & @3@4- nE Hq’4-~ 2 0484~-~ { B534--PHT E24-- 2
0235-- 3 NRsS~ P435== ¥ B48S~~; FQ BE525--4FR 055’5"" X
0336~ Ip | 2386~ -P“P J43é-~ DH | 0486-- & 0536~ 2 | BE25-- 9
0337-- 1p | 93E7T-- X 0427-- - 0487-- UP | O537-- H A587-- +
133g--57p | 925&-~ 9 0422-~Y70 | 0428-- 1 0528-- X | 8582--YT0
0339--y70 | B389-~ + 1 0439-~IHD | 0429-- .0 B53%~-%¥T0 | 0589-- o
T4~ 1 TUIIR--YTOT0440-~ o [T0490--R=y T 0540-~ & [ A590--KFR™
B341--yEY | ©391-~ « Oddi-- 1 0491-- 1 6541---0 | @591~-~IHD
G342-~FHT | 2922--4FR | 0442--%T0 | 0492-- 3 1542--%T70 | 8592~ o
#343--T0 gs?d-- g 3fd3-- - 0493-~ 1 8543-- ¢ 4593-- UP
0244-- 2 | B3%4-- 5 | 0ddg-- g 0494~~ 3 0544-~ 6 | 0594--4FR
§345~="1EY 9395--4T0 | 0445--KFR | 0495--XT0 | 0545-- 1§ B8395-- 4
A346--PNT U??E'-I”U D4d46--1HD | @496~- & 03d4é-- DN} 9596-- |
g-&‘;?""FhT f:';’,?,'—" [« {:‘44?"" 0. 849?"'){1“:‘ ‘:134?"'F'NT U597_"X>Y
QEdg-~nFR | HEFG-- 1 Hdaf-= UP | 0498~y | 654¢--%XFR | 0522 - @
gR45-m 3 | NE¥D-=- 4 f49-~ 2 0499~~ 5 G549-- & | G59%-~ 6
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STEP | KEY STEP | KEY STEP KFY STEP | KEY STEP| KEY STEP| KEY
0500-- { | B650-= ~ | OF0Q== 5§ | 97S0--0NT . o
06d1-- 3 | g551-~ onf ordi-- 5 | ezsi--cur | 522920 3 | 2859-- 9
9602-= { | ves2--LEY| a7p2-« 3 | O7S2--CHT g 52_- g | pas2--RUp
9603-- UP| 0&53--DIV | 0793-=X>Y | 9753~--CHT ) 0353"'-%>Y
0804-~ & | B654-=3FR| 9F0d-« 9§ | 07S4--CHT % 25de= D
0605-~ + | 9955-~ 3 | 9res-- ? | @rSS--CHT a : TO w5~- 2
0606-=-YTO | DESE-~ S 0?PNE-~ 2 0?55--!3”,T AS06~= 0 0556~~ 8
0607-~ 1 | 0657-- UP| A797-- § | B757-~CHT | gaa7-- 4 857-- 0
0605--GT0 | D638--HFR| B702-~ , | 0758--CHT | pzag-- 2 | osSs-- Up
| 050%-= ¢ | BES9~-~ 4 | 970%-~- @ ]| 97S2--CNT S.0g09-- 3 1 0859-- |
0610-- 5 BEED-~ | 0710~~ § O?Fn--I*NT 0G10=- 2 0867~ 0
0511-~ 5 | B661-~ = | 9711~~- 5 | B761--CHT | pEii-~ . | 0Sé1-~ ,
0612-- 9 | B662~- DH| 9712-- 2 | B762-~CHT | a2i12-- 1 | 0BE2-~ &
0613-- 2 | 0663-~ X | BP123-- 2 | 9763--CHT | 0213-- 7 | 0263-=XEY
DE1d--RUP Uﬁ€4~-VFP 0?14~-EEX | O7c4-~CHT | 9214~ 4 | pSéd--BIY
Q615-~%EY | 0665+~ 3 | 6715-~ 5 | BP65--CHT | n215-- 0 | 6265-~ K
0616-~ ~ | B8h6~~ 6 | BP216-~CHS | 0766~-CHT | 0216-- ¥ | D8é6=-= 4
0&1?--?70 A647-- + | 0717-~4T0 | OFE7-~CHT | B517--4FR | 0567-~ UP
2618~ 0568-~ UP| 0718-- 4 | O762-~CHT | 0216~~ 4 | 0868~ ,
ne1a-—xrs 9669-- DH| B8719-~ 3 | 8769--CHT | 0219-~ 3 | 0869-~ 3
C0520-~ NI 2670--KFR T 0720--6T0 077 0--CHT T 0820~-D 1Y 0870-- 7 -
8621-~ o | 8671-- 3 | 8721-- 0 | 9771--CHT | 9521--4FR | 0&871--%EY
0622-~RIP | BEP2-~- 7 | B722-- ? | grra--cnT | 9222-- 9 | @a72-- - |
| 9623~-yT0 | 9673--D1Y | B722-- ¢ | 9773--CHT | 0223-- %X | 0873-- DN
|1 0624-~ 3 | 8674-~ DH| B72d4-~ | | 0774--CHT | 0224~~%FR | 0874--DIY
0625-- § | B6?5--PHT | 6725-- ¢ | @775--cHT | nees-- 5 | 0875--GT0
0E26-- - | B676--YTO| 0726~ . | 0776--CHT | 0%26~- 1 | 0276-- 1
g627~~ 1 | B677-- B | B727-~ 8 | 07?7--cHT | 0227--HEY | G&77-~ O
B628--RUP | U678-~ 4 | B728-- 4 | 9775-~CHT | 0228-~ G | 0578~~ 4
| 0629~- + 1 06679-- 6 | 0729-- 1 | 8779--CHT_| 9229-- X | 8279-- 9 |
0620--yT0 | 0620-- 0 T 0720-- ¢ | 0780--CHT T 0E30--YTO 08E0~~ UP
631-~ o | BEE1--%X=y ]| a721-- 4 6751-- DH | 9231-- 4 | 05C1-- 0
Q€32--XFR | 9622~- 1 | 0732--EEX | O732-- Dy | 0232-- 2 | 0222-- 0
0633-~1HD | DE53-~ 1 | 0733-- { | 0782~-4FR | 9233-- DN | 0%53-~ 9
063d4-- o 0604-- @ ] 0734-- 1 | 8784~- 3 | 0524~-PHT | D324--KKY
BE25--KTO &5-- € | 0P35--CcHS | B785-- 2 | BE35~- UP | 0535-- 0
0636-~- 0 aous--wrp 0736-- X | B786-~ X | WE36--UFR | 028E~-~ 2
G637~ 2 | 0657-~ 2 e?v?-- 1 | 3787--uFR | 0€37-- 7 | 0€87-- 93
0632-- ¢ | 0628-- N | B738~- , 0784~-~ 3 | 0838-- 0 | DEER-- 7
| 0639-~ 2 | 0A89-~ & 0739-- 2 | 0733-- 3 0839-~ WP | 0xg9-= 1
COE0-~ + T 0690-~¢TO T 0745-~ @ [ 6790-- + ~T9540-~ ¢ T-0590--KT0]
DE41~--YTO | 0691~~~ 5 | G6741~~ 5 | B791-~ py | 9541--H=Y | 0991-- 0 |
0642-~ o | 0692-~ 1 | OP42--EER | O792-- X | ©942-- @ | 09352--GTO
0643-~iFR | 0692--RFR | 0743-~ 5 | 9792-- DN | D€43-- 2 | 6293-- |
06dd~-IND | 0694-~ 4 | B744--CHS | 0794-~ 1 | D24d-- 5 | 0394-- @
0645-~ o | 0635-~ 1 | B745--KEY | 0795-- pp | DE4E~~ 1 9 95-~ 0
QEdé~~REY | D626-~ UP | 0746-- - | 0796-- HE46~-GTO | LE96-~ 6
Q647--RFR [ 8697~ UP | 0747--v70 | 0797-- § | [E47-- 1 9???" o
Q645~~ 3 | BE98-~ 3 | 0745-~ 4 | 0755-- g | HE4E-- 0O | 0398-- 9
0649-- & | 0699-~ 5 | 0749-- 5 | 0799-- 2 | PR4G-- 4 | 039%~~ D
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: 0309-- 0 Be80-- 0 DD RTINS 1059--FHT | 1100-- 5 1158-~- N i
3 @901--x<y | 99%1-- 9 tant-- 9 1951 =--0HT | 1191-=RUP| t1151-- ¥ 1
3 0952-- O B352-- 9 1092-~ 6 1652--HT | 1192-~-CHS | 11592--4EY : ‘
8963-~ 9 §253--1U¢Y | 1003-- & 1053--0HT | 1192=-- UP| 1153--4T0 | _
8933 ~~ 1 A954-- 9 190d=-~34T0 | 1854--CHT t14-- UP] 1154-- 5
0995-- 4 N955-~ 9 1905-- 0 1055--CHT | 1195--FUP 1159-- 9 [
8ant-~ 2 | 0956-= 6 | 1owE--UFR | 105&--ENT 1105-=PHT | 1136--KT0
8907--ATD | 9937-- 6 1997-- 2 1a57--CHT | 1197-- UP| 1157-- +
8902~- 0 0952-- 5 1608-~ Up | 1053--CHT | 11923--KFR 1153-- &
_0989--ETD-_3?5?--HTO__1Gﬂ?-- 2 | 1959--CHT  1199-- 2 1 1153-- 7
09160-- | 09403~-- 0 1619-- ¥ 1060--0HT | 1118-- UP | 1160--FHT
8%1i-- A Noe1--GT0Y 1011-- 6 1051-=CHT | 111t--9 1161-- P
8312-- 0 aag2-- 1 1012~-- £ 1052--CHT | 1112~-- @ 1152--KFR
8313-- ¢ He63-- o 1013-~ + 1963-~0HT | 1113=-=-¥=Y | 1163-~ 7
g314~- 4 §96d4~-- 1 |-1014-=-¥TQ 19ed4~-cHT | 1114=-- 1 1164-- +
8315-- S 0985-- & 1815-- o 1965--cH7 | 1115-- 1 1165-~KFR
8916-- 1 BILE-- O 1016--¥FR | 108h--CHT | 1116-- 2 1166-- 1
0317-- 0 9357~~ @ 1017--1HD | 1967--CHT § 1117-- 3 1167 ~-RUP
B915--K¢y | 9982-~ 5] 1018-- a 1068-~cHT | 1118--GT0 1168-- H
| 9919-- o | D2E9-- g ] 1019-~- K L 1e89--CHT ti19-- 1 1169--HFK
9920-- 9 A9vd-- @ 1029-- ¢ 1070-- UP t128-- 1 T1170~-- 4
0921-- 2 ga71--3¢y | thz1-- up | 1671--4FR | 1121-~ 3 1171-- 9
8922-- 1 Agre-- 9 1R22-- 2 fgre-- 5% 1122-- § 1172-- +
0923-- 3 g973-~ 9 1023~--rUp | 1673~ 1 1123-~ DN ; 1173-=-YT0
0924--%T0 | 9974~ 3 1624-~ + 1674--4an | 1124~--KEY § 1174-- 3
9925-- 0 NarS-- 4 1025-~yT0 | 1675-- Up | 1125-~ UF 1175-- §
0926--5T0 | BI7E-- & 1026~ @ 1a78--%FR | 1186-- 0 1176-- DH
0927-~- 1 a7 ™ -%T0 | 1027--4FR | 10977-- 4 1127--%=y | 1177--HFR
0928-- 0 N878-- 0 1928-- 4 1873-- 2 1128--"1 11728-- 2
| 0929-- 1 1 0979--GT0 ] 1029-~ 3 L tery-- g J11e9-- 2 1179-- 1 _|
0930-- 5 B9g0~~ 1 1930-~ K og0-- 2 f120-- 4 1180-- UP
0931-- 9 0981-- & 1031-- ¢ tagt--piy | 1131-- 9 f181~--dFR
@922-- 0 n982-- 04 1gz2--pup | 1852-~- D0 | 1132-- DH 1182-- 1
0923%-- 0 QIg3-~ & 1928-- - 1053--FHT | 1133-=HEY | 1183-- 4
0934-~ 0 A95d-- 2 1024--%FR | 1624~-%70 | 1134-- UP | 1184-- DN
@935~--%¢y | B285-- 3 1025--1HD § 1025~-- 4 1135-- DH | 1185--KEY
09%¢-~ 0 0925-- 10 1026-- a 1086-~- 7 1136-- H 1136-- -
0927-- 9 04957~ 0 1037-- X {aa?-- & 1137--KEY | 11287--XFR
0938-- 4 HeEg-- U 1088-- 1 1085--4FR | 11328-- ¥ f1gg-- 2
| 6929-- & L 9989-~ @ | 1839--RLP {Rg9-- 2 1139~=yTD | 11€%=-- 5
G940~~ 4 fyan--2¢y T 1ed0--XEY | 1090-- ¥ T 1140-- 4 T119G--DIVY
0941--%T00 | 9991-- 1 164g-= - 1091--%FR | 11d41-- 9 1191--%EY
0942-- 0 ea2-- 0 1042-=%75 | 1092-- © t142--yT0 ¢ 1192-~ L
g94z--0TN ?3?3-- i 1942-- a 1993-~ 1 1143-- + 119%-- 10
0944-- 1 gea4-~ 3 1044-~3FR | 10%34-- UP | 1144~ 6 1184-~FHT
0%45-~ 0 N9%g-=- 7 1045-=-1HD | 19%5-~ 0 1145-- 5 1145--470
GQ45-~ & PEA6==nT0 | 1046-- & 10%E-=X<Y | 1146=-=0EY | 1196-~ 2
@o47-~ ¢ | 9997-- 0 | 1047--pUp | l0%7-- 1 1147--FHT | 1197-- H
0%d43-- 4 QORL-=-GT0 | 1038~ + 105g-- 1| 1143~-YFF | 119§-~D1V
Q948-~ 0 023h-~ | 1nge-- o | 1999-~ 9 1149-- 2 f199-- It
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] 1200470 | yorpn._ - 1356=~PHT | 1409-- J ,
[ 1201-- 1 | 123977 7 [ 1800--1 1 {350 TirR | 1401-- |
! 1251-- 5 | 1301--%80 3 -
f 12a2--PNT £2an (19 wm 1342~- 6 14092-- 8
1252~-FNT | 1302-~ © g
1203--PHT | 1253~-FNT]| 1302-- N 1353-- 3 1403-~ , i
1204=--0T0 | 1254~-%T0] 1304~-%T0 | 175 4~-PNT 1434--1MD !
1205-- 1 1255-- € | 13a5-- R 1355--XFR | 1495-~ , H
1206-~ 2 1256~~- H 1306~~~ L 1356-- ¢ 1406--CHT %
1297-- 4 | 1257--¢70| 1307~~FMT | 1357-~ 1 1407--CHT 1
1203-~ 0 1258~ 1 1308-~-GT70 | 1358-=-PNT | 1402-- 7 ]
3  1289~-~ 9 | 1259~ 0 ] 1209~-~ 1 _| 1359--XFR 1. .148%9-- % :
[1210-~- & 1260-- N 1310~-- 3 1260-- ¢ 1410-- , !
] 1211~-PNT | 1261-- ., | 1311-- 4 | 136]-- 4 1411-- 0
" 1212~-4¥70 ] 1262-- , 1312-- 9 1362-~FHT 1412-- @ :
3 1213~- 2 1263~- , 1313-<FMT | 1363-~4FR | 1413-- & j
1214--UFR | 1264~ , 1314~--FMT | 1364-- 5 1414~-CLR
i 1215-- 1 1265--¥SQ | 131S5-- ¢ 1365-- ¢ 1415--CLR :
! 1216~- UpP | 1266~-- E | 1316~- R 1366--FNT | 1416--CLR i
. 1217~~-KFR | 1267~ @ 1317-- B 1367--PNT 1417--CLR
1218-- 7 1268~- 0 | 1318-~ L 1363-- P | 1418--CLR
: 1219~~~ - 1269--FHT | 1319-~ E 1369--HFR | 1419=-=FNT
"1220~- DHT1270--GTOT 1320-~CHT[T1370-- ¢ ~T 1420-- K
; 1221~-4T0 | 1271-~ 1 1321-- A 1371-- 7 1421=--CLY
1222-- 1 1272-- 3 | 1322-~ ¢« 1372--PHT | 1422--GT0
] 1223--PNT | 1273-- 4 1323-- 1« 1373-- + 1423-- 9
£224~-PNT | 1274-- B 1324-- o 1374-- DH | 1424-- 0
L 1225--CHT | 1275~--KFRY} 1325~-- 0 1375--FHT | 1425-- @
i 1226--CNT | 1276-~ 2 | 1326~~ YE | 1376--4FR | 1426-- @
1227--CNT | 1277-- UP ] 1327-- , 1307-- 6 1427-~gHlD
] 1226~-CNT | 1278-- @ |} 1328-~CL 1378-- &
: 1229--CHT | 1279--X>Y | 1329-- 0 | 1379--FNT
C1236~--CHT [ 1220-~ 1§ 1330-- H 1324~~PHT
1231--CHT | 12€1-- 2 1 1331-~CNT | 1381--FNT
1232--CHT | 1292~-~ 2 | 1332--YT0 | 1382~-FNT
1233--CHT | 1293~~ 9 | 1333-~1/X | 1383-- ¢
1224--cHT | 1284--GT0 | 1334~~ ¢ 1384-- E
1225-~-CHT 129§ 5] 1335-- F 1385-- f
1236--CHT 12?5"" 4 1336-- A 13¥6~- 1
1237--cH7 | 1287-- 5 11337-- ¢ 1387--}FF
1228--cHT | 1282-- 6 | 1328-- E 1388-~-CHT
: 1229-~CHT 12?? --FHT | 1239--FUT | 1389-- H
1 1248~-- yp 112949~ -FNT“"I34'1—->’FR""1?9[1-- £
1 1241-- o 1291{-~- C 1241-- 4 1391-- YE
: —— 1292-- A 1342-- | 1392--4
1242~-~5>Y “ AT0
i 1243-- 1 1293-~ & | 1343--PNT | {393--0}T
% 1244-~ 2 1294-- |, 1344--¥%FR 1394~~~ ¢
1245-- 5 1295-- E 1345-- 2 1395-~ o
1246-- 2 12?6--3?” 1345-=-PNT 1396~~~ 0
4 1247--GTO lgi‘i""‘ H 1?47"'“?FR 1397-- B
1 124E-~ § 129%-- 0 [ 342=~ 1 129¢--
1249-- 2 1299-= a 1249--PNT 1399--PLR
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STORAGE REGISTERS

STORAGE

WAL
Lnd. tse

000
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039

o
Fr

Zs

EE;

Wro

F=71]

Wy

.Z.En t

Temp,

Jemp

| /.¢878

YL

040
041
042
043
044
045
046
047
048
049
050

051 |

0s2

053
054
055
056
057
058
059
060
061

062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
078

133

080

K,
081 | Log

082

084

AR
083 | s )
C’
085 | Ax

086

087
088

090
091

092

Ka
Co
AR
089 | g )
Ca
Az
g

093

?

094
095

096

097

098
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100
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104
10¢
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106

107
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3.6.7 SAMPLE INPUT/OUTPUT PRINT

The following copy of the HP Printed Tape shows a typical problem and solu-

tion. For a discussion of the particulars of this problem, see Section 4.

PROGEAM #75, 998

E— DIMEHSIOHAL
ETHER CRELE

148400, g9n

40008, 908

3.142

0,239

25,008

“an nnn

1378

7

EdT i [HE FIELD

1,060
!43“& ahls}
35,004
2,308
13“38 ang
a4, 3an
3. 909
160G, gad
Ly, 083
4, B0
2800, 200
-15.008
5.0089
340, 200
=30, 135
&, B00
SUEa, 009
-4, 00
RE)
4

-
..

TN e T o g agko D LOD

$a
} CA
)
AU RN Rl A O DO S B TR ol el o g e ]

o

— e "

+ =J
O3 T O3 P Lo D0l N oD LT oD D Je L 00

03O0 B v Q0 O 05 fa a2 T g ) e O LD
AL B 0O T O fa 8 00T T T T 0D GO DD

e« ® ®© % = & % ® ®w ®w B ® w ® = ®

—
X1}
¥

-Balloon Alt.,ft.MSL
-Surface Alt.,ft. MSL

- for Intexnal Cd
-~Diam.of Cable,in.

-Cable WT. per 1000 ft.,lbs
-Lengtl. K. Element,ft.
-Total Balloon Force,lbs
-Angle of Force,deg.

-First Wind Point
-Alt. (Balloon), ft.MSL
-Wind,knots

~Last Wind Point
=-Alt. (Surface) ,£t.MSL
-Wind, knots

-Alc. ,Bottom-of Element
-Vert.Dist=top to bottom
~Tot.Vert Dist.to Balloon
-Horiz.Dist-top to bottom
~Tot.Horiz.Dist.to Balloon
-Cable Length

~Cable Weight

-Wind at element bottom
-Reynolds Number

-Drag Coefficient

-Dynamic Presssure

-Element Drag

~Horiz.Drag Component
=Vert. Drag Component
-Angle of Next. Element Down
~Tension,Top of Next Flement

13812, 204
390,229
381,695

92,368
199, 241
IQHU JE
25000
hS UEB

Pode Job
Lo onen
GO0 S b

00 S 2
$a 0D T

=g

[
(0]

1470, 565
144, ?16
150&.359
37,500
38,4940
549-.153
1.4z
2.5
dd.U35
24,477
S.252
YE. TR

1241,758

o
Lo
X

LY

teadz, @2
436,502
[957, 168
1id, 270
413,
galy]
]
2
656

i la

Lrx ]

2 Fa 00 oS S D s 200 O D0 00D L
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4044,411
$2, 358
BA55, 599
26,566
5 4.@ -“'-
113348, Uﬂu

] £
Lxx] -

=) 0 0 S o f e Tl £e N
e g O D0 o (00 TD LF) T OO 0 0

Lo OO A e A T g T O T AT OD £

—
v in

- a
” 5 223,750
b & - -2, 444
{ 41 "‘344-5 20
3 . 359
| B a0

T L XL S Y R |

[
1

"1.‘-‘3;

O P bem T T8 4ee 050 50 4o pos S [23 00D

i L

B 5 aas -8, 876

B -3.613 ~3.549

a3 57,562 537,924

3 L1464, 379 1143, 203
3

4129, 118 $002, 044

47,238 42,367

: Y370, 52 BEE7. 395

R 26,593 26,533

- b S@9z, 213 Givl. 913

1 11250, 500 11449, a0y

! 251, 250 255, 005

-21,291 20,020

1 4097, S44 386725

’ @, 350 4. 939

RS o, 977 B, 853

 © ~1. 117 -3,993

, LT -3, 841

‘ -, 594 -3.527

. S7, 584 97,349

! 1145, 428 1142.244

CABLE APPROXH.

' GH SURFRCE

4302, 044 ~Altitude (~~Surface)
S¥e¢948  -C. Angle at Winch

1142,244 -C. Tension at Winch

Lo
)

UGN e
)
s
e o @ ® a =
0 L) [y
g 437

P Mool
—
£

LD G -
Fon I3 S50 50w o 2es L 00

T 0 D s

aa9?, 256 -Vert.Dist.,Baln.~Winch

LR NI LRI G~
[

R LS x]
o O 00 T e ) e

§] 41?1 313 -Horiz.Dist.,Baln.~Winch
21, 0 11493,0908  -Tot.Cable Length
; a, o 225,300  -Tot.Cable Weight
: g, 2an
-1,675 161,441  -Tot.Vert.Drag Comp.
~a, x| 226,441  -Sum-C.¥t.+Vert.Drag
3 -0,372 352,325  -Tot.Horiz.Drag Comp.
57,945
Vida, el FEADY HWEXT FROB.

} J.B.H, 76,006
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2.6.8 NOTES

A, If incorrect data is inputted, do not press STOP END to restart pro-
gram, For correct restart to clear all registers press following:

STOP
GO TO
1
3
8
1
CONT

B. Ditto No. 1 above if somputations underway and decide that something is
in error or bad problem.

C. Proof of correctness of solution can be made by summation of the vert,
and horizontal forces. 8 1 and T,_ sre conditions at the winch in last group of pro-
gram output as are 5 DH, rWK. TDW.

BALLOON |/\©

Horizontal: T1 cos § 17 'i‘DH + FT cos 8
Vertical: T1 gin 8 1t TWK + Y‘Dw = FT sin 8
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4. EXAMPLE OF A CONVENTIONAL TETHERED
BALLOON PROBLEM

A, Given:
1. A requirement o fly a 100-1b payload at 18, 000 ft MSL
(but will accept 13, 000 ft MSL if necessary) in New Mexico
location where the surface is 4000 ft MSL., The most severe
wind profile for the season and time of day needed for the
particular type of experiment is as follows:
Altitude, ft Wind, knots

18,000 25
13, 000 25
10, 000 60
8000 -15
5000 -30
4000 -20

2, Two balloons are in the inventory which might be capable of
acting as the carrier,

A. Lee Bridge Kite Balloon B. Family-2 Balloon
Balloon Volume, VB: 30,000 CF 45, 000-CF
Ballonet Volume, v: 8000 CF 13,522 CF
Balloon Weight, WB: 725 1b 970 1b
Instrumentation weight, WI: 100 1b (at Conf, Pt.) 150 1b(at Conf, Pt.)
Payload Weight, WP: 100 1b (at Conf, Pt.) 150 1b (at Conf, Pt.)

3. A single tether cable is desired.
Question: What is the smallest balloon capable of doing the job?
Approach: Run Program 76.001 to
(a) Select smallest balloon
{b) Check max. altitude capability of ballonet
Answer: See 3.1.7: 30,000 CF balloon capable of 13, 906 ft MSL
45, 000 CF balloon capable of 15,324 it MSL
However, the 45, 000 CF produces 347 1b lift
(tension) at the ground when the balloon is at 15, 324
ft MSL while the smaller balloon produces an
unacceptably small 120 1b at its max altitude.
Therefore, select the Family-2 45, 000 CF unit,
Make the max altitude 14, 000 ft MSL for this
project. Minimum lift at the ground (cable tension)
is 464 1b under this no-wind condition. A Kevlar
cable having the following properties was selected in
the above computations.
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Diameter: 0.28 in.
Wt/1000 ft: 251b

Question: Is this preliminary selection of balloon and cable satisfactory
for the loads imposed by the maximum wind field ?
Approach: Run Program 76,004 for most precise balloon total force and
and angle at 14, 000 ft (optional).
Run Program 76, 005 for balloon total force and angle at
14, 000 ft and at 1000-ft increments downward to and including
surface,
Run Program 76, 006 with 14, 000 ft altitude output values
from 76, 005 and at other altitudes as judged necessary
to obtain cable parameters - tension, position, etc.
Answers: See Sections 3.4,7, 3.5.7, and 3.6.7.

At 14, 000 ft: 76,004 76, 005
Total Force: 1385 1b 1378 1b
Angle to Horizon: 79.4° 79.4°
Trim Angle of Attack: 7,57° 7.49°

The slight disagreement is due to differences in the pr;zcision of locating the center
of pressure and the impracticality of obtaining an exact trim amount of 0.0 The
output of 76, 005 is of acceptable precision, Its output at decreasing altitudes can
be scanned, noting that when the balloon is at 10, 000 ft the total force reaches a
maximum level of 3500 1b at an angle of 66.9°. While the trim angle is a low 4, 5°
due to the 60 knot wind, * the aerodynamic lift is 3262 1b producing a total lift of
4445 1b. This loading equals the working strength of the cable thereby suggesting
that the balloon should be raised or lowered with caution during these wind condi-
tions, Note that the ballonet is 0, 9 full when the balloon is at the surface.

The output values of 76, 005 at 14, 000 ft were then used as inputs to 76. 006 to
determine cable conditions and location from 14, 000 ft, down to the surface. The
final group of figures in the 76, 006 output indicate the following

Cable Angle: 57.9° above horizon
Winch Tension: 1142 1b

“foriz. Displacement: 5172 ft (Balloon-Winch)
Cable Length: 11,400 ft

Cable Wt, 285 1b

Intermediate groups of figures below the 14, 000 ft altitude can be used to plot
various cable parameters including its space position along its entire length from
the balloon to the ground,

*This decrease of trim angle with wind speed to decrease aerodynamic lift can be
shown by running a series of increasing wind values in 76, 004 or 76, 005.
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The overall conclusion would be that the 45, 000 CF balloon with a 7009 break
strength cable weighing 25 1b per 1000 ft is an acceptable system for the conditions
specified, To determine whether it can be raised to or lowered from its maximum
altitude output values for altitudes below 14, 000 ft from Program 76. 005 should be
run in Program 76, 006

5. PRELIMINARY PARAMETRIC STUDIES OF THE HIGH
ALTITUDE TETHERED BALLOON PROBLEM

The concept for a tethered-balloon flight to 20 km MSL first evolved from a
study of miniraum wind expectancy over possible tethered balloon sites. Tropical
latitudes appeared to be ideal since they have the greatest number of months per
year where the magnitude of the winds from the surface to 20 km could be considered
acceptable for raising or lowering the balloon. Too large a wind velocity (dynamic
pressure) causes excessive drag on the balloon and cable tending to cause blowdown
of the system. Because of the desire to operate the first feasibility tests at the
AFGL balloon test site at Holloman AFB, New Mexico, the study concentrated on
the winds in this area. The July-August period has an acceptable minimum wind
profile. The solid line in Figure 1 is a composite July-August 75 percent wind
profile for Holloman AFB (White Sands Missile Range) and was selected as the
standard for flight equipment and system design.

Baged on a flight altitude of 65,616 ft MSL (20 km), a surface altitude of 4400
ft MSL, a payload of 200 1b and a cable weight of approximately 1700 1b, several
natural shape balloons of varying sizes were considered as the first steps in system
design, The balloon contractor then recommended a 500, 000~-CF and a 800, 000-CF
balloon,

The 500, 000-CF balloon at altitude was found, by use of Program 76, 006 to be
too small. The program indicated that in the design wind field, the cable would
become horizontal at approximately 17, 000 ft MSL.

The larger 800, 000-CF balloon was found to have acceptable lifting charac-
teristics. Using the contractor's estimate of total force, FT = 3073 1b and angle
of the force 8 = 81,6°, a series of Program 76, 006 runs were made with variations
of key parameters. Results are shown in Table 3.

The three lines shown in Group 1, Table 3, illustrate the effect of cable drag
coefficient variations. It can be noted that the built-in variable cylinder drag
coefficient yields the same results in this particular problem as the constant drag
coefficient value of 1,0 at all altitudes and wind conditions. Thereafter all compu-
tations use the internal CD techniques.

139

- e

e,




I co s AU AR R Sl D S AN . LR L A T aE i AN f G R R R e A A

T

SN

ﬁ | | ] | |
%
- | ememee———— APPROX DESIGN-JULY-AUG 75
: — 2 ——— — —— JET INCREASE —
3 R — » HIGHER JET SPEED
1 4 meem HIGH SURFACE WINDS
2 8 ~—X———K———X— VERY HIGH SURFACE WINDS
3 70—  6=0——0——0— LIGHT WIND CONDITION —_
F: |
—— ¥
60 |— |
|
! @ i
; 50|~ _ :
. x .\. !
3 % \‘\
: 2 40— —
: £
% < ./'/
3 30— —
{ 20— —
10 "\\ — i
. SURFACE
" 74400
o [ | | | I
0 10 20 30 40 50 60

3 WIND (KNOTS)

Figure 1. Wind Profiles - High Altitude Tethered
Balloon

The effect of cable diameter and weights in Groups I, II, and III were investi-
gated over a small range covering the possible characteristics of a finalized cable
design, Note that the length of the cable required varies between approximately
65, 000 and 68, 000 ft for the 61, 216-ft balloon height above the surface, The cable
tension and angle at the winch remain at acceptable levels although the heaviest
weight of cable investigated reduces the angle below 40°, The horizontal distance
between the balloon and winch varies between 19, 000 and 26, 000 ft. This indicates
a balloon elevation ("look'') angle of between 67° and 73° from the winch.
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Datea in Group IV show the effects of variations in wind profiles below the balloon
per Figure 1. In general, higher winds have adverse effects; increases in cable
length and horizontal displacement and a decrease in cable angle at the winch. In-
creases in winds at lower altitudes are more pronounced in their effect due to the
higher atmospheric density effect on cable drag. In one case the cable is not able
to reach the ground due to the excessive cable drag for a 45 to 50 knot surface wind.

It can be also shown that a given cable density produces a constant cable ten-
sion at the winch regardless of cable length and/or wind magnitude. The chief
effect of increased total cable weight is to decrease the angle of the cable at the
winch, Reference to Section 3. 6.8, indicates the balance of forces to show the
interaction of horizontal and vertical drag with the balloon forces and winch tension.

Group V are two other pogsible sets of values for balloon total force and angle
which appear to cover the range of uncertainty in these parameters. Further work
is needed in establishing the full-scale (large Reynolds numbers) aerodynamic
characteristics of natural-shaped balloons so that their characteristics can be used
as inputs into Program 76,003, In this case of the high-altitude tethered balloon,
the problem is made further complex by the technique required to raise the balloon
from the ground, Unlike the usual tethered balloon, the design selected does not
contain a ballonet. Such a design requires the balloon to be reefed during its ascent
to prevent loose uninflated sections from acting as a sail,

On the ground the top of the balloon is nearly filled with an amount of gas suffi-
cient to expand to the full 800, 000 CF volume of the balloon at 65, 600 ft MSL., The
excess material below this initial small bubble is gathered, during fabrication, into
a small diameter bundle and secured by a number of bands along its length that are
called reefing points. The reefing points are secured by squib/cutters that can be
fired by radio command or by pressure sensors. As the balloon ascends, the initial
bubble expands until a predetermined level of "tightness” or bottom cone angle is
reached. The top reefing point is then released allowing part of the excess material
to be free for additional gas expansion during further ascent, This procedure con-
tinues, one reefing point at a time, until the balloon material is completely free
some distance below the maximum altitude.

Thus the aerodynamic shape and volume of the balloon is constantly changing in
a combination of gradual as well as stepped phenomena. Because of the difficulty in
assigning aerodynamic coefficients to such a varying body, at this time no attempt
has been made to run the system at lower than the maximum altitude. The first
attempt will probably involve assumptions of a smaller natural shape balloon with a
small diameter cylinder attached and the system scaled for the altitude of maeximum
dynamic pressure in the design wind profile, (approximately 40, 000 ft MSL).
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Appendix A

Density Ratio

The ratio of atmospheric density at altitude to that at sea level is a parameter

common to many kinds of balloon calculations. The usual method in calculations is

to refer to some type of table which gives the ratio at discrete altitude levels, The

usual reference atmosphere is the U,S, Standard Atmosphere, 1962, but the 1966

Supplements may be used if more applicable for specific locations or seasons,

The use of a table-lookup technique in conjunction with computer problem solv-

ing would be nearly unworkable. A simple relationship between altitude and density

ratio is therefore needed. The altitude density ratio variation is nearly logrithimic,
Use of an equation in the quadratic form was found to ,ive a correlation of

0. 999,

2
L, p/p°= ay + a;Z + ayZ (A1)

Using a curve fit program, the constants were found to be:

Z = 0t0-75, 000 ft Z = 0 to 25, 000 ft
AZ = 5,000 ft AZ = 1000
a =+ 5. 065957 a =-3 945804
a, = - 2.831647° a, = - 2,90568°
1 -10 ! -10
ap = - 1.76842 ag = - 1,19042
r2 =, 99964 r2 = , 999999

It might be noted that when the altitude is zero, the density ratio is not unity.
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By use of a different form:

_ 2
4,np/p0 = aoz +4;2 (A2)
or
L plp
h "o .
aa—z-_ = a°+ alz

und the use of a curve fit from 2z = 0 to 78, 000 ft, the ¢onstanta were found to be

5, = =, 8136175
a = -1,777210

rl= ,984

The density ratio is 1, 0 at 8éa-level, The lower degree of torrelation was con-
sidered to be acceptable for the type of solutionis used in the balloon programs.
Therefore Eq. (A2) is used in all of the programs to obtain atmospheric density as
defified by the U, S, Standard Atmosphere, 1862, However, Eq. (A1) can be sub-
substituted when a greateér degree of correlation is required,
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Appendix B
Symbols and Definitions

A - Cable Frontal Area, 76,006

A -in XCB Equation, 76,005

a_ - Constant in Density Ratio Equation (also fc- XCB' 76.004)
- Constant in Density Ratio Equation (also for XCB’ 76,004)
- Constant in XCB Equation, 76, 004

- Lift Curve Slope

- Minimum Drag Coefficient CDo

- dCp/do? ’

- Length of Balloon Envelope

- Cable Diameter

o ©

a

DN

a

o e olo oW

fp Iy

- Constants in XCB Equation 76, 005
8or 1> 82 83

- Constants in XCB Equation, 76, 005

H -~ Height, Surface to Point Indicated
Hp - Height of Tritether Apex
h - Horizontal Projected Length of One Cable Element
- Vertical Projected Length of One Cable Element

- Length o5 One Cable Element, 76,006
2/3

-q VB

- Length of Cable

- Length of Extension Cable
- Length, Xn - = X°F
cc X
n -~ Length, YCG -Y
r - LengthX -XCF (X = X in 76,004 and 5;
Xppc in 76.003)

BEs & "R =
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, s - Length, X - XCF (Y = Y, in 76,004 and 5 = X, o«
! in 76,003)
i t - Length, Xop - xg;
- u -~ Length, YCB -Y
) X~-AXIS - Centerline of Aero, Shaped Balloon, X = 0 at Nose
Y-AXIS - Normal to X-AXIS at X = 0, Y = 0 at Nose,
! cp Y Positive above Centerline
X - X Station of Confluence Point
: YCP - Y Station of Confluence Point
¢ XCP - X Station of Center of Pressure
g YCP - Y Station of Center of Pressure
1 Xopg - X Station of Center of Buoyancy
Yop - Y Station of Center of Buoyancy
X ARC X Station of Aerodynamic Reference Center
E Y ARC Y Station of Aerodynamic Reference Center
1 x = Distance Between Twin-Tether Ground Anchor Points
LG - Gross Lift; Gas Volume x Specific Lift of Helium
4 Ln - Y Component of Gross Lift
: L’a - X Component of Gross Lift
E L A" Aerodynamic Lift
D - Aerodynamic Drag
T - Total Aerodynamic Force
N =Y Component of Total Aero Force
A - X Component of Total Aero Force
. Mo - Aero Pitching Moment about Aero Refr, Center, 76, 003
i C,; - Pitching Moment Coefficient, M_/q VBZ/ 32 76,003
C, - Lift Coefficient, L,/q va/ 8
: Cp - Drag Coefficient, D/a V /3
1 WB - Weight of Palloon
2 WI - Weight of Instruments
E WP - Weight of Payload
3 We - Weight of Extra Items
2 W, - Weight of Cable
- L -Total Lift, L+ L,
3 Ly - Net Lift, L - (WB + W+ Wf + We) 0
1 q - Dynamic Pressure, 1/2p V° = 1/2p Wind
r VB - Volume of Balloon
3 v = Volume of Ballonet
| FT - Total Balloon Force at Confluence Point

146

| N S — . R _

R




(s T TG e

W - Wind (Also V)

W - Wind Velocity Normal to Cable
Vn - Wind Velocity Normal to Cable
R - Reynolds Number

T - Cable Tension

Z - Altitude, ft, MSL

Gresk Symbols

o -~ Balloon Angle of Attack

o - Multi-tether Cable Angle at Ground, 76,001
B - Multi-tether Plane Angle at Ground, 76,001
v - Ballonet Fullness Factor

A - Increment

":} - Sum

0 - Angle of Fpor Cable Above Horizon

p -~ Atmospheric Density

p - Coefficient of Viscosity of Air

m -~ To Call Special Operation

Subscripts

0 =~ Sea Level
Borb Balloon

d - Design
Sors - Surface
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