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1.0 INTRODUCI'ION

The model support system has been analyzed for divergence via a computer
program. This report provides a brief description of the analysis
technique, a review of the data required for the divergence analysis, and a
tabulation of the summary and results.

Reduced copies of the computer data, output results, and relevant drawings
of the model support systems have been included at the end of this report
for reference •
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2.0 DESCRIPTION OF ANALYSlS

For the model support systems, divergence pressure refers to the test
dynam ic pressure at which the aerodynam ic loads acting on the model exceed
the elastic restoring forces of the model support system. To provide a safe
operating test pressure, a minimum safety factor of 2.0 is required by the
"Wind Tunnel Model Systems Criteria," NASA report LHB8850.10 This factor
requires that the maximum allowed test dynam ic pressure for a particular
configuration of model and model support system nQ1. exceed one-half the
computed divergence pressure. The specific safety factor with respect to
divergence of the model support system analyzed is included in the Summary
and Results section.

The method employed in this report to determ ine the divergence pressure is
an in-house computer program developed by the Systems Engineering Division
at NASA, LaRC. Given the stiffness properties and constraints of the model
support system, the program generates and solves a two-point boundary value
problem by applying a second-order Runge-Kutta integration technique. For
additional inform ation about the divergence analysis program contact the
System s Engineering Division, NASA, LaRc. The current version of the
program has been operational since 1978, and the results have been verified
by comparison to known solutions.

The input to the program includes the stiffness properties in the form of
area moments of inertia at selected stations along the model support system,
the boundary conditions, and the aerodynam ic loads. A listing of the data
provided and the results obtained is included in the Computer Data section
of this report.

The stations along the model support system are selected either at
discontinuities or in relation to the degree of taper. At discontinuities
multiple stations are required to define irregularities to the program. For
the highly tapered portions of the model support system, a greater number of
stations are required to avoid adversely affecting the computed divergence
pressure. There is a limit however, beyond which additional stations
produce no substantial improvem ent in the results. The determ ination of
station selections for the tapered portions are included in the Calculations
section of this report, and the total num ber of stations used in this
analysis is given in the Summary and Results section.

2
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To include as much flexibility of the model support system as is practical,
the analysis has included the stiffness of components between the center of
the model attachment and the roll mechanism within the arc sector of the
NTF. The stiffness of the balance is determ ined from physical measurem ents
of deformations due to known loads. The calculation for the development of
the stiffness properties of the balance are included in the Calculations
section. For the stiffness of the sting, the area mom ents of inertia are
computed at the selected stations previously discussed. The results of the
computations are listed in the Computer Data section. Sim ilar computations
are perform ed for the center spindle of the roll mechanism and are included
in the report. The center spindle is relatively stiff when compared to the
other components in the model support system, but the main advantage of
including it in the divergence analysis is with respect to the boundary
conditions. The actual center spindle is supported on roller bearings
within the arc sector, and for the analysis equivalent supports have been
provided at the same locations. Since the computer program only allows
supports to be defined at the extrem e ends, a stiff spring is used to define
the interm ediate bearing. An advantage to using the spring is that its
stiffness can be distributed and better represents the roller bearing.

Generally the aerodynamic loads for a model are given about some reference
point in the form of forces and moments. For the divergence analysis, the
loads must be defined at the center of the model attachment and must be
expressed in terms of to angles-of-attack. To obtain these loads, the given
forces and moments must be transposed to the center of the model attachment
and linearized over the range of angles-of-attack that are representative of
the test conditions. The transposed loads produce the same forces and
mom ents in the model support system as those that act on the mode!. The
linearization of the loads· provide loads that are functions of the angles-of
attack. The development of these equivalent aerodynamic loads can be found
in the Calculations section.

3

WYLE
LABORATORIES



3.0 SUMMARY AND RESULTS

For model support systems with several configurations and/or loading
conditions, an individual divergence analysis is perform ed for each
configuration and/or loading condition. Also, an individual Sum mary and
Results sheet is compiled for each analysis. The sheet identifies the input
data used and materials referenced for each analysis, as well as the
resulting divergence pressure. This report covers the following
configuration (s) and/or conditions:
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DIVERGENCE ANALYSJS
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6.0 DRAWINGS

DWG.NQ. TITLE

•
LA 943298 - Outline, Balance NTF-I05
LA 943372 - Outline, Balance NTF-I07
LA 943343 - Outline, Balance NTF-I08
LE 541032 - Sting Adapter #1
LD 541034 - Model Sting #E-l
LD 541033 - Model Sting #C-2 &. E-2
LD 541035 - Model Sting #C-3 &. E-3
LD 541036 - Model Sting #C-4
LE 996211 - NTF Roll Drive Center Roll Spindle
LE 1028005 - NTF Stub Stings Nos. 1 &. 2

WYLE
LABORATORIES



"

362.7(14.281)

76.2(3.000)
MOMENT~ CENTER ~ 78.7(3.100)- ~

"
38.10 (1.5000)

138.81(5.4650) _
49.5(REF.) -" -(1.950) .--.. .

./ 33.02 (1.3000) 29.2 I

~ -5.1 (.200) RAD. (1.150)
+N

"lo,.

. ·11
-I I I •

J~ :
~ '",1 I

I I I
,

! v-SEE
~ of Il ~V GROOVE

II. .\ -~ DETAIL
I ! " ""'-I

}-----o. V '-
44.45(1.7500) DIA.- 1""9.52(,3750)DIA.(THRU) 6.3o/:2=OO;W. It .

7'50.8 (2.000) DIA. 6.4 .250) DP. It
15.88[6250; DIA. DOWEL 31.8 (I.250)lG.. HOl It 26.7(1.051) DP.

i/F:\ KEYS EAT\

" , ,
40.64 (1.6000) MAX. DIA."',' .

~ •
/:.45° I 1 5.6COMPONENT LOAD TAPER 1:12 ON DIA.

f"
(ZOOOlbs)

ITYP) . l220lrv NORMAL 8,900 N . NOTE: GROOVE DE-rTYP)
778 N . (/75/bs,J .

,

AXIAL'
I. ALL DIMENSIONS ARE IN'MILLIMETERS WITH INCH

PITCH 677,880 N-mm(6000/n.lbs.) EQUIVALENTS IN' PRENTHESES.
ROLL 338,940 N-mm(3000in.lbs.)

YAW 338,940 N-mm(3000in.lbs,)

SIDE :3113 N (700Ibs.) 10-6-81
MATI:n1AL. 5CAL.t NATIONAL AERONAUTICS AND SPACE AD,MINISTRATION
200 CVM 1/2 LANGLEY RESEARCH CENTER .

LANGLEY STATION HAMPTON, VIRGINIA 23665'
I TOLERANCE ON OIfUNSIOHS X.X 11 OlCllIAL P'LACO ± .\

UHLtSS SHOWN OTHERWISE X.XX C 2. OlerlCAL I'LACII) :!: ,01
,.rtOJECT1

X.XXX 13 OlClllAL P'LACII) :!: .00' BALANCE NTF-I05ANGUL.AR :!:
!I TITLE

SURFACE: t<INISH IN V
itST. ,.IH.
Wl':IGIiT

MICROIMCHf:S RM!
ORAWING

UNLI:55 f:HOWN OTH[RWI~[

TITL\:: OUTLINE i
DR. WILSON 'T1~II'

,."eJICT 1I1.0Q. LA-.ClltS... PATEL...... A/''';) • If, J. 8A '11:' i#C;T 7 .'0. . HO• 9'43298 .-• . . Ir' ' 'u,
",.rD.' t- ~O. or -lY"I~ JO. CADE" .HIIT

DRAWING NO.fl,!'\TEL :CHI': -..... ... ._....n, H.O: _..__•._____ .. .. ----_. . .



~ .
.eC)O -Is-a l..

I MOMENT~ CENTERJ

'I

. 184.2 (7.250) .-I
I

I 33.7 ( 1.325) ~40.6(1.600)-
f

13.97 (.5500) 5690\2.2400)-- 44.1 (.950).

~
(REF.)

J 16.5

t
l650)

+ N I I

~I~I
I I \.,\-, . '1

'- f-- I - - - - - :--+--.. \ ,~ I.A-.I',),o.1..

'-...l..'~SEE GROOVE

19.05 (.7500) OlAf \ t DETAIL
19.1 (.750)DIA

:
27.9 (1.100)

(FITTING LTH. IN MODEL)(REF.) 12.70 (.5000) MAX. DIA. TAPER -
1:120N OrA. 3.18 (.1250) W. x 1.6 (.063)

COMPONENT LOAD 6. 35 (.2500) DIA.
DP. X 19.1(.750)LG.

712N (I60Ibs.) KEYSEAT
NORMAL OWL. HOLE X 11.4

(J~~
(.450) DP.

AXIAL 222N (50Ibs.)

PITCH 28,246 Nmm (250in.lbs.) ,- I "

NOTE: ,'- "
ROLL 11,298 Nmm{lOOin.lbs) ~ 1.5°' .11.9\. ALL DIMENSIONS ARE IN MILLIMETERS WITH INCH
YAW 14,123 Nmm (I25in.lbs.) EQUIVALEN TS IN PARENTHESES.

(TYPI (0751
GROOVE DET. ITYPI

SIDE . 356 N (80 Ibs.)
MATt.r1IAl. SCALE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION..
200 CVM 1/ I LANGLEY RESEARCH CENTER

TOLERAIiC[ Oli DIN UtSIONS (1 DlCIMAL PLACt) ±.1
LANGLEY STATION HAMPtON, VIRGINIA 23665

X.X
UNLESS SHOWN OTHERWISE X.XX 11 DICIIIAL FLACU) :t .02

ANGULAR :t X.XXX 13 DlClltAL I'LACU) :t .005 ,.ROJECT BALANCE NTF-I07
EST. 'IN.

TITLE:
5URl"ACE YINI8M IN

V. WEIGHT
MICROINCHIt!J ~ftMS~ ORAWING
UNLI:~S SH?W,N'OTHERWI!SE OUTLINETITL.E

DR•• ALJL IT,nl1

(h~ l~ •• ':"-1'.,1 {rtft..
..ftOJICT .L.DG. LA-- OU. PATEL "'"'"D. f+O. NO. 943372

~,J. J-V/J1- . AI'I'D.o/ -''':r<:)f/ .f:. -f:' .lOa 0"01:" .HIIT
CHIl:. .". NO HO ORAWING NO.



26.99I~.D6251.MAX ..DIA '.
TAPER 1:12 ON DIA, .

,....~I--_-.l-_ 45.6 (1.795)

'--~-. 23.6f.93D)

'--(SEE "-::4.7.6{J875)W~2.4(.D9i,JJ~"
GROOVE 0 (., ., .'~ .
DETAIL

. P X 25.4 1.000)LG.
KEYSEAT!:·':. ... ......

; ~. ..

2 - 24 - 82:

'" ~

( . ) .. -.
"'~. A)

. 69.2
~f2.725) '.

t ~ "\, ",,~, --'
6hl.2501HEX SCT.}I= ", i·' ,I 1

34.9(1.375)- 9.53 {,3750J piA "OWL ...:.. 38.1 f1.50DJDIA
~. . .HOLE . I .'

··(~~5~05) :. . .... .~. n'-:I
,. " ,. ~

r:-:::-:-::::-:-:-:=-:-~-------"";':"--. . " I "
COMPONENT LOAD " I "
NORMAL 711.7 N (16001bsl ~4~;·1 ~ 1.,1.t1751

AXIAL 556. N (125 lbsl . GROOVE DET~r~p)
PITCH i 338,954 Nmm (3000In.lbsJ NOTE:
RO LL · 169,477 Nmm (1500In.lbs.l 1. ALL DIMENSIONS ARE IN MILLIMETERS WITH
YAW 169,477 Nmm(1S00In.lbs,) INCH EQUIVALENTS IN PARENTHESES.

SIDE 2224 N (500 Ibs.l .

r----:-----:-~'----------~-:........;....-----;,.-~--....:.-.:....:.. '~..~...:!J12~~~~~··...2.'9~·-/~s:.:·-.2QJ.?.. :.

:t"'f------- .305:1 f12.0J3)NOMINAL-----·'-'-~

148.3(5.838).6'~
670 (2.638) - -- 1a
N'OMINAL ~ 61.6(2.425) I-+- MOMENT "'LJCENTER

: -po 47.9 I 100 33
+ N . (1.8881 I (3.9500) --,~-.J

~ 1I\ REF

'.

BALANCE NTF - 108

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
LANGLEY RESEARCH CENTER

LANGLEY STATION HAMPTON. VIRGINIA 23665

SCAL.E

1/2
MAT£HIAL.

'200 CVM
TOLERAHC[ ON DIIUNSIOHS
UNLESS SHOWN OTHERWISE

ANGULAR :!:

X.X I I DICIUl ~lACl1 ±.I
X.XX 11 DtC'Ul PUClS I ± .01
X.XXX 13 DICIUl 'ucul ± .005 P'ROJ[CT,

t---------J--.~3~2--~[S-T-P'I...:.Oc:-ITITLE
SURI"ACE P'INISH IN V· n.
MICAOINCHES RMS WEIGHT

UHl..:t~S SHOWN OTHI:RWI~E
DRAWING

'-D-;l.--r-:::O--:.L:--.-=S~P~IE~R~S~'-TIl-:-till-.----..I.-_--I TITLE

DU. J.BRIGHT AnD. ~~/I/~2-"~~C:T DLDO. LA ~4'3343
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