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SUMMARY 

This report reviews the results obtained under this 

contract pr;ioi to this reporting period to set the back- 

ground for the qualitative and quantitative documentation 

of the role of the articular facets during + G„ acceleration. 

Experiment a] evidence, based on nearly ^00 cadaver 

runs made on a vertical accelerator, Is presented to prove 

the existence of dual load paths in the human spine - one 

through the intervertebraJ disc and one through the posterior 

structures in the articular facets.  Utilizing the above 

tact, a method is shown and verified experimentally to 

Increase the thr-..-;-■. ; . oi spinal fracture due to + G ' z 

acceleration  of the   spine. 

/'.  78  degrec-of-froedom  mathematical  model   and  its 

exper: n.e!ital   verification  on  three  cadaveric   spines  is 

present'.'d  to  simulate  the  dynamic   response  of the human 

spine  during  +   Gr   acceleration.     The  design  and  use  of an 

intervertebral   load  cell   to measure   axial   force  and moment 

developed within  the   spine  during +  Gr    acceleration  is 

also presented. 

(iv) 
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CHAPTER   I 

INTRODUCTION 

Several  hypotheses have  been  advanced to explain  the 

anterior wedging fractures  of  vertebrae  during ejections  of 

pilots   from jet  aircraft.     Host   of the  proposed explanations 

consider the peak acceleration   values,   the  rate of onset  of 

acceleration,   and  consider the  vertebral   column  as  a single 

structure  or a series  of single   structures having failure 

stress   levels  which when  exceeded  result   in  vertebral body 

fracture.     These  theories  consider basically  a symmetrical 

weight   distribution  in the mid-sagittal  plane of the human 

body,   and hence  do not  take  into  account  the  rotation of the 

vertebral  column.     Vulcan and King  [20]  showed that the 

vertebral   column was   subjected to  significantly high bending 

strains  due  to  the  eccentricity   of the location of the   center 

of gravity  of head and torso,  with  respect  to that  of the 

vertebral   column,  resulting in   a  forward  rotation  of head 

and torso during +  G     acceleration.     Due  to this  bending of 

the  vertebral  column,   the  strains   developed In the  vertebral 

column  during +  G    acceleration  were  the highest   along the 
CM 

anterior aspects  of the vertebral bodies.     Orne  and Liu   [15] 

studied the   phenomenon with  a multi   degree-of-freedom 

mathematical  model  of the human  spine. 

Using the  bending theory  of the  vertebral column  it 

would  be possible, by  altering the   Initial  configuration of 

.^^^^^^^^^^^^j^^^^^^^äl^isää^^^^"^ 
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the spine with respect to the acceleration vector, to decrease 

the bending moments on the anterior aspects of the vertebral 

bodies, hence Increasing the threshold of fracture.  Hence, 

depending on whether the acceleration vector is before or 

behind the center of mass, an'erinr or posterior wedge com- 

preasion fractures respectively would occur if the failure 

limit in anterior or posterior bending is exceeded.  After 

studying eighty ejection vertebral fracture cases, Ewing [ ^ ] 

noted that almost all were anterior compression fractures; 

only one was a posterior compression fracture.  Hence, he 

advanced the following hypothesis [ 5 ]: 

"Posterior compression of the vertebral column in the 

thoraco-lurabar area Is limited by the articular facets 

of the vertebrae while anterior compression is not 

limited." 

This suggested a way of preventing anterior vertebral 

compression fracture.  By proper hyperextension of the spine 

a configuration between adjacent vertebrae would be achieved 

that would allow anterior wedging fracture to occur only if 

the spinous processes connecting the articular facet? to the 

vertebral bodies are fractured or if the ligaments binding 

the articular facets together are torn.  Also, by hyper- 

extending the spine it would be possible to induce a pre- 

tension in the anterior aspects of the vertebral bodies 

hence increasing the bending moment and axial force required 

to cause failure of the anterior surfaces.  Moreover, by 

hyperextension of the spine, it would be possible to reduce 

,.;■■ ■-;.;:■■.• ■■■.-■■■ .■-.:■  v. ■ .r-. ■;. .■V-.: Cw 
.^V.^^k^^V^^^^ 
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the strains developed on the anterior aspects of the vertebral 

bodies by shifting the center of gravity of the torso with 

respect to the acceleration vector, hence allowing lesser 

relative angular rotation of adjacent vertebrae as compared 

to a normally erect spine. 

Experiments were carried cut to verify the hypothesis 

and its corollaries.  The following chapters describe the 

experiments carried out. 

Ll__ t^^i.^^V:.>^r.:..    ..^^i^ -^ ^ ■^.^^•^^LA^.W^^ ^J/:^»^ä ^i^j«^^ mMmtmrtWfiiwftflii^^ ^miitofemit^ 
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CHAPTER II 

DETERMINATION OF THE OPTIMUM SHAPE AND 

OPTIMUM LOCATION OF A HYPEREXTENSION DEVICE 

1.  Introduction 

The first phase of the study was to ohtaln the best loca- 

tion and shape of a hyperextenslon device which will reduce the 

peaK strains experienced by the vertebrae when the device is 

not used.  The criteria used to determine the optimum location 

and geometry of the hyperextenslon block were as follows: 

(a) The block and its location should cause the greatest 

overall reduction in compressive strain levels In 

the vertebrae. 

(b) Tensile strains an any of the vertebra were con- 

sidered unacceptable, because tension in the 

vertebral body implies severe compressive loading 

on the posterior structures and may cause hyper- 

e xt en s 1 on f ra ct urn s . 

c'.     Experimental Procedure:: 

A total of six cadavers were instrumented and subjected 

to naudocephalad acceleration.  Table 1 provides a list of 

the cadavers used and the number of runs carried out on each 

specimen.  ."elect ion of the cadavers were made on the basis 

of age, cause o" death, and body weight.  Those over 70 years 

of age were rejected and if the cause of death appeared to 

■■-rv'^f1iiHr.Tr"^^^"'^^,-^^'Jj'^t^^^^^tw'^'*^ 
äa^^^^^^^v^av^^^ai^ »lia&aäifaaaäi 



TABLE 1 

List of Cadavers and 

Number of Run:: Carried Out 

Run No. Cadaver 
No. 

Af 
De 

:e  at 
•aUi 

Cause  of 
Death 

# l^ 59 pulmonary  embolism 

1-28 1580 i\-[ chronic  alcoholism 

29-^8 ±5H2 60 pneumonia 

^9-50 L;t59 
/■  ■ 

■J arc inoma 

:;i-57 1536 63 pulmonary   edema 

5 3-80 1471 66 pneumonia 

*2 unnumbered runs 

jgiijgimagamn. ii^^jMiiiiiiiiiiiiiiiii 



have a considerable effect on the strength of the vertebral 

column, the cadaver was not used.  Roentgenographic examination 

of the column was carried out on suitable specimens.  Lateral 

and A-P views were examined for pre-existing fractures or 

other abnormalities.  Spines v.;ith abnormal curvatures and 

those which showed a high decree of calcium depletion or 

were arthritic were-; rejected. 

(a) Geometry of the hyperextension devices: 

The hyperextension devices consisted of wooden blocks 

which were fastened to the seat back with two countersunk 

carriage bolts.  The heigh*, of the blocks from the seat pan 

was adjustable from 5" - 20" above the seat.  Four of the 

blocks used were 6" wide with different height and thickness. 

One block was semi-circular, 3" in diameter and 6" wide. 

Table 2 shows the dimensions of the blocks used. 

(b) Instrumentation of vertebral bodies: 

The procedure for instrumenting the cadavers consisted of 

' vi.-^eration of the abdominal viscera and the installation of 

foii-type strain gages on the anterior and lateral aspects 

of the vertebral bodies.  In •'.■vory cadaver', the three vertebrae 

garud were T12, L2 and L'l.  The method of installation of the 

strain gages is described beJow. 

The vertebral bodies to be gaged were cleaned by cutting 

-..rid scraping off the ligaments around Jt, taking care that the 

surface of the bones was not damaged.  A minimum area of the 

bone was exposed to ensure some continuity of the ligaments 

fin the bodies.  The exposed surfaces of the bones were then 

n:::^::JrT-li--Tfri-^^—-—— ^ -imirMfiiifr-YnrrTiM^ilii^^^^ 
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cleaned and  dried  using acetone  and  freon.     Foil type  strain 

gages,  0.125"   gage  length,  were then installed on the  cleaned 

surfaces  using Eastman  910  adhesive  and  catalyst   as  bonding 

agents.     The  Installed  gages were then tested   for resistance 

to  ground.     A minimum of  300 megohms  of resistance  to ground 

ensured  long-lasting and noise-free  gages.     The   installed 

gages were  then  coated with Gagekote   ^3  to  ensure  Insulation 

from body  fluids.     The   leads   from the   gages  were  carefully 

tied  down by  sutures  to  a disc  to prevent  the  gages   from being 

ripped    off  during;  the   experiment. 

One  gage  was   mounted  on  the  anterior  surface  of the 

vertebral body  as   close   as  possible  to  the  mid-sagittal plane. 

The   lateral  gages  were  mounted  in  pairs,   one  on  each side of 

the  body,  placed  as   closely  as  possible  in  the   same  coronal 

plane.     The  output   of the  left   and right   gages  was   summed to 

eliminate  the  effects  of lateral  bending.     All  gages  were 

installed with  their  sensitive  axis  parallel  to the   axis  of 

the  vertebral body,   and   all   loads were  pre-soldered  to the 

gage  terminals. 

(c)     Description  of accelerator and  instrumentation: 

The  tests  were   carried  out  on a vertical  accelerator, 

housed in  an   8-story  elevator shaft   of the  School  of Medicine,   at 

Wayne  State  University.     The  sled  is   accelerated over a stroke 

; f  8   feet  and then   gradually  brought   to  rest   by  air brakes  over 

some   30 to ^10   feet.     The   acceleration pulse   is   approximately 

trapezoidal  in  shape,   the  rate of onset   and the magnitude of 

the  plateau being variable.     Details  of the  accelerator have 

been  described  by   Patrick   [In]. 

L^i.1^-:v-;WK^-.^ 
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'.""he  restraint  system  consisted of an automotive   lap belt 

under  a regular  U.S.A.F.   lap belt  and shoulder harness   combina- 

Lion  and  leg straps.     The wrists were  tied together  and  anchored 

to the  seat  base by means  of a single  rope  going through  an eye 

bolt   in  the  seat  base   and   ic-oinp-  around  the   U.S.A.F.   lap belt. 

This  was  done  so  that   no   load was  transmitted  on  the   arm rest, 

and to  prevent  the  lao   belt   from  creeping up  on the  cadaver 

during pretensionlng of the  shoulder harness.     The  head was 

unrestrained. 

The  electronic  instrumentutlon  consisted  of 12-channels 

of bridge balance   and  carrier'  amplifier units   (Heiland)   and 

a 24-channel  light-beam  recorder  (Visicorder),     The  sled was 

equipped with  a  50-g strain   page  accelerorneter   (Statham A6-50) 

and  the  shoulder harness   load was  monitored by   a  1,000-lb. 

strap  load  cell. 

After the cadaver had been  placed  in the   chair,  the  lead 

wires   from the  strain  gages   //ere  connected to   form  diagonally 

opposite arms  of a  il-arm Wheatstone bridge.     The  other two 

arms   jonsisted  of  121-ohm  high-stability   precision  resistors. 

"'his   configuration   results   in   the  summing of the   output   of 

thf   '.wo  gages.     The   anterior  page   formed   a  two-arm  bridge 

with   a   1.21-ohm  resistor.     The  other  2  arms  were   provided by 

the  bridge  balance  unit. 

(d)     Experime;iral   runs: 

The  lap  belt  was  always  snugly tightened  and restrained 

from being pulled upwards  by  the  equivalent  of  an  inverted 

V-strap  described in the   previous  section.    The  shoulder 

imi^Vrtwi/iiiiiiifiniin f MKWKitf'^t**'*'***********''*'''!*'^^^ 
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harness  was pre-loaded  to   35  lb,   tension before  each   run. 

Although the head was   unrestrained,  its   initial  position was 

kept  approximately  vertical  by  means  of masking tape  that 

broke  once  the head  started  rotating. 

The level  of the   applied   .-icceleration was   10  g at   an 

onset   rate  of approximately   300   g/sec.     The  low  acceleration 

lovel was  used to  avoid   vertebral  fracture  and  to  allow 

completion of a long series  of runs  on each  cadaver.     The 

acceleration was  reduced to  8  g  for Cadaver 1^71  since  it 

was  the  oldest  among the  ones   rested. 

In   order to  compare   the   reduction  in  vertebral  strain 

resulting from the  use   of the  hyperextension  device,   at   least 

two  runs  without  the  block  were  carried out  on  each  cadaver. 

Oenerally  the  first   and   last   runs  were without   the  block.     For 

Cadaver  1^71,  a no-block  run was made  after each  block was 

tested  to monitor more   closely  the  change  in  strain  gage  output 

caused  by a  change  in   spinal  configuration. 

Pv.r the  convenience  of  identification  of  gages,  the 

following symbols  will   be  used   in  the subsequent   sections  of 

this  paper: 

Thv-  prefix   A   denotes   a  gage  mounted   on  the   anterior 

surface   of a vertebra,   e.g.,   ATI?  is  the  gage   on  the   anterior 

ovrface   of T12.     The  prefix   D denotes  gages  mounted  on  the 

lateral   surface   of  the   vertebra.     Strain   values   of  DL2 

represent  the  average   output  of the  two  gages   on  the   lateral 

surface   of L2  on  either  side  of  AL2.     An   attempt   was   made  to 

install   these  gages near  the  neutral   axis  of the   vertebra so 

that   their output   indicated  mostly  axial   compression. 

•■_^ Itt&t.     ■ ^■.:-:i 1.    :.-.•■■ .^■-■t-rf—'^--*' 
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After each  run,   a  lateral   roentgenogram of the   spine  was 

'. ak^n.     Experimentation   was   discontinued   if   fracture   occurred. 

In   some   cases,  the  x-rays   wer-;  developed  after  the   completion 

of  several  runs.     If   fracture   occurred   in   one  of  these   runs, 

the   data   from all  post-f ract .i.--'   riinr;  were   discarded. 

^jummary  of Kxr.^ r Lrr-ntal   "ma 

A   '.otal  of   id  run^   .v^re   made   on  six   cadavers.     Of  these, 

ix  runs  on  3  cadavers   constitute  the  bulk  of the   data  reported. 

Huns   ^9-57   on  Cadavers   1^59   •■"■:'   ;'53C   represent   Incomplete 

..•..■ries   Jue  to  fra ^i ur-.-      f  ver'.'hraj   bcdl-;::.     The   raw  data 

.■f  typical  runs   are  shewn   ir,   rM^urei:   2.1   -  ?.']. 

The   vertebral  ."trains   .•ur.'aln'-'d   ir   those   runs   without 

v'loc/.s   show  '..he   f a:.ii.iJ u'    .••;     ■.     ;■'   ..?   : "p' r",-.^1   by   Vulcan   and 

V.hir.  [19].     An example  of th..-se  contro]   runs  is   given   in 

r'lrure   2.1.     Vi-\.  ■   :.'    ' s   J   '.y;:' "t J   iMn  with   a  2-l/'4"   thick 

bl'/CK  ■ eposite   ;,].     "J^te   the   disappearance   of the   second  peak 

an :i   com;   .re  wlto   Figure   2.1   to  s^e  the   reduction   in   strains   on 

ira.:•.:;. On "Jar.v-r . -',' > the AL'-I rar - v/as malfunctioning, 

h'^nce Its record is meaningless. Figure <?. 3 is an example of 

tension   developing   in   the   early   part   of the  acceleration  pulse 

;• Fjck  No.    1   {■-'..)   y   t   '■   ■>)   wir   u.-' d   Ln   12   runs   at   various 

locati'-ns.      In  Cadaver   Vy:X)   airJ   1^82,  when   thj   centerline  of 

•'.:r-   L ] . ?'/.  waj   placed   op;;e.:it^   the   [,3-L^   disc   (Cadaver   1980), 

I.-i,     ,2-',3  di:-'c   and   he,   the   anterior surface  of T12   (Ar:i2)   was 

•n   tension. 

By   increasing tne   thickness   of the  block  to   3"   (Block 

:iw. 6), it was observed that AT12 went into tension 
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when  the  block was  opposite  the  L1-L2  disc,  L3-L^  disc  and 

L5   in   Cadaver 1580,   and  opposite  Til  and T12  in   Cadaver 1^71. 

AL2  went   into tension when  the block was  2"  below  L5.     In   3 

out.   of  9  cases,  a reduction   in   compressive  strain,  without 

any   vertebra going  into   : ens"-:!,,   was  observed. 

There were  12  runs  with  tne  semi-circular block  (No.   3, 

G   in.   in  diameter  and   3"   thick).     For Cadaver 15Ö0,  AT12  went 

int.-   •-•.,•:.slon with  the  block   opposite TJ2-L1  disc,   L1-L2   disc, 

and   L3-h^   disc.     There  was   an   increase   in   compression   in   AT12 

and   1X712  with the bjo'k  2   in.   below Lb,  but  t lie re  was   a marked 

reduction   in  compressive   strain   in  AL;l.     AL2 went   into  tension 

when  the block was  opposite   .V5.     hence all the  5  runs  with 

this  block displayed  unueslrjble  characteristics.     The  results 

for  Cadaver  ]5c;2 were   slight ;y   cotter.     Opposite   L3  and  L2-L3 

di.;c,   tension  develr.ped  in   -.I'l,:,   but  there was  a slight  re- 

..ue.in   in   compi..-^l ve-   strain   Tor  all   gages  with  the  block 

■jpoosite   L2   and T12-L1  disc.      In   Cadaver 1^71,   there was   an 

o7',-rai;   reduction   in  strain   when   the   block  was   opposite  Til 

■..i  TJ< ,   but   ATI.,   developed  terjsion   with  the  block   opposite  LI 

The-   r-esults   from Block  .Je.   'i   (3  ^  ^  ^  6),  were  also  un- 

satisfactory.     For Cadaver  1580,   AT12 developed tension  with 

the   sleek   opposite  the  T12-L1   disc,   L1-L2  disc  and  L3-LiJ   disc, 

aiid   DTxr,   showed  an  increase   in   compressive  strain  when  the 

■;,,-.;*  ■..'is  2"   bei.-'W :.[>.     fuv  'Cadaver 1582,  with  the  block 

orpesite  Til,   an increase   in   compressive  strain   for all  gages 

was   observed.     However,   opposite   LI,   there was   a  general  re- 

luct i.e   in  strain on  all   gages.     For Cadaver 1^71,   AT12 
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developed tension with the block opposite Til. There was a 

slight reduction in strain when it was opposite the TlO-Tll 

disc. 

The   results   from Block   Mo.   5   (2.25  x   ^   x  6)   were  en- 

couraging.     In  Cadaver   1552,   »^h^ro was  an  overall  reduction 

in  compressive  strain   for  all   gages  when the block was  placed 

between T12  and L2,     There  was   a minimal   increase  in  strain 

when  it  was  located opposite TU.     Similarly,   for  Cadaver  1^71, 

a  good overall  reduction  in   strain was   obtained with  the block 

opposite  TU,   T12   and   LI. 

L\.     Analysis   of Data 

The   data   from Cadavers   i'vlo,   1582  and  1471 were   read off 

the  records,   converted  to   ;.■. ::..n,   C'Jinpared with  the   control 

runs,   and the percentage  change  in  strain  computed in terms 

of  a reduction  in   compressicM.     The   reduction was  tabulated 

for each  block  and listed  in Tables   3  through  7.     The  description 

of the  results  in  the  previous  section  is  given  in  quantitative 

terms   in  these  tables.     In   order  to  evaluate the  relative 

merits  of  these  blocks,  Table   8 was   prepared using  the  runs 

in  which no tension was  developed  and  no  increase  in   compression 

wa;:   noted.     This  procedure   reduced   the  number of  runs   from 

50  to  21.     The  average percentage  decrease   in  compressive 

strain  was   computed  for the   anterior  and  lateral  gages 

separately  and an  overall  average was   then obtained.     It 

can  be  seen   from Table  8 that  the   2-1/4" blocks  show  a larger 

reduction  than the  3"  ones,   and in  the   former group  the  best 

location  is  opposite  LI   for every   cadaver.     An  exception  is 

^.^^i^^^*^^ mjttmmmMmmmmmmmm 
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TABLE   8 

Analysis  of Data for Runs  in  Which 

Tension Was  Not   Developed 

Block 
No. 

Run 
No. 

Location  of 
Block 

Centerline 

A/orage 
Ant.   Gages 

51.00 

Strain  Reduc 
Lat.   Gages 

tion   {%) 
Overall 

1 3 2"   below   L5 27.46 39.23 
h L5 69.53 42.73 56.13 
6 L1-L2   disc 44.26 41.20 42.73 

7 T12-L1  disc 29.80 29.73 29.76 

^6 T12-L1   disc 57.26 27.20 42.23 
66 Til 36.50 40.30 38.40 

67 T12 54.15 49.60 51.87 
68 LI 65.25 65.50 65.37 

2 14 T.12-L1  disc 4 3.2b 43.73 43.50 

3 42 T12-L1   disc 34.80 18.75 26.80 

43 L2 39.93 34.30 37.12 

T12 38.60 40.00 39.30 

72 Til 31.90 25.00 28.45 

-■I 34 LI 2 2.86 27.70 25.28 

75 T10-T11   disc 15.45 15.53 15.49 

(."j 36 L2 30.10 30.06 30.08 

37 LI 36.26 27.30 31.81 

38 T12 2 3.26 11.64 17.5^ 
60 Til 38.85 34.96 36.91 
61 Top   of T12 52.80 51.26 52.03 

62 LI 59.90 51.26 55.58 

■L„..~_.;..—.U..-:x::—ii^'i^Cifn«^^ 
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round In Cadaver 1580 using Block No. 1.  In this case, a 

large decrease of 89% in AL2 in Run No. ^, with the block 

opposlU; L5 j indicated that the L'3 location was better than 

Li.  However, the other cac.aver;.; show definitely that LI is 

the optimum location.  Fur'.ru'." con;-id e rat ion of the overall 

reduction at LI for- Blocks i   and 5 shows that the decrease 

is 50. If» for Block No. i (Huns 6, kS,   and 68) and ^3-7%  for 

LOCK    .vO, (Runs   37   and  6'/).     The  difference   is   quite  small 

considering the   large  biological   variations   among  cadavers 

arid  the  small   sample  si:v.-.     The1  consistent   indications  that 

LI  is   the  best   location   using  either Block  No.   1   or  5   is  the 

major  conclusion   of this   phase  of  the   study. 

:,.     LJocussion   and   "one i ■j.'ic c- 

The  primary   objective   (■"  selecting  the   shape   of the 

hypeivxtension   device   and   its   optimum  1  .cation  has  been 

achieved.     The  data reported   from  the   three  cadavers  used 

..now   •,hat   the  block  should  bo  about   2   in.   thick,   ^  to  6   in. 

'.'   Lelp-.t   and  that   it::   -.'ent-ri .ir,e   should  be   opposite   LI. 

Before  the   start   of  this   series   of  experiments,   it was 

expected that   the   lateral   gages  would  show  an   increase   in 

.'t:".-'.;   when  the   anterior  gage;   showed   a   decrease.     This was 

eased   on  the  hypothesis   of  a  more  evenly   distributed   loading 

!'  the   vertebral   bodies  when  the  hyperoxtension   device  was 

used.     However,   in  ail   cases   l.lie   lateral   gages,   too,   showed 

a   marked  decrease   in  strains.     This  brings   up  the   question 

of whether  the   vertical   force   is  being  transmitted  through 

the  block   or through   the   posterior  structures   of the   vertebrae 

WiiMttMiMi»^ 
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The  segments  of vertebrae   from the   cadavers  tested were ex- 

cised and examined radiologically  to  detect   fractures of any 

posterior structures.     However,  none  was   found. 

The  development   of tension  on  the   anterior surface of 

the  vertebrae   is  another  problem which  requires   further in- 

vestigation.     An  examination  of the  primary  and  secondary 

curvatures  of  the  vertebral  column,   shown  in  Figure  2.^, 

reveals  that,   if the  block  is  placed between  L2   and  15,  it 

forces  the  lumbar vertebrae  forward  of  the  center of gravity 

of the torso which is   located  about   1/H   to   1/2"   in  front  of 

the  anterior surface  of T9   (see Ref.   [19])-     It   can be  seen 

from the  data that  the  tensile  stresses   occur at   the beginning 

of the  acceleration  pulse,   before  the  upper torso has had  a 

chance  to begin  its   forward  rotation.     Also,   the  strap load 

droppel   from  its   initial   pretension   (see  Figure   2.3)   during the 

early  p. rt   of the  acceleration pulse.     This  suggests  a slight 

backward  rotation  of the  upper torso  during that  period, 

r'inward   flexion   of the  torso  immediately   causes  the   gages   to 

go  into  compression.      By  placing the  block  opposite   LI,  the 

forward  displacement   of the  segment   from T12   to  iJi  is just 

enough  to  reduce  the   compressive  strain   on the  anterior 

surface  without   the  development  of tension.     With  the  block 

opposite  the   lower thoracic   vertebrae,   the  center  of  gravity 

of  the   upper  torso  is   pushed   farther   forward,   causing a 

greater eccentric  loading  of the  spine,  which  results  in  an 

increase   in   compressive  strain.     The  question  of whether the 

mmmmmmm^i ■[■mV ii liiiiiitfiiiMiiiiM 
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ungaged vertebrae above T12 would go into tension when the 

block is at its optimum location for the T12 to hk  segment 

Is still unanswered.  However, the primary thoracic curve 

would tend to prevent tension of the anterior surfaces. 

'v.Oj.vJ-Srh'^it: -   ..■■^M^li^^^^ 
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TABLE 9 

Variation of Breaking Strength with Age 

Age 

(years) 

20 - 30 

30 - HO 

HO - 50 

50 - 60 

over 60 

Median Breaking Strength 

(kpVcm2) 

10 7 

98 

76 

77 

H3 

* kp is a unit of force 

1 kp = 1 kllogvam force 
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CERVICAL VERTEBRAE 

12 
THORACIC VERTEBRAE 

LUMBAR VERTEBRAE 

SACRUM 
>5 pieces' 

COCCYX 
i4 pieces i 

l^ig. 2.14.     Curvature ol. the Vertebral Column 
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CHAPTER  III 

EFFECTIVENESS OP THE  HYPEREXTENSION   DEVICE 

1.     Introduction 

With  the determination   of  an  optimum geometry  and the 

location  of the hyperextension  device,  It  was  decided to 

document   the  effectiveness   of the  device  used.     The  hyper- 

extension block that  produced  the  greatest   strain  reduction, 

described in  Chapter  II  (2^-"   x  6"   x   4"),  was  used  opposite 

the best   location,   i.e.,  the  block  centerline was  opposite   Ll. 

A  total  of 12  cadavers were  subjected to  75  runs  using three 

different  restraint  configurations  or spinal modes.     In  the 

hyperextended mode.  In which  the block was used,   and  in  the 

erect  mode with no block,   the   shoulder strap pretension was 

set   at   30   lbs.     For runs  In  the   flexed mode,  the harness  was 

loosely  attached to the torso  and the  cadaver was  restrained 

essentially by the  lapbelt   only. 

The   verification of the  effectiveness  of the block was 

carried  out   by the   following methods  of data analysis: 

(a) An  analysis  of the   acceleration   levels  at   fracture 

for each mode. 

(b) A  study  of the  mode  in  which  fracture occurred when 

two or more modes   were  run on  the  same   cadaver. 

(c) A  comparison of strains  In the   flexed,  erect,   and 

hyperextended mode. 

i..,!...-.;,...■:■:,... .■-.,:■ ■  .,'.-y.  i'.■■ .,l-^„i.li,< :.■!,;'. 
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2.  Experimental Procedures 

Of the 12 cadavers used in this study, 3 were run under 

all three modes, 5 were tested in the erect and hyperextended 

modes and 4 were run in the hyperextended mode only.  Table 1 

contains the pertinent data on the cadavers used.  Strain 

gages were installed on the lower thoracic and the lumbar 

vertebrae and the runs were carried out at increasing g-levels 

until fracture occurred.  If more than one spinal mode was to 

be run, the order in which the modes were tested at any given 

g-level was picked at random for each cadaver. 

The procedure for the preparation of the cadavers, the 

installation of the gages, and the roentgenographic techniques 

employed were as discussed in the previous chapter. 

In Cadavers 1584 and l6l^, an anterior gage and a pair 

of lateral gages were installed on T12, L2, and L^l.  There 

was also an anterior gage on LI and an additional pair of 

gages on the posterior aspects of L2 in Cadaver l6l5.  For 

the next 8 cadavers, according to the order listed in Table 1, 

an anterior gage was installed on each of the vertebra from 

Til to L4.  It was felt that the monitoring of the strain 

along the anterior aspects of all 6 vertebrae was more im- 

portant than the measurement of strain along the lateral 

aspects of 3 of the vertebrae.  In the last two cadavers, 

(iios. 125 .and 127), only the anterior aspect of L4 was gaged 

and the abdominal cavity was not eviscerated.  The principal 

purpose was to maintain integrity of the anterior ligament 

along the major portion of the vertebra," column.  The 

ikuli im^ia^^^.^ai..:.iv'/fAlf.yM,'llm5Hli 'iiforittfiyiifafrtiittiiiitti^ 
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retention of the abdominal viscera can only affect the fracture 

level adversely since some of this weight is borne by the spine. 

To Identify the location of the gages, the prefix A is used for 

anterior gages and D for lateral gages.  Posterior gages on the 

posterior aspects of the body near the neural arch are denoted 

by the prefix DD. 

The input acceleration was a ramp-shaped pulse with a 

rate of onset of approximately 300 to 500 g-sec. and a plateau 

varying from 4.5 to 24.5g.  The duration of the input pulse 

varied from about 150-350 msec, and was dependent on the 

acceleration level, since the total stroke length of the 

accelerating piston was fixed at 8 feet. 

Summary of Experimental Data 

The data will, be presented under three headings: 

(a) Fracture g-level and spinal mode at fracture 

(b) Strain histories in the various spinal modes 

(c) Examination of spinal segments 

(a)  Fracture g-level and spinal mode at fracture: 

The acceleration levels at fracture and the spinal mode 

in which fracture occurred are listed in Table 2.  The number 

of modes tested and the order In which the testing was carried 

out and the fractured vertebrae are also given.  It can be 

seen that when the cadaver was subjected to all three spinal 

modes, vertebral fracture always occurred in the flexed mode. 

Similarly, when the erect and hyperextended modes were tested, 

fracture occurred in the erect mode.  Cadavers 125 and 127 

were not eviscerated and strain gages were Installed only on 

• ■ -    —- iMtl.«...^^^^^^^^  lIlillilBI^^^^ 
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t'ri'j anterior aspect of IJ).  The anterior ligament was left 

intact along the major portion of the vertebral column In an 

effort to prevent hyperextenslon fractures when the block was 

used.  Such fractures occurred in Cadavers 062 and 095 which 

were run solely in the hyperextended mode and were instrumented 

with strain gages on the anterior aspect of each of the 

vertebrae from Til to L4.  Cadaver 125 sustained 24.5g and 

its spine showed no fracture.  Due to an accelerator system 

malfunction, a higher g-level run was delayed for a few days. 

Unfortunately, the body was claimed by relatives while repairs 

to the accelerator were being made and no further data could 

be obtained from this specimen.  The same procedure was followed 

in the experiments on Cadaver 127.  Compression fracture of 

T8 occurred at 12g and there was no evidence of hyperextenslon 

fracture. 

(b)  Strain histories in the various spinal modes: 

Some typical strain-time histories resulting from runs 

In the 3 spinal modes are given to demonstrate the difference 

in levels of strain among these modes.  Figures 3-1 and 3.2 

are examples of two runs at llg on Cadaver 1584 in the hyper- 

extended and erect modes respectively.  Fracture of T12 

occurred in the erect mode at the instant the shoulder harness 

load reached a maximum and all strain gages indicated peak 

values.  The sharp drop-off in the T12 strain trace, shown in 

Figure 3.2, is a reliable Indicator of fracture which was 

subsequently confirmed by roentgenographic examination. 

» > 
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Of particular  interest   i;;   a  record   of  a  hyperextension 

fracture  of T12   and  L2   In  Cadaver 09 5   at   20g.     This   is   depicted 

in  Figure   3-3-     The   instant   of  fracture   was   about   120  msec. 

after the  end  of  the   acceleration pulse.     The   cadaver was 

undergoing a  b-9g dece]oration when the   fracture  took place. 

Figure   3-^  is  a  24.5g  run  in  the hyperextended mode.     There 

was  no  fracture.     The   2  strain  gages  on   the  anterior aspect 

of  1,4  were  labelled  as   RAL^J  and  LAL^   for  the   right  and  left 

gages.     In  this   cadaver the  anterior  ligament  was   intact. 

A  strain-time  history   in  the   flexed   mode   is  shown   in 

Figure   3-5.      It   is  believed  to  be  the   first   of  its  kind to  be 

reported.     There   are  the  customary   first   and  second peaks  as 

reported by Vulcan and  King  [19]  although  the   first  peak  is 

not   very well   defined  in  Figure   3-5.     This   is   due  to  the 

relatively  low   rate  of  onset   used   for  this   series   of  experi- 

ments  and to  the  extensive effect   of bending on  the strain 

gage output.     The  phenomenon  to be noted  in the  data is  a 

third  strain  peak  occurring at  the end   of the  acceleration 

pjlse.     Its  magnitude   is   generally  greater or  equal  to  the 

second peak.     The   strap   load   cell   indicated  that   the  torso 

ii'i  not   rotate   forward   far enough  to  cause  any  significant 

force   in  the   shoulder  harness.     However,   when   fracture 

occurred,  there  was  a  sharp  rise  in  the   shoulder strap  load 

as  shown  in  Figure   3-6   for a different   cadaver. 

The  development   of tension  in the  vertebral bodies  during 

the  initial 60  msec,   of the acceleration  pulse  occurred  in 

several  runs  with  the   spine   in  the  hyperextended  mode. 

^.^^.v,-:;--';,;^,!.*:^.'^.^^:^;^^ 
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Generallyj  the  magnitude was  less  than  300M.     It  was  Impossible 

to eliminate  tensile  strains  from the  vertebrae  of Cadaver 062. 

The block location  was   changed several times  to no  avail.     At 

iSg,  with the block opposite  T12,  a hyperextenslon  fracture 

of LI occurred.     The   analog data are  shown   in Figure  3.7.     In 

the  erect  mode,   the   vertebrae were  usually   in  compression 

throughout   the   acceleration pulse.     However,   tension  did 

develop during several  runs  on  Cadavers  002   and 06l.     The 

tensile  strains  were  all  below  yOGp. 

A summary  of the  data for the 12  cadavers  used are  given 

in Tables   3 through  14.     For the   last  two  cadavers,   (Nos.   125 

and  127),  L^ was  the  only  vertebra gaged  for reasons  stated 

previously. 

(c)     Examination  of spinal  segments: 

Some typical  roentgenograms  of spinal   segments  removed 

from cadavers  after   fracture had  occurred  are   shown in Figures 

3.8 through   3.12.     Cadavers  930  and  017 were  run  in  all three 

modes.     Fractures   resulted   in the   flexed mode.     Figure  3-8  shows 

an  anterior wedge   fracture  of TU  of Cadaver 930  and Figure  3.9 

shows   compression   fractures  of L2  and  Ll\.      An  anterior  com- 

pression   fracture   of Til  of Cadaver  051   is   shown  in  Figure   3.10 

and wedge  fractures  of T9  and T10  of Cadaver 1615  are  shown 

in Figure  3.11.     These   fractures  resulted   from runs  in the  erect 

mode.     Figure   3-12  is  an example  of a hyperextenslon  fracture 

resulting  from an  l8g run in the hyperextended mode.     Cadaver 

062  sustained  a separation of the  superior  end plate  of LI. 

Similar fractures  occurred in Cadaver 095 which was  also run 

fe^s ,^..::::;,:.u.r..;.:■:- :  ;.. .■■,J:,i.';,;«.i:-:ü.B»^i.hJ»a,fct^^&«!;»a 
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solely  In  the  hyperextended mode.     There  is  no  radiological 

evidence  of damage  to  the  posterior  structures   of the  vertebrae 

that  were  run   in  the  hyperextended mode. 

k .     Analysis   of  Data 

(a)     Acceleration   levels   and   spinal   modes   at   fracture: 

Of  the   four  cadaver::-   run  exclusively   in  the hyperextended 

mode,   ihere  were  2   hyperoxtenslon   fractures   at   1.8  and  20g,  one 

compression   fracture   at   12g  and  one  which   did  not   fracture   at 

2'iog.     Since   the   hyperextension   fracture.'-,   are  possibly   due 

to   the   disruption  of  the   ■-.interior   ligament   by   strain  gages, 

it.   .-/ould  be   a  safe  estimate  to take  the   average  of these   four 

'jcceleration   values   as   the   fracture   lev:!,   in  the hyperextended 

.-n-vj-   for  comparison  with   '. hut   in   the   ot.n^r  modes.     This 

average   is   lS.6g.     The   iyf'X'.,ge   ;--ievel    i.e   the   erect   mode   is 

-i cr     "7 ;; v-'     C;      Q p r • j ' xed  mod",   the   average  of 

three  fracture   Icve.ls   is  fi.0g.     Table   1 rj  is   a summary of the 

':-;:" h-ra'. lens   at   fracture   ir.   th^   <  mode;:. 

• udent as   pi.'r'f'irmed   fu t-'  th'"'   fracture   levels 

(-'■■twecri   '..he   various   spinai   ri:orj.,.;-,.      Tha   result   Is   given   in 

Table  16.     The   difference   in   g-level   between   the   hyperextended 

.-:..-)■   and  the   other  two  modes  were   found   to be   statistically 

:: .1 g 111 f i. c a n t   ( P   <   rj.0%) .      J t   s h o u 1 d   b e   n o t e d   t h a t   the   n u 11 

hypothesis  was   rejected   despite   conservative   estimates  made 

for  the   fracture   level    in   the  hyperextended  mode.     The 

average   age  of the   cadavers   in  the  hyperextended  mode  group 

was  61.5 years,  while   in  the erect  and   flexed mode  groups, 

Miii-iiMMiiiiiMlil^ liilllMiltt 
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TABLE   l^ 

Fracture   Levels   in  the   3  spinal   Modes 

Mode Era; •t ure   Eev^l :io.  r 
Cadav": 

• r 
rs 

Average   Age 
(years) 

ilyperextended 18.;. '! 61.5 

Erect 11 .6 '1 61.0 

Flexed 9.0 3 5^.3 
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TABLE   16 

Student's   t-Test   oT Pranture   r-Level; 
Betv;een  the   Various   Cpina.l   Modes 

50 

Modes PW 

Hyperextended  & 
Erect 

i). '16 2.75 2.6 

Hyperextended  « 
p] exeu 

^.21 2.99 3.2 

Erect   &   Flexed 3.33 0JI8 >  50 
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it  was  6l  and  5^-3  years  respectively.     There   is  thus  no 

significant  difference  in  age  among the  groups  to  confuse 

the   data.     Furthermore,  when   a cadaver was   run  in  all  or two 

of the  spinal modes,   fracture?   always  occurred  in  the mode  in 

which the  cause   could be   attributed to   forward bending of 

the  vertebral  column.     The  order of testing was   randomized 

so  as  not  to bias   the  data  coward any  particular mode.     The 

result  confirms  the  proposition that   the  cause  of  fracture 

is  a  combination of axial   compression   and bending,  resulting 

in  the  common  occurrence  of anterior  fractures   in pilots who 

eject. 

(b)     Reduction  in  strain: 

The  effectiveness  of the  hyperextensicn  device   can be 

further demonstrated by  the   calculation  of  the percentage 

reduction  in  compressive  strain  as  a result   of its  use. 

There   were   32   runs   on   8  cadavers  in  which   strain  data  for 

the  erect  and  hyperextended modes  at  the  same  g-level were 

available.     Table   1?  is  a  listing of the  percentage  reduction 

in  strain  for  the   various   vertebra that  were   gaged anteriorly, 

The  overall  percentage  reduction was   V-t. ^  with  a range of 

20.1%   for   AT11   to   65.6%   for   AL3. 

In  order to  assess  the  statistical  significance  of this 

reduction,   a t-test  was   carried out   for each  vertebra.     The 

difference  in  strain between  the  erect   and  hyperextended mode 

was   computed,   from which  the  value of t   and the probability, 

P,   that   the null hypothesis  holds,  were obtained  for each 

g-level.     Table 18   lists  this   information   for all  six 

^i,K^^.^,i^^^A.^M-^-"tM^^>' fe>iiMaa^diy^.i^^ 
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vertebrae.  The number of observations at each acceleration 

was limited due to fracture at relatively low g-level? >\id to 

the different gaging patterns used on two of the cadavers. 

The t-test was carried out only when there are 3 or more 

pairs of data.  In general, the differences were significant 

for the lumbar vertebra (P < 5%).  For T12, the reduction in 

strain is still acceptable since P <_ 6%.     However, the observed 

differences for Til Indicate that the hyperextension aevlce 

may be beneficial in only H  out of 5 cases. 

There was also a consistent reduction in strain in the 

lateral gages averaging 2^.7%   for 17 sets of data from 6 pairs 

of runs in the erect and hyperextended mode.  A reduction of 

7.9%  occurred for a pair of posterior gages placed on L2 ir. 

Cadaver l6l5. 

A limited comparison could also be made for runs in the 

flexed and hyperextended mooe and those in the flexed and 

erect mode.  Tables 19 and 20 list the percentage reduction 

in strain in the anterior gages for these combinations.  The 

uverall reduction between the flexed and hyperextended mode 

was 58.7% while that between the flexed and erect mode was 

33-IX 

S.  Discussion and Conclusions 

The principal purpose of the experimental study was the 

verification of the mechanism of vertebral fracture due to 

caudocephalad acceleration.  The existence of significant 

bending stresses was first noted by King and Vulcan [ 8] and 

~- -■:■ ■   ■  > --- ^ ■/^.■«:.^^: 
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was   reported In  detail by Vulcan   [21].     By  altering the  spinal 

configuration,  with  a hyperextension   device  it  was  possible 

to  reduce  vertebral body  strain   and  raise  the   fracture   g-level. 

The   results   reported were  found  to  be  statistically  significant 

despite  the  large  biological   variation  in the  strength  of 

jadaver  vertebrae  and  in  the   degree   of  curvature  of  the   column. 

When  the   fracture  g-levels   in  the   various  modes   were 

analyzed,   it  was not  possible   to   use  paired  sets  of  data  and 

the   appropriate  values  of t  were   obtained  from the  equation 

for unpaired data with unequal  samples.     In  particular,   for 

hyperextended mode,  the  4   fracture  levels  were  obtained  under 

slightly  different   conditions.     The   fact  that  in two  of the 

cases  the   anterior  ligament  was   left   intact  while  it  was 

disrupted  in the other two  is   objectionable  from the   statistical 

viewpoint.     However,   physical   arguments  can  be  used to  overcome 

such  objections.     Hyperextension   fractures  associated with  a 

disrupted  anterior ligament   imply  that  the  g-level  for  com- 

pressive   failure  can  only be   higher than  that   used  in  the 

computations,   especially when  one  of these  fractures   took 

place   during deceleration of the   sled.     Similarly,  when the 

abdominal   cavity was  not  eviscerated,  the   fracture  level   could 

be  lowered  somewhat.     Therefore,   the   actual  difference   and the 

probability  that  it  did not   occur by   chance   can  only  be  higher 

than  that   given  in this  report. 

The   significant  reduction  in  strain  along the  anterior 

aspect  of the vertebral bodies   is   further evidence of  the  role 

of bending  as   a  cause  for vertebral  fracture  and of the 

^-Vixirv^i-'^WiJ i'f-.r- ■■-VV.r'-f.-iÄ'iki riiihiiiiTiMiaiMMltfltir^^ 
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effectiveness of the hyperextension device.  It is unfortunate 

that the t-test can only be carried out to 9g and that the 

number of observations at each acceleration was small.  How- 

ever, in spite of this small sample size, it was still possible 

to reject the null hypothesis for five of the six vertebrae 

under study. 

This series of experiments indicates that the reduction 

in strains and hence the Increase in acceleration level at 

fracture as a result of the use of a hyperextension device, 

cannot be attributed to any one factor.  The initial pre- 

tension induced along the anterior aspects of the vertebral 

bodies due to hyperextension of the spine causes the vertebral 

bodies to act as prestressed materials, hence raising the 

compression level for fracture.  However, this would not 

decrease the anterior strains as found in the experiments. 

If bending only was the cause of fracture, by changing the 

eccentricity of torso, we would expect a redistribution of 

the compressive load on the vertebral bodies, hence reducing 

the anterior strain which is a combination of pure compressive 

strain and pure bending strain.  However, this redistribution 

should not affect the lateral strains on the vertebral bodies, 

as they would be a function of pure axial load only.  The 

fact, that a significant reduction of the lateral strains 

was found due to hyperextension, suggests a decrease in the 

net axial compressive load on the vertebral body.  This 

decrease in the axial load has to be transmitted to another 

structure.  One possibility is the transmission of the load 

iaiuiaiiuaui 
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to the  seat   frame  via the hyperextenslon  device  used.     An 

evaluation  of this was made by  making successive  runs,  one 

in  the  erect   and one in the  extended mode,  on the  same 

cadaver  at  the  same  acceleration  level,   using the  seat   pan 

load cell measurement   in the erect  mode  as   a control. 

Results   of these  runs  showed  a peak  load   cell  value  of 

599  lbs.   for the  erect  mode   and  592  lbs.   for the  hyper- 

extended mode.     This  indicates  that  the  hyperextenslon 

device  does  not   support  appreciable   vertical loads   and 

that  the   decreased portion of the  vertebral body  axial 

load has   to be  transmitted through  a structure  in the  spine 

itself.     This  structure is  the  lamina via the articular 

facets. 
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CHAPTER  IV 

THE   ROLE   OF ARTICULAR  FACETS   DURING  +   G     ACCELERATION z 

1.  Introduction 

In a typical vertebra, the articular facets or processes 

are located near the junction of the pedicles with the lamina. 

The pair of superior facets spring upward from the pedicles 

and face in the general posterior direction while the two 

inferior facets project downward from the lamina and face 

anteriorly.  A view of a typical vertebra, is shown in Figure 4.1 

The articular surfaces are lined with hyaline cartilage and 

form a plane synovial joint. 

It is obvious from this anatomical arrangement that the 

overlapping facets perform the important function of limiting 

rotation and of preventing one vertebra from sliding with 

respect to its adjacent vertebrae.  The question of whether 

they are capable of transmitting compresslve loads in the 

longitudinal direction of thin vortebrnl column has never' 

really been answered.  In most; texts of anatomy, the vertebral 

body is considered to be the weight-bearing structure of the 

column [ 3,7 ].  These references exemplify opinions expressed 

in 19^8 and 1970 respectively.  The facets have been said to 

carry no load at all [ 2,6 ].  On the other hand, Strasser [18] 

and Nachemson [13] have indicated that the facets can support 

a portion of the load borne by the spine.  However, in a later 

paper, Nachemson [14] retracted his earlier statement and 
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declared that the facets carry no load.  His studies were 

based on the measurement of intradlscal pressures in isolated 

spinal segments which were subjected to axial loads while the 

disc was tilted up to 5°. 

Ewlng et al. [5] proposed a hypothesis for the mechanism 

of vertebral fracture during + G  impact acceleration.  The 

facets act as motion limiters preventing the posterior struc- 

tures of the vertebra from being displaced as much as the 

vertebral body is in front.  In addition, the vertebral column 

is subjected to eccentric loading and sustains a significant 

amount of bending [20].  Hence, the head and torso tend to 

flex forward, resulting in the anterior wedge fractures 

commonly noted among pilots who eject from disabled aircraft. 

It was shown in Chapter 3 thac the level of fracture can be 

substantially Increased from 10 to l8g in embalmed human cada- 

vers by moderately hyperextending the vertebral column.  A 2 in. 

thick block, 6 in. high was placed on the seat back with the 

•enterline of the block opposite LI to effect the hyperextension, 

There was a concomitant decrease in .strain along the 

anterior aspects of the lower thoracic ar d the lumbar vertebrae 

but the seat-pan load was not altered as a result of this 

hyperextension.  These results point to the load-bearing 

capability of the motion limiters, namely, the facets.  In 

this chapter, experimental evidence of the existence of a 

dual load path along the spine is documented. These findings 

provide a better understanding of the mechanism of injury 

which is also delineated. 

te^^-,.,..,,..^^-^;.......^.......^-^.-^.^^. 
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2.     Experimental Methods  and Equipment 

Several techniques were  used  to  deduce  the  load-bearing 

capability  of the  articular  facets,  since   direct measurement 

of  force   in  a limited space  environment  is   still beyond  the 

state of the  art. 

Strain  gages  were  an effective means   of providing a 

qualitative   indication  of  facet   load.     They  were mounted  on 

the  pedicles  and lamina.     Methods   of installing them on 

vertebral  surfaces  were  de/eloped to  allow  the measurement  of 

strain  just  about   anywhere  on  the   external  surface  of a  verte- 

bra.     A  detailed description  of the techniques  used to Install 

strain  gages  in  vertebral bodies  has  been  given by  King  and 

Vulcan   [9]-     The  same methods  are  employed   for installing 

them on  the  pedicles,   for which  an  anterior approach  is   used. 

To  mount   them  on  the  posterior  surface   of   a  lamina,   a posterior 

approach   is  taken  but  the  basic  techniques   remain  unchanged. 

Quantitative  measures   of  facet   load were  obtained by 

moans   of   an   intervertebral   load   cell   (JVLC)   designed  to   fit 

under  a  disc   or  a  vertebral   body.      It   can  measure  both   axial 

force   and  the   eccentricity   of that   force  with   respect   to   its 

geometric   center.      Figure   4.?   shows   the   first  model   of  an   IVLC. 

It  was   almost   1  in.   thick and  is   believed  to be the   first 

transducer  capable  of  actually  measuring the   load  carried by 

a vertebral body  in  an  Intact  vertebral  column.     A  thinner 

version   is  shown  in  Figure   '4.3-     This   load  cell was  designed to 

fit   above  a lumbar disc,  replacing Lhe  Inferior segment   of a 

vertebral body.     A  double-bladed  rotary  saw was  constructed 

aiffiiMaaaaaaaiit^^ ^iftllfflifi'iiiiftAMfWiifl 
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to   cut   slots  of a precise width  across  the  spine to  accommodate 

the   IVLC without   damaging the neural  arch.     The lip  shown  in 

Figures   4.2  and  4.3  enables   a strap  to hold the  IVLC  in  place 

during the  experimental run.     Figure  4.4   shows  the  IVLC   in 

position  in  the  lumbar spine  of a  cadaver.     A properly   in- 

stalled  IVLC will  not  result  in   a  change  in  length  of the 

vertebral   column  and,   if the  thinner model   is  used,   the 

mobility   of the   column  is  also not   affected.     When  an  IVLC 

is   used,   strain  gages  are  installed  on both  the anterior  and 

posterior   (lamina)   aspects   of the   vertebrae  adjacent   to  it 

to  obtain   correlation  of facet   load with  strain. 

Other  instrumentation  consists   of load  cells  on the   seat 

pan  and back,   and  for the  shoulder harness.     Two sets  of 

mutually  perpendicular pairs   of uniaxial  accelerometers  were 

mounted  on  the  head  during some   of the  runs  to study  the 

dynamics   of head motion during +  G     acceleration.     The   sled 

acceleration  was   also monitored. 

The   fully  instrumented  cadaver was  placed  in the  seat  of 

a  vertical  accelerator   for  testing.     This   facility   is  housed 

in   an   B-story   elevator  shaft   of  the   School   of Medicine   at 

Wayne  State  University.     The  sled  is  accelerated over a  stroke 

of  8  feet   and  then  gradually brought  to  rest  by  air brakes 

over some   30  to  40   feet.    The  acceleration  pulse  is   approximately 

trapezoidal  in  shape,   the  rate  of onset   and the  magnitude  of 

the  plateau being variable.     Details  of the   accelerator have 

been  described by  Patrick  [16]. 
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The  restraint   system  consisted  of  an  automotive  lap belt 

under a regular U.S.A.F.   lap belt   and  shoulder harness   combina- 

tion and leg  straps.     The wrists  were  tied together and  anchored 

to the  seat   pan by  means  of a single  rope  going through  an  eye 

bolt  on  the  seat  pan  and  looping around  the  lap belt.     This 

was   done  to   prevent   flailing of the   arms   and  to  keep  the   lap 

belt  in  position  on  the   pelvis   during  pretensioning of  the 

shoulder  harness.     The  head was   unrestrained. 

Electronic  instrumentation   consisted of  12  channels   of 

bridge balance  and  carrier amplifier units   (Heiland),   a  14- 

channel  tape   recorder   (Ampex),   and a  24-channel  light-beam 

recorder   (Visicorder). 

This   chapter  covers  the  results   of  approximately   82   runs 

made  on  six  different   cadavers.     Only  strain  data were  acquired 

from the   first   cadaver,  while both   IVLC  and strain data were 

obtained  from the  other  five.     Table   1   lists  the pertinent 

information  on the   cadavers  used,   the  test   conditions  and the 

location  of strain  gages  and the   IVLC.     The  ability to vary 

the  seat-back  angle   from 0°  to  20°   rearward  is  a recent 

modification  to the   vertical accelerator.     This   feature was 

used   for the   first   two   cadavers   and  provided  additional   evi- 

dence  of the   load-bearing capability   of the   facets.     The 

hyperextension block  was  used  to  change  the   spinal  curvature 

and  thus   the   role   of  the   facets,   if  they  were   indeed  able   to 

carry  the  load.      In   subsequent   discussions,   the  hyperextended 

and erect   spinal modes   refer to runs  made  wi^h  and without 

the hyperextension  block  respectively.     The  notation  for 

i. <,-,.-J:;^,'.^kL>-:-V-1ÄlVatÄI m^i^mmmm^mmääMmmmü 
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strain gages used on the oscillograph records are as follows: 

A denotes an anterior gage, P a posterior gage, and D any 

gage on the lateral aspects of the vertebral body or on the 

neural arch. 

3.  Vertebral Strain Data 

An exploratory study of facet load was made on Cadaver 

20cJ.     A strain gage was placed on the lateral surface of the 

neural arch of LI, near the body.  Its sensitive axis was 

inclined at approximately ^5° with respect to the longitudinal 

axis of the body.  In this configuration, it measures shear 

strain on the arch and is an Indicator of any shift in load 

from the body to the facets or vice versa.  The cadaver was 

subjected to a 6-g pulse at various seat-back angles with the 

spine in the hyperextended as well as in the erect modes. 

Figure 4.5 shows the strain data for a run (No. 250) made with 

the seat back vertical (0°) and in the erect mode.  The shear 

gage on LI (DL1) Indicated a slight compressive strain initially 

and then a large tensile strain during the pulse.  The peak 

tension coincides in time with the peak compression along the 

anterior aspect of LI (ALI).  The results for a similar run 

made in the hyperextended mode are shown in Figure 4.6 (Run 2^9) 

In this case there is a slight compression at ALI and a sig- 

nificant compressive strain at DL1, suggesting a shift in load 

from the vertebral body to the lamina and the facets. 

The data for a hyperextended and an erect mode run, made 

at a seat-back .'ingle of 20° rearward, are shown in Figures 4.7 

il,*..!,«ll.Sij;:iJ^O:.i,iÄ.«!i;,,«4.,.Ki ;„ .;.....^^:^^äaäMl.J1aa^^ 
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(Run 2^3) and 4.8 (Run 2HH)   respectively.  In both cases DL1 

was in compression throughout the entire acceleration pulse. 

However, in the erect mode the peak strain was ?.0Qu  while It 

was 80Op in the hyperextended mode.  Further evidence of 

transfer of load to the posterior vertebral structures is 

given by the absence of a second peak in the anterior strains 

which were evident in runs made with the seat back vertical. 

The rearward inclination of the seat back and the use 

of the hyperextended block have the same effect as far as the 

facets are concerned.  In each case, there is a decrease in 

anterior strain and a change In sign of the shear p;ago output 

compared to that for a run made at 0° seat-back angle and in 

the erect mode. 

To document this phenomenon more fully, the results of 

runs made at a seat-back angle of 10° are discussed.  As shown 

in Figure 4.9 (Run 2^7), hyperex'censlon of the spine causes DL1 

to stay in compression throughout the run and the anterior 

gages do not show a second peak.  However, in the erect mode, 

DL1 changes sign from compression to tension during the run 

with a concomitant appearance of a second peak for the anterior 

gages, as shown in Figure 4.10 (Run 24 8).  Peak compression of 

ALI coincides again with peak tension of DLL  At a seat-back 

angle of 5°j the same phenomena are repeated. 

To investigate further the role of the facets, they were 

removed by dissection above and below LI.  The lamina and 

splnous process of LI were also removed.  A pair of 6-g runs 

were made in the erect and hyperextended mode before the 

fclv,      .^:.:.,N..,.^t.-,--.:.-.Jt/,'.;-,^.'^.^
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dissection was carried out and another pair was made with 

the same input acceleration after the posterior structures 

were removed.  The seat back was vertical for all runs. 

Figures 4.11 (Run 253) and 4.12 (Run 257) give data for runs 

made in the erect mode, with and without facets respectively. 

The anterior strains at T12, 1,1 and L2 show a marked increase 

after the removal of the facets.  In fact, for ALI, there was 

a 121% increase in compressive strain.  Moreover, the strain 

pattern for the shear gage (DL1) was changed drastically. 

Its output dropped to nearly zero from a peak tensile strain 

of 1240y when the spine was intact. 

A comparison of the effect of facet removal in the hyper- 

extended mode can be made from Figures 4.13 (Run 254) and 4.14 

(Run 258).  Run 254 was made with the spine intact.  The 

increase in ALI strain was 90%,  as a result of facet removal. 

There are, however, two inconsistencies in the data.  The 

decrease in shear strain was only 18^ whereas it was again 

expected to drop to almost zero.  AL2 showed an 11% decrease 

in strain instead of an increase.  A possible explanation of 

these effects is the impingement of the vertebrae against the 

hyperextension block, the centerline of which was located 

opposite LI. 

These results led to a more direct approach to the problem. 

If the posterior structures constitute a load path, a strain 

gage on the lamina should provide considerable clarification 

of the situation.  A single gage on the lamina of L2 of 

Cadaver 2062 constituted an initial feasibility study of 

.'-.•.^U-l^-'^'^'W^.'-i-M^J-^ ilUM niVr^riiMf^mmillliltaiäili i- iiiririiMittM(ir'v"H'^^ 
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acquiring useful  data   from this   location.     There?  were   Hgain 

anLorlor gages   from T8  through  L3  and the experimental plan 

was  to make runs  at   various   seat-back angles   in  the   erect 

and hyperextended mode.     It   was   found that   the  output   of 

this  gage was  less   than   öOOu   for a  6-g run.     However, 

interesting trends   could  be   picked  out.      In   the   hyperextended 

mode,   the  strain  was   generally  compressive  or  remained  com- 

pressive  longer  than   in  the   r.\.ci  mode.      In   this   mode,   strains 

that  were  initially  compresrive   frequently  became  tensile 

during the  latter  half of the  pulse. 

A  more extensive   stuay  of laminar  strain  was   carried  out 

on  this  cadaver by   installing additional  gages  on  the   lamina 

of T10  and Til.     The   series   of runs was   repeated  using these 

3  posterior gages  and  anterior gages   from T9  through  L3.     The 

input   acceleration  level  was  raised to  8-g.     Data  for the 

erect  and hyperextended mode  are  shown  in  Figures   4.15   (Run 283) 

and   4.16   (Run  282)   respectively.     The   seat   back  was   vertical. 

The   difference  in  response  of the  posterior  gages   is   quite 

obvious.     In the  erect   mode   (Figure  4.15)   PT10  and  PT11  re- 

nained  in tension throughout   the  pulse  while  PL2  was   initially 

in   compression and went   into   tension  at  about   50  msec  after 

the  onset  of acceleration.     As  a result  of hyperextension,  PL2 

remained in  compression  for the entire duration  of the pulse, 

while  PT10  and  PT11   underwent   a  change  in  sign   from  compression 

to  tension,  as  shown  in  Figure  4.16.     A marked  reduction  in 

anterior strain  is  also  quite  evident. 
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Rearward rotation  of the  seat  back did  not   alter the 

pcsuerior strain  pattern which was  predominantly  dependent 

upon   the   curvature  of  the   spine.     The  response   of  the  F-gages 

a".   20°   was  the same  as  that   at   0°   in terms   of the   strain- 

time  history  and  the   reversal   in  sign.     The   difference   in 

response   between  the   thoracic   and  lumbar1 gages   is   due   to  the 

location  of the vertebrae   on   different   curves   of the   column. 

However,  the qualitative  evidence   from these  data point  to a 

transfer of load   from  the   facets  to  the  vertebral  body   as  the 

head  and torso rotate   forward. 

4.     Intervertebral  Load  Cell   Data 

The  purpose  of the   IVLC was  to measure  the  load  carried 

by  the  vertebral body   and to  compare  it with that  borne by 

the   column,  the total   spine   load.     The  latter was  taken  to 

be   proportional  to   the   measured  seat   pan   load.     The   ratio 

used was   the  weight  of  the   torso  above  the   IVLC  to  the   total 

body weight.     Any  difference  between  the  spine   load  and the 

IVLC output   is  the  load   carried  by  the  articular  facets,   the 

facet   load.     Justifications   por the   validity  of this   method 

of deducing facet  load  are provided  in the  discussion  section 

of the  paper. 

IVLC data were obtained   from  five  different   cadavers. 

The  Initial  Lhicker version was   used  in  the   first   two  cadavers 

while  the  second thinner model  was  employed  during runs  made 

on  trie  third.     A typical  oscillograph  record of IVLC  output 

is  shown  in Figure   H.17   (Run  304).     This was   a  10-g run  made 

■ ■.. ■,L..:>i:.;^-[V-.-^.^e'-
L.^--'^^"-v'-^"-^ ■■■..■^■'■-;^---^--■■-"■ ^-">';' :-■','>>'-^-"i-'->^^*-^»-*^t- ■ 
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on  Cadaver 2062 in the erect  mode.     The IVLC  replaced the 

inferior portion of the LS-L^ disc and the  superior segiaont 

of L^.     The neural  arch  of L^  was  left intact.     Figure  4.18 

shows  the  computed spine  load  and  facet  force which  is  the 

difference between the  spine  load and the  intervertebral 

body   force  (Run  304).     The   facets  were  in  compression   for 

the   first  125 msec  of the  pulse.     However,   as  the head and 

torso  rotated forward,  the   facets  unloaded and went   into 

tension,  resulting in  an intervertebral body  force   larger 

than  the total spine  load.     The  facet  load and PL3   strain 

also  show good correlation,  with  the  zero crossover  point 

of both traces occurring almost   simultaneously.     To minimize 

the  number of figures,   description of subsequent  IVLC runs 

will be  accompanied by plots  of spine,  facet,   and inter- 

vertebral body loads  and oscillograph records   will be 

omitted.     Figure  4.19   (Run  303)   shows  force  and  strain  data 

for a  10-g run made in  the hyperextended mode.     The   compres- 

sive   facet  load was  larger in  magnitude and  longer in  dura- 

tion  than that  fo:- the  erect  mode   (Figure 4.18,   Run   304). 

The  IVLC  (1st  model)  was   used again in  Cadaver  2093. 

It was   located between  L3 and L4.     The  inferior segment  of 

L3  and the  superior portion of the L3-L4 disc  was removed to 

accommodate  the IVLC.     A 2.5-g run was made   in  the  erect  mode 

to study spinal response near the  1-g environment.     The  data 

are  shown  in Figure  4.20   (Run  323).     The  facets  were  taking 

about   50%  of the total   spine,  but  they did not  unload and 

go into  tension.    The  strain pattern  of PL3  again  followed 
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that   of the  facet  load  very  closely.     At  9  g,  the proportion 

of spine   load carried  by  the  facets  was about   35%,   as  shown 

in  Figure   4.21   (Run  324).     The   spine  was  in  the  erect  mode. 

The  facets  and PL3 were  in  compression throughout  the  pulse, 

indicating that  unloading never  took place.     The   location 

and thickness  of the   IVLC may have  decreased the  mobility  of 

the  vertebrae  and the  unloading phenomenon may also be  de- 

pendent  on  the  curvature  of the  spine. 

A  series of runs  was   carried  out   on  three   cadavers  using 

the thinner model of the   IVLC.     Its  overall thickness  was 

0.4  in.   and  it was placed above  the  L3-L4 disc  by  replacing 

the  inferior segment  of L3>     The  disc was  virtually  intact. 

These  cadaver runs were  used to  validate mathematical models 

of the  spine,  described  in  Chapter V,  hence the  results   of 

all the  runs  made  are  not   shown   in this  chapter.     Each  cadaver 

was  run  at   6.8 and 10   g's acceleration in the  erect  and the 

hyperextended modes. 

Figure  4.22  (Run   378)   shows   an   8-g run  made   in the  erect 

mode  on  Cadaver 2231.     The  facets  unloaded rather  early  in 

tl-n  acceleration pulse   (at  about   60  msec),  but   there was 

confirmation  from PL3  strain.     For an identical  run made  in 

the hyperextended mode,   the   facets  remained in   compression 

for the  entire  pulse,   as   shown  In  Figure  4.23   (Run   377).     PL3 

and PL4  strains were  also in  compression throughout   the  pulse. 

The total  spine  load was  the  same  in  these two  runs,  but  the 

intervertebral body  force  decreased by about   400  lb.   as  a 

result  of hyperextension.     The  results  of the  runs made at 

6  and  10  g's   on this  cadaver were  essentially the  same. 

gMHg|ttHttH|j^^ 
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The results obtained from Cadavers 2209 and 2^13 were 

essentially the same as those obtained from Cadaver 2231- 

The results of all the eighteen runs made on the above three 

cadavers are shown in the chapter on the experimental verifi- 

cation of the mathematical model. 

5.  Discussions and Conclusions 

Experimental results have been presented to document 

the role of the articular facets during + 0 impact.  Qualita- 

tive evidence in the form of strain data from the anterior 

and posterior aspects of both thoracic and lumbar vertebrae 

indicate the existence of a dual load path along the vertebral 

column.  This led to the development of an IVLC which was used 

to obtain quantitative data supporting the claim that both 

tensile and compresslve loads can be transmitted via the 

facets or the posterior structures of the lumbar vertebrae. 

The complexity of the posterior structures and the 

limitation of space in and around the joints of the facets 

precluded a direct measurement of facet load.  The load- 

bearing capability was deduced by comparing the total spine 

load with that obtained from the IVLC.  The spine load was 

taken to be proportional to the seat pan load.  That is, the 

dynamic response of the torso above the IVLC was assumed to 

be the same as that below it.  Since the IVLC was placed 

between L3 and L^, it can be argued that there should be very 

little dynamic overshoot from the lower torso and legs and 

that the spine load should be the difference between the seat 

tMMfftrii'TilttM^^^ 
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pan load and the product of sled acceleration and mass of the 

lower torso and legs.  However, the dynamic overshoot of the 

seat pan load is 10% or less so that the spine load computed 

by either method does not differ significantly.  Furthermore, 

during a major portion of tho pulse, the seat pan load cell 

response is almost flat.  Consequently, tho facet load has 

been estimated fairly accurately by means of the IVLC and the 

seat pan load cell. 

The use of the hyperextenslon block and the variation 

of the seat-back angle provided additional data confirming 

the role of the facets and aided in the understanding of the 

mechanism of injury.  On the basis of the data obtained, it 

is now possible to assemble the research results on spinal 

injury and propose an injury mechanism which fully explains 

the commonly observed anterior wedge fractures sustained by 

pilots during emergency egress.  Previous work by Vulcan and 

King [20] established the fact that during caudo-cephalad 

(+ Gr ) acceleration the spine is subjected to both axial 

compression and bending. The  bending effects are due to the 

eccentricity of the torso with respect to the spin:? and are 

enhanced by the forward rotation of the heac' and torso.  Sub- 

sequent work described in Chapter III showed that fracture levels 

could be raised significantly by placing a 2-in. thick hyper- 

extension block opposite LI on the seat back.  The curvature 

of spine was altered by the block but there was insufficient 

movement to decrease the eccentricity of the torso and hence 

the bending moment on the spine.  Nevertheless, the average 

¥#^#^^¥#1 iwiitii^ifi»^^ 
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level   of  fracture  was raised   from 10  to 18 g and the  decrease 

in  anterior strains was  generally  significant  at  the  95% 

confidence  level.     The hypothesis  that  the   facets  act   as 

motion   limiters   led  to this   documentation  of their role  during 

+  G     acceleration.     In the  erect   spinal mode,  the   facets  tend z 

to  unload  and  go   into tension,   causing  the   vertebral  bodies 

to sustain more  compresslve  load than  the total  spine   load. 

This  occurs  when the head and  torso undergo maximum forward 

flexion.     The  anterior wedge   fractures   are  therefore  the  result 

of eccentric  compression   coupled with  the  unloading of the 

facets.     In  the  hyperextended  mode,  the   facets relieve  the 

vertebral  bodies   of some  of the   compressive  load  and thus  it 

was  possible  to  raise the   fracture   level  by  such  a  considerable 

margin. 

In  summary,   the  following conclusions   can be  made: 

1.     The  articular facets   are  capable  of bearing  compres- 

sive  and  tensile  loads. 

?..     Strain  gages wore  employed  to  provide  qualitative 

evidence  of  facet  load. 

3«     Intervertebral body  force was  measured in an  intact 

spine during Impact   acceleration by means  of  a 

specially  designed  intervertebral  load cell   (IVLC). 

ij.     From the  IVLC and seat   pan  load  cell  output,   a  facet 

load history was   computed. 

5-     A better understanding  of the   injury mechanism of 

the  spine has been achieved. 

■- ■ irmiriKnii ■ ■iiwiiifiimrta^i!ia^°' 
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Hyperextension of the spine transfers more load to 

the facets. 

The proportion of the load carried by the facets 

appear to Increase with the decreasing g-levels, 

suggesting that they may also carry a portion of 

the static body weight when the body assumes a 

normal erect posture. 
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CHAPTER  V 

A MATHEMATICAL MODEL  FOR THE  SPINE 

1.     Introduction 

In  an  effort to explain  vertebral body   fractures  due to 

+  G     acceleration,   several mathematical  models  have been 

formulated.     In  recent  years  two models  by Vulcan   [21]   and 

Orne   [15]  have rendered  a better understanding of the mechanisms 

of  failure  of the human  spine.     Vulcan  considered the  effects 

of  forward  flexion of the  upper torso,  the head  and neck,  the 

curvature  of the  spine,   and the  effects   of the  restraint   system 

on the  spine  during +  G     acceleration.     He  established  the 

presence  of high bending moments   in  the  spine  due  to the   forward 

eccentricity  of the upper torso  centex-1 of gravity  with respect 

to the  centerline of the  spine.     The bending effect  is  greatest 

when the   ch.^n  contacts  the  chest  and the  upper torso reaches 

the maximum  flexion allowed by the restraint   systems.     An 

Important   fact  brought   out  by his   experiments   and model  is 

the role  played by the whipping of the head during the  accelera- 

tion  pulse.     In his mathematical model he  considers  the head 

and ha]f the  neck as  one  rigid body  connected  by  springs   and 

dampers  to another rigid body  representing the torso  from Tl 

to L^.     The  acceleration  pulse  is   applied to  L5.     This  re- 

sulted  in  a  four degree-of-freedom model. 

Orne  proposed a discrete-parameter model  consisting  of 

alternately  rigid and  deformable bodies  simulating the behavior 

^.   M^Y t  "■■^■' ^^■^^^l^^^-*^*,*™^ XJliilMiMM^^ . 
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of the  vertebrae  and discs,   respectively,  the  bodies   being 

arranged in  such a  fashion  as  to  describe the natural  curva- 

tures  of the  spine.    The mass  of the  system is assumed to be 

concentrated in the  rigid  bodies,  which  are  capable   of three 

degrees-of-freedom in the  sagittal plane of the body.     This 

resulted  in  a  5^  degree-of-freedom model.     This model  renders 

the  study  of  stresses  at  different   levels   of the  spine  in 

greater detail than the Vulcan model.     However,  the  head and 

the  neck  are  represented by   only  one   rigid link  ignoring the 

whipping effect  mentioned  above.     Another serious  shortcoming 

of this model  is  the exclusion of any  restraint   forces,   such 

as  the  shoulder strap  and  seat  back  reaction  forces.     The 

resulting response  is totally different   from that  observed 

experimentally  on  cadavers   or during ejections   from aircraft. 

In  his  model,  although there  is   flexion  of the  vertebral 

column,   it   is  accompanied by  a rearward movement  of the  upper 

torso,   resulting in  rearward bending moments at  the   lumbar 

vertebrae  rather than  forv/ard bending moments  observed experi- 

mentally. 

In  view  of the   fact  that  there  exist  two  load  paths  in 

the   spine,   one  through the  vertebral body  and the  other through 

the   lamina via the  articular  facets,   it was  decided  that  the 

above  two models were inadequate to  simulate the  response of 

the  vertebral  column due  to  +  G    acceleration.     Hence,   a two 

dimensional  discrete-parameter mathematical model  of the  spine 

was   formulated with the   following requirements: 

iimiiiifiriTtt^ftrmttrm^^ 
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(i)  The model should predict the amount of forward 

flexion of the spine, 

(ii)  It should account for the natural curvatures of 

the spine, 

(iii)  It should account for the eccentric inertial 

loading on the spine, 

(iv)  It should predict head and neck motions and their 

effects on the forces and moments in the spine, 

(v)  The load transmission at each vertebral level has 

to take place through the vertebral body and the 

articular facets, thus incorporating a parallel 

load path with the vertebral body - a factor not 

considered in any of the existing mathematical 

models. 

(vi)  The effects of the restraint and support systems 

must be incorporated to properly simulate the 

ejection problem, 

(vii)  The model should be able to simulate off-axis 

Impacts in the mid-sagittal plane and predict the 

response due to any input pulse. 

2.  Development of the Model 

Considering the requirements of the model stated in the 

preceding section, the following assumptions were made in the 

mathematical development: 

(i) The 24 vertebral bodies, the head and the pelvis 

are rigid bodies constrained to move in the mid- 

sagittal plane. 

,r^;r^.,^.flkv^iJ^«^^^^"^'^^J^^" 
Igjlgffllllgjgj^ 



pppppipBgppgpKga^^ mmrnmm. 

115 

(ii)  Each rigid body has three degrees-of-freedom in 

the mid-sagittal plane, two translational and one 

rotational, 

(ill)  The intervertebral discs are massless and deforma- 

tion of the spine takes place at the discs, 

(iv)  The discs are replaced by a system of springs and 

dampers - one spring and damper for axial forces, 

one spring and damper for shear forces and another 

spring and damper arrangement for restoring torques 

due to relative angular motion between adjacent 

vertebral bodies . 

(v)  The facets and laminae are springs connected to 

the vertebral body by a massless rigid rod. 

(vi)  Each rigid body Is assumed to carry a portion of 

the torso weight which is eccentric with respect 

to the cenlerline of the spine, 

(vii)  The rigid bodies are arranged to simulate the spinal 

curvatures as closely as possible. 

3.  Kinematic Preliminaries 

Figure 5.1 shows the initial configuration of two successive.' 

links (the vertebrae) and a deformable link (the disc).  It 

has been assumed that the axis of any disc is coincident with 

the axis of the vertebra immediately below it in the initial 

configuration for the erect mode as shown in Figure 5.1.  Also 

it is assumed that the disc is of uniform thickness, which 

is not necessarily true.  The two vertebrae are shown as 

. - ■ ...... ... -, J^.,.^-^^-J-W.J.-aJ.l:..^- ■-^- '-^ .^.^^v^iiiftfrijiiji^jft^ 
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trappzolds to simulate the change of curvature of the spine. 

This is a valid assumption because it has been observed that 

In the lumbar region the vertebral bodies are wedged posteriorly, 

whereas in the thoracic level they are wedged anteriorly.  The 

position in the mid-sagittal plane of the center of the 1—^ 

rigid link (vertebral body) is determined by the three generalize] 

coordinates u. , w. and 9. as shown in Figure 5.1. 

At time t (t > 0) , the configuration of two successive 

rigid links is shown in Figure 5-2.  The links have undergone 

translations and rotations causing axial, shear and rotational 

deformations of the discs.  The chord length AB. of the disc 0 i 

is  determined by the  generalized  coordinates  u. , w.,   and  6. 

of the   centers of the  rigid  links.     The  calculations necessary 

for  computing the  deformation  of the  discs   follows  in  the 

order used  in the   computer program. 

Deformation of the  disc: 

From Figure   5.2 

x1  =   ^  +  di  sin   Q^   -   (ui_1  -  d1_1  sin   ei_1) (1) 

Xp   =   (w.   -  d.   cos   9.)   -   (w.        +   d.   -,   cos   9.   , ) (?) 

ABi  =     x^  +  xj (3) 

and a.   = tan-    Xp/x, (h) 

,,..,-,..,,.,.,.,,.,..,...^ 
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ACj^  =  AB1  sin   (ai  -   Ö^-J -(5) 

and BCi  =   AB.   cos   (a.   -   6._1) (C) 

The   lengths  AC  and  BC will be   used  as  the   criterion   for 

the  development  of forces on  the  vertebral bodies.    Hence, 

at  time  t   =0,   AC  will  be  denoted  by  AC     and  BC by BC   . 
o J       o 

The  time  rate  of change  of AC  and BC have  to be   found  to 

generate  viscous   forces.     For this,  we  have  to  first   compute 

the  rate of change of AB and the  angle  a.     The  time derivative: 
• • • « 

will be referred to by AB, a, AC, and BC, etc. 

Differentiating Equation (3) with respect to time, we get 

AB, = 1 1 
0 

2  ^       ?- x1    + x2 

• (2x1 x1 + 2x2 x2) 

= x, cos ex. + Xp sin a. 
(7. 

where   x^   and  x^,   obtained by  differentiating equations   (1) 

and   ,'2) ,   are 

and 

x1  =   (ui  +  d^j^   6.   cos   0i)   -   (u1^1  -  d1_1  8i_]   cos   81_1) 

x2  =   (w1 +  d:L  e1 sin  01)   -  (w1_1 -  d;L_1  0._1 sin   e;L_1) 

a.   can be obtained by differentiating   (^1),  but  a simpler 

equation  Is  obtained  if we  consider  Figure   5.3. 

In  this   figure  if v  ,   denotes   the  tangential  velocity  of BA, 

v
at   =  ABi  ai 

■y-i^. .■■^■u;.fi.-.-J/'—'L^-—t.. 
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vat   =  x2  cos  ai "• xi  sin  «i 

a±  -   (x2   cos   ai  -  x]   sin   a^/AB 

Differentiating  (5)   and   (6)  we   get 

AC.   =   A^   sin   (a.   -   0^^ 

+   AB.   cos   (a.   -   Q1_1){a1   -   6.^) 

and 

BCj^  =   ABi   cos   (^  -   9.      ) 

-   AB.   sin   (a.   -   S^K^  -   6^^ 

Geometry  of the   facets: 

From Figure   5.2 

(8) 

(9) 

and 

yl   =   (ui  "  h- 1 cos e.) - (u._1 - h._1 cos e._1) 

y2   "   (wi  " hi   sin  öi)   -   ^1_1   -  hi_1   sin  e._1) 

A'B'i  = J^^' y2 

<().   =  tan       y /y 
2"1 

A1A2.   =   A'B^  sin   (<),.   -   6^) 

A^A 
2A3i = A,B'i cos ^i - e^i) 

(10) 

(] J) 

(1?) 

(13) 

ii^uui^^uW^^lL^^ <i'        '   »■    ^ ifiiifiifiiiiiiiiiiMiiii^ 
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4.     Forces  Developed  In the Disc 

The  Initial  configuration of the  disc  is  shown  in  Figure  5 ■ v< 

where AB  is  the   centerllne  of the   disc.     After  deformation  the 

neutral  axis  AB takes  the  shape  shown  In  Figure   5.5-     The   ferne-- 

and restoring torque  developed  on  the   disc  are  assumed to be 

functions  of the   change  in  lengths   AC,   5C  and  angular deforma- 

tion.     The  forces   acting on the  1— disc  are  shown  in  Figure  5.r'. 

The  axial   force,  T7Y.,   is   given by 

T7Y1   =   XK.UC.   -   ACo.)   +   C.   AC. (!■';, 

The shear force, T7X1, is given by 

T7X, = XKs.(BC. - BCol) + Csi BC. (15) 

The  restoring tor-que B.,   is  given by 

Bl=   ™X   «h-   9ol'  "   («i-l-   %.!>) 

+  Ctl(8l  " fll-l) 
(  1''' ) 

where 

XK, 

XK si 

"si 

XKT.. 

Cti 

stiffness  of the  axial  spring 

stiffness  of the  shear spring 

damping In  axial loading 

damping in  shear loading 

stiffness  of restoring torque  spring 

damping of restoring torque  spring 

flggi^igggggjgijiigig -•"■--• tv:' 
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We have  to  note  that   the disc  has  not  been  modelled as 

a beam although  the  above  method is  very   close  to one.     The 

disc  has  been  replaced by   a system of springs  that  behave  in 

the   above manner. 

The  reaction  of the   i— and the  i  +   i— discs   on the  i — 

vertebral body are  shown  in Figure  5-7 where T6Y. , TbX.   and 

B..,   are the  reactions  of the   i +  1— disc  on  the  i— vertebral 

body  and T7X15  T7Yi  and 1^  are the  reactions   of the   i— disc 

on  the  i— vertebral  body.     Mathematically  they  are  given by 

the   following equations: 

T6Yi = XKl+l
(flCl+l -  «W) +  ci+1 *c1+] (17 

T6X,  =■   XKsl + 1(BC1+1   -  BCol + 1)   +   Csl+1  BC1 + 1 (18 

'i+i = XKTi+i^
ei+i " Ooi+i) " Oi - eoi)} 

+ cti+i^i+i " 9i) 
(19) 

and T7Y.} T7Xi  and B.   are   from Equations   (\i\)   -   (16). 

5.     Forces  Developed  at  the  Facets 

The  articular  facets  have been modelled by two  springs, 

one   limiting rotation and the  other  limiting the  sliding of 

one  vertebra over the  adjacent  ones. 

The   force  resisting relative  rotation  between   the   i 

and the  i-1— vertebrae  in  the  erect  mode   is   given  by 

th 

T    -  XKh1   x  h1 x sin   {(01_1 'ol-^   -   (0i  -  0oi)}     (2a) 

/MJfeirartVtrVii^mHM^^^ IlliÜMUMlf 
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•iijt, I.np;  at   a  distance   h.    from  Iho  center  of  the   vertebral  body 

in  a  direction  parallel  to  the   longitudinal   axin   of  the 

vertebral body,  where 

h. = 

XKh, = 

the distance of the articular facets from 

the center of the vertebral body 

stiffness of the spring resisting the relative 

rotation 

In the hyperextended mode, due to the forced change in curva- 

ture of the spine, it is assumed that the facets have "bottorn 

out" and hence the lamina acts as another beam parallel to the 

disc.  The change in length A.Ap is used as the measure of 

axial deformation of this beam, and the force developed is 

given by 

T5i = XKhi x (AiA:n " AiA2oi
) (200) 

wnere 

and 

A1A2 ^   lenSth at time t > 0 

A1A20 =: lenSth at time t = 0 

The force resisting sliding motion at the facets between 

the i— and the i-1— vertebrae is given by 

F 
1  = XKhi  x  (A2A3i " A

2
A30i) (2i) 

Due  to  the  overlapping nature  of the  articular  facets   it  is 

difficult  to  define  the  point  of application  of the  above 

force.     However,   in  the  model,   it  has  been   assumed   that   this 

ttiif^rtiMffinmiiaOTirta^ 
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force icts perpendicular to the longitudinal axis of the 

vertebral body at a point (d. + AC./2) below the center of 

the vertebral body.  The reaction of this force on the 

vertebra immediately below acts at a distance d. , above J i-l 

the   center of the   i-l— vertebra.     This  assumption  is   justi- 

fied because  the  superior  articular facets  are   shorter than 

the  lamina and the  inferior  articular facets. 

With the  above   forces  developed in the  spine  we   can  now 

draw  a  free body  diagram of the  i— vertebra,   (Fig.   5.8). 

This   diagram does   not   include   the   seat   back  reaction   force, 

shoulder strap or  lap  belt   forces  and the   chin-chest   contact 

force  because these   forces  act   only on selected  vertebrae  and 

are  described in  the  section  on  auxiliary  equations. 

6.     Auxiliary Equations 

(i)     Shoulder strap  force: 

Tne  exact model  of the  shoulder strap  is   not   possible 

.since   no   data is     available   regarding  the   distribution   of 

tnis   force   via the   rib   cage  to  the   spine.     The  mode]   ha;;   the 

capability  of distributing this   force  to  various   levels   of 

the   spine,  however  in   the   present   study,  the  development   of 

the  shoulüer strap  force   is  based  on the movement   of Tl  and 

the  entire  force   is  transmitted to that  vertebra.     The  shoulder 

strap   force  in the  model  is   also  assumed to  exert  a restoring 

moment       on Tl to  restrict   its  rotation.     This   is   a valid 

assumption due to  the   friction  generated between  the  belt 

and the   shoulders.     The  shoulder strap  is   considered  to have 

*im&miiiämäm*imä iii;,M'f1iAtiiliTti riWirrii&i1r'fcfatta-j-i-' m 
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a soft spring for the first three inches of deformation, 

after which the stiffness of the spring increases six times. 

This allows for the initial compression of soft tissues and 

also for an Initial "hunching" described by Vulcan [21] and 

observed in high speed movies of the experiments. 

The forces developed in the shoulder strap are given by 

the following equations: 

The initial length of the shoulder strap is given by 

Äio = uoi 

where u . is the distance of the center of T-, from the seat 01 1 

back. 

The  length of the  strap  at  time  t  >  0  is   given by 

'       =  ./(w   .   - w. )2   +  u.' 
1 V      01 l' 1 

where 

and 

w      =  initial  height   of Tl  from the  seat   pan 

w .     = height   of Tl   from the  seat  pan  at   t   >   0, 

The   force  generated in the   strap  is now  given by 

n   = XKS.U. - *o.) (22; 

This force is set to zero If  I.   <  I   .   or if u. < u . sienifvinK i   oi       i   oi   &  J  3 

that Tl has moved towards the seat back. 

■j^jjji^gljtfipjj^^ 
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(ii)  Lap belt force: 

The lap belt force is generated when the pelvis , the 

first rigid link in the model, moves away from the seat back. 

One end of the lap belt is assumed to be fixed at the inter- 

section of the seat back and the seat pan while the other end 

is attached to the center of the first link.  Hence, the lap 

belt generates a vertical and horizontal force at the pelvis 

given by 

strapu = XKS-,   *   (Ju-,     + w, 

-f 2 2 -1 
lo    + wlo   ^   *  cos(tan   "  w1/u1) 

:23) 

where 

and 

strapu 

XKS, 

W-, 

^10 

'10 

horizontal  component  of lap  belt   force 

stiffness   of lap belt 

distance  of the  center of pelvis   from seat back 

distance  of the  center of pelvis   from seat  pan 

distance  of the  center of pelvis   from seal 

back  at   t   =  0 

distance  of the  center of pelvis   from seat 

pan at  t   =  0 

y2 2 
ul      + wl 

2 2 -] 
Ulo     + Wlo   ^   *  sin^an    '   w1/u1) 

where strapw = vertical   component  of lap belt   force. 

iiBWimi«iwM^ 



mmmmmmmmmmmmmmmm rnggtm fPHÜIpp ^PIMffpppigpiPIB 

125 

(lil)     Seat  back  reaction: 

The  seat  back reaction   force   Is  generated when   any   link 

makes   contact with the  seat  back.     From the  x-rays  taken  before 

the   experimental runs we   can   determine the vertebrae  that   are 

in  contact with the  seat  back.     Hence,  if during the  run, 

these  vertebrae tend to move  towards  the  seat  back,   a reaction 

force  is  generated  on the  vertebrae  involved.     For  the   vertebrae 

not   in  contact  with the  seat  back  initially,  distances  are 

specified  for motion towards   the  seat back without   any  seat 

back   reaction.     If the  movement  of a vertebra is  beyond  the 

distance  specified,  a seat  back  reaction  force   is   generated  to 

stop  the vertebra.     Hence, 

XSF     =   XKSB   x   (h.   +   F£p   -   u. ) u,    <   h.   +   FÄp (2'l) 
1 1 X X 

= o u.   >   h.   +  F£p 

where 

XSF 

h. 

th :  seat  back  reaction   force  on  the   i— vertebra 

:  distance  of  articular   facet   from the   center 

of the   vertebra 

Flp    =  distance  allowed  to move  before   contacting 

the  seat  back 

XKSB  =  stiffness   of the   seat  back 

ifaWvJ,-.---'..^'-:,'..:...,..-.-.,-;;;^';,..;:..^-^^:. tiuifmffliiit*^****^^^ 
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(iv)     Chin-chest   contact   force: 

The  rotation of the  head  relative to  the torso  is   impeded 

when the  chin  contacts the   chest.     A  chin-chest   contact   force 

is   generated to stop  further rotation  of the head  relative  to 

the  torso.     The  relative  angle  between the head  and  the  torso 

for the  chin-chest  contact   varies   from one  spine  to  another 

and is   determined  from movies.     In the model,  the  criterion 

for chin-chest  contact was   chosen  to be  relative  angle  between 

Tl   and  the head.     Hence,   if  6™-,   is  the angle moved by  Tl  and 

6,    is  the  angle moved by the  head,  the  relative  angular move- n 
ment  of the  head and Tl is   given  by 

Rdisp = eh - eT1 

and the   chin-chest   contact   force  is  given by 

HC       =   Ch1   x   (Rdisp   -   0CH1) (2^ 

where 

and 

Ch .,     = spring constant   Ibs/rad 

OCh-,   =  relative   angular  movement  between  head  and 

chest  without   contact 

Ch,   is   considered to be   constant   for   .2  radians   and  is 

increased three times   for relative  rotation greater than   .2 

radians.     Hence,  essentially  we have  a bilinear spring,   the 

initial  part  being soft  to  simulate  the  soft  tissue   compres- 

sion.     It  should be mentioned here  that  no experimental 

determination of the  chin-chest   contact   force has  been   made, 

hence  the  constant  Ch-,   is  selected arbitrarily to stop the 

UMUttUUMÜHtttUK ^mgg^flHtt fiiiiftimiitiMlMMiiWii 
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head In the model based on the observed angular rotation;-; 

by Vulcan [21]. 

The reaction force, HC, is assumed to act at a distance 

1.5" from the center of gravity of the head parallel to the 

S-I axis of the head.  An equal and opposite reaction force 

is exerted on Tl. 

(v)  Reaction from the hyperextenslon block: 

The hyperextenslon block is placed opposite LI and 

covers T12 and L2.  Hence in the hyperextenslon mode a seat 

back reaction is generated at T12, LI and L2 similar to that 

given in section (ill).  The stiffness of the block has been 

assumed to be the same as that of the seat back. 

7.  Equations of Motion 

A free body diagram of the 1— vertebrae is shown in 

Figure 5.8.  For the sake of clarity, the auxiliary forces 

described in section 6 have been omitted but they have been 

utilized In the computer program. 

Resolving the forces on the i— vertebra parallel to u. 

and w. axis, we get: 

ZFul = (T6Xi+FX2-FXl) cos ei - (T6Yi+T52-T51) sin 6. 

- T7X. cosO. - (0 .-6 . ,) } 
i      i   v 01  oi-l 

+ T7Yi sin{e. (9 .-6 , ., )} oi  oi-l (26) 

cii^ü.^^äJ^iiÄ.ijiU.C-itiii.. riWrlfrniftrtWiMiMiV^^ 
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EPw:L   =   (^6Y.+T32-T51)   cos 6.   +   (T6X.+FX2-PX1)   sin   9. 

- T7Y.   cos{e, -.(6.-0.,)} 
1 1 01      01-1 

- T7x1 sin{ei - (0ol-eoi_1)} (27) 

Taking the  sum of    moments    about  the  center of gravity, 

ZM 
Gi = T7Yi cos{6oi-0oi-i} ei + Bifi - T6Yrei 

- T6X..d1  -  T7Yi   sln(6oi-eo._1)   d. 

- T7X,   cosie^-G^^}   d. 

- T7X,  sin{eoi-eoi_1}   e.   -  B. 

+   (T51-T52)(ei+h1)   - FX2-di 

- FXl(d1+AC1/2) (28) 

The  auxiliary  forces  and moments   are  added  to the   above 

if applicable  to the  vertebra  in   consideration. 

Now,   acceleration of the   center of gravity is  given  by 

a     =  X  I  +  Y  J  +  u.    I   +  w     J  +  e,   8.   cos   6,   J 

•   2 
-  e.   6.      cos   9.   I  -   e.   9.   sin   0.   I ii i~ il 1  ~ 

"   2 - e.   9.     sin   0.   J 

=   {X +  u^^  -  ei   9^^     cos   9i  -  e.   9i   sin   9.}   I 

+  {Y + w     +  e.   9.   cos   0.   - e.   9.2  sin   9.}  J 
1 ii i ii i     ~ 

(29) 

where   I  and J  are unit vectors  parallel  to the u.   and w.   axes, 

and X  and Y  are the horizontal   and  vertical  acceleration  of the 

sled. 

i&.^^^.^^^im^^ iiiHiiiiiiiHiitti 
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Using Newton's  laws   of motion 

EFul  =  mi{X + ul  " el   91     G0S   ei   ~ el   6l  sin   ei} (30- 

EFwl  =  mi{Y + wi  + ei   öj   cos   ei  " ei   6i2  sin   9j^ ^31 

mGl  -   IG  91 (32) 

where m. is t^e mass supported by the 1— body and I,, \z   the 
1 u 

polar moment  of inertia about  the  center of gravity. 

8.      Solution  of the  Equations   of Motion 

Equations   30-32  are non-linear,   second  order differential 

equations.     For each body we have  three  such equations,  hence 

there  are   a total  of  78  equations  to be   solved simultaneously 

for  i  =   1-26.     This  is  achieved  by  using an  IBM supplied 

numerical   technique on  an  IBM  36O   digital   computer.     The 

method  used  is  known as Hamming's   Predictor Corrector method. 

To  use  the   above  routine,   we  have   to   reduce  each  second  order 

differential  equation  to two   first   order  differential  equations 

Hence,  we  now have  a total of 156   first   order differential 

equations   to be  solved simultaneously with  given  initial   con- 

ditions,   i.e.,   uol,  woi,   eoi,   uol,   wo;L,   6ol.     The  accelerations 

x  and y  are  input   parameters  corresponding to the  sled  accelera- 

tion  in the  x and y directions. 

To  Integrate numerically  using the   above method,  we  have 

to have  the highest  order derivative  on  the  left  hand side 

of the  equation.     Hence,  we have   from Equations   (30-32) 

BaaaaaaB^aaattaaMiiiiiiiiiiliittMg^^ 
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.. EF   . .   ? 
ui = -~- + ei e^^    cos e1 + e1 e1 sin e1 - X v >'■' 

ZF   . .   p 
w.   =  —— +  e.   6,     sin   6.   -  e.   9.   cos   0.   -  Y i m. ii i ii i 

r ^ ) J 

9.     Choice  of Parameters 

(i)     Geometry  of the  spine: 

The model  requires  the  .initial   coordinates  of the  center 

of each  vertebral  body,   the   length,   the   angle  the   longitudinal 

axis   of the  vertebra makes  with  the   vertical,  the  distance  of 

the  articular  facets   from the  center  of the  vertebral body 

and the  thickness  of the  disc  coincident  with each  vertebral 

body.     These  measurements were made  with  the help  of x-rays 

taken before   each  run with the  cadaver placed  in  the   accelerator 

It   should be  noted  that   the   trapezoidal   shape  of the   vertebral 

bodies   is   an   idealization   in   the   model,   since  in  many   spines 

the   intervertebral discs  are  wedge   shaped,   especially  at   16. 

However,   the   curvature of the   spine  has   been  simulated  by 

making the   rigid  links  trapezoidal. 

(ii)     Mass  and moment  of inertia of each  rigid  link: 

The  model  requires  the  distribution  of the mass   of the 

whole body  to  the  rigid  links.     Liu  et   al.   [10] have  estimated 

the mass  distribution of segmented  cadaveric trunks.     The 

mass   distribution  used  in  the   model   is   consistent  with  their 

data.     The  three  different   cadavers   used  were weighed  before 

:   .    .   .      :..     .:, .V..,-„.  V...,, ^..^^^^.^.»h^^^^ 
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the experiment.  After the experiments the torso was cut at 

the level of L3 and the two halves were weighed again to giv^ 

the total mass above L3.  Three further segments were made of 

the upper torso - the first consisting of L3 to T8, the second 

from T8 to C7 and the third from C7 to the head.  The throe 

segments were weighed again, their centers of gravity were 

determined using a load platform which utilizes three load- 

cells at fixed distances from one another.  A trifilar 

pendulum was used to determine the moment of inertia of 

these segments.  Based on the above measured data the mass 

and moment of inertia at the various vertebral levels were 

estimated.  The mass of the arms were assumed to be distributed 

to the first five thoracic vertebrae, 

(iii)  Physical constants: 

Each rigid link in the model is associated with a disc 

requiring three spring constants and facets requiring two 

spring constants.  Hence, a total of 130 spring constants are 

required for the model.  Theoretically a]1 130 constants can 

be different and in an ideal situation they have to be ex- 

perimentally determined for each specimen.  Very Tittle data 

is available in the literature, and in the case of the 

articular facets nothing is available,  Vulcan [2]] has 

measured the stiffness in compression of the lumbar and the 

lower thoracic vertebrae.  Markolf [ll] has measured the 

axial stiffness of discs from L^ to T8 and has found values 

ranging from 7000 lbs/in in the lumbar region to 19000 lbs/in 

in the thoracic region.  No data is available for the upper 

^ww^.^^./^Ai^^i.-k -"■ "-^-'■--' .■:..• .-^.^.....^a-^aaui^^^^ 
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thoncic   level.     Markolf also  p;lves   the   rotational   stiffness 

of discs   from  700   ln-lb/rad  to   2^00   in-lb/rad.     However,   thes^ 

measurements   were  made  with no  pre-load  and  at   very  small 

deflections.      Most   biologieal   materials   possess   a  oirmoidaJ 

load-deflection   characteristic  -   i.e.,   the   stiffness   increases 

with  increasing   loads.     Hence,   the   above   values   for rotational 

stl iTn.'.'.:■ s  of  the   discs   appear  to be  much  too   low   for  our' 

:,ipL.i i f:;it ion .     Hence,   in  the   lumbar  region   a   rotational   stiff- 

ness  of  6000   ln-lb/rad was  assumed.      In   the   thoracic  region 

the  rib   cage   imparts  more  rigidity   to  the   spine,   hence  a 

rotational  stiffness   of 12000  in-lb/rad was  assumed.     In  the 

cervical  region  a rotational stiffness  of  2^400  in-lb/rad was 

assumed based  on  the  values  given by  Vulcan. 

The  constants  used in  the model   are  shown  in  the  Appendix 

on  input   data  to  the  model. 
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Pig.   5.1.     Initial  Configuration  of Two Successive  Vertebrae 
and  Intervertebral Disc 
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Fig.   5-2.     Configuration of Two Successive Vertebrae after- 
Deformation  of Disc 
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Flg.   5.8.     Free Body Diagram of the  1— Vertebral  Body 
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CHAPTER   VI 

RESULTS OF THE   MATHEMATICAL   MODEL 

AND  COMPARISON   WITH   EXPERIMENTAL   RESULTS 

Three   cadavers  were   usea   to  experimentally  verify  the 

mathematical, M/:^-'.! .     Each   cadaver was  run  at   6,   8  and   10   g's 

in   !:he   erect   and  hyperextcnded  modes.     Figures   6.1   through   6.3 

show   v.he   results   of  the   experimental  ai'1   model   run;"   on 

Cadaver No.   2209  in  the  erect   modo.     The  model   predicts   the 

first   ana  second peaks  of the   intervertebral  axic.l   Force   'd: 

L3 at 6 At 8 and J.O g':: the f J rst peak in r.he axii 

force is lower than that measured experimentalJy.  In the 

experiments "/e can see that •■ considerable amount of tensile 

force is generated ot the facets at the time of the first 

peak.  However, in the model enough relative rotation between 

L3 and L^ has not taken place to generate tension at the facets 

at the time of the first peak.  Hence, the model predicts a 

lower first peak Jn ':.]■■■   : •^'■■rvertebral load at L3-  It should 

be noted here that no attempt was made to curve-fit the ex- 

perimental data with the model at the three acceleration levels 

I'igures 6.4 through 6.6 show a comparison of the experi- 

mental results and the model results at 6, 8 and 10 g's in the 

hyperextended mode for Cadaver Ho. 2209.  Both the model and 

one experiments indicate a reduction of the intervertebral load 

at L3 due to the facets carrying compressive loads for a 

longer duration when compared, with the erect mode.  There 

:..h..,.,...,.r..-.-i.^./.......^l^^ 
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is .-' rood correlation between the experiments and the model 

results.  The second peak In the model appears earlier than 

that In the experiment.  Thii.". indicates that the stiffness 

constants chosen in the 'njdf-l resulted in a hlKh.^r frequency 

content when compared with the cadaver used. 

IM _2;ures („.7 trr-jugh 6.9 show a comparison of the model 

result., with the experiment a] results in the erect mode of runs 

made on Cadaver No. 2231.  Th^ results are similar to those 

obtained on Cadaver Mo. 220^.     The-   correlation between the 

■ •xperiinental and tho model results is very good in this c-'id-jver 

An interesting point to .'.■■tc is the increase of only 2r) lbs. 

in the peak intervertebral load measured when changing the 

C'c 'eleration Ivel f'i'om w  '• to 10 g's whereas the change 

from 6 g's to 8 g'c is 2br) lbs.  The model predicts a change 

of 252 lbs. ^ru": 6 ;.:; 8 g's and a change of only 75 lbs. from 

8 to 10 g's.  Hence, it can be said that the model has simu- 

lated the three runs very accurately. 

The experiment;,-! and the theoretical results of the runs 

made in the hyperextended mode are shown in Figures 6.10 

through 6.12.  There is good correlation between tne model 

and the experimental intervertebral force, but the facet load 

predicted by the model at the first peak is higher than the 

experimental facet force.  Thi-i is because the model has a 

Larger dynamic overshoot at the first peak when compared 

with the cadaver. 

The experimental and model results for Cadaver No. 2^13 

are snown in Figures 6.13 through 6.18.  There is a good 

ttiMiiittMi»tft':"''M'iiM,w fiirmriiiat°*%ffitlli^^ 
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C'^.'T"!'dt Ion for the 6.5 and 8 g runs between the model and the 

experiments.  However, during the 10 g experimental runs in 

the erect and hyperextended .'nudes, the head of the cadaver hit 

th': railo 'vn the sled, ■ ■■'■ a result of which \\,c   '.'-'■--   r.eak in 

the axial force did not bu.i.i up a.-: predicted by the model. 

In r.he hyperexv ■ ;i.> i ifn.d-: th" inodrl has a higher frequency 

c?ontent than the ob.v--rved results. 

Cunc] us Ions : 

Over the range of measurements made, there is a good 

'. 'rrelitt i.cn between the exporimenta] and the theoretical 

r.-..,:lts.  Due to th'j ''. > •'■■:   ■)•' instrumentation fur the experi- 

;v;.!tc, attempts were not rnad- to verify the model at different 

v : ' 'bral :'^ ::.1.,; .  Hf .w :>/■ ■■  he in-vlve measurement of axial 

force has b^c.n made C'c  t :;.■ first time.  With more refinements 

in 'he expei'.lme-.r al i.■••;■);.•• ini.-s, measurements at various 

vertebral levels can he made to verify the mathematical mode] 

further.  Due to a lack of data on the various stiffness 

values needed by th'- m-h 1  , a perfect match between the ob- 

served and the predicted time history of the axial force has 

not been achieved.  However, the model is general enough to 

taxe any constants if the data is available.  Some optimiza- 

tion techniques are available for curve fitting and "hunting" 

for constants.  These techniques if used in conjunction with 

thu model may Jeed to better understanding of the physical 

constants involved. 

The model does bring out the importance of the initial 

curvatures of the spine as can be seen by the difference in 

t^v:.^^-^^*~±^i~i^™~^^' '■■--'- "fflrrtrtilPWmWn iiiiimiifeiiiaf^sM^^ 
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the   response  of the   spine  between   the  erect   and  the  hyper- 

'..•xle'irjed  modes. 

The  ei'fect  of the  seat  back,   restraint  system and the 

en'i -..-nesl   contact,   fo^c-   < ; n  be   studied  wilih  t'h'-   ''.' In  of  the 

model.     The   results   of   ,,h^   v-arial : jr.   of  the   above   parameters 

have   net   been   '.no,. .■    '   Ln   this   study   because   the   above 

parame*'-'rs   werr-  rrt   varied   in   the   experiments,   but   in  simu- 

lai ion   runs  made  with   the   mode]   these   parameters   do  alter 

the   response  of  the   spine.     Hence   in   future   experimental 

werk,     the   above  parameters   should   also   be  studied. 

..^.liio^K,;.-.^^-.,;!.^,»^»,«.!;*»«^^ 



ppilpilippp PPSPiBPP JIWiWMPWIWMWftWgiiffJIBflt^ BTO5WBR5JBW5WW «WAMJMI 

, 

m 
2 

il? 

D: 

hü 
vo 

o 
w 

rH 

10 

o' 
i > 
f! 
i) 
E= 

•H 
?-, 
1) 

X 
w 
dl 
x: <D 

Ü 

c 
o 

H   Q) 

T3 W 
O 

&:; <u 
.r; 

.c 
t'  c 

•H 

O o> 
O 

C HJ 
o rvj 

a) 
> 

a, cö 
e -a 
O   cr! 
O Ü 

fell SOHOd 
N    — 

bO 
•H 

.„^■^■■.,....M B '"Maaüi-Wii-yiilrtÜi äMüüü 



mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm mmmmmmmm zmm 

s 

i 

o 

143 

I        IS 

/ 

0 S 

c 

K 

o-, 

O 

t- 
rH 

- 

r 
o 
r: 

■ ^ 

a 
a. 
x 

[:i 

0) 
x: a 

o 
■a rr 
c 

i—i a) 
a' u 
xi w 
o 

x: 
4J 

o cr\ 
C r\j 
O r\j 
CO 

•H SH 

M 0! 
CO > 
a cti 

O aj 
o a 

M 
•H 

___ .,  . __ ___ ., , __ HMSK 



jMUii!iii^i|)pjiyip^^|ij^ Tsvim 

i 

i 

i^ 

11 

10 
O 

o 
1,0 

H 
■J 
to 
OJ 

cl 

E 
•H 
fn 
(Li 
Q< 
X 
W 

0 
x: a; 

o 
c 
cd jv 

rH    lb 
<D  S-, 

O 
S 0) 

A"! 
Oi   i-1 

•ri 
f.  i 

o o. 
o 

O  OJ 
w 

•H   ?H 

lU > 
U cr! 
E -C 
o rt 
a o 

on 

LC 
•r i 

tu 

"    -' - -i-■ i -1- -1 - j ■■■■-■-■ -r ir--i-Ti'wrffli-nri»f'TiTiiiifii^iiiiMMiiilB^ 



i^ip#iipy|iwwffliiit ilWWWlWtliBWMW^ 

1^45 

s- 

m 
B 

UJ 
1 

S 

8 

N    - 

O 

1.0 
-p 

;:; 

a- 

t: 

O       C 
o. r: 

Co 
a. Tj 

4-5    0) 
4-- 

o 
rH  a, 

>> 
c 

x: 
4-'    C 

O en 
o 

Ci r.j 
in 

■r-l    J-, 

cti  > 
Q, c' 
E -C 
O m 

C3 c.:> 

--r 

fa\) iomd 

»fli.'i.Tf.i<ft«iMin.l-iiliiliMti tMiMwattirfrtimi mmmm*mmmmmmim*Wäämimmmm&mmm&^^Hm 



mmmmmmmmmm ^mmmmmmmm^wmmmwmm^ WKffüUt mmsRüiMi 

«7/ 

146 

to 

c. 

(0 

a: 

(•■ 

c 
ai 
E 

•H (1) 
U 'C 
(D   O 

a) x: 
x: c 
4-i a.' 

c ai 

o 

r, rr., 
O 

r: < i 
O oj 
r0 

••1 

CD 
C. 

fn 

^t) ao^od 

O ai 

uj 

^ 

.,—■-..... ■,„,-^.........^.,^..^--i. ..^ li.iirriiiin»iiillii"
i---'^^^'>*'M"i^ftMii1iiWI1iath^tli0M nit.iitiiifffwi j|||iji|aättiiiSj|g^^ 



I 

mmmmimmmmmmmmm mmmmmmmmmmm imnmninnpiHiBP •"■i^ 

E 

i 

w 

® 

147 

UJ a o 
2 

Ml) 33W0i 

r.. 

'a 

Hi '. 

C' 

.a c 

C) 
-H t-, 

o 

45 

-i 
c, 
o o, 

o 
C  0,J 
O OJ 
'0 
•H    I, 
s-t ai 
CO   > 

E£ '^ 
O   ■:■' 
Ü ■  ' 

o 

■•a 

t»AaMa^/»i>»a-aw»/ieiiemMa wtiiiiifrtiiiffiiiiiimhitteMllä^ 



^^^^mmmmmsmimmmmmmmmmmmmmmm ■ 5»,H"l»ftWNJi»(llri]JJ,'.",l.llJJflulIfH^i 

lü 
1 

1^8 

M 
I 

8     10     rt     IO 
W     0     M 

cvr   - T 

o 

r. 

!•■; 

a) . 

C 

o 
■'I 

.J. 
i ■ • 

o 

fa)3080d 

iiiMiiiMNiiiiiiiiiiii 



gjf^jgjIgl^P^lljPpM^,,^^ 

\ 

i 

i 

/> 
/ 

U9 

91      M 

Q 

L.'. 

2 
■r. 

o 

•D 
Ü. 
x 

c 
Hi   ^ 

rH     (Ll 

r: 

O rM 
CO 

•H ;, 

rd > 

G '^ 
O ." 

a) 

U. 

L .. . ^.^ ^^^-^^^ ■iiri»itttiwTiiiiiriiitft»itw^ttti» 



W^^W^WWW^1'^^-^ I Jy?''?>'7TrT-rep~yTry.yfryr^-"^^ VV&SS&Bfrinc 

150 

/ 

-^ 

\ 

\ 
§ 

8 

8 0 8 
M N 

c 
3 

M 
o 
H 

O 

n 

rH 

a) 

•rH 

a 
x 
w 

o -c s 
cd 4J 

H 
0) 

o 

D  4-^ 
x: 
-p c 

•tH 
0-, 
O H 

OO 
C rvj 
O c\j 
(0 

•H  U 
U   OJ 
a) > 
a nj 

o cd 
ü ü 

hfl 
•H 

r(<ii) ^oy©d 

eaaaaaagagaaijBHiummjHjj ^'-■^^—^rt ^i^gMiiiiti jiiiiiteigaMiiiiii 



Z$^ß*fTF&pff!: W^P*;" ^^^f^llgfflll^^ 

■ 

I: 

i 

■ 

o o 

-J 
> 

8lO w 
cNj    - 

Cqi)30W0d 

151 

c 
o 

c 

cc 

hO 

o 

5 
s 

■H    (i) 

CJ O 
US 
X 
W 73 

0) 
0) -o 

-p a> 

T) 

0) 

o 

(U 
u 
a> 
ex 
>, 
x 

s: o) 

r. 
•rl 

O H 
(v-l 

o c\j 
m 

■H SH 
U   0) 
cd > 
a a 
B -ö 
o cd 
o ü 

o 

hO 

trtHi;i^»itaifiiiMi«iii^ 



iLi^WSW^W1 Mfl,l«^!ipifl^WW!l4W^*^ 

I 

; 

At) ao^od 

152 

c 
o 

c 

DC 

bO 
co 

V. 

CO 

p 
r—i 

c 
0) 

OJ 

O 0) 
US 
X 

a: 
x c 
4J   0 

0) 
■ö 

0) 4J 

4J 

OH 

O 

c 
o 
w 

•H 
in 
CO 

C 
•H 

on 
OJ 
C\J 

fn 
0 
> 

o cd 

vo 

•H 

iViVrVNrei'riWiMliilfltii 
^^.i^^^^^aaa^^ 



mmmmmm**mmmimmmmmm il^PIPRipiPiiPilPPI^ 

94 

i 

I 
d    "        A ' 

i 

(qi) 29yoi 

153 

c 
o 

M 
o 

0) 

id 
■p 
c 
0) 
G 

•H (i> 

(U o 
US 
X 

W rCl 
Hi 

a.' ü 
x: c 
■P   0) 

-p 
'O ?< 
c  OJ 

a> 
H a 
a> 

■a tr: 
o 

OJ  P 
,c 
4J    C 

•H 

O H 
on 

C c\j 
O r\j 
m 
•H !H 

cö > 
G, d 

O   CTi 
o o 

H 

Ü) 
•H 



,w^i^)|iyjp#^u^^ T'.T^'^-^^'^'Tr-^ rrrTTTw rj 

1 

15^ 

^ 

S 

c 
o 

rr: 

10 
4-> 

to 
0.' 
(X 

r-H 
td 

-13 
c 
E 

•H 
in 
0 
a 
x 

DO 

o 

§ 

At) aoboj 

-p 
o 

(1) f-, 
rs w 
o 

H: a.) 

■p c 

O  01 
r-l 

C -^ 
O  CM 
to 

•H   U 
U   QJ 

a > 
B v 
O  crj 
ü u 

hü 
•r-l 

l  ■■■■ r...-r--.:--r-v:-rr-v-...J..T...-r:..-v1|.ltW.vi-v^.a^ia^ 



PlJPP^IJigj,!^ 

155 

i 

It 

M 

I 
\m- 

A 

o I     I ^ O »      M 8 
ca   in 

*     i 

c 
o 

c 

oo 

o 
w 

■p 
rH 

m 
0) 
K 

4- 
c 
a> 
E 

•H 
U 
o 
D. 
X 
w 
(1) 
x: i> 

o 
■a r-: 
c 
CO  4-- 

o 
r-i d) 
d) U 

T3 W 
O 

(U 
x: 
4J 

O on 
H 

O OJ 
to 

•H   ^ 

CO   > 
a a 
e n 
o nj 
ü ü 

\JD 

•H 

s.f...m.,.>...A^>:f^^^1>^^ituatoi1i1Jiiia^u^^iiüi^.^^^ 



mm mmmmvmmmmm wmmmt^mmm- 'j^^wfi^m^^^mamm'^'^^m. 

i 

i 

t 

136 

T(qi) ioyo^ 

a. 

o o 

c 
o 
c 
K 

O 

O 

CO 
•P 
r-l 

m 
0 
K 

rH 
0? 

■JJ 
'.' 
0) 
E 

•H 
SH 

0) 
a 
x 
w 
0) 

4J) T3 
O 

TD 

S 
0)   fn 

O 
>-.   (U 

x: 
0) -P 

p c 
•H 

CM 

O ro 
rH 

O rvi 
to 

•H fn 
fn   QJ 
tti > 
a cö 
E -a 
O   CO 
o o 

LTi 
rH 

w 
•H 

^WV*^Ä^Wlf;.---i^4^'^"^-'-^^.^^^-^'^.fe^^wi;s.^^^UV ijg^itBiäiaittiiiiiBMaiiiliiilBr^^ 



iiiPliiPiiBiPliBP^ !iHIBWiWBWWWPWB8BBI ffpaiPlgSPffigBppHBWSBP(!PP!WglPBlWBBa^!B»IIWI8B 

I 

s 
hi 
1 

i 

8 

a 

> 

157 

N     - 

3 
en 
fcj 

m 

re 

a.' o 
X 

r , 

£   C 

0)   > 

o 

O '•'i 
t—i 

C ---r 
O r.; 

•rl JH 

rö > 

S 'Ü 
O rt 

'-D 

^t) aouod 

afJ,,^^.^^....^wi.^w.^,.^^-1i»^tt^iM^^ 



mmmmmmmmmmmmmm ,,-.,.■.-.-.--..:..■:.."-.-,_•■■ rW??W**>t,i WK^^ggK^KIfllglKf^SKm üHPü 

i 

i 

o 

3 
(ft     — 

158 

S- 

9 

/ 

T(qi) aoMOj 

0 8 

K 

bD 
oo 

o 

rH 

tn 

V 
G 

•H   1- 

0)   O 

X 

0) 

-p 

c 
CTl 

rH 
a) 
o 

(1J 

4' 

a.' 

c 

■i-j 

0) 

a- 

a.- 

O CAJ 

•H tn 

rt! > 
OH 01 
E n 
o cd 
ü o 

MD 

bD 

tx, 

■    iw*to'^«*««^««Ä^J«^^<^n^y.^ 



f 
mm. vm miimmmMmMmmmim*!^*-^Mmwmm.m 

i 

i 

2r 159 

a o 
z 

adttfe 

c 
o 
c 
K 

o 

CM 

O 

K) 
-P 
rH 

(D 
CC 

rH 

■P 
c 
0) 
s 

•H 
SH 
0) O 

>< 
W 

0) 

-P 

c 

0) 

c 
0) 

■P 

(U 
JH 

(D 
rH    Ch 

o 

p 

c 
•H 

P 

CM 

O 

O (M 
W 

•rH ^ 
fn 0 
CO > 

a K) 
E -a 
O cö 

CO 
r-H 

• 

bÖ 
•H 
tin 

■-..-.^^.t.»^^..-^..^.^^^.^^^^ 
KUiSittfttiiiMiUiiMiiittttHlli 



MUMU;i!>ffWli3,»J^iF»^ 

160 

CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 

On the basis of experimental and theoretical data it is 

now possible to explain the mechanism of anterior wedging 

fracture of the vertebral bodies during + G acceleration. & z 
A combination  of bending and transference   of load  from the 

articular  facets  to the  vertebral body  results  in high  com- 

pressive  strains  at  the anterior  surface  of the vertebral 

body resulting in  fracture  when  the   structural  limits  are 

exceeded. 

Qualitative  and  quantitative  evidence  has been presented 

to document  the  load bearing capabilities   of the articular 

facets.     This  is  the   first  time  that   such  a study has been 

done.     The  discovery  of a  load path  through the  articular 

facets has  led  to  the  fabrication  of a  device  to increase  the 

threshold  of  fracture of the  spine  during + G    acceleration. 

This   is  of practical  Interest because   a recent report   on in- 

juries   sustained by  pilots  during the  Viet  Nam war  states  that 

almost   one-third of the pow's  sustained  injuries  involving 

fractures   of the  spine  during emergency  ejections   from aircraft. 

A  mathematical  model  has been   formulated  and experimentally 

verified to predict  the response  of the  vertebral column 

during +  G     acceleration.    This  is   the  most   comprehensive, 

experimentally  verified 2-dimensional  mathematical model  of 

the  spine  at  the  present time. 
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Future work  In  this  area should  involve  the  determination 

of the material properties  of the  intervertebral  discs  and 

vertebral bodies  and the  failure  limits   under  a state of 

combined axial,   shear and bending loads.     The  properties   of 

the  lamina and articular face-3   should  be  determined.     There 

is  no work  available   regarding the  relative  movement  of the 

laminae,   i.e.,   when  and under what   conditions   do they "bottom 

out". 

The  transference of the  shoulder  strap  load to the  spine 

via the  rib   cage  should be  investigated.     In  the present 

mathematical model,   all the strap load  is  transmitted to Tl, 

but  this  may  not  be  the  case because   the   rib   cage would 

transmit  part  of the   load to  various   vertebral   levels. 

In  the  present   study the  effect   of the  generation of 

intra-abdominal  pressure has not  been   studied.     It  has been 

hypothesized by  Bartelink  [].j   and Morris   et  al.   [12]  that 

this  pressure   can  reduce the  reaction   upon  the  vertebral  end 

elate  at  the  SI  and  L5 junction.     However,   in  the present 

study,  the  abdomen was   eviscerated in   all   the   cadavers  used, 

hence  there was  no  question of any  intra-abdominal pressure 

build up.     But  in  the  case  of living human subjects  in an 

impact   situation,  there might  be  a build  up of pressure, 

hence  opening up  a new  load path.     The  question  that  has  to 

be  answered  is  whether  in  an  impact   lasting 200  msecs.   any 

pressure will  be  generated  and  if so,   how  much?    The   force 

generated will  tend to  counteract  the   forward   flexion of the 

spine. 
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C   CALCnLATE    INITIAL   LENGTHS 
IMPLICIT   REAL*R (A-n#0-Z) 
DIHRNSION   aO(26) , WO (26) ,00 (26) ,n(26) rH(2 6) ,E(2 6| f X5H(2D) ,X<T (2b) 

1C?(26) ," (26)rXK (2 6) , ABO (2 6) ,ALPHAO(26) ,A BDO (2 6) , Pil 0 (26) 
nil EHSION   a (26) #H (26) ,0(2 6) rXH (26) , X I (2 6) , XKS(26) , X3 1 (26) ,X02 (2^ 
DIMENSION   X (156) f DX (1 S6 ) ,PR HT (5 ) ,AnX ( 16, 1 56) , rr DT(26) , HD r( 2i ) , 

«DDT (26) ,UDDT(26) ,HDOT(26) ,ODDT(26) ,ALOr (26) ,ACO (26) , BCO(i S) 
DIMENSION   DSOO (26) , DC CO (2 6) ,HSOO(26) ,HCD3 (26) 
DIMENSION    Al A21 (26)  ,A2A 30 (26) 
DIMENSION    A A (2) ,5F(26) 
EQUIVALENCE     (X ( 1) ,'J {1) ) , (X (27) , ÜDTd ) ) , ( X (5 3) ,W (1) ) , (X {79) , W D T 

3(1)), (X (105),0(1) ) , (X(1 U) ,0DT(1)) 
CALL   PLnHX (HS.O) 
NAMELISr/ONE/ü 
NAM ELIST/TWO/W 
NAHELIS^/THREE/O 
NAnELIST/FOrTR/D,H ,E,XM,XT 
NAMFLIST/FIVE/XKH ,XKT,CT, C, XK,XKF; 
NAMEl, IST/SIX/PACr ,SCH 1, SCH 2 ,S CH 3 , A A, TT1 , TT2, IC 1 »MODE 

: H0DE = 1    SIGNIFIES    E9 ECT   MODE 
NAME LI ST/SE VFN/0CH1 ,n CH2 , CH 1,CH 2, XKSB ,SP 
^XTERNA I  DERIV, CXITP 
COMMON/CD IST/D,H,E,ADC, ABDO, ALPHAO, PUll ,03 /H ,V3,X01,X02, kZ 0, BCi 
C0MM0N/C3NST/XKH, XKT,CT ,C ,X KS ,X K, X H, XI 
COMMON/PACE T/Al A20, A2A33 
COMMON   KOÜNT,LL 
C0in3S/PELVABSB0 
COMMON/PnLSE/PACC,SCM1fSrH2,SCH3,AA, TT1 , TT2 ,IC1 ,M3 DE 
COMMON/HE AD/0CI1,0CH2,CH1 ,CH2,X KSB,SP 
? EAD(5,0NE) 
READ (5, TWO) 
PEAD(5, THREE) 
READ (S,FOnR) 

R EAD (5,FIVE) 
PFaD(5,SIX) 
PEAD(5, SEVPN) 
LL=0 

PI= i. V4 1S9265 
HU   117   1=1 , Ifl 
: (I)=. 8*DS0RT(XK (T) *X^ { T) ) 
CT(I) =.03*DS0RT (XKT (I ) *XI (I)) 
TON TIM DR 
DO   2   1 = 1, 26 
n (i)= (Pi/ 1R0.) *o(i) 
30(1) =0 (T) 
110(1) =0(1) 
uo(i)=w(r) 
DO    111   1=1,76 
TDT(I) =3. 
WDT(I) =0. 
oor (i)=n. 
CONTINUE 
DATA  PRMT/3.30, 
DO   112    1=1, 1S6 
DX (I) =1 ./T56. 
DO    110   1=1, 26 
F;O3 = DSIN (on (I)) 
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6H 
SI 
70 
71 
77 
7 1 
74 
7S 
7^) 
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7H 
7 9 
BO 
82 
R1.25 
81,5 
8/4 
PS 
8f) 
87 
8H 
84 
9 0 
9 1 
92 
91 
9U 
''S 
9fS 
97 
98 
9 9 

1 00 
10 1 
102 

1 01 
1 ('U 
10S 
106 
1 07 
i 08 
109 

1 1 n 
111 
112 
1 11 

1 1« 
1 IS 
1 1^ 
1 17 

C00=DC0S{03 (I) ) 
^soo(r)=D (I )*sTn 
0000(1)=') tT)*COO 
H S00{I| =H(I)*S)0 
HCOO(I)=I (r)*coo 

110 CONTINUE 
AB? (1) = ») (i)-n( 1) 
ALPHA0(1) =P 1/2. 
ABD0(1) =0. 
?HT0 (1)=0. 
X01 (1) =0. 
)C02 (1) =AR0( 1) 
AC0(1)=AB0(1) 
RCO(1)=0. 
A 1A 23 (1) = 0. 
A2 A30(1) =0. 
AD5B0 = DSQRT((I0(1) * UO (1) *W0 (1) *W0 (1) ) 
00    1   1=2,26 
xoi (i)=- (n-) (i- 1)-DSOO{I-I )) + (no(r)* DSOD 

?C02 (1) =(W0(I) -n(I)*DC0.S fOO (T) ) )- (HO (1-1 
AR0(I)=DSQPT (XOI (I) *X01 (I) +X0 2( T) * XO 2 (T 
AL? HAD (I)=DATAN2(X02(T) ,X01 (I) ) 

13 7 01=-(UO(I) -HCDO (I) ) + ('10(1--!) -Hcno(r-i{ 
Y 02= (M o (r) -H soo (i)) - (wo (i-1) - as 00 (I- 1) ) 
ABDO(I)=DSQRT (Y01*Y01 4-Y02 ♦Y02) 
PHIO(I) =DATAN2(Y02,-Ynl) 
A1Ä20(I)=ABD3 (T) *DSTN{PHT0 (I) -0C(T-1)) 
A2A30 (I) = ABD0(T) *DCOS (PHTO(r) -00 (T- 1) ) 

14 ACD (I) =ABO (T) «DSTN (ALPHAO(T) -00(1-1) ) 
SCO (1) =AR0(I) *DC3.S (A L" HA 0 (T)-00 (I-1) ) 

1   rONTINHE 
CALL   DHP:G (PPriT ,XrDX,1S6, THLF, PERIV,OUT 
PRINT   123 rIHLF 

120        FORMATC    EN D 0 F   SIMTILATION.   IHLP=   ,,T3) 
CALL   PLOT (0, 0,999) 
STOP 
END 
SUBROUTINE   DERIV(T,X,DX) 
IMPLICIT   REAL*a (A-H,0-Z) 
DIMENSION Y. (156),DX (1 Sfi) , 

?l ACDT(26) ,BCDT(26) 
DIMENSION   DELU{26) 

C     CALCULATE   R. H. S. (SUB . DRRIV) 
DIMENSIO»! UDT (26) ,WOT (26) 

«ABDT(26)r ÄB(26) ,ALPHA(2fi) 
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DIMENSION   Al A2 (26) ,A2A 1 (26) 
DIMENSION   BETA( 26) , SHTRO (26) ,SHTP (26) ,c 
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(I)) 
)4-DC03 (I-1| 
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H RAP (2 6) 
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i)PHIO{2 6) ,00(26) ,U0 ( 26 ) , WO (26) , XOI (2 6) , X02 (26) ,AC3(26) ,B 
6) ,XKS(26) , XK(25 (2i 

2 6), 
:0(26) 

COMHON/CONST/XKH(26) ,XKT (26) ,CT (26) 
T)XM(26) ,XI (2 6) 
COiM3S/DIST/AB,ABD,ABDT,ALPHA,PHI,X1,X2, X IDT, X2DT , A LDT ,/lC, 6C, 

^ACDT, BCDT,S1GFU 
COMMON/FA CRT/Al A2r)(26) ,A2A10(26) 
COMMON/P\CET7/A1A2, A2A1 
C0MMDH/PEL1/ABS BO 
COMMON/PEL VIS/STR A" 
COMMON/SIOL/SHR AP 

Ui:ax.-aAJ.ü--rMJrcm.:A^^^^ iiiinv i »nrii'iiii "ni ]tr\ui%«MsUSMmr*mMii^tlsMi'(r^^^'iiktM ijitwilhw 
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1 IB 
1 14 
120 
121 
122 
12* 
12a 
12S 
126 
127 
12H 
12^ 
1 10 
m 
132 
1 n 
134 
1 IS 
llf. 
1 17 
1 1R 
1 14 
140 
141 
142 
141 
144 
14^ 
146 
147 
148 
144 
15n 
lb 1 
IS? 
^b^ 
1S4 
i^s 
ISf» 
1S7 
15R 
1S4 
1 fiO 
161 
162 
1 61 
164 
16S 
16 6 
167 
168 
If) 4 
1 70 
171 
172 
171 

174 
17b 
17 b . 2 S 
17b.S 

C:0!1H0N/HEAD/OCairOCH2#CH1 , CH2 , XKSB ,S F (26) 
DO   101    1=1,26 
' (I)=X(T) 
ÖDT (I) = X(If26) 
DX(I)=ÖD1  (1) 
M(r)=X(I*52) 
HDT {I)=X(Tf 78) 
nX(I*52) = MDT(I) 
n(i) = x(r+io U) 
ODT(I) =X{If 130) 

n i    nx (i+iou) =ODT(I) 
TF(T. E2.0.)GO   TO   IQOI 
GO   TD   105 3 

1001    DO   1002   1 = 1 ,156 
DX(I)=0. 

1002 CONTTN0E 
RETURN 

1003 PI=3.14159265 
DO   110  1=1,26 
SO(I) = DSTN(0(T) ) 
CO (I) =DC3S(0 (1) ) 
nS0(I) =D{I) *S0 (I) 
DCO (I)=D (I) *CO(I) 
HSO (I) = H (I) *cTO(r) 
HCOd) =H(T) *CO (I) 

110 rONTINUE 
A 1A 2(1)=0. 
A2A3 (1)=0. 
AB(1)=W{1)-D(1) 
ALPHA (1)=Pr/2. 
ABD (1)=0. 
PHI (1)=PI/2. 
X1DT(1) =0. 
X2DT{1) =*WDT(1) 
ABDT (1)=fWDT (1) 
AC( 1| =AB(1) 
nC(1) =0. 
A LD T (1) =0 . 
ACDT (1)=MDT (1) 
DCDT(1)=). 
XI (1) =0. 
X2(1) =AB(1) 
ABSB=D3QRT (0 (1) *[I(1) +W( 1) *W(1) ) 

-SAS G=DATAN2(W (1) ,0 (1) ) 

ABST= (W(1) *WNT(1) +IJ (1)*'IDT (1) ) / ABS B 

.
C
;T

I
?AP = O. 

IF( ABSB. LE. AB5B0)STRA F = 0. 

.STRAPU = -STR AP*DC3S (SA NG) 

STRAPH = -F;TRAP*DSIN(SARJG) 

DO   2   1=2, 26 
XI (T) =-(lJ(I-1) -DSD (T- 1) )* 
X2(I) =(»(!) -DCO (I)) -(Vf I- 
AB(I)=DS0Rr (XI (T) *X1 (I) ♦X2(I) *X2(T) ) 
nETA(I) =DATAN2( (WO (T) -W (T ) ) ,(1 (T )) 
SHTRO (I) =Df5QRT( 00 (T) * Tin (T) ) 
SHFR (I)=DSQRr ((WO(I) -W(r) ) * (WO(I)-M(T) ) ♦II (I)*fJ (T) ) 
F;HDT= (Ö (I)*UDT (T)-W (I)*HDT(I) ) /SHTR(I) 
.c;HRAP(I) =XKS(T) *(SHTP (I) -S HTR C (I) ) 
IF (SHTR (E )-SHTR0(I) .GP.2 .) SHRAP (T)= XKS (I) *?.. *■ 6. *X KS (T) 

ft* (SHTR (T) -SHTRO (I)-2. ) 

(u (i)*nso(i)) 
1) +000 |T-1)) 
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17^ 
177 
178 
179 
1B0 
1 R2 
183 .21 
183.25 
IRU 
18S 
IHf» 
187 
188 
1H9 
no 
n i 
192 
19 3 
19a 
1 9^ 
19^ 
197 
198 
199 
2no 
201 
202 
203 
2 0« 
205 
206 
207 
208 
2 09 
210 
211 
212 
213 
?ia 
715 
21f. 
216.25 
217 
218 
218. 25 
21 9 
2 20 
221 
2 22 
22-? , 
22 3 
?2U 
225 
226 
2 27 
228 
2 2" 
2 30 
23-? 
2 31 

IP (SBRAP(I) ..LE. 0.) SHRAP V) ) = 0. 
IP (3 (I). IK.JO (1) ) SHPAP (T) =0. 

TP(SHTa (1). LE.SHTRO (I) ) SH RAP{I) =0. 
ALPHA(I) =DATAN2 (X2(I) rX1(I) ) 

22   Yl= (0 (r-l)-HCO(I-l) )- (11(1)- HCO (I)) 
Y2= (M (I)-HSO(I) )-(W(I-1) -HSO(I-I) ) 
PHI (I) =DATAN2 (Y2r-Y1) 
ABO (1) =DSQRT(Y1*Y1fY2*Y2) 

C RATE   OP   CHANGE   OF   AD 
2!4    Y1DT(r)=- (UDT (1-1) -D(T-1) *ODT(I-1)*C3 (I- 1) ) + {(JDT (I)+D ([) 

«♦ODT(I) ♦CO{I) ) 
X2DT(I) =♦ (WDT(I) +0(1) ♦OTT (T)*SO (I))- (rfni (T-1) -0(1-1) *3nr(I- 1) 

1*SO (T- 1)) 
ABDT(I)=+DCOS (A LPHA (I) ) *)MDT(I) +DSIN (ALPHA (I) )*X2Dr (I) 
AC (I) =AB(I) ♦DSIN (ALPHA (I) -0 (1-1)) 
BC (I)=AB (I) *DCOS(ALPHA( I( -0(1-1)) 
A LOT (I) = (0:OS (ALPHA (T ) ) *K 2DT( I)-DSIN (A L P H A (I) ) * X IDT (T) ) /H ß (I) 
ACDTd) =ABDT(I) »DSTN (ALPHA (I) -0 (I-1) ) f BC( 1) * ( AL DT (I)-OOP (I- 1) ) 
3C3T(r) =ABDT(I) »DCOSf ALPHA (T)-0 (I-1) )-AC (I) * (ALDT (I) -3 DT (I- 1) ) 
A1A2(I)=ABD (I) *DSIN (PHI (T) -0 (1-1) ) 
A2A3(I| =ABD(I) *DCO.S (PHI (I ) -0(1-1)) 

2   :ONTINUE 
00   3000   1 = 1,25 

1000     HC(I)=3. 
TDE :5P = DA3S(0 (13 )-00 (1 8) ) 
RDrSP=ö ABS(0{26) ) -TOT^ 
IF(RDISP. GE.OCH 1) HC(2 6) =CH1* (RDI.SP-OCH 1) 
IP(RDISP. GE.0CH2) HT (26) =CH 1* (OCH2-0Cni) +rH2* (ROISP 

a-0CH2) 
HC (18)=H: (26) 
HC(17) = .3*HC(26) 
HC(16) =0.*HC(25) 
DO   30 01   1=11,15 

300 1      HC (I) = 3*HC (26) 
C        CALCHLÄTI3*!   .IF  BENDING    10MP NT 

DO   100   I=1,2b 
FLP=0. 
TF(I. E3.5)PLP=3 
IF(I.BQ.6)FLP= 3 
rF(r.EQ.7) FLf1 = 3 
IF (I.E0.1 5) PLP 

9081U9 
7 64 9S6 

.705 20 2 
a. 39696/ 

25 

IF{I, E3. 16)PLP=a.50«ai9 
rF(I.EQ. 1)FLP= 3. 
rF(I.EQ.I) GO   TO    1 
ORS LI =(0(1-1) -00(1-1) )- (0 (I)-00 (T)) 
^ XKT (T) »ORELI *CT(T) *( ODT (1-1) -0 DT (T) ) 
GO   TO   3 
TI-XKT(I) *(-0 (I) +00 (I)) +CT (T) ♦ (-00^(1) ) 
IF (I.EQ.26)G0   TO   H 
0REL2= (O(I)-OO(I) )- (0 (T+1) -00 (1+1)) 
T2=XKT(I+ 1) ♦0REL2+CT (1 + 1 )♦ (ODT (I) 

^-O0T(I+1) ) 
GO   TO   5 
T2=0. 
IP(Ü(I) .GE. (H(I) +PLP) )XSF = 0. 
IF (H (I) .LB.H(I) + FLP) XSF=XKSB* (H (T)+FLP-ri (T) ) 
IF( I. GE.18)XSF = 0. 
T3=0. 
XK5T=XKS(I) 
rF(U(I). LE. aO(I) ) XK?(I) =0. 

in Mii«Mifttiiiiifi'lM> iititiiiiMWiiirifrriMn-tiiii'iiif ilTiiiiiiiiritMiiriiiffiifttiff^^ 
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2 34 
23S 
? If. 
2 3/ 
? JR 
2 31 
2ün 
241 
212 
2 »3 
214 
2ü€5 
2l4fi 
2U7 
■'UM 
2uq 
^sn 
2S1 
2S2 
2 S3 
2 5U 
2SS 
25e. 
2^7 
2C)R 
25^ 
2Ml 

7f)1 
262 
26 3 
2614 
265 
266 
267 
?6« 
269 
770 
27 1 
272 
27 ) 
2/a 
2 7S 
276 
277 
27H 
270 
2Rn 

2^ 1 
2^2 
2R< 
2sa 
2R5 
2 «36 
237 
2R7. 
2'3H 
2 R1 
2'10 
2') 1 
21 "> 

25 

Tn=SHRRP (T) *DCOS (BETA (I) ) 
T1I41 = SHRAP(I) ♦DSIN(Bi:,n (T) ) 
T i*=riu 
T41=0. 
I P(I.GT.IR) T4 = n. 
IF (I.3T.18) Tai = 0. 

IP (T. LE. 8)Ta = 0. 
IF(I.LE. 8)TU1=0. 

TU2=SHIRAP (I)*2.5 
IF (I,3T.18) T12 = 0. 
IF(I. LE.3)T42=0. 

A3nVE   IS   STRAP    F3RCE 
)(KHI=XKfI(I) 
TS1 = XKH ff)* (A 1A20(r) -Al A2 (I)) 
TF(M0DE. EO. 1)T51 = -X KU (T) *H (I) ♦DSIN (3REL1) 
I F(T.EQ.2 6) GO   TO   6 
T52=XKH (r + 1)*(A1A20(T + 1) -Al A2 (1+1)) 
TF(MDDE.EO. 1) T 5 2=-X KH (I+l ) *H (IM) *DSIN (OR FL2) 
3 0   TO   7 

6 T52=0. 
7 T5=T51-T52 

THE   ABOVE   IS   T HF   REACTION   AT   FACETS 
I P(r .E0.2 6) GO   TO  8 
r6Y=XK(It1) *(AC (1 + 1) -AC3 (1+1) ) +C (I + 1)*A:DT (It 1) 
T6X = 3F(T+1) »(XK (I *1 ) ♦ (RC (1+1) -BC0(T+1) ) +C (I+1)*3CDr (1 + 1) ) 
GO   T3    9 

8 r6y=o. 
T6X=0. 

')   'T'7YY=XK (I)* (AC (I)-ACO(I)) +C(I) ♦ACDT(I) 
rF(I .EQ.1) GO   TO    10 
r7XX = SP ([) ♦(XK(I) *{BC (I)-BCO(I) )+C (I)*BCDT (I) ) 
T7Y=r7yY*D:0S (00(I) -00(1-1) ) -T7XX*DSTN(00(I)- 00 (I - 1 ) ) 
r7X ^T7XX*DC0S(00(I) -00 (I- 1) )+T7Y7 *DSIN(00(T) -0 3 (I- 1) ) 
GO   TO   11 

11    T7Y=r7YY*D:0S (0(1) ) 
TF( AC(1). GE.ACO (1) )T7Y = 0. 
T7X=T7YY*DSIN (0 (T) > 
IF (A3 (1 ).GE.ACO (1) ) T7X=n. 

THE   ABOVE   APE   FORCES   ON   VERTEBRAE   DHF   T3   PEFO^HAriON 
SIGMG1 =T1 -T2-T3-T5* (H {I)+F (I) )+Ta2 
IF(I.E0.26)GO   TO   23 
S IGMG2=-rf)Y*R (I) -T6X*D(T| 
GO   TO   2 5 
SI3M32=HC(I)*1. 5 
SIGM33 = T7Y*E(I) -T7X*n(I) 
TF(I. EQ. 1)SI3f13 3=0. 
FX1 =XKH(I)* (A2A3 (I)-A2A30 (I)) 
TF(I.BQ.2b} GO   TO   7 0 
PX2-^XKH (T + 1)*(A2A3(I + 1) -A2Ä30 (1 + 1)) 
GO   TO    7 1 

70 FX2=0. 
71 ST3MGa=PK1* (D(E) + AC(I)/2. ) +FX2*n(I) 

3 IGMG=3 IGnG1+SIGH32+SIGf1G3-SIGMGi4 
',>DnT(I) =SIGMG/XI (I) 
IF(r .EQ.1)OnDT(I)=0. 

SH MMAPION OP FORCES IN 
FX1U= FX1*DC0S (0(1) ) 
I F(I. E3.2 6) GO TO 31 
FX2 U=PX2*DC0S(0 (I) ) 
'rX3U=+T6)C*CO(I) +H(:(T) *S0 (1R) 

11 

23 
25 

X-DIRECTION 

^'i>i*i^ t*<--K4^iH«-t!BC* ,m*r.;,*MMMr*l,iji' ill lillWiltÜlMaiBi'jaÜÜllii "^-^^"■niinTmiiiriiftiiwririiirffirtniiiiiiiiiiiiiM^ 
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2 9^ 

29S 
2^6 
297 
29R 
299 
1 PI 
101 
JO 2 

30^ 
\ni 
10H 
3 09 
110 
1 11 
1 12 
n J 
11'4 
1 IS 
J 16 
1 17 
m 
1 19 
120 
121 
122 
3 21 
1214 
J25 

3 26 
327 
12lt 
32^ 
110 

3 31 
312 
111 
n'4 
315 
116 
117 
HR 
3 39 
3ao 
34 1 
342 

]nn 
145 
346 
3 47 
14^ 
149 
150 
151 
35 2 
35 3 

12 

Y-DTRFCTION 

41 
42 

62 

2000 

GO   T3    32 
31   FX2ö=0. 

FX3U=0. 
FX4U=-r7X*20(I) 
SIGFX=FX2 0+FX3n+FX4n-FX1D 
rF(r.RQ.I) GO   TD   51 
sir, ns=-T4+x SF 

GO   TO   52 
51    F;rGMS=STRAPU+XSF 

52      STGFn(I) =STGFX+SIGns 
S'IMMMION   OF   FORCES   IN 

FY1=T5 
rF(T. EQ. 2 6) GO   TO   41 
':,Y2=T6Y 
r;o  TO  4 2 
FY2=HC (T) 
FY1=T7 Y4-HC{I)*DCOS (0 (26) ) *DCOS(0(r) ) +HC( I) * D'lIN (0 (T ) ) *3SI N (Ü 
SI3Y=FYUFY2-FY1 
rF{I.EQ.1) T41=STRAPW 
S IGFy=S IGY 

EQflATIONS   OF   MOTION 
UDOT(I) =(1./XM (T) )* (STGFtI (I) - SIGFY ♦50(1) ) ♦ 

^F (I) *0DDT (I)*S0 {!)♦ F( I) *D DT (I) *ODT (I)* 
(dCO(T) -XDOT (T) 
IF(I.EQ.I) nDnT(I)=0. 

WDDT (I) = (1 ./XM(I) ) *(SIGFY*CO (I)*T41+ (? 6X-T 7Xf FX2-FX1 ) *SD (!) 
^F{I) ^ODT (I) *ODT (I ) *SO (I) - E (I) *(ODD'T,{I) ) *CO (1) 
^-Yr)DT(T) 

XKS (1) =XKST 
XKH (I) = XKHI 

CD^JTINUE 
00 200   1=1,26 
DX (IM30) =ODDT{I) 
nX(I + 78)=W0DT (T) 
DX(I^26) = tJDDT (I) 
RETURN 
S NO 
FUNCTION   YDDT (T) 
IMPLICIT   REAL*H (A-HrO-Z) 
DI1FNSIO*!    SC(2) 
Z OHMON/Pr7LSE/PACCfSCH1 , SC H2 , SCH 3 ,AA (2) ,T 1 ,1 2 ,T Cl , MODE 
SC( 1» =386.4*HA (1) 
SC(2) =3 85 .4*AA(2) 
IF (in .E0.1)GO   TO   1 
IF(r. GE.r2)GO   TO   1 
1 F(T.GE.TI) GO   TO   2 
YDDT=T*SC(1) /T1 
RETURN 
YOnT=3C (1) - (SC(I)-SC (2) ) * (T-T1) /(T2-T1) 
RETURN 
YDOT=SC(2) 
RETURN 

YnDT=0. 
RETURM 
END 
FUNCTION   XDnT(T) 
IMPLICIT    REAL*R(A-H,0-Z) 
C01M3N/PüLSE/PAC:fSCH1,SCH2,5aJ3r A., (2) ,T1rT2rIC1 ,MODE 
TF (IC1 . EQ.O) GO   TO    3 
IF(T. LR.SCH 1) XDDT =-( P ACC/SC HI ) * T* 3^6. 4 

(26) 

1 QP 

200 

^'-^ :^^v^^Uh. ■^m&fa&maiiääiliiUilitt «iiü^rüimmri ^ajgmm *nm 
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TSU IF(T. GT.5CH1) XDDT =-PÄTC *18 6. H 
JSS TF (T.GT.SCH2) XDDT=- (PACC- { (PACC/ (SCH l-r>ZH2) ) * 
Ibb « (T-SCH2)) )*3fl6.Ü 
1^7 RETORN 
154 1      XDDT=0. 
^4 RETORN 
160 FND 
361 SUBROUTINE   OUTP (T ,X f DX , TH LF^ NDIH, PRMT) 
162 IflPLECIT   REAL*n (A-H,0-7.) 
36 1 DIMENSION   X (156), DX( 156)  ,Fy (26) ,S HG (26) , K 1 (26) r X2 (2 6) 
36U niMENSION   F XT (26) ,PXB (26) , FlfT (2 6) 
365 DIMENStON    nDT(26) ,WDT (26) , ODT (26), UDDT(26)  ,MDDT(26) rODDT (2b) , 
166 rb\QlT (26), AB (2 6) , ALP HA (26) ,P HI (26) ,ABD (26) , RHS (2 6,2 ) 
167 a,U(26) ,W(26),0(26)f RX (26) ,RY(26) ,X1DT(25) ,X2)T f26),Sr3FI (2 6) 
16R d, PRHT(5)  »ALDT (26) ,AC (26) rBC (2 6) , ACDT(26) , BCDT (2^ ) 
151 COHMON/C0TST/D(26) fH (26) ,E(26) , AB 0 (26) , APDO (2 6) , ALPHAO{ 2S) , 
17n aPHIO(26) ,00 (2 6) rnO(26) , WO(2 6)  , XO 1 (26 ) ,X0 2 (26) , AT 0 (2 6) ,BC0(>6) 
171 CO,1M3N/CDNST/XKH(26) , XKT (2 6) , CT (2 6) , C(?5 ) ,XKS(26) ,XK(26), 
17 2 «XM(26) ,TT(2 6) 
171 :OfiriON/D[Sr/AB,ARD, ABDT, ALP HA,PHI, XI ,X2 ,X IDT , X2DT, A LD T, AC, B J , 
174 (dACDT,BCDT,SIGPt) 
175 C0MH0N/PFLVTS/PL3AD 
176 :0[1HON/PÄCETV/A1A2 (26) ,A2A3(26) 
3 n COMMON/HEAD/OrHI, 0CH2,CH1 , CH2 , XKSB ,S F (7 6) 
3 77.2 5 C01H3H/FACET/A1A20(26), A2A30(26) 
37H COHMON/SROL/SHRAP (26) 
37'i REAL*U   XP(28) ,lfP(2H) 
330 DATA   XP (27) ,XP(28) ,YP(27) ,YP(2H)/3. ,1. ,0. ,1./ 
3R1 DO   101    1=1,26 
3R2 n(r)=X(Il 
3fn UDT CI)=X(If26) 
3nu ÜDDT (I)=DX (T + 26) 
3l)5 W(r) = X(I*52) 
3R6 WDT(r) =X( T+78) 
1H/ W01T(I) =DX(If78) 
IRR D (I) = X (H-IOU) 
38fJ 0DT(I) = X(I+130) 
rw x p(i) =u(i)/3. 
3T i y P(I)=H (r )/3.o 
HL' 101 ODDT (I)=DX(I*130) 
191 P 1= 3. 1U 159 265 
nu COMMON   KOUNT,LL 
115 KOa NT = KOUNT*1 
106 c      DETERMINE   CORRECT   PRINT   INCREMENT 
307 IF(T.LE.LL*.005)RETnRN 
10(< CALL   PLOT{2 .0,0.0 ,-3) 
14) CALL   LINE (XP,YP,26,1 ,1 ,0) 
aOO C        CALCULATE   SEAT   PAN    LOAD 
«0 1 SLC=((ÄB0(1)-AB (1) ) *XK (1)-C (1)*ABPT(1)) *nSTN( ALPHA (1)) 
102 IF (ABO(1) .LE. AD(1) ) SLC=0. 
«01 c        CALCULATE      SHOULDER   STRAP   LOAD 
«O't STR AP = SHaAP (18) 
«OS DO   100   1 = 1,26 
«"6 r7y =XK(I) ♦( AC(I) -ACO (I) ) ♦C(I)*ACDT (I) 
«07 T7X=SP (T) * (XK (!)♦ (BC (T) -BCO(I)) ♦C(I)*BCDT (I)) 
«08 IF(I. E3.2 6) GD   TO   6 
«09 r6Y=XK(T*1) *(AC(T*1) -ACO (1+1) ) +C (I+1)*ACDT(I*1) 
«10 T6X = SF(I4-1)*(XK(I*1)*{BC(I*1) -RCO (T+1) ) K! (!♦ 1) *BCDT (I+1) | 
«11 GO   T3   7 
«12 6   T6f=0. 

5 

i 
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1 
2 b 

a is 
H If) 

'4 17 

UIM 

U 1H 

14 V) 

•'4 ^ 0 

«421 

a,?;: 

a,-is 
U2^.25 

a 2S. 6 
«2S.7 
U2S 
a "is 
'4?(S 
'4 7^ 
a 2H 

U2M.S 
U ? H . f, 
'42^.7 
H?.H 
Ü7T 
a n 
a \2 
n V2 

a <2 
a 12.6 
'4 j 2 . 7 
a n 
U jf, 

u \i 
a n 
a r^ 
u '4 o 

:ND  ')P  FTL 

,H 

,H1 

1 

R 

1 

,S 

T6X=0. 
7   FY{T) =T7Y 

FXI (1) =T6X 
FXn (I)=T7X 
FYT (T) =T6 Y 
IF(I.EQ.1)G0   TO   3ÜOO 
OREL1=0(I-1) -00(1-1) - (O (T)-00 (I)) 
T1=XKT(T) *ORFLUCT{I) «(OPT (I-l)-nDT (I)) 
CO   TO   300 1 

3 0^0      T1 = XKT(I) ♦(-0(1) +00 (!)) fCT (1) ♦(-ODT(I)) 
300 1      SMG (1)=T1 

DIMENSION   T51 (26) 
T51 (I) =XKH(I)*(A1Ä2 (I)-A1A20(T) ) 
IF (MODE. EO. 1) T51 (I) =XKH(I)*H(I) *DSIN(0FEL1) 

101        COMTINUF 
PRINT   S ,T „S LC,STRAP,? LOAD ,0 (2 6) ,KOtINT 

5   F0RHAT(1X,•T=, ,F5.3f IX, «SEAT   LCAD = ', F6.1 , IX, • ST^ AP= ' , F5. 1 , 
ilX, «LAP^ ,76.1, 1X,' fiEAD  ANGLE^Fö. 3,1X, •K0UNT=,,I3) 

PRINT   210 
210 FOrHAT(1H0, 'LINK' ^X^AXTAL'^X^SHEAR'^X, 'ilOMENT'^X, 'FAl'Sr') 

PRINT   215 
21S      n)RMAT(1X,'    NO.', IX,'FORCE    (L P) ', 2X ,'FORCE    (LB) ' , 1 X, • (H-LB) ' , 

iUX^FORCR    (LB)') 
203      PRINT   201 , (I,FY (I) ,FXB(I) ,SP10 (I) fT51 (I) ,1=1,26) 
201      FORMAT(1 X,I3, 1X,F13. «4, IX , ^ 1 0. U, IX , PI O.a, 1 X, F1 0 .'4 ) 

PRINT   211 
211 ^OS HAT (1H0, «LINK'»OX, "J', lJX,' UM'  ,R X/IIDDr ' , IX , '* •, 9X, 

t* WOT' ,7X, «WDDT1) 
PRINT   212 

212 FORMAT (IX,'    NO. •, Ü X , ' (INS) • , UX , ' (I N/SEC) ' , 3X , • (IN/SEC2) ' , 
a)SX, ' (INS) ', UX,' (IN/SEC) ' ,2X,' (IN/SEC2) ') 

?RIN^   20 2, (1,(1(1) ,0 0^ (T), UDDT (I) ,W(I) ,WDT(I) ,WDDT (I) , 
a)I = 1,2b) 

2^2      FOR «AT (IX,I 3, }X,Fl0.4,1X,F10.a, 1X,F10.U,1X,F10.4,1X,F10.4 
T), 1X,F1 O.^) 

PRINT  213 
213 FORMAT (IfiO, 'LINK' ,4X,'0' ,11X, »ODT ' , BX ,' ODDT« ) 

PRINT   214 
21 U      FOR H AT ( IX,'    NO. ',2X, ' (RAD ) ' , 6X , ' ( R A O/SEC) • , 2X ,' (RA D/SE32) ') 

PRINT   2 04, (1,0(1) ,ODT(I) »ODDT (1) ,1=1,26) 
2^4      FORMAT (IX, T 3, F1 0.4,2 X,F1 0.4,2 X,F1 0.4) 

LL=LL*1 
KOUNT=0 
RETURN 
END 

?. 

tfiWntWtiiaiiWiwwi^^ 
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APPENDIX II 

DESCRIPTION OF THE INPUT DATA TO THE COMPUTER PROGRAM 

The Input Data to the computer program Is in the Namellst 

format.  The symbols used are as follows: 

u   = An array of the x coordinates of the centers of the 

26 links at time t = 0. 

Units = inches 

w   = An array of the y coordinates of the centers of the 

26 links at time t = 0. 

Units = inches 

0   = An array  of the angles made with the horizontal by 

the 26 links at time t = 0. 

Units = degrees 

D   = An array of the half-height of each link. 

Units = Inches 

E   = An array of the eccentricity of the center of mass of 

each link. 

Units = inches 

H   = An array of the distance of the facets from the center 

of each link. 

Units = inches 

ii nmiinimWTirr      riMiMillimiiiMI^^ tüMtiaüü taWu m^mmnimti 
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XM      -   An  array  of the mass  of the  26   links 
2 

Units   =   lb-sec  /in 

XI       =  An  array  of the  Moment  of  Inertia about  the   center 

of gravity  of each  link. 
2 

Units  =   Ib-in-sec" 

XK       =  An  array  of axial stiffness   of the  26  discs. 

Units  =  lb/in 

XKH     =  An  array  of the  stiffness   of the   facets. 

Units   =   lb/in 

C =  Axial damping array. 

Units  =   lb/in/sec 

XKT    =   Rotational  stiffness   array   of the  discs. 

Units  =  in-lb/radian 

XKS    =  Strap  stiffness   array. 

Units  =  lb/in 

0CH1  =  Relative  angle  between head and Tl  at  time of chin- 

chest   contact. 

Units  =  radians 

0CH2   =  Relative  angle  between head  and Tl   (see  eqn.       ). 

Units  =  radians 

CHI    =  Chin-chest   contact  resistance  stiffness. 

Units   =  lb/rad 

äSI*Sa<^:i^A»«jiW«tfei««(«lU* tfiTiiliiliiiilTilim 
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CH2     =  Chin-chest   contact  resistance  stiffness. 

Units  =  lb/rad 

PACC =  Horizontal   Acceleration  Input   (see  Pig.   A.2.1). 

SCHI,   2CH2,   SCH3   =  Horizontal   Acceleration   Input   (see  Fig.   A. 2.1) 

AA,  TT1,   TT2 =   Vertical   Acceleration   Input   (see   Fig.   A.2.2). 

IC1     =   Parameter  controlling mode   of  Input   Acceleration. 

tU:   -';      -.■   ■^.■^^..^-   -«■■.■-..-^.      :•■'  •-.^iX'iifJj'ti-'i»  -.J-..-. .^.- ^.—■■^-^..■-    •'—-irtW^nW'iliimmiiitwniili^^^^ 
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LU 
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0) 

0) 
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ID 
u 

5. 

(N 
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0) 
> 

(N 

r^i 

0) 
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INPUT DATA FOR CADAVER 2209 ERECT MODE 

',' ? 0 I 

)n 

1 f.ONF 
2 1. 9r, 
] 2.60 

U 5. 2U 
S r.^NP» 
h f.TW) 
7 12.0 
'.-■• IR.fl 
■1 21.2 

1^ f. ^NP 
1 1 r.TFl'5 

12 - 27. 
1 1 r, "NP 

1 U f,'on 
1r) n = .R 
17 E=0. 
1 R R-2* 
1^ 1*.5 
2n xn = . 
?1 .^05 
2 1 . 2 'J 1* .0 
2 2 xr=. 
^1 .0 27 
2a .om 
75 f-. ^NO 
2^ P.PIV 
27 X«'= 1 
2S.1 V:KH= 
71 C= 2U 
V XKT= 
n ri1^ 
12 XKS = 
n S^IND 
la r,.six 
15 rucc 
IS. 25 MODE 

^xs ", ^NH 
17 ^ ^ RV 
H nrni 
1H.25 5^=7 
1 J f, 2Nn 
OP    "ILR 

IJ=2. 18, 2. 69 0U2 7 ,2.7 02 220, 2. 7 10 21«, 2. 57787,2.165789,2. 1IHS5 i, 
0R7S , 1.3 529H 1, 1. P512 3 5,1 .^1 7U55 , 2. 0 10 6 57 , 2. m72RR, 2. . 121 U dO, 

i V4 92,2. 3 37 51 3,3. 316967, 1.72 HI? 9, U. 127 2SS ,4. 509 113, t*. 8847 79, 
02 S4, 5.5 92 8 18,5. 83 8 16fl,6. 091318, (J. 71 3 071 , 

W=2. 13, 3. 8500«9,5.19153 6,6.7R90H1 ,R. 18 20 24,9. 56566 d, 10. 347 3 58, 
8112 9, U .175 17 8, 1«. 17 57 27, 15. 172 79 0, 16.1663 51, 17. 13 9D7,17. 98 9 807, 
44 26 9, 19.623 856,2 0.3 27 8 15,21.0 1180 9, 2 1 .64 8911, 22 .23529 1, 22. 7 6 56« (,, 
4H 9 M, 2 3. 7 34 23 8, 24.252548,24.816 177,26.9 268 6 5, 

RF   0=-12 .,-7 .,3. ,4, ,10. ,^1. , 8. ,1 .5, -2., -6.5, -6.5 ,-b. ,- 16. 2,-21 
2,-10.2,-32. 2,-32. ,-15.,-36. ,- 17.,- 34. ,-21.,-1 8.,-12 ., 

,6*.':<, .45,4*.4,1*.35, 1*. 1, 2* , 2 5, 5* .2 , 1 .«, 
,2*1., 1.3, 1 .4, 1.7, 1.8, 1.9 ,2*2. ,. 9, 4*1., 4*1., 7*0., 
1 . ,3*1. 1, 1*1. 2,3*1. 1,1 .0 5, .R4, .94, .9 ,.9 7,. 9,. 3 ,.7 5,. 7 2,. 5, 
,.*, -15, 
176R6, 2*.012 5, .0037517 ,.00 350R 8 ,. 00 14 1 75, .00293022, .0066479, 
63 99 ,. 00 58787, 3*.0057 327, .01 4847,. 015 15,. 0 16 359,. 0172 66, .01 7 87, 
0241 82 ,4*. 00 15 11 38,. 0 2 832 5, 
454, 2*. 07, 4* .0 15 6 3,. 0 6 25,. 0 514, .C546, .04 91, .04 76 ,.0 39 2,. ) 3 43 , 
8, .0 255, .0184, .0066 , .004 ,. 00 1,.00 3 ,. 0 025, . 001 6, . 001 3, 
3,.28 16, 

00 00 0. ,5*1 0000., 4*1 2 000. ,8* 14000. ,3* 1894., 4*54 24., 2 2190. , 
0. ,17*60 00., 7*12 00., 12 00., 
0,7*10., 3*1 5.,2*20.,5*25. ,3*2. 6,4*1. 3,6. 3 4, 
10 00 0. ,7*6 00 0. , 10*12000. ,8*2 40 0., 
0.,7*10.,1 0*20. ,7* 1. ,2. , 
10 00. ,7*0., 6 ♦P., 2*0. ,0. ,20. ,8*0. , 

= 9., SCHI =.01 ,SCH2=.3 6,SCH1 = .2,AA=6., 5.,TT1 = .01 ,TT2 = .04 ,13 1 = 3, 
= 1 

FN 
-1., OCH2=1 .2 ,,CH1= 50 0.  ,CH2 = 1 50 0. ,X KSH =50r>. , 
*. 5, 19*1 ., 

 -■■■. i - »-■,■.. j^milifrtiiifrfftMllfii'riiWr'"»*"1'^*^^ 
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INPUT DATA FOR CADAVER 2209 hYPEREXTENDED MODE 

/c 

q ^7'0l) 'i 
1 
2 
1 

u 
s 
h 

1 
0 

q 
i" 
11 

M 
1 \ 
m 
is 
1^ 
17 
IM 
10 
.'0 
;n 
22 
? < 
24 
7S 
■"h 

> 7 

in 
21 
ii 
n 
J2 
^^ 
m 
is 
55. 25 
<h 

17 
^R 
V) 

HO 
OP    PT 

f.OVF   0=2. 1 ,2. ? 33 UUS, 
2.7221 H,2.625aai ,2. 
2. UP 7531,2.507562,2. 
1.571775,1. 76ai i 0f 3. 
O^IND 
r.TWO  w=1 .7, 3.BU2fl50, 
U.OqiOHO, 13.188893, 
18.^2^2^0, 19.772598, 
21 .932037,2U.502afl7, 
F^NO 

'"-'•HRF'1:   0 = -17.,-12.,- 
- 12. ,- ia. ,-1U. ,-17., 
P-RND 
5" OUR 
0= 1.   14,6*. 5, .45, a*.U 
F = 0. ,2*1., 1. 1, 1. 4, 1. 
H = 2*1-,l*1.1 ,1*1 .2 ,3 
1*.5,. a, .15, 
Xi=. 176R6,2*.D 125,.0 
.0 05 6099 ,.0053 78 7,3* 
1*.002U182,4*.001511 
XT = . 454, 2*.07f 4>».015 
.0279,.0255,.0 18a,.0 
.001 J,.2816, 
r,?.m 
r.TV R 

XK = 1030")0. ,8*8000.,4 
XKH = 0.,5*6330. ,12*20 
Z= 240, 7*10., 3*15.,2* 
XKT= 13 00 0. ,7*6 00 0., 1 
CT=20. ,7*10. ,10*20. , 
X'(S=1000.,7*0. ,6*0. , 
r,END 
F, ITX 
PACC=fl.,SCH1=.0 1 ,SCH 
10DR =0 
r,p;ND 
r, S EV ^N 
OCH1 =1.,3CH2=1. 2,,CH 
SF=7*.5, 19*1 ., 
f.^ND 

3. 0^2689, 3.109 282,3.0508 4 3,2.9 575 38, 2. 8520 97, 
5 4 9/ 27,2. 49 216 3,2.419826,2 .3 90106 ,2. 367433 , 
6 567 58,2.8 33 289,3.014729, 3. 1 96686, 3 .3 9035i» , 
91 93 75,4.044 08 3,4.3 3 2906, 

5. 3^6177,6.75929 6, 8. 1577 68, 9 „55464 3, 10. 849 9 36, 
14.1 8586 3,15. 184 196, 16. 1H281 6,17.1315 00, 13.3 30 63 5, 
20.5 58441,21 .1 38577 , 22. 3 662 84, 22 . 74 1 98 9, 2 J .3 6251 R , 
25.0R184fl, 25.6 6854 9, 27. R 49 3 4 5, 

7. ,1 .5,4. ,3. 5,6. 5,5. , 5. , 3. 5, 3 ., 3 ., 3 .,-1. ,-5. ,-13. , 
-18., -19.,-16. ,-11.,- 10. .-7. , 

,3*. 15,3*.  1,2*. 25,5*-2,l .H, 
7, 1. R,1 .9,2*2.,.9,4* 1.  ,4* 1. ,7*0. # 

♦1. 1,1.0 5,. P4,. 94, .9, .97, . 9, .R ,. 75 ,. 7 2 ,. 5 , 

03 75 3 7, .0035 08 8,.00 34 17 5,. 0 02 9 3 022, . 0066'4 79, 
.00 57 127,. 01 4 84 7, .015 15,. 3 16 359,. 017266, .01737, 
38 ,.^28 125, 
63,. 0625 ,.05 34,.0546,. 0 491, .04 76, .03 92,.) in , 
06 6, .0C4, .003, .001,.00 25,.0016,.001 1, 

♦1 00 00., 5*14 00 0. ,3*1894. , 4* 5424. , 221. 90., 
00.,7*1200., 1200., 
20. ,5*25, ,1*2. 6,4*1. 1, 6. 3 4, 
0*12000.,8*2400., 
7*1., 2., 
2*0. ,0., 20. ,8*0. , ';/; 

2=.0 6,SrH3 = .2, AA=8.,7.5,TT1=.3 4R ,rr2^. 058,i:i =0, 

1=500.,382=1500. ,XK?;P= 153. , 
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INPUT DATA FOR CADAVER #2231   ERECT MODE 

22 ^^ 
i f.lNF   1=U.2#5 
2 «.65 9.310 ,U. 5 
7 5.2«7739,5.6 

ü 7. 6(i0957fB.O 
s S'-ND 
n ~, TWO   W=i .6 ,b 
7 1Ö.15U93P, 17 

-1 2?. 8 73199,21 
u 21.U27 17 ,29. 

10 r, END 
11 f^KBE^   0 = -20 
12 - H. f- 36.,-! 

1 ^ «■^Nn 
iy OFOMP 
I'S n=2. 36, .55,1 
1h ?-0. ,2*1 ., 1. 
17 H-2*1. ,3*1.1 
1^ l*.5f .4, .15, 
14 :M = . 19722, .0 
14.2S a* .30151 59,. 
20 XI =.(*5U, 2*.0 
21 .0278, .0255, 
?7 . 001 3, .2816, 
? 1 T^ND 

2 a f.^IVR 
2S y;<=i ooooo.,2 
2h XKH=0. ,5*b00 
2 7 C=2U0,7* 10. , 
2R ^T=0.,7*600 
20 :T=20. ,7*10. 
in V:KS= noo. ,7* 
n f-PND 
Mi nSTX 
\s pi\::: = o., S:H i 
3b.2S Mon^ i 
^ f- F, NH 
17 r.lRV^N 
n ^-[11 = 1.2,0: i 
V) S'?=7*. 5, 19* 1 
uo ?. ^ND 
O^   PI! p 

.161970, 5.434295,5 
aU05ra. 469265,4.42 
00764,5.856 194,6. 1 
75334, 8.472024,9.5 

.905665,8. 451958, 1 

.524887, 18.747589, 

.83316,24.81 1508 ,2 
99 59 87,29.561584,3 

., -5 . ,1. ,5. , 10. , 5. 
5. ,-38., -39. ,-27. , 

*.6r3*.55,. 475,2*. 
3, 1.4, 1 .7,1.8,1.9, 
,3*1.2,3*1.1, 1.05, 

.3 64 54 8,5. 17 3 20 3, 4. 9 51 61 7, 4 . 811 J2 8, 
1728,4.4 34 802,4.52 0178,4. 69 6826, 4. 97572 3, 
0210 3, 6.403275,6.82103 7,7. 2 289 33, 
16 200, 

0.04 9521,11 .63 66,13. 16 9 313, 14. 662 6 84, 
19. 8462 83,2 0.895416,21.39 1312, 
5.7 17 148,26. 48053,27.21546 9,27.3 5 5555, 
0. 1 104 58 ,30. 682 907, 3 2.732208, 

,6. ,  i. 5, 2*3 .5,1 .,-3.5,-7. ,-15. ,- IB. ,4*-18.' 
-27. , 

4 5,4*. 4, .4 5, .3 25 ,.1,. 27 5,6*. 25,1.8, 
2*2. ,. 9,4*1. ,4*1., 7*0., 
. 84, .94, .9, .97 ,.9 ,.1 ,. 7 5,. 72,.5, 

12 5, .01 2 5, 6*. 00440 86 ,4«. 0 10 11, 5*. 01 65625, 3 *. 0025 < 7 , 
02 99 1, 
7, 4*.3 1563,. 0625, . 
.0134,.0066,.004,. 

0534, .0546 ,.049 1,. 0 476,. 0 3 92,. 01 40, 
00 3, .003, .0025, .0 01 f. ,.0013, 

*8 000. ,5*3000. ,4*1 
0., 12*2000. ,7*1200 
3* 15. , 2*20. ,5*25., 
0. ,1 0*12000. ,8*240 
,1 0*2 0., 7*1., 2., 
0. ,6*0.,2*0., 0.,20.,8*0. , 

0310., b*16562., 3*2517. ,4* 159 5. ,29991., 
. ,1200., 
3*2.6,4*1.3,6.14, 
0., 

=. 01 , SCH2=.0 6,SCH3 = . 2 , AA =6. 4, 6. , TT 1 =. 03 , m = . 0'4 , tC 1= D , 

2=1.4, Gil-30 0. ,C 82=0 00. ,XKSn=150. , 

I 
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INPUT DATA FOR CADAVER #2231   HYPEREXTENDED MODE 

n S2> n f! 
1 
T 

1 
'J 
s 
h 
7 
H 

M 
10 
11 
i:> 
i < 

1'4 
IS 
If. 
17 
1« 
iq 
20 
? 1 

t? 
li 
^"4 
") 

:i^ 
~>i 
28 
) 0 

10 
11 
<2 
i < 
5'» 
IS 
V). 2S 
IfS 
\ J 
n 
1') 

OP    FT 

^ONE   n=ii .2 ,5.3 75 862,5.50 2109, 5. 51^561, 5.a777 07, b.JSSTSS ,5. 3263 1b, 
5. 21006^, 5. 026 07 8, a .786090,4.5675^3,«. 49261 8, 4 .457726, 4 .1* 35055 ,a. 49 780 5, 
■4.64^ 146 ,4. 8 3854 0,4. 999010,5.1 53 54 0,5. 37 699 8, 5.766 094,6.131767, 
f^. 53 7S 9, ,5.3 53 54 U, 7. 1108 28,7.82156 6, 
WW 
f-rtfO   rf = 1.6, 6.8 9036 3, 8.433189,10.03 30 36, 11. 631 574,1 3 .1 788 02 , U . 67 7 46-3 , 
16.17205 8, 17. 5 34 48 5, 18. 733 978, 19.8 08456,20.8 5482 6,21.853 973,2 2.852 60 0 , 
2 3 .H5O0n,2,4.3 67 79a,25. 803 b04, 26 .59243 8, 27 . 35 18 68 , 28. 03 1 601, 28 . 6 1 1 5R8 , 
2^.1 712 94,2 9.775 6 35, 33.40 1317, 31.0 50186, 3 3.237610, 

"3  .i 1  1 ^, ■2 2. ,-7.,-1., 0.,4.,2 ., I .,7. ,9 ., 15. 3,6. ,1. ,1.5,-2 
-11.5,-11.5,-11. 5,-31.  ,-39.,-3 2., -28.,-24. ,-18. ,-18. , 
P.1: NO 
r." on R 

D^2.3b „ 55, ?*. 6, 3*. 5 5, .4 75,2 *.45f 4 *. 4 ,. 45 ,. 1 2 5,. 3, .275, 6 *.25, 1 . 3 , 
E^O. ,2*1. ,1. 3, 1. 4, 1. 7, 1. 8, 1.9, 2*2., .9,4*1 ./4*1 . ,7*0. , 
H = 2* 1. , 3*1.1, 3*1 .2,3*1 .1, 1.0 5,. 8 4,. 9 4,. 9,. 97, .9, .8, .75, .72^5, 
i*.5,. 4,. 35, 
XI =. 19 72 2,. 0 125,. 0 125,6*. 00440 86, 4*. 01 03 1,5*. 0 16 56 25,3«'. 00253 7, 
4*.oni5959, . 02 991, 
XT^. 454, 2*. 07, 4* .01 563,. 06 25 ,.05 34 ,.0 546,. 04 91, .04 76, .03 92,. 0 343 , 
.0273 ,.) 255,. 0184, .0066,  .004, .003 ,.003,.00 25,. 00 16,. 001 3, 
.'3013, .2816 , 
s^ m 
r.^ivF 
XK =10000 0. ,2*800 0. ,6*8000.,4*i 0310., 5* 16 56 2. ,1*2537., 4*1 5 95., ? 999 1. , 
XKfI = 0.,D *D000. ,12* 20 00. ,7*12 00., 12 00., 
"= 24 0, 7*10., 3*15., 2* 20., 5* 25. ,3*2. 6,4*1. 3, 6. 3 4, 
XKT=0. ,7 *600 0. ,10*12000., 8*2400. , 
r? =2 0., 7* 10. ,13*23. ,7*1. ,2., 
XKS=10 00.,7*0.,6 *0., 2*0. ,0. ,20. ,8*0., 
r.FNO 
6 SIX 
PA 00 = 9. , SCH1=. 01 ,r>3H2=.0 6,SCH3 = .2, AA=1 0.,10., TT1=.3fi5,rr2=.065,IC1 =0 
"ACr = 4.,SCH1 =.01 , 508 2=.") 6 ,SCR3=. 2 , AA =6 .4, 6 ., TT1 =. 0 3 ,TT2= . 0 4 , TC 1= 0, 
«nDP = 0 
r, ^EVpN 
0^111 = 1.2 ,TCH2= 1.4,nH1=30 0.,CH2=900.,XKSB=15 0., 
^=7*. 5, 1')*1 ., 
f.ENP 

- 

i^iiii-uiiiiirmfiiiMiiitMiiiigiilMii^i^^ mmm 
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181 

;>a i 

1 
;) 

U 

', 
7 

■I 

r 
11 
i.' 
i < 
in 

IS 
17 
H 

1 '' 
■1 r\ 

71 

2 1 
7U 
•.> s 
7^ 
2h 
27 

7 P 

V) 
11 
12 

\n 

n 

2S 

INPUT  DATA  FOR CADAVLR #24 13  ERECT MODE 

r.DNF   'I^(i.2,a-6 57 29 3, U, 71 91 91 ,a .f.UU 2 1 6, U. U 39H j 6, U. 1 17877, 3. 8714 81 , 
1.72 SI 81 ,3.7 16 86 6,3. 32 6682, 3. 995U87, U. 32C00a ,U . 758 177 ,^. 2118 JD , 5. 657092 , 
6. IIOU 17,6.5954 3 5,6. 99 49 55 ,7. 27 5 57 7, 7.17933 8, 7 .6'4 7 781,7 , 73 3 aS2 , 
7. 87 697^7.937 09 9, 7. 9606 (»9 ,7.9 60 649, 

v^WT   W = 1.6, 7. 179608,8.876950,1 0. 574315,12 .25 044 3, 1 3. •IS 2 444 ,1 ^.l 0 82 6rJ, 
16.85023 5, 18.195732, 19. 451920,20.555740, 21 .625565,22.655 15 1, 2 3. 58 5 388, 
24. 4 2161 5, 25.2 24 09 1, 26.029480,26.78 4 180,27. 478714,2 8.14 814 8,23.3 27 312, 
29.514404,30.2 07 489, 30.90 4663, 31 .6 04 C34, 13.90 4T 22, 
5=; NO 

nr HRES   0=-8.,-4.,1.,5. ,10. ,1 1. 5,7. , 3. 5,-5. ,-5.,-1 4 .,-2 1 . ,-25 . , - 26 . , 
-\ 1. ,- 30. ,-30. ,-24., -1 8., -15., -12. ,-9. ,-6. ,-3. ,0. , 0., 
r, ^KD 
r, P OH R 
P.- 2.  16,4*. 65,. 6, .55, 2*.5, 4*. 46 ,4*. 37 5,. 1, 7*. 2 5, 1 . 8, 
^O. ,2*0., 6*0. ,.9,. 7,. 65, .5, .2 ,4*0.,7*. 5 , 1. , 
H=2*1.,l*1 .1 ,3*1 .2 ,3*1. 1, 1.0 5,. P4,. cu, .q, .q7, .9, .^ ,. 7 5 ,. 7 2 ,. 7, 
1*. 7,. 7, .7, 
XI =. 2147 ,. 0 125,. 01 25, 5*. 004931 „ 5* . 007764 , 5 *. 0 17 16, 2*. 002 1, 2 * . 00> 5 , 
.0016,2*.001 3,.026 11, 
XT =.454, 2*. 0 7, 4*. 01 56 3,. 06 25,. 0 5 34,. 0 546,. 04 91,. 04 76, .0392 ,. 3 343 , 
.027 8,. 3 25 5,. 3 18 4,. 0 06 6, .0 04, .00 3, .00 3,. 0 0 25,. 0016, .001 3, 
.0013, .2816 , 
r,*. NO 
Ct7IVp 

VK = 100 03 0. ,2*800 0. ,5*8 000., 5*7 764,,5+ 1736 0., 2* 210 0. ,2*2 500., 1 6 00., 
2*1.100.,26110. , 
yKH = 0. ,5*4 00 0., 12*20 00. ,7* 20 07. ,20 00., 
C^ 240 ,7* 10. , 3* 15., 2* 20., 5*25., 3* 2. 6,4*1. 3,6. 3 4, 
X.^^=0. ,7*400 0. ,10*10 000. ,8*2400., 
C1,=2 0.,7*1 0.,1 0*20. ,7* 1. ,2. , 
XKSM^ 00., 7*0., 6*0., 2*0. ,0. ,23. ,8*0. , 
r, '-m o 
r. six 
T1\C7-o., sen =.01 ,SCH2=.0 6,S:H1=. 2, AA=I C.,I O., TTI 

2 5 ^0 0". = ! 

^ SEVFN 
n-111 =1 .2,OCH2=1.4,CFn=30P. ,rH2 = c100. ,XKSB=250., 
S':'=;*. 5, 19*1 ., 

^.05,TT2=.05,r:i = 0, 

■ 

; 

n'iaffip^Wtiiiyi^ 
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82 
INPUT DATA FOR CADAVER #2413 HYPEREXTENDED MODE 

■ü ?u nn 
i r, JNF 
/ II ^U.2,1. 7R 19 «n ,lt. 90H 
\ U.7r)(S06J,U.742100,(4. 

u ^. 160^,6.493811,6. 
s 7. 217515 ,7. 241061,7. 
r. '••ENn 
7 r.^HO 
jl W= 3. 6,7. 161(168,8.855 
■) 1^.243 246,19.506104, 

1 " 2').56^183,26.437393, 
1 1 3">.75962 8,31 .459000, 
^y ^ND 
i f r,T HP P^ 
n.:^ n--i n.,-5.,- 1. 5,-3. , 
11. s -21 .,-21 ., -15. ,-9. ,- 
i <.f. p.^Nn 
in ^poriR 
is ^-2.36,'4*.55 ,. 6 ,. 55, 
if, p-0.,2*0.,6*O. ,.9,.7 
17 "=2* 1. , }*1. 1, 3*1.2, 3 
i -^ 3* .7,.7, .7 , 
i • * M = .2ia7, .0125,.0125 
in . )016f2*.001 3, .02611 

T1 yT=.as4, 2«. 37, a*.015 
')   l .0274,.0255, .0184,.0 
?   ' .00 13,. 2816, 
^'4 frSNO 
?') c. ^ I V E 
0f. XK=1 OnoOU.,2 *8 000. ,5 
^/ 2* 1300., 2611 O., 
.' ■' XKHO. ,5*40 0 0. ,12*20 
70 C = 24 0, 7*10,, 3*15. ,2* 
"n XKT^O. ,7*4 00 0. , 1 0*10 
n (''' = 20. ,7*10. , 10*20., 
3'> XK 5=1000.,7*0. ,6*0. , 
1 ( S^ NO 
m ^" IX 

J, s f>Ac:c = i. ,S:H I=. 0 1 ,F;CH 

if,.:'5 ^lO Dh^'1 

V) np; NO 

r? r.srvFN 
<M OCHI = I.2,O:H2= 1. 4,C:H 

VI S'=,=7*.r), 19*1. , 
U ' R^NO 
0^   FIL P 

710,4. 97 0212, S. 008 14 9,4. 9^.4'IS b ,4. 93 520 2, 4. 81 6 6 81 , 
78 2 19 1,4. 9 35 3S2, 5, 2 07 0614, S .5 096 5 7 ,5.3 18 257, 
77 0370,6.938 837,7. 0 39 74H, 7.116378, 7 .17301/ , 
241061,7.241061 , 

491 ,10.554 2 3 8, 12. 252575, 1 3. 902 007,15 .4 50» 33 , 16.3 9 79 
20.624 32 9, 21 .7 31 7C)0, 22. ^ 17 215, 23. 80 6 976,2 4 .7 04 5 2 r), 
27. 2 45 28 5, 27.9 75159,2 8.5 5 77 43 ,29. 363410,3 0.061 081, 
32. 158997,34.458984, 

1. 5, 1.5, 3.5, 3.5, 1.,0. ,-S. ,-12. ,- 17. , - 17. , -22 ., 
7. ,-5. ,-4. ,- 3. ,3*0., 

2*. 5, 4*. 4 6,4 *. 3 75, .3,7*. 25,1. 8 , 
,.65 ,. 5,. 2,4*0., 7*.c., 1., 
*1 .1 ,1 .05, .814, .9U,.9f.9y ,.9,.^!,. 7r)f. 72,.7, 

,5*.0049 33,5*.007764,5*.0 1736,2*.0021,2*. 0 325, 

63, .06 25, .0534,. C54 6 ,.04 9 1,. 3 476,. 0 3 92,. 33 4 0, 
06 6, .0 0 4,.00 3,. 003, .002 5, .00 V, ,.00 13, 

*3 00 0. ,5* 7 764., 5+173 6 0.,2*2100. ,2*2 5 00., 16 0 3. , 

00., 7*2O00. ,2000., 
20. ,5*25. , 3*2. 6, 4*1 .3,6.3 4, 
000. ,8*2400. , 
7*1.,2., 
2*0. ,0.,20., 8*0., 

2=.06,SCH3=.2,AA=5.5,5. ,Tr i=.0 3 5,Tr2=.04,rC1=0, 

1 =300.,CH2 =900., XKS8= 50.  , 

ÜKiik^-iLixbi^&si 
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APPENDIX 

OUTPUT DATA  FOR CADAVER #2413   HYPEREXTENDED MODf 
FOR   INPUT  DATA  SHOWN ON P.   |82 

PLOT   DKSCR IPTIu:!   ( 
r = 0.r)PO   SEAT   LOAD = 

KNERATTON   BEGINS 
0.0   STRAP=      Ü.0   Lh?- o. o  HEA;I ANGLE= O. O K01JNT= 

MO. 
1 

i 
u 
s 
b 
7 

H 

'■) 

10 
11 
1 2 
11 
1Ü 

IS 
U, 
17 
H 
1 ) 
■)r> 

?1 
7 2 

24 

2f. 

NO. 
1 
-) 

a 

7 

1') 
n 
12 
1 ? 
la 
15 
If) 
17 
1H 
19 
?0 
21 

A XT AL 
PO^CE    (L3) 

-0.0 )m 
-0. non^ 

0.0001 

-a. 
- 0. 
-0. 
-n. 
- J. 

0. 

.)'.'> no 

00 0 0 
0J00 
oooo 
OOno 
01..) -- 
0000 

o.oono 
-) 
_ M 

-0 
-0 
- 0 

00 0 0 
00 0 0 

0000 
oon^ 
000 ) 

0.0000 

0.000 0 
0. 0 
0. 0 
0.0 

0.0 
0. 0 
0. ) 
0. 0 
0. 0 

u 
(ITS) 

■4. 21 0Ü 
4 . 7 S 1 0 
4. n B 7 
4.^702 
S.0OB1 
4.96 50 
4. 9 0 52 
4. HI 67 
4.75 61 
4.74 21 
4. 78 22 

4 . 
5. 
5. 
5. 
6. 
6. 
5. 
6. 

'■» J54 
20 71 
5097 
B183 
15 06 
4 9 38 
7 704 
9 389 

7.0 197 
7.1164 

SHEAR 
FORCE    (LB) 

0.0 
0.0000 

-0.0000 
-0.0000 
-0.0000 
-0,0000 
-0.0000 
-u.oooo 
-0.0000 
0.0000 
0.0000 

-0.0000 
-0.0000 
-0.0000 
-0.0000 
-0.0000 
-0.0000 
-0.G0Ü0 
n.o 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

UDT 
(T.N/S2C) 

0. 0 
-0.0000 

0.0000 
0.0000 
0.0000 

-0.0000 
-0.0000 
0.0000 

-0.0000 
-0.0000 
0.0000 
0.0 00 0 
0.0000 
0.0000 
0.0000 
0.0 03 0 
0.0 00 0 
0.0 
0.0 
0.0 
0.3 

MOMENT 
(TN-LB) 
-0.0 

0.0000 
-0. 0000 

0.0000 
-0.00 00 

0.0000 
-0.0000 

0.0000 
-0.0000 
-0. 000(1 
-0.0000 
-0.00 00 
-0.0000 
-0. 00 00 

0. 0000 
0. 0000 
o.ocoo 
0.0000 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 

ODDT 
(TN/SEC2) 

0.0 
O.OOro 

-0.0000 
0.00 00 
0.000" 
0.0000 
0.00 00 

-0.0000 
0.0000 

-0.00 00 
-O.oono 

0.0000 
0.00 00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0300 

-0.0 
-0.0 
- 0. 0 

-c 
-0, 
-r 

FACET 
FORCE    (LB) 

0.0 
o.ocoo 

.0000 
000 0 

. .0000 
n.o 
o.o 

•0.0 00 0 
0 
0 

.0 

. 0 

.0 
, 0 
.0 
.0 
, 0 
, 0 
.0 
0 
0 
0 

,0 

r 

0 
(1 

0, 
0 
0 
0 
0. 
0. 
0, 
n 
n . 

0 . 
0. 
0. 

0.0 
0.0 
o.o 

(TNr ) 
i, 
7, 

1 0, 
12, 
1 j 

600 0 
1615 

,8555 
.554 2 
.2526 
.9020 

15. 4 50 6 
16.897 9 
18.246? 
19.5061 
20. 6 2U 3 
21 .7317 
22.8172 
2 i.8070 
24.7045 
25 .5692 
26.4J74 
27.2453 
27 . 9 7 5 2 
2H.6677 
2 9. i634 

WOT 
(TN/SEC) 

-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.0001 
-0.00 0 1 
-0.000 1 
-0.0001 

-0.0001 
-0. 0001 
-0.333 1 
-0.0001 
-0. 0001 
-0.000 1 
-0.330 1 

rfDDT 
(IN/SEC2) 

-2.9944 
• i.O 356 
-J.03 6 0 
-3.0363 
-3.0360 
-3.0 360 
-3.0360 
-3.3360 
-3.0360 
- 3.0 3 60 
-i.0360 
-3.0360 
-3.0360 
- 3.0360 
-3.0360 
-3.0360 
-3. 0 360 
-3.0 360 
-3 .0360 
-3.0360 
- 3. 0360 

^«^.^^.■^^^^^■-■■^u-.^ ■-■■■-■■■•■ ■■ ''^tmri 
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21 /. 1730 0.0 -0.0 ?0.C61 1 -0. Ü001 -3.0360 
I \ ;.217S 0.0 -0.0 JO.7546 -0. 0001 -3.0360 

}.u. 7.2U11 0.0 -0.0 31.4540 -0. 000 1 -3.0360 

2^ 7.2U11 o.o -0.0 32.159 0 -0. 0001 -3.0360 

2h 7. 2a 11 0.0 -0.0 34.4 540 -0. 0001 -3.0360 

LTVK 0 ODT DDDT 
so. (PAD) (RAD/SEC) (RAD/SFC2) 

i -0. ITUb 0.0 O.O 

2 -0. 1047 -O.«000 -0,0 00 0 

? -0.026 2 -0.0000 -o.ooco 
u -0.062 4 -0.0000 -0.0000 

s 0.0262 0.0000 0.0 00 0 

h 0.0262 o.ooou 0.0 00 0 

7 0 . J 6 1 1 0.0000 o.ooro 
■i 

r1 . 0 h 1   1 -J.000 0 -0.000° 
•) 0.^17') -0.0000 .   0.0 00 0 

10 -■■1. )00 0 0.000 0 0.0000 

11 -0 . rM 7 i -o.oooo 0.0000 

1.^ -'i.2 J >4 -0.0000 -0.0000 

1 i -;. 2 ^67 -o.oooo -0.0 00n 

Vi -0 . 24 67 0.0000 0.0000 

1r) -ru { Hao o.oooo o.oooo 
1h -^ io66 o.oooo o.ooro 
17 -0 . i 6()S 0.0000 0.0 00^ 

v\ -0.2b1H 0.0 O.OOOO 

I'i -n . 1 ')7 1 0.0 O.G 

20 -^.122 2 Ü.0 0.0 

21 -o.o-(7 ^ 0.0 Ü.Ö 

2? -o. 0 6ini 0.0 o.o 
2 ? -"'.OS >U 0.0 

n.o 
2U 0 .0 0.0 
2S n'.0 0.0 0.0 

2h 0.0 0 , c 0.0 
T = ').( VIS   ST'AT   LÜA ; 60.U    ST lk?-=      0.0   I, M' • 0.0    UFA I) A nr .LE--0. OOO   KOONT 

LINK \xr -M SHEAR MOMENT FACFT 
NO. ^O'^CF     (LO) i'URCR    (LP) (IN- l?) '•of-cr   (LB) 

1 - n').   i'j <H 0.0 -0.0 n .0 
T -a. ,)2ü') 0.3700 o. O'Ha -1 .4372 

1 - 2 • 6 -(O'j 0.03/S -0. 0631 -n . H 3>i 4 
'1 - 1. 1 I'M -0.0671 -0.0076 -(■ . 36H4 
I, -0. <>-iOU -0.034 0 -0.01 30 -0 . 2 257 
h -0. UJS6 -0.0U13 0.00 12 _ r. .117 1 
1 -0. 2406 -0.0 24 8 -0.0058 -C .0354 
■\ -0.1221 -0.0 17 3 0. 000 < -p .0157 
') -0. 06J1 -0.0087 O.OOO J _(' . 0 06 4 

10 - '\ 0 ? 50 -0.0027 0.00 08 -o .0022 

11 -0.Ü0H1 -0.0012 -0. 0006 _ 1 .0004 

12 -0.0^27 -o.oooa -0.0OC2 -0 .0003 
1 5 -0. oooy -0.0001 -0.0001 -0 .000 1 
1U -o.ooo a -I.0000 -0.0000 -0 .0000 
IS -0. 000 1 -0.0000 -0.00 00 -(' .0000 

16 -o. oooo -0.0000 -0. ooco -0 .00^0 

17 -0. 0000 -o.ooon -0. 0000 -0 .0000 
1'i -0. 0000 -0.0000 -0.0000 -0 .0000 
1f( -0. 0000 0.0000 0.00 00 0 .0000 

20 -0.0000 0.0000 0.0000 Ü .0000 

21 0.G0 00 o.oooo 0.0000 0 .0000 

2;) -0. 00 0 0 o.ooco -0.0000 -{) .0000 

-) t 

m^^t^jj^M^jMUjiiiiaiaiU^^ ^■^■^■-'■■"'fii'ruivrl-ritri'ffll J^■t^■:■ 



KJJ^l!ll|«Piflfi!WP>W^*»>™iww«W^ '5W»^WWa^^lW^»WWJWr!^BI5n?»!T»«!H^S!W^ 

„' ; -D.O'KV) Q I.ÜQ00 -0. 0000 -0.000 0 
24 -0. OJOO c ).0000 -0.0003 -0.0000 
2S -0. 000) ■" ^ 1.0000 0.0000 -c.oooo 
26 0.0000 0 '.0000 -0.0000 -0.0000 

LFNK (1 UDT UDDT w WDT WDDT 
NO. (INT) (IN /SEC) (IN/SRC2) (TNS) (IN/SEC) (IN/SEC2) 

1 a. 20 00 0.0 O.i 3.5 995 -0. 18 12 -9. 8 3 74 
2 U.7819 0.0032 -0. 9588 7.1606 -0.4096 -81.6862 
1 U. 9087 0.0139 9.307h 8. 8 54 4 -0.5508 - 141.7276 

a U.9 7Ü2 0.01 15 1 0.554^- 10.5511 -0.62 96 -187.62 44 s '1.0 0H2 0.009 4 8. 549 1 12.2514 -0.6823 -224.7842 
6 a. obso 0.004 1 5.  19 7" 1 1. 900^ -0.7162 -2 5 j. 5 16 3 
7 ■'4.   tO ^2 0.0 01 8 2.6653 15. 4 4() 4 -0. 7 379 ~2 75.552,4 
Q u.'Mb? 0.0007 1.14 02 16.8967 -0.7497 -2 89. 72 3 9 
i 4. /Sbl 0.0 00 2 0. 4115 1 H.2 45 0 -0./55D -2)7. 77 19 n a. 7U21 o.oooi 0.  14 1/ IM. 504 t -0.7578 -13 1. 29 58 

11 4. 7ri 22 0.0 001 0.1092 20.6 2 '1 1 -0. 7586 -3 32. 7 54'4 
12 a.-i Wi 0.000 0 0.0585 21 .7 305 -0. 7589 - 303.3195 
1 ] S.2 0 71 0.0000 0.01 9 2 22.8160 -0.7590 - 33 3. 5 30 1 
■[ii 'S. S097 o.ooco 0.0069 2 3. dOc>-/ -0.7590 -30 1.5808 
IS 'J. H 1H i 0.0000 0.002 1 24.7 0 3 1 -0.7590 -3 33.5 95 0 
1 f) h. I^OT J. 0000 0.000^ 25 .5679 -3. 7590 -301.5987 
1 7 o.U9 ]H 0.0 00 0 0.00 0 1 26.4 U 1 -0.7593 - 33 3. 5 996 n 6. 7 7 oa 0.000 0 0. 0 3 n r. 2 7.2440 -0.7590 -33 1.5998 
19 6. »  189 -c.oooo 0.OOOr 27-9 7 39 -0. 7590 -303.5999 
2 0 7.0197 -0.3000 -c.oooo 28.6665 -0. 7590 -301.5999 
21 7. 11614 -0.0000 -0.00 00 29. 162 1 -0.7590 -303.5999 
22 7.17 3C -0.0000 -0. 00n0 3 0.05'tH -0.7590 - 33 3. 59 9 9 
2J 7. 2 1 7S -0.0000 -O.OuOc iO. 7 58 4 -0.7590 - 103.5999 
2U 7.2411 -0.0000 -0.0000 1 1. 4 57 7 -0. 7590 -303.5999 
2') 7.24 n -0.0000 O.OCo;; 32.157 7 -O.7590 - 101.5999 
2b 7.2411 o.onoo - 0.oooo 34.4577 -0.7590 - 30 3. 599 9 

i. r N K 0 GOT onn? 
NO. (MD) (RAD/SEC) (FAn/3EC2) 

1 -i. 1 74u) Ü .0 o.O 
2 -0.1 04 / -0 . 0 1 b 6 - 10.9579 
3 -0 .'C 2(>2 -0 .0062 -5.436/ 
'4 -^.0^24 -0 .0041 -2.8704 
s 0.02 -> 2 -0 .0010 -0.6882 
'■) 0.02b2 -0 .0016 -1.7 47 1 
7 0,0 b 11 0. .0001 0.2 85 6 
■i 0 . f1 h 1 1 0, .0000 0.0 72 1 
4 o.or/'j -0 .0000 -0.0116 

1,) -0.0 00 0 -0. .0001 -0.2 36 8 
1 1 -0.0 87 i -0. .0000 -0.0968 
12 -0.2 (m -0. .0000 -0.0334 
1 < -0.2 467 -0. .0000 -0.0 08 8 
in -o. 29 6 7 -0 .0000 -0.0 02 2 
1 r) -0,18-4 0 -T. 0 3 3 0 -0.0 002 
lb -O.ibbS -0. ,0000 -0.0003 
17 -0.160 5 0. ,0000 0.0000 
1R -1 . 26 1H 0. ,0000 -0.0000 
19 -^.1 5 7 1 0. 0000 -O.COOO 
2 0 -J.I 222 -o. ,0330 -0.0000 
2 1 -0.08 71 -Ü. oooo -0.0 00 0 
2 2 -0. Ob 98 -0. ,000 0 -0.0000 
2 i -'^.0 42 4 -0. ,0030 -0.000 0 
24 -0.00. ■ 0 -0. 0 30 0 -0.0000 

Bfeuii^^t.türi^J^^Eirü ̂ -^■■- ■■....:.^:.^^..^:^r^.^:;.MAi*.^'i>^i*^*-^'' fc:^f.7-.^V'.^TJ.>t-;-.,i 
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2S -o.oooo 0.0000 -0.Ü00O 
?.h -0.0OJÜ -O.OOüO 0.0 00 0 

T = n. "110    S7AT    LOAD =■•   158.7   STRAP=      0.0    L/ ?--        CO   HP AD   ANoLE=   0 .0 00   KOUNT 

LINK A XI AL SMEAR MOMENT FACET 
NO. ?WCV.     (LI) ?oncE   (LB) {IN- LM FnpcE    (LB) 

1 - ISrt. ftf.HS 0.0 -0.0 ".0 
2 -2 1 . 2 1 h < ^ . ^ 1 50 1.1665 -7 .6494 

» -IS. 1601 :>. 2270 - 0. 4590 -6.6071 
4 - 10. 2f>SS -0.3 73 8 -0. 39 8 1 -4.7633 
s - M. ()h28 -0.2655 -0.26 91 - 5.9 02 6 
h -7.4140 -3.6226 0.156S -2 .•47 3 
7 -f..7}2H -0.53 3 1 -0. 28 69 -1 .504 7 

S - s. uhoo -0.699 0 0.0787 - 1. 0 2 1 c; 
0 - a. J2 31 -0.5801 0.1613 -0. /5;3 1 

1 0 -2.9jon -I. 3777 0. 3 0 71 -0.4522 
11 -1. H 7 n -0.28 5 7 -0. 078S -0.3294 
1.! -1.2 OSS -0.160 8 -0. 099S -n.2n2 
1 * -Ü. tK) 2 i -Ü.0721 -0.07 02 - 0 . 13 5 4 
1 a -0.h4 / \ -0.0 39 6 -0. 0389 - 0 .04 9 7 
is -0.  iiOl -0.036 3 -0. 0 197 - 0. C2 4 7 
ih -0.  1f>7 5 -0.0085 -0. 00 48 -0.0111 
1/ -0. 0 7 64 -0.0057 -0.0009 -0.0046 
1 H -0. 02-»o -3.0022 -0. C0C5 -0.0018 
r» -0.002) -0.0005 0. 00 04 -0.0007 
2^ -0.0012 -o.oooa -0. 0000 -0.0004 
21 -0.0 0 0 h -0.0003 -0.0001 -0.0002 
2 2 -0.00 0 2 -0.0001 -0.00 00 -0.000 1 

2 3 -0. OO-'M -0.0000 -0.00 00 -0.000 0 
2u -0.0000 -0.0000 -0.0000 -o.cooo 
2S -Ü. 0 0 00 -0.0000 -0.00 00 -CO 000 
2h -0. Ü0O0 -0.0000 -0.0000 -0.0000 

LTNK u ÜDT UHDT W WDT WDDT 
NO. (1^:5) (IN/3EC) (INV.SRC2) (INS) (EN/SEC) (IN/SEC2) 

1 a. 20 00 0.0 0.0 5.59H6 -0. 1761 -2.4774 
2 4.7-311 -0.00 5 6 3.24 2H 7.157 9 -0.6416 - 35.5436 

1 4. 4 0^)0 0.089P 18.9 j7 2 d.8 50 3 -1 .0183 -70.7552 
4 4.  ) 7U h 0 .1 46 9 5 7.5 9 f, 9 10. 5480 -1. 3283 -107.8425 
r) '>.  '»OB-) 0. 1410 4 2. 92 2 3 12.2454 - 1. 6148 -14H.4792 
i) 4.06S2 0. 10^6 .3b, 862S 13.8 941 -1.887 2 - 11 S. 8 347 
7 4. 90 b 3 0.0772 26. 4 3 47 15.4421 -2.1610 -255.4673 
M 4. H 1 6H 0.0396 12.64 3M 16.8 88 8 -2. 4 06 8 -320.1218 
q a. 7 S 6 1 0.0 175 4.44 5M 1* .2 36 7 - 2. 6117 -3 85.52 51 

1 o 4. 7421 0.0 104 3.   169 9 19.4963 -2.7b 39 - 446. 2326 
11 4. 7b22 0.0150 7 .  147 3 20. 6144 -2 .86 97 -49 7. 1 33 8 
12 4. 91^4 0.015 0 9.06 98 21.7217 -2.94 36 -539. 3882 

1 1 S. 2T7 1 0.0092 6.7605 2 2.8071 -2. Q959 -5 74.07 3 9 
1 u S.S0 97 0.0OS 8 6. 00 6 0 2 3 .7 96 9 -3.0 156 - 558. 4894 
is S. HI 8 3 0.004 1 4 . 10 2 2 24. 6944 -3 .02 62 -59 7. 2217 
If-. h.   IbOh 0.0021 2.3 3 75 25. 5 59 1 -3. 031 5 -6 02.107 9 
17 h.4 HH 0. 0 0 1 Ü 1.2229 2 6.4 27 3 - 3. 0 3 39 - 604.62 39 
1 ■! h.77U'4 0.0 00 5 0. 67 70 27.2352 -3.0 34 9 -60 5. 70 9 2 
10 (). ) 3 89 0.0002 0. 29 5M 27.«esc -3 .0 355 -606. 4221 
2n 7.0 397 0.0001 0.1531 28.6576 -3. 0357 -6 06.8 035 
2 1 7. 11f)U 0.0OO 1 C.C897 2 9.5533 - 3.0 3 59 -606.9965 
2 2 /. 1 7 3 0 0.0 00 0 0.0470 3 0.0510 -3.0 359 -60 7.  10 o2 
2 5 7. 21 7S G.ooon 0.0263 50. 7495 -3 .0360 -(.07.  1552 
2'4 /. 2411 0.0 00 0 Ü. 0 1 ?ß 31. 4489 -3.0360 -607. 1805 
2S /. 2 U 11 0.0000 0.0020 32. 14H9 - 3.0 3 60 -607.1966 

.,..^.^,^,^v.^..^a^2^ -^a^aAWa^^i^^^^^^ 
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.'. r'l /. j 4 n 0.0001 1               O.OOOri :            34.4489 

LTNK 0 ODT ODDT 
NO. (RAD) (RAD/SEC) (RAD/SEC2) 

1 -3. I/Ub 0.0 0.0 
1 -0. 1OS0 -0.0784 -7,25b3 
1 -0.0 2^3 -0.0595 -10.9915 
'4 -0.0S24 -0.Ü2Ü7 -4.8 38 2 
S 0 .0 2o 2 o.ooa9 2.590^ 
6 n.0 2f) i -U.0085 2.988H 
/ 0 ,., 0 h 1 1 0,019 6 9.3183 

d n .üüii 0.0102 5.947 1 
T 0 . J 17 S -0.0006 -0.291 \ 

10 -0.0000 -O.019O -8.8938 
11 -Ü.0d7 J -0.0165 - 10.0114 
M -n. ^O'ib -0.0106 -7.612" 
11 -^.24^7 -0.0057 -4,874 0 
1U -0.2 46 7 -0.00 2«! -2.262b 
IS -0,IHUO -0.0006 -0.6 9 34 
If) -0.Jbob -0.0001 -0.1262 
17 -n. JhGt) O.ÜOOO 0.0124 
in - 0 .2 h 1 H 0.0001 0.0 75 3 
IS -0.1S71 -Üu0001 -0.08 20 
^n -0.1222 -0.0001 -0.0824 
21 -O.OH/J -0.0000 -0.0555 
TT -0.0b98 -o.oooo -0.0 3 40 
2 i - 0 . 0 '■) 2 a -o.ooou -0.016 7 
2U -0.0 000 -0.0000 -0.0C62 
2S -0.0 0 o o -0.0000 -O.0011 
2fS 0.0 000 o.ooon 0.000 0 

I'S  .SICA"P   r.Cftn •=   256.2   STPAP=     0.0   T.AP=        0.0   MK 

LIVK A XT AL S H EA R MO,IF NT FACFT NO. FORCS    (LB) FORCE   (LH) (IN- LH ) FOPCR    (LP) 
1 - 2^6. 152H 0.0 -0.0 

2 -i a. j t,24 2.0937 3.0077 - 16.8 47 8 
j -3S. 11b4 0.9415 -0. 6987 -16.0900 

a -2 7. JU2l> -0. 3632 -1.22 66 -1.3.7035 
s -2 a. si V) -0.1494 - 1. 12 8 5 -12.4644 
f) -2 5. a 140 -1 .4688 0.2362 -10.2284 
7 -2 4.   Ir)7 ) -1.4764 -1.3147 -6.1495 H -22.4S61 -2.b629 0.44 4 2 -4 .7036 
'i -2 0. JObl -2.5013 1. 80 62 -4.0402 

10 - 1 7. 28HI -1.8758 2.4448 - 3. 173 \ 
11 -14. 16 J 1 -1.700U 0.5857 -2.8 39 8 
12 -1 LdTib -1.024R -0.23 9-. -2.4601 
1 1 -10. 00 10 -0.3 36 4 -0. 517b -^.1026 tu -4. 6öSb -0.0036 -0.9336 -1.0206 
1c) - 7. n x JO -0.4185 -0.657y -0.7118 
IfS -4.8212 -0.1227 -0. 3571 -0 .4694 
17 - \. 04 b? -0.2 07b -0.  146b - 0.2737 

1H -  1. b-i b j -0.1360 -0.0710 -0. 138 0 
1 4 -0.24 24 -0.0580 0. C31 3 -0.1100 
20 -0.1b63 -0.0544 0.0060 -0.076 0 
21 -0. 10b4 -0.0441 -0.0034 -0.0486 
22 -0. 0r)63 -0.0287 -0.005b -0.0343 
2 ) -0.0265 -0.0158 -0.007H -C.0228 
2 4 -0. 0166 -0.0108 -0.0057 -0.0157 
2S -0.01J? -0.0092 -0.0019 -0.0111 
2h -0. 0 211 -0.0143 -0.0005 -0.0015 

3.0 360 607. 1988 

AD    A N3LF=   0.0 00   ^ Ü UN T=   5J 

....,.-. ..^-ilu-.-.-.i.—u--^-   ■" ...:.^- --■-■^-'-■■■^■^^-•'/■--.A^^^-i^--'».'.^^.»...^--.-^^.»,..... -.BM-^a^amnnW-Uafe-i^ ■-- ..i~. .■-.—^.J.~,.^., - „.-, - 
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ise 
L fVK 

NO. 
1 

ij 
(IN:^) 

4.2 0 00 

ODr 
(IN/.S EC) 

ilDDT 
(IN/5LC2) 

W 
(INS) 

WPT 
(IN /S EC) 

wror 
(IN/S£r2) 

1 U.U 0.0 3. 5 97" -0.2032 - 5 . 7 34 2 
^. 7^ 20 0.02^7 2.9705 7. 1541 -0.873 5 -55.04 92 i u.ooqfi 0. 1771 12.B2l'n 

H.l3 44 2 -1. 4 50 5 - 100.8174 4 4. :) 7 17 0.2 9a 0 17.1571 10.53'1P - 1. 9 60 1 -146. 83 75 

h 

/ 

b . 0 ■.; 97 0. 3 3b J 23. 2673 12.2354 - 2. 4 43 2 - 190. 7 900 
4. c)6 62 0.301 1 26. 22 50 13.8822 -2.9152 -2 3 3.6778 
4. in bl 0,2 OH 9 19.11 OS 15. 4 28 1 -3. 4 4VJ3 -2R3 .9289 
4.m7 1 :.072S -1.11 7." 16 .872^ - 3. 9 MO 2 - 3 39.2724 

t  i 

4. /Sb2 -0.3 IS ^ - 20. 29 4 4 18.2190 -4.4^9* - 39 9.  2 510 
4, 74 21 -0.01*15 - n. ^ 39 4 19.477f -4 .9830 -46J.  3 2 11 11 

4 i 

4. 7 J 2 i -0.0147 -32.9nh , 20.59 37 -5. 4234 -53 3.7131 i j 
i j 

4 . 'MST 3.0 27 7 -2 O.UHHf> 21 .6999 - 5. 8 30 8 - 6 39. 9t)7 3 1 < S.2 0 /2 1. 3 5-3 > 1. ns'u, 22 .7844 -6. 213 d -6^1. 1235 

T. 
S. SO 1'^ 0.0^90 27. 22'. ' 2 3.77)7 -6.3 92 2 -7 3 5. 6 4 36 
S. MI Hü 0.1 02 0 3 9. 14 4 < 24.6 70 4 -6.527 7 -7 74. 1H 3 3 
'>. i^u / O.ÜHbÜ 

0.3 67 4 
4 1 .04.1,, 

17.5)44 
25.5 35 4 

2 6 .4 0 3 5 
-6. 62 3 0 

-6.68 37 
-805. 3b'11 

-82b. 75 79 i ■■ S.7 7 )4 0.0c)2g U.   7 1 M  ' 27.211 i -6.7 155 -839.2273 1 - 

20 
h. TlH') 0.031 7 2 1. 6'19f-1 27.9411 -6.75 35 -859.084 3 
7. '' r-Jri 0.02^6 14.95 n 2H . 6 1 j h. -6. 7804 -874 . 68*^5 11 7. 1 164 U.O 148 1 1. 149» ^"<. )2'l 1 -6. 7977 -885.57 ?7 
7 . 1 7 < 0 0.0 106 H. 44 SI 30.0z:o" -6.8102 -"9 i. 9 357 ^ l /. 21 /S 0.007 4 6. 04 !H 3( . 7 2Sk 

-6.H1H5 -930. 1527 ^ -i /.2 4  11 3.0041 } . 4 u 4 M 31 .4249 -6.8 24 5 -905.3b73 2S 7.2411 0.3 3 10 0. 91 f»1 32.124 8 -6.8296 -9 )lJ. 4 1 59 
..' 'i /. 2 U 11 0.0 00 6 0.60 0 2 34.424H -6.8 302 -90 9. 9 4 91 

LTN'' 0 OUT 0 DDT 
NO. (R AO) (PAD/SEC) (PAD/S EC2) 

1 -0 . 174') 0 .0 0.0 
■) -0 .1 nr,4 -J . 1030 - 7. 17 04 
i -n .n >hi -0 .0897 - 1. 277-' 

n -M . 0 S2f. -n .0S22 -4.3 664 
•-, '.) .0 2..2 0 .0ÜU7 -2.520.' 
i. o . n 2 f. 1 0 .0064 -') .5H )M 
i "> . j h 1 4 'J .ÜH47 i2.i j';-) 
< 0 

0 
.''..1 ! 

.0 1 /') 
J 

0 
. Ob n 
.0119 

14.051 f. 

».1121. 
T- - n .''•■)•. 2 -0 .0498 -'. OSHS 
1 1 -'. .OH? S -0 .0b76 ~ 12.2UC 1 
12 -') .2')" 7 -J. .1020 - 2 7.4 4 r.:, 

1 \ -n .2 /H') -0, . f. 9 7 9 - 35.2 3^6 u - "> . '^')H -0, .0620 -27.2707 
1^ _n _ .   i -14') -Ü, .0325 - 1 7 . 5 3 1 •! 
i^ _.i _ . JonS -0, .0127 -".5 57 0 
i / -■1 , . 5f)6S -0. ,002<:t -2.7734 
i ■■■ _ n . 2 '■■ 1 H Ü. .3023 0.5H5 6 
11 -0, 1 b71 -0. .0038 - 1 .59 9 9 
>'•, -0 . 122 2 -0, .0054 -2.63 32 
2 1 -'). ,')d7 1 -0. ,0050 -2 .7469 
)' _;■» # , 01 > 9 H -Ü. ,0038 -2.2 004 
7 * -'], 0,D24 -0. ,0019 - 1 . 0 1 fi 4 
.'U -0. 'JUOO -c. 0005 -0.1297 
'S -o. 0 00 0 -o. 0001 -0.0455 

2f '1. ooon 0. 0000 0.0149 
T = r. -1. )n      rj RAT    LOAD^ 368.J   ST?AP=      0.0    LAP- 0. 0   [IKAO AN;],F = -O. 3 00   iU)I(Nr = 

L r 'I •■ ft x r A L SHEAR               ■10 IK NT                   FA GET 

-■'•--"■■i---iir-r-iriii[ririnT''ti^'iiiiillifllffiWlMl»Ta^^ 
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HO. 

1 

< 
u 

S 

•i 

7 
P 

'i 

1 ^ 

1 1 

1J 

1 i 
1(4 

1 s 
v. 

1' 
1r| 

1 i 
i'\ 

M 
!U 

> (, 

L r N H 
VJ0. 

1 
) 

> 

u 
s 
h 

7 

■i 

') 
i n 

1 l 

l.,' 

l \ 

i'i 

IS 
Ir, 

1 / 

T-' 
1   ) 

A'} 

M 

?:> 

> i 

.") 
>t. 

.: v< 

i 

•12 . 
•2 6. 

1 -). 
14. 

-M. 

- 1. 

- j . 

-0. 

••")r?CK    (Lrt) 
• ISH.   ^ 31 

-7-i. 7/Sf. 

-r'j, -nis 

-SO. 127 i 
-an. 7 I'-n 

-S2. < 'h ) 

-SI. 7f,S1 

-UM. ) 7S 2 

-U4 . OH U 

- 1 ^ o 2 2 -. 

- ib.  -^'3 7 M 

- J 2. SO Sh 

4 7'4^ 

1411 
)h] ) 

2 IS! 
lj / M w 

2.02 i 1 
■ 1.b2 2M 

JU  jo 

»264 

S'.2/ 
D. a < 4 r) 

').  4(' TJ 

0 . •■) (>J ti 

I 

{I NS) 

4. 2)0': 

4. /-I 21 

4. n Oh 

L*. ■ i / n 
■->.fn is 
4 . 4h 7'1 

4. '^72 
4. H]7 ] 

4 . 7 S S 7 

4. /UM 

4.   /Ml S 

4. J i51 

s . 2 0 7 1 
s.S 1 06 

5. H 1 K-. 

1h Tt 

4* SI 

7 7 IS 

i » 97 
7. 0 4 04 

/ . 1 1 Mfi 

/. 1 /14 

7.2 17H 

7. 2'1 12 
7, 24 11 

7.24 11 

6, 

6. 

6. 

6, 

KOPC?; 
o.o 
3.HUB 

2. 1ÜS8 
-o.mi i 

0.1807 

-2.5249 

-2.6 19 3 

-S.2 956 
-S.Sb23 
-4. 350 3 

-4.2b4'4 

-2 .H05 

0.1727 

1. 7 1 49 

-0.24 0 7 

0.1 742 

- ).H077 

-''    -37«^ 

SO 3 7 

.S1S6 
45c30 

341 4 

2179 

177^ 

17^H 

(LH) 

-J 

-0 

-0 

-0. 
-o , 

-0, 

0 

(RAJ) 

-0.1/US 

-o. nsi 

UDT 
(IN/SEC) 

0.0 
C.Ü130 

0.2114 

c.' u n 2 
).   i69 9 
u. J ISM 

0.2040 

-0.0162 

-3. 2 22Ü 
-0.3552 

-• 0.3 6 Q1 

-0.2692 
-0.0 76 \ 

0. 1795 
C . j 5 J 4 

0 . 4 4 H « 

0.4P56 

0. 4*331 

0. 3 H 4 2 
0.J006 

0.2 37T 

0.1849 

0. 1307 

0.0 75 4 

0.0279 

0.0 24 7 

ODT 
(RAD/SEC) 

0.0 

(TN-Lri) 
-0.0 

S. 52 3 9 

-1 . 20(3 5 
-2. 1014 

-2. 2H6Ü 

0.2210 

- 3.  4S7H 

5244 

46 0Ü 
52 94 

, 72 2/ 

30 0 S 

,1 793 

.16 9 0 

4106 

9 300 

95 n 

22 lrt 

05 21 

0.0 3 2^ 

0.01 u 

0. Ü44 f 

0. Oh OS 

0 3H J 
Ou 0 i 

00 76 

0. 

4 . 

h. 

4. 

3. 

1 . 

- U 

- 3. 
_ > * • 

-1 . 

-1. 

0. 

■o. 

0, 

•o. 

{TU/SEC./) 

0.0 

- 2. 1 J 7 < 
2. 0 »'< u 

3.24 3 . 
- UÖ42S 

- 1 2.  HM7f. 

- 2 3. 6440 

-4 5. H1 -3 2 

-73.3m 
-OH. 1,; r- 

- 1) /.  1 20 7 

-13.7)94 

-S5.44 2 5 
- 0.   13 3 7 

S 4.   1 4 46 
9 4. 5^0 ..• 

IM. 92 42 

14 b. o i'i't 

Ufa.62 17 
116. /f,Sf, 

95.6 9 7f> 

/ 4. 3 < 2 4 
51. 1796 

29. 34H9 

1 3.05 0 3 

13.22 v; 

OODT 

(PMVSEC2) 

o.o 

por-cE 
o.o 

-30.1014 

- Hi. 2 87 7 

-27.2247 
-25. 7949 

-22.2436 

-14.1G55 
- 11. 332 4 

- 1C . 1 27 4 

-0.6972 

(LB) 

-6 

- 7. 

-/, 

-3 
- 1 

, 0366 

4792 

1269 

H360 

1732 

-2. ^2 32 
- 1. /2M 5 

.0224 

3 2 P M 

042 7 

7 07 8 

h324 

55 01 
464 7 

3818 

0 50 2 

- 1 

-1 
- 1 
-o , 
_ n 

-r, 
-r, 
-o. 
-c. 

(i 'JS) 

i .5 %h 

7 .1 490 
h. (1 3 5 6 

10 . S 2M 1 
12.2 206 

1 3 .464 4 
15.4070 

If'. 8 4f3 j 

1H.19 1 1 

1 (). 4 4 5 9 
2 0. SSCf, 

2 1. 6 (;2H 

2 2 . 7 4 .'J 4 

2 3 .7322 
24. ^2lM 

25. 4 9 V) 

26.3 59 4 

2 7.160 9 
2 7.,-3 96 1 

28. 5 88 2 
29. 28 15 
2 9.9809 

30.6 792 

31. 3/8 3 

3 2.0 78 1 

3 4.3 78 1 

■or 
! VJ/S PC) 

-O.  2 325 
- 1. 1743 

-2 .0066 

-2. 7 7J2 

- 3. 5 110 

-4. 2514 

-5.07 92 
-5. 91 82 

-6. 7 5 36 

.55 23 

. 3 2 08 

.0725 
H 168 

2 157 

-7 . 

-8 , 

- 9. 

- ». 

•10. 

-1O.S45h 

-10.80 4 3 
- 10. 9 84 1 

-11.0913 

-11.2986 
- 1 1 . 4 K 1 H 

-11. 62 5b 

- 11. 7497 
-11.8670 

-11.9777 

-12. 0848 

-12.0969 

4D 

( IV/.-i 

-t, 

-66 

- 12 3 

-1 30 
-2 3 7 

- 29 5, 

- 361 

-4 2o 
-491 , 

-r53. 

-'> 14 . 

-6 75. 

-fin. 

-779. 
-8 IS. 

-849. 

-873. 

-S »0. 

-^•33. 

-976. 
•1014. 

10 50. 

1092. 

1136. 

113 0. 

1185. 

or 
r/:2) 
. 3 6 4 7 

.  4 69 1 

. i 7 5 S 

.4 6 88 

. 0 65 8 

.  3914 

. 2 4 6 9 

.1704 

.4 874 

.  6431 

. «7 24 

. 3 3 ) 2 

. 3 854 
o 9 6 9 

6 1 »6 

12)4 

H3 06 
6b01 

1855 

)79 7 

02 J4 

7753 

7176 

7 167 

3031 

•J164 

faaBU^ati^ttauiaUKMlUUi ij^a^tea^^^MM^^BMiteMMiMaMfelUriiHiiHUAaMli^ukättMaiittiaiiaiaMiiiiH^Mt^AMiiiäH 
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) 
-"■.1  )f. 1 
-'). ) 2/2 

-0.14 10 

-Ü.10b6 
- 4 . S 1 7 S 
-2.9670 

'4 

S 
-').0S4 8 1 .1 9V) 

4. ri 9 b 2 
') 0.)2h2 0.0Ü2 0 2.6 34 2 
; ). J ^ 1 ) 0.1326 1 3 .b 3 1 8 

'1 
0. 14b7 

0 . Ü '> b Ü 
19.bC70 
18. H64 6 

1 1) - 0 . ) 0 0 u - ).ooba H.694 3 
i 1 -0. J 4M 1 -0.1327 -11.4028 
w -i;.2 IP-. -0.2b9 2 -3b.301b 
1 t -■, .2 47'* -0.3 37^ -56.4 387 
Mi - ).2476 -0 .2^80 -h 3.7421 
T. -■., . MUt^ -'^.2247 -59.7516 
If, -n. |(,t,H -0. 1414 -47.2b 8 0 
1 / -n.thh7 - J . Ü 7 2 b - 31 .bbb4 
IH -1.2 •Sid -0.02J 3 -1/.182 2 
1') - 1. I S7 1 -n.öOH2 -0.290 4 
.'>) -0. 1222 - ). Ü 0 4 h « .062 7 
.' 1 -'■.)</ 1 -0.000 7 12.74 b 7 
j ; -" .   Ui  M 0.00 56 lb.032C 
^ 1 0 . Ü 1 3 2 

0.012 4 

1 3.7 9b 1 

8.0836 
2') - '.oonn - J . C 0 1 5 -0.8869 
'h -,/. »0Pn -0 .000 4 -o.bb7 8 

^ S-.A r  L:)A^ ^   4 9M.0   ST1AP=      0.2    1 \i'-         0. 0   HF AO    AM^Lr, = - 3.000   KOUNT 

LT'.'K A x I \;. SÜEAR MOin NT FACET 
N'O. FOI'C:    (13) "ÜRCE    (Li3) (IN-LB) ■")UC.v    ( L ") 

1 -149 7. -HH 7 0.0 -0.0 o. r 
/ - 12 4.  70 2(: 

h.l'J2 1 8.4700 - 4 8.7 64 3 
t - I01). 2U2'1 i.h'iOb -1.9416 -50. 3412 
u -•n. si^2 -0. 3064 -3, 2^61 -4 b. 644 1 
'i - 1') . 4 -M h 0.b7b5 - 3. 84 34 -45.0526 
s - iS. 22 1 1 -3.49^6 0.2770 - 30.7364 
7 -'* 2.  in^ -4.13^2 -6.74.3 7 -25.8 63 0 
•f -•' 1. 4h2l. - 4 . 0 H S) 5 0.2188 -21 .3105 

1 -•(•'. 012'* -10.044 1 7. 9690 -10.1861 

10 -M2. hi •'.7 - H . 2 H d 7 13.500b - 16. 6 6 b 8 
11 -7b. 4>JS'. -d.4642 1 3.6630 - 15.2*402 
12 -70. i 4 f) 4 -4. bb2'4 12.50 42 -14.2878 
1 i -(,U . / rn 1 .^047 7. 64 Iff -14.0523 
14 - ^S.   V, 72 4.SH'JS -3.9322 - 7 . b 8 8 d 
IS - i <.   IV. U 1. b006 -6.9685 -h.7709 
u. -'il.  I-/'., 2 . 10 4 4 -8. 11 bl -5.8 88 5 
r; - 1 Ü , r. J 2 i -U.6 1H7 -7. 181 3 -4 .4662 
i-( -2^.  27 2"' -1 .b21b -5.74 98 -3.0 270 
1M -'>. 07 12 -1.2892 -1.1132 -5. 3146 
2 '1 -b.47Ml -1.4442 -0.6920 -U.b046 
>1 - b. 1') 3 2 -1 .t  )9 1 -0. 519b -3.6057 
;,;/ -u. 2 n" -1.18 7 3 -0. "3214 - 3. 1722 
2) - K OSbJ -O.dblO -0.0069 -3.1U14 
2U -2. bib') -0.7463 0. 3887 -2.4244 
;s -2. Vi 2 2 -0.8033 0.8429 -2.5P03 
26 -4, •)27h -1.4723 0. 0190 -". 3 2 29 

LIVK tl UDT ■IPDT W WDT WDDT 
NO. (i ■;.;) (IN /S EC ) (IN/SEC 2) (TNS) (IN/SEC) (TN-/SEJ2) 

1 4.;n;)n 0.0 0.0 3.59 5 3 -0.2697 -7.7229 
> 4. 7M22 0.0120 -2.0461 7.142 3 -1.5263 -68.5754 

Viiisisäa^i^S^SSXXX^liUllätiälliäSUBtSiäätlä^ ^i^iiwi^teiWittWrttt^ ^ggjgl^y ;iv'-ijiii^iifiij^gji^ii 



mp.ww^pjwiiiip»!iw^ ElWiiligSWPIIISPWPglPiiW 

b 

/ 
S 
q 

10 
11 
12 
1 1 
1U 
IS 
If) 
17 
1H 
19 
2 0 
21 
22 

2 4 
2S 
2ft 

'4 . "1 17 
U. 9750 
b.OIJ3 
4.96 92 
4. 90 77 

4 . H 1 f) 2 
4.7b32 
4.7 3 79 
4. 7781 
4.9324 
b.20 6 1 
b.SI IS 
5. H2 2Ü 
h. 1f)5S 
h.4 9 9S 
b. 77 6 3 
f). 9 4 40 
7.04 40 
7.1 1 99 
7. 1 757 
7. 2194 
7.24 21 
/.24 1S 
7. 241S 

0.2 04 7 
0.3184 
0.3069 
0. 'i66 6 

-J.0888 
•3. 4946 
■0. 8530 
-1.0629 
-1 .0562 
-0.8345 
•0. 4169 
0. 1413 
0.62R6 
1.028 3 
1. 3 349 

1 .5232 
1 . 4 55 5 
1. 300 2 
1.0972 
0.357 0 
0.5R74 
3. 3415 
0.1695 
Ü.1 91 0 

- 4. 
-12. 
-n. 
-6 2. 

■105. 
-151 . 
-181. 
• 18 5. 
•16b. 
-127. 
-7 3. 
-7. 
5 9. 

in. 
201. 
25 8. 
2H2. 
2 7 8. 
248. 
19 9. 
139. 

«4. 
48. 

(>0. 

1 nti 
9571 
50 CH 
32 6 7 
889/ 
84 7 7 
55 91 
6H97 
67 27 
4020 
5935 
8746 
99 38 
1100 
87 31 
89 6 t-. 
9024 
C68H 
6213 
9542 
54 19 
78C't 
7 4 6ft 
3234 

B.824C 
10.5 '119 
12.2000 
13.8394 
15. 3 77 0 
16.8 134 
18.1511 
19.4012 
20.5103 
2 1.6 09 1 
2 2.6862 
2 3.6715 
2 4. 5 6 55 
25. 4 27 3 
26.29 35 
27.1C02 
27.8 2 79 

2 8.5 IM 5 
2 9.2 126 
2 9.9C88 

6058 
3037 

,0022 
>C2C 

30 . 
3 1 , 
32 
34, 

-2.65B8 
-3. 7120 
-4.7237 
-5.7371 
-6.8750 
-8.0 319 
-9. 1846 

-10.2792 
-11.3295 
■12. 3651 
-13. 4123 
-14.0172 
-14.5460 
-14.9980 
- 15. 3421 
-15.5 715 
■ 16. 0082 
• lb. 4 149 
-16.7653 
-17.1087 
•17.5187 
• 17,9 619 
-18.4085 
-1 8.4 54 9 

-125. 
-178. 
-228. 
-277. 
-334. 
-395. 
-456. 
-512. 
-566. 
-621 . 
-683. 
-7 27. 
-772. 
-'320. 
-863. 
-89 7. 
-949. 
- 9 95. 
10 38. 

•1085. 
-1152. 

12 32. 
•1316. 
-13 24. 

3255 
53 96 
06 04 
4472 
8 29 3 
3 5 03 
1401 
9 64 8 
28 34 
9371 
7598 
58 3 5 
778 1 
18 52 
6 32 9 
2145 
13 36 
6361 
2985 
1449 
7161 
8446 
1495 
38 0 4 

LINK 
VO. 

1 
-> 

3 
4 
5 
ft 
7 
ii 

'} 

10 
1 1 
12 
13 
14 
15 
1ft 
17 
18 
19 
2 0 
21 
22 
2 3 
TU 

25 
26 

T^O, 

0 CDT ODDT 
(PAD) (RAD/SEC) (RAO/SFC?) 
-0.174b 0.0 0.0 
-0.1068 -0.150 1 -1.636 5 
-0.0 27 8 -0.1081 2.44 3 3 
-0.0531 -0.ü"33 7.5084 

2ft3 0.0503 15.5638 
26 3 0.0575 19.9955 
628 0.2517 30.5041 
628 0.2 59 0 '2 3.501 3 
184 0.1576 5.6032 
004 -0.0253 -17.4174 
890 -0.2481 -36.4073 
124 -0.4769 -53.6660 
004 -0.6476 -68.7228 
000 -0.6546 -77.6885 
86b -0.5946 -84.9861 
683 -0.4840 -86.0767 
676 -0.3540 -78.4367 
62 3 -0.2227 -61.8166 
572 -n.0497 -21.8007 

-0.1221 0.07 2 5 14.4399 
-".0870 0.1601 43.0025 
-0.0694 0.2035 57.4469 
-0.0 520 0-1832 51.074 7 
0.0003 0.110 1 30.0211 

-O.OOOO -0.0087 -0.7894 
-0.0000 -0.017 0 -7.8478 

■HO   DhA"   LOAD-    645.2   STRAP=      0.4   Lh»-- 

0 
0 
0 
0 
0 _ 

-Ü.J 
-0.0 
-0.2 
-0.3 
-0. 3 
-0. 3 
-0.3 
-0. i 
-0.2 
-^ 1 

0.0   H^Ai)   AN^LE=-0.000   KOUNT=   JO 

LTM; 

1 
.; 

3 

AXIAL SHFAR KO.IKNT 
•O'Hy.    (LR) FORCE    (LD) (IN-LB) 
64 5. 174 3 0.0 -0.0 

■181.6565 9.1812 11.5813 
■156. 3956 5.6668 -3. 1540 

FACET 
'•'OPCE    (LB) 

0.0 

-7 3.0 34 2 
-76.3534 

......  ,.■.-.;.... ■.■,.„. ■ ..■..■:'.',T.,..:^;.-./...-,...,V..V.; .■.-,.::,,:^:,;^;i*^^l4^-ÄJto(ii( üM&&J&z£ivi^*eims&& ^^wU^^ÄöhäÄsi. I^Uitö^^^ 
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n - nn. , 4 6 47 -0.1 956 -5. 19 4 3 - 7 1.8 7 37 
s -132 . 2U20 1. 2831 -6.1960 -70.OR 3 4 
f. -13 1 . 22 42 -5.9855 0.07 HI -62.4 31 6 
7 -ma. . ->hm -6.52a6 -10.8 3 35 - 40. 9 31 1 
i) - 14 3. , aH JS - 14.7302 0.7056 -33.7 35 2 
') -13'J, . 172'* - 16.63 16 15.4678 -30.3.395 

10 - 13 2 .12 4/ -13.BB05 25. 8 2 32 -26.3303 
11 - 12 J. , ban -14.1247 27.6 186 - 24. 0 562 
12 - IIS. , SO 12 -7.5792 26.2750 -22.7031 
n -10b. . 22af, 1.9595 18.1808 -22.6865 
m - 1 0 7. . 6a n2 9.2564 -2. 4562 -12 .02 76 
iri -H'). , idia a .3576 -9.05 IS -11.1C4S 
ih -70. S4H 1 6. 11 1 b -13.53 76 -10.1532 
17 -S3. . 47ai 1. 5B29 -14. 6872 -8.3489 
1« -.37, . 7ri04 -0.9552 - 14. 4234 -6. 3 4 96 
1') - 12. 721S -2 .072 1 -4. 48 1 ] - 13. C2 4 9 

2 0 - 11. < 30 2 -2.5976 -3 .4 06 ) - 11. 5 56 5 
21 -1 1. ,86 7 i -2. 8 32B -2. 64 3 8 -9.6491 
22 -10. ,62:3 3 -2.743 1 -1. 5044 -8 .6678 
2i -4. 27 32 -2 .2408 0. 29 0 4 -8. 9 49 6, 
2a - 7. .37 sa -2.0779 1.93 3 5 - 8 . 6 10 3 
2S -7. 302? -2. 29 4 1 3. 42 3 0 -7 .7022 
2^ -1 3. , sa 3) -4.300 3 0. 6456 -0.7146 

LINK •J UDT UDDT W WOT WDDT 
NO. (I US) (IN/SEC) (IN/SEC2) (TNS) (I fJ/SEC) (IN/SEC 2) 

1 a. 2000 0.0 0.0 3 . S 9 3 4 -0. 30 14 -4.5222 
2 a.7422 -0.0046 - 3. 9 2 60 7.1339 - 1.8029 -39.7227 
5 a. 11 26 0.1671 -14.4 0 42 8.8 04 3 -3. 1606 -71 .0424 
a a. 4 7 63 0.1B3 9 -4 8.04 1 ' 10.4914 -4.4126 -48.4 80 8 
s s. o i a i -0.0377 -11 1.56SS 12.17 J9 -5. 6261 -129.7620 
f> a.46H7 -0.4420 -14 4.0737 13.80/7 -6.8ö5n -170. .3219 
/ U. 0053 -0.95R7 -244. 306 i 15. .3 38 9 -8.2717 -220. 3725 
a a. inia -1.5637 -275.8524 16.7 64 8 -9, 7134 -2 73. 34 19 
4 4. /lib?. - 2.0 1 1 7 -27 8.54 7h 18 . 10'"'0 -11. 152 3 -326. 3274 

10 a.7294 -2.1BP6 -26 1. 50 6S 19.3439 -12.5268 - 380. 1 1 39 
11 4. 77 OS -2.0284 -22a.0336 20. 4 47 1 -13.8532 -437.0988 
12 a.»26S -1. 551 1 -16 3.0 3 68 2 1 .54 00 - 15. 1862 -501. 12 97 
1 1 S.2 0.31 -0.30 IH -8 2. 64 51 2 2.6110 -16.5741 - 57 6. 22 3 0 
1U S.S121 0.1 3B4 7.92Si 2 3.5927 -17.4265 -632.004 3 
IS S. 4^60 1 . 0 05 7 4 4.7/6 H 24. 48 3 4 - 1 8, 2 1 1 5 -6 88.4 3 96 
Ih 6 . 1 7 2S 1. 7924 177. 8212 2 5.542 3 - 18.9 317 - 74 5.60 3 7 
17 6.S0H4 2.479 4 254. 5724 2 6.2 062 -14.5214 -74 6. 2220 
V-> h. 7H7S 2 .9771 3 14. 50 4 2 2 7. C 1 1 < -14.9406 -83 4.8 4 56 
I'l 6. 4 SS2 3.044 9 3 3 7.2/68 27. 7 36 1 -20.6 8,2 5 -9 01 .18/2 
2 n /.osaa 2. 899 9 34 1 .0965 2" . 4 240 - 21. 3531 -^5 8.884 0 
21 7.12B4 2.5900 327. 1756 2 9.1 15 8 -21.9 304 - 10 0 6. 4168 
2 2 7. 14 30 2 .1 3* 1 24 4. 0 J 7 1 2 9.MC^7 -22 -5017 -1049.94 46 

2 l 7. 22as 1.557B 24 0.66 7 1 30 . 50 39 -23.2250 -11 05.4 852 
2'4 7.2as« 1.D01 4 181.5615 3 1 .1985 - 2 4. 0 4 4 8 - 1172.1 5 02 
2S 7.2413 0.5 99H 13 4. 67 78 31 . 8 93 8 -24.84 6 2 - 1245. 9 32 4 
2f. 7. 2 4 \f 0.7 3 06 16 9.76 4 3 3 4. 1 9 53 -24.983 5 -1253.598 3 

L INK ' .' ÜDT OODT 
vo. P AH ) (RAD/SEC) (RAn/SEC2) 

1 -0.174S 0.0 0.0 
/ _n    i ^ ■ i 076 -0.1577 1.5647 
i -).'.) 2H J -0.0770 13.69 12 

'4 -0.0S32 0.0557 31 .82 3 5 
s 0.026^ 0. 19 57 41.306 7 

^■^j^mmmmmi^mmmmmisäMf'm 'mm^mmmummmii 



7 
H 
9 

10 
11 
M 
1 ? 
m 
is 
ItS 
17 
1H 
VJ 
2 0 
2 1 
22 
2 J 
2U 
2r) 
2f. 

T = 0. 

-0 
-0 
-U 
-0 
-0 
-0 

n . o 6 a ^ 

0.0 19 2 
O.OOCH 
o.oycH 

2155 

10U \ 
J907 
nm 
.r/oa 

■0.2ÖÜ ? 

-n 
-o 
-n 

-0 

-0 
0 

-0 
-C 

55 

.1579 

.1217 

.0S57 

.0^77 
. o 50 a 
.0)12 
.0001 
.naoi 
SFAT   LOAO = 

Ü.2003 
0.3972 
0.3371 
0. 1478 

■0. 1500 
-0.4823 
-0.8028 
•1.0495 
-1 .0980 
-1 .0684 
-0.9558 
■0.7828 
-0.568H 
-0.2204 
0.0729 
0.3 120 
0.4554 
0.4369 
0.2749 

-0.0088 
•0.0912 
8 02.2   3TR 

36 
26 

4 
-10 
-30 
-54 
-76 
-95 

-102 
-104 

-98 
-85 
-68 
-39 
-12 

14 
3 5 
41 
2H 
-2 

-21 
AP = 

.4670 

.6775 

.6550 

.6845 

.0536 

.0811 

.929^ 

.1 112 

.5937 

.3770 
.3337 
.6975 
.431 R 
.7 830 
.181 \ 
.501 1 
.7H7 ) 
.3529 
.29Uh 
.8989 
.97U5 
o.s  L; 0.0   HEAO    Mr,LE = -0.001    KOUNT=   '^ 

LINK 
NO, 

1 
2 
) 
4 
5 
h 
/ 
^ 
) 

1n 

11 
12 
1 \ 
14 
15 
16 
17 
IM 
19 
2 0 
21 
2 I 
2 \ 
2 4 
25 

A X 
"ORC 
-80 2 
-24 4 
-211 
-192 
- 1H4 
- 18 4 
-2^5 
-20 5 
- 190 
- 19 1 
- 1=1 1 
-170 
- 15 7, 
- 16 0 
-IM 
-108 

-8 4, 
-h 1, 

-2 2 
-2 1 
-2 1, 
- 19, 
-1 5 
-14 
-1 4 
- 2 /, 

IAL 
F (L^) 
. 21 9b 
. H 142 

16 0 4 
14 77 
1474 
69 21 

.2713 

. 349 3 
. ^»032 
. 59 4 9 
.00 33 
. 3479 
. 4 3 99 
. 5263 
.317 4 
. 396'! 
. 370 3 
. 39 30 
.253 3 
. 2046 
. 50 3 9 
. 3 266 
. 7734 
. 27 3 9 
. 3 3 OR 
.   39 24 

SHEAR 
FORCE    (LB) 

0.0 
12.5948 

•3.0 57 8 
J.055 3 
1 .6749 

-d.8508 
- 10.0001 
- 22. 360 9 
-24 .9277 
-20.8167 
- 21.0496 
- 11. 106 5 

3 .5471 
15.2530 
8.8 19 6- 

12.2309 
5.3539 
0.4 98 5 

- 3. 151 1 
-4.2262 
-a .9070 
-5.1541 
-4. 49 3 5 
-4 .2887 
-4.7 9 10 

-11.4669 

FOMENT 
(IN-LB) 
-0.0 
14 .2723 
-5.6260 
-8.6316 
-9. 343^) 

0. 34 08 
-14. 1051 

3.37 8 7 
26.98 49 
4 3. 10 33 
47.4506 
4 5. 83 98 
3 3. 3409 

0.78 65 
-1 0.906 7 
-20. 6 29 3 
-25.43U1 
-2 7.45 92 
-9.6 3 89 
-7.7524 
-6. 2499 
-3.77 80 

0. 4224 
4.   3117 
7.7694 
2.2179 

FACET 
POPCF    (LB) 

0.0 
249 5 
007 1 
8446 
3886 
4564 
8697 
4 136 
175 5 
5 3 7 9 

-10 1. 
-107. 
-101 . 
-99. 
-98. 
-57. 
-47. 
-43. 
- 37. 
-34.2958 
-32.6140 
- 33. 0gP4 
- 17. 3 327 
-16.51^7 
-15.731 6 
- 1 3. f:974 
- 1 1. 160 6 
-2 4 .6 97 3 
-22.32 4 8 
- Id. ^670 
-17. 10 7 H 
-1 7 
-17, 
-15 
-0. 

H 1 6 0 
2 4 3 0 
4 1 " 7 
9 1 6 6 

LTNK 
m. 

1 
2 

1 
u 
5 
6 

(IMH) 
4.2 0 00 
4 . 7 •< 2 1 
4.91 31 
4.9763 
5. 0 121 
4 . 9 6 3 3 

UDT 

(I.VSRC) 
0.0 

-3.0 36 9 
-0.0046 
-0.2 59 9 
-0. 851 8 
- 1. 6 329 

fJDOT 
(IN/SKC2) 

0. 0 
- 1 1 . 72 7 8 
-6 1. 30 41 

-13 6.8 16'i 
-216.6935 
-285.6736 

W 
(TNS) 

3. 592 4 
7.124 5 
8.7 92 8 

10.4684 
12. 144 5 
13 .7716 

WOT 
( IN/SEC) 

-0.3175 
- 1. 9 384 
-3.3999 
-4 .76 06 
-6.1045 
-7. 52 30 

W.ODP 
;iN/.SEC2) 

-2. 5207 
-17.3179 
- 30. 60 21 
•49, 
-72 

6 88 7 
,8332 

-104.1438 

■ ■■•■• •■:':,-■,—': , ■.t,Lk\...^\J^:;j,v.-^t:i\ü.:.:~^-, 
tHtffägxfätftfjgfäfäSg^ 



üfpwp "^5?!»5?^ wtmmmm mmmsmtimMmmmmmmmmmmmmmm 

194 

7 u.fmo -2.4 43 3 - 34 3. 9 59H 1 5.2 95 2 -9, ,1482 -14 1. 5 2rJt3 
H 4. 7'-) 97 -3.187 1 -366.3450 16 .7 17 2 -10. 8291 -182. ,0040 

j a.7UU - 3. hO 3 3 -3 54. 92 75 18.0407 -12. 49 52 -220. .0442 
10 1.7154 -..6531 - 32 1. 8 3 31 1 9.2771 -14. , 107 1 -260. 2779 
1 1 U. 7S7'} -3.2753 -269. 1769 20. 3729 -15, .6985 -306. 7658 
12 a. y 1 Sb -2.4 54 5 -190.47 OS 2 1. 458 4 -17. 3515 -366. ,5 778 

1 J s. n H ? - 1. 2376 -86.3117 22 .5 2 15 - 19. 128 5 -442. ,1626 
lu s.si r; 0.2270 27.7800 23.4982 -20. 280 1 -502. 8585 
IS S.832a 1.5783 130. 551'' 24.3842 -21. ,3575 -560. 8507 
i(S b. in jy 2.7953 21 8.19 74 25. 2 38 8 -22, ,3611 -615. 447 1 
1 7 b .S2y' 3. 8 50 7 289.6522 26.099 2 - 2 3. 1895 -65 9. 63 7 9 
IM 6.H0(Sa 4.6 130 3 39. 69 7 6 2 6.9017 -23. 784 1 -690. 74 84 
iq b. r)7qh 4 .7625 35 1. 315'> 27.6 22 0 -24. ,8124 -7 3 3. 370 8 
2') 7. Ü7J2 4.6 09 3 345.34 2" 28. 3059 -25. ,74 05 -77 5. 5251 
21 7. 14 61 4. 2 314 331 .2 ib'< 2 8 .9 94 2 - 26. 5356 -809, ,91 07 
?2 7.19 75 K652S 3 1 3. H 5 S ■) 2 9.6847 -27. ,3090 - H 4 6. 1 572 
2 i 7. 2 ^56 2.895 5 2^5.590 / UO. 3 74 7 -2 8, ,2 884 -3 9 3. 65 11 
?« 7. 2S2J 2.154 6 2 8 3.8412 3 1.0644 - 29. 4060 -94 6. 8866 
2S 7 . 2 '4 8 3 1. 6252 283.9064 3 1 .7 546 - 30. 57 69 - 1000. ,4 598 
?b 7.2501 2.3 13 2 36 2.  1HS < 34.0535 -30. 5970 - nO 5. 765 3 

LINK 0 ODT ODÜT 
•f:). (pAT) (RftD/SEC) (RAD/SEC2) 

1 -^.1 /as 0.3 0 ,. 0 
7 -0.10H1 -0.100h 2 3. 2540 

< -0.0 284 O.%03 4 1.2181 
'4 -i.l 52a 0.2556 45 .366 3 
s 0.02^') 0.4 19 0 44.5148 
fj 0.128 4 0.3869 35.0 321 
7 O.ObbB 0.5177 20.664 1 
4 l.lbol 0.3 24 4 -5.6135 
') 0.0197 0.0 565 -23.32 51 

10 -0 .0 02 0 -0 .3313 - 4 3. 8 51 3 
11 -0.0 93 9 -0.7B46 -60.3 56 8 
12 -0.2206 -1.2419 -97.50 4 4 
i ^ -o. nn -1.5985 -1 19.5179 
m -0.J112 -1.6747 -123.0403 
IS -o.i -)7a -1.6219 -114. 1684 
16 -0. '< 779 -1 .4444 -96.8654 
17 -", i/sa -1 .1845 -76.5049 
IM -0.2') 7 9 -0.8777 -57.31n 
M -0.1 S,jq -0.387 9 - 26.727 6 
>o -n.i2ia 0.0182 -6.8767 

21 -o.0 8a i 0.3515 4 .6 807 
22 -O.n.V, 1 0. 560 4 ].M1? 
2 < -0.(/U7li 0.S4 4 9 1.0"78 
2a 0 .0^2H 0.3197 -12.998 1 
^s -0.000 i -0.0894 -31 .8 804 
2fi -0.0 011 -0.2 344 -35.5931 

m _ n jan   SEAT   LOAO ̂    8 52.0   STRAP=      1.6   LAP = 0.0   HF, AO   AMO LE = -0 .00 3   KOUNT^ 

Lr.vx AXIAL SHEAR MOMENT PACKT 
HO. ^O^C':    (LH) FORCE    (LD) (TN-Lß) FORCE    (LB) 

i -85 1. 919 1 0.0 -0.0 0 .0 
2 - 302.7977 15.87 18 14.3484      - •131 .1557 
) - 25 8.  7f.a0 10.504 2 -9.57 33      - 1 39 .976 3 
a -24 7. 8 7 47 0.1389 -12.5423      - 134 .0112 
s -240. 2f)87 1.7784 -12.2975      - 130 .692 6 
') -24 i. 1204 -12.4134 1. 5449      - 1 16 .0855 
/ - 27 2. 248 3 -14.5559 -16.0164 -75 . 6709 

Äftjw^A üftfiifiiiS r'mwMHMr-^^^^^^ 
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!                                      ^ -27a. JS16 -31.9142 8.6308 -6' .4329 
') -267.4854 -34 .Bd72 43. 040') -5e .9390 

10 -25 8. 4137 -28.9369 65.7864 -49.60 38 
;                      11 -216.1351 -23.98 6 4 73. 74 12 -45.3228 

12 - 2 J 3. 1316 -14 .884 6 7 2. 0 20 1 - 4 3. 41 H2 
n - 216. 110 ^ 6.1101 53.4114 -44.8026 
1'4 -220.i570 2 3. 'i 4 6 1 4 . 82 6 1 -23.4 30 0 
1r) -1H7.000T 15. 3478 -14.6581 -23.0725 
If. -151.6^87 20. 1609 -31. 59 05 -22.7709 
17 - 120. 6415 9.H929 -40.8863 -20. 5218 
18 -TO. 32 36 1.6865 -4 5.064 9 -17.28 37 
V -.3 3. V)hh -4.7621 -16.5855 -39.4100 
20 -32.2430 -6.4 59 8 -1 3. 2816 -35.8180 
21 -3 3. 1987 -7.6522 -10.5632 - JO. 57 0 4 
2 2 -i 1. H28 -8.20 4 6 -6.292} -27.5266 
2 i -25.028 \ -7. 2 10 2 0.93 31 - 2 H . n 09 9 
24 -22. /JbO -6 .8780 7. 50 5 7 -27.9979 
2S - 2 2. i 1 1 ■) -7.0958 13. 2 378 -25.0807 
26 -44. 4t'07 -19. 4297 4.00 On -1. 1874 

LINK 0 IJDT OfiDT W WOT rfOOT 
NO. (INf,) (IM /SEC) {U/3t.C2) IT NS ) {IN/SEC) (IK/SEC 2) 

1 4. 2rn 0.0 0.0 3.5915 -0.0 3 32 13.8211 
j 4.7317 -0. 144 0 - 2 5. 6 3 2 < 7.1161 -1.3212 129. 46 69 
< 4. 0121 -0.4791 - 127.090  ) 8.7 77 \ -2 .6021 220.  50^4 

a 4. 47 20 -1.1664 -22 1.35h1 10. 4 459 -3.9255 278.6 133 
s T.00 47 -2. 1575 -3 00.98 3 5 12. 1 15 1 - 5.2 92 6 119.8219 
fS 4.0517 -3.2712 - 36 2. 17 4 4 1 3.7 34 8 -6.7963 341. 81 3 7 
7 4.88 02 -4.3185 -40   i. 88 00 1 5 .2 4 9 (.: •-".54 31 351. 16 25 
^ 4. 77 dO -5.1473 -413.3041 lii .6631 -10.3 708 14 8.1 959 
'^ 4.7097 - 5. 4948 -392.39'.? 17.97/« - 12.  18 31 3 37.1311 

10 4 .60 30 -5.34 34 - 14 2. 34 85 1 9.2 C5 7 -13.9552 317. 8015 
11 4. 7 3 75 -4 .642 0 -26 6.6',>  P 20.2 S3 1 -15.7337 29 1.9573 
12 4. ) 3 20 -3.3671 -16 7.0/3/ 21. 3 69 6 - 17.6326 255.0954 
1 3 5.1008 - 1. 60 40 -56.531 '• 22.4 2 30 - 19. 7 29 4 2 04. 3 810 
1U ).5146 0.4 17 8 4 8, 6 i 5 o 2 3.3932 -21. 1555 157. 5109 
1) 5. 84 2 0 2 .2638 14 0. 23 4 5 24.2 7 32 -22.4935 112.8469 
16 -.. 2)06 j.9092 22 1 .7 004 25. 122 1 -23. 7443 6 9.4777 
17 6.5476 5. 3258 29 5. 155 ' 25. 9 77 P, -24.7744 32.6586 
1'! 6.8 338 6. 359 i 354.397^ 26.7770 -25. 5109 5.90 00 
10 /.00 30 6.6026 38 7.  qa7S 2 7.4917 -26.6777 -10. 3108 
2r 7. 1^07 6.4585 4 0 5.3511 28,. 170 6 -27.7384 -24.5008 

i                    -^ /. 17 15 6.0536 4 15.6^02 28.4 54 6 -2d. 6 6 35 -39.2439 
;                2 2 7.2 2 00 5. 4 4 30 42 3. 94 8« 2 ^ . 5 4 0 '■) -29. 5734 -54.6076 

M 7.2 5 42 4.6673 4 3 2. 7 7 44 3 0.2254 -30.7401 -7 7. 072 5 
24 /. 26 70 3.9497 4 4 7.2 3 54 <0.9 0 90 - 32.0652 -102.4 07 7 
>S 7.26Ü9 3.4982 4 6 9.72 59 i 1.5 92 7 -33.4364 -126.67 37 
2'. 7. 26 58 4.4120 59 2.5 6 59 3 3. :j 9 10 -33.5765 -129.4464 

LTMK M ODT ODOT 
NO, ( ? AU ) (RAD/SEC) (PAD/3E;:2) 

1 -0. 1 745 0.0 0.0 
; -0. 108  ] 0.0985 6 0.8112 
? -0 . ^ 27 5 0.3204 64 .2963 
a -0.C505 0.5057 54. 775fc 
s 

6 
0.0311 
0.3  JO 7 

0.6 3 24 
0.54 5 9 

43.6227 
3 3.9518 

7 0.0696 3. 60 56 1 3 . 0 66 C 
H 0.0 675 0.29 3 0 - 10.0 28 7 
^ T.010 7 -0.07^!} -32.9635 
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10 
11 
1.1 
1 J 
la 
V) 
1(S 
17 
IM 

T) 
?n 
7A 
22 
2 J 
>M 
2S 
2f. 

-0.2 2H1 
-o. J2nf> 
- o. ^11 
-0.4 ab1:» 
-0. }-36 3 
-0. 1^2 3 
-0. 27 11 
-0.1t)17 
-0.1 21r) 
-^.ns23 
-:).TJ2 3 

-o.oab.? 
o. o au i 

-0.0012 
-J.'J0 27 

-0.5957 
18 58 

7 5H14 
1 8fii 
2664 
17 3b 
9232 

1 .5765 
1.1078 
3. suys 
Ü.0528 
0.3229 
0.5315 
3. 179 3 
0.1775 
0.3 071 
0.4575 

-6 1 .6 3 IM 
-H H.U.I HI 

- 10 5.KM OH 
-1 12. 310") 
-i 09 .yua i 
-10 3.3 97S 
-93.B9H2 
-8 2.5 13 1 
-71 .022 9 
-46.8785 
-31.0763 
-23.0252 
-21 .7 08 3 
-27.97Ha 
- 3fl.4471 
- 5 1. 0 4H 1 
-54 .7247 

T=0.045   3RAT   r,0^:)=   9 18.2   STRAP=      2.5   LA?= 0.0    HFAD   A NC LE=-0. 0 06   KOUNT=    >, 

LI NX 
NO. 

1 
I 

>, 
n 
s 
n 
7 
H 
4 

10 
11 
12 

1 1 
14 
15 
16 
1 7 
1H 
V) 
2 0 
21 
2 2 
2 3 
2 4 
25 
26 

A XT 
FOR PR 
-018. 
- 345. 
-312. 
- 7) 4. 
-2"H. 
-295. 
- H 3. 
- 3 10. 
-332. 
-324. 
-312. 
- 2) 7. 
-275. 
-2H2. 
-240. 
- 10 5. 
- 157. 
- 1 1'-». 

-4 4. 
-4 i. 
-4 5. 
-4 3. 
- 3 4. 
-3 1. 
-32. 
-0 2. 

AL 
(LD) 

240 2 
4 07 2 
3763 
;IH 3 

5 3 17 
OH 4 5 
6172 
h154 
5223 
86 08 
167H 
1528 

■mi 
45/2 
2H4 3 
0242 
H20 

7 08 5 
fü )2 
5 no 
(5 5 ) 
20^0 
3 57 5 
/25/ 
03 7 3 
3667 

SH EA R 
'ORCE    (LB) 

0.0 
19. 358 7 
12.255 1 
-0, 

1. 
•15. 
•10 
•42 
45. 
3/. 

■36, 

0096 
7465 
04 4 6 
3326 
1110 
3838 
3 14 7 
8091 

17.9951 
^ . 3 3 3 4 

169 1 
0968 
9J01 
7932 
6 60 5 

-6.6199 
-8.9608 
10 . 7 39 5 
11 .6244 
10.2174 
-4. 7225 
10.8695 
28.2217 

3 3 
23 
23 
14 

HO M 3 NT 
(IN-LB) 
-0.0 

8.7717 
-14. 53 57 
-15.4995 
-14. 10 04 

3.7 140 
-15.73 34 

16.4109 
64.4653 
9 4. 7147 

10 6. 32 16 
102.6065 
75.4175 

P. 489H 
-19. 98 79 
-4 4.8077 
-5 9.09 15 
-65.4146 
-2ü.7905 
-19.6HH/ 
-15.   5H25 
-3.9/21 

1 .7014 
11.2421 
19. 4 2 40 
6.  1407 

FACE 
FORCE 

0.0 
-158.8 
-16P.2 
•161. 3 
-157.6 
-140.2 
-9 1. 1 
-71. 5 
-6^.5 
-60.7 
- 55. 6 
-54.0 
-5r:  .H 
-2°. 8 
-30.1 
-1^.4 
-2H.0 
- 2 4 . 0 
-55. 4 
-50 .(4 
-4 t. 1 
- 1H. 1 
-40.6 
-3 ".5 
-15.4 
-1. ü 

(LH) 

472 
407 
332 
1 31 
141 
126 
276 
0 2 3 
221 
9C1 
50b 
025 
6 5 1 
51 8 
771 
352 
100 

210 
6 10 
no 
07 3 
34 2 
86 6 
89 8 
C6q 

I'M H HOT 
NO. (PJS)              (IN/SEC) 

' 4.2 0 00 0.0 
> 4. 7807 -0.2 51 4 
3 4.9OH0 - 1.   1J4 3 
4 4.9641 -2.3972 
^ 4.09 99 -3.8255 
6 4.9 30 5 -5.2 504 
7 4.9 5 34 -6.4751 
8 4.74 79 -7.2 71.1 
^ 4.6774 -7.4152 

I'5 4. 6622 -6.946 2 

'JDDT 
(IN/SEC2) 

0.0 
-26.2394 

-12C.1616 
- 24 4. 29 8 5 
-34 8. 219 3 
-"1 8.014 9 
-446.7175 
-4 19.0 162 
- 35 7. 57 15 
-2 8 4.46 68 

W 
(TNS) 
3.5 9 1 C 

7 . 1 10 0 
b . 7 6 5 7 

1 0.4 2 85 
12. 0916 
13.7044 
15.2 114 
16.6159 
17.921 ^ 
19. 141 1 

wor 
( IN/SEC) 

-0.1653 
-1. 1936 
- 2. 19 37 
-3. 24 34 
-4.3327 
-5. 5693 
-7.0206 
-'<.57 5 3 

-10.1450 
-11.753? 

A DDT 
(IN/SE:2) 

- 3. 174"* 
13.6596 
16.-73 85 
65. 5595 

100.1 19 1 
145.1378 
214.4424 
29 8. 3 655 
3 9 \. 59 11 
4 3 (.9 1 19 

■i   ■■■ii i n   n ■ ii'irirriiWifiifiiwm.BiiW^ 
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1 1 
1 ? 

1 ) 
1 'i 
1 S 
1(S 
17 
1 « 
1') 
20 
2 1 
>2 

'4 . 
■■4. 

'). 
'). 
u). 
b. 
h. 
6. 
/. 
7. 
/. 
'. 
7. 
;. 
7. 
7. 

7111 
HK J2 
It» 2 1 

') 1 7 1 
MSSI 

Sll^ 
H7 00 
0'i 10 
13 an 
20 7S 
2S 3 2 
2-137 
2941 
2:^2 
2) 6 1 

■5. 8 51 5 
-U .092^ 
-1.«071 

2. 9 61 J 
4.989 1 
6.7731 
Ü. 1 319 
ü.62c)7 
8.6799 
8.4U16 
7. 9 71 8 
7.3 10 3 
6.701 7 
6.3 7U 1 
7.9 991 

-210. 
■ 12U. 
-2 9. 

L)6, 
13 4. 
209. 
283. 
3S2. 
416. 
475. 
S30. 
578. 
6 19. 
6 5 3. 
68 6. 
84 7. 

1 04 Ü 
0 4 1'-! 
r) i 'H. 
SI 71 
9506 
1410 
21 19 
54 95 
22 90 
18 9 4 
02 2 1 
76 72 
3 2Vt 

8 5 20 
26 8 7 
4'»12 

24 
25 
25 
26 

2 0 .2 1 ^ 6 
21 .28h 1 
2 2. 3 2MM 

2 3.2914 
1 64 2 
0004 
8 56c. 
65 17 

27.3604 
2 8. 0:3S 
28.7 132 
29.39 4 9 
3 0.0734 
30.7503 
31.4270 
33.7246 

1 3. 4 5 19 
-15.3 68S 
• 17. 5 781 
• 19. 177 3 
■20.6911 
-22. 1256 
■23. 3235 
• 24. 1893 
■25.39^6 
-26.4764 
-27. 4122 
28. 32 3P 

•29.53 24 
-30.8499 
-32.2493 
-3 2. 3 9 82 

557. 
6 07. 
6 12 . 
620. 
60 0. 
57 3. 
544 . 
52 0. 
521. 
5 29. 
539. 
55 3. 
570. 
59 o. 
59 9. 
598. 

1301 
087 2 
8 85 a 
47)4 
3174 
0 647 
63 3 9 
92 53 
1011 
29 22 
5836 
4 098 
07b3 
0 39 4 
4889 
6754 

LIN1' 
NO. 

1 
> 

3 
a 
r, 
6 
/ 

M 

9 
T1 

1 1 
1 2 
1 ( 
14 
IS 

1 6 
1 / 
18 
19 

2 0 
21 
l> 
2 i 
24 
2 5 
2 6 

(TA;)) 
-0.174 5 
-0. 10 70 
-0.0250 
-n . 0 47 \ 

') .014 'i 
0 . C i 3c) 
9.0 7 27 
O.'^oHH 
0 . 0 1 »3 « 

-0.0 OHO 
-0. 195H 
-0. 2 13 1 
-0.3 129 
-0.1117 
-0.4190 
-0. 1;)7 1 
-0.1)12 
-0.2 300 
-0.1652 
-0. 122 1 
-0.0 312 
-O.Ot.ni 

-0.0 4 13 
0 . 0 0 4 ^ 

•-0.0 0 14 
-0.00')'! 

T = 0.05 0   SEM    \.()\r)-- 

ODT 
(RAD/SÜC) 

0.0 
0. 40 0 9 
0.6794 
0.795 8 
0.8 46 8 
0.7133 
0.625.3 
0. 1691 

-0.29 9 4 
-0.909Q 
-1 .6020 
-2.2 42 7 
-2.6939 
-2 .7655 
-2.6518 
-2. 1783 
-2.0071 
-1 .^924 
-0.K91 1 
-0.3383 
0.08 17 
0.3211 
0.2 64 3 

-0.0517 
-0. 58 3 6 
-0.7Ü20 

^85.0   S 

f) 
(PAO 

0 
41 
67 
61 
4 3 
26 

- 12 
-44 
-54 
-58 
-69 
-7 8 
-84 
-BM 
-8 8 
-8r, 
-83 
-83 
-8S 
- H^ 
-73 
-64 
-5M 
-57 
-61 
-7 } 

TPAP = 

DDT 
/S'iCt] 
.0 
.9623 
.867 7 
.7344 
. 72HS 
.016') 
. 3 279 
.122 1 
.97 )3 
.8 174 

.20 2 * 
.2 57') 
.471° 
.0274 
.7391 
.36S 1 
.1 00 7 
.110 1 

.99/2 

.8915 

. 169 5 

.8115 

.5303 

.214 1 

.54 12 
.9021 

3 .6 L A: o.o   iK'A:")  A N:. LF =-O.OII  <oui>fT=   »J 

LT *r< 
N n. 

i 

2 

4 
5 
6 
7 
8 
) 

10 
1 1 

A XI AL 
POPCP    (L3) 
- 9 8 4. 9M 14 
- H  1.  S 1 19 
- 14 0, 55 16 
-314. 1139 
- 32 9. 16 9'> 
-338. 285) 
-3 82 
- 391 
- 3" 2, 
- 17'j, 
-362, 

Jri'^l 
1178 
1691 
2H42 
54 5 2 

8HEAÜ 
POUCF    (LP) 

0.0 
22.061 3 
12.9 270 
-1. 3761 
0.2916 

-20.4 73 6 
- 2^ . 0 0 B 3 
-52.6 20 1 
-55.1546 
-44.641 8 
-43. 1543 

yiOW. NT 
(I N- L3 ) 
-0.0 
-0.988» 

-21. 51 17 
-18.2260 
- 14. 34 60 

7.7003 
-11. 671 H 

27.  5425 
8 8 . 50 1 4 

125. 1437 
140.466S 

FACH 
FOuCF    (LP) 

0. 0 
-197.8 14 3 
-1 95 .4649 
-184 .4668 
-178.7010 
-157. 5 40 4 
-1 01 .5318 
-80.3 05 5 
- 77. 7557 
-67. 8204 
-6 2.29 5 4 

..^...v..:.^^.^^^^^ MiUäi mil 
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11 -.^6. U9S -20.0049 134. 76 16 -61.232C 
1 \ - 32 1. 610r, 13.9816 98.5327 -6b.7349 

1 '4 -J2 9.7'.)b2 42.9231 1 3.503 3 -34 .7710 
IS -282.2^00 31.4758 - 2 4. 6 2 49 -3 6.124 7 
lb -2 31. b21-i 37.7462 -57.90 21 - 37. 4C2 9 
17 - H 7. l) 6S J 19.8629 -77.2517 - 35. 0 39 7 n -1 a 5. 1 9 S 2 3.663 i* -85. 81 CP -)C.4B30 n -t)4. 4bü2 -3.367 4 -3 3. 1910 -70.6605 
20 - 5 i. 456b -11 .2958 -26. 3676 - 64. 4217 
21 -bb. 147 3 -13.6967 -2 0.51 90 -5b. 1213 
2,' -s a. 01 u 2 - 15.007 1 -12. C03t3 -40.28(34 
y\ -U J. 7S3 7 -13.2567 2. 18 33 ■■51.73.30 

2 4 - m K S 4 -12.6296 14.87 39 -50,4 12 2 
2S -ao. a'}i') - 14. 1192 25.7218 -45.1407 
,"-. -SO. ICIS -33.0675 ft.8327 -1 .2248 

LIVK 'i UDT ■JODT W WOT won r 
NO. (INS) (IN/3 EL') (TN/.SFC2) (INS) (IN/SEL-) (IN/Si iC2) 1 a. 2 O'ji. 0.0 0.0 3.5 9'- 3 -0.1 174 9. , 0572 ) a. 77 4 1 -0.3 87 6 -14.99/1 /. 10 4 6 -0.8888 90, .1670 ! a.l)a 11 -1.6 119 -69.21 96 H,75b8 - 1. 6474 163 . 7 5 02 'i 4.4/4 44 -3. 3 6:35 - 1 38. 8d0 3 10.41 3 H -2.4341 2 33. 6651 ) 4. ()bb7 

-5.3 34 7 -226. 7 2 6." 12.'HI M -3.4 016 23 b. ,0505 1) 4. HI ') ;: -7.1 5.3 4 -3 01 .6 707 1 3. 6 7H.M -4. 4988 324 , .9018 1 4 . H 1 S 7 -U. 4965 -32 8.2 3 7(i lb . 179  i -b. 7234 371, .37 92 w 4,7167 -9.0768 - 28 3.   149/ 16.5767 -b.9 7 45 4 2 5. 56 34 '\ 4. hi 64 -t3.B372 - U 8. 0 b 7 4 17. H76C -P,13 94 494. 5 146 n 4. 6 2 4b -7.981 3 -112.2 069 19.C8H j -9.293C 570. .66 07 11 4.6/9-! -6. 55")   3 -44.261 3 20.1595 - 10. 5181 658, .9934 i > 4.yblb -4.474 H 0. 90 »4 21 .21 // - 1 1.9 9 35 7 52. 79 64 i J b. 17 30 -1 .867 0 27. 4b6" 22.249«: -1 3 .8170 343. ■*9 0 1 T4 b. b2 14 0.93"6 47.597H 2 3. 20 4f, -15. 3194 (187. ,2689 
1 s b.^7 14 3. 527 6 3 8. 3b(.f. 24 .06,i8 - 16. 79 41 916. ,9838 
1 ' j 6 . 2 b 0 j 5.9 130 1 49. 0 9 7C 2 4.9 04 7 -13. 25 41 9 32. 6402 1 / 6. 61 b2 8.08 94 2 25.  18 57 25.74'i6 -14.5179 9 35. 208 4 1 •: 6. M bJ 9.82 0 5 3 03 . 9MOb 26 . 5 39 2 -20.4584 93 0. 1 96 7 1 4 7 , n ^ y j 10. 09 3 3 3 9 6. 3 03 r 27 .2421 - 21. 567 3 977. 6 3 00 .'" 7.1 3 7H 11. 10 40 48?. 3)77 2 7.9104 -22.5 162 10 2 b. 7 3 96 /1 /.2 b 66 11 .216 1 56d. 46/b 2H.bHb2 -2 3.3 3 28 1067. 9445 
2.' 7, j'107 11.G90U 6bH. 21"", 29.2 62 6 -24.1161 11)7. '34 14 
^ '. t. 123 6 10.7579 751 .7'! (3 2".9 35 6 -25. 137 3 1155, 0 3 9 7 
?. t /.3<66 10.4539 8 4 J.  14 11 3 0.h0(1l -26.3 15'! 120 7. 4625 ?) 7.  J2 6f) 1 0.4 009 9 2b.  1 i2^ 31. 2 7 f 1 -2 7.5 4 94 126 1. 3 79 6 
2fS /.  14 «0 12.924 1 1 12 2 . 1 0 1 9 i 3.57 29 -2 7. 6 981 12 62 . 7 88 2 

,r VK f) ODT ODDT 
NO. (HAD) ( RAD/SEC) (3 A 0/5 F: 2) 

1 -0.174b 0.0 0.0 
•> -0. 10 47 0.5472 3 0.369 5 
i -0.02Ö9 0.9 349 3 9.2749 

'4 

S 
-'•■.n42b 
0.0 396 

1. 1Ü60 
1.096 1 

51 .8420 
4 7.7632 

f, 0.0 377 0.B375 28.9 5.3 1 
/ 

1 
0,0 7b6 
0.06M9 

0.5182 
-0.1233 

-2 0.1585 
-63.1953 

'i 0.016b -0.611 1 -70.422 2 
1 '"> -0.0 133 -1.2152 -68.8877 
n -0.1 14b -1.8642 -46.95 3 0 
-[/ -".2b01 -2.4798 -20.8 754 
i i -0.   34/1 -2.9376 -9.2619 

„.-.iL...-..■■■-, ■■.^,,,,.J,^^:-...^^~^^.^^>^^ ■,u.t^J.i^^^,a^a,.^.Jaj^.»a.^^s^..^,.-^,>^üfl 
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la 
IS 
16 
17 
H 
1f> 
20 
.M 
2 >. 
"> \ 
24 
2S 
2 6 

-0. 
-0, 
-0. 
-0. 
-0, 
-0, 

.a m 
a loo 
4 0 2 (4 
2Ry i 

,1 70H 
-Ü.12S2 
-0.^8 V) 
-u.osqb 
-0.0U3 0 
0.0033 

-0.0 07 2 
-O.n 107 

3.0757 
3.0193 
2.78B5 
2.UUU5 
2.0513 
1 .3565 
0,8014 
0.3811 
0. 1292 

Ibll 
4489 
9537 
i8oa 

-26.4434 
-47. «61 7 
-68.6 7 09 
-83.6813 
-94.4890 
-98.4095 

-103.169 1 
-109.6549 
-1 14.5751 
-1 12.9680 
-10 3.9681 
-87.8 304 
-R4 .1 GhO 

T^.OSS   S^.AT   LOA0=1028.5   STRAP^ 4. 8    LA P = 0.0   HFIAD   ANr,LE^-0.018    K()UNT=   ^(^ 

LTVK AX 
NO. i-' 0 R C 

1 -1028 
2 - 401 
? - 37 1 
4 -if, 0 
5 -357 
6 -17 0 
7 -420 
■\ -4 3 0 

> -417 
n -410 
11 - 39 5 
12 -376 
1 3 -348 
14 - 35 7 
11 - 33 5, 
In -2 5 0 
17 -204 
18 -159 
19 -tjO 

2 0 -5 9 
21 -6 5 
22 -hi 
2 < -50 
2 4 -4 b 
2 5 -4 6 
2 6 -0 ) 

T AL 
P    (1.  M 
. 501o 
. 2or 7 
. 68 56 
. 102:' 
. 818 4 
. ->74T 
. 25Ji 
. 6 J 81 
. t)5 0 7 
.1^8 3 
. 52 48 
.9170 
.9313 
. 4580 
. a 30 1 
. U661 
. 252 3 
. 7610 
.0109 
. 4 4*6 
. 148 ) 
. ')59 ) 
. 1759 
. <7 6 1 
. 770 \ 
. 72 84 

SHEAR 
F03CE    (13) 

0 .0 
24 .2083 
13.0316 
-2.889 4 
-1.9778 

-23.7006 
-31. 62 7 6 
-63. 5667 
-64. 179 3 
-50 .9688 
-48.0836 
- 21.6457 

16.5596 
49.6156 
38.5089 
45. 58 27 
25.3062 

5.4 052 
-9.4230 

-12.7973 
- 15.79 14 
-17.5666 
-15.5864 
- 14. 8511 
- 1h.6052 
-46.3374 

«OMFNT 
(I N-LB) 
-0.0 

-'( 3. 7 3 48 
-L9.4888 
-21.65 41 
- 1 3. 8470 

13. 28 21 
-3.1981 
M2. 6839 

114.7074 
154.9950 
169, 
161, 
118. 
21, 

-2 4, 

84 98 
1497 
6 2 25 
5 370 
6582 

-65. 9348 
- 9 1. ,30 8 6 

•10 3.0293 
-40.9495 
-12.600} 
-2 5, 23 40 
- 14. 76^5 

2.50 12 
17.8642 
3 0. 90 3 1 
11. 1612 

FACET 
FO.-^CF   (LB) 

0.0 
-212,5707 
-217, 4090 
-2 02 .1887 
-193 .4928 
-1t.7.9458 
- rt-,. 2452 

-81 .6997 
-81.94 38 
-70.9609 
-65.244 2 
-64 .5694 
-7C.2C02 
- 36. 748 7 
- 39 . 10 1 1 
-41 .4 3 7 1 
-39.717 9 
- 15. 23C7 
-82.1751 
-75, 
-64 
-57, 
-60. 
-58, 
-52. 

-0, 

0 56 8 
1227 
1 151 
218 5 
7256 
562 9 
864 7 

LIVK 
SO. 

1 
-> 

i 
a 
5 
h 

7 
3 
3 

10 
1 1 
12 
1 i 
1U 

(IMS) 
4.2 0 00 
4. 7 7 71 
4.8)21 
4 .9 11}. 
4 . f-> 1 79 
4. 86 0 7 
4.7 7 02 

6 5 88 
, 5 9 06 
58 41 
6474 
84 00 

, 1b46 

4. 
i. 
4, 
4. 
4. 
5. 
5. 52 70 

(IDT 
(IN/SEC) 

0.0 
-0.4054 
- 1.8 640 
-3.87 22 
-6.055rt 
-8.0518 
-9.4776 
-9.6834 
-9.2715 
-7.9 97 2 
-6.2410 
- 3.9 78 0 
-1.3465 

1 .388 3 

IIDDT 
(IN/SKC2) 

0.0 
-3,0092 

-36..C951 
- 6 6. 9 6 60 
-7 4. 0«52 
-6 5.6 38 2 
-50. 3191 
-10.7283 

47. 6947 
11 1. 1867 
158. 1111 
181.88 8 0 
17 5. 33 2'' 
14 3.. 87 M 

w 
(INS 
3.5 
7. 
8 

i r 
12 
13. 

) 

10 14 
.7408 
,4045 
.0588 
661 1 

15.1562 
16.5484 
17.8428 
19,0503 
20, 1 16 3 
21,168 1 
22.1922 
23, 1 39 9 

WOT 
(JN/SEC) 

-0,0751 
-0, 3908 
-0. 7 324 
-1, 1793 
-1.7251 
-2.4710 
-3.3082 
-4. 1703 
-4.9188 
-5.6795 
-6. 5170 
-7.6200 
-0.0783 

-10.4113 

WDDT 
(I,VSEC2) 

10.2419 
110.3503 
203.2099 
238. 1534 
37 2. 4 50 2 
460.4 176 
550.4113 
656.4708 
752. 5583 
8,17.7 1 12 
913.17 02 
«77.^942 

10 16.9607 
1067.0521 

^^t^^*^^^.^^---^-^---^.^.^'*'^ iir-iiiitfiiiiiiffliiifiiimi 
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V) 
16 
1 7 
IS 
19 
20 
21 
2 2 
2 ^ 
^u 
2S 

^. fi-)01 
b. 2M 1U 
b.6r)7'-l 
b. ^5 7.3 
/. ia7 3 

2a ji 
31 97 
3bas 

/. 
7. 
/. 
7. 3-J23 

,4001 
3411 

7. U2 77 

3.97^9 
6. 4 7B0 
8.8878 

1 0. 9 U8 .3 
12. 3 52 0 
13.3 168 
1U .0025 
la.4 7714 
14. 778 1 
is.cyog 
15.5700 

19.1513 

10 9. 
90. 

100. 
14 1. 
247. 
380. 
5 29. 
687. 
851. 

10 0 6. 
1 136. 
1355. 

6215 
53 8fi 
1708 
54 20 
5590 
87 38 
5257 
33 5 3 
41 81 
2864 
29 5 3 
3 9'11 

23.998 1 
24.8259 
25.6635 
26.4494 
27. 1475 
27.8119 
28.4633 
29. 1 57 e 
2 9.8 26 1 
30.4SI 6 
31.1564 
33.4525 

200 

11.7493 
13. 129 4 
14.3774 

■15.3360 
16. 1222 
16 .7 1:3 1 

•17.2238 
17.6992 
18. 3489 
19. 1121 

-1 9-9107 
20.0475 

1090. 
1105. 
1107. 
1104. 
1168. 
1246. 
1321. 
1401 . 
1506. 
1627. 
1752. 
175b. 

3 05 9 
1853 
49 81 
012S 
6981 
6253 
7215 
9192 
1042 
0150 
6748 
6 3 0 0 

NO. 
1 
) 

3 
a 
s 
6 
7 
\ 
1 

10 
11 
12 
1 3 
14 
IS 
16 
17 
1 ->. 

n 
2 1 
2 2 

24 

O 
(KAD) 
-0 . 1 7 U 5 
-o. 1015 
-^.0 107 
-0.0 <65 
0.0455 

, 0 42 2 
,0780 
.'■' 676 
, '"> 1 2 6 
0 2° 3 

Ü, 
o 

0, 
0, 

-0 . 

2^ 

-0. 1 24 4 
-0.2626 
-n. 3617 
-0.3 638 
-0.44H6 
-0.ü2a6 
-0. 4 155 
-0. 3onr, 

-0.1 78') 
-0.1 5 06 
-:;. J8 su 
-O.^fj V) 

'} 4 5 4 
0 O) Li 

(. 132 
^1/7 
"AT   L 

-0 
-0, 
- J . 

-0 

nor 
(HAD/SEC) 

0.0 
0.6989 
1.1023 
1.2522 
1.2105 
0.9289 
0.4376 

-0.3914 
-0.9480 
-1 .5346 
-2.0707 
-2. 5229 
-2.8641 
- 3.0220 
-3.05 16 
-2 .9691 
-2.7628 
-2.4856 
-1 .9 128 
-1 .438 1 
-1.076 9 
0.3 6 37 
-0 .8796 
-1 .0872 
-1.4457 
-1.6152 

OA Ü= 10 44. 5   f» 

ODDT 
(RAD/5RZ 2) 

0.3 
21 .0422 
22.8154 

9.7 89 8 
-2.7541 
-3.4261 

-24 .6241 
-43.0919 
-49.9471 
-42.8337 
-22.6733 

3.6 057 
28.9475 
3 7 . 7 62 7 
27.  701 7 

1.  36 16 
-33 .8380 
-69.0337 

- 126. 857" 
- 162. 4754 
-1 84 .4544 
-1 9 5.01 41 
- 18 1. 7 5 30 
-15 2.  3 58 2 
- 106. 197 6 
-89.1292 

TRAP=      6.1    LAP 0.0    IIKAD    ANGLF^-O. 027   KOUNT=   jü 

LTVK 

1 
> 

3 
4 
S 
6 
7 
H 
Q 

10 
1 1 
12 

1 5 
14 
IS 

AXT AL 
"OP er    (LR) 

- 1 04 4. 46 40 
-400.8581 
- 5 75.54^0 
- 36 8. B3H5 
- 56 9. 6 3 M 
-385.7871 
- 438. 5217 
-45 1. 46 48 
-435.1397 
-42 8. 36 86 
-412.7965 
- 39 i. 
- 36 3. 
-372. 
- 318. 

0 701 
348 8 
39 1 1 
5981 

SHEAR MOMKNT "ACKT 
•OSCE    (LB) (IN-LB) FOKOE    (LB) 

0.0                   -0.0 0.0 
25.2972 -28.3810 -22".6851 
12.2817 -37. 4073 -2 iG. 3 92 8 
-4.7037 -24.0775 -210.3263 
-4.6356 -12.2804 -DP.6466 

•30.3870            19. 2076 -169.5327 
-37.8037              7. 5H 32 - 104. 8776 
•73.2720 59.1356 -77.6592 
7 1.4298 141. 2337 -81 .5 05 1 

-55.47 13 18 2. 4234 -70.3732 
■50.9649 194.4679 -65.1695 
■22.1721 181.4331 -65.3399 
18.5999 133. 3281 -72. 120 4 
54.0057            28.4408 -17.4130 
42.7496 -22. 1553 -40.3863 

fertJrttMSi^VjMBlitottlitffl^ AummmwMtmmummmmmtiia mmmmmmmmmmmmm mm 
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lo -2M. 297 ) 50.3459 -6 8. 08 19 -43.2796 
17 - 21 2. 'K-.7U 28.393 8 -97.4790 - 42. 0026 
1H - 16 6.   J12b 6.900H     - •112.01 03 - 37.6349 
1 ') -61.2232 -^.6075 -44.9G2H -87 .1208 
20 -6 0. 04 QU -13.1389 -36. 27 2 3 -79.6839 
2 i -faU. 69HO -16.4703 -28. 28 46 - 68. 3793 
22 -6 j. S77li - 18.6106 -16.8977 -60. 7 30 0 
2 I -SI . 9'44H - 16.60 2 6 1. 9982 -63 .7101 
2U -u7. oyiq -15.8349 18. 8 3 49 -62.1329 
2'-> -Ud. 6HSS -17.6968 33.0677 -55.5661 
2h -JM.   (J 17 -50.6374 12 .2975 -0. 49 14 

LT VK il unr II DDT W WL iT .ODT 
SO. (I S\S) (IVSEC) (IN/SEZ 2) (INS) (IN/SEC:) (IN/SEC2) 

1 a. 2 0 on 0.0 0.0 j. 589 6 -0. 0 150 12.4219 
J '4.77 S3 -0. 4265 2.3074 7. 1009 0. 1 H 51 108.6879 
? 4.HH27 -1.9456 10. 7931 8.74 8 8 r. 3 159 19 4.  70 56 

(4 u.in la -3.9550 4 5. 32 2 7 10.4024 o. 2,t4^ 2 7 2 . 5 1 2b 
') 4, (n 74 -6.0324 10 5. 185 J 12.0550 0. 1 537 3 4 7.4 94 0 
f. 4 .H >0'J -7. 8097 185.5776 13.6545 -0. 17 33 42 7.4 9 99 
7 4.72 3S -8.9 34 4 27 6. 2 59 4 1 5.1 467 -0. ,5 19 2 52 3.  3608 
H 4. 61 07 -9.02 7 2 348. 8 5 54 16.53 5 H -0. ,8732 6-.;5.8978 
0 4. S4 62 -8.1 96 3 3/8.4141 17.8 27 7 -1. 1313 724.7642 

1 1 4.V4 6S ~6. 8071 366.201H 19.032 5 -1. 4527 816.7999 
11 4 .61 49 -5.0 29 2 328. 639b 20.0953 -1. ,3959 90 1.   398d 
12 4. H2 2H -2.8114 28 2. 78 2 i 21. 142 5 -2 . .6326 987. 5476 

1 1 S. 160 4 -0.2930 2 3 6.4724 2 2. 1 60 1 -3. ,7333 1078.2262 
I'J S.S160 2. 247 4 1 ri 5. 7 02 4 23 .1016 -4. 8689 1131.5605 
IS 0.9116 4.6 35 3 14 2. 4 2 16 23.9535 -6. 0 30 9 1182. 4475 
1h D. n 50 6.95 8 0 10 2. 6 7 8 1 2 4. 7 74 6 -7. ,2642 12 30.2623 
1/ 6. 7 0.34 9.2822 72.4109 25.606? -8. 4210 1 2 6 7 .4 11, 9 

1 -^ 7.023^ 11. 40 68 66.2222 26 .3 87 3 -9. 3 40 3 12 88.988 3 
1 ) /.21 14 13.2 18 1 127. 0 689 2/.0821 -9. 86 9 1 13 3 5. 9 60 6 
2') /. n yn 14 .851 1 2-5 1. 7 45 3 27.7444 -1 0. ,15 8 0 133 I. 1 107 
) i /.   *') 59 16.3 95 5 431 .34 2 t 2H . 4 1 4 ? -10. 3 4 19 14 14.1227 
22 /.4 4 54 17.8 454 64 9. 0075 2 9.0870 - 10. 4277 1500. 3770 

> < 7.4 7 70 19. 1666 8H4.2 559 2 9.7538 - 10. 4851 1614.9887 
ri /.4'iö7 20.409 1 110 0.0 0 1 2 3 0.4172 -10. 5 3 22 17 60.4646 
2S /. 4M J'J 21.6356 1269.986 i M.0799 -10. 5 76 5 19 16. 3166 
•'h /.S 4  11 26. 3177 1 4 9 3 . 72 8 < 13.3 75 3 - 10. 6971 1 cn7. 3835 

LT ."-IK 0 ODT ODDT 
•n. ("AD) ( RAD/SECl (RAO/3 FC 2) 

1 -0. 1/45 0.0 0.0 
2 -0.097'J 1.7 428 0.1 778 
} - o. n o i 1 .1194 - 15. 2756 

'♦ -0. 0 30 3 1 .21i)6 -29 .8 50« 
S 0.0513 1.0984 -44 .8934 
h 0 .04bü ). 7854 -48.7134 
7 0.0 79 / 

0 . "i 6 5 v 
".2155 

-0.5672 
-54.0 60 7 
- 26 . 5 1 3 5 

J 0.0 07 5 -1 .0424 6.4364 
10 -O.P 2H 1 -1.5380 3 7.9931 
11 -0.1 3 4 / -1.9982 52.4 73 9 
12 -^.2 750 -2. J786 59.h757 
1 < -0. 3 756 -2.6495 6 3.2110 
1Ü - 0 . W H 4 -2.7811 59.7 3 05 
IS -0.4 6 3 4 -2.8340 57.4961 
If, -0.4 J92 -2.0212 47.7 79 3 
17 -0. 4 294 -2.7623 24.8 0 10 

il^Ma^^B^^MiiuiaMSaiiiftiii^^ 
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H -f,. n i5 -2.6762 -12.2709 
T) -0.1^01 -2.5438 -1 12.BUbU 
.r.) - 0 . 1 40 1 -2.3963 -198. 170/ 
21 -0.0 4 ^ -2.24 83 -254.1232 
?,' -o.Ob'n -2. 10H8 -284.2515 
> i -0.0^2 0 -2.0159 -261. 2646 
.V4 -O.OOL'O -1 .9844 -203.7642 
:-"■« -T.C2 1H -2.0115 -122.8603 
Zn -n.0 2f,q -2.0562 -85.2235 

r = ). ')^S   ivCAT    LOA ^=1032.(4   ST9AP=      7.^    LA?-         0.0   HKAO ANGLE=- 0.0 18 KOUN1 

LINK A X I A I, .SHEAR r.OMENT »•'ACFT 
M'). '■"OfC"     (L3) FORC?.    (LB) {IN-Lb) -'OPCE    (LR) 

1 -1012.4482 1.0 -0. 0 O.C ) 
I. - iB i.  nb^. 2S .2 906 -42.8143 - 2 37. b048 
) -   ih  ^.   'Sf.b 4 10.7581 -u (.75 0 0 -.- 11. 30 49 

'4 - ^2 .404° -6.6 JS2 -24. 62 72 -2 08.8 3 29 
b -3b6. (4SI 2 -7.3 04 5 - 9. 27 3 3 -1 94.5125 
h - ^5. 29 5"! -33 .9093 25. 15 15 - 1h3. 1061 
/ -a'H.  274} - 42-1714 1 8.6090 -4M . b8 40 
•f -aS2. '4,24 2 -74.5127 7^. 92 5 9 -70.2 8 14 
'-) -U H . /1 fn -75.3909 160. 69 4 7 - 77.7011 

1 1 -U2H.024^ -57.3698 2^2. 612 0 - 6 h . 6 3 7 8 
1 1 - 4 1 2. 4 2 b 2 -52.2781 2 14. 5403 -61. 7148 
12 -14 2. 4«as -22. 1885 199.0567 -62.5646 
i j - 162. C'U)') M .■) 15 3 14b. 5537 - 7^.3951 
. '4 - no. uoho 56.56 07 36.  17 2 4 -   36. C82C 

IS - MS. / 4 12 45.3415 -18.2 6 02 - 39 . 7 2 39 
i r, -2S7.4 }•) 1 52.3 561 -66.62 8 7 -42 .9246 
17 -20 -3. ib4/ 24 .J34 2 -9 7. 0 6 3.3 41 .7 983 
1H -1b2. 61 J* 6.'J6 0 0      - •111.  70 IS - 37. 3 86 9 
1 i -S-5. 72S2 -4.1211 -4 1. 4 150 -84.4472 
)/) -S7. 4S7 4 - 12.4765 -3S.29B4 -77.b861 
21 -M.oac^ - IS.hfal 3 -27.95 41 -6( .6474 
> ,i -h').    14 M 1 - 17.7660 -17.4668 -59 .00 39 
2 1 -UM. 474^1 - 15.8060 0. 4 7 1 o -6 1.7214 
24 -4 4. lH 12 -IS.0657 16. 7 30 3 -60.1126 
2S -US. MIS -16.83 89 30.60 70 -5 3. 7 2 84 
2f. -■in. MI i -48. 4 1 SI 10.876H -0.6841 

.fj" •j DOT ■IDDT W WUT '«mi) r wo. (; MH) (IN/SRC) (T M/S EC 2) (INS)             (T N/SFC) (IN/SI 5C2) 
i 4.2 TOO 0.0 0.0 3.58 4 h 0.0 350 7, . 1 886 

2 4 . 7 7 30 -0. 3 56 2 2 2. 46 3 4 7.1030 O.bOOb So. , 49 11 
1 4. H7 J4 -1 .0 986 > 2. 2 24 8 h. 7 52 4 1 .0594 104. , 20 20 

'4 4. H < 2>J -3.3413 205. 2 4 '5 10.40 6 7 1. 3 510 156, .1342 
1 4 . H 7 4F, -4.8754 1S2.156 8 12 .0595 1. 5 52 4 219, .5 687 
f, 4.7HS2 -6.0 69 3 445.746« 1 3. (.5^4 1.6 37 5 303. , 1381 
7 4.6M r/ -6.706 1 54 4. 64 01 15.1501 1.776 1 400. 3024 
H 4. S/1 j -6.5096 645.08 34 16.518 7 1.9125 501. , 5183 
'l 4. s i n -5.6282 6 3 6. Jb3 1 17.8 30 6 2. 168« 59 7. , 9 3 8 1 

10 4.SI HI -4. 380 6 54 7. 57 02 1 4.03 5 0 2. 3 368 647. 5007 
11 4.S »Hh -2.8900 53 1. 08 26 20.0 96 7 2.3 76 9 803. 4530 
12 ■4.   J 1 24 -1.0490 434 .4827 21. 1414 2. 1 53 0 92 0. ,1 156 
11 S. lb 22 1,0771 12 3.1 01 4 22.1549 1. 60 9 4 1049. ,5415 
1U S.S4 47 1.2 3 19 214.  32 31 23 .0915 0.8 214 1134. 5594 
IS S. ^(,5 5.331 1 1 35. 48 47 2 3.9383 -0.0266 1206. 14 1 1 
u, S.   iSIO 7.4 41 4 8 6.9944 24. 7 540 -0. 9 84 3 12 62. 4115 
17 o . / S 0 7 9. 6391 6 9.2565 25.5802 - 1.9400 129 7. 3b5 9 
1;( /.ü;n2 11.7645 82. H588 2 6.3 57 0 -2.7461 1313. 5 8 72 

)0 

..-.^■.^.:..>...-,.,^,^^- Uli. .......■■.....i-^-... .-—-■ .^w...,tln|-n«n|-rH•-^°i^-^«iflAtimw>i»»fn Miiriiii'Tiririlifitl^Bi'ifllliTiiifniniMtittiMiM 
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1) /. <' >V. 13 .yiR7 16 .1. 4 19 S 27.C499 -3.0052 ' 16 7.4 2 54 
,") 1.   H 72 To.1501 29 1.7 167 2 7.7111 - 1. 0427 1418. 14 93 
21 7. a iu 2 IB. 5260 44 7. 028H 28. 1807 - 1.000 1 1 U 6 0. J o 1 8 
;? 7.Sa26 2Ü.9Q36 b 3 2. 2 1 11 2ll.','SlR -2,8274 11X98. 2722 
2i 7. S i )H 2.1.14 851 84 8.70 55 29 . 7 2 1 6 -2.4570 1555.9566 
^a 7. 6 0 U ■; 25.8 66 5 1070.6312 10.3 86 3 - 1.9 330 16 36.9945 
,?s /.bOdl 28.0480 126 6. 32 51 .31 .05 05 -1.3 260 17 17.   1472 
^ 7.6 Mb 31.8610 149 Ü. 0 184 3.1. 11453 -1.4713 1726.21139 

L r;1: 0 ODT ODDT 

1 
(VAD) fH AD/SEC) (RAD/5EC2) 
-0.1 /a^ Ü.0 0.0 

2 -r.G')U2 0.683 3 - 30 . 200 •■» 

1 -P.O >JUrJ o.yubb -58.9 3 59 

4 -" .0 ^ a M 0 . 'J2 3 n -8 2. 26 2 4 
s 0 . 3 bb 1 0.7507 -87.9 376 
<s 0 .ria').< ). 14367 -68.7992 
/ 0 . J H 0 1 -0,0223 - 42. 54 3 5 

4 0.0 T._M -0.6263 1.2 127 
■1 "). VI 2 b - 0-4488 28.6208 

1 "I 

11 
-^..^ 15 2 - 1. 2764 58.0205 

- 0 .1 a J M -1 .6093 9 1. 2952 
12 -0.2Hb4 -1 .9215 1 20 .0 7 2 B 

1 i -i).  iri/S -2.1 757 12-1.2 3 30 

U -c.vni - 2. 360 U 111.1 91'2 
IS -3.«4 /f>') -2.4819 8 4. 9 19') 
1h -"). Ü'j^b -2 .5714 43 . 2 44 3 
1 / -■,. Ü l4 2'> -2. fi5 55 1 .96 11 

1l' - ' . 127(i -2.7491 -2 8.15 15 

1') -■:.2 TU 1 -1.0405 -'17.9 10 1 
->"'. 1 ')';'; -1.2616 - 154. 1 5h'4 

21 -'•. D /M -3.4024 -200.0 64 8 

2 2 -O.Od JO - 1. 42h6 -2 12.4417 
' < - ry . 0 !,', H - 1.29 6 5 -2 3t-> .4304 
^U -0.0 2^^) -1.0388 -204.9027 

2r) -.,.': nb -2.67o3 -1 17.53 7 0 

;"■) -f1.". 5H2 -2. 46 5 3 -80.76^ 
r^). )/ >:  s;: AT LOAI )- 10 0 3. 4   ST? AP=      8.5    L ^;,=        0.0   HEAD ANGLE=-0. 0 52   KOUST 

LMK A .< ] A I. 53 EAR MOMENT "A C ET 
S' ). rO^F     (Li) •'ORCE    (LH) (IN-LB) F')RCE    (IB) 

1 -1 00,i. a ^'; 0.0 -0. C ~ . 0 
i -1bb.2bai 24.435 1 -5.1. 820V      - > 3 f. . 7 92 1 
) - 3(4 1. 42 1 ^ '(.8562 -47. 1780      - 2 2 7.5 06 5 

'4 -   i^ U.   '4'* b ^ -M.3 601 -2 3.70 02       - 19 9. 39 5 3 
s - ibo.u nu -). 4 2 20 -5.84 55       - -1 HI .14 08 
fl - U, i.  ^/2'> - 35.6598 29,  36 60 ■151 .222 5 
/ - u^'j. S7 n -44 .4779 27. 3254 - 89. 41 11 
•1 - '4 V).   '4/ bb - 82.2609 82.2 025 -60.7822 

1 -'-tl'i . 1 •(')') -76. 5574 17 1.2941 -7r.b3 lU 
1!) -•iG'). )'r-)S -5!).455B 215.  120 6 -^9.7CÜ6 
1 1 - nu. i2u!) - 52 .12 5 9 226. 238 2 - 5 5. 1 170 
T! -   17 '4.   37 7 '4 -22 .3 3d i 210.014^ -bt«. 3 346 
i ^ -1(4 1 . h j9b 13.9 8 20 157.2244 -64 ,b274 
la - lS(,.^/nH 55.202 1 47. HÜ 6 3 - 11 .<i771 
IS - 2'» 7.  1 1 1 7 4-;. ,113 0 -7.  37 51 - 15 .lJ09 8 
IS ■ 2'J0. 'K) b'4 51 .3734 -56.1530 - 19, 1Q0 7 
^1 -1 a 1. / r,« a 2J.7 517 -86. 9261 -38 .4064 

m                    1" 
-1UH. (,7;i 1 7.6504      - 10 2. 0 1 18 - 14.3594 

l'j - b 2. S ^ 0 0 -7.2 371 -17.40 7 6 - 76. I^O1: 

)(J 

iUiUmiaäSk ;^.^.v±^^.~.^^^^^ifa^^^-.^~~^r^*r** niririiniiiitriiiinwiriiiihiri m^^ü^^a*^^ —— 
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n -S 1. 48 7 1 - 10 .2563 -3 0. 84 5 8 -69.769 9 
n -5'4.bSSH - n .0344 -24. 98OH -59.9318 

21 -^i.  J0d2 -14 .9130 -16. 43 2 3 - 53.C476 
> \ - U 2. H 2 7 6 - 11 .2000 -1.1580 -55.5549 
I'-i -J^.li2Ü4 - 12 . 5478 12.6018 -54.2144 
.■:IJ -;j9. bbuu - 14 .0283 24.2831 -48.6462 
"i -MI . 'javo - 38 .148 3 6. 5126 -?. .0604 

Lr'jK ii UPT 'IDDT W WDT HÜDT 
N-O. (INS) TN/SKC) {IN/SRC2) (TNS) (IN/SEC) (IN/SE ;C2) 

1 ü. 20 on 0.0 0.0 3.5 899 0.0659 6. 3278 

d i>. 7 7 lb -0.2064 38.95 25 7. 1066 0.8190 37. 0 346 
j 4. «6 65 -1.0017 18 4.2072 8 .7588 1.4773 74. 108 3 

U 4.^7'jU -1.8844 37 0.05 4 0 10.4 152 2.0397 1 32. 1453 
s '4 , ^6 ÜU -2.6 121 54 2. 40h'< 12.0698 2.5569 10 6. 4 3 31 
b ■4. 76 14 -3.073tJ 68 6.7 5 49 13. 6 702 '3.04 14 272. 7493 
7 4, 6^^«) -3.1 75 7 79 0.72 0 1 15. 16 37 J. 6 3 59 3 55. 86 92 
H 4.'. 4 7 7 -2.7453 84 1.45 10 16.5544 4. 2 6 77 441 . 5 613 
-)   ■ '4 . '1 "> 1 H - 1.9 25 3 8 3 4.078') 17.8485 4.9460 521. 22 84 

1'J 4. bÜ46 -0.9008 785. 4652 19.05a9 5.5702 60 2. 5 3 38 
11 4.S4  16 0.2259 702.1086 20. 1 18 2 6.1120 6 92, 4380 
U' 4.Ml   H 1.5 25 2 58 1.08 62 21 .163 3 (S.4745 80 2. 153 7 
n b. 1721 2 .973 8 4 3 1. 69 39 22.1757 6.0053 9 32, 56 12 
114 b. S6H7 4.4 592 28 3.54 88 23. 109 5 h. 2 854 1 02 7. 7 05 2 

1 s ■) .JS 4^ 6. 0 66 7 172.R42 3 2 3.9 5 30 5. 8152 1 133. 7115 
If. h.JMyi 7.39 13 10 6. 54 0 4 2 4 .7 64 5 5.1297 1 156. 8 8 56 
17 t;. 7 )yH 1 0.0068 H 3.99 5 4 25. 5664 4 .3136 1 18 1, 26 15 
H 7. T4 12 12.2333 1 0 0. 3 7 14 2h. 3593 3. 5449 1 183. 5b0 5 
1'» /. 3") "11 14.851 3 1 8 6 . n h 6 27.0513 3.4299 118 1. 3119 
;^o /.a:i r< 17. 7461 32 0. 94 -)h 2 7.7131 3. 5479 T 184. 1600 
n / . b H 1 7 20.9 135 48 1. 64 4 0 2 8.3831 3.7201 118 9. 3 64 5 
22 /. 6StJ7 24.2645 651. 27 )5 2 9.0574 4.0222 120 1. 36 30 
'. i 7. 7 1 1H 27.7084 82 1. lb 3'' 29.7 27 7 4.6115 12 )4. 0 87 4 
'U /. 74 6(i "11.0 29 9 97 5.64 1 7 3 0.3959 5. 4 47 6 1282. 3869 

2L) /. 76 \h 34.0 28 9 1 10 4.   35 3 i 31.064 1 6.4413 1 3 39. 9 090 
2s 7. i 7dq 40.9 72 4 1 33 0.07 2 1 3 3. "5 58 0 6.2062 1 314. 7530 

LIVK 0 01) T ODDT 
■n. (^AO) (RAD/SEC) (RAn/r,EC2) 

i -0.1 74S 0 .0 c.n 
2 -•).n'M4 J .4168 -72.5872 
1 -').')  )11 0 .513^ -108.2599 
'I 

S 
-0.0 2 1 1 
0.0-^7 

0 .4502 
.2947 

-104.4524 

-91.6616 
f, " ..) b 1 4 .13 35 -68.68 )'» 
/ ".-/^S -0 .2406 -44.449?) 
li 0. jb'Jl -o .5960 1.3709 

1 -';..■)-^IM -0 .7800 34.9414 

n -n.,)4TH -o .4570 72.3 977 

ii -Ü.16^7 - i . 1023 112.1444 

12 -0.2 'MM -1 .2 324 149.0 20 0 
i i -o. r^6H -1 .401« 167. 1949 
1U -0.4 lib -1 .b791 148.7652 
i'i) -C.4 8^0 -1 .994 1 107.5557 
Ir. -j .4',U') -2. .324 1 56.1822 
17 -0. 4b6 2 -2 .6446 6. 1 37 4 

1 3 -n .3412 - 2 .9364 -34 .4774 
T) -0.2206 -j .b99 3 - 119. 6415 
»n -0„ 1 72 7 -4 .076 5 -17 3. 2314 
n -0. 1/7 2 - 4 .3867 -1 99.897 2 

. .-■..-)■ „■■ --^ J.»..:^-.! „fmT^fcp^l-^la^-iv^^ m-m nifiiiiT-Miiiniiiiiiii riiiTiiiüiitf«m LiimnMBtiiiimiTii **** 
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li -0.1 02 9 -4. 49 9 2 -203.4620 

I               ^ -0.0^50 -4 .3414 -185. 28 4 1 
2 a -CO 38 1 -3.9342 -153 .5 65 0 
25 -0 . 0IH 5 -3.3078 -112.9860 
1f> -Ü.U51S -2.8927 -91.6595 

0/')   3F,AT   LOAT )-   958.1   5TSAP=      9.7    LAP=         0.0   HE AD   ANGLF=-0 .0b7   KOUNT 

LINK A XTAL SHEAR MOMENT FACET 
NO. FORCR    (Lrj) FORCP:   (LB) (IN-LD) "ORCE    (LB) 

1 -958. KJU 3 0.Ü -0.0 0 .0 
2 -322.754 3 22.4479 -57.7315      - -225.3142 
^ - 31 1. 127ri 7.0647 -47. 1421      - 213. 2 61 3 

n - 3 1U . 9 1 j U -9. 121 1 -22.6410      - -184. 163 3 
-> -321.9457 -10.78 21 -3.5256      - -167. 1481 
h -341. 3162 - 35.7935 3 1.2714      - -1 35. 3 26 1 

I                       ' - 3B7. 77 90 -44.94 8 2 33.5207 -77.8 42 1 
p -U02. 2147 -81.5464 8 6.93 6 9 -49.9 46 8 
9 -379. /ISO -74.0476 177. 5497 -61 . 3406 

i^ - 37 4. 77fS9 -57.2359 218.06 54 -50.7 29 0 
ii -36 0. 190 1 -5J.7640 227. ri840 -4 6 .4 83 8 
12 -341.2m -22 .9 133 212. 50 32 -47.7604 
■n - 312. 104;3 15 .4094 164.2469 -55. 82 39 

f                                1U - 31B. 33 51 49.2991 63.87 74 -25. 478 7 
15 -269. 3925 4 1.230 5 12. 85 62 -2 9 .3764 
16 -216.1416 43 .43 4 3 -3 3. 9534 -32.1498 

17 - 171. 7017 29.9180 -65. 1297 - 32.050C 
18 - 129. 26 4 5 10.5095 -82.6032 - 28 . 9 9 2 5 
19 -4 5.294 8 -3.8441 -26. 3624 -62 .4 97 2 
20 -4J.4 866 -6.5304 -23.  1146 -57.8255 
21 -45. 2542 -8.7844 -2 0. 250 1 - 50. 0 34 5 
?2 -4 J. 58 7 4 - 10.5772 -14.8945 -44.5617 
23 -34.39-37 -9. 5965 -3.64 58 -46 .813 0 
2U -3C.9015 -9.25 4 5 6. 711 3 -45.8322 
25 - 31.   3377 -1 0.4235 15.5 4 39 -41.   i 8 06 
2h -6 5. 21 / 3 -24.2257 0.85 18 -3.98 10 

LIMK 11 UDT (IDDT J* WDT «IDDT 
NO. (INS) (IN/SEC) (IN/SFC2) (INS) (IN/SET) { IN/SEv:2) 

1 4.2 0 00 0.0 0.0 3. 5 90 1 0.0998 6.56 18 
'I a.77 11 G.O 321 51 .1 74 7 7.1111 0. 9865 2 8.10 05 
i 4. 8640 0.0 40 2 214. 4 3 2 2 8.7671 1.3 24 2 60. 617 3 

4 4. 87 49 0.1432 4 1 1.39 6 4 10. 42 71 2 .666 0 113. 237 3 
5 4. 8 5 46 0 . 3 31 5 6 03.6 0 89 12.08 50 3.4951 166.953 2 
«i 4 . 7 D bf) D. 623 8 76 7.4 82 9 1 3.6 887 4. 3472 235. 7585 
7 4.65 31 1.0506 88 5. 10 0 5 15.1 862 5.3243 33 6. 8 317 
H 4. 54 50 1 .751 0 9 4j. 449 t; 16. 5 81 C 6 .3 4 0 0 376.60 7 4 

i.                               (i 4. 49 32 2.5 583 93 9.08 4 8 17.8 79 ": 7.3760 439.7756 
10 4.5103 3. 3 238 882.4111 19.0900 3. 3617 502.4 04 8 
11 4.6 0 20 3.9773 78 1. 9271 20.1 570 9.29 11 56 6. 8 42 7 
12 n. 82 90 4 .62 04 6 4 8. 6 49 2 21.2C51 10.1161 f) 4 1.3 9 49 

1 i 5.  1) 27 5.3293 5 06.96 99 22. 2 19 6 10.7946 72 7.7105 
la 5.5 9 50 6. 1 172 3 81.72 54 2 3 .1529 10. 890 8 79o.bB63 
15 
If) 

5 . 9 ^ 78 7„ 1876 28 1.9 60 1 2 3 . 9 94 9 10.76D4 8 5 4.  52 4 8 
b. 4 3 04 8.6411 20 2. 30 6 5 24. 8C37 1 0.32 95 9 0 2. 5 56 7 

17 6. 8 5 10 lü.tjSOI 14 0.744 7 25.6 2 18 9. 6 4 97 .934.7478 
l1^ 7.2n if. 12. 7 376 10 3.3603 26 . 3 90 9 8.9 131 94 9.2 642 
T) 7.4.2 74 15 . ü 1 3 4 111.  314 6 2 7.0822 8.6951 9 22. 5065 
70 7.5742 19.0426 17 5. 29 0 3 2 7.7443 8.7137 8 3 7.? 7 3 3 
21 7. 69 17 22.9075 27 8.5 3 65 28 . 4 15 1 8. 8061 853.3 54 1 
22 7.78 44 27.3 257 4 0 6.7 92 H 2 9.0909 9.D645 82 0.64 88 

Hsfc ,.:■:,.■■■;.■.. ...- -.,..■■   .V.^-.-1.;^i..V.^;.-W.^f.-i-^.>..>r-.i   ■:.. ■;■.. u. ■-. it i -»v«-t.i* EMI 
^itfgjfflj^^^ 
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2 < 7. H598 31.256a 55 3. 34 2 5 29.7644 9.7026         798.9063 
2 4 7. 'n 32 35.3 03 5 70 0. 94 4 6 30 . 4 37 2 10.6616        791.4213 
21) /.•)46b 3d. 9 18 6 835.3363 31 .1 109 11.8249         797.2978 
.?^ 8.09 95 47.0423 1088. 7363 33.4033 11.4222        754. 5026 

LTN'< 0 ODT 3 DDT 
VO. (RAD) (RAD/SEC) (PAn/SEC2) 

1 -n.i7ab 0.0 0.0 

i 
-0.0401 
0.0 00 1 

0.0 21s 
-0.052 3 

-79. 3179 
- 1 1 1. 4 27 4 

a -0.3 Z) S -0.1013 -113 .4344 
s o.osoo -0. 1B41 -1 02.3 700 
6 0.0512 -0.2204 -78.4452 
7 0.0777 -0.4 6 99 -49 .7589 
4 0.05h ) -0.6138 -2.4925 
■1 -0.0 0'j i -0.60 92 37.0676 

n -0,0 44 6 -0.5585 83. 9 OH 5 
ii -0, 154 7 -0.4 9 86 121.6430 
12 -Ü.29B1 -0.4936 139.991 1 
13 -O.U0 1H -0.6251 138.9757 
14 -0.40B1 -0.9821 125.3506 
V) -0.4 9r,b -1.4481 107.1132 
lb -0.4757 -1.9703 8 5. 3 56 6 
T7 -0.4f)9 1 -2.4916 6 0 .1 9 P 0 
IS -0.3 56 1 -2.9591 34 .2 2 00 
14 -0.2 4 00 -4.Ü600 -45.9802 
20 -0.1)51 -4.028 9 -106.713 2 
21 -0. 1'J16 -5.2929 -146.4 84 3 
22 -0.12 7Ü -5.44ÜB -167.1899 
2 i -O.I 0^0 -5.2126 -168.2318 
2 a -O.ObOfS -4.6743 -153.5479 
2S -O.'W',6 4 -3.Ö826 -1 2D. 5076 
2^ -0.06 7 2 - 3. 3810 -103.669 3 

r = o.' ll<0 J,:AT LOA; ̂    8 97.9   STP AP=    10.8    LA P = 0.0   HPAO AN^LE=-0.08 5   KOUNT = 

i, r-iK A X 1" A L ■;IIEAR MOMENT i'ACKT 
(J0- FOPC7    (L3) ^Oi^C^    (LB) (IN-LB) FOP CE    (LB) 

i - -m. rC, 0 3 0.0 -0.0 0 /1 

2 - 28 4. 7744 19.3523 -S 4 . 0 2 2 2     - 20 1 .2736 
5 - 27 ].  M 4 4 5.831 5 -4 3.8175      - 19 1 .   3 22 3 

'4 -.'75. 0)Mh -(3.3 9 90 -21.24 8 9      - 16 3 .7020 
s -24 3.2703 -11.2153 - 2. 18 50 146 . 7 91 4 
fl - 30 1. 67 17 -34 .1 747 3 0.8512      - 1   If: . 5 22 6 
7 - )4 2. ■) 6H 1 - 43.3695 3 6.73 64 - n 'I ."• 326 
M - V>b. 4041 -7 7. 28 27 86.6614 -38 .79 3 6 
') -33 3. 4540 -70. 29 67 172.14 33 -51 .0169 

n - 32^.52 13 - 54 . 4 J 2 3 210. 1519 -41 .0933 
n -  3U, l)4H7 -48.7892 22 0.98 35 - 3 6 . 976 9 
12 - 300. Of'ii* -24.2626 210.2052 -37 . 8 4 j 1 
1 < -274. 29;i 0 9.9632 170.7558 -45 .2509 
1 '4 -2M1,030S 40.-3815 H 2. 98 0 2 -17 .6295 
V) - ^ 3S.   J4,>5 3!J.4775 37.7057 -21. 3471 
] 6 -ISf-.'j ns 44. 218 9 -6.1608 -2 3 .5836 
17 -14 7. 7 070 29.48 3 9 -37.04 50 -24 .2501 
13 -10S.66 37 13.8895 -56.8440 -22 .3646 
1'J -39. 0042 0.1697 -10.8178 -46. 4 14 6 

,> c -3 6.OH63 -2. 1734 -11 .83 75 -43, 85 3 3 
21 - 3 b. 17 3 7 -3.662^ -13. 0448 -38, .4967 
22 -3 3. 62 AM -5.23 17 -11.9338 - 34 .8916 
? 5 -2 5. b.3 14 -5.1242 -5.80 39 - 37. 0 38 9 

... ^..^^^frtmtfüiim"''-''-^'^*^ iftftii rt',iitif^^if iitfaiiiti tft 
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?.li -22. 370 2 -5 .1463 0. 16 41 -36.5763 
:•") 2. m'] -5 .9614 5. 317 3 -33.4951 
2f> -46, S022 -6 .8518 -6. 30 38 -6. 5635 

L r'IK [j UDT UDDT W WOT WD DT 
no. (ifjr,) (IM/S EC) (IN/.SEC2) (INS) (1 N/S EC) (IN/SSC2) 
i 4.2 0 00 0.0 0.0 3. 5 90 9 0.1264 3.3570 
? 4.77 1R 0.2397 2 9.2072 7. 116 3 1.0865 1 1.1920 
} 4. 86 6h 0. 9 68 3 147.7614 8.7 76 8 2. 0 40 5 22.2930 
4 4 . H -3 0r) 2.0013 319,8501 10.4415 3.0619 4 1. 54 9 3 
r) 4. Mf) 'jf) 3.172 1 518.7861 12. 104 2 4,1092 59.67 58 
6 4 . / S >i 2 4. .3 64 5 7 0 9.662 3 13.7130 5. 2514 114.4988 
7 4.66 ()4 5.470 1 8 56. 120 1 15.2162 6.5 39 1 lu4. 0 344 
H 4.'5657 6.4785 9 IP. 2127 16. 6 16 9 7.8622 213.89 27 
'1 4. S177 7.2230 901.6054 17.9 212 9. 1547 251.2517 

10 4.') 3 79 7. 6 90 8 84 6. 08 3 6 19.1373 10. 3867 286.1670 
n 4.6317 7.8 88 3 771,0780 20.2096 11.56 27 3 20.5^88 
12 4. d6 04 7.9585 681.64 34 21. 2626 12.6 776 363.7785 
i ? 6. 2 2 60 8.0 56 6 5B,3.52 5<) 22.2815 13.7026 4 19,0862 
14 '). b.JOH 8.2862 485.13 !4 2 3.21b 0 14.09 19 470.1040 
IS 6. 0178 8.8 85 3 39 3. 76 11 24.0581 14.2209 519.62 91 
1h b. 4766 9.9 23 9 3 0 5.605H 24. 865 3 14.0288 5 6 9.4352 

1 / 6 . '■) ^ b9 11.4508 217.5946 25 .6804 13. 5408 6 1 3.4 2 00 
1H 7.26 87 13. 3 28 9 138.3178 2 6.446 2 12.9239 (.44. 4981 
V-t 7.S066 16.0322 7 1. 08 1 3 27.1360 12.5997 626.4 42 1 
?0 /. 6/09 19.5230 4 C.53 03 27. 7 9 7 8 12.4204 5 82.72 97 
21 / .SOBo 2 3. 6 57 2 4 9.4 3 2 H 28.4685 12. 2719 524.3035 
22 7.92J2 23. 2 256 9 9.02 57 2 9.1450 12. 25 48 452. 6089 
2 1 S. 02 14 33.08'4 0 19 2. 66 6 3 2 9 . 3 2 i 0 12.6131 369.4 187 
2 4 d.C:9 70 37.8586 319.87 97 3^ . 49 8 2 13.3519 2 93.7675 
?S 8.15 01 42. 2048 461.75 66 31. 1776 14. 3867 2 3 7.36 86 
2 b ).3471 5 1. 7 33 9 770.98 82 3 3.4673 1 3. 7 11 5 170. 1695 

LINK 0 ODT ODDT 
NO. P ID) (RAD/SEC) (RAO/CEC?.) 

1 -n .1 745 0 .0 0.0 
•; -n .0)11 -0 .3265 - 56. .3 54 0 
! -0 .0015 -0 .5664 -9 2.550 3 

4 -o, .0 224 -0 .6684 -112.1H35 
r) o .0567 -0 .7319 -114.03 3 8 
h ü .0490 -0 .6643 -94.9 32 7 
7 0 .0747 -0 .7368 -5 3.9 80 9 
M 0, • OViO -0 .5868 10.56 14 
') -0, .0 07'» -0 . 39U7 4 3.1 3 04 

10 — 0 .0464 -'I . 1611 68.8695 
11 -n, .15SH 0 .0303 84.5892 
12 -0. . :> ■JOO 0 .1069 96.4 350 
1 } -0, . 4 o n -0 .01 35 105.4691 
14 -C, .4116 -0 .4 0 37 109. 37 37 
IS -0. , SO 2 5 -0 .913 9 1 10.0000 
1b -0 . ,4844 -1 .4848 107.949 1 
17 -0, .4 8 06 -2, .0673 1 0 3 . 02 H2 
^H -0 .\ 702 -2 .6 130 94.82 9 4 
14 -o. , 2604 -4 .0207 50.229 3 
?o , 2 2J 1 -5 .0751 -0.259 1 
21 wr; .1 744 -5 .78 17 -51.331 8 
.22 ,1564 -6 .119 2 -98.9117 
? 5 _n .1 m -6 .0007 -136.2245 
24 -0 . .0450 -5 .474 1 -154.988 2 
2S -r. ,0-i76 -4 . 5 961 -152.9728 

iaaiäiiaaaMafeiiiaaiatä jflaBiiaiiBiiüiiaaMH awiato^saa^a^a^i^caä^^ 
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2n -0.0H5S -3.9502 -127.9220 
▼> _ -^ 1-!5  STAT   LOA3=   HJO.O   STRAP=    12.1    I,/ \?=         0.0   HPAD    AN3LE = -0 . 107   i\ OUNT 

LINK AXIAL SHEAR 10MRNT FACET 
N'n. FORCF   (L,;3) FORCK    (LB) (IN-LB) FORCE   (LR) 

1 -8V3. 01 Oh 0.0 -0.0 0.0 
2 - 24 S.  /')'> i 16.U887 -44.8564      - • 174.4374 
1 -23 i. 2i0 2 4. 4537 -36.9107      - -163.6698 
4 -23J.o,Jf,y -8.3082 - 18. 0108      - -130.1437 
'j - 23«.  )')4tS -10.7503 -0.7401      - ■12 3.6315 
0 - 2')b. i }S3 - 30.7457 2 8.5645 -16. 57 29 
7 -?(n. v^s - 3J.  3 317 3 6. 1042 -52 .3 35 2 
■1 - 302. )1 OS -60.296(4 H^. 3961 -2<'.G22 8 
'■> - 2>n. 74i -( -63 .2012 158. 07 19 -40.5314 

l;j - J-L  ^^4 i - 50.2 600 1 96.6642 - 3 1. 219 1 
11 -26'!. 24',4 -45.087 2 20 0.53 92 -27.0 28 1 
1,? -f^'i. ')4o1 -25. 29 5 5 204.6447 -27.4016 
1 \ - 2 H. 10 B •> 4 . 3 4 3 6 174. 8939 - 34 .0836 
14 - 230, 000 * 31 .8218 101.0084 -9.558 3 
1r) -200. 14/ j 20.0087 6 2. 3043 - 1 3.07 5 8 
lb -Tjy.H737 30.0/39 2 2. 192(- -14.7550 
17 - 12 i. n7f, } 2^.2452 -7.49 0^ - 16. 150 3 
H -■<0. 0 10 i 16.8528 -2 8. 74 3/ - IS. 4219 
14 -3 4.r,f,/-i 4. 0998 7.4643 -30.0519 
A') -30.')SSM 2.02b 2 2.  35 23 -29 .66'"3 
21 -20. 2i2'i 1 .4545 - 3.020^ - 26, 7 35c 
2 2 -25. 73 14 0.3712 -6. 3 92'f - 25 . 20 48 
2J -1 3. JOUO -0.2553 -5.8605 -27.7016 
24 -15.0014 -0.5630 - 5.  148 6 -2 8.01 97 
2') -14.2 000 -0.9776 -4. 6512 -26. a 757 
2^ - 2H. h 4 4 / 13.52 52 -14.1129 -9.9006 

I,T MK 0 uor I DDT fc WOT iiDD Ti 

NO. (INS) ( IN/SEC) (IN/:JEC2) (INS) ( IN/SEC) ( TN/SE ;c2) 
1 4. 2 0 00 0.0 0.0 3. 59 15 0.1370 0. 2163 

2 4.7733 0.  34S1 16.107') 7.1218 1.0 8 32 -14. 4212 
) 4.3730 1.543 a 89. 6420 8,7871 2,0 17 2 - 32. 4724 

4 4. P0 41 3 .3 2 R 7 2 14. 18 0 3 10.457C 3.04 82 -4 5. 359 6 
^ 4. 8 0 5 3 5.4178 3b 8.15 04 12. 1251 4.1524 -5u. )3 04 
^ 4. 7 »83 7. 50 49 521.33 4 7 1 3 .7400 5. 4 3 43 -40. •3 015 
7 4.7)bH 0. 3 014 7 6 4 6. 9 70 6 1 5.2 5 01 b , 8 8 3 6 -2 8. 5 875 
H 4. h0 89 10.6355 7 10.57 H, 16.657^ 8.3667 -14. 460 1 
■) 4. bh^b 11.372« 74 4. .16 2 17.9 6') ; 9.7681 -7. 0357 

1 0 4. VUife 11. 682 6 74 5.45 6 0 1 9.19 16 11.  10 3 3 -1 . 6074 
1 1 4 . h 3 0^ 11.6337 727. 2762 2 0.2 701 12.386 2 7. 0 2 76 
12 4. 'KUJV 11 .3934 63 0. 45 3 7 21. 3242 13.6503 2 3. 2090 

1 ! 5. 27 38 11.1 132 6 3n.8l15b 2 2. 3 5 37 14. 88 92 52 . 2112 
1 u 5.;) 7 8 ^ 10. 9131 556. 1B64 2 3.2908 15,4999 8 8. 31 96 
1'J 6.0875 11.067a 47 1. 2644 24.1341 15,8680 131. 6701 
I«-, b. 5304 11 .6141 7 377. 34 31 2 4. 04 10 15. «33 8 18 2. 0 3 16 
17 0. Ob 61 12.6905 2 7 6.5 250 2 5.7543 15.6826 2 3 0. 37 0 2 
1'-1 7. 3 372 14.1285 18 1.2226 26.5 17 3 15,2383 268. 0941 
VJ 7.53 77 16. 4221 8 7. 13 4 h 27.205 3 14„8076 244. 8814 
20 /. 7r,80 19.6602 20. 10 70 2 7.86 57 14.3473 190. 4 090 
2 1 7.0 271 23.6 97 6 -2 4.4 3 11 28. 5 349 13. 9511 14 3 . 6 85 1 
>7 3. Of) 4 8 28. 3233 -5C. 0745 2 9.2 10 3 1 3, 570 7 76. 3 042 
2 ) 8.18 81 3 3.4029 -5 7. 00 04 2 9.8871 13.4766 - 13. 3201 
24 3.2 3 87 38.5627 -3 4.86 18 30.566^ 13.7559 -114. 167 5 
■"-, 8.   3651 43.4232 23.014/ 3 1. 2 50 5 14.3894 -214. 1358 
>h 8.0 138 54. 6 38 9 3 8 9.8174 33 .5 359 1 3. 20 4 3 - 315. 8062 

-^  ■■..■li.i-.Mir,:-/ tfrBaaaaa^ttiiiaa^ 
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LI N1-' 0 DDT ODD? 
MO. (RAD) {RAD/SEQ (P A D/S Ef 2) 

1 -0. 17 4b 0.0 0.0 
7 -0.0 IM -0.5420 -3 1,7 862 
7 -o.nOSa -0.4652 -65.7652 
a _o.n271 -1 .1 800 -85.4 2 12 
s :.). D S 17 -1.2617 -B9.H319 
h o.oa a a -1. 1135 -80.2 875 
7 0.0 704 -1.0024 -54.8 557 
n 0.0soi -0.5840 -18.4321 
f) -0.0 044 -0.2721 -2.1778 

n -O.OUoS 0.0581 11.492 6 
11 -0.1'34 H 0.3213 30.8877 
1 >. -0.2q7S 0.458 4 5:).7217 

" -0.40 22 0.4247 7 1 .004 3 
1U -0.4123 0. 10 8 3 4 1.0640 
1') -0.r.0lj7 -0.3550 108.9 7 60 
If. -0.4004 -0.4047 1 17 . 4 9 6 4 
17 -^ . 4Hl) b -1.5033 120.0841 

1 =( -0.18 14 -2.0766 117.7694 
r» -0.2 74/ - 1.6755 85.2 351 
2T -n.2 4 52 -4 .9361 5 1.6 21 1 
21 -0. 208 7 -5.8463 25 .0044 
2? -n.188J -6. 38 2 3 -4.2942 
■i 1 -0.1684 -0.4583 - 42. 4719 
2a -0.1140 -6.0947 -88. 178 1 
2S -J. 1 124 -5.3371 -140.2374 
2 6 -0.1 07 0 -4.69 57 -1 71 . 96 9C 

v =n. "40   .l^AT  LOM)=    76J.7   ST3AP=    13.4   L A P =         0. C   H 

LTNX A XI AL SA EAR MOfinNT FA C ET 
.n. P^nCE    (LB) FORCE    (LB) (IN-l. B) necF   (is) 

1 -76 1 .7 117 .).0 -0.G 0 .0 
2 -210.4S04 12.8216 -3 2. 22 05 -14 3.2214 
* -196.6b IS 2.85 29 -27. 1760 -1 13.P572 

a - 14 3. 44 4 6 -7.7478 -13.02 97 -113. 4 44 3 
s - 14 7. 7 4 04 -9.8431 1. 1467 -100.2056 
h -210. 3414 -26.50 0 8 25.5245 -77.2534 
7 -217.4020 -33.9778 33. 249H - 4 G . « 06 2 
'■i - 24 7. f;]27 -59.2568 7 0. 89 10 -20. H472 
ri -224. 404 ) -54.4282 14 1.6212 -30.676 1 

10 -227.2SH4 -45. 1316 17 6. 94 40 -21.9620 
11 - 214. 4710 -42.3594 19 1. 490 1 - 17. 7299 
12 - ?"I4.   If 41 - 25.6779 19 3.94 1/ - 17.6 22 2 
1 * - T' 1 . 11 4 b - 0.^ 50 2 17 1. 52 4 8 -2 1 .4650 
^k -14M.2462 22. 57 4 3 114.21 1 1 -2 .2344 
^r^ - 16 S. 01 h l 21 .7477 8 3. 132 1 -5. 1952 

l                                                         1^ - 1 1 2. 1 4 3 1 32.74 34 4 8.3151 -6.4114 
17 - 1 0 1 , 4 R S S 25. 8 7 3 1 21. 31 72 -H .3523 
1 -f -72.031') 11. 1437 -0. 3844 -8.7121 
1-» -12. bAOO 7.7 06 9 27. 37 9 1 - 14. b44f, 
20 -2 7. 64h7 5.7664 18.28 24 - 16. 6424 
21 -24. 1506 6.0404 8.72 12 - 15.9452 
22 -20. 1217 5.3553 1.02 57 -16.4188 
2 3 -1 1. 1ü62 3.9613 - 3. 4723 -19.581R 
2a -4. oc.47 3.34H9 -7.5520 -20.7 452 
2n -H. 14hS 3.2J21 -11. 36 11 -20 . 5P,4 2 
■?(, -14.S7 4H 30.5424 -19.98 35 - ' 2 . ' 11 2 

HEAD   ANGLE=-3,  133   KOÜ NF =   50 

T. r N '< UDT UDDT WDT WDDT 

■:~.^*^i*-)*UVt.i ■.^'■ - ^ - ■-^■■^ J -^-i-. ^^^.^ -'■■:.■   '^■^.-   ■■ ■■ ■-.■: ■:.■■..■.:■.■. .   ,.--.....■.-■. .-.- :- -- -.v  .v; .■.. ■■--.  ■--^.  ;■■. ^■.-.:.■■.■. ■: ;:.:.,.\-::'^- --.^:.:-c:.-...\.^,-:■,..■.■. t^L.^i!3J^iiM: i-'X..<äiiitäi 



iipH!MIIJ!iliiiiii!PR mmm PiiBiiPiiiiiPJPitiiiiiiiiiyfBW IWBPPPJPPiHIBiPWWIBWW^WWWglWPBHII^Bj 

210 

vo. (INS) (IN/SEC) (IN/SEC21 (TNS) (T\'/F .FC) (IM/Sr C2) 
1 4.2 000 0,0 0.0 3.5 92 2 0. 129 1 -3. 3 8 52 
2 4.^752 0.4129 10. 1643 7.1269 0, "a 07 -4C. 6 0 6 2 
] 4.8^17 1.9144 57.0527 H.7 96 6 1. 7415 -73. 52 0 9 

■'4 4.91 JO 4. 147 2 10 9.3SS2 10.4714 2. 6608 - 104. 35 3 1 
'> 4.41 .,,? 6.7602 16 5. 31 8L.' 12,1449 3. 6714 -1 36. 253 1 

<-, 4. n 4 1 2 9.4000 2 3 3.74 20 13.7661 4. 8955 -167. 3 7 5 3 
7 4 . 7 S 01 1 1. 7 39 2 323.6ri2S 15.2 8 34 6. 29 50 -1 98. 6097 
'-1 4.')oS»4 1J.S 159 4 28. O 3h9 16.6986 7 . 7S25 -22 4. 4255 
9 4.62 0^ 14.572 2 529. 3S12 18.0168 9 1123 -24 7. 7969 

10 4. f)S18 15.087? 6 0 7.37 8') 19. 2460 10. 4 0 52 -271 . 1690 
1 1 4.747S 15.  1079 64 S. 81 1 6 20.3 309 11. 6S9 9 -291 . 9440 
12 4.9742 14. 7875 6 56.6 5/4 21.3 96 3 12. 9255 - 30 9. 0739 
1 < s. n7i 14.281 1 62 7. 80S7 22.427 3 14, 22 15 - 317. 1333 
m b. 74G.3 1,3.7617 5/7.05 11 2 3. 3 67 8 14. 9558 -305. 24 34 
is f). 14 3 9 1.3. 5 310 '- 0 9.671 ^ 24.2 134 15. 4925 -282. 5 02 4 
1h b.b'HS 13.6624 4 2 8. 2 3 8o 25.0212 15. 7 7 40 - 2 47. 9792 
17 7.0 3 32 14. 2139 3 3 2.0320 25.3338 15. 7519 -206. 5 59 7 
H 7.4103 15.1550 2 2 9.569? 26.5951 15. 5003 -16 6. 748 1 
n 7.Ü/10 16.8965 101.0577 27.2807 15. 0031 -163. 7628 
>■) 7.d67J 19. 6603 -27.3691 27.9 38 5 14. 4256 -179. 7161 
ji ^.0448 23.2965 - 148. 70 8 3 2 8 .6 04 9 1 3. 7625 -237. 54 2 9 
2 2 H.20 51 27.5 91 9 -256. 16 11 29.2 77 7 13, 0998 -252. 3312 
2 ( '3. ^S 3 3 32. 4 22 1 -343.14 OS 29.9 5 2'-» 12. 5961 -3 25. 7512 
2U •k4 7% 3 7.4 9', - 38 9. 2 32 ) 3 0.6328 12. 3/40 -42 3. 2 6 4 0 
^S ■\. S3 OB 42 ,4 99 j - 37 8.  36 9') 31.   3 18 3 12 4 6 7b -5 34. ) 19 1 
2'S 3. :r'04 55.6 97 2 4 5.8 96) 3 \. 596 7 10. 7 64 0 -677. 46 21 

LINK 0 ODT ODD? 
VO. (RAH) (HAD/SEC) (PALVSEC2) 

1 -0 1 74S 0.0 o.O 
2 -o. .0964 -0.6960 -2 6 .6.3 94 
1 -0 .0109 -1. 2398 -3 0.652 6 
4 -0 .0J3H -1 .4740 - 3 2. 132 7 
S n 0 4 4 S -1 .5 8 06 - 38. 199 3 
h T. 3  3H 1 -1 .4442 -52 .0553 
1 () .0646 - 1. 30 48 -65.231 C 
H 0 .046H -0.3 19 3 - 7 3.9621 

(J -0 0 111 -0.44 82 -66 .003 4 
10 -0 . 3 46 3 -0.0324 -4 6 .7 24 < 
11 -0 . 1 S i 0 ). 3 47 4 -18.8097 
12 - 0 .2  )Uo 3 . 6 27 7 1 1, 6 82 0 
1 < -u . J9M3 0.7 18 8 40.3 76 3 
14 -r. , 4 107 0.5 095 65.4557 
IS -') . S 0 6 2 0.1385 86 .4681 
If) -0 . 4 9 .\ S -0.3480 104,5151 
17 -0 .4 9S6 -0.89 7 0 120.7069 
1R -0. J'JOH -1.4450 134.3579 
TJ -(i 296H -3. 1173 143.306 7 
2 0 -p .26H() -4.4738 13 7.6878 
21 _f\ .2 372 -5.4951 118.2 67 7 
2 2 -0. 2199 -6.1770 8 3.0117 
2 ! -0. 2 009 -6.4772 26. R 37 4 
24 -0. 1 4S4 -6.4144 -47.8611 
2S -0 . 1 4 08 -6.0.24 4 -138.3677 
26 -0. 1 328 -5.6622 -2 11.99 27 

r-.n. 0 4r)   SKAT   LOAD =   706.4   STRAP=   14.8   LAP 0.0    HEAD   A Nf; LE=-0 .164   KOUNT- 

LT-AK A xr \\. SHEAR KOMFNT FACET 
NO, FOPC V6     (L;3) 'ORCE    (LB) (IN-LB)            K OPCE    (LB) 

, = <.<..i-A,^!.^M.H':i.-J«Ca iimMiWafriMfeiiiiafciiaifilii P<MWiiifjifWi"i 
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1 -70b. 42H2 0.0 -0.0 0.0 
2 - 1H2. /HU \ 4. IdbB -17.2721       - -112.9920 
\ - 16b. -if' ^ 1.46^3 -lb. 96 7^      - •106.2 }63 

a - 1S9. 2 10 2 -7.4 95 0 -7.68 36 -90.069 0 
S -16 1. M2t42 -4.J2b5 3.7058 -78.F 17 7 
h -17 1. I07S -22.990 2 2 3.79 04 -59.38 3 3 
7 -112.27 0 3 

- 19 9. Un 16 
-28.8342 
-aH,.954b 

31. 5220 
6 2.2 26 1 

- <r.1«87 
- 13. 7533 

9 - Hi. 12 92 -4S.B380 122. 4563 -22.5050 
lr> - i-n. 0d2(] -30.0047 153.7979 -14.7642 

1 1 - 17 S. Ü 6 2 S - 37.64 7 0 170.9114 -10.7 112 
1.> - 1 6 7, '♦ S 6 1 - 2S. 32 1Ü 175.9952 -10.0872 
] i -ISi.hU7 9 -S.7 23 1 16 5. 12o2 -14.8113 
14 - 16 i. o iua 13.5493 121.0000 3. 4 82 4 
IS -1 U.   J22H 14. 13 5 9 u8,36 8 3 C .898 7 
If) -i OH.büoa 2D .9048 69. 5912 0.57<C 
1/ -0 3.  2,-!US 22 .6056 4 5.9245 - 1, 7257 
1R -SB.  79 91 20.0bri2 2 4.64 14 -2.9674 
19 -5 2.  }il26 10.04 3 7 46.6062 -1.R5S2 
,? 0 -2 6. S.-iM 8.090 4 3 4.47 6 3 -S.4063 
21 -2 2. HI 5 6 9.036 2 21.6336 -6.3921 
2 7 -17. SI 06 8.7255 10.6129 -8. 4 56 6 
-! i -10.  wv, 6.8239 2. 36 92 -12. J66 9 
"J -6.soon 6.063 4 -5. 3897 -14.2880 
^S -U. ViH;' 6.12 34 -12. 5656 -IS.2141 
2fi - S. SO 6 2 39.6 85 6 -21.0215 - 12.9267 

LT MK Ü unr 11 DDT W WI )T WDÜ T 
NO. (1 NS) (I^J/SEC) (IN/SRC 2) (T N S) ( T M /S FC) {IN/5E C2) 

1 a. 2 0 00 0.Ü 0.0 3. 592^ 0. 1081 -5. 1000 
2 a. 7 77i 0.4280 -6.54 7'"» 7.1310 0. 7 0 3 5 -S2. 1463 

1 a.89 irt 2. 0 38 1 -16.46 4 4 8.8042 1. 3107 -97. 6116 
14 4.9 JUS 4.3 59 4 -29.2726 1C.4832 2. 0258 -149. 636 3 
l) '♦. qsr2 7.0931 -26. 12 13 12. 161 2 2. 8169 -205. 1652 
^ 4. HI 03 J , 9 48 3 2.884 6 1 ' .788 1 3. 80 52 -265. 1634 
7 4 . H 2 16 12. 6697 6 9.832? 15. n 1 8 k. 9 6 40 -327. 6 741 
;1 4.74 16 14.9817 17 1. 9 2 39 16.7339 6. 20 31 - 336. 7685 
9 4. 70 d4 16.6311 2 9 3.5880 18 .0584 7. 3695 -44 0. 3918 

1 1 4 . 7 < 6 1 17. 6 50 3 406.0842 19.29 3 6 8. 470 S -493. 6515 
1 1 4.^07 17.9958 4 9 0.61 0'. 20. 3844 9. 5';27 -S45, 6042 
12 S. OS 60 17 .Hno 54 8. 10 8 3 2 1 .45 S 8 10. 6290 -599. 6073 
1 i S. 4 1 64 17.3032 5/2.6134 2 2. 4 9 50 11. 7770 -6S0. 4825 
m S. 4 1 6 j 16.6367 568.6151 2 3.4 37 1 12. 4948 -669. 3779 
is 6 . 2 2 .i 1 16. 1 42 5 5 3 3.01 S3 2 4.2856 13. 0859 -669. 8b80 
16 6.6674 15. ^070 4 6 7. 6 2 97 25.0952 13. 501 1 -649. 42 9 2 
1 / 7. 10 87 15.9R5 3 U 3. 1842 25. 908 2 13. 6 75 8 -610. 6 76 4 
r"' /.4'i92 If.. 3 92 5 26 1 .4288 26.6 68 R 13. 6355 -S6S. 1453 
19 /. /S67 17. 4 20 3 10 9.3 4 8S 27.3 52 1 13. 2 50 7 -526. 7672 
)("; 7.96 SO 19.406 1 -6 4. 114 3 28.0070 12. 6 94 2 - S3 5. 4522 
2 1 .;'. IS 90 22.2692 -24 1.58S1 28.6 6 9 8 11. 9 80 8 -499. 0470 
2 2 \.  1 <90 25.8 64 9 -4 06.04 61 29 . \ 38 9 11. 1671 -S14. 1789 
2 1 a.sioo 30. 116 9 -54 7. 15 92 {•0.010 8 10. 3477 -564. 54 19 
2 U J. 6 6 1 0 34.8519 -6 38.0306 ?0.6884 9. 666 3 -648. 7058 
2S H. 7-3 72 39.844 1 -658.4255 31. 3 72 9 9. 2053 -7 58. 26 57 
2fS M. 16 8 2 55. 2 309 -218.76 02 n.6 40 9 6. 6728 -947. 1032 

LTNK r; OOT ODDT 
MO. (RAO) (RAD/SEC) (HAD/5 EC 2) 

1 -0. 1 /4b 0.0 0.0 
-) -0.100 1 -0.764U 2.9 86S 

■-    ' ^..-.>......t^^^.. ^^-,...JJ-!^^w^J^^^, 
tääitääätfämgSbk '*&fote J^lgJItVrtiirii^ 
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^ -'i.O 17 2 -1.2665 7.1105 
n -o. j ma -1 .bU17 -0.3 40 0 
S P. ") 18 2 -1 .6942 -13.8272 
(=> Ü.Ü 10 3 -1.6589 -37.5211 
7 0.0^71 -1.6267 -60.3 69 0 
a 0.0416 -1.2469 -86.5697 
n -o.;; mi -0.Ö621 -90.0408 

10 -0.047 ] -0.3678 '-82.6209 
ii -0.1 J17 0.1380 -64.9 79 2 
12 -0.2 916 0.5599 -41.5356 
11 -0. )')S4 0.7947 -13.o765 
14 -U.4 07b 0.7315 20.6107 
lb -O.S04b 0.499 1 5 7.4650 
16 -0.4 4 40 0.1433 9 3.5702 
17 -0.4-^S -0.2836 12 5.9640 
IB -(^ .3')6) -0.7299 150.9402 
n -0. 1 in i -2.258 7 1 92.5 87 9 
2 0 -0.2492 - 3.5900 205.42^0 
21 -0.202 0 -4.7021 190.0000 
22 -Ü.2U0S -5.5901 14 7.366 0 
'1 -0.2 32 7 -6.221 1 76. U572 
j II -0. 1 /ao -6.5893 -18.4369 
2") -0.1 /27 -6.7122 -132.0514 
2f) -0.16 39 -6.7787 -2 30.0 39 2 

T-'1. 100   3,=: AT    LOA )-■    663.6   STRAPS   16.4    L AP--         0.0    HE A D   ANr. LE=-0 .2 01   KOUNT 

LINK AXT AL SHEAR MOMENT FACET 
NO. vnici-:   (i,3) FORCE    (LB) (TN- LB) ^OPCF    (LB) 

1 - 66 3. 62 04 0.0 -0.0 0.0 
2 - 16 4. 709 4 5.892 9 -2.8146 -37.7251 

3 -14b. /22r) 0.0 281 -7.0877 -83.4616 
U -13b. 362 I -7.995b -1. 4d9b -7 0.724 6 
b - 136. 6H20 -9.434 6 7.6454 -61.0146 
f) - 14 3.96R>3 -20.6966 2 4. 34 54 -44.28 3 3 
7 -lb'). 06H 7 -24. 427 6 31.H581 -21 .282 9 
'i - 16 ). 66 34 -39.47 18 55. 92 06 - K . 2 1 0 9 
') - 14 7. 9b94 -36.887 1 10 4. 29 8 9 -16,8310 

10 - 14b.   11 12 -32.3 52 8 12 9.289M - in. 38 2 6 
1 1 -14 0.  )9 1b -32.66 1H 144. 5455 -(..7 62 3 
12 -  1)4.  4 1 h 0 -2 3 .R81 0 152.6266 -b. 7one 

1 i - 124.   1 Ü 6 - 8.987 5 14 9.801li -'*. 2 17 3 
1'4 - 1 3 1 . 7 9 1 J 6 . 19 7 3 119. C4 4 6 (, .6')9 1 
T, -11 0.bH72 7. 1908 10 4. 266b 4 .H322 
lb -'^ü. 6664 1 ).H972 3 1.86 40 5.186 9 

1 / -6 9. /341 17.9623 62.56 16 2.9 4 40 
1 ••( -4 9.  J0H3 18.44 31 43.5567 1. 3 3 3 4 
TJ -32. ic>n 10.561 3 63.36 38 8.6116 
>u -26. 74 32 B . 4 8 C 1 49.8772 4.0245 
2 1 - 2 2. 6 3 7 3 9.8398 35. 39 25 2.0 95 6 
22 -17.01 16 9 . R 8 6 4 22.64 86 -0.9436 
2 < -9.HÜ2 7 7.9224 12.  3b 50 -b.5 3 92 
2U -b.7963 7.2384 2. 3903 -8.044 2 
2b - 3.  30 b/ 7.3 70b -6.94 3H -9.6 94 7 
2h - 1. 7 4 26 38.4212 -15.9872 -10.2638 

LTN'K ii UDT DDDT W WOT WDDI' 
MO. (I rjs) (IH/SEC) (IN/SEC2) (TNS) (IM/5EC) (TN/:;EC2) 

1 4.20 00 0.0 0.0 3.59 3 3 0.0764 -7.2843 
2 a.7793 0.3 416 -2 5.26 02 7.1339 0. 4 27 6 -58. 4792 

1 4 . ')') m 1.7490 -88.7H71 H.b09 5 0.7717 -117. 4167 

"> u 

^c... ■.■:..v.^..'. ..,.:..-..^.....^^.. J...r:....^..        |iM>^|iit|gM|a||||it||<B|jgg|^^ i^^-'^^^^ffiiiiifiiilrrfMtf1 
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n a. j'i'ja 3.8 94'4 - 14 1.66 7 1 10.4 913 1.1725 -189. 08 5 8 
i '4. 7>-i SH 6.6010 -155. 42 1 1 12.1725 1. 6356 -262. H2 8 6 
h 4.9341 9.bRB5 - 13 3. 74 19 13.8035 2.2807 -3 38. 5 9 2 2 
/ 4. 88 52 12.6156 -8 1.09 36 15. 3321 3.0805 -417. 768 9 

H 4.^3 170 15.3594 -12.7934 16. 7 59 5 3. 972 9 -495. 5528 
<1 4.7)42 17. 531 1 7 1.6313 18.0891 4.8080 -572. 4137 

10 4.R2B4 1 9 . 0 86 5 169.7326 19.3291 5.57Ö6 -649. 3043 
1 1 4. 4 2b9 19.9123 27 3.23 2? 20. 4 24 5 6.3234 -726. 5422 
12 5. 15 14 23. 167 3 3 7 9.9841 21 .5004 7.0627 -809. 1785 
1 ? 5.^097 19.9 30 3 470. 0714 22.5426 7.3673 -89 2. 9192 
1U b. 9 0 64 19.3873 5 2 2. 12 37 23.49CG 8.4218 -937. /0 25 
IS ii.   310S 18.8099 524.8364 24. 34 14 8. 96 3b -95b. 5 9 85 
If. 6. 7^29 IB. 2966 481.9015 2 5.1532 9. 4547 - 94 8. 16 85 
17 7.1 934 17.9 23 6 39 9. 581 H 25.967 6 9.8 151 -9 15. 5671 
1H /.b74c) 17.7712 29 4. 0 5 5 4 26.7285 10.0046 -872. 3 135 
1') /.84b3 18.0382 14 5.7 069 27. 4 1C5 9.84 01 -82b. 47 2 1 
2^ H . 0 ft n 19. 14 02 -30.7465 28.0 629 9.433 6 -7)1. 08 55 
.n 3.20 71 21.0809 -    18.6522 28.7 22 4 8. 8^8H -764. 81 31 
2 2 ■3.4r, i2 23.795B -40 2. 5 3 31 29. 3 87 3 7,9864 -7 55. 5 372 
2 < 3. bS 3e) 27.2532 - 57 4. 5 3 20 30.0545 6.9890 -777. 7165 
2-i M. >3 '>6^ 31. 421 7 -7 06.00 94 3 0.7 27 8 5. 9448 -8 38. 51 ü 3 
2 b 3.97 75 36. 1952 -770. 79 1 3 31 .4 C87 4.960 1 - 9 3 6. 56 04 
>h 4. 44 0.3 53.6633 - *9 0. 8 4 28 33.661 5 1 .3 805 -1 16 4. 17 40 

L IN ■: (j ODT ODDT 
NJO. (RAH) (RAD/SEC) (RAD/3 EC2) 

1 -0.1 74 b 0.0 0.0 
2 -0. 10 3H -0.6707 30. 2 28 5 
3 -0.3 23 3 -1.1605 31 .974 3 
a -O.04 9 1 - 1.5113 11 .71 GO 
s 1.0 27f, -1.7531 -8.741 1 
o 0.0215 -1 -8355 - 3 1. 3 20 7 
7 0.Ü 4HC) -1 .884 8 -41.3511 
S O.O 34 4 -1.6112 -57.4348 
) - 0 . ) 19 7 - '.2762 -72 .93 4 3 

1 '} -0.0b 02 -0.8 09 1 -90.1455 
1 1 -';. 1L>2 0 -0.2860 -101 .0399 
1 > -0.2Mwf, 0.2 04 9 -97.5 97 3 
1  ! -o,j nn 0.572 3 -72.9 42 5 
1 i -n.u O 3't 0.7113 -27.8930 
1') -O.b )14 0.7 08 7 24. 28 1 1 
)(, -0.4 9 22 0.5732 7 3.380'' 
1 / -0.4 9h4 0.3334 114.1671 
IM -0. 3 9^30 0.Ü2 3O 14 3.5 2 36 
17 -0.  i 1^ 1 -1.2717 195.0995 
;n -Ü.104S -2.5136 219.3491 
n -0.2  3VI -3.6772 214. 3833 
.!2 -rt. 2 /t)4 -4.7552 18 1 . 2 50 6 
> i -n. 2^)27 -5.7306 116.1371 ' 

2^ -0.2 110 -6.579 3 21 .102 0 
2b -0.207 8 -7.3006 - 100.8 480 

2b -0.2 00 6 -7.9 06 9 -2 14.7 00 1 
^-0.1 0r>    SMAT   I.OA !) --    639.7   'ITRAP^   18.J    L AP=        0.0    HI-AD A NGL^-O .24 3   KOUNT^ 

LINK AXT AL SHEAR no ME NF ^ACRT 
NO. ^'CR^F:     (Li!)       1 ■'ORCE   (LB) (IN-LB) fORC^    (LB) 

1 -6 39. 7 24 2 0.0 -0.0 0.0 
; -IS 7.544 3 3.0 5H 1 8. 6451 -70.645 9 

1 - 1 3 7. 7 4 b 7 -1 .8808 2. 514 3 -67.1 080 
U - 1/b. 5274 -9.4 «5« 6 . 56 0 4 -56. 245 6 

aaamiii MaaisiagaaiiiiiBiMB B <'•■ vfmii*nmäiiA tt^BfrfefyiiMfai^rYfMflfo^^ 
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•) - 12S. f) Sü 2 -4.8274 13 .5664 -47.8591 
K -no. /SHI - 14.1722 27. 14 20 -33.47h2 
7 -1 a u. ^b -20.4618 3 3. 0H54 -15.524 3 

\ - i a ^ 0166 -32.3 08 8 51. 3H1b -5. 3274 
) -127. 4 36 S -24.777a 90. 0444 - 14.0055 

VI - KM. 7H7S -26.4009 108.9543 -8.682 5 

11 -lib. IMS') -27.4211 120.6862 -5.6270 
1,' - 11.5. 22 42 -20.4821 128. 3364 -4.485S 

1 ' - 1n a. 7 20 4 -4.4885 12 8.62 85 -7.044 7 

1.') -11 1. ;H 2 7 2. 1740 10 6.  37 41 r- .86 i 5 

IS _qU. 2 312 1 .H7H3 4 7. 6332 5,774 1 

1h -7H. M d i 11 .802 3 R2. 14 75 6.8 3 34 

1 -1 -f. Ü. 7^MM 11. 48 4 2 6 9, C6 8 0 '■ .278 2 

IM -a j. 42 2 1 1 3.bS4 2 5 5. 07 6/ 3.4 4 01 

V) - <a. n6i 4.1 6S 7 76 .8444 16. 424 f: 

/') - ?/. 'IM 36 6. BS82 6 3 .7854 1 1. SH2 1 

>! -2 14. 004 ö ■! . 3 30 n U4. 3 4 07 4 .4 710 

.V -IM. 4'Jh 1 8.84 34 36.63 2h 6.1217 

> f -11. 2 2 /') 7.043S 26. 254 3 1 .024 7 
.?4 -7. 16ÜM 5.652 8 15.7821 - 1.M120 
>s -u. S6M U 6.7122 5.85 6 2 -5.761 5 

;"> -u 48 4 1 25.0430 -4.2571 -4 .0441 

:•<:■; ■; UDT u no r J WOT WODT 
N'l. (I MS) (IV^EC) {TN/SEC2) (IN:;) (IN/SFC) (TM/oEC2) 

i 4, 20 0'' 0.0 0.0 3.5436 0.0.3 64 -8.2573 

,•' 4 . / M 07 0.223/ -IS. 72 7 1 7.13 52 0,1 137 - 6 .). 4 1 1 3 
( 4. ioon 1 .3 16U -S4. 4 2 3H 8. 81 1 8 0.1480 -128. 36 38 

'i 4.4/ 30 3.2 00 1 - 8 4 . 4 H 2 S 10,4447 0.1778 -2 07.66 5 7 
s S.0167 5. 8 5S 2 -75.75 2 3 12.177 3 0.2 54 1 -288.1816 
f, 4 . 4 M S 3 b.4 33 0 -71. 0 7 6 1 1 3,M105 0 . 5 0 4 8 -361. 0883 

/ 4. 44 70 12.1 335 -H2.7S 17 IS. 3 42 1 0.8401 -445.36 iO 
M 4. M4 40 1 S . 0 44 R -M 3.40 11 16.7 7 30 1.364n -534.5477 
'! i. 8 H 2 1 17. SOI 3 -SI. 8 3 22 18.1057 1. 78 36 -622.85 44 

in 4.02 SI 14.46 S7 li1. 4^ 74 1 0 . J48S 2. 13 78 -71 1. 2000 

11 S. 02 HO 20.7414 OH. 04  3 4 20.4 46 8 2.4 63 4 -748.766 1 

i ,; S. 2 S b "> 21 . 6 1 H 2 2° 6. Mf. 57 ..' 1 . S 2 S 2 2.7 5 35 -842.S024 
1 1 S. 6 1 46 21.414S 317.4 2 1S 2 2. S7'' 2 3.0427 -441 . 7584 

14 S.0 0 9S 21. 7 332 4 04.4 OS" 2 3 .S 107 3.   3756 - 1054.2 521 

IS 0.4 1 CM 21.273 1 44 4.  4t)0 3 2 4.3735 3.7885 - 10 ) 5. 7 4 77 

lo o. MS 0 3 2 0.6524 US 2. 5428 2 5.1 8,7 H 4.2 4 02 -1 1 14.5667 
1 1 7.  2MM1 14.4675 416.5386 26 . 0 0 4 2 4.7042 -11 04.Oil 8 

1 '< /. S S 7 2 19. 3 76 8 5S1 .22 77 2 6 .7866 5.0 8 32 - 10S7.5701 

1H /.4t 7h 13.9651 2 3 3.   74 6 0 2 7.4 483 5. 110 7 - 10 SI. 7127 

.n i.l S7() 10.2 13 1 7 5. 6 1 ^ 4 2 b. 0 442 4.8832 -1018.SGR1 

M •t.  .3/0 '3 2 0.2309 -103.116 i 2". 7 'jS4 4.4 057 -488.4 7 78 
> > M.S77) 22. 0 21 5 -2 84.44 54 2 4 .4 18 4 3. 6 5 54 -472.2402 
.' ! M. /M24 24. 54 7 4 - 46 1. 41  VI 30 .0784 2. 58 44 -432.7124 

?:-i M. 4 7S4 2R. 0654 -5 0 7.4 4 48 3 0.7463 1 .2 7 H 1 - 10 24. 2 1 34 

^ ).   1440 32. 443 5 -700.2 4 28 3 1. 42 11 -0. 16 37 -11 15.4 1 34 
x. 0.7030 51. 50 34 -4 55.1363 3 3 .bS 30 - 4. 4 3 2 H - 1 357. 3487 

T T< I) ODT ODDT 
NO. (R.\' ) (RAD/SEQ (FAD/SEC 2) 

1 — 0 1 * • /4S 0.0 0.0 

^ n       i -   ; . 06 H -0.520 4 2 3.5754 

i -0 .( 2 37 -0.4 84 4 24.2 307 

■; -n. )S6U -1 .4432 -6.0 3«4 

S ^.r 1MM -1 .788 4 - 17.4 50 3 
rN 0.', 1 20 -1.9630 -10.1002 

^üv~tL^^,:^c*i^M«^ateWiBÄ« si .^.^»■^^t^Ef^^.^^ 



wjlMiWM*.iww;w.«^iu™ IJ)m*gL,HWf B!*».'UmJm !H'. -"-I'!. I JH-WIWWlHWgW X W '■■!■';»■*• PBIpgllBffqwgBHqWHe^l8g«H| 

215 

7 0.0387 -2.0 124 -1 .4869 
••; •J. J2h7 -1.8270 -25.6 355 

'•> -O.Ol'b'J -1 .5925 -5 0.0 1148 
10 -0.0S5J -1.21491 -81 .3U4 3 
11 -o.ibaR -0.8217 -105.SSI'1! 
12 -0.2H9H -0.350« - 1 15.9 89 0 
1 1 -0.  HOG 0,1107 -105.980 3 
\n -0.4007 0.4557 -73.4870 
15 -0.4 47^ 0.70 30 -29.90146 
1h -O.4HH6 0.B126 16.5386 
17 -0. U^')r. 0.7 851 59.660? 
1H -0 . Hb j 0.6350 94 .0986 
T) -0. u.n -0.3539 164.2232 
20 -0. i iui; -1 .4429 20 2.6 79 1 
21 - n. 2 H (J b 

-C.2 96'J 
-2.6028 
-1.8231 

210.0586 
13 7.3662 

J 3 -U.2 ;V)S -5. 100b 13 3.1006 
2;i -Ü.2U3S -6,3 98 5 50. 3 670 
iS -0.2usa -7.7016 -56.8547 

2^ -0.2a2b -R.35b6 -158.4996 
" = ■). 11 0  M: *T LOAE )=   6 3?). 1   STRAPS    20.2   LAP=         C.C   HEAP   ANGLES-3 . 239    KOJ NT- 

LINK '> x r A L SMEAR MOM RNT pA C ?, T 
SO, F.,);?CP     (LH) FORCK    (LB) (I N-LB) F ) R C l-    ( LB ) 

1 -f.Jb. OHb'4 0.0 -0. C ■') . 0 
T -1b2.,.>11)b 1 .353(4 18. 7 3 40 -61  .5493 

! - I'M. 0567 -1 .4447 1 1.867 3 - 57. 7 06C 
't - 1 !Ü. SbMO - 11.418(4 16.4388 -47. 2219 
'i -12 M.bHUS - ^3 4 20 2 0. 16 3 3 -4 0 .93 09 
f- -1 n. c/ii -18.216 J 30. 2 8 96 -2 9.054 9 
1 - in. 172 J -17.9572 3 3. 89 00 •- 1 3. 8975 
•\ - 1JH. H W. 1 -28.5072 4 9.000^ -5. 26 28 

1 -12 3.0211 -25.7917 81.7303 -14.032 3 
V) -11 'K 10 OH -22.149 22 95.877b -9.4825 
11 - 11 1.  5C)2^ -2 3 .4 3 74 1C2. 6787 -7. 0 72 5 

1 > - 10 5.  4b ] 1 - 17.7173 106.7358 -6. 17 3 6 

1 1 -Oh.4^04 -7.3012 105. 31 09 -B .2900 
U -102.  170^ 1 .314 9 7 8 6.0988 a. 314 07 
IS -Hb. b }b7 -1 .3080 8C.67 8 3 3. 943 c 
Ih - 7 2. '47 H b 5.6155 71 .34 08 5. 577 7 
1 7 -Sb. -iOO^ 4. 1370 65. 159-1 5 .157 5 
1« -U 1 .VVj } 6.3228 58.   15 44 4 . i'l 74 
1'1 - 3 5.  dMOO b . 01 3 2 8b. 1244 21. 0 6 7 ^ 
1 n - JC.  22/0 3.3553 75.310 3 16.7 77 5 
■' 1 -2 /. 0 1 't 0. 14. 6 11 U 62. HI 6? 15 .2 67 3 

> • -2 2. Cb21 5.09 35 51. 81 60 12 .2731 

2 i - 1 a. 7 31 u 4 .2 95 0 14 3. 20 8 5 6.859 9 

2'» - 10. /253 U.4105 3 3.9529 3.9 40 3 
2L) -a.2^n; 14. 2665 214.9322 2.1101 
2 b -1 0. b 1 r, 0 0.5297 13. 2a 55 5.06 0 9 

LINK i) UDT HDDT W WOT WDDT 
NO. (INS) (IN/SEC) {IN/SFC2) (INS) (IN/SEC) (IN/SEC2) 

1 4.2000 0.0 0.0 3.5936 -0.0032 -7.9885 
2 4 . 7 H 1 3 0.2207 H. 3 50 8 7.1349 -0.250a -81.83014 

i U. 9 1 r: 3 1.2879 4 9.2930 8.8 10 9 -0.55144 -151.7979 
'; 4.03H5 3. 1 141 3 6 6.8890 1 0.4929 -0. 8806 -20'3.6736 
') n.OUbb 5.7496 2 4.  62 30 12 .1 75 C -1. 11490 -265. 2095 
.', 5. 02 9ü H.7389 -27. 4882 13.BG86 -1.2517 -3 39.4447 

/ 5. OJ 6H 11. 8038 -5 7.108 2 15. 3im -1. 2 8 64 -1421 .1745 

1 

; 

IS 

.^MVAH-u^My^^^k^M^^sa^Os^MiiA--.^ i^A^if^^äätäikW&^^i^A jj^ä^iyijjj^jj^j^igj^iij^jjj^^j^gjjlgjj^^i^yj^ji BÖasfeärt 
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-, •*.'^H2 14. 6 34 2 - 7 5.1514 16 .7732 - 1. 2570 -504. 3947 
') ü. •Jf.HH 17.m? - 7 7 . b7 0 '- 1«.1C69 -1 . 2 82 1 -59C. 4 5 j 1 

10 S. ) 2 2 5 19. 343 7 -5 2.974 5 14.  3b(J 3 - 1. 3 685 -6 75. 385 3 
n u..1 <2^ 21.0 20 R - 3.553') 2 0.U490 - 1. 48 1 3 -761 . 2 34 5 
12 ')„ ibbJ 22.3079 b9. On6 3 21 .5278 - 1. 6 6 19 -85 3. )74 8 
i i b. 7^ 75 2i.1 Of) 4 15 0.8 0 12 2 2.5733 -1 . P2C)9 -95 6. 5377 
TJ h,  1?2h 23.377H 251.2t'77 J 3. 52 34 - 1. 8824 -1Ö26. 7144 
IS f.. S 2 2 3 23. 2242 32 5.3 01 C 24 .378 5 - 1. 7494 - 1 088. 0525 
u- 0.9 rj8c» 22.7467 3 7 8.6540 25. 19 48 - 1. 4 52 9 -11 38. 8358 
17 7.j)31 22. 0 44 1 408.5 3C4 2 6.0135 - l. 0 57 6 -1172. 5 99 3 
1" 7.7-.HM 21.2H;) 3 4 10. 9 64 4 26.777 8 -o. 3^4 - 1 1'3d. 3197 
n H. OiS'J 20.UH12 35 9.  16'Vi 2 7. 4 6 0 C _n M 5 <4 1 -1 190. 19 27 
2') ■i. 2b47 20.0321 259.2bb/ 28 . 1 10 1 -0. 6 52 4 -118b, 0155 
21 ■3.4 7 10 20. 2 50 2 12 7. 5^64 2 8.764 7 - 1. 0 2^ 7 - 11 74. 3 807 
22 H.bHbO 21. 196'i -2 2.191M 29.4222 - 1. 7 0 5s -11b8. 7728 
2 i ■3. M i) n 22.914H - H 5. 05 1 i 3 0.07.17 -2. 8 3 13 -118 2. ') 02 3 
2U i.  1J9J 25.6 31 P - 3 3 8.14 0.8 .30. 7 34 0 -4. 3 564 -1223. 3 b 7 2 
2S 4. 3^11 29 .4788 -459. 496rN 3 1 .4 056 - 6. 20 0 4 - 12 98. 2 074 
2 b <.'!'.b-i 49. 2Rb4 - 41 4. 3 70*. 3.3.6107 -12. 14 14 - 15 16. 3744 

LINK 0 ODT 0 DDT 
vn. PAH) (HAD/SEC) (PAD/SEC?) 

1 -n. 17 4') 0.0 o.o 
^ -0.109 2 -0.510 6 -24.2 92 5 
^ -0.0 Jib -0.983 3 -24. Ob 35 

'4 -0.0 6 37 -1 .4377 12.U 11 1 
s n.OOT- -1.7468 26.764'; 
6 0 . 0 0 2 3 -1.915b 1 3.7455 
7 0.0247 -1 ,.9508 11. 1Ü1 3 
;i 0 ., j 1 h a -1 .8683 3.0 97 2 
n -0.0  <S4 -1.7582 -16.9921 

10 -0.0b2b - 1.5610 -41 .3728 
11 -0.16G0 -1.2598 -66.7 87 ) 
12 -0. 2'MO -0 .8706 -88.9487 

1 \ -0. 3 ^OH -0 . 4 1 93 -102 .3 "1 4 
la -0. 300b 0.U182 - 97 . 0 3 4 0 

■/ 

lr. -O.U 04 0 0.4174 - 81.008 4 , 

V) -0 . 4'34h 0.7125 -55.7 68 3 
17 -0.4011 0.877 4 - 2 4 . 8 3 rj 8 

1 ;* -0.3022 0.89 7 9 7.0611 
1" -0.3 2 32 0.28 3 1 8 2. 2 2 J 8 
2(> -0.  31 J j -0.5753 134. 5 4b 3 
21 -0.  3 10 1 -1.6498 162.4731 
> i -0.3 1 37 -2.9295 164 .2520 
? < - '1. 3 1 3 f> -'; .4204 1 3 6. 3303 
2'. -0.2 74 7 -6 .0691 81.7014 
2'5 -0.2-3 4 4 -7.8426 3.3164 
K, -0.2HM(,. -9.4 340 -67.7618 

T^. 1 1 b   S1: AT   LOAO =   652.0   STPAP=    22.5    LA P - 0.0   HEAD ANGLF=-0 . 3 3b   KOUNT: 

LIMK A X I A L SHRAR MO IF:NT FACET 
VO. FORCE     (LB) FORCE    (LB) (iv-i,n) FOP CE    (LB) 

1 -6b2.00 3 1 0.0 -0.0 0 .0 
7 -IRI.0460 0.1262 30. 9458 -57 .3036 
i - 160. 0926 -4.2791 2 0.76 40 -55 .098 5 

U -146.  127b -12.8694 23.7859 -46 . 3719 
s -1U2.71b1 -9.9700 25. 2593 -41 .4495 
c -14 4.0379 -18.4055 33. 8469 - 30 .5454 
7 - IbO. ^712 -16.6003 34.88 18 - 15 . 4078 
>'. - 14 0. 'J^n;, -26. 5675 48.1321 -M . 154 8 

)U 

^^...^..-^.........V^^^.U^^^Mi^^^M iiitV^tiiiilteTftftiffifi'iiiii ■jjiätijlääajIjKüüi&jjljai^^ 
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4 - 1 3 ). 6 1 .M -23.6513 77. 955z - 17.0145 
n - 12 /. br>2 4 -19.8195 8 8.7490 - 12.8 99 8 
11 - ivi. r>H'j -20.4445 91.0553 -1^.989 3 
i > -111.703^ - 14. 3334 9 0.7503 -10.3912 
i ] -1^2. nb ' -4.6702 85. 3570 -12.2831 
Tl - 10 b. sqs>H 3,5668 54.5317 0.07 2 2 
1r) -"'i. 942 0 - 1.9 153 5 9.76C1 0.1728 
Ih -7S. 32^. 1.8750 5 4. 3 309 2.1257 
1/ -hO. 02b) -2 .0582 5 3.6570 ?. 8 95 9 
i ^ -US.  1U2 I -1.5309 53.4275 3.7524 
n -3S. 'HMS 1.900 3 91. C765 2 1 .8876 
20 -1U.111 0 -1 .3^59 8 3. 746 3 18.7480 
21 - 3 2.  127 3 -0.63D8 74 . 49 25 1 !. 4 972 
21' - ?H. 0f)H 3 -0.2389 5b.717 3 15 . 40 7 3 
?J -2 0. l)S7' -0.OD 32 51. 6061 1 ^.7559 

?.H -15. oh 3 / 0.7230 5 5.   1442 /.9 5,-i7 
24 -m.biuo 0.2252 18. 42 1 3 5.5599 
2f> -2 3.   324 3 -32.5375 34.55 09 15.982 8 

LI «IK ;i UDT DDDT W wnr WDDF 
^■l. (INT.) {IN /S EC ) (IN/SEC2) (INS) (TM/S EC) (IN/SEC2) 

1 a.2100 0.0 0. 0 3. 59 3 5 -0.0417 -7. 1585 
^ a. 7-3 30 0.2914 1R.1402 7. 1 32 5 -0.6700 -80. 4520 

1 4.q2 2f. 1. 5 520 8 1.1171 8.8 05 2 - 1. 29 12 -13 5. 94 3 8 
'4 S. 0 0 5U 3.5447 113.2 3 29 10. 4-350 -1.8725 -187. 90 7 5 
T) b. 0 7 50 5.1 338 112.9495 12. 1550 -2. 41 31 -237. 3115 
b S.07J2 d,8501 7 7.51 92 13.7982 -2. 8354 -289. 6 3 86 
7 S.0bc)3 11.6598 1 3. 57 4 H 15.3 2 95 -3.2517 -355. 81 38 
M 5. 0'4 0b 14.3225 -4 4.5 25 5 16.7 508 -3.6141 -4 3 0. 4503 
u ,D.f>>3ö 16.7 8« 3 - 7 1 .654C 18 .0934 -4.0 2 55 -500. 4 3 59 

ir b. 118 2 18.9965 -84.8035 19. 3 354 -4. 4982 -569. 3 663 
11 5.2 375 20.8008 - 3 0. 55 3) 2 0.4 32 5 -5.0C99 -641. 7686 
12 5.4 7 8? 22.3455 -4 9.59 25 21.50 9 3 -5.6279 -722, 1278 
1) b. R 4 44 2 3. 52 35 1 1 .6 00 3 2 2.55 27 -6.2 897 -814. 39 <4 
1U O.24 20 24.2 44 3 9 9.0/7^ 2 i.5C17 -6.598 3 - 8 8 5. 5993 
is h. 54 19 2 4 .5 08 0 19 0.4515 2 4. 3 55f- -6.9054 -958, 5855 
ib 7. 0 7 7" 24.3983 281,57 3 3 25.1737 -6.9 286 -1033. 348 4 
17 7.5M 3 2 3. 9945 35 7.41 1 9 25.9 9 37 - 5. 7924 -1100. 5 b'") 0 
]'\ /.HH05 23.421 i 4 3 ]. 9 77 i 2 5.7595 -5.53 7 3 -1151. 4538 
i) f.14 31 22.5052 4 5 5. 5 3 50 2 7.4423 -0.5928 -1210. 3 29 5 
->n •3. J5R'J 21.8C3^ 4 3 9. IMOa 28.0915 -5.8059 -12 5a, 3 b 3 2 
?J 4.'J7 50 21. 5600 3 8 9.27 3 3 28.7444 - 7. 2 1 7 0 - 1283 . 761 0 
y.i '3.7921 21. 9 IS 5 30 8. 27 91 2 9.3943 -7.^   350 - 1 30 5. 0221 
2< 0. 0 149 22 .92 05 1» 3.079 5 30.race -9.163 1 -1335. 218 5 
2 a 9. 2345 24.8991 58. 4b 17 30.7012 -10.8967 -1381, 1675 
2ri 9.4 4 54 28. 0846 -74 .7887 31. 3577 - 1 3. 0 886 -1442. 92 2 9 
2f) 10.19 75 47. 5604 - 25 3.2 5 87 3 3.5306 - 19.4584 -1591. 3683 

LINK 0 ODT ;) DDT 
N). (RAO) (RAD/SEC) (RAD/.SEC2) 

1 -0.1 74 ^ 0.0 O.n 
•> -^.1 122 -0.5997 - 35. 57 2 ] 
i -0.0 l-j,! -1 .1115 - 21.308 5 

a -O.J70H -1.4208 -5 .7 3 7 5 
s 0.0014 - 1.6248 1 3.56 9U 
»"I -0.007O -1 .7379 25. 182 2 
/ 0.0 192 -1.8 35 2 37. 8955 

0.0072 
-0.0 44 1 

-1 .8405 
-1.7858 

13.9 7 89 
2,7551 

10 -0.0 /Oh -1.5819 -10.7858 

.^,.„.-.^,..„-v^^^^^^ 



1 1 - n .1o7o 
1 2 - ') • 2 Y'l ~ 

1J - t'.ltJ42 
14 -0 . 4:1 ~ 7 

1C.. -· • 4 ~40 
1 c, - i) .~ 'l/') 

17 -i). 'l . 74 
1'1 - Q . I·H () 
14 _,, . Ul J 
~ ' l -o. 1 2n•• 
21 - (' . l 1 ., 7 

l.l -n.uu._ 
) l - ' l . l l4 , 
~4 - n . Jll 14 
) ., - r • U I J 
~ f, - ~ .3l n1 

-1.~0AIJ 

- 1. 256 9 
-0.9153 
-0.5 065 
-0.0896 

:).274':> 
'). ~ ~0., 
').707':> 
:> .42H 

- 0 .170'> 
- 1. 0 1)97 
-l.2~.l"l 

-i."/ R'J 2 
-~ .6v~1 

-7. f->b w 
-·~ • ') 0 •) 1 

- "l '> • ') Aq 2. 
- o b . 62 4 -~ 
-4 S. t-; 6 bH 

-112.047d 
-1 11J.61()Q 
-11 ').73)'~ 

-1(11 .4fl()0 
- "f'} . 1 K 1 2 
-2S .b64H 

2 4. 0 7') 7 
&7.ll L 7 
q H. 2 5 'H, 

1 () 7. ~~ 6 7 7 

46.74~;, 

(, -~ • rq h { 

41.14)~ 

i=" . 1 ~.') s ::: H !.~ ) = b 84. 7 !:: T l AP = Y> • . ) !. tV= 

LINK .6. vr A!. '1 iP·:A !l :o!OMt: NT FACF'T 
>.Jn. F' G :~c;~ ( L J ) fO ~CE (L D) (1 N- L3 ) r. 0 RC E ( L B) 

1 - t:: H 4. 71 2. '\ o.o - f) . 0 0 . 0 
) - L. 1 4. 14')~ -0 .L. •)5 q 4h • .ih74 - •:,,, . 4 (,q 1 

-1 'H . ') l" - ~ - i. 7 1 ')() 2 B. c:2 7 q - '1 1l .t>J4 H 
t~ -17 1) . 1 24 '~ -1i.'d ')b 2•} . J :J ') ., _ r, :z . O•I')J 
'-, - 1?,~. h-! '14 - 4 • ') H l "l 2il . 470 !4 - I~ ll • f1 q b 5 
r, - 16 &. u n <-~ -19. 0 124 J t) • fl ') 44 -lH . () ') 1fl 

-174. '-,.!74 - 1h. 4-1 1 5 34.G r1 l I -21.4 <:1 [1 4 
<1 - 1 '! l • o I l 'I - 2 7. 1 1 b (, 41! . 60 J 7 -1 1 .4731 
' l - 1 ')h. '}h'l '1 - 2 J • ':HPI !J 77. 2 1Y7 -22.f-Jn4 

1" - nq. ! '):) , -1'1.3':> 2.') t3 ') • A H i1h - 1•i.h 1J7 S 
1 1 -11 'J.7lll - 11. tl2 41 b ') . 62 H ~ I - 16 .CJ5 2 0 
12 - 11 o. '"lh4 :1 -12.">H'i q -;. l J 34 -1 '• • 4 '-1 l H 
1 I - 11 G. 6 f, h l -1.6112 1 "L. sq 2'l - 1 r. . 1 hh -~ 
14 - 12 J. •J 7"!. l 1. 1 7 u '} 4 h . 42 () J -4. Cl9 74 
1 '> -1 '}4. ·J ..., h -1.71 42 U 0 . n R B2 -4 . h 4h ') 
, t, - 'H~. ') ') C, -1 l) .<l921 1r. • .144 l - '! • f: 7 () 7 
1 I -7 1. ">12l. - ~. ~258 Jti.62 ~2 - " • ' I (Jhl_l 
1 ~ - ') c, • ') lfj ~ -7.9148 4 1. 1 )\ 7 y o . qw1h 
1 '1 -44. n r, 1 -2. HOo 4 l. 0 1 2 'J 1 !! .431 2 
)f) -4 f). f) ~i 1 r, -f-,.1147 H<J . l'1 'H 1 h • (, 7 n r, 
2 1 - 4 1) . 11:?7 - 6 .31 2q A J. b 7 11) l H.H' l fl 
n -!h. "111 ~ - 6 . 3 4'>2. "/9. 77 l. 7 17 • ). 2 '1 2 
2 l - 2 H. '19 41 - 5 .1 J]g 1'1.31 24 11. 20rl0 
2 'J - ,: ') . ') 1 2 ; -l.H"i 8 ') -, h • '/':1 ') 14 ~ . F,C ~1 

2'1 - 2 !. 4·1 I. b -4. d4.l7 7J.1 R4 1 :1 . 1lJ4 7 
') ~. -~ 1 • ~ ,, 7.1 - f)-j • 4 ~'1 0 ')f>.4i1 q 2J) . ;{ fl2 r, 

L r ~ ·< ' I uor II DD T loi 
N'l. (T :'•L";) (IN / 5 EC) (IN/SF.C /. ) (TN ~~ ) 

I ~. l ~ on o.o 0 . 0 l . ~ ~ q l ? 
..: 4.7 ·{41 o .Jo1 2 - 0 .17 0(1 ·/.1l. H4 

4. '1!17 1.9171 14. 2•J1 "> R .7Y H2 
4 '1. 0:? 4~ 4.0bf)q LJ 2 .011'i.~ 10 .4744 
r> '.>. 1J 70 6.6077 sq .l'>l4 12 . 1~1 2 
f. ':> . 1, w·, 9 . 2 '>A 5 61. 2H0Y 1J.1 A0 7 
7 ') . p 40 11. ~ 455 4 2 . 1) i') 2 1 5 . 3 0 'l 2 
' l 5. 1 1 1 H 14.2.14q -11.6J f.,J 16 • . , 37 8 
' I '>.1!67 16. 4 n 2 -79. Hll '1 1 >1 . 06 7') 

1 ·~ "l .n 1 q 1'i. 4 7 10 -1/. 9.07 2 7 1 11 . J Ot- 4 
, 1 ':>. i 4 02 20.23G H - 14 4. 69 (-, ':) L.C .4C OC 
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wll T WD01' 
(TN/SF'C) (IN /SEC2 ) 

-o. 0 1 2 <:~ - 5 . 1 1 ·n 
- () . y ()7 6 -4 l) . :J.£3 1 
-1. Sj'1 02 - ·n. 2. 0 11 
- 2 . f,G90 -13 9 . ~9 1)1 

-3.46 8 7 -1 ~0 . -J(.6') 

-4. 12 7. 4 - 2V . 4 77l 
-4. 8209 - 2f>9 . 7500 
- s.4 q 07 -31 8 .1437 
-h. 2 20 2 -172 .% <!6 
-7.:1 ~ (-,1 - 4 2H. d4 74 
-7.81Y2 -!lt~). 6 4 ':16 



mmmmmm mmm IJHRIIIWifliPJMIJiilllUllP wmimwmm'm 

z\i 

1 \ 
Vl 
T-) 
IF, 
1 / 
1H 
1'i 
2 0 
21 
2 2 
2 1 
24 
2S 
26 

5. Sv} B9 
S.'m 17 

/. 2') 2 1 
/.f. {2.. 
H. O'MO 

H. 2^1'^ 
>i. '1 7 UU 

hHH6 
MO 67 
15 3 S 
K) IS 
bri7H 
a vn 

H 

■) 

9 
10 

21 .H7y9 
23. 3 10H 
24.'4477 
25.18U3 
2b. 58 28 
2r>.ö9a0 
25.5598 
2(4.88^9 
24. 29 3 4 

2 4.0 15 5 
24.1H74 
24.82 32 
26. 29 16 
28.3 8 25 
46.98R5 

-13 1 . 
-8 8. 
-7. 
87. 

19 5. 
310. 

4 15. 
48 9. 
,;4 5. 
58 1. 
590. 
56 3. 
501. 
40 3, 
47. 

2 CO 6 
42 47 
37 7 7 
6b 6a 
4U 97 
7 38 4 
368 8 
27 2 M 
51 5 9 
38 9 0 
686 1 
69/8 
82 4 0 
7 'J 4 6 
4 29,< 

2 1. 4728 
22 .511 8 
2 3.4 57C 

24. i 109 
126 8 
9467 
7128 
59 u 5 

04 2 0 
6 92 2 
5422 

9 862 
3 0.6 29 1 
51 .2 75 9 
5 5- 411 C 

2 5 
2 5 
2 6 
II 
2H 
2" 
29 
7) 

-8. 8 164 
- 9 . 9 0 39 

■1 C.6526 
•11.2303 

11. 6 5 39 
•11.3939 
■12 .0016 
■12. 4143 

12.9 582 
13.5 19 0 

■14 .53 79 

15. 9853 
17.9 664 

•20.45D 3 
-2 7.8056 

-54 9. 
-626. 
-6 9 '. 
-764 . 
- 847. 
-9 29. 
-99K 

-1098. 
11 83. 

• 1252. 
-13 0 3. 
-136b, 
■ 141 9„ 

1474. 
•15 15. 

1 563 
6100 
29 29 
8 3 06 
63 07 
9 4 56 
5 19 i 
8 8 98 
oB6 9 
10 4 9 
> 48 9 

3 246 

33 4 8 
8797 

r, rfJK 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 5 
14 
15 
16 
1 / 
18 
19 
2 0 
21 
22 
2 5 
24 
25 
2^ 

T=0, 

0 
(RAO) 
-0.1 74 5 
-0. 1 160 
-^.0446 
-0.0 78 1 
-0.^066 
-0.0157 

0 . 0 10 4 
-0.0017 
-".0 53 1 
-0 . 0 79 1 
-0.1749 
-0.30 54 
-0.5 999 
-0.4 046 
-0.49 60 
-0.48^2 
-C.4 8nl 
-0.5 85 8 
-0. } 19 8 
-0. J219 
-0.3216 
-0. 5 570 
-0. 
-0, 
-0, 
-0, 

12b   f 

OOT 
(RAD/SEZ) 

0.0 
-0.8001 
-1.2156 
- 1, 4769 
-1.6079 
-1 .7157 
-1.6713 
- 1.67 4 4 
-1 .6912 
-1 .6869 
-1.6373 
-1.5403 
-1.3655 
-1 .0726 

,7347 
, 39 0 6 
0 7 7 9 

.163 1 

.0655 
527 5 

5 520 
5 50 9 
5606 
5 82 6 
EAT    LOAO 

-0, 
-0. 
-0. 

0, 
0. 

-0. 
-1 .008 4 
-2 .014 0 
-3 .4264 
-5.1855 
-7.2367 
-9.0073 

-   7 29.1    5TR 

OCDT 
(RA!)/SEC2) 

0.0 
-/.353 / 

-1 8.148 3 
-1 5.32 07 
-4. 4124 

3.3 570 
2 7 .7 905 
4 6.2635 
37. 409 1 
11. 3 20 4 

- 17 . h 6 31 
-4 9.0 75 2 
-83.9932 

-11 1. 5 42 5 
-1 3 5 .5 82 0 
-144.4^45 
-14 4.0135 
-155. 2 3" 6 
-1 13 .3179 
-84."97 7 
- 48.0 27 5 
-6.9 990 
30 .7855 
65.2 372 

102.2655 
150.8 290 

A^   27. h   LAP; 0   HE A!)    AN:;LE = -0. 4 25   KOlJNT= 

LINK 
MO. 

1 
2 
\ 
4 

5 
6 
7 
H 

') 
10 
11 
12 

AXIAL 
FORCE    (L'5) 
- 729. 0851 
- 25 4. 4 20 8 
-22 5.6 359 
-2 02.962 9 
-195.65 50 
- 19 5. 7019 
-2'}6. 58 3 2 
-2^5.929 2 
-188.8828 
- 18 1. 06 12 
- 170. 3428 
-15 9. 32 69 

SHEAR 
FORCE    (LR) 

0.0 
-0.4329 
- 3. 166 3 

-14 .0538 
-6.6 797 

-19.3930 
- 16.2962 
-28.4 52 5 
-25.9718 
-20.72 5 2 
-21.1611 
- 12.2085 

FOMENT 
(£N-LB) 
-0.0 
6 2 .52 06 
3 7. 59 62 
34. 7118 
30. 8370 

3 8. 14 27 
3 2.78 3:l 
4 7. 6147 
7 8.6176 
88.44 57 
8 7.48 4 5 
82.0856 

FACET 
FORCE    (LB) 

r. 
-5". 
-65 
-62 
-60 
-50. 

n 
20 20 

.712 5 

.027H 

.5724 
2 80 4 

-30.57 1 1 
-21 .837 3 
-30. 3 37 3 
-25. (n37 1 
-24 . 1 116 
-23.7250 

kt^il&äüittäiUäi^^ 'Sjätäjätä&jiäsäj&jüMiäiäiäiälik ̂ ^a^^.^v^^^^^^^.^i 
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11 - 147. 1 Ibl 1 .1368 68.4598 -25.7 69 2 
1 n -1S2. 082-4 11.7467 3 5.872 9 -10.1620 
lb -13 0.175'4 1 .9 323 26. 8289 -9.7943 
If, - 10 9. yam 2 .91 92 20.9478 -B. 0556 
17 -9 1.049 2 -b.7446 2 3 .4 925 - 5 . H G 59 
14 -73. 0S4 1 -11.800 1 30.J919 -3.0016 
^'^} -SU.0751 -5.2975 9 3, 99 86 11.0348 
20 -SO. SUIS -10.2087 93.45 14 10, 5462 
21 -bl.  Jo&r) -11. 3176 9 0.7313 1 3. H 3 4 6 
I? -a 8.d94 4 - 11.9607 90.3726 14.186 3 
2i -39. b Kin -9.9571 9 4. 65 91 7. 3912 
2 a -35. 245S -4.1939 96. 1111 4. 8 54 9 
2S -34,1221 -9.7577 95.9474 5.4 54 0 
2h -62.9597      • -102.6024 7 4. 60 7 3 35.5 892 

LTN;< II UOT IIDDT K WDT WDDT 
NO. 

1 
(INS) (IN AS EC) (IN/.SF:C2) (INS) (IN/SEC) (IN/s: EC 2) 

a. 2000 0.0 0.0 3.5 92 8 -0.0934 -J. . 2287 
2 (4.70 64 0. 3206 -7. 272'» 7.122 9 -1. 1877 -27. . 4438 i 4. 94 12 1.85P4 -2 2. 86^6 H.7 87 8 -2.2591 -54, .8 399 4 5.0 4 53 4.0631 -31.8845 10.4594 -3.2655 -8 5. .5503 s 5.1404 6.6442 -29. 33 3 3 12 .1 31 8 -4.2 16 3 - 114. 8 40 5 ^ T.165? 9.3771 -27. 9 2 1'' 13.7576 -5.0373 -141. , 1949 
7 \  14 35 11.8924 -4 2.29 16 15. 28 2 i -5. 9244 -16 9. .4538 >' ). 14 25 14.0272 -4 0.2090 16.7069 -6. 7854 -198, .6590 ') 5.2176 15.9 19 4 -129.4470 18.0 32.3 -7-7304 -2 30. 46 39 10 5. 30 25 17.7070 - 174.490 3 19.2 667 -8.7396 -25 3. 2b 09 

1 1 5. 4 39 3 19.3570 -201. 378'1 20. 355c -9. 8214 -3 03. ,4678 12 'i.b9 64 21.0 529 -19 4.4870 21 .4227 - 11. OB 38 - 3 54. . 3677 
1 1 6.07 69 22.7 177 - 14 7. 4 3 814 2 2 .4553 - 12.5 256 - 4 1 9. 2 5 33 ia 6.4 4 54 24 .2 4R9 -h7. 49 2 2 23.  3S6f -13 .5826 -478. 58 9 2 is 6. 89 31 25.4 55 0 2 6.13 9M 24. 2460 -14. 5146 -54D . ,6295 i ^ 7.33 22 26 . 39 3 1 1 3 3.48frH 25 .0589 - 15.  3449 -625. ,4936 17 /.76 4 7 2/. 10 19 255. 281', 2 5.6764 -16.0059 -708. 2808 1'^ 4. 1 i 58 27.53 93 37 7. 326 2 2 6. 641 1 -16.4 750 -743. 190 3 T) 4. 39 21 27.3 45 2 49 2.920 1 27. 3 19r; -17.4298 -896. 1723 2 0 H.6 0 25 27.2011 6 17.3774 27.9 6 3 1 - 18.4500 -997. 4 1 16 

2 1 3.8 166 27. 3 20 6 74 0.3922 2 8.60^0 - 19. r> 115 - 1084. 9 2 7 5 
2 2 9.0361 27.78 3 2 8 4 7. 1') 4 2 2 9 .2 5 3 6 -20.7671 - 1158. 2762 2 ) 9. 2 6 62 2 8.5401 92 1.8 14 ■; 24.8 89 6 -22.5348 -1224. 1 241 ^U ). 50 12 29.9265 952.7122 30.5219 -24. 7819 -1258. 4975 
2^ 9.73 95 32. 21^9 919.7576 3 1.1537 -27. 4602 -1299. 9101 2fi 1 0.6 7 05 48.2 29 3 464. 4 347 33.2540 -34.7747 - 1237. 3458 

LINK 0 OOT ODDT 
'JO. ("AO) (RAD/5 EC) (RAn/SEC2) 

1 -0.174 6 0.0 o.o 
7 -0.1201 -0.8029 6.3 98 9 
i -0.0 50 8 -1 .2514 5.197 i 

U -0.0 6 56 -1.5J2 2 -2.2453 
s -0.9 14R -1.6466 -2.7 54 0 
f) -0.0243 -1 .7118 2. 1743 
7 0.0 02 4 -1.5528 18.8705 
^ -0.0 09 5 -1.4686 3 0.554 6 
9 -0.0 6 ir -1. ',00 4 29.648 0 

in -0.0 47 3 -1 .584 9 19,9951 
11 -0.183 3 -1 .6971 -4. 38 18 
12 -0.3 13/ -1.7807 -4 7.77 0 3 
13 -0.4 078 -1.7805 -B4.J572 
1U -0.4 114 -1.6214 • 1 10. 1 61 9 

 ■■ ....■^. ^^:.v-~.^;---t^ 
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IS 
1h 
17 
IM 

20 
21 
2> 
2 \ 
>.n 
2S 

SOU 

^s 1 
,3277 

3 476 
Jo^ 1 

-0.3562 
-0. J-9SS 
-11. 42^ 

-0 , 
-0, 
-0. 

-n, 
-0, 

-0 . 

•i .;3 9b4 
■1. 127U 
-0.da37 
-0.5 85^ 
•0.6876 
•1.0131 
•1 .r>U62 
-2.3U03 

■4.481 1 
■6.7041 
-T.CbCa 

-132.107a 
-14-3.6H90 
-1^.9632 
-164.2 144 
-18 6.4450 
-1 88 .1566 
-166.1H4b 
-122.5 144 
-61 .8141 

14.1176 
114.885^ 
2 2 3.8637 

).110   S^AT   LOA0=   780.5   5TRAP=   30,7   l.A?-- 0.0    H^AD   AN3LE=-0.463   KOöNT=   JO 

LINK 
NO. 

1 
2 
3 
u 
s 
6 
7 
•i 
q 

10 
11 
12 

1 3 
14 
15 
16 

1 / 
1^ 
n 
20 
21 
22 
2 < 
24 
25 
26 

AXI 
FORCZ 
-780. 
-2'18. 
-263. 
-24 0. 
- 2 30. 
-224. 
-24 3. 
-24 3. 
- 22 6. 
-214. 
-207. 
- 1 0 6. 
- 13 1. 
-IMP. 

-162. 
- 13 8. 
- 116. 

-4 5. 
-66. 
-6 3. 
-64. 
-6 2. 
-51. 
-4 5. 
-4 4. 
-8 4. 

AL 
(L5) 

4o55 
79 2^ 
754 1 
0044 
14M5 
15 14 
3 3 13 
(M 35 
5610 
6542 
76 3 2 
4 045 
8 0 24 
064 1 
6775 
5240 
7 18 1 
3 5 IM 
417 4 
02 4M 
0 m 
6 10M 
n()5') 
i 1 5 M 
40 0 1 
7 152 

SHEAR 
FORCE    (LR) 

0.0 
-0.3 76 9 
-2.5416 

- 14 .6177 
56 44 
642 7 
0 414 
274 1 
04 74 

-7 
- 14 
- 16 
- n 
-24 
-2 5. 62Oy 
- 24 . 4 7 3 3 
-13 .441 3 

3 . 3 3 5 Ü 
16 . 8 7 7 6 
5.3477 
6 .622 9 

-5.6281 
-13.1205 
-6.440 8 

-12.878 1 
-14.6817 
-15.4082 
-13.4045 
-11. 324 1 
-1 3.382 1 

-124.4424 

^OME 
(IN- 
-0. 
78. 
46. 
40. 
3 3. 
34. 
24. 
45. 
MO. 
43. 
45. 
40. 
7 3 . 
31. 
Id. 
4. 

1 1 . 
18. 
46. 
4 7. 
4 6. 
48. 

106. 
110. 
112. 
H5. 

NT 
LB) 
0 
1055 
3 44M 
444M 
16 11 
427 3 
228M 
6777 
47 5b 
92 1 4 
48R/ 
73 60 
2 44 1 
564 7 
68 1 5 
7 5 2M 
15 86 
62 27 
42 7 (i 
72 4 3 
5 2 4b 
34 44 
3117 
66 31 
76 4 4 
740/ 

FACET 
s'OI'CF    (LB) 

0. 0 
-64.4423 
-75.3597 
- /4 .1605 

'■14 4 6 
26 4 8 
7 938 
146 7 
474 \ 
3 10 5 
7 7 4 8 
2 41 P 

-- M. 7 i 4 1 
-15 .0312 
-1 ü . 8 6 01 
- 1 3. 454 f 
- 10.4 00 3 
-7.4 49 5 

1 .342 2 
1 .7047 

-74 
-65 
-41 

- 3 2 
- 34 
-34 
- n 
- n 

f. 

r 
-0 
-2 
-1 
4 0 

69 3 8 
0 24=1 
070 2 

, 8 1 M 2 
3 1 7 4 
5 44 4 

.INK 
NO. 

1 
2 

\ 
'4 

5 
6 
7 
3 
(j 

10 
11 
12 
1 3 
14 
15 

(INS) 
4.2 0 00 
4.78 80 
4.45 02 
5. 3 6 51 
5.1731 

,21 12 
,2418 
2511 
2152 

, 3M86 
53 35 
79 91 

,1385 
6 0 60 

02 06 

■). 

5. 
5. 
5. 
5. 
5. 
5. 
6 , 
6. 
7. 

UDT 
( IN/SEC) 

0.0 
0.30 7 1 
1 .7513 
3.8219 
6.  30 4 6 
M.M656 

11 .2544 
13.2522 
15. 0 0 6 7 
16.6734 
18.2759 
20,027 2 
21. 4069 
2 3.8218 
25 .4942 

ODD 
(IN/SE 

0. 
-2. 

-2 3. 
-6 5. 

-121 . 
- 177. 
-220. 
-24 1 . 
-246. 
- 24 4. 
-2 3 2. 
-209. 
-167. 
-9 6. 
-5. 

C2) 
0 
93 55 
50 48 
044 1 
4n4S 

60 3 3 
3554 
801 / 
95 62 
Ü272 
58M 5 
14 3 2 
1 32 M 
11-21 
14 7 7 

W 
(TNS) 

3. 59 2 3 
7.1167 
M.776C 

10. 4 42 3 
12 . 1097 
1 3.731 1 
15.2509 
16.67 10 
17.9914 
19.2203 
20. 3C3 3 
21. 36 37 
22 .383 i 
2 3.3234 
2 4.1676 

WPT 
(IN/SEC) 

-0,1051 
- 1. 27 46 
-2.4284 
-3. 5270 
- 4. 5750 
-5.439 4 
-6.4 987 
-7. 4701 
-8. 5316 
-9.5645 

-10.8967 
-12. 3 611 
- 1 4. 0 8 1 6 
- 15.4 152 
-16.6 726 

V D D T 
(INAS EC 2) 

-1 .32 32 
-7.5554 

-12.4574 
-18.7707 
-27, 
-41. 
-5M. 
-75. 

512 3 
8295 
2695 
1 016 

-91 .2110 
- 10 8. 8873 
-129.86 54 
-159.3702 
-203.5741 
-252. 8863 
-3 14.0 6 29 

fj^^^a^.^^^ivf^d^^^^^iA^^^^^^^^jn^^^^i^ *s'a'^^^Mii,wit^^ ^i^svMixikftMt^&tafl^^ y 
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22: 

1^ 7. «6 57 26.9764 1 06,4 0 06 24,9753 -17. 8876 -389. o350 
1 7 7.^0 3 3 28. 3150 2 3 9.71 82 25,7885 -18. 9615 -473. 0198 
1» 4.2782 29.4048 38 1. 3bH6 26.5 4 99 -19. 8101 -551. 2544 
T) H. bibO 2 9.887 4 53 6.9 2 16 27. 2 221 -21. 3010 -64 7. 1351 
2') H. /'4 66 30 . 5 14 3 71 7.1 b14 2 7,8594 -2 2. 80 2 5 -732. 6747 
21 H.')6 n 31, 43b2 908.52 n 2 8.4990 -24, ;>875 -809. 2663 
r> K 1 M67 32.6 39 3 109 1. b324 29.136 3 -25. 8 9 13 -870. 6578 
?.i '). U2 1SJ 33.9926 124 9,82 3b 29 ,7628 -27, 9362 -91 0. 7«8 1 
?.^ 9.664b 3b.7 330 1 354.4 0% 3 0.3834 - 30. 3378 -927. 1631 
?.^ 9.9 142 38.0547 1418. 52';3 31 .0C1 7 -33, 3 26 3 -83 5. 9362 
7S 10. 9 194 51 .7237 9 3 4, 4) 2 1 3 3.0 66 4 -39 8722 -779. 0 0 66 

LINK r ODT ODD? 
VO. (HAD) (RAD/SFC) (RAn/.c;Fr2) 

1 174 b o.c 0,0 
?. -n. 1 240 -0.7606 7 . 9 40 7 
\ -0. 0 b6 9 -1 .1843 19. b 2 n 

U -0. '1 9 \ 2 - 1. 4622 28,9091 
r1 -0. 0 2 2 9 -1.5773 31,247'! 
b -0. 0 32 7 -1 .6494 25,6229 
7 -0. 0 052 -1 .4771 lb, 2117 
J -0. 0 166 -1.3892 1 .4272 
'J -0. 06dJ -1.4360 -6.0770 

10 -0. 0 961 -1.5076 - lb,7 50 7 
11 -0. 19 19 -1 .7758 -28.7520 
i; -i\ m 32 31 -2.0104 -46 .8472 
n -0. 4 177 - 2. 1 8 b 9 -74.884 1 
in -0. 4 2 09 -2. 16 8 9 -10 b, 21 3 1 
is -u. b 10 0 -2.066 2 -134.b241 
16 -0. 49 16 -1.8909 -1b9.3389 
17 -0. 4 9 4 7 -1.6Rb6 -180 .2 17" 
14 -0. 3 9 1 9 -1.4809 -19 6,2 i '-M 
14 -0. 3 2 72 -1 .774 7 -24b.071 1 
2 0 -0 . ! 3 2^ -2. 1675 -26f, .3591 
21 3 <H0 -2.6224 -255, 5679 
22 -0. 3613 -3 .1 94 4 -2 11. 18 9« 
2 3 -0. 34 /H -4.0136 -13 5.3 988 
2a -0. 3 811 -b.3 19 3 -24.3747 
•^J -0 . 4 276 -6.1576 90.8244 
26 -0. 4627 -6 .86 04 2 4 2.6 Ih" 

1 ^b   S SAT    LOir ^   8 34.0   STRAIN   34.0    U :•' = 0.0    HPAr AN:; LE=-0 .4 94    KOUNT= 

LTNK A XT AL S H i-A R l'OIP    tJT FA CUT 
MO. pcnc ̂     (L3) FOt'Ci^    (LB) (T N- LB ) FORCE    (LB) 

1 -H ia . 00 8 b 0.0 -0.0 0 . 0 
? - \^s . 7b 2 7 -0.143 4 92.76 4 9 -72 . 28 28 
5 -i0'4 . 2 9 R 9 - 1.8 39 3 54.0667 -S6 ,8358 
a -277 . B3b4 -lb. 19 9b 4 b. 310 8 -87 .8382 
s - 26 5 . 9 2 82 -6.7 85 9 35. 257 b - 90 . 4273 
f, - 2f) '4 .  46 46 -20.4 973 4 1 .1926 -80 .78 60 
7 -2H? .4086 - 16. 536.. 2 6. 6 7 92 -b3 . 1 06 8 
■i -2H2 . 64 66 -3) .9377 4 b.  28 7 \ -42 .3354 

4 - 266 . r/oo -32 .9562 84. 4521 -48 . 8 6b 3 
10 - 2tjH .  46 b8 - 27.4 03 3 101 .96 05 -42 , 8 0 40 
11 -2'4 / . bO-ifS - 28 . 9 1 50 10 7. 873 J -39 .5110 
12 -23b . ft 1.36 -lb.9508 10 4. 28 67 - 5 8 .6832 
1 \ -219 .   38 6 3 4.3 52 3 84.8 2 16 - 41 . cfl 4 
ia - 22 7 . 7 3J6 21 .2390 34.4002 - 19 . n 7 3 3 
is -198 . b126 8.5929 17.7968 - 1^ . 148 1 
In -170 .0498 11.0899 4.99 14 -1« ,0307 

■. ■(■ V U-;i 'Jf;«* •<«-i-Sia!V;lvii
,CiV. ■ t( ii-J^H. > rf>^ . ^J.ii■-;.•.-.^i.^r^.^^.-■V;■i:V;.7^.rj.i^l^■»>,^V»li^'-■>'-^i-l«i--■>5';,■■J•. 
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M 
17 - 1 u 4. 6 i M -3.13 54 4. 29 0 3 -15.3674 
IM -HO. 209 6 -12.1570 10.8576 - 11.6023 
1') -7'J. 7 142 -7.0797 10 1.68 93 -8.0809 
2 0 -7 5. 91H'l -13.8042 10 3. 1864 -7.4535 
21 -7 8.  nsi -15.9264 101.6242 -1.2094 
2> -76.59 14 -17.5409 103.6750 0.b964 
,M -6 1.3120 -14.8736 113.3868 -Q.0 02f. 
24 -54.47B1 -12.6 64 9 118. 8787 - 12 . 2 1 6 'i 
2') -li.L 666 7 -15.0298 121.6193 - 10. 123 6 
2 6 -102. 377;      - 1 33.4124 88.7541 41.4674 

LINK M UDT 'JDDT W wn? WDDI 
MO. (IN.,) (T M/S EC) (IN/SEC2) (INS) (IN/SEC) (r.M/SEC2) 

1 4. 2)00 0.0 0.0 ,3.5918 -0. 10 68 0. 4 8 02 
2 4.7M94 0.2637 -11. 54 50 7.1 1 03 - 1. 26 5 5 11. 9 6 98 

! 4. 9 6 86 1 .5 686 -5 4. 59 4 ) 8.76 3 8 -2.3 97 3 25. 5 28 9 
U 6.0* 32 3.  3655 -124.571 " 1 0.4247 - 3. 470 7 40.5822 
s 5.2 )27 5.464 2 - 218. 6 5 <n 12 .0868 -4,5096 52. 5601 
fl 5. 2 6 27 7.6322 -314. 12 2'1 13.7C35 -5.4 621 55.8675 
/ 5. 2 9 46 9.7158 -386.40 38 15. 2 18 1 -6.5032 56.76 14 
u T. J136 11. 60 5 6 -4 06.72 75 16 .63 32 -7. 5292 53.7707 
'} 5.3 6 66 13.4 13 8 -  W 2. 0 5 4 1 1 7 . 94 H 2 -8.b34 1 53. 8 70 3 
r 5. 4 6 85 15.2257 - ] 36.9 5 55 19.1713 -,9.8161 5 2.6404 
11 5. b2 18 16.996 5 -281 .77 18 20. 2 4 79 -Ü. 1095 4 9.9398 
12 5.8 166 18. 9 630 -219.4 /> 3 2 1 .3 007 - 12. 6747 38.5667 
1 ] 6.2 J 60 21. 103 0 - 1 5 1. 0 4 9 7 22 .3 16 3 -14.5 59 5 14. 8 415 
lu n. 7 2 40 2 3 .3 782 -7 2. 6 32 1 2 3.2446 -16.1101 -25. 360 4 
1r> /. 14 80 2 5 . 4 95 9 1 9. 4 7 1 «1 24.08 1 2 -17. 6472 -77.4252 
16 7.6 .) V) 27. 5 49 1 1 37.0031 24 .88 20 - 19. 2302 -148.7984 
17 8.04 80 29.60 3 4 28 7. 6 7 60 2 5.6888 -20.7312 -2 34. 9 559 
1H 8. 4 3 02 31 .4742 45 5. 48 0 3 2 6. 4 4 4 (J -21 .9881 -318.39 56 
1'3 8. 69 16 32.8447 65 3.4789 27. 108 7 -23.8622 -374. )76n 
7 0 8.9 3 88 34,474 i 871 .98^5 27.7 37 5 -25.6900 -417.1394 
21 *. 1 U4 36. 4 47 5 1 097.24 2'; 28.3 68 8 -27. 4771 -4 59.4 007 
2 2 J. 3 6 45 38.6 64 6 1 31 3.07 55 2 8 .9975 -29.3 1 34 -439. 6548 
2 ] 9 .6)8 i> 4 0.9 22 9 1510.123') 2». 6 134 - 31.4642 -4 88.54 14 
2U 9.H^ 15 4 .3. 3 3 3 2 1657. 5ü"1 3 0.2220 - 3 3, 80 8 3 -461 .5923 
2'; 1 0.12 35 45.9 77 2 17 50.  3 i'll 3 C . 82 74 -3^.269 5 - 3 7 7. 6 8 19 
26 1 1. 191b 5 7.5 0f>2 1 if. 2. im i 32. 85 05 -"2 .4500 -25 4. 36 51 

LINK 0 DDT ODD? 
MO. (;?A:)) (HAD/SEC) (FAD/^Er2) 

1 -0.174 5 0.0 0.0 
2 -0.1277 -0.7032 19.5760 
i -O.Li 6TJ -1 .0536 35.0714 

a -0. 16 00 -1.2618 50. 372 3 
s -0.0 iOi -1.3558 54.5170 
6 -0.0 4 06 -1.4602 46.2074 
7 -0.0 12 3 -1.3850 19.58 39 
M -0.0 236 -1.4)58 -17.2762 
<) -0.O/5 7 -1.5529 - 3 6.4540 

n -0.103 3 -1 .744 1 -52.62 37 
11 -0. 20 1 3 -2.0044 -62.2908 
12 -0K \ { 59 -2.2985 -71 .2434 
1 i -0.4 29 6 -2.5653 -84 .2069 
1U -n.4 HO -2.6803 -106.403 9 
IS -0. 5 220 -2.74Ü6 -137.8 966 
16 -0.50 51 -2.7274 -17 3.879 3 
1 / -0.5 05 5 -2.6634 -2 07.5 75 6 
n -0.4 019 -2.5626 -2 32.6858 
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1" -i;. rnj -3.1041 -281 . /987 
/''.) -0. ia72 - 3.60 0 0 -299.6249 

21 -o. r>us -4.00 2 1 -287.272^ 
•> ■> -n. i-(o i -4.Jb4 3 -242.5^+9 
] \ -0. a '^ 7 -4.7769 -16 2.7371 

in -0.4Jf7 -b. 2J0 0 -47.9451 

'. s -O.H')71 -b.6716 81 .4865 

<>h -0.44 41 -5./111 20 9.8 26 h 

T = 0. 1U0   Si'AT   LO/\; )--    dBb.4   STRAP=   37.4    L .' \?^         0.0    ME AD   AN"Llr=-0 .b20   KOUNT= 

LIT- A Xi AL S4EAH MOMENT FACET 
NO. 17 OT"     'Li) FORCE    (LB) (IN-LB) '--•ORCE    (LB) 

1 - HHb. 1^74 0.0 -0.0 O.P 

2 - idb. VOtH 0.0b62 105.2322 -80.6553 
\ -Ja 1.  )')1^ -1. 220 b 6 0.1438 -99.0134 

u -112. '-'')h0 -15.9084 4 8.8106      - 101.8595 

S - 1'V). H SJ - b. 6 b d 9 37.1018      - 10 5. 4 47 1 

h - 2 'M . b 9 7 1 - 22. 3213 4 3. 84 b 0 -94 .9225 

7 - 32 0. o2V) -Id .2954 26. 72 99 -62 .7615 

■>, - J2 1.r/jh' -37 .3 2b 1 48. 42 38 -50.4 34 9 

') - 3:1 a. 6:.) •« - 37. Ülb6 9 3 .04 12 -57. C 40 5 
10 -2'-)n, UlfiR - 3 l.B 122 114. C3C3 -5 0.1 36 2 
11 - 2 Ha. 7ti9-j -33.3490 122.  5576 -46.2268 

12 -272. ')SS2 -19.1896 120. 36 8 3 - 4 b . 1 2 4 4 

n - 2rj'*. 20-K-, 4 . 1 6 9 B 10 0.0288 -48. 3 29 b 

1 '4 -?6'i."/117 2 3.9677 4 3. Cbl 9 -21 .84« 1 

1 s -2 11 . )ÜbS 10.4 15 9 2 4. 50 5 9 -21.9542 

16 - vr^. lass lb. Ob OH 8. 522" -20.0191 

17 - IhO. bl/1 0.1232 5.1888 - V. 20 36 

1 4 -1 '4 0. ''' 1" 2 -9. 130 7 9. C9 97 -14 .3 93 3 

D -9 0. -iUH j -b . b 3 d H 10 9. 8 4 49 -14.32 92 

2f^ - H6. 0d9ft -12 .85 04 10''. 69 54 -14.1126 

21 - y M . j n '4 - 14 .927« 10 5.981/ - 7 . 3 38 2 

2 2 -RU .7 0or> - 16, 7 50 3 106.3440 -5 .34 ) 9 

^ ] -6 7. d7/■. - 14. 30 19 115.6759 -16 .SS2 8 

>H -CO. lb 11 -12.1563 120. 5019 -2 0.3 50 9 

>'; -s-i. a7a7 -14.6166 12 2. 36 16 - 18. 0 9') 2 

2t. - 112. 2)ai     - ■123. dObb 8 4.86 8 8 39 . 17 5 5 

L^Mf' n HOT 'lODT W wm WDDF 

NO. (I N'O) (IN/o£C) (1N/SKC2) (INS) (TN/SEC) (rN/SSC2) 

1 a.2000 0.0 0.0 3.b9 1  3 -0. 1 001 2.4 157 
> a.7»Oh 0. 1 Hfcb -22.8709 7.104 2 -1. 1 36b 41.71 30 

■i a.ObSS 1.16 29 - 109.69 67 8.7 52 4 -2.1442 7 9.3999 

■4 S. 0')H0 2.504 2 -222.9184 10.4 08 1 -3.0948 114. 3 184 

S '). 22M>1 4.0721 -3 3 8.6855 12.0652 -4.0284 144.5524 

fS D.2')6a b. 7 46 8 -436.0293 13.6 77 3 -4.9 199 16b.0745 

/ b.!5 7d 7.4 85 7 -49 6. 97 9 3 15.1 HoB -5.9015 189.7388 

4 b.  if,60 9 . 3 04 8 -502.8406 16. 596 9 -6.8 855 210.4888 

4 b.a2r3U 11. 2712 -4 65,97 05 17.9064 -7.9 340 2 3 3. 5 82 0 

1 0 b . 'i '4 01 13. 3 50 3 -404.9714 19.1237 -9.C704 253.5981 

11 b.70 in 15.4604 - 32 7. 40 9b 2 ft. 1 93 9 -10.3310 268.6371 

12 b.   )H86 17.826 6 -230.9232 21.2387 - 11.9168 269.860 3 

1  \ 6.3)9/ 20. 4170 - 11 9.2 4 b 9 22 .2446 - 13. 89 9 4 251 .8784 

m h.1>.'4 02 23. 1708 - 2.0 774 2 3.1 64 7 -15.5663 20 3.  3 057 

IL) /.27(,1 2b. 8 24 8 12 2. 812 b 2 3.9930 -17.4730 14 b. 1115 

if-, /. 7'4 1R 2 8.5105 260.40 Ih 24. 7849 -19.4135 7 1.4509 

i / l3. 21 0 1 31.  3 34 0 4 17.6100 25.5 83 2 - 21.   3 370 -12.2391 

i H i.b'ljH 34.0469 58 3. 84OH 26.3 32 0 -2 3.0 0 38 -9 1.  3442 

n 3. rtu U6 3 6 . '4 4 1 8 7 3 7. 164h 26.9858 -2b.0401 -101.6574 

älM>W^»^-i.^ffi>,^^^ 
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I 

1 "1 •}. ;) 21 34.1 875 1 00 3.8H6 9 27.60 5 2 -26. 97U0 -102. 2d 86 
' 1 ). <2'90 42. 2 9 9 3 12 2 3.4867 2 5.2272 -24. «3 8 39 -110. 6 7 99 
2 2 i. V/UM 4S .603 0 14 1 3.8,)M2 2 8.846S -30, 7 92 9 -111. 96 98 
2 i ). 'i <2il 4H.8626 16 3 3. 060') 29. 4 5 18 - 3 2. H52 3 -78. 4 96 3 
'Mi 1 0 . 'H 'i 7 52. 0 619 1795.9289 3 0.0492 - 34. 9 413 -12. 8797 
1S i o. r/t.' 55. 199 1 190 7. 3274 30.6433 -36. 9 7 69 8 4. 4721 
2h i i. a )7:. 65.0996 16 4 1. 4561 32.6461 -42. 5571 134. 9546 

I, U < n oor ODDT 
NO. ("AD) (WAD/SEC) (RAD/SEC2) 

1 -0.17US 3.0 0.0 
> -0.  1  iO'-t -0.5447 4 3.4432 

1 -T. )h7 J -0.H094 63 .4 4 7". 
a -0.1  )Sh -0.96 41 67.6757 
^ -0.ÜH. i -1.0648 59.5770 
h -O.OU7'i -1 .2278 4 4. 319 3 
i -^.0 1')0 -1 .J03 3 11.5931 
H -0.0< 1 1 - 1. 5414 ■  24.4 772 
q -0 .o mo -1.76 12 -44.9 32i! 

in -1. 1 12fi -2 .049S -65.9666 
11 -T.2 122 -2.3 80 0 -8 5.3 02 6 
12 -0. Uha -2.7326 -102 .8473 
1 i - 0 . a 4 .J b - 3.0 7 38 -12 0.9 99 3 
1'4 -0.aa7i) -3.2990 - 143.2297 
IS -o. s r/f^ -3.4917 -164.4 160 
lb -0.S ^'VJ -3.6259 -1 86 . 6 8 3 0 
17 -0 .S21'4 - 3.7090 -208.98;i8 
H -o.a 176 -3.7336 -2 30.8 910 

V) 

2 0 

-0.  i -oH'l 

-0. 3'vifi 

-4 .SO 34 

-5.074h 

-2 67.2 757 

-278.424 1 

2 1 -c.t /^o -5.410 0 -2 65.955 i 
12 -O.il OüH -5.5432 -2 26. 5314 
2^ -0. ü i'36 -S.573 2 -153.4 60 5 
"4 -^.4 ns -5.4919 -54.2639 
'S -O.UHUb -5.2931 61 .378 3 

.i') -0.r,203 -4.8156 145.2936 
T n '',, 1'lS   SF-AT    LOÄ3 =   928.8    STRAP=   47..'i    L^ ir> = 0. 0   MFAD    AN'J LE=-0. 543   KOUNT 

r, r N r A XI M, r.iiK/ii< K)ME NT FACET 
•JO. POPCP    (I.'ij ^oric?;   (Lr) (TN- LB) VOVCv     (LC) 

i - ';>2H.  'i2 1 S 0.0 -0.0 0 . 0 
_; - U 14. O1) 22 3.065 0 113.2452 -89 .7951 
) -372 .b'4U 1 - 1. 22b7 6 4.24C7      ■ -1 1 0 .3602 
(i - 34 2. 2H!4;j -17.245 1 5 1. 87 4 7      - ■1 1 3 .6735 
') - 12 H. 1)062 -7.5330 3 9.76 06      - 117 . 2939 

<■) -   P:5.   4126 -25.0669 4 8.0 3 93      - 10 s . 2220 
7 -3rj 3.VU-3 - 21. 1112 30. 10H7 -(,') .2 3 00 
M -.^SS. 4 074 -42.587b 5 5. 17 36 -55 .1 979 
'j -■3 16.  ': 1 4 2 -43 .1522 106 . 6-3 31 - 62 . 7C6 3 

V) - '32 7. -34 2 ) -36.54 1 0 13 1. 3 289 -54 .862 9 
1 1 - 3 IS.   30 V) -38.8556 142.0662 -SO .3713 
12 -301. 42 32 -22.6241 14 0. 91 91 -49 .045 6 
1 \ -2c3 1. 6116 3 .41 99 1 19.8 155 -52 .6570 
ia - 29 4. 0 47H 25.816 0 57. 1541 -22 .7636 

1 s -2S6.440 3 11.3665 3 6.6504 -22 .9440 
ih -220. 122/ 18.8 17 6 17. 63 60 -21 .643 3 
i ; - Id 6.64SM 4.7500 11.0533 -19 .2460 
1M - IS 3. 6S0 3 -3.2978 6. 1534 - 16 .422 8 

1   * - Q 7. '4444 -1.4140 121.9511 - 14 .5102 
2 0 -'JO. -3 'H o -9.5233 117.064H -15 .H5 3 1 

! 

50 

aAateaamia^^Vrtfiift 
:'^^^^io^mii[iwffiiili!fflmi> 
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n -9 2. 32H j - 11.7186 109.6102 -9.5308 
■!'' -H7. / 3^4 - 13.8445 106.7772 -7,9749 
I \ -n'j.  1446 -11.9913 113.7 677 -20.2374 
.V\ -oO. ^0 9 7 -10.0772 IIS. 4135 -24. 6028 
^S -SB.   31()1 -12,4323 116.2223 -22. 6497 
i^ -112. 1/26      - 1 14.6927 76.483 J 35.0053 

i. r MK '] HDT HDDT W WPT UDDT 
VO. (INS) (TVS EC) (TN/SF^) (I No) {IN/SEC) (IN'/5EC2) 

i 4. 2'l00 Ü.0 0.0 3.5908 -0.0801 5.6351 
^ U.V) 12 0.0441 -3 2.0124 7.0992 -0.8 345 7^. 5209 
i U.1^, 97 0 . 4 9b 4 - 150. 60Vt 8. 7 42 9 -1.57 44 147, 81 n 
'i S, 10 74 1.1894 -29 1.46 2 1 10.3 94 4 -2.2 931 207. 15 11 
s '). 2a 2S 2. 1437 -420,1655 12.0474 -3.0206 260.4019 
f) '•>. 3 1 9 I J. 3 42 2 -515.46 96 13 . 6 55 3 -3.7509 10 3.89 11 
7 j. 3f.87 4.H224 -560. 784^ 15.1604 -4.5508 152. 9135 
'i S. 4161 6.6 68 5 -544. 0553 16.5659 -5.3665 398. )27 5 
') S. '»7 ri-i c3. 8 67 2 -4 8 5.0013 17,8705 -6.2394 445.3941 

10 S.oO 17 11. 2943 -403.0371 19,082 4 -7.2253 484. 34 3 3 
11 t).77b2 13.8420 - 30 2. 9 3 V* 2^.1466 -8. 1778 511. 3786 
M f.. 0 7 bö 10.7658 -17 6.4 16 3 21. 1835 -9.9481 515.6017 

1 '> 6. VUH) 20. 0176 -2 6. 89 32 22, 179 3 -12. 0325 491.6526 
i a b . 9S bS 23.4 47 9 12 3. 6558 2 3,089 8 -14.0800 4 26. 289 2 
is 7. UV/J 2 6.8 021 28 3. 3Mb 23.9C84 -16.2158 3 4 1.9421 
ih 7. RHH3 3U.2 381 4 6 5.07 3l( 24, 6 8 96 -18.5717 219.5520 
i / •!. 3 S 2 / 3 3. 8 70 7 5'*4.3 775 2 5 ,4 77 1 - 20. 9 58 7 118.9353 
i -^ ■t. 77 1 ) 37. 139 2 469. 9b46 2 6.2167 -2 2.9 19 4 19 3. 30 3 9 
v <. 0'J71 a 0.3 6 95 4 25.   360 b 26.86r4 -24 .942 6 172.6 144 
)/'' 9.   31 lb 44.2 78 0 7 3 5.72 82 27. 4 70 2 -26. 8102 179.2704 

< i J.bJt'.'l 48. 4760 1101.22 19 28 .0826 - 28. 7 10 9 181 .1659 
^ 9. «209 b2.75/8 138 1. 258 9 2 8 .6 92 4 -30.5957 178. 7145 
2 \ 1 T.m?^ 56 .9424 157 2. 29 0 5 2 9.2879 -32.4601 212.7311 
r± 10. J'i 24 60.9 35 6 1 71 9.47 17 29.8758 -34.1996 274.5557 
2r. 10.h7S9 64. b 310 183 8. 6645 3 0.46^0 - 35. 7 52 6 3 73.52 99 
lh 1 1 . »4 4 0 7 3,54?1 1 69 2. 82 Ob 32 .4 36 8 -4 0.9 58 1 412. 1510 

r. r N K C ODT 0 DOT 
T). (^ A 0 ) (lAD/iJKC/ (FAiV8I-C2) 

i -" . 1/uS 0.0 0.0 
- > -^.1  \?-i -0.27o6 6 2.  1 3 51 

! -0. ü / )u -0.4 3 65 8 2.  3 50 
a 

; 
t) 

-0.  10 ^ b 

-0.0'J2<) 

-0.5941 
-0.7627 
-1 .0185 

79.24 9 0 
62.1 37 8 
40 . 9 0 4 7 

7 -0.0 2r)b 
-0.0  J} 1 

-1 .2 765 
- 1 .691 B 

-0,493 ■) 
-3 7,8 08 3 

n -0.09 34 -2.0096 -57,6499 
1 ij -0.12 39 -2.4064 -80,0 94 4 
1 1 - 0 . ^ 2 b 3 -2,85 34 -105.7467 
M - y. 31) i a -3.1215 -13 1 .0 08 3 
1 3 -0.4b Ob - 3,7687 -1 5 3.3C98 
1U -0.4bb3 -4,100 1 - 174, 891 i 
T.) -'^ L;572 -4 .3848 - 196 , 10 28 
If-. -0 . r>4ir. -4.6Ü37 -2 00.6 9h1 
1 7 -O.S(4 2b -4. 6291 74.12Q.H 

j < 

-0.4 3Hb 
-0. 3d3^ 
-0 . V)7b 

-3.8994 
-5.5215 
-6.2799 

40 3, 1171 
89 .278 2 

-177,31 3 3 
>. i -o.iOHl -6.5689 -2 0 6,52 4 8 
)■• -0.4 tb2 -6.5438 - 17 3. 8 12 3 

5k^. :■ .^ ..._ ^^^^jJ^^^^^A^^ ^gj|j^l^|£^||Ä $Mfcfä£i'täÄ£*&i£Bxiä-i*i ^^i^^^^Ü^^Aä^MÜ{^±^^^£j>lLjAi mm 
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T, T M K A X 
\:0. FORC 

1 -^r)D 
2 -(4 37 
3 -34 1 
U -361 
'■> -3U8 
h - '3Ü9 
7 -37 b 
■* -37(3 

) -3^7 
1') -.3«^ 
11 -13*5 
1? -J?2 
15 -301 
v; - 3is 
IS -^74 
If; - 2 3 1 
17 - 1')3 
IM - 1L)7 
14 - m 
.'') - 0 1 
.'1 -"(M 
.?;•" -■'. 3 
/> 3 -b4 
;'.i4 -ss 
^:. -t)2 
2fi -101 

TM 
E (L;i) 
.2733 
. h32h 
. V'bi 
. 5M1S 
. UH71 
. S 1 1') 
. 32 3? 
. '»uba 
. ,)b27 
. Üb22 
. 3 lb' 
. 10 bl 
. 0 3 04 
. 0T ba 
. S ) 3 } 
. a 3t)'S 

. 'j 'J 2 a 

. 2 U 2 1 

.114} 

.'37/2 
. SUM ) 
. a 9 7 J 
. 4 6 1 o 
. H r. 2 3 
.'>() 7-3 

SHEAR 
TORCE    (LB) 

0.0 
-0.362 9 
-2. J2m 

- 14.5258 
-4.6907 

-28.7 02 3 
-24.7380 
-48.2 3 59 
-48.2624 
-40.8101 
-42. 8357 
- 24.59 6 1 

4.83 40 
31.7285 
22. 4340 
3 3.0178 
IS .4689 
-0.4713 
S.b 17 5 

-2.4219 
-3.7S27 
-6.S4S1 
-6.6 4 7 1 
-S.618 3 
-7.8510 

-4 1.4 25b 

MOMENT 
(IN-LB) 
-0.0 

115. laOH 
66.32 77 
5 5. 16 54 
44. 0514 
5 4.3216 
37.7056 
f-S. 86 2 3 

125. 5107 
15 4. 20 12 
167.7784 
167. 762 0 
14' 

7 6 
9840 
95 38 

4 6 . 87 6 7 
10.  1471 
-4. 51 10 

-1 9.2084 
143. 2648 
131.  37 5 5 
1 16.  3657 
10 7.0340 
108. 8230 
107. 466S 
10 3.93 OS 
64.20 37 

0 
-48 

-IIP 
-12C 
-123 

FACET 
FORCE   (LB) 

0 
3345 
471 3 
4463 
0377 

108.9999 
-70.7744 

2424 
6 3 07 
8 4 5 2 
8 343 
474 1 
8214 

-   ) 3 

-64 
-SS 
-Sri 
-49 
-53 
- 21.6008 
-23.2712 
-24.5172 
- 2 3. 8 P 8 8 
-21.2 30 0 

-4 ,6 948 
-8 
-4 
-5 

-18 
3 

'2 
2 4 

.7505 

.8151 
1176 

.3240 
5 57 0 
66 0 4 

,653 3 

, T N" s 
■i'l. 

1 

f-. 

7 

8 
'1 

1 ^ 
1 1 
i 2 
1 3 
14 
IS 
16 
1 / 
I" 

14 
' 0 
21 
•) -i 

! i 

•'.. 2^00 
4.7)1 0 
4. 4 7 03 
5. 10 47 
).24 7i 
S. 31 4S 
S. 38 S/ 

S . 4 3 26 
'"    51 72 

6S 3S 
8 4 22 
1')73 
60 14 
0 7 6S 
54 63 
0454 
S381 
4 6 24 
2 6 34 
5 24 2 
8 0 74 
04 71 
3 J81 

S. 
5. 
o . 
n. 
/. 
7. 
8. 
8. 
8. 
). 
K 
i. 

1 O. 
10. 

U0T 
(IM/SEC) 

0.0 
-0. I'149 
-0.2 67 5 
-0.28R9 
3.0044 
0,7106 
1.971 1 
3. 9 60 7 
6.SS9 2 
4.52 02 

12.6932 
16. 386 3 
20. 5 51 3 
24.b71Ü 
28.954 0 
32.679 7 
36.08 13 
3 8.9992 
42.2186 
46. 4 64 8 
51. 500 2 
Sb.9 36 3 

62.5 242 

on 
(TN/S 

0 
- 30 

-14 7 
-2 8 4 
-423 
- 5 2 4, 
-56 3 
•-51 8 
- 4 10, 
-27 2. 
-11 7 

6 9 
2H6 
456 
474 
387 
341 
3 3 4 
345 
2 83 
3 0 8 
452 
7)4 

DT 
EC?) 
. 0 
. 12 OS 
.715/; 
.4 3 00 
.7 3 6b 
. 244 7 
.5t) 3() 

2 0H4 
. 84 8 8 
. 24 16 
. 0h74 
. 5 84 8 
.3778 
. 3184 
.88 12 
.2 3 98 
. 7 5 77 
. 2 1 24 
.5343 
.74 on 
.6428 
. 2S61 
. 30 2 7 

W 
(IN;;) 
J.5 4^5 
7.096 2 
8.7 37 1 

10. 3859 
12.0 36 0 
1 3.6409 
15. 1427 
16.544 7 
17.8457 
14.0532 
20. 1 119 
21 .1408 
22.1256 
2 3.024 8 
2 ,3. 8 3 1 3 
24 .5 4 49 
2 5.3 7S7 
2 6. 106 3 
26. / 40 6 
2 7.3410 
27.4 4 36 
2 8 . S 4 3 6 
24.12 4b 

WO'1" 
(I N/SEC) 

-0.0434 
-0.3588 
-0.6924 
-1.0534 
- 1. 4561 
-1.9167 
-2. 4217 
- 2. 4 7 1 4 
-3.587 4 
-4 .3830 
-5.4417 
-7.0912 
-9. 48 28 

-12.0107 
-14.5497 
- 17. 0 357 
-19.24 18 
-2 0.94 4 8 
- 22. 66 94 
- 24. 4696 
-26. 4764 
-28.5682 
-30.5414 

JDDT 
(rN/;jEC2) 

8.7534 
107. 6104 
144. 3 34 5 
281 .0511 
3S5.0209 
415.6362 
478.6922 
531.2874 
578. 14 58 
6 0 4.0687 

604.4542 
S54.7243 
465.3234 
380. 39 35 

4 18.200 3 
441 .6607 
528. 5474 
537. 7452 
60.3.0181 
622. 4082 
610.3954 
555. 5509 
48 2. 35 2,3 

227 

2 4 
2'. 
26 

-0.4b52 
-0.4b 16 
-0.5 10 3 
-0.5 42 8 

-6.2664 
•5.762 3 
•5.0512 
■4.2693 

•1 19 .776 1 
-4 6 .8753 
28.6 014 
7 3.8375 

' = 0. ISO   HEA^   LOAD=   956.3   STRAP=   71.7    LAP = 0.0   HEAD    AN3LE = -9.564   ivOUNT=   50 

^tf.,.^^.^.,-.,,^.i^.i;i^a.^^^ lü-öi,-. iSÜÄÜASt*B^i&ji mmMUrnim tälimj^^^mmimimmimmimimmm 
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M 13.7162 67. 9190 10 34.4 4 68 29,7093        -32.2345        452.6112 
>S 1 1.Ü2C15 72.796 0 1341. 10 19 30.2873        -33.5433        479.5717 

;!'. 12. 2 3 22 81.5470 1441 .0175 32.2374        -3R.8025        422.3181 

LINK 0 ODT ODDT 
NO. (SAD) (FAD/SEC) {PAD/SEC2) 

-r.i7as 0.0 0.0 

-0. 13 35 0.0444 62.6653 
-0.07 15 -0.0163 83.4603 

-0.1 IIS -0. 1844 83.62 3 9 

s -o.oujs -0.4 3 87 6 7.0 16 4 
0 -().") 'J7 4 -0.8059 4 J . 0 04 0 

7 -0.0 n^ -1. 3041 -12.6623 
1 -0.0Ü81 -1.943 1 -65.7211 

9 - 0 . 1 0 U 3 -2 .3762 -9 2.9780 

10 -0. 1 37 0 -2.8854 -lib .3443 
1 1 -0.2 410 -3. 459 4 -144.9270 

U -0. { /9B -4.0672 - 18 5. 69 8 3 
1 ^ -0. UHU. -4.6795 -2 18 .0 39 S 
lU -0. '489 2 -b.048C -95 .05 1 1 
IS -O.bHl 2 - 4. B 9 3 4 122.096 0 
1 e, -0.SnUH -4.5039 0.216R 

17 -0 .-3030 -4.1415 H3,U62 3 
I;' -0 . US7 3 -3.751.3 -1 1 8.4 68 9 
1 > -0.4 1 1 ') -5.6 38 7 -51.3894 

.•, ) -Ü.4 5 07 -7.0 13 b - 87.4436 

2 1 -0. 4 4 40 -7.765 0 -18 4.3 126 

22 -0.4/11 -7.94 6 6 -2 69.4 86 2 

n -C.U-)lJ 1 •7.5420 -319.2 08-3 

m -0.4 n 9 -6.640 5 -280.2940 

is -O.b35H -5.3169 -1 18.7107 

2^ - 0 . S o 3 b -4.0812 -3.9567 
T = ^ . ISS    SEAT   L0An=   961. 2   ST' 'AP=    96.8   I. AP = 0.0    HEAD   ANT.L1^-0.584   KCUNT 

L T H y A xr AL SHEAR Monr: NT FACF.T 
NO. FC^CE    (Lß) FORCE   (LB) (TN-LD) FORCE     (Li3) 

1 -'■if. 1 . 1in2 3.0 -0. 0 0 .0 
;; -437. S6l)f) -1 . 3695 1 10 . 9 1 2 1 -104 .1 C94 

1 - 3'i U.   )M7'i -4 .4 998 6 6. 2J H 2 - 121 .3 61 8 
'4 -  3h /.   1 4M 3 -22.6901 5 8.4 9 0') -120 .58 57 
S - 3 S h . fi H 1 ) - 13. 26 3 1 SO. C8 5U -121 .0189 
h -36 0. 146 1 - 3 3. 39 7 1 6 3. 1 4 5 M -104 .5271 
/ - 3f37.b7b6 -29.3 110 50. 86 4 3 -66 .0604 

(i - 3'' 1. 64b4 -54.1085 81.89 34 -49 .4073 
ri - 36 7. iJ"^ -52. 483 1 151. 161b -62 .1764 

10 - 36 0. 42 72 -43.3435 18 .3. 49 9 5 -52 .8765 
1 1 - 3Uq. 417 ) -44.1780 201. 3911 -47 .5733 

12 -   3 3b.   32 4 2 -22.9405 200.7880 -46 .8358 
1 ^ -310.6 3 0 < 11. 1007 166.618 7 -53 .5300 
i 4 -320.2093 42.0994 7 5.0519 -22 .7788 
V) - 27b.  3S4 ) 30.6964 34.  19 9(4 - 25 .7957 

1h -229. f) 19 3 37.6294 -5.718 7 -27 , 57 19 
17 -190. Ill 3 17.4 350 -28. 7548 -2 7 .1 179 
1H -1S2.621  ) -2.1129 - 37. 7568 -23 .9251 

1^ -9 9.   39 3 3 11 .2030 16 7.9 2 3S 10 .6287 
)rt -Bri.   1431 3.184 1 14 9.56 93 4 . 0 40 9 
>1 -H4 .44 9 3 3. 17 2 6 127. 91 03 b .5968 
VJ -/b.'i3 06 1.3051 111. 3734 3 . 18S3 
^ i -SS. 92 0 6 0.4300 10 4. 77 51 -10 .5879 

2'l -4 b.   i0 12 1 .2 3 Ü R 95.566 .' - 16 .7502 

3 0 

...,>,,.v..s.-w,.-Maa^w^^^ 'f&lSiivVüi&ü imiijUjiig^ji^i^ saaa 
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•!r. -'4 1.  i7U ^ -0.2B9a 85. 1219 -17.678 1 
>U - 7 H . / 1 H 0 -bb.67 2b 4h. H4 ih 22.1350 

L T N K 1) DDT 9 DDT W WDT «'DDT 

NO. (INS) (TN/SKC) (IN/:;F.C2) (INS) (1 N/S EC) (IN/oEf:2) 
1 '4.2') '     ^ Ü-Ü 0.0 3.5 904 0.0027 8.8 3 78 
,.' (4. 7'H)1 -0.2459 -22.2306 7.0 95 8 0. 1753 94. 1547 

1 U . '•} fS 72 -9.9 3b6 -119.5621 8.7 36 2 0. 29 35 17 3.5022 
'■» '3.1 )4H -1.6318 - 245. 98 32 1Ü.3B42 0.3 175 237. 7612 

S S.2U2B -1 .9762 - 359.8515 12.0331 0.2522 293.4727 

h b. J16H -1.7219 -4 3 3.1046 13.6 36 4 0. 0 52 4 33 6.04 38 

7 5. n89 -0. b72ö -437.6023 15.1364 -0. 18 40 382.2947 

) 5. au ob 1.7649 - 3 4 3. 512 1 16.5362 -0.5 176 4 19.00 34 
■i b.S(4b7 b.onuB - 17 4. 32 64 17.8346 -n.9450 450.4159 

K ■j. h ^ 9 v:i H.db3 2 3 6.9352 19.0 38 4 -1.6498 459.9907 

n b.QTSb 1 2. 9 7 3 2 2 62- 65 "4 2 0.0917 - 2. 7 48 1 4 54.903 7 

12 b.24 1R 17. 7104 44 P. üb'i 1 21.1 119 -4. 57 28 475.0724 

i i 6.70 91 22.6979 49 1. 22 27 22.0841 -7.0386 555.8299 

1U 7. 2J 67 27.1721 4 2 2.7 055 2 2.9704 -9. 53 4 5 5 92.15 05 

1 s 7.6 9 6(4 31. 3 139 3 8 8.1603 2 \ .7649 - 11. 8692 617.1692 

V) d.21 JB 3a.4 49 8 326.  1076 24.5216 - 14. 15 18 653. 5891 
17 4. 72 26 3 7 .614 b 27 1.9 9 70 2b.2t6P -16.1 718 697. 23 3 3 

14 ). 16 09 40.334 ] 216.69 9 2 26.009 2 -17.7364 729.2427 

1 M J.a7H6 43. 6 30 7 2 62.97 4 6 26.6356 - 19. 1872 760.5533 

20 9.7 6 bU 48.0401 36 6. 78 14 27.2273 -2 0,9 24 3 7 59. 5215 

2 1 1 0. 0 6 9 a b3.3772 4 4 1.8 40 4 2 7. 81 'ja -2 3 .0'142 7 Ib. 3 69 8 

2 2 10.   iH7fj b9.3470 4'i3 .8b U) 28 . 40 8 2 - 25. 5C2 9 657.8449 

2 i 1 '1.7 190 bb. 7 40 * 54 1.8521 2 8.^836 -- 27. 8 219 590.3381 

?'4 1 1.0r) 7ü 72.0785 59 2. 66 20 2 9.5541 -29.786 2 52 4. 20 96 

2') 11.i^BH 77.9035 6 15. 60 70 50.12^6 -31.1941 423.7352 

26 1 2. bS bb 87.2 22 5 79 4.7 8 7b 3 2.0 48 1 -37. 0 4 75 2 67.1 004 

LT'J^ n ODT ODDT 

NO. CAD) (PAD/SEC) {9 k D/SV.Z 2) 
1 -ei 7ac) o.c 0 . 0 
2 -'}.  1)2 6 0.3308 bl .560') 

1 -0.0706 9. 380 9 7! .6402 
'i -0.1 11(4 0.2132 70.2 6 5 9 

S - '^ . 0 a S i -0.1 3b0 4 3. 28 3 2 

f. -" .9 6 VI -0.6489 lb .9 8M/4 

•i 

-0.0! i/ 

-0.0'vVj 

-0.1176 

- 1. 4b3b 

-2. 5 9 18 

-2 .9809 

-48.03 ib 

- 1 16. 3320 

-154.  351 1 

1 ) -0. 1)32 -3.6530 -1 98 .028 i 

11 -■ .2606 -'t. 398b -19 8.8446 

12 -O.U02h -4.9606 -64 .0009 

1 5 -n.b06S -4.994 4 88.154') 
1ü -n.blal -4.8J1B 21 .6077 

]'■) -0.6 0'4M -4.5886 87 .43 M 

16 -0 .b'96S -4.2263 67,7108 

1 .' -O.b^U" -3.8 38 7 61 .060') 

VI -0.y /bb -3.b40H 86 .80 1 4 

VI -o.u rjr' -5.7027 -59 . 374 8 

?.') - 0 . U 6 h 6 -7.3296 -83.1 8 02 

n -'}.U BUb -8. 39 19 -85.4 3 67 

2 2 -n, bin -8.79 95 -7 8. 6 6", 9 

! 1 -0. b i'i 7 -8.4578 -64 .4763 

,>'i - 0 . b 2 / 6 -7. 42R6 -71 . i 0^)8 

2') - 0 . b o i 7 -b.812a - 7 2. 0 4 3 2 

'>> - 0 . b H U U -4.3 5 25 - 10 5. 5134 

■       -.■    ,, u..^.^.^.x..^ 
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1MJ   ;>!;AT OAD 947.5   STRAP = 122.a    LAP Ü.O   HKAD   AN3LE=-0,6 0B   KüUN'' 

23C 

!, T 'I K AXIAL SHEAR MO.IRNT PACET 
f-JO. FORCE     (L'^) FORCE   (LB) (IN- LB) FORCE    (LB) 

1 -4 47. 4 6Hb 0.0 -0.0 0.0 
_> -42 3. OSSi -2.7401 101.6128      - - 107. 29 11 

^ - W4. 670 i -7.5175 64.2254      - -119.9127 

'1 

f. 

- 162. f>^47 

- 55b. 17fn 

-3h 3. 12b^ 

-26.96.33 
-18.5207 

- 19.7034 

6 2. 14 74      ■ 
58.28 16      - 

75.2371 

-114.9612 

•111.9674 

-92. 1786 
/ -38 (). SnlJ') 

- ^5. 62 (n 

-36.50 11 

-61.1192 

70. 6042 

104. 8451 

-55.0713 

- 17.2991 
'■) - 36 7. 1127 -56.3346 186 .0604 -55. 1318 

1" - 3b 1. 20 21 -43.9659 218.8558 -45.0220 

1 1 -34 3. i^Y2. -41.6216 227. 83 67 -42.3694 

i.; - ^29. H') 10 -17.2 915 2 09.9781 - 4 4. 3 14S 

i ] - 3^ 2. 4H 77 17.443B 16 3.81 88 -5 2.46 27 
TU - 3 n '^. -n S 2 43.48 15 6b. 564h -2 3 .4414 

VJ - 2 h 4 . n ■: i 36 . 16 1b 19. 65 66 -2 7.2 83 5 

1- - 21 7. 'J 'J 7 '3 19.7003 -21. 908 1 - 29.6095 
1 / - 17 7. ') 7 33 17.4814 -44 .6774 - 28.8 77 6 

1 4 -14 2. W 3 5 -4.2242 -52. C4fV -2 5 .198h 
1 ') -f)6. H-)-3 ) 18.0335 19 6. 0 571 10.5172 
7M -«3.   )r5 6'l 1^.1447 169.7 128 2 0 .5171 

2 1 -76, 6J 2') 11 .6258 14 0. 182 7 18 . 7 6 60 

^^ -6 6. 00 H 2 10. 15 3 5 115.H5 52 13 .575 1 

2* -a6.3 164 7.7695 10 0. 88 2 3 - '.). ti 82 9 

2'J -■ib. 97 16 7.^238 84. 18 34 -8.1369 

2^ - 30. 9 194 6.040 5 67. 18 1u -11.0b99 

2^ -S4.6Q6'< -20.422 3 31.2302 14 .078 2 

Lr^r-- iJ 'IDT OODT W WDT WDE T 
VJ'). (INi) ( L'V^'EC) (I VSFC2) (TN5) (TNJ/F EC) (IVit ;c2) 

1 4.2000 C.ü 0.0 1. 590 r- 0. 0331 3. 51 36 

2 4.7B86 -0. 3 58 1 -23.2511 7.0 97 6 0. 5236 51.- 3 6 98 
1 u.96 11 -1.4878 -9 9.9 320 8.7195 0. "3440 9 6. 2025 

'» 6. 0 0 38 -2.7 2b0 -185.38 7 0 10. 3 88 2 1. 2207 1 34. 5255 
s 6. 2 2 8H -3.5203 -24 5. 1655 12.0 37 5 1. 3783 167. 2764 
f, 6. n 14 - 3. 4910 -24 9.8429 1 1.6402 1. 3 480 1 8 9. 4131 
/ >. t (1 5 -2. 18 12 -159. 3 7 02 15.1 105 1. 2076 215. 4538 

••; 6. 4 6 2 1 0.8 59 7 4 6. 1211 16. 5381 1. 0 9 94 234. 1976 
'i 6.6/06 5.2 46 8 31 0.57 )(, 17. >•■ 14 6 0. 7777 254. 7953 

1 6. 7 4 66 10.2 60 8 52 2.7116 19,') 15 0 0. 1414 295. 4443 

1 6.07 64 15.2558 59 0. 97 11 2 0.0812 -0. 7255 38 4. 0968 
1 ' ti. 3 i 66 20.2874 54 3. 656 2 21.045C -2. 1742 457. 3250 

1 1 6. •',286 25.0663 4 7 7.142') 22.0559 -4. 2481 546. 6434 
^'\ 7. 34 78 29. 2 22 7 386. 1220 22.9 30 3 -6. 49 59 617. 2189 
T") 7.86 60 32.7 42 2 30 7. 31 18 2 3.7117 -8. 5 58 2 678. 0 460 
if. 8.   3)98 35.8 84 0 24 9.9641 24, 4 54 6 -10. 59 16 721 . 94 19 
1 / 8.4 n 3 3-8.8 40 2 2 2 3. 1 6 92 2 5.2 15 2 - 12. 4542 737, •1175 

!■! 9. 16 64 41.4 30 3 14 5.2671 25.9 300 -13. 9 466 749. 4451 

1 ) 9.6 0 97 44.7527 14 3. 79 0 5 26.54 9 0 -15. 4624 7 36. 7 58 2 
)" 10.0 0 92 49.3055 9 5.64 26 27, 1 317 -17. 3 319 714. 4 5 57 

21 10. 340 5 54.7 33 2 3 5.16 90 27.7 125 -19. 6969 679. 1818 

22 10.6888 60. 6 610 -39.7633 28.2886 -22. 3 56 7 624. 0642 

2 i 11.06 21 66.9 37 2 - 112. 2 3 56 2 8.8517 -24. 9 8 29 5 54. 8034 

24 1 1. 4217 73.1748 -16 3.98 12 29. 4114 -27. 3167 47 3. 0594 

2') 1 1. / 027 73. 5 87 7 -186.2 706 2 9 .9749 - 29. 1547 3 76. 72 03 
,) :, 1 3 .')''* öh 8 j. 4 57 4 108. 00 11 31 .8654 -36. 1600 8 5. 1300 

aafaaaaaaiiaieaaaai ,^....-.,.a^.—iw..^-^.«..^,; 
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LT N ■: n ODT 9 no^ 
'JO. (RAD) (HAD/SEC) (RAD/'-.ECJ) 

1 -n. ITU') 0.0 0.0 
'» -0.1 30J 0.5581 3 8.7484 
3 -0.0674 0.693J 48.4 10 2 

'4 -0.109b 0.4926 3 8.186 8 
s -0.0 45'3 0.0236 8.3191 
f, -n.0bH2 -0.6722 -38.2477 
7 -n .0468 -1 .8346 -119.5832 
! -0.3 72b -3.1496 -191.7 130 
4 -0.1  {47 -3.9 129 -1 64.5803 

1 1 -0.1 7"! 9 -4.5287 -8 3. 5151 
1 1 -0. 2d 39 -4 .73 91 5 2. (.8 In 
12 -0. 4 27 1 -4.7330 5 7.6477 
1 1 -n.f> lO"? -4.67 50 1 10.3840 
1'4 -0.5 J7 4 -4.42G 3 9 6. 7 191 
IS -0.b2b7 -4 .1724 9ri. 27 10 
U> -0.h07 1 - 3.901 3 4 5 .02 5 0 
1 7 -0.5 J2f. - 3. 6476 37.2 Jib 
1H -0.4 42 7 -3.37 7(3 5 3. 1129 
19 -0. 46R7 -5.7645 57 .7 17 3 
.-"") -C.S0J< -7.4361 56. 1 08 4 
21 -0 .b 269 -H.442 3 52 .55P0 
2 2 -0 .bb/b -8.8 22 2 2 5.8632 
2 i -O.S^2 3 -8.5399 - 10. 3 89 1 
24 -C. bbb3 -7.67 73 -60.4022 
2S -0.5 9 39 -6. 3 08 6 -1 2 4 .8 5 H >3 
■"S -0.6 07 9 -5.117 3 -196.2639 

? = ') . 165   SKAT   LOAn=   9 24.8   ST^AP^UR.i    T. At' = 0. 0 

LINK A XI AL SHFAR MOMENT FA( ■» pm 

^ ). FORCE    (LLi) FORCE    (LB) (IN-IR) *0?A :F  (L 
1 -^'2 4. H3 j^1 0.0 -0.0 r\ 

2 - 39 9. 620 5 -4.852 6 «8. 58 48 -10 9. . 6 3O0 
> - 36 7. -iUZ 3 - 11 .834 0 6 1 . 34 2h -1 15, . 48 0 3 
a -.35 1. 55 19 - 3 2.-UJ1 t)7. 22 6. -1 04 , .4391 

> -350. 35?ü -25.795 1 69. 8 3 82 -96 .3438 
1 > - '36 1. 470 3 -47.84 9 2 91. 96 4 2 -71, .9395 
/ - 3Hb. 2 30 2 -42.50-3.3 97.70 94 - 37, .8824 
■\ -3^1. 15 2 7 - 6 /. 1 3 j 4 1 33. 149n -19, .7654 

■i - 354.073n -50.4524 214.8562 - 46. . C59 6 
1 ) - .34 5. bbüb - 40.5613 2 34.47 3 0 - 38. , 9 9M 1 
1 1 - 32 9.4 7 74 - 36. 26 57 2K- 32 On -37 .4 3 08 
12 -309.9612 -12.317d 23 6. 48 9 5 -4 0 .2 64 7 
n -2'1 1.  71 17 21 .1 909 154.  12 37 - 49. , 0 3H5 
la -2t3 7.   J3b3 50.8731 57,65 11 -22. 68 19 
IS -244 . 1 182 39.0 245 9.2 817 -2 6 , .8702 
16 -210.2485 41. 119 6 -3 2.92 7 0 -2 9, ,7825 
17 -16 4. .3:3 5 n 19.07M4 -57. 6672 -29, .5374 
IM - 130. 8 56 i -4.4 955 -66 .5 6 75 -2b. 2 62 5 
1 '■) -05 .1347 24. 240 7 22 3.71 4 3 4 0 . .875 3 
2 0 -7 8.9668 16.6570 189.75 4 4 36, . 5 85 4 
21 -6 9. 9« 08 19.0490 152. 93 15 31 , .6825 
2'5 -57.   -,1 30 17.834 1 121.712-1 2.3. 78 3 5 
^ i -38.  16 09 13.9688 (>0. 3 6 64 8 , .7049 
2 a -2 /. 58 7>3 13.5171 76. 17 31 0. ,4888 
^s -21. 632 i 12.9342 5 3. 57 94 -4 , .228 b 
2 ft -3 4. 00 15 7.3 34 2 19.8251 9, ,7187 

HFAL)    ANr,LF = -0.b3b   KOUNT=    ")D 

UDT UDOT WD: ^DDT 

aaaiiiBaiagaiiaittaiattfliaaaaaiaiia^^ VtliltMiiiWiliiiiritiiliiiillli 
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■V). (INS) (IN/S EC) (IN/SKC2) (INS) (IN/SEC) (IN/SEC2) 
1 '*. 2 0 00 U.O 0.0 3. 4907 0.0402 4. 3H 35 
^ 4. 7H6S -0.4647 -18.4324 7. 1008 0.772 3 44. 6443 
i U.r)'i2n -1. 8997 -5 7.82 17 H.7 44 3 1. 30 64 97. 3755 

a 4.07 82 -3.3 88 9 -5 6. .30 n 10. 3959 1.8297 119. 8 59 9 
s t). 20 9 •. -4.1561 45.7840 12.0 46 2 2.1025 132, 1517 
n 5.2HU-5 - 3.70 30 242.142C 1 3 .649 1 2. 1473 143 .72 05 
7 S.J/O^ -1.493 2 49 8. 40 38 15.1484 2.2098 166. 4215 

1 b. a^99 2 .7518 7 05.46 9H 16. 5462 2.1318 199. 0623 
') b. b^ 30 8.1800 794.63 00 17.8 415 1.9974 239. 0664 

1 ■:) ■) .R )U7 13. 595H 76 6.5ti41 19.0394 1. 6217 271 .9260 
11 b.0')95 18. 4683 6 91.8070 20.0841 1.0080 295. 1175 
12 ö . a a b 1 23. 1590 59 5. 4 8 4 7 21.0895 -0. 1 37 1 342. ■J 0 6 4 
1 i o. 4S9S 27.4 52 0 4 6 6 . 4 7 9 H 22.0411 -1.7714 4 10. 6 350 
Vi 7. aJB'S 31.04 7 9 3 h 2 .1 b 1 4 22.9052 - 3. 6819 464. 4472 
IS S.(;2 31 34. 145 5 260. 9'277 23.6789 -5.4964 514. 32 3 5 
V, ••3.b721 3 6.97 96 168.  34 10 24.4151 -7.3419 564. 3808 
1/ '). 110 3 39.62 3 7 6H.0203 25. 1617 -9. 041 3 62 0. 7843 
1" ■^.b'ui 4 1. 8ft 40 -4 8. 04 83 <i5.8693 - 10. 380 5 680. 092 6 
n -(.9 2(11 44.7024 - 18 9. 4 31^ 26.4808 -11.307 3 7 16. 1967 
2') 1 J. 2S51 48 .6659 -345. 499 6 27,0541 -13.6831 732. 9 409 
11 10. 6 12? 53.4 86 7 -5 03.0-3 19 27. 6228 -16.1419 733. 4506 
22 1 0.9'18 9 53. 8 47B -649.9442 28.1850 - 19.0 176 7 03. 5908 
' i 1 1.3824 64.6 34 6 -778. 4901 2 8.734 0 -22.0 316 62 2. 0182 
2U 1 1. /><2S 70.547 2 -857. 4743 29.2808 -24.9054 498. 0370 
."") 12.  It 2 3 7b. 2 6 90 -892 .5i)8() 29 . M 3 3 5 -27.4056 3 26. 5 713 
2'S 1 3.V4 4 7 8r3. 4 46 3 -494. 9f)46 3 1 .5849 - 36. 1896 -83. 8379 

r :v 0 ODT ODDT 
-i). (PAD) ( RA D/SEC) (RAD/SEC 2) 

i -0. 174 o 0 .0 0.0 
-0.1271 

-O.'ihJ !4 
0 

0 

.7096 

.3450 

20.877C 

8.0 97 1 
'4 -0.1 06'< 0 .5097 - 4 5. 8 2 n 6 
'■) -0, 0 ar;,7 -n .1894 -104.'4 134 
'- -O.übH b -1 .1480 -146 .0801 
7 -0.0 47 8 - ^ . 6143 -140.0427 

-0.0 JO7 
-0. 1 ^,7 

-3 .09 4 3 

.3254 

-77.5844 

2 0.0819 
1) -0.106 6 -a .4336 6ü.61H 1 
11 -C . i()t.9 -a . 4 4 50 r!>3.4ü1 u 
12 -C.ua Oh -a .2 5b 8 1 34. 3886 
i 1 -0.Sb2') -a .0360 113.0877 

1 a -0.3 Vi 3 - 3 .8730 118.731 0 
ir> - ^ , h a b b -J .7239 125. 324 5 
]h -0.n2SM -3 .5025 1 15. 5086 
17 - 0 . 0 2" 0 - 3 .2121 146.9424 
1 -i -' .'5 08 7 - 2 .69 29 157.5279 
19 -0.4 9b'2 -5 .1398 180. 622 7 
20 -0. 6 !07 -6 .8069 179 . 17 30 
21 -0.bnMO -7 .9201 1 52 .4 007 
22 -O.hUI 1 -8 .5090 96.4 31 4 
2 1 -U.b ^S0 -8 .5299 12. 2 32 4 
iH -0. 6 04 6 -8 .0388 -88.7396 
2') -O.f-J7 3 -7 . 1025 -181 .7091 
26 -O.t. 362 -6 .2708 -2 62.4 17 4 

T = 'i. 170   f^AT   LOAD -   489.5   STRAP = 17J. 7    LAP 0.0   FIEAO   ANGLE=-0. 671    KOUNT= 

L TN< A < T A L 3H =;A R KOMr.NT FACET 
'JO. ••-OPCl-    (L;J) F03CE    (L3) (IN-LR)               ^ ORCF    (LB) 

5 0 

■ ir ii-   uliii  niitinif 
^^^^^^^^g^^^^^^^i^^ijj^u^^^^^^gjj^^^ä^ä^^^g^l^^ 
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i -8«^. UVba 0.0 -0. 0 n. r 
1 - 18b. bib/ -4.0383 73 .9019 -109. 17 10 
i - 1U U. 2 2 H •■> -17.652b SO. 440 5 - 105. 6C2C 
'4 - Hb. /47U -40.3953 77.8550 -86.04 17 
'> -3a 1. O?.'-J s -3 3.5300 86.4665 -73. 1060 
h - 3S(|. //H 1 -54.7313 111.2610 -46.062 3 
7 - n 2. (,; 12 s -45 .0 38 1 12 3. 90 59 -IP. 8079 
'i - 37 b. ■JObM -67.58/0 154.68 95 - 3. 1 30 5 
M - no.'jV) 3 - 51.8240 22 6,8 5 57 - 3/.7 5 1 4 

10 - 12 1 . 65^') -35.004 2 2 36. 36 10 -32.5 312 
n -  D b. 02 7 3 -3 0.11 01 224.74 1 3 -  32. 3753 
12 - 2^ S. -3.367 -7.2586 1 96 . 65 96 - 35.9706 
i} -2bS. la 16 24.2194 14 3.7379 -.'44.4047 
i« -26 3. 44 Of, 52.3 114 48. 8058 -21.548 4 
is - 22 4. 07^7 42 .3 54 3 -1.50 2J - 26.   3 7 85 
16 - 1r3 J, bJ4 2 4 3.3812 -4 5.892/ - 3n. 3 26 8 
17 -15 1. 36/5 20 . 0 6 4 9 -73.6521 - 3C.8667 
14 -12 1.4012 -5.5566 -83.66 07 -28,0012 
1() -9 4.02^? 29.09 2 3 250. 1141 67.C82 2 
?:) -7 6.  In 2 5 21 .4087 210.0917 50.9 94 5 
21 -6b. 17 4 2 24.695G 167.475« 4 3.5202 
22 -52.4351 23.7702 130.84 69 3 3.2852 
2 ! -3 3. 107 ' 18.8600 10 2. 6322 17.3367 
2 4 -2 2.  174 4 14.051 5 73.8713 H. 12 33 
;c) -15. 3 54 4 17.79 0 5 46. 2444 1 .8390 
2 6 -14. (01 0 27.4226 13. 20 6 3 b . 6 C2 3 

LTN-; J (JOT 0 DDT W HDT WDDT 
NO. (I NS ) (IN/SRC) (rVSKC2) (INS) (TN/SEC) (IN/SEC2) 

1 4. 20 00 0.0 0. c 3.5910 0.0792 5. .3570 
2 4 . / 4 U 1 -C.4720 24. .3028 7.1054 1.045 3 31.4426 
i 4. 0 4 20 -1 .8284 12 4.3/Ob H. 7 53 4 1.8092 27. 4642 a 5.06 10 -2. 7466 3 5 9.9 074 1 0,4 06 3 2. 2248 -2.0C99 
r5 5.1 nj -2.3 70 6 69 9. 12 1 8 12 .0540 2.478 1 - 16. 7143 r) 5.2 7 21 -0.52 84 100 2. 9 5 5 2 13,6612 2.6046 6.2b8 3 7 5.   3/24 2.806 6 1 14 8.74 04 15. 1611 2.7959 3 0.3919 
'•i 5 . 4 ^ 4 5 7. 38 2 4 1097.8086 16.5 5 9 1 2. 88 4Q 54.2585 
) 5.6 5 46 12.5664 9 48. 414 3 1 7.8 54 C 2.8 18 5 52.  379 5 

1^ 5. 4 4 27 17.6297 8 15.6 16 1 19.C5C2 2.5 016 54. 159 0 
1 1 b.   1 bO 4 22.02 7 6 6 9 5.37.4 0 20 . 0 0 2 1 2.0126 65.2 136 
12 6 , "> -. 4 2 26, 0856 5/4.99 3 6 2 1 .0922 1.0 19 4 82. 7 94 9 
1 < 7.10 20 29.7665 4 50. 6 53 / 22 .C 363 -0.4087 12 3.  3 8 85 
1'4 7.65 H2 32.7415 317. 4 4 3 8 2 2.4 914 -2.0486 19 1.8792 
1') '•,.  10 /I 35.2963 168 .007 9 23,6 568 -3. 53 80 278.7906 
If) 4.7 > .45 37. 4 44 5 7.66 51 24 .3847 - 4. 9 6 3 8 3 80.04 2 4 
17 0. '3 0 82 39.3 36 0 - 1/8. 3 34 1 25.12 38 -6.20 23 510. 5 3 97 
1H 0. 7 3 14 4 0.85'4 5 -367.66 4 1 2 5.82 57 -7.12 80 6 22.7 5 18 
I'l 10. 1 4 37 42.8355 -564. Ho 93 26. 4 30 6 -8.33 25 670.  3342 

2 0 10. U^ 24 45.9 309 -745.2624 26.9 9 48 - 10. 08 94 b96.T633 n 'I 0. 4 7 I'j 49.0005 -916.6522 2 7.5513 - 1 2. 5 1 1 3 710.0247 
2 2 11.2751 54.4 77 6 - 10 7 5. (,6 4 2 2 8. ("94 7 -15.4948 69 4.67 7 8 
P ^ 1 1. 6'» 3H 59.5590 -12 2 4.5244 24. 6 317 -18.8623 64 3.9480 

2 a 12. 12 2 3 64.9 70 6 -134 3.55 14 29. lb 26 -22. 3396 5 3 3.4382 
2S 12.5502 70. 4897 -1 3 6 8.065^' 2 9.7 00B -25.6671 386.2943 
?.h 1 3.0 7 45 84. 7 04 4 -977. 3275 31 .5025 -36.8161 - 149. 6 79 4 

■»   (.|  L' O ODT n DOT 
'i"). (PAO) (ÜAO/SKC) (PAi)/SEC2) 

1 -!'. 174 5 0.0 ^.0 
;; -".12 34 0 .7 1 a "3 - 3 4. 3235 

i 

"^.^f 

ftäjj&jaäto ^^a^»__rt 



ppiiippiiHii^^ 

234 

1 
-0.0 SCO 0.64 3 3 -1 08 .6 909 

'I -0.1 OSS -0.08 2 3 -183.0588 
1                                 s -0.0'4ri'< -0.9808 -181.4885 

b -0.07S1 -1 .8549 -1 OH .SO7 3 
7 -0.0 7 20 -2.92 96 13.7193 
'J -o.11 US - 3.7 49 8 120.1718 

?                              ^ -M.1767 -4 .00 34 1 16. 629H 
10 - 0 . 2 1 7 H -3.995b 127.4 20 4 
11 -o. J27f) -3.H092 117.7526 
12 -Ü. 4()'JS - 3. 6334 127.7803 
1 J -0.S711 -3.4092 140,0 30 7 
1(4 -j. b /hi -1.1BbH 176.4221 
IS -0 . b b < 2 -2. 9080 2 02,1139 
1^ -o.bai2 -2.5760 2 2 3 . 81 M 6 
1 / -P.^ H" -2.2349 2 50 .4536 
1R - C. S 20 H -1.89S7 2 5 1.9107 

|                           1 - -o.s VJU -4.0912 2 i0.0601 
20 -0.S 71 .< -S.82G2 20 2. 30 20 
21 -'). f.,)Sn -7.11 1 7 16 3.059^ 

^ -o.o4 2i -7.9977 1 04 .6 51 6 
2 3 -^.SS/S -6. 4472 19.5175 
2'i -Ü.S4S4 -8.4 73 9 -8 1.H 10 6 
2S - 0 . f, h S ] -8.11^6 -2 26.9560 
2f) -".fwn -7. 71 ;j8 -313 .b4y 1 

T^). 1 /S    '3 FAT   LI A 0=   3 4b. 3    SPRÄP-I 97.7    I, A P r:              C . 0      I] ^AO   ANGLF=- 0. 714   KOO Nr 

LI N" AX I AL SHEAR HUflENT FACFI 
NO. Tf?::^    (M) ^ORCE    (LB) (IN-L?) KOI.CF     (LR) 

1 -M4S. ()'JS4 0.0 -0,0 O.O 
2 -33 2.b n ^ -11.13 19 6 4, 55 32 -102.1152 
j • 52 2. S4 2 9 -23.5 1 19 66. 4629 -87.90 3 1 

4 - 32 3.   iSS? -46.9665 9 3,72 58 -62. 2718 
S -329. 1161 - JS . 0 8 2 6 102.fc214 -4}> .H 10 1 
f, -34 1.6701 -57,1767 12 4. 68 1 4 -23.679C 
7 - 3S2. 2612 -45.54 OS 139,8 566 -4. 3 5SF 

- 3SS. 336 7 -64.856 3 16 5.7576 f:.. H 7 4 4 

10 
-307. 4'J2L3 - 4b . 7 19 6 234.9657 -29.M700 
-2'JH.6';2t3 -29,00 14 2 36,9 3 29 -2f..3675 

11 - 28 2. 72 UO -2 3 .162 0 219. J479 - 27. 6072 
12 - 2b 4, U 2 1 S -0.8009 185.5142 - i2. 40 7 7 

i                      1 ^ -2 1 -i. 4f)'"'2 29, ID 3 2 128. 9057 -'4 1 .7 25 2 

is 
-241.13S1 56.5 2 95 3 3. 0 SO 1 -21 . 86 6 6 
- 20 5.   ^4 MS 4 6 . 02 6 3 -19.63 )6 - 27.  347 C 

is - 16). ') S2.'1 
44.4222 -64 .86 5 5 -3 2. 30 6 1 

1   7 -14 1. } i", j 20. 4214 -92.87 72 -3 3. 124 4 
i-t -11 6.4 7>H -9. 19 6 1     - - 10 0. HO 14 - )0.1 5H9 
10 -r/.   3^42 32 .3 774 276.9254 H2, 0 712 
20 -7 7. 37/3 24.4650 232. 1017 6 3.6468 
21 -'>S.70m 28.4906 184.6658 54. 1005 
22 -SO.dOIH 2/.784 1 143, 6421 42. 0349 
2i - n.  124 7 22 .115 7 1 1 1. 0 1 23 2 4. 9£4S 
2 4 - 19. 7 462 21.1085 7 7.96 76 14.8 18 1 
2S -12. 1^ 34 21.0 154 46,3959 7. iMU 
2S -1 o.siül 37.0236 12. 7674 6.4C8 9 

LTMK iJ UDT 'I DOT W WDT MDDT 
N')o (O.") {IN/SEC} (IN/SEC2) (INS) (IN/SR-) (I N/SEC2) 

1 4.23"^ o. 0 0,0 3.5 914 0.0867 - 3. 8 214 > 4. 7 a 2 4 -0.1 19 1 108. OH 49 7.1 105 0.8640 -110.0895 
< 4.  )   3 nd -0.2893 4 ;i 3. 72 22 8.7 6 19 1, 3719 -1 99.0839 

)i 

■ 

fe^...^^.-.- mnuni (iMiläiMmmiMimiattmiällimUilM 
jAtotfa^tojJiy^ täjjäj&Jj&i ^ak^LJjÜaj^ Üiä^iM^tMMMi 
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'4 S . 0 ) 0 •) 3. 4 38^ 892.74 1 9 1 0.4 I64 1.6245 -23C. 5940 
s S. 1 MVi 2 .451 1 1 lb 7. 5 3bH 12. 0692 1 .7903 -255.7928 
IS b. 2HI8 5. am 6 1317.9503 13.6732 1. 9632 -269.4080 

1 '0.4 0 214 9. 17B6 13SI. 83 02 15.1742 2. 1731 -2 38.8842 
H S.bJ60 U. J9 29 12*4. 6b 39 16.5728 2.2993 - 29 5. 9 4 4 9 
1 5. 72 ^ ' 17.7036 1036. 200 6 1 7.86 74 2.2557 -296.86 14 

n S. ^4 S 11 21 . 7 05 6 879.9928 19.0 62 1 1.9642 -2 91 .3953 
ii t).2 7 9!4 25. U10 2 689.368" 20. 10 15 1. 4806 -274.7614 
i^ o . 7 n 57 28.8250 511. 27ns 21 .097C 0. f) 24 3 -232. 9755 
i i 7. 2r>70 31 .8016 34 4. 37 4 3 22.C346 -O.S008 - 150. 12 52 
1'4 /. S2 5S 34.023a 1b2.2b?3 2 2.8826 -1.6857 -3 7.35 81 
IS ). i7 5J 35. bH3 7 -28.3381 2 3.6418 -2.6243 9 3. 17 02 
lb ■f.^aan 3b.4059 -229.0180 2 4.3641 -3.3B32 24 5. 3220 
1/ i. SO lb 3 7.7923 -4 4 1. 6515 25.0987 -3.92 8 9 3 4 3.04 18 
1'i *.-) to* 3b.3 326 -6 39.01b2 25. 79 7 4 -4.2437 526.014 0 
1 ) 1 0. <4 9r) 34. 2 44 1 -84 9. 41 4 7 26 .3 97 1 -5. 1289 606.01 01 

2') 1 C.71 11 4 1. 3 27 9 - 10 54. 8171 2 6.9529 -b.b70 6 671. 7534 
21 11.10 7 4 44.39 12 -1247. 707 1 2 7.4 9 7 6 -8.9465 723. 6602 
2 2 1 1. S »,0'4 48.1794 -141b.44b 2 28. Ü 30 1 -11.9131 744.4805 

■) < 1 1. 0 7 UH 52.5481 -15b 0.95 12 28.5 4 57 -1 5. 4 8 82 71 3.83 04 
.!;t 12.4280 57.4 140 -IbSh.46 2 4 2 9.0 5 6 0 -19. 4488 6 28.5140 
2S 12, 4H }H 62.bb0 9 -170 9. 35 3 8 2 4.5775 -23.5482 466.1340 
2<> 14.   ) M H J 78.9413 -1 3 06.27 11 31.   3 166 -37.5740 -146.58 6 6 

LI '^ 0 ODT ODDT 
NO. (PAD) { PAD/SEC) (RAD/.SK: 2) 

1 
) 

-0 . 1 7 4 S 

-0. 120 4 
O.Q 

0.1539 
0.3 

-1 9vi.l 44 4 

! -0.0-JHH -0.3075 -252.2701 
4 -0. 1 'J'< ■! -1.03b4 -180 .3142 
S -0.0SS i -1 .7064 - 10S. 1 38 b 

h -O.Mb4 -2.2146 -4 3 .34 3 4 
7 -n.nnö4 

-r.127 7 

-2.7975 

-3.154b 

3 7.0458 

1 2 3. 20 S 1 
'•) - 3 . 1 0 ü H -3 .2 078 1SS.07 / 3 

10 -" . 2 Jf.O - 3.2385 16 7.1218 
11 -().U:i2 - 3. 18 15 17C.3 85 4 
■\i -0.4 HbO -2 .0 4 14 16 i. S 4 5 4 

1 5 -\ SMb2 -2 .55b 0 14 7 . 2 1H S 
V\ -'. . ')\ "> -2.1618 2 3 2.^ 30 8 
r-) -0 .o /'4;4 -1.7285 2bn.9b0u 
ib -O.o'jlfi -1.2973 2 75.4 73 8 
1 7 -^.b^lH -0.9 10 1 275.213b 
1 •! -^ .S2/0 -0.5817 2bS.34 8 7 
1 n -".S h-.l -2.82 14 262.181 3 
7-1 -O.S i7 7 -4.7212 2 3 7.8981 
21 -^.b rn -b.2655 186. "3 66S 
2 ; - " . b •-( 1 '1 -7.4780 108,17 30 
> i -■"./O'lS -8.3645 4,948f' 

2'4 -b'.bdO 5 

-0.7;)U. 

-8.9338 

-4.2169 
-106,014'^ 

- 2 2 S. 0 81 7 

2 b -0.7 1 ?H -0.3591 -337.3458 
-1 _ l-\    1 
1   -   - •   1 i iO   5FAT    LOAD -   8 14.0   55TUP =2 14.7   LA P=         0.0    H^A: )   ANr5LE = -0. ,765   KÜUNT: 

LI'J« A U Al, .~!lEA3 MOMFNT FACFT 
WO. ••owr"    (L:J) "ORCK    (LB) (I M- Li3) rOin:!'     (Lr3) 

1 - 4 14. 0 24 1 0.0 -0.0 0.0 
} - 120. 24S7 - 14. 4b 57 7 4.S2 3 0 -84.5777 
\ -ill. Mb'ib -2^. 35 24 7 7. 35 92 -60.1599 

Ii -^12. 35S 1 -49.b3 50 10 4. 14 70 -44.0815 

AUi üu^^^ii wiuttiku. moämmmmma mmmrmmmmMtmiti^^ 
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s - 317. U7HM -39 .6684 111.5426 - 32.4535 
b - 52H. VUSM -57 .4382 131. 0919 -9.2159 
7 -^4. 72 3a -aa .1200 147. 1664 4.7 3.3 0 

v3 - vih. ams -61 .4495 169. 1230 15.906 5 
1 -288. i005 -42 .2896 235.538^ -24.4926 

10 -2^u.1aoo -2'i .223 7 2 3 3. 6876 -22.0216 
11 - 264. 097-3 -17 .4415 212.5122 - 24. 2246 

1                     1.> -2a6.  1904 5 .1264 172.5735 - 30 . 11 30 
1 ^ -220. ms 3 a . 28 43 108.0211 -40.1777 
ia -22 0.652S 60 .2287 9.8397 -23.7849 
is - 18 4, 258S 4 3 .2 964 -a a. 10 16 -29. 6C2 3 
if) - ISu.  10 5 3 a2 .9447 -87.4041 -35. 189 1 
17 -133.0392 16 .9938 -112. 6571 -15 .7235 
■\H -11 2.93 00 -ID , 4 13 2     - 116, 0 8 5 8 -32 .2 731 
n - 10 1. aa6 9 3 3 .7864 30 3. 87 42 05.2264 
?:) -80. 759 3 25 .4836 255.8481 75.06r)cJ. 

\                   n -5 7./9 7 2 33 .3 48."3 204. 98 C4 64.3557 
22. -52.C83 3 29 .6209 160. 82 0 3 50.8461 
21 - n. o4 9 1 23 .72 80 125. 137 3 32. 6C14 
2n -13.75 a 9 22 .8185 88.87 20 21. 5723 
2S -11 .58 8 3 22 .80 41 54.2144 13 .15 8 3 
2 6 -7. i 98.-1 3j .8294 18.  89 11 9.5421 

LMK 0 UDT IIDDT W WDT WDDT 
N J. {IH']) (IN/SEC) (rN/SEC2) (INS) (IN/SFC) (rN/SEC2) 

|                               1 a. zooo 0. 0 0.0 3.5918 0.0499 -9.3509 
[                           2 a.733a 0. 5 16 4 13 3. 5567 7.1130 0.0856 - 174. 3268 

a. <t.'4 2 3 2.5 37 6 57 3. 1446 8.7 65 7 0.0791 -286.3170 
'4 5.^5 92 5.3937 999.8315 10.4209 0. 0 84 9 -359.1162 
S 5.2iaa 8.8 17H 1312.4031 12.^74 1 0.0442 -416.8366 

|                        s 5. 32H3 12.4795 1 4 o 6. 2 7 91 13.6787 0.0R6 1 -452. 2321 
/ 5. a 6 5') 16.1865 1453.6783 15. 1804 0.. 1237 -500.0790 

»' T.'; 190 10.8359 13 36.5128 16.579 3 0.1211 -54 3.95 8 0 
1 5.8323 2 3- .30 1 1 1 1 6 9. 07 6 3 17.8736 -0.0203 -573.5620 

10 6,1015 26.4 58 9 9 7 2. 1U9 3 19.066 9 -O.290G -576.7172 
11 6. a 1 5a 29.0530 755.0678 20. 104 2 -0.6233 -543.89 34 
12 •;.>fr,fc) 31. 3 03 5 a 88.1906 2 1. (J 9 6 2 - 1. 1469 -458.4672 
1 1 /. a i 9 7 .3 3. 1 2?8 19 5.  10 60 22 .02 0 3 -1.7422 - 3 27. 51 06 
V4 /. 996H 34 .2831 -5 8.7 44 1 22. H72c -2.2 752 - 17 7 . 1 4 37 
IS 1. 5 5 20 34.927 9 -27a,3/ 15 2 5.0292 -2.5112 -32.8355 
Ul 'K 12 55 35. 128 3 -a 8 0.26 5 3 24. 3 40 7 -2. 4927 124.2625 
1 / '•(.6 8 ao 34.9561 -60 1.98 3 0 2 5.0835 -2. 2470 281.7867 
I'--! 10,152 9 34.50 16 -H8 4. 44 42 25.782.3 -1 .890 4 4 1 3. 64 3 5 
19 10.5 iao 3a.a 038 -1069. 130 1 26.3787 -2.2872 52 1.48 15 

2 0 10,-O 37 35. 5194 -124 7.6112 26 . 9 27 ß - 3. 4098 6 17.9109 
21 11.3 135 37.6949 -1411. 8 590 2 7.4 61 9 -5. 343 2 09 9. 79a9 
')    ) 1 1.7') 3 0 4 0.7 10 3 -1 554. 5810 2 7.9800 -H. 1 19 1 751.  3852 
2 ) 12,21 7a 44.3 92 8 -168 1. 21 35 28. 4 7/4 -11.7674 754.0364 
2 a 12. 69 Uf) 48.7531 -178 0. 08 2 8 28.9689 - 16.1221 6 91.4816 
2S 1 3. 1751 53.7551 -1831.4261 2 9.4 66 1 -20.9 60 5 557.0752 
2f- 1 a.7 b57 71.8080 -15 i 3. 9 87 4 31 .1270 -38.2426 -117.564 4 

LINK 0 ODT OODT 
NO. (PM)) (RAD/SEC) (RAn/.SEC2) 

1 -0.17a5 0 .0 0.0 
i                          2 -0.1230 -1 .0177 -227.2689 

i -0.0 63 6 -1 .601 0 -250.498 3 
a -0. 1 158 -1 .9666 -199.7605 

^ -0.0 651 -2 .2042 -112.649a 

1                      ' -0.0^78 -2 .3345 -26. 30 '5 

^J,i.'- ■■..-■•I ^-.■.' ̂ .^..■..^^^^.^M^*^^^,^,,:.-.^^^ ^-^-^!-^- nj ABÜSü MmaamMMBfl rmiMiiniiTi Mil -•— 
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< 
-J.C9)7 
-0.142 0 
-0.2 on 

-2U5041 
-2. 56 30 
-2.523 2 

5 9.5 899 
10 6.0176 
144. 8915 

T -0. 2 500 -2 .3666 17 9.1558 
1 1 -0. 15H6 -2.1187 215.7317 
12 -n .4 'jui - 1.7942 2 P1.0 84 9 
1 i -0 .5 9f>2 -1 .1703 29 1. 179 8 
1 U -0. 5 '71 -0.8901 27 6. 40 66 
15 -0.6 802 -0.3752 275.9407 
1', -n.f)5U^ 0.0978 282.4252 
17 -0.6'4 2fi 0.488 3 275.2916 
n -0.5265 0.7634 257.2984 
i) -".5475 -1 .47ü0 259. 3.118 
,;n -0.6 18 3 -1.5141 2 35.652 3 
21 -0.6 681 -5. 1139 180.62 62 
22 -0.7 170 -6.894 9 1 16. 1031 
,! 1 -0,7 511 -8.2724 23.4329 
?U -0.7 35 1 -9.4210 -88 .2 756 
2 5 -0.7 575 - 10.3427 -218.2018 
>.& -0.7 6(18 -11 .038 8 -129.1941 

T = 0. 18 ^   SEAT   L OA [ )=   805.6   .ITR At,=2 38.8    LAI'^         0.0   HF An    Atr.LK=-0 .8 24   AOUUT 

LI'-JK AXIAL SHEAR MOMENT FACET 
NO. [•'ORCE    (1,1) FORCE    (LB) (IN-LB) '•ORCE    (LB) 

1 - 805. 6ü7-i 0.0 -0.0 0 . C 
> - .HU. 9 8 19 - 16.762 0 105.61 12 -58.60 6 7 

1 -115.5281 - 24.6786 91. 74 19 -5 3 .5 214 
;t -30d.28 54 -48.10 16 109. 79 66 -16.4 73 4 
5 - 310. 6 345 -37.5302 112.69 11 -27. 1091 
(; - 120. 21U i -55.1444 129.7176 -5. 9339 
1 - } 2 5 . 0 7 7 5 -42.0059 14 5.4251 6.5 65 7 
•i - 12 6.62 7 0 -58. 3127 165. 8512 17.0888 

1 -278, 7069 -18.618 1 227. 2881 -2 3.2 496 
10 - 269. 8229 -20.Ü429 220.6989 - 21. 6 84 1 
11 - 2 5 3. ö •) 1 ) - 12.4 88 0 10 3.7710 -24.H060 
12 -2Ja.a76 7 9.6122 150. 173 3 -31.09H6 
1 J -2r'9. 3142 17. 3 24 7 8 4. Ou 30 -40.7674 
1U - 2r, 7. 9 8 7 2 61.7792 -1.3. 144/ - 26.47 38 
15 - 178. 1936 '(8.H90M -6 8.001') -12.3481 
15 - 14 6. 12 1 J 40.0 569 ■ 10 9.2 3 3h -38.32 3 1 
17 - 12 6. 6 )6 7 11.5332     - ■ 110. 44 4 3 -38.1734 
IM - i:'/9. 9 In6 -2 3.83 06      • -12 7.3884 -11.797 2 
1 1 -105.7922 13, 4700 3 30. 7561 1 07 .7980 
2^ -HU. 2611 24. 6/59 281.0300 86 .4519 
21 -7 0. 4954 29.5820 2 28. 1117 7 5 . C: 2 8 4 
22 -5 4. ^20 1 29.4461 182.08 31 6 0.6 39 3 
2 i -3 5.846 0 21.7748 14a. 7276 41 .182 1 
>u -21.4 160 23,2149 10 6.  3561 2 9.3 61 7 
25 -12. 7998 2 3.2033 69.50 55 20. 2 55 9 
^^ -8.   3326 23.6798 11.8015 16. 1717 

L7 -JK II unr (J D D T U WDT * DDT 
NO. (F N~) (IM/SEC) (IN/SF: 2) (I NS) ( IN/SRC) (IN/SEC 2) 

1 a. 2000 0.0 0.0 3. 59 19 0. 0059 -7.53 84 
2 4.787U 1. 3 08H 4 6. 1921 7.1 114 -0.6hl1 -118. 11 04 
I 4.<)611 4.7578 2 7 9. 5 5 9 0 8.7 62 6 -1. 2625 - 2 17. 42 2 0 

■■x 5. 1 175 9.5 998 6 28.6424 10.4169 -1.7 012 -34 3. 4 14 1 
', '% 2/79 14.7170 99 5.68 3 2 12.0689 -2. 1363 -44 5. 1195 
f, 5.4 0 86 19. 5 24 2 1 51 1.2764 15.6732 -2.   1713 -51 9.7529 
7 5.56 50 23.6 14 7 1 4'» 4. 4 5 5 4 15.1 74 3 -2.6 365 -58 8. 2 84 5 

it.'.:-..-..- v v ,■„. ■.., - ■...,.■ L ■...^w.w.v'^v^ ;,--^v;>;i J^n-mtiflTThiif^^*-"^^-^^"^'^1 
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J, b.7355 2b.9032 146 2. 179 2 16.5727 -2. ,8570 -623. 3808 
0 b. ') f. 39 2 9.4477 126 4.42 34 17.8 658 -3. 1432 -64 B. ,1113 

1 o o.2U6 ' 31. 4464 1008.1003 19.0577 - 3. 4311 -643. 2457 
11 (>. S 7 01 32.7 9 2« 7 2 5. 20 9 1 2 CO 93 B -3. ,6 15 7 - 6 1 2. 3755 
)2 7.01 Bb 3 3.6147 4 20. 456 5 21.0fc42 -3 , ,71 14 -5 30. 209 6 

1 < /. i>s /a 33. Ü 74 5 104.3 6 06 2 2. 0 16 1 -3, ,6046 -391 . ,09)4 
m >). 1 ii h :5 33. 6 19 5 -1H9.2 96H 22 .«59 1 - 3. 29 9 7 -216. ,7663 
is 4.7223 33.0264 - 460. 659 5 23 .6161 -2. ,7415 -47. 0 5 86 
ifi ■J.2')ai 32.1372 -697. 10l)9 2 4.3 38 6 -1. ,9 395 114. 260 1 

1 7 9.H49 2 30. 9467 -901.3BB4 25.0755 -0. , 9722 24 9. ,7471 
1 M T). ) 2 JS 29. 6017 -1 06 3 . 91 4 3 25.7777 -0. 0 2 83 3 5 0. ,9095 
r^ 10.6920 2R.b5B7 - 1 2 1 3.  1717 26.3 733 0, ,05Bt) 4 31. 6742 
■^o 1 1.0651 2B. 9748 -135 3. 40 39 2 6. 918C -0, .6026 5 13. 117 5 
21 1 1. 43 39 3 0.4182 -1481.4470 27. 44 3 5 -2. .1173 590. 3567 
22 11.3563 32. 79 12 -1 59 3.64 21 2 7. 94 B 4 - 4. 60 48 647. ,8537 

? J 1 2 . a 1 B2 35.B9,S 2 - 169 5. 34B2 2 8.4278 -s. ,16 4 1 67 5. 6 3 84 
24 12.91 59 3 9.7957 -17BB. 69 30 2 8.8969 -12. 7237 647. 3 fab 5 
2S 13. U 20 ^ 44.502 7 -183 5.2116 29. 368 4 -18. 1 185 564. 5 94 9 
2^ 15. 10 43 63.6B34 -1714.1926 30.9 344 -3 8. 774 8 -1 04. 3409 

LTVK 0 ODT ODDT 
NO. (TAD) (RAD/SEC) (PA U/S EC 2) 

1 -n.1745 0.0 0.0 
7 -0. 1 j^5 -1.8814 -115 .9464 
5 -0.U746 -2.7 49 1 -196.5147 
a -0.12K2 -3 .0062 -215. 74 36 
1J -0.0773 -2.9604 -195.7094 
6 -Ü. 1 10 3 -2.7471 -141 .6550 
7 -0.1 1 IM -2.4009 -16.7260 
R -0.15)4 -1 .9346 128.899 7 
9 -0.2 198 -1.7013 182.887 2 

n -0.2 59 4 -1.3382 2 3 5.9922 
ii -0. 5 66 1 -0.8757 267.4295 
12 -Ü.b034 -0.3429 24 0.5 56 1 
n -0. 599 2 0.2012 3 17.9992 
Vi -0.5^79 0.676 3 3 3 3 . 7 3 4 S 
1 s -0.6 /H4 1. 10 33 3 17.0285 
if) -0.6 5^1 1 .4707 21) . 398 6 
17 -0.6 .J7 1 1 .7622 2 3 6.6 882 
1H -O.s 197 1.9 30 1 2 04.6 74 9 
19 -0.5 51 H -0.307 5 20 2. 4 5H ) 
2° -0.6 3 31 -2 .446 6 184.9 119 
21 -0.6 924 -4 .4576 14 8.7054 
2:, -0.750C -6.3524 96 .062^ 
2 ) -0.7 )2 1 -3. 1497 2 5.1971 
2'4 -0.7834 -9.0109 -60.59 )4 
?.*> -0.B 11 / -11.3219 -181.2869 
Ih -0.8 2 39 -12.5895 -2H3 .9965 

r-o. • 190    3MT   10A 0 i=   8 15.0   STRAP = 254.7   LA ;>-         0.0    HEAD AN^; ;I.F=-O. 890   KOUN-r 

LINK A XT AL SHEAR .10ME NT FACET 
WO. "OFCK    (LO) FORCE    (LR) (IN-LD) FORCE    (LB) 

1 -B15.O0H2 0.0 -0.0 0.0 
2 -364.5125 -20.2671 147. 9480 -30.8680 
j -335.9611 -23.1790 11 3. 4860 -38.042 3 

'4 - 31 /. 2213 -45.1890 117.75 36 -31.7970 
S -3 13. 1079 -32.231 1 111.8080 - 28 .7313 
b -310.035) -48.9 48 4 122. 7675 -12.5222 
7 - 322. 2H11 -35.491 0 13 1.590H -o.6266 
0 - J2 2. 643 2 - 51 .0570 14 8.6B3/ H. 6 49 1 

liiaaiiiEiiiiiiMii ajüiaäia^Ää mmm^mmmmm 
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M -27 8.6^8^ - 3 3.7 255 203. 9347 -27.7307 
1) -26 8. 88 4h -15.2043 195. 23 10 -26. 4952 
11 -252. 0491 -9.2/52 166. 1946 -29.7055 
12 -232. 22H 11.9000 121.16 68 -35.7624 
n -207.2(J8S 37.98 4 6 54.8312 -44.4821 
ia -20S.2819 60.0176 -38. 0465 -30.6571 
is - 17b. 0 7SI 45.0026 -88.5043 - 35.5088 
1h -14^. 124S 33.9769     - ■12 3.8422 -40.8833 
1 / -12S. 3507 4.2602     - ■139.7860 -39.6 48 3 
1H -108.95*15 -J2.7031     - 130. 96B8 -34.2574 
r) - 110. 8 141 31 .9795 358. 37 32 120.1802 

?. ^ -H8. j }')2 22. 5563 3C7.5518 98.0 27 5 
21 -74 . 8cnb 27.5241 2 53. 38 94 86.3 16 2 
2? -58. 60 i7 27.4 957 206. 388) 71. 4762 
> 1 - 3 6. H57^ 22. 3302 168.4342 5 1.0 14 1 
?'J -2 4. 09 2 8 22. 28 16 12 9.06C2 3".6 14 3 
2S -15.2J04 22.17 17 9 1.0 9 49 29.07S2 
2 b -12.2 008 0.4976 5 1.0b00 2 6.1165 

L IN < II UDT UCDT W WDT VDDT 
N'). (T-JS) (TN/3EC) (TN/SFC2) (INS) ( W5 FC) (IN/SE Z2) 

1 4.2)00 0.0 0.0 3. 591 c -0.0267 -5. ^d 14 
^ 4. 79 27 1.0810 7.4147 7. 1069 -1.1237 -69. 3152 
1 4.98 7 3 5.5333 8 4.4525 8.7 5 37 -2.2599 -161. 9674 
4 5. 1'T 16 11. 7 515 287.48S2 10.4042 -3. 29 55 -283. 3 8 76 
S S. {623 18.724 \ 622. 7020 12.0527 -4.3 134 -405. 6386 
t) S. 5215 25.3375 98 1.6592 13. 6 54 8 -4.9574 -4 9 3. 2943 
; 5.70 12 30. 6 24 1 124 0.0516 15. 1538 -5.5613 -560. 03 8 3 
\ 5.8 3 80 3 3.9 13 4 127 7. 08 77 16.55 07 -5.9390 -577. 5734 
i ft. 12 67 35.5 3 96 112 3. 58 8 7 17. 8422 -6.2504 -5/5. 8 6 25 

i') h. 4 1Sf) 36.2298 8 7 5.8142 19.0 3 28 -6. 4 50 3 -54 5. 9 018 
n 6. 7'4 26 36 . 1 27 2 5 91. 3 972 2 0.068 4 -6. 4287 -492. 71 88 
12 7.1912 35.3 83 9 28 0. 2 54" 21 .05 94 -6.3397 - 39 6. 5669 
n /. 7S75 3 4 .0720 -29.  3oO 6 21.9935 -5.3144 -264. 6 38 6 
Vl 8.   1121 32.4 164 -2') 3. 06 07 2 2.8 40 1 -4. 2013 -115. 8779 
i s 3.8114 30. 5 41 4 -526.24 qP 2 3 .6 0 20 - ?.. 8 518 24. 96 91 
i i 9.4ib7 2:3.47 1 3 -746. 4393 24 .3 3 05 -1. 257 1 171. 67 37 
1/ 9. 9'<22 26.2 02 1 -9 6 5. I'JO) 2 5.074C 0.4080 3 12. 3590 
1R 1'). 4 8 77 23.9872 -1 18 3.908') 25 .7821 1. 8734 42^ . 8 8 08 

1r) 1 n.>in7 22. 3218 -13 0 7.91 02 26 .3 7;) 1 2. 27 4 1 473. 4651 
11.1)28 22.0476 -1421.0748 2 6 . 92 1 3 1.9 211 517. 9917 

2i 1 1. h17S 22 .9829 -1505.9 42 3 2 7.440C 0.6980 S5b. 8402 
2 \ 1 2. :; 8 10 24.9018 -1576.8890 27.q 3 31 -1.578Ü 578. 5 34 7 
2) 1 2 . b 71,7 27. 5 49 7 -165 3.11C7 28.3949 -5.0 564 574. 1 004 
2'i 1 i.09 28 31.0 OS 9 - 17 28. 23 51 2 8.8409 -9.7563 5 34. 3151 
^ 1 ). 6203 3 5 .3 2 D 7 -18 5 2. 18 8 6 29.2843 -15.5898 4 3 3. 25 39 
■>f, 15.4011 54.6 83 4 -188 1.5452 30.7 391 -39.3774 -140. 9 128 

LINK 0 OOT ODDT 
■n. (PAD) (RAD/SEC) (RAD/SEC2) 

i -0.1748 0.0 0.0 
;; -0.14 10 -2.2 351 -35.3 70 1 
I -0.0 40 4 -3.4 797 -102.2 804 
'l -0.1459 -4.0545 -184 .9848 
'"> -n.G95 3 -4.0495 -2 12.5 3 57 
b -0.1261 -3.5'i6 9 -178.74 30 
/ -0. 124 2 

-0.16 18 
-2.6066 
-1. 3979 

-61 .4587 
96.1 510 

■) -0.2259 ■0.7453 180.2 82 7 
10 -0.2 6 10 -0.1033 24 4 .5 68 1 

ÜfeäMaM i • a ■ - ■ tt t^iäsälläliiiiäsäiiittliiMälääiäiäMIm 
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11 -0. 16 7 0 0.S320 28 3.6 858 
12 -O.b )ia 1.1518 30 1.7742 
1 ] -0. S'i'^ 1 .7405 294.6271 
14 -O.SMOS 2.2403 287.8502 
IS -O.hbQn 2.6404 281.8976 
■\(' -O.b j92 2 .8985 279.2 317 
11 -').f) 2S2 3.0160 263 .932 1 
1 H -0.5 074 2.9942 229.3076 
1 ') -0.S510 0.6 11 1 1 82.8 87 9 
?.') -0.6 4 13 -1 .6730 136.1889 
21 -0.7 131 -3.8506 95.6 16S 
2; -0.7B07 -5.9578 56.4468 
21 -0.8126 -8.0439 9.4176 
?u -O.B 112 -10.081 1 -57.9661 

2 b -0.ri7J 1 -12.0605 -1 07.6 144 
2^ -0.4 J01 - 13.8086 -197.9175 

T=ü. 1M5    SEW   LOAD=   8 37.1   STnAP^267.0   1. \?=         0.0    HFA n   ANGLI-=-0 .96 1   KOUNT 

LINK /> XI AL SHFAR MO f! F NT FACFT 
'JO. ;• )['cr-   (LH) FORCE    (LB) (IN-LB) ^ORCE    (LH) 

1 -8 3 7. OB 40 Ü.G -0.0 0.0 
9 -4 12.S217 -24.0740 194.5H71 -4.8224 
i - iM. -)^4 ) -22.4755 141. 4979 -22.2595 

4 - 1 <9. 0C05 -42.7720 13 2.67 18 - 26. 3986 
S -124. 4 1 J4 -24.7117 1 1 3. 02 4 H -32.8056 
h -i;)ü.52 6 7 -33.8:) 31 112. 54 32 -25.5796 
7 -12 2. S411 -23.5216 10 6. 78 80 -15.3869 
H - 11').  /hi ) -37.7624 116.7743 -9.0414 

J -2H2.   iO 1 3 -25.7102 16 1. 02 60 - 37.7378 
10 -272.  ^22 -11.8147 153.657 3 - 36. 160 4 
11 -2S6.00b4 -7.0330 128.4h04 -38.4 11 1 
12 - ? i S. 6 C M •! 12.3232 8 7.6816 -43.2365 
n - 2 1 2. S 1 d 1 36.6963 25,78 14 -50. 2486 
la -210.bD1) 56. 5159 -61.8733 -35.6465 
is -17'J. 9H92 n.1140      - 10 7. 6 20 1 -39.2074 
i^ -147.9^Sb 25.6 39 2     - ■135. 8625 -43.5232 
17 - 127.  1212 -5.8285     - - 14 3. 69 18 -40. 5 35 3 

1 4 -10 9. 7 4 4 7 -43.3621      - -126.1707 -3 3. 5 36 4 
V) -1 1 7.h799 29.4998 38 8.  10 8 8 1 32 . 3 06 9 
20 -') 4.  IRQC, 19.4951 336.56 3 3 109. 58P4 
21 -r)0. VJ4 n 24.6096 281 .2306 9 7.8 29 7 
2 2 -b 3. -n >i 1 24.7 18 3 2 3 3.37 82 82 .6 25 0 
.? < -41.20 4 2 20.2 264 19 5. 2190 b'l .0543 
24 -28. 07H3 20.7800 1S5.  3 30 7 48.061 3 
2S - 19. Of-9 ) 20.471 4 116.72 24 3H . 180 6 
2o -1^.93 0 1 -29. 2478 7 3.8074 37.8453 

LINK ') UDT UDDT W WDT WDDT 
NO. (r NS) (IN/SEC) (IN/5 EC 2) HNS) (TN/SEC) {IN/SEC 2) 

1 4. 20 00 Ü.0 0.0 3.5 9 17 -0.0486 -2.5 078 
2 4.79 83 1. 1704 24. 2277 7.1 005 -1.3394 - 41. 2066 
3 b. 0 160 6.0015 120.60 5 3 P. 74Cf -2.9 019 -9 7.9 5 59 
4 S. 2'16 13 . 0 22 1 254.2345 10. 1847 -4.4326 -16 9. 1328 
S ). 4'i26 21.2241 410.69 11 12.0 26 6 -5. 9865 -251.0808 
f, 5.6b d6 29. 180 2 5h7.0466 1 3.h244 -7.0486 - 11 n. 19 39 
7 S.Hf>77 3b.5142 68 9. 54 07 15.1196 -7.9605 -363. 3569 
'i f>. 071b 39.0472 72 6.8 290 16.5145 -8.3710 -376.7258 
') ■s. 3 16) 40. 144 5 66 9.013 4 17.8044 -8.6752 -364.44 5 3 

]   ) 6.6^66 39.8 70 2 5 38. 9 8 27 18. 9 94 5 -8.S3 39 - 326.  1663 
1 1 'T. 92 98 38.5 43 3 15 4. 6)0" 20.0 310 -8.3664 -265.5804 

53 
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^.> /. mo 36.3 96 6 1 2 K4Ü64 21.0 249 -7. , 5 3 63 -1 71 . ,J012 
i ^ 7.^2 70 33. 6 62 4 - 126.210 0 21 .9645 -6 . . 1004 -42. ')4 62 
Ti H. (4 4C2 30.764 0 -358.0J70 22.8185 -4 , .2825 9 1. 2 157 
15 ^.')2T\ 27.7971 -56 8.5895 23.5888 -2. ,2795 214. ,30^2 
ID 'i. S 7 8 7 24. 7 117 -756.9721 24.3 27 0 -0. 0 288 328. ,5735 
1 ! 13.111) 21.4562 - 928. 3944 25.0804 2. ,2385 4 22. 40 28 
1 ^ 1 O.Sft.JU 18.3864 -1070. 31 38 25.7971 4. ,1669 488. 1642 
I'J V).9 151 15.9183 -1211 .9072 26. 39 6 6 4, , 7562 504. 13 02 
.n 1 1.2-153 15.0 14 3 -1 344.3343 26 .9375 4. 5772 52 4. ,1 706 
21 1 1.71J5 15.4457 - 1457. 0169 2 7.4 505 3. ,495 1 541. 8137 
2 2 12. IS 56 16.9715 -1549,  3297 27.9324 1 . .2451 5 35. 2 268 
2 < 1 L o^ 37 19.2697 -1 62 5.6H35 28. 376 5 -2. 3728 4 92 . ,2681 
2 a 1 3.?2 6 3 22. 3857 -1702.86 02 2 8.7 98 3 -7. 3998 4 09. ,41 -38 
,'S 1 5.77U3 26.333 3 - 1763. 4773 2 9.2113 -13. ,7590 30 9. 3981 
2h 1 5. 6 'J 0 < 44.9115 -2020.  3689 3 0.5403 -40. ,1 158 -1 \H. 29 5 1 

u [»JK i) ODT ') DDT 
'-lO. (RAP) (RAD/SEC) {RAD/SEC2) 

1 -Ü. 1 74 5 0.0 1.0 
7 -n.1 52 6 -2.4221 -54.2273 
< •0. 1 OH'l -3.9114 -81 .0766 

u -^.loH 1 -4.7529 -96.4 96'! 
r. -0.1178 -4.,8496 -97.3 80 5 
^ -0.1a6n -4.3023 -82.9818 
7 -0. 1 HO -2.901 1 -38.5916 
R -0. 1674 -1.0698 34.2 99 3 
q -0.227/ -0.0538 92.9887 

io -0.260/ 0.9 39 4 155.2921 
11 -('. 3 610 1 .8101 2 08.707 4 
12 -(,.a42i 2.5323 24 0.2 954 
1 3 -0.SB20 3. 1246 254.9623 
14 -0.5759 3.5892 257.2164 
IS -0. b52a 3.94 8 7 2 42.8 44 5 
16 -0.6 2ia 4. 1541 218.5 757 
1 7 -C.6Ü7 1 4. 1822 190.7904 
IS -0.ÜHO7 4.0238 166.05M1 
1 ) -r.5'4 5 7 1.5112 159.62 3 7 
•M -0.6500 -0.9865 1 30 . 8 7 n 
21 -0.7 312 -3.4134 64.3729 
? > -O.rj ion -5.7793 28 .601 8 
2 i -O.d7 2^ -H. 1212 -24.82 $4 
2'4 -(;.HHU3 -10.4054 -61.8145 
2r. -0.M   ^1 -12.6121 -95.6 3/5 
26 -^.0 6 12 - 14.5426 -96 .092 1 

T = ^.: 2 0 0   SP.Af   I.OAO =   863. 1   c:TRAn-276.()   LAP^ O.O    HFAD ANr,LF=-1. 0 35   KOUNT: 

I.T^JK A XI AL SHEAR MO M P NT FACIT 
V ). FOI'CF     (L:3) r-ORCE    (LR) (IN-LR) PO" CF    (Lb) 

1 -H6 ) . V4'J5 0.0 -0.0 0 .0 
2 -461.3360 -23.5 257 246. 71 51 23 .1159 
1 -a05,73^5 -21.47 19 17 2. 15 54 -6 .1473 
4 - 36 3. 65 3 0 -39.9059 148.9554 -21 .5330 
s -3H. j r^o - 16, 2138 114.08 6 6 -3^ .413 * 
(; - 52 3.8061 -27.4 13 1 100. 6260 -41 .3258 
1 -  32 2. 752 0 -9.4)12 77. 4 400 - n .1578 

M - n5.   MH 2 -21.4506 78.2262 - <o .8 146 
'< -2H6.  i55 } -15. 3583 105.03 2 3 -50 .640 1 

1Ü -27a.0473 -6.190 4 9 7. 67 50 -af .81 H9 
1   1 - 25B. '4 46H -4 .7607 78.0775 - 4 9 .6847 
12 - 2(4 0.  3 3 2 5 11.4568 45 .5684 -5 2 . 5 20 7 

»2 
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1 \ -21 8.2f>1 1 3 3. 10 2 3 -7. 54 76 -57.Ü56C 
Vt - 2 1 7. o a 1 o a^.8737 - H 5. 8 5 4 2 - 40.92 n 
T> - IB '_).  /1 JT 30.la22      - •123.5329 -42.6 356 
1 .'■ -1S1.2012 15. 1566     - -ia2.a949 -45 .4219 
1 / -1J1. ja 35 -17.086a      - 14 1.  197 3 -40.551 C 
l;i - 112. ^6 56 -5a.oao2    - 114.8503 - 31. 991 1 
V) - 12/. 27'JS 2b.2018 418.6351 142.4723 
>0 -10Kü2Ha 15. 4 342 36T. 31 60 119.4826 
^1 -H9.^5 12 20.691 1 311. 43fc6 108.1295 
22 -72. ai73 21 .1915 26 3.06 11 92.7164 
.13 -ad. OR S3 17.8245 224.7108 69. 6848 
2 a -3 a. 12 JO 19. 23 17 183. 9044 55 .9902 
?.b -:)a.f^yH 13.747 4 144. 1614 45.7970 
26 - 2d. 62Ba -59.7863 97.0060 49. 453 9 

Ll'Jf- IJ [JDT :IDDT W W)T rJDDT 
►JO. (IWS) (IN/.SEC ) (IN/SKC2) (IN3) ( IM/SF:) (TN/SS C2) 

1 4.2000 0.0 0. 0 5.5914 -0.0512 1. 36 8 3 
2 a. H D 4 rj 1.3149 3 2 . 92 9 1 7. Ü 9 3 2 -1.5380 -1 \. 7352 

{ ;).^a7y 6. 7 26 4 14 9.6228 b.725 1 - 3. 24 31 - 34. 2 814 
■x '^.2 92 0 14. 3 36 9 245. 4746 10.3609 -4.9 8 0C -47. 3131 
'S S. 57 3 3 22 .938n 256.8 6 79 11.9943 -6.7733 -63. 19 53 
f) LJ. H 10 1 31.1238 209.0351 13.586 2 -8. 0258 -71 . 2 73 6 
7 b.05 IS 37. 52 9 0 13 1.747 9 15.0764 -9.0548 -67. 3249 
ri 6.2731 41.0215 7 6. a 1 2 5 16.4693 -9.4587 -5 2. 4788 

■1 o. 52 3a 41 .9450 48.4 151 17. 7576 -9.6760 -2}. 50 27 
10 '■>. M 10 6 41.3193 2 6.5640 18.9 48 3 -9.5274 -1 . Ö378 
11 7.12 50 3J. 4459 -16.3340 19.9870 -8. 9503 4 0. 2 03 0 
1 I /.S5 37 36.3 0 16 - 10 7. 0 5 7C 2C.9H62 -7.7 108 10 6. •3 842 
1 \ i. 003a 32 .759 1 -25 2. 7 5 5f 21 .9345 -5.6972 20 1. 6756 
lu 4. 6 39 3 28.8262 -421.6612 2 2.7 99 1 -3.2948 2 92, 8193 
1^ 0. 1S91 24. 90 5 5 -582.896"' 2\ .5808 -0.7661 374. 2118 
1 h 0.h92S 2C.9722 -7 29. 2 310 24.3315 1.9 48 7 445. 0055 
17 10. 2072 16.972 1 -8 5 7. 26 4 1 25.0972 4.5662 494. 7 255 
1^ io. faa2a 13.3163 -952.4922 25.8242 6.7110 518. 8891 
I'i i o.4~ioa 10.  3340 -1026.5267 26.4 26 6 7. 2104 467. 4369 
y> ii. iaafi 8.9195 - 108 9.0 30 0 26.9666 6.^734 426. 2265 
21 1 1. 77 37 B . 9 Ob n -1 150. 540  } 27.474 3 5.8746 4 00. 0 49 1 
>2 12, 2,52a 10.007 8 -122 5.23 5 1 27.9 4a7 3. 5503 379. 88 98 
7 ) 12.7 7 0-3 11. 8 14 3 -1 3 3 8. a j 81 2 8. 3 70 2 -0.2629 3 52. 4 72 4 
2 a 13.3177 14.3 7,4 9 - i ad 5. H 11 a 2 e.766 0 -5.b 136 312. 5J17 
'S 1 >>. Hdaj 17.7177 - 16 6 2. 9 7 9 (, 29.ia59 -12.421'-» 252. 6 6 a 8 

2'> 1 •>. Ha9 3 34.6265 -2 06 3. 1/26 30.  ! 38 4 -40. 5 3 53 -5. ()3 54 

LT MK 0 DDT DDDT 
vo. (RA0) (RAD/SEC) (PAD/SEC 2) 

1 -C.I 7ab 0.0 0.0 
2 -1. 1o55 -2.75o7 -66.5968 
3 -n.12tS -4. 3057 -68.928 \ 
a -C.192H -5.0452 -21.673 / 
s -0.ia27 -5.0262 19.1953 
fi -0,16RÜ -4.3797 4 3,1514 
7 -0.15z7 -2.8891 42.4 16 3 
>i -0.172 9 -0.9542 25.5955 

> -".2 2 72 0.2022 19.6898 
r; -0.2 5a7 1.3942 35.149 3 
11 -n. 5/494 2.5115 77.06 96 
12 -■'. a/ftd 3.47ö0 131.9125 
i \ -0.50^5 4.2347 175. 1464 
ia -O.SSV) 4.7316 186.146 5 

.,,..,.,,.■:..^.,.i^..,^..i^ 
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IS -0.6 299 5.0169 176.9663 
1^ -0.59H2 5.0883 155.9168 
17 -0.5^41 4.9649 125.7269 
1H -0.467H 4.6685 95.5431 
19 -0.5365 2.0864 70,3933 
2"! -0.6535 -0.51J6 55.8195 
21 -0.7 471 -3.0622 53.5735 
2?. -0.B J8U -5.5681 55.6316 
?. \ -0.9136 -8.0749 46.0952 
2a -0.936H -10.5131 24.5650 
2S -0.9i59 -12.8567 -2.2588 
?fS -1.0347 - 14.7942 -7.6115 

EVD OP SIMULATION .    IHLF= J 

^TOP 0 
EKI^C aTTON   T^RIINA FED 

.    „....._..-,..   J,^.^.^^:,^;;^,^*^^.^ f^LL^Vr^il.,. -sLV J-W ,4^W^v;^^,^;^^^^iaM^^.^^ 


