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NYLON FLIGaT PROGRESS STRIP HOLDERS 
AN EVALUATION OF 

SUMMARY 

in  the  Arrways  Operatlons  Evaluation  Center  and  the A n  Route  Trafflc  Control 
Center  at  Indlanapolls,  Indiana.  These  strip  holders  were  molded  in  one pece of 
Dupont’s Zytel 101 In  its  natural  lvory  color  The  nylon  holders  are  superior  to 
the  standard  alumlnum  holders In respect  to  reduclng  noise  and  light  reflectlons 
They  are  llghter  In  weight,  which 1s advantageous m resequencing or Inserting 
new  strlp  holders on the  boards.  However,  due  to  the  llghter  welght,  the  nylon 

whlch  extends  outslde  the supportmg rods  on  the  fllght  progress  boards.  Practl- 
strlp  holders  tllt  more  easily  when  wrltlng  pressure IS applied ti) the  end  sectlon 

cally all of the  nylon  strlp  holders  have  some  bow or twist  and  are naz FLP 

meehanlcally  rigld  as  the  metal  strlp  holders. 

This  report  describes  the  testing of nylon  flight  progress  strlp  holders 

recomnded that a sllght  modificatlon  be  made m the  deslgn of  any  additional 
plastlc  holders,  whlch may be  procured  In  the  future,  to  reduce  the  problem  of 
tilt. 

In general,  the  nylon  strlp  holders  are considered satisfactory. It 1 s  

INTRODUCTION 

contributlng  to  nolse  in  Air  Route  Traffic  Control (ARE) Centers  is  the  noise 
produced  by  the  metal  strlp  holders  on  the  fllght  progress  boards.  Another  dlsad- 
vantage  of  the  standard  aluminum  strlp  holders  is  the  glare  produced by light 
refleetlons  from  edges  of  the  holders  after  they  have  become  pollshed  from  wear. 
In efforts  to  obtain  improved  strlp  holders,  the  Civil  Aeronautlcs Administration 

This  report  covers  the  evaluatlon of strlp  holders made of nylon,  Zytel 101, 
(CAA) has contracted  for  strip  holders  to  be  made of several  dlfferent materials. 

manufactured  by  E. I du  Pont  de  Nemours  and Co., Inc.  Four  thousand  of  these 
nylon  strlp  holders  were  procured  from Mlllman-Marshall Associates  under CAA 
Contract  Cca-32793.  These  strlp  holders  were  shipped  to  the  Technical  Development 
Center (TDC) on October 15, 1957 

Prevlous  studles  have  Indicated  that  one of the  prlnclpal  factors 

ARE Center  were  replaced  with  the  nylon  strlp  holders  for 90 consecutlve  days. 
For the  test,  all  of  the  metal  strlp  holders  used  in  the  Indlanapolls 

In addition, the  nylon  holders  were  used  In  the  alr  trafflc  control smulator 
and the Alrways  Operatlons Evaluation Center  (AOEC)  at TDC ‘Phx report  covers 
the  results of these  usage  tests and lncludes  measurements  of  noise,  llght 
reflection,  welght,  mechanlcal  strength,  shape, and size. 

NOISE 

that a considerable  reductlon  In  noise m the  Center 1s achieved  when  uslng  the 
nylon  strip  holders  as  compared  to  the  standard  aluminum  strlp  holders. A 

Operational use  of  the  nylon  strlp  holders  in  the ARW Center  lndlcates 
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AU--;ponsored  contract,  lndlcated  that  the  noise  caused  by  the  Impact  of  alurmnum 
prev~cus noxe stud9 of ARE Centers  by  Bell  Telephone  Laboratorles,  under  an 

nome does  not  dlrmnish  rapidly  with  distance.  The  lmpact noxe of  nylon  strip 
flight strlp  holders has a hlgh-frequency  component and the  amplitude of the ringing 

holders  results m a cllck  rather  than a metallic  ring. 

To compare  the  nolse  produced  by  metal  and  nylon  holders, a Type 759-B 
General  Radio  sound  level  meter was used  to make a number  of sound measurements 
n e  amblent  room  noise a s  measured m the  AOEC  was 52.1 ab. 

Test I. 

board rods supported  at a 45" angle  and  strlke an uncushloned  wooden  bumper.  The 
nolse  produced  by  the  nylon  holders  measured 75 0 db and by  the  aluminum  holders, 

Slngle  holders  were  allowed  to  slide  down 26 3/4-inch  flight  progress 

79.8 db. 

Test 11. 

same  materlal  was  placed  at  the  lower  end of the  board  to  act as a bumper Thls 
reduced  the  sllde  distance  to 25 3/h Inches  The  noise  produced  by  the  nylon 
holders  measured 75.0 db and by  the  aluminum  holders, 77-5 db. 

Test 111. 
Thls test  was  made  to  compare  Impact  noise of holders  dropped  on  the 

floor. Both nylon  and  alurmnum  strip  holders  were  dropped  singly a dlstance  of 
30 Inches  to  the  floor,  whlch  is  steel  &-duct  covered  by  aaheslve and 1/8-lncbz 

noise produced  by  the nylon  holders  was 71.8 db  and  by  the alurmnum holders, 
nnyl tlle.  The  noise meter  was  placed 10 inches fromthe point  of mpact. The 

This  test  was  the  same  as  Test I except  that  one st r lp  holder of the 

78.5 db. 

Test IV. 

nolse  produced  by  the  nylon  holders  measured 73.5 db and by  the  aluminum  holders, 
a wooden  shelf.  The  noise  meter  was  placed 1 5  inches  from pomt of impact.  The 

78.2 db. 

The  holders 111 thls  test  were  dropped  from a height of 10 lnches  onto 

be  in  use  on  the  boards at one  tlme,  therefore,  any  reduction  in  nolse  from  this 
source  is  deslrable. 

During busy  perlods m the  Center,  more  than 1,000 strip  holders may 

LIGHT REFLEX2TIONS 

When  aluminum  strip  holders  are  used, glare from  light  reflectlons 
is  observed  frequently  because  the  edges  of  the  holders  become  pollshed  or  nlcked 

personnel  stated  the  nylon  strip  holders  were  superior to the  alurmnwn  holders m 
through normal use.  These  bright  spots  of reflection cause  eye  fatlgue.  Control 

thls respect. 

'Bell Telephone  Laboratorles  Task 4, Part 1, "A Noise  Study  of CAA Alr 
Route  Traffic  Control  Centers,"  August 31, 1954 
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To compare  the  li  reflectlons  from  the  metal  and  nylon  holders, a 

the  Indlanapolis ARE Center  is  completely  Indirect  from  multlple  fluorescent 
s'mes  of  measurements  was made in  the  Indianapolls ARE Center.  Llghtlng m 

The  amblent  lllumlnatlon on the  board  measured 22.5 foot-candles  uslng a General 
fixtures  mounted  near  the cellmg, whlch  is  white  enameled  metal  acoustlcal  tlle. 

Electric  precislon hght meter. A Phota  Research Corp. spectra  brlghtness  spot 
meter was mounted on a trlpod  at  the normal vlewing  angle of a controller looklw 
at  the  !Pype A3 fllght  progress  boards  Slnce  the fleld area  belng  measured  by  the 
light  meter  was  greater  than  the  narrow  edges  of  the  strip  holders, It was necessary 
to  measure  the hgbt reflections  from a piece  of  sheet  aluminum  placed  at  the  same 
angle  as  the  holders  agalnst  the  fllght progress board.  Comparatlve  measurements 
mdlcated a brlghtness of 11 foot-lamberts,  reflected  from  the  paper  strlps, 65 

from  the  nylon  strlp  holders. Ths 1 s  excessive contrast  when  one considers 
foot-lamberts  reflected  from  the  sheet  alurmnum,  and 11 foot-lamberts  reflected 

brlght  reflections  from  the  alumlnum  holders  are  annoyance  factor; m viewlng 
the  lntelllgence on the  dlsplay  board 1s carrled on the  paper str-ns, and  these 

the  deslred  Information. 

WEIGHT AND TILT FACTORS 

All controllers  contacted  agreed  that  It  was  less tirmg to  handle  the 
llghter  nylon  holders  than  the  standard aluminum holders.  For  example, a con, 
troller  llfting 1 5  to 20 strip  holders  on  the  board,  to  resequence  the  strlps 

nylon  strlp  holders  compared  to 3 to 4 pounds  for  llftlng  the  aluminum  holders 
or  insert a new  fllght  strlp,  would  exert  about 1 pound  llftlng  effort  for  the 

Thls operatlon  must  be  performed  hundreds of tlmes  each  day  in a busy  sector. 
The  nylon  holders  weigh 1.18 ounces  compared  to 3.0 ounces  for  the  aluminum 
holders 

nylon  holders  tend  to  tilt  when wltlng on the  end sectwn outside  the  support 
rods Thls tllting was the  cause  of  the  greatest  number  of complamts reglstered 
agalnst  the  nylon  strip  holders  Measurements  were  made mth a teletypewriter 
tension  gauge  of  the  relative  pressures  requlred  to  cause  the  strlp  holders  to 
tilt  The  results w e  shown In Flg. 1. With  the  holder  at  the  top of a stack 
of  strlps,  as  would  be  typical  for an assistant  copylng a new  flight  plan, an 
average  of 3.75 ounces  pressure  caused  the nylon holders  to  tllt,  compared  to 
an average  of 8.6 ounces  pressure  to  cause  alurmnum  holders  to  tilt.  With 3 
strlp  holders  above  the  holder  tested, an average of 6.24 ounces  was  requlred 
to  tilt  the  nylon  holder  compared  to  an  average  of 20.9 ounces  to  tllt  the 

to  correct  thls  deflclency. 
alumlnum  holders.  It 1 s  belleved  that a redesign  of  the  nylon  holder  may  help 

%e reduction I n  welght,  however,  caused  some  problems  in  that  the 

PHYSICAL CHAwIcTERLsmCs 

when  received. In thls  respect,  the  metal  holders  are  greatly  superlor.  Figures 
2 and 3 illustrate  the  type  of  curvature  found  to  be  most  prevalent. Many of  the 

after  some  use  on  the  boards  due  to  wrlting  on  the  center of the  strlps,  however, 
control  personnel  felt  that  the nylon strlp  holders  tended  to warp or  bow  further 

Most  of  the  nylon  strip  holders  were  warped  or  twisted  to some extent 
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te,w  thd  not  bear this outo One aunrlred nylon s t r lp   ho lders  were unpacked from 
th?  shlpplng  cartons and measured for  curvature., The strip  holders  then were 
placed  in  the ARK Center, where they underwent  normal use  for one  week. A t  the  
end of the week, the  holders  agaln were measured t o  ascertain If any c h w e  $ad 
taken  place. The r e su l t s  of *IS tes t   are   tabulated below Before  use, It was 
deterrmned that none of the nylon holders were straight. 

bowed  up In   the  center  instead of down. 
Flfty-flve  per cent were bowed 1/16-1nch or mope, of  these, 5 per  cent were 

Thirty-flve  per  cent were bowed 1/32-lnch or more but  less  than  1/16-inch. 

Five  per  cent were bowed l/&-mch or more but  lees  than  1/32-lnch 

Flve  per  cent were w a r p e d  o r   t a s t e d  so t ha t   t he  amount of bow could  not 
be measured. 

After one week of  use  In  the ARE Center 

Tlairty  per  cent shoved no change. 

Flfty-six  per  cent showed l e s s  bow, of  these,7  per  cent were s t ra lght .  

Plme per  cent showed  more bow. 

Five  per  cent were too t m s t e d   t o  measure 

handwritten preparation of s t r l p s ,  It is doubtful tkat the  bowed or  twlsted  holders 
can be  used m the  mechanlcal s t r l p   c u t t e r  and loader whleh 1s be lng   bu l l t   fo r  
automatlc  loading of strlps  prepared by an electronic computer  system 

Although t h l s  tmst o r  bow does  not  present  too much of a problem with 

In  several   respects.  On the  nylon  holders,  the  bearlng s lo t s  on the bottom  of 
the  holders,whlch  support  the  holder on the  rods of the  f l ight   progress  boards, 
were rectangular   in  shape mth   f i l l e ted   insu le   corners   Ins tead  of semclrcular ,  
as in the  case of metal  holders.  In  addltfon,  the  actual  bearlng  surface  also 
was reduced,  slnce  only  about 1/8-1nch of the upper and lower  edges of the  nylon 
holders was used for  support on the  rods, whereas wlth  the  metal  blocks,  the 
e n t i r e   m a t h  of the alurmnum s t r lp   ho lders  1 s  used for  support. ! l k s  rectangular 
design  allowed  the  holders t o  move from s i d e   t o  side on the  rods when the   s t r l p s  
were bel- writ ten upon, and th i s  extra  movement was conszdered  undesirable and 
annoying by  tbe  control  personnel.  In view  of t h l s ,  It appears  that  the  nylon 

on the  present alummum holders. 
s t r ip   ho lders  should  have a semcircular  rod bearing  s lot   s lmilar   to  that used 

'!%e design of the  nylon  strip  holders  vaned from the  aluminum holders 

The nylon s t r lp   holders   tes ted  are  a hght cream or ivory  color. This 

personnel. 
neutral   color   appears   very  sat lsfactoq and met with the  approval of control 
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Information  gamed  dwmg  the  test   period  lndlcated that the nylon 
materlal,  Zytel 101, used in   the  holders  had hygroscopic  charscteristlcs To t e s t  
the  effects  of absorption of moisture, the  maJor dmenslons of one s t r lp   ho lder  
were measured accurately by micrometer p r l o r   t o  and after a 24-bur perlod of 
uPmerslon i n  water. The r e su l t s  of t h l s   t e s t   a r e   g l v e n  below. 

TABLE I 

DIMENSIONAL CHANGE DUE To NOISTURE 
(All Dmensions i n  Inches) 

Length Wldth Bed Thxkness Bow 

Before 7 916 1 . ~ 3  4.128 0 045 

After 7 927 1 a 130 0,131 0,045 

great  amounts, and since  the  toleranees of fllght progress boards are   ra ther   large,  
dmenslonal  variations due t o  moisture should be of no consequence 

Slnce  the  humidlty in operating facilities normally  does  not  vary by 

No complaints were regls tered by control  personnel  relatlve  to  abraslon 
on the  fingers.  Apparently,  nylon  strlp  holders were superior  to  metal  holders 
In tkus respect, as no sharp edges or burrs were noted a f te r   the   per lod  of useo 

o r  alumlnum str lp   holders  when loading or unloading. As with  metal  holders. It 
frequently 1s necessary t o   I n s e r t  more than one paper s t r lp   t o   p rov lde   su f f l c i en t  
f r l c t lon  so that t h e   s t r l p s  w l l l  not  sl ide I n  the  holders. 

Center  personnel could deterrmne no appreciable  difference between  nylon 

CONCLUSIONS 

respects 
The nylon s t r lp   ho lders   a re   super lor   to  alummum holders   in   the following 

1. Less  glare 1s re f lec ted   in to  t,he control lerss   eyes .  

2. Impact nolse ‘is reduced. 

3. The l i gh te r  welght lessens  control ler   fa t igue.  

4. !I%e absence  of  nlcks and burrs  reduces  abrasion on the   f ingers  

following  respects. 
The nylon s t r ip   ho lders   t es ted   a re   Infer ior  t o  aluminum holders   in   the 

1. The shape and s ize  of the  bearmg  slot   perrmts more side movement on 
the  rods. 
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2 -  The  light  welght  allows  the  holders  to  tllt  when  writing  pressure  1s 
applled  to  the  ends protrudmg beyond  the  supporting  rods. 

3. Most of the  nylon  holders  were  bowed  or  twlsted.  (Automatic  strlp 
loaders may not  be  able  to load bent or crooked  holders ) 

holders  used  prevlously 
Personnel  partlclpating  in  the  tests  preferred  the  nylon  holders  to any 

REGOMMTXDATIONS 

To overcome  the  mechanical  deficlencles  noted 111 the  nylon  strip 
holders,  It  is  recommended  that any addltlonal  procurement  should  be of a deslgn 
smilar to  that  shown  In Fig. 4. The  end  sectlon  should  be  deepened  to  reduce 

Tlae  bearlng  slot  for  supporting  the  holders  on  the rods on  the  fllght  progress 
travel  when  the  strip  holder  tilts  under  writing  pressure on the ends of  the  strlp. 

boards should be  sermcircular and shaped  to  fit  the  rods  with a rmnmum of  slde 
movement. 1% also IS recommended  that  speclficatlons call  for  strlp  holders  that 
are  straight n t h  bow  not  to  exceed  plus  or  rmnus l/g-mc$. The posslbillty of 
U s l n g  metal  reinforcement6  molded  into  the  holders  should  be considered. 
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FIG I A COMPARISON O F  PRESSURES WHICH CAUSED  THE  STRIP  HOLDERS TO TILT 



FIG 2 EXAGGERATED ILLUSTRATION OF BOW IN  NYLON  STRIP HOLDERS 



F I G  3 F L I G H T  PROGRESS STRIP H O L D E R S  
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PROPOSED N Y L O N  STRIP  HOLDER 

FIG 4 DETAIL  OF  FLIGHT  PROGRESS  STRIP HOLDERS 


