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XXECUT IVE SUMMARY 

This r epo r t  conta ins  t he  r e s u l t s  of a  roundrobin t e s t  program between t h e  Federa l  
Aviat ion Adminis t ra t ion (FAA) Technical  Center and t h r e e  members of Aerospace 
I n d u s t r i e s  Associat ion (AIA) (Boeing, Douglas and Heath Tecna, t h e  l a t t e r  repre- 
sen ted  by Ohio S t a t e  u n i v e r s i t y ) ,  u t i l i z i n g  t h e  Ohio S t a t e  Un ive r s i t y  r a t e  of hea t  
r e l e a s e  apparatus .  The r e s u l t s  of the  t e s t i n g  a r e  presented and analyzed u t i l i z i n g  
a newly developed computer program t o  c o r r e l a t e  and s t a t i s t i c a l l y  analyze t e s t  
d a t a .  The r e s u l t s  show a l a r g e  improvement i n  t e s t  d a t a  r e p r o d u c i b i l i t y  between 
l a b o r a t o r i e s  due t o  increased  s t anda rd i za t i on  of equipment and procedures.  A s  an 
example, t h e  percent  r e l a t i v e  s tandard  dev ia t i on  f o r  t h e  2-minute i n t eg ra t ed  hea t  
r e l e a s e  from a 5-watt per  square cen t imeter  exposure,  us ing  t h e  thermopile  measure- 
ment method, was reduced from 25.16 percent  t o  5.44 percent .  Analysis  of t h e  d a t a  
i nd i ca t e s  t h a t  f u r t h e r  improvemgnts i n  r e p r o d u c i b i l i t y  (lower than  10 percent )  
could be gained by g r e a t e r  s t anda rd i za t i on  of equipment and procedures .  





INTRODUCTION 

PURPOSE. 

The purpose of t h i s  r epo r t  is  twofold: 

1. To compare and analyze d a t a  obtained by d i f f e r e n t  l a b o r a t o r i e s  dur ing  round- 
rob in  t e s t i n g  wi th  t h e  Ohio S t a t e  Un ive r s i t y  Rate of Heat Release Apparatus.  

2.  Descr ibe and i l l u s t r a t e  t h e  use of a computer program f o r  t h e  s to rage  and 
s t a t i s t i c a l  a n a l y s i s  of l abo ra to ry  t e s t  da t a .  

BACKGROUND. 

I n  o r d e r  t o  determine the  r e p r o d u c i b i l i t y  of t h e  Ohio S t a t e  Un ive r s i t y  (OSU) 
appara tus ,  t h e  Federal  Aviat ion Adminis t ra t ion  (FAA) Technical  Center  and t h e  Aero- 
space I n d u s t r i e s  Associat ion of America, Inc .  (AIA) conducted a s e r i e s  of t e s t s ,  
u t i l i z i n g  t h e  same a i r c r a f t  i n t e r i o r  m a t e r i a l s  a t  t h r e e  d i f f e r e n t  l a b o r a t o r i e s  
(FAA Technical  Center ,  Boeing, and Douglas). The r e s u l t s  of t h a t  s e r i e s  showed a 
l ack  of c o n s i s t e n t  t e s t  r e s u l t s  between l a b o r a t o r i e s .  The FAA and A I A  subsequent ly  
agreed t o  va r ious  modi f ica t ions  t o  t h e  equipment and t e s t  methodology aimed a t  
improving i t s  between-laboratory r e p r o d u c i b i l i t y .  A second roundrobin was then 
conducted using t h e  same m a t e r i a l s  and l abo ra to ry  p a r t i c i p a n t s ,  and joined by Ohio 
S t a t e  Univers i ty ,  r ep re sen t ing  Heath Tecna, an  A I A  member. 

DISCUSSION 

TEST EQUIPMENT. 

The OSU Rate of Heat Release Apparatus and t e s t  format,  a s  o u t l i n e d  i n  ASTM E-906, 
was u t i l i z e d  i n i t i a l l y ,  with va r ious  modi f ica t ions  l a t e r  agreed t o  by t h e  t e s t  
p a r t i c i p a n t s .  The f i r s t  s e r i e s  of t e s t s  was conducted a s  o u t l i n e d  i n  appendix A, 
of r e f e r ence  1 and t h e  second i n  appendix B ,  of r e f e r ence  1 .  There were s t i l l  
some s l i g h t  remaining v a r i a t i o n s  i n  t e s t  equipment andlor  procedures between 
l a b o r a t o r i e s ,  i n  s p i t e  of a t tempts  t o  completely s t anda rd i ze .  

COMPUTER HARDWARE. 

MAINCORR is  c u r r e n t l y  ope ra t i ng  on a Data General Model 10/SP Desktop computer and 
u t i l i z e s  t he  folowing pe r iphe ra l s :  

- a l l  hardcopy p r in t ed  output  i s  performed on an NEC Sp inwr i t e r  Model #7710 
L e t t e r  Qual i ty  p r i n t e r .  

- a l l  hardcopy graphic  output  is  p l o t t e d  on a Hewlett Packard Model #755 8-pen 
P l o t t e r  wi th  automatic shee t  feed.  

- a l l  CRT p l o t t i n g  i s  performed on a Data General Model 10/SP Color System 
Console. 



The Model 10/SP Desktop computer is  equipped with one f i f t e e n  (15) megabyte d i s k  
d r i v e  used f o r  database s to rage  and 512 k i loby te s  of i n t e r n a l  memory (RAM).  

COMPUTER SOFTWARE. 

MAINCORR i s  a  s t a t i s t i c s  program, w r i t t e n  i n  t h e  programming language, Fo r t r an  I V ,  
f o r  t h e  purpose of comparing va r ious  f i r e  t e s t  d a t a  f o r  a i r c r a f t  c ab in  m a t e r i a l s  
t h a t  w i l l  determine t h e  v a l i d i t y  and cons is tency  of t he se  t e s t  da t a .  

Table 1  is a  l is t  of s t a t  i s t i c s  t h e  u s e r  is  c u r r e n t l y  ab l e  t o  o b t a i n  from t h e  
program MAINCORR. 

MAINCORR is a l s o  capable of producing X-Y coord ina te  p l o t s  which show t h e  r e l a t i o n -  
s h i p  between two t e s t s  f o r  each m a t e r i a l .  The r e l a t i o n s h i p  i s  compared by a  one- 
to-one correspondence l i n e  and t h e  l e a s t  square b e s t  f i t  l i n e  of t h e  d a t a  va lues .  
A bargraph compares t h e  d a t a  of each m a t e r i a l  f o r  up t o  four  t e s t s .  

Operat ion,  s e l e c t i o n ,  and d a t a  s e l e c t i o n  is  accomplished by MAINCORR through a  
s e r i e s  of sc reen  que r i e s  ( t a b l e s  2  through 5 ) .  Each ope ra t i on  leads  t h e  u se r  
through i t s  own s e t  of screens.  

The d a t a  base s e t u p  t o  handle t h e  m a t e r i a l  information c o n s i s t s  of four  s e p a r a t e  
f i l e s .  Each f i l e  holds  a  l abo ra to ry  t i t l e  and a  p o i n t e r  t o  t h e  next f i l e .  Only 
t h e  l a s t  f i l e  conta ins  t he  d a t a  t h a t  i s  processed. This  f i l e  s t r u c t u r e  reduces 
t h e  number of input-output seeks t o  a  maximum of four  before  t h e  requi red  d a t a  a r e  
accessed.  

Curren t ly ,  t h e  d a t a  base is  s e t  up t o  accept  up t o  20 t e s t s .  Each t e s t  i s  capable 
of accept ing  20 appara tuses ,  and each apparatus  is capable  of accept ing  20 d a t a  
v a r i a b l e s .  Under each d a t a  v a r i a b l e  is t he  m a t e r i a l  t e s t  r e s u l t .  A s  of t h i s  
p r i n t i n g ,  25 m a t e r i a l s  a r e  included,  The t o t a l  number of d a t a  p o i n t s  allowed i n  
t h e  f i l e  is 10,000, expandable t o  64,000. 

This  program c o n s i s t s  of 12 modules, one main program and 11 sub rou t ines .  Figures  
1  through 3 i l l u s t r a t e  t h e  program flow. Two subrout ines  a r e  u t i l i z e d  f o r  input  
t o  t h e  d a t a  base,  one subrout ine  f o r  output  from t h e  d a t a  base,  t h r e e  subrout ines  
f o r  g raphica l  output  of d a t a ,  t h r e e  subrout ines  f o r  s t a t i s t i c a l  purposes and two 
subrout ines  f o r  e d i t i n g  purposes.  Figure 4  is  a  b r i e f  program d e s c r i p t i o n .  

TEST MATERIALS. 

In-service a i r c r a f t  i n t e r i o r  m a t e r i a l s  were suppl ied  by A I A  f o r  use i n  t h e  round- 
rob in  test s e r i e s .  These m a t e r i a l s  included c e i l i n g  pane ls ,  s i dewa l l s ,  stowage 
b i n s ,  and p a r t i t i o n s .  I n  t h i s  r epo r t  t h e  m a t e r i a l s  w i l l  only be r e f e r r e d  t o  by a  
re fe rence  number. Three thermoplas t ic  m a t e r i a l s  were a l s o  suppl ied  by t h e  FAA, 
(ABS, polycarbonate ,  and Ultemm). A d e s c r i p t i o n  of t he  m a t e r i a l s  is contained i n  
r e f e r ence  2,  appendix A. I n  add i t i on ,  f i v e  types of composite panels  used by the  
FAA i n  f u l l - s c a l e  t e s t i n g  were suppl ied  and included i n  some of t h e  t e s t i n g .  Those 
panels  a r e  l i s t e d  a s  epoxy/ f iberg lass ,  epoxy/Kevlarm, p h e n o l i c l f i b e r g l a s s ,  phenol ic /  
Kevlar ,  and phenol ic /graphi te ,  which is a  genera l  d e s c r i p t i o n  of t h e  f ac ings ,  and 
a r e  descr ibed i n  more d e t a i l  i n  re fe rence  2. 



TEST RESULTS. 

Table 6 l i s t s  the  va r ious  parameters repor ted  by each l abo ra to ry  f o r  both round- 
rob ins .  For t h e  f i r s t  roundrobin t h r e e  l a b o r a t o r i e s  p a r t i c i p a t e d  (FAA, Boeing, 
and Douglas). The Ohio S t a t e  Univers i ty  was an a d d i t i o n a l  p a r t i c i p a n t  (us ing  t h e  
thermopile only)  i n  t h e  second roundrobin. 

For each of the  m a t e r i a l s  t e s t e d ,  t h r e e  samples were run, wi th  t h e  average of t hose  
t h r e e  runs being r epo r t ed .  This  r epo r t  does not d e a l  wi th  i n t e r n a l  l abo ra to ry  
r e p e a t a b i l i t y ,  t h e r e f o r e ,  only t h e  average va lues  were u t i l i z e d .  

Because of t he  v a s t  amount of d a t a  i t  was necessary t o  l i m i t  t he  scope of compari- 
son. Since t h e  main reason f o r  t h e  t e s t i n g  was t o  develop t h e  OSU appara tus  i n t o  a  
more reproducible  l abo ra to ry  rest f o r  use i n  r e g u l a t i n g  t h e  usage of a i r c r a f t  
i n t e r i o r  pane ls ,  and s i n c e  t h e  FAA re l ea sed  an Notice of Proposed Rule Making 
(NPRM) spec i fy ing  t h e  OSU apparatus  and s t a t i n g  acceptance c r i t e r i a ,  t h e  c r i t e r i a  
ou t l i ned  i n  t h a t  NPRM were u t i l i z e d  t o  l i m i t  t he  number of parameters f o r  compari- 
son. Therefore ,  t h e  parameters used f o r  t h e  f i r s t  roundrobin were the  thermopile  
measured 2-minute i n t e g r a t e d  hea t  r e l e a s e ,  a t  a  sample exposure of 5  wa t t s  per  
square  cen t imeter  ( h e r e i n a f t e r  r e f e r r e d  t o  as  j u s t  w a t t s )  and t h e  oxygen dep le t i on  
measured 2-minute i n t e g r a t e d  hea t  r e l e a s e  a t  5 wa t t s .  For t he  second roundrobin 
t h e  important parameters were t he  thermopile 2-minute i n t e g r a t e d  hea t  r e l e a s e  and 
t h e  thermopile peak hea t  r e l e a s e  r a t e ,  both measured a t  a  sample exposure of 3.5 
wa t t s  . 
A summary of t he  d e r i v a t i o n  of those parameters is  as  fol lows:  

I n i t i a l l y ,  i t  was determined t h a t  t h e  5 wat t  2-minute i n t e g r a t e d  hea t  r e l e a s e  
d a t a  gave the  b e s t  c o r r e l a t i o n  wi th  fu l l - s ca l e  t e s r  r e s u l t s .  A t  f i r s t  it was not 
determined which method of measuring hea t  r e l e a s e  worked b e s t ,  s o  e i t h e r  thermopile  
o r  oxygen dep le t i on  could be used. The f i r s t  roundrobin a l s o  ind ica ted  a  major 
problem i n  r e p r o d u c i b i l i t y .  The percent  s tandard d e v i a t i o n  between l a b o r a t o r i e s  
f o r  t h e  2-minute i n t eg ra t ed  hea t  r e l e a s e  a t  5  wa t t s  was 40.0 f o r  oxygen dep le t i on  
and 25.2 f o r  thermopile .  

Modif icat ions were made i n  t h e  OSU equipment and procedures by FAA and A I A  i n  
o r d e r  t o  improve r ep roduc ib i l i t y .  During those  changes i t  was discovered t h a t  t h e  
heat  f l u x  t ransducer  used i n  c a l i b r a t i n g  t h e  FAA's equipment was i n  e r r o r .  The 
5-watt d a t a  from t h e  f i r s t  roundrobin was i n  r e a l i t y  taken. a t  approximately 3.8 
wa t t s .  When t h e  t e s t  d a t a  wi th  t he  modified OSU equipment was analyzed, t h e  
3.5-watt d a t a  c o r r e l a t e d  b e t t e r  wi th  f u l l - s c a l e  t e s t  r e s u l t s .  Figure 5 shows t h e  
c o r r e l a t i o n  between t h e  FAA's d a t a  before  and a f t e r  t h e  modi f ica t ions  t o  t h e  OSU 
equipment. The recommended pas s / f a iL  c r i t e r i a  f o r  NPRM 85-10 was ad jus t ed  accord- 
i ng ly  ( r e f e r ence  3 ) .  

Although the re  was a  l a rge  d i f f e r e n c e  i n  t h e  abso lu t e  va lues  of hea t  r e l e a s e  meas- 
ured by the  two v in t ages  of t he  OSU equipment, f i g u r e  5 i n d i c a t e s  a  reasonably good 
c o r r e l a t i o n .  Perhaps more s u r p r i s i n g  was t he  e x c e l l e n t  c o r r e l a t i o n  between t h e  
thermopile and oxygen dep le t i on  methods f o r  measuring hea t  r e l e a s e .  Figures  6 and 
7 and t a b l e s  7 through 10 show t h a t  r e l a t i o n s h i p  u t i l i z i n g  t h e  FAA da t a .  Figures  8  
through 11 show t h a t  t h e  r e l a t i o n s h i p  was almost as t  t r u e  f o r  t h e  o t h e r  labora- 
t o r i e s .  Because of t h i s  extremely good c o r r e l a t i o n  and t h e  h igher  cos t  and 
complexity of t he  oxygen measurements, i t  was recommended t h a t  t he  thermopile  
measurement method only be requi red .  The peak thermopile  read ing  requirement t h a t  



was added l a t e r  because of i t s  good c o r r e l a t i o n  t o  f u l l - s c a l e  t e s t s  a s  wel l  a s  
perceived need t o  exclude m a t e r i a l s  with t h e  fol lowing behavior :  high peak hea t  
r e l e a s e  r a t e  (burning r a t e )  bu t  r e l a t i v e l y  low i n t e g r a t e d  h e a t  r e l e a s e  due t o  
i n s u f f i c i e n t  mass, o r  low in t eg ra t ed  hea t  r e l e a s e  a t  2  minutes but  high hea t  
r e l e a s e  r a t e s  a f t e r  2  minutes.  

A check of t h e  percent  s tandard  dev ia t i on  from t h e  two roundrobins ( t a b l e  11) 
showed a  v a s t  improvement i n  r ep roduc ib i l i t y .  As  a  r e s u l t  of a l l  of t h e  afore-  
mentioned, t h e  remainder of t h i s  r epo r t  w i l l  focus on t h e  second roundrobin d a t a  a t  
3.5-watts measured wi th  t h e  thermopile  f o r  both 2-minute i n t e g r a t e d  hea t  r e l e a s e  
and peak hea t  r e l e a s e  r a t e .  

A graph ica l  comparison of d a t a  i s  shown i n  f i g u r e s  12 through 15. Figures  12 and 
13 show d a t a  from a l l  four  l a b o r a t o r i e s  f o r  t h e  i n s e r v i c e  m a t e r i a l s ,  inc lud ing  t h e  
t h r e e  thermoplas t ics .  Figures  14 and 15 show FAA-sapplied panel  d a t a  from t h r e e  
l a b o r a t o r i e s ,  OSU not  included. 

For a  good s t a t i s t i c a l  comparison of t h e  d a t a ,  a  complete s t a t i s t i c a l  package can 
be obtained from t h e  computer program, o r  an abridged summary i s  a v a i l a b l e .  
Appendix B i s  t he  f u l l  p r i n t o u t  of t h e  s t a t i s t i c a l  package of t h e  d a t a  presented i n  
f i g u r e s  12 through 15. Tables 12 and 13 show t h e  abridged summary of t h e  s t a t i s -  
t i c a l  package f o r  a l l  four  l a b o r a t o r i e s ,  f o r  a l l  of t h e  m a t e r i a l s  t e s t e d ,  a t  
3.5-watts, f o r  both peak hea t  r e l e a s e  r a t e  and 2-minute i n t e g r a t e d  hea t  r e l e a s e  
measured by thermopile .  It should be noted t h a t  t h e  most important s t a t i s t i c  i s  
probably t h e  average c o e f f i c i e n t  of va r i ance ,  o r  percent  s tandard  dev ia t i on ,  a s  i t  
is a l s o  known. The va lues  of 16.42 f o r  peak hea t  r e l e a s e  r a t e  and 14.41 f o r  t h e  
2-minute i n t eg ra t ed  hea t  r e l e a s e  a r e  s l i g h t l y  h ighe r  t han  previous va lues  because 
of t h e  add i t i on  of t h e  FAA-supplied Panels .  

Tables 14 through 25 and f i g u r e s  16 through 21 show t h e  c o r r e l a t i o n  of t h e  va r ious  
l a b o r a t o r i e s  wi th  t h e  FAA d a t a .  What t h e  d a t a  show-are  t h a t  t h e r e  i s  a  very good 
c o r r e l a t i o n  between l a b o r a t o r i e s  and t h a t  t h e  d i f f e r e n c e s  i n  d a t a  is not random, 
but. is  t o  a  l a r g e  e x t e n t ,  a  cons tan t  o f f s e t  between l a b o r a t o r i e s .  On t h e  co r r e l a -  
t i o n  curves,  t h e  s o l i d  l i n e  is  t he  b e s t  f i t  curve and t h e  dashed l i n e  i s  a  pe r f ec t  
one-to-one correspondence. Note t h e  o f f s e t ,  i n  most ca se s ,  between t h e  two l i n e s .  
This  ind ica ted  t h a t  improvement could s t i l l  be made t o  reduce t h e  dev ia t i on  between 
l a b o r a t o r i e s .  

A pred ic t  ion  of improved r e p r o d u c i b i l i t y  by b e t t e r  s t a n d a r d i z a t i o n  of t h e  OSU test  
methodology can be made by t h e  fol lowing a n a l y s i s .  

The percent  s tandard  dev ia t i on  of each l abo ra to ry ,  f o r  peak and 2-minute i n t e g r a t e d  
hea t  r e l e a s e ,  compared t o  t h e  FAA d a t a ,  was ca l cu l a t ed  ( t a b l e s  26 through 31).  
Then, assuming t h a t  t h e  FAA d a t a  a r e  c o n s i s t e n t l y  a t  t h e  low d e v i a t i o n  and t h e  
o t h e r  l a b o r a t o r i e s  a r e  a t  t he  high dev ia t i on ,  t h e  percentage t h a t  should be sub- 
t r a c t e d  from each l abo ra to ry  i n  order  t o  b r ing  it i n  l i n e  w i th  FAA's d a t a  a r e  shown 
i n  t a b l e  32. These c a l c u l a t e d ,  co r r ec t ed  percentages were sub t r ac t ed  from each 
d a t a  point  of each l abo ra to ry ,  and t a b l e s  33 and 34, and f i g u r e s  22 and 23, show 
t h e  r e s u l t s  of an a n a l y s i s  of t h e  modified da ta .  Note t h a t  t h e  average c o e f f i c i e n t  
of va r i ance  (percent  s tandard  dev ia t i on )  has  g r e a t l y  improved, i n d i c a t i n g  t h a t  
f u r t h e r  s t a n d a r d i z a t i o n  of t he  OSU t e s t  methodology should improve t h e  cons is tency  
of t e s t  d a t a  ( r e p r o d u c i b i l i t y )  between l a b o r a t o r i e s .  



CONCLIJSIONS 

1. The r e p r o d u c i b i l i t y  of t h e  OSU test  d a t a  between l a b o r a t o r i e s  has  been improved 
by g r e a t e r  s t a n d a r d i z a t i o n  of equipment and procedures.  

2. Fur ther  improvement i n  r e p r o d u c i b i l i t y  can be expected wi th  a d d i t i o n a l  
s t  andard iza t  ion. 

1. H i l l ,  R. G . ,  Eklund, T. I.,  and Sarkos,  C.  P. ,  A i r c r a f t  I n t e r i o r  Panel  Tes t  - 
C r i t e r i a  Derived from Ful l - sca le  F i r e  T e s t s ,  Federa l  Avia t ion  Adminis t ra t ion ,  
Report DOT/FAA/CT-85/23, September 1985. 

2. F i l i pczak ,  R . ,  e t  a l ,  Cor re l a t i on  of Small-Scale Tes t s  With Performance Dur- 
ing Fu l l - s ca l e  Cabin F i r e  Tes t s ,  FAA r e p o r t  i n  progress .  

3 .  Improved Flammability Standards f o r  Ma te r i a l s  Used i n  t h e  I n t e r i o r s  of Trans- 
p o r t  Category Airplane Cabins; Notice of Proposed Rulemaking Reopening of Comment 
Pe r iod ,  DOTIFAA, Federal  Reg i s t e r ,  Vol. 50, No. 144, p. 30,447, J u l y  26, 1985. 
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FUNCTION : N a i n  p r o g r a m .  
i n i t i a l i z e s  a r r a y s  
o p e n s  d a t a  f i l e s  
d r i v e r  f o r  s u b r o u t i n e s  

SUBROUTINE CALLS : D R I V C O R R ,  STATCORR, OMITCORR, 
READCORR, BRCHCORR 

SUBROUTINE : D R I V C O R R  

FUNCTIm : S e t s  u p  s c r e e n s  for u s e r  i n p u t  
a c c e p t s  d a t a  i n p u t  

CALLED BY : P ! A I N C O R R  

SUBROUTINE CAL@ : INPCORR 

SUBROUTINE : INPCORR 

FUNCTION : A c c e p t s  d a t a  f r o n  k e y b o a r d  a n d  
i n s e r t s  d a t a  i n t o  d a t a  b a s e  

CALLED BY : D R I V C O R R  

SUBROUTINE C A U  : NONE 

SUBROUTINE : STATCORR 

F U N C T U  : P r i n t s  s t a t i s t i c s  o n  e a c h  m a t e r i a l  
o r  p r i n t s  summary o f  a l l  m a t e r i a l s  

s t a t i s t i c s  i n c l u d e  : 
maximum, m i n i n u m ,  r a n g e ,  a v e r a g e ,  
v a r i a n c e ,  s t a n d a r d  d e v i a t i o n ,  
c o e f f i c i e n t  o f  v a r i a n c e  

CAI.LED BY : M A I N C O R R  

SUBROUTINE C u  : READCORR,BFITCORR 

FIGURE 4. PROGRAM AND ROUTINE D E S C R I P T I O N S  (1 of 3 S H E E T S )  





S U B R O U T L K E ;  : G R P H C O R R  

F U N C T I O N  : C r e a t e s  one t o  one co r re spondence  g rephs  on 
t e r m i n a l  s c r e e n  and o p t i o n a l l y  p l o t s  b e s t  
f i t  l i n e  

C A L L E D  BY : R E A D C O R R  

S U B R O U T I N E  : C O R R  

F U N C T I O N  : Performs a  one t o  one s imple  c o r r e l a t i o n  
o f  two u s e r  s e l e c t e d  d a t a  s e t s  

C A L L E D  B Y  : R E A D C O R R  

S U B R O U T I N E  C A L L S ,  : N O N E  

S U B R O U T I N E  : R A N K C O R R  

F U N C T I O &  : Performs rank  d i f f e r e n c e  method of  
c o r r e l a t i o n  on  two u s e r  s e l e c t e d  d a t a  s e t s  

W L E D  B X  : R E A D C O R R  

S U B R O U T I N E  C W  : N O N E  

S U B R O U T -  : E D I T C O R R  

F U N C T 1 C ) N  : C o r r e c t s ,  changes ,  i n s e r t s  a n d / o r  d e l e t e s  
any d a t a  t h a t  i s  s t o r e d  i n  t h e  d a t a  base  

W L E D  B Y  : R E A D C O R R  

S U B R O U T I N E  C A L L S  : N O N E  

FIGURE 4.  PROGRAM AND ROUTINE DESCRIPTIONS ( 3  of 3 SHEETS) 
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TABLE 1. DESCRIPTION OF STATISTICS 

1 .  C o r r e l a t i o n  : R  = ( ~ L x Y  - ~ x ~ Y ) / / ~ L x ' -  ( ~ ~ ) ~ ) ( n r y ~ - ( ~ y ) ~ )  

2. Rank C o r r e l a t i o n  : R H O  = 1 -((6E((u - v15 / ( n ( n L -  1 ) ) )  
w h e r e  u  i s  r 2 n k  n u n b e r  o f  X v a l u e s  
w h e r e  v  i s  r a n k  n u n b e r  o f  Y v a l u e s  

( n o t e  : l a r g e s t  t o  s n a l l e s t )  

5 .  Range  : I!axinun - l l i n i n u n  

6 .  A v e r a g e  : Xbar  = X/n 

7. S t a n d a r d  D e v i a t i o n  : S  =krX2 - ( ~ x ) ~ / n ) / ( n - l )  

9 .  C o e f f i c i e n t  o f  V a r i a n c e  : S r  = ( 1 0 0  * S ) /  X b a r  

1 0 .  A v e r a g e  S t a n d a r d  D e v i a t i o n  : S b a r  = S / n  

1 1 .  A v e r a g e  C o e f f i c i e n t  o f  C o r r e l a t i o n  : S r b a r  = S r / n  

TABLE 2 .  OPTIONS LIST SCREEN 

1 - INPUT DATA 
2 - C O R R  DATA 
3 - EDIT DATA 
4 - OMIT DATA 
5 - PLOT DATA O N  SCREEN 
6 - PLOT DATA O N  PLOTTER 
7 - BAR CHARTS 
8 - STATISTICS 
9 - E N D  

ENTER SELECTION : 2 



TABLE 3 .  TEST SELECTION SCREEN 

1  - FAA OSU 

2 - RADIANT PANEL T E S T  

3 - L I M I T I R G  02 INDEX 

4 - C 1 3 3  PANELS ONLY 

5 - VERT. BUNSEN B U R N E R  

6 - DOUGLAS O S U  

7 - BOEING OSU 

8 - OSU OSU 

9 - 02 BOMB CALORIMETER 

1 0  - (2133  T E S T  
ENTER T E S T  NO, : 1 

TABLE 4 .  APPARATUS SELECTION SCREEN 

6 - NEW 5  NATT 

7 - NEV 3 . 5  WATT 
APPARATUS N O .  : 6 



ENTER D A T A  # : 1 

TABLE 5. DATA SELECTION SCREEN 

1 - 02 2 t f I M  I N T  

2 - THERK 2 MII! I E T  

3 - 02 PEAK 

4 - THERM PEAK 
5 - 02 1 M I M  I M T  

6 - THERM 1 M I N  IMT 

7 - 02 3 MIN I N T  

8 - THERM 3 ! f I N  I I J T  

9 - 02 5 MIN I N T  

1 0  - THERIf 5 I J I N  I ? ! T  

TABLE 6 .  TEST PARAMETERS 

THERMOPILE 5 w and 3.5 w OXTOE# DEPLETION 5w and 3 . 5 ~  

LAB Imin. 2min. 3min.  5min.  Peak l m l n .  2min.  3min. 5min. Peak 

F A A  X X X X X X X X X X 
BOEING X . X X X X X X X X X 
DOUGLASX X X X X X X X X X 
OSU* X X X X X 

7 
fi Second Round Robin o n l y .  



TABLE 7. RANK COMPARISONS O F  02 AND THERMOPILE PEAK 
(FAA - SECOND ROUNDROBIN) 

7LA OSlJ 
.-1.. 

FAA OSU 
. ,. 3.5 "AT? VS. I'Z!? 3.  5 !'P.TT 
T:!EI1:: PEAK 0 2  PCAI: 

BAN'IX COESPLCIEBT O?CORRELATION FOR THE FOLLO!!IITG VALUES : 

PEEK/PI  
ULTEiI 
NO. 2 2 4  
1'0. 4 4 4  
KO. 1 2 2  
PH/GL -_ . 
NO. 1 1 1  
110. 4 1 4  
PH/GR 
EP/KV 
NO. 1 3 3  
rJ0. 1 3 2  
PH/RV 
EP/GL 
NO. 2 3 4  
PC 
A 9  S  

RANK COEFFlCIEI.!T FOR CORRELATIOW I S  : 

PEEK/PI  
ULTE!: 
1!0. 2 2 4  
110. 4 4 4  
PH/GL 
NO. 1 2 2  
PH/GR 
NO. 4 1 4  
NO. 1 1 1  
EP/KV 
PH/KV 
NO. 1 3 3  
NO. 1 3 2  
NO. 2 3 4  
EP/GL 
PC 
A13S 

TABLE 8. CORRELATION OF 02 AND THERMOPILE PEAK 
(FAA - SECOND ROUNDROBIN) 

FAA OSU FAA OSU 
NW 3.5 WATT VS. NEW 3.5 WATT 
THERPI PEAK 0 2  PEAK 

COEFFICIENT OF CORRELATION FOR THE FOLLOl~~Il$G VALUES: 

EP/GL 
PH/ GL 
EP/KV 
PH/KV 
PH/GR 
PEEK/PI  
ABS 

. . PC 
ULTEI! 
NO. 1 1 1  
NO. 4 1 4  
HO. 2 2 4  
h'o. 1 2 2  
HO. 2 3 4  
NO. 1 3 2  
NO. 1 3 3  
NO. 4 4 4  

,-, ~ h r ,  -- COEFFICI2!!T I S :  0 . 9 9 1 7 4  



TABLE 9 .  RANK COMPARISONS O F  02 AND THERMOPILE 2-MINUTE INTEGRATION 
(FAA - SECOND ROUNDROBIN) 

FAA OSU FAA OSU 
ilEV 3.5 WATT VS. NEW 3 . 5  WATT 
TBSRli 2  !!I17 I V T  02 2  MIF  I H T  

RANK COEFFICIENT OF CORRELATION FOR THE FOLLOWING VALUES : 

PEEKIPI  
ULTEI! 
110. 2 2 4  
PH/GL 
NO. 1 2 2  
1!0. 1 1 1  
NO:. 4 4 4  
no. 1 3 2  
PB/GR 
NO. 4 1 4  
EP/GL 
EP/KV 
110. 2 3 4  
PH/KV 
F!O. 1 3 3  
PC 
Ai3S 

P E G K I P I  
ULTEll 
NO. 2 2 4  
PH/GL 
NO. 1 2 2  
NO. 1 1 1  
NO. 4 4 4  
PH/GR 
NO. 4 1 4  
NO. 1 3 2  
EP/GL. 
EPIKV 
PH/KV 
NO. 2 3 4  
NO; 1 3 3  
PC 
ARS 

TABLE 10. CORRELATION O F  02 AND THERMOPILE 2-MINUTE INTEGRATION 
(FAA - SECOND ROUNDROBIN) 

FAA OS1! FAA OSU 
I'E!! ?. 5 !IATT VS. KE!I 3.5 HATT 
TYCR!! 2 !:I11 I N T  02  2  MIl! I N T  

C O E F F I C I E N T  OF CORPELATIOI! FOR THE FOLLOWI!!G VALUES: 

EP /GL 
PH/GL 
EP /RV 
PH/KV 
PH/Gl? 
PEEKIPI  -.. " 
ABS 
PC 
ULTSI' 
NO. 1 1 1  
NO. 4 1 4  
110. 2 2 4  
110. 1 2 2  
NO. 2 3 4  
NO. 1 3 2  
NO. 1 3 3  
PO. 4 4 4  



TABLE 1 1 .  PERCENT STANDARD DEVIATION BETWEEN LABS (ROUNDROBIN 
INSERIVCE MATERIALS) 

OLD 5 Watt NEW 5  Watt NEW 3 . 5  Watt 
0 2  Therm. 0 2  Therm. 0 2  Therm. 

2  Min. 
I n t .  4 2 . 0 4  2 5 . 1 6  8 . 4 0  5 . 4 4  (8 .76 . )  1 1 . 5 5  1 2 . 1 3 ( 1 7 . 9 5 ) *  

' I n c l u d i n g  Ed S m i t h ' s  Data. 
\ 

TABLE 12. STATISTICAL SUMMARY OF DATA THERMOPILE 2-MINUTE INTEGRATION 

STATISTICS SUMNARY 

LAB A N D  TEST EXPOSURE MEASUREMENT 

FAA OSU NEW 3.5 WATT THERM 2 M I N  INT 
DOUGLAS OSU NEW 3.5 WATT THERM 2 M I N  INT 
BOEING OSU NEW 3.5 WATT THERM 2 M I N  INT 
OSU OSU 3.5 W/CM2 THERM 2 M I N  INT 

EP/GL 
EP/KV 
PH/ GR 
PC 
NO. 111 
NO. 224 
NO. 234 
NO.  133 

PH/GL 
PH/KV 
ABS 
ULTEM 
NO. 414 
NO. 122 
N O .  132 
NO. 444 

FOR THE PRECEEDING 16 MATERIALS : 

AVERAGE STANDARD DEVIATION - - 42.32 

AVERAGE COEFFICIENT OF VARIANCE = 14 .09  

CORRELATION COEFFICIENT = 0.87619 



TABLE 13. STATISTICAL SUMMARY OF DATA THERMOPILE PEAK 

S T A T I S T I C S  SUMMARY 

L A B  AND T E S T  E X P O S U R E  M E A S U R E M E N T  

F A A  O S U  NEW 3.5 W A T T  T H E R M  P E A K  
D O U G L A S  O S U  NEW 3.5 W A T T  T H E R M  P E A K  
B O E I N G  O S U  NEW 3.5 W A T T  T H E R M  P E A K  
O S U  O S U  3.5 W / C M 2  T H E R M  P E A K  

E P / G L  
E  P /  KV 
P H /  GR 
P C  
NO. 1 1 1  
NO. 224 
NO.  2 3 4  
NO. 133  

P H / G L  
P H / K V  
A B S  
U L T E M  
N O ,  414  
NO.  1 2 2  
NO.  1 3 2  
NO.  444 

F O R  T H E  P R E C E E D I N G  16 M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 1 3 - 7 3  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 14.46 

C O R R E L A T I O N  C O E F F I C I E N T  = 0 .85283 

TABLE 14. RANK COMPARISON BETWEEN TWO LABORATQRIES (THERMOPILE 
2-MINUTE INTEGRATION - BOEING VERSUS FAA) 

B O E I I J G  O S U  F A A  O S l 1  
I!Z!: 3.5 V A T T  V S .  IIE!' 3.5 l l A T T  
T H E R E  2  MXH I U T  T H E R N  2 11I?J I U T  

R A B K  C O E F F I C I E l l T  O F  C O E R E L A T I O M  F O E  T H E  F O L L O I I L H G  V A L U E S  : 

1 J L T E l I  
N O .  224  
NO. 111  
110.  122  
P A / G L  
NO. 1 3 2  
P H / G R  
NO. 414 
E P / G L  
NO. 133 
rro. 444 
E P / I ; V  
NO. 2 3 4  
P H / K V  
P C  
A B S  

U L T E l l  
110 .  224  
P I I / G L  
110 .  1 2 2  
::0. 1 1 1  
N O .  444 
NO. 1 3 2  
P H / G R  . 
NO.  4 1 4  
S P / C - L  
E P / E V  
NO.  2 3 4  
P H  / KV 
H O .  133  
P C  
A B S  

RAMK C O E F F I C I E N T  F O R  C O R R E L A T I O N  I S  : 0.91765 

3 7 



TABLE 15. RANK COMPARISON B E T m E N  TWO LABORATORIES (THERMOPILE 
PEAK - BOEING VERSUS FAA) 

EOEIl lG OSU FAA OSU 
BE!! 3.5 IIATT VS. NEl.1 3.5 WATT 
TEERM PEAK THERI: PEAK 

RAUK C O E F F I C I E N T  OF CORRELATIOI? FOR THE FOLLOWING VALUES : 

RANK KATERIAL---X---VALUE 

ULTEL 
YO. 224 
110. 1 2 2  
EP/KV 
no. 1 1 1  
NO. 444  
PH/GL 
NO. 414 
'pH/ GR 
NO. 1 3 3  
PS/P;V 
110. 1 3 2  
E P / G L  
NO. 2 3 4  
PC 
ABS 

ULTEF! 
110. 2 2 4  
rT0. 444  
80. 1 2 2  
PH/GL 
UO. 1 1 1  
NO. 4 1 4  
PH/GR 
EP/KV 
!!O. 1 3 3  
NO. 1 3 2  
PH/KV 
E P / G L  
NO. 2 3 4  
P C  
ABS 

IS : 0.89706 

TABLE 16. CORRELATION BETWEEN TWO LABORATORIES (THERMOPILE 
2-MINUTE INTEGRATION - BOEING VERSUS FAA) 

DOE1f:G OSl? FAA OSU 
ITEO' 3.5 !!ATT VS. !IEV 3.5 WATT 
THERl! 2 !'I11 I E T  THERll 2 KIN I N T  

EP/GL- 
PH/  GL 
EP/KV 
PH/KV 
PH/GR 
ABS 
PC 
ULTEl l  
NO. 411 
NO. 4 1 4  
10. 224  
110. 1 2 2  
NO. 2 3 4  
NO. 1 3 2  
NO. 1 3 3  
NO. 444 

TEE C O C F F I C I Y l 7 T  I S :  0 .96504  



TABLE 17. CORRELATION BETWEENltTWO LABORATORIES (THERMOPILE 
PEAK - BOEING VERSUS FAA) 

DOCII~IG OSU FAA OSU 
NEV 3 . 5  WATT VS. NEW 3 . 5  WATT 
TIIERlI PEAK THERM PEAK 

COEFFICIEMT OF CORRELATIObJ FOR THE FOLLOUIWG VALUES: 

%P/GL 
PH/GL 
E P / K V  
P H / W  

' PH/GR 
ABS -- ~ 

PC 
ULTEK 
1!0. 1 1 1  
110. 4 1 4  
K O .  2 2 4  
NO. 1 2 2  
N O .  2 3 4  
MO. 1 3 2  
1!0. 1 3 3  
I!O. 444  

TEE COEFFICIEHT I S :  0 . 9 5 4 6 7  

TABLE 18. CORRELATION BETWEEN TWO LABORATORIES (THERMOPILE 
2-MINUTE INTEGRATION - OSU VERSUS FAA) 

OSU OSU FAA OSU 
3.5 !.!/Ct12 VS. NEU 3 . 5  HATT 
THERIT' 2  liIN IIIT THERM 2 1fI!1 I!!T 

R A J K  COEFFICIEIIT OF CORRELATION FOR THE FOLLOUING VALUES : 

NO. 224  
ULTEE 
N O .  1 2 2  
N O .  111  
NO. 1 3 2  
NO. 4 1 4  
NO.  444  
110. 1 3 3  
NO.  2 3 4  
PC 
AB S 

ULTCI: 
NO.  224  
110. 1 2 2  
!TO. 1 1  1  
N O .  444  
NO. 1 3 2  
t10. 4 1 4  
NO. 2 3 4  
170. 1 3 3  
PC 
ABS 

RAI!K COEFFICIEb!T FOR CORRELATION I S  : 0 . 9 5 4 5 5  



TABLE 19. RANK COMPARISON BETWEEN TWO LABORATORIES (THERMOPILE 
2-MINUTE INTEGRATION - OSU VERSUS FAA) 

TABLE 20. RANK COMPARISON BETWEEN TWO LABORATORIES (THERMOPILE 
PEAK - OSU VERSUS FAA) 

O S U  O S U  F A A  O S U  
3 . 5  GI/CW2 VS. NElT 3 . 5  I.!ATT 
THERB! P E A K  T H E R l !  P E A K  

RAMK C O E F F I C I E N T  O F  C O R R E L A T I O N  F O R  T H E  F O L L O V I D G  V A L U E S  : 

I!O. 224 
NO. 1 2 2  
U L T E l 1  
N O .  4 4 4  
N O .  1 1 1  
NO. 4 1 4  
N O .  1 3 2  
NO. 1 3 3  
N O .  234  
P C  
A9 S 

U L T E ! ?  
N O .  2 2 4  
N O .  4 4 4  
N O .  1 2 2  
no. 1 1 1  
NO. 4 1 4  
K O .  1 3 3  
N O .  1 3 2  
!TO. 2 3 4  
P C  
A B S  

RAMK C O E F F I C I E H T  F O R  C O R R E L A T I O M  IS  : 0 . 9 4 5 4 5  



TABLE 21. CORRELATION BETWEEN TWO LABORATORIES (THERMOPILE 
PEAK - QSU VERSUS FAA) 

O S U  O S V  
3 .5  U/Ci !2  
T I I C R I :  P E A K  

V S .  
F A A  O S U  
rr,r:r 3.5 V A T T  
T I l E R l l  P E A K  

C O S F F I C I C I l T  O F  CCR!?ELP.TIOE!  F O R  T!!E F O L L O I ' I H G  V A L E E S  : 

A 3  S 
P C  
U L T E I !  
NO.  111 
U O .  4 1 4  
110 .  2 2 4  
l!O. 122  
UO. 234  
NO..  132 
NO.  133 
110. 4 4 4  

THE C O E F F I C I E N T  IS :  0 e g g 4 6 7  

TABLE 22. RlllNK COMPARISON BETWEEN TWO LABORATORIES (THERMOPILE 
PEAK - DOUGLAS VERSUS FAA) 

D O U G L A S  O S U  F A A  Q S U  
IJEl!  3 .5  ! I A T T  V S .  IJE!! 3. 5 !"lA'i'T 
T H E R I '  P E A K  T H E R t !  P E A K  

!?AI:I: C O . ? F F I C I E I ~ I T  O F  C O R R E L A T I Q f I  F O R  T H E  FOLLO!!II!G V A I . U C S  : 

JJO. 2 2 4  
U L T E f T  
B O .  4 4 4  
EJO. 1 2 2  
P H / G R  
P H / G L  
E P / G L  
N O .  4 1 4  
1:o. 111 
E P / K V  
!TO. 1 3 3  
P H / E V  

1 3 2  
N O .  234  
P C  
A B S  

U L T E i l  
P O .  2 2 4  
110 .  4 4 4  
NO.  122  
PI ! /GL 
H O .  111  
NO. 4 1 4  
P H / G R  
E P / I ( V  
t!O. 133 
I!O. ? 32 
P H / K V  
E P / G L  
I!O. 2 3 4  
P C  
A B S  

R A N K  C O E F F I C X E U T  F O R  C O R R E L A T I O N  IS : 0.891 18 



TABLE 2 3 .  CORRELATION BETWEEN TWO LABORATORIES (THERMOPILE 
PEAK - DOUGLAS VERSUS FAA) 

DOUGLAS OSU FAA OSIi 
IrEV? 3 . 5  I'ATT VS. !I!?: 1 . 5  "ATT 
TIIERII PEAK TIICSI' ?TAR 

C O T F F I C f E l l T  OF CORRCLATIOD FOR THE FOLLOFTLilG VALUES: 

!ICTER IAL  

EP/C,L 
PH/GL 
EP/KV 
PH/ KV 
PII/GR 
AR S 
PC 
ULTEM 
NO. 1 1 1  
NO. 4 1 4  
NO. 2 2 4  
NO. 1 2 2  
110. 2 3 4  
NO. 1 3 2  
NO. 133 
NO. 4 4 4  

TIIE COZFFICIEI!? I S :  0 . 9 6 6 4 3  

TABLE 2 4 .  RANK COMPARISON BETWEEN TWO LABORATORIES (THERMOPILE 
2-MINUTE INTEGRATION - DOUGLAS VERSUS FAA) 

DOUGLAS 031' FAA OSl1 
m' 3 . 5  U A T T  VS. :IF:? 3 . 5  !'AT?' 
TYER11 2 i!IY IylT THCRI' 2 !:I11 I Y T  

RAIJZ C O r F F I C I C F T  OF CORRELATIOEI FOR TIIS FOLLO:!IVG VALUES : 

ULTEI; 
KO. 2 2 4  
PII/CL 
NO. 1 2 2  
110. 1 1 1  
170. 4 4 4  
EM. 1 3 2  
PII/GR 
110. 4 1 4  
SP /GL 
EP/ICV 
!TO. 2 3 4  
PII/!:v 
!!O. 1 3 3  

.PC , 

ABS 



TABLE 2 5 .  CORRELATION BETWEEN TWO UBORATORIES (THERMOPILE 
2-MINUTE INTEGRATION - DOUGLAS VERSUS FAA) 

EP /GL 
PI! / GL 
E P/ XV 
P!~/YV 
PII/C:? 
A33 
PC 
ULTE!: 
f!O. 1 1 1  
I!O. 4 1 4  
1TO. 2 2 4  
KO. 1 2 2  
:lo . 2  3 1': 
110. 1 3 2  
!!O. 1 3 3  
1!0. 4 4 4  

TIIE CO!?FFICIBI!T I S :  0 . 9 5 7  0 6  

TABLE 2 6 .  STATISTICAL SUMMARY OF DATA - DOUGLAS VERSUS FAA 
THERMOPILE 2-MINUTE INTEGRATION 

S T A T I S T I C S  SUMMARY 

LAB AND TEST EXPOSURE 

FAA OSU 
DOUGLAS OSU 

NEW 3 . 5  WATT 
NEW 3 . 5  WATT 

EP /GL 
EP/KV 
PH/GR 
PC 
NO. 1 1 1  
NO. 2 2 4  
NO. 2 3 4  
NO. 1 3 3  

FOR THE PRECEEDING 1 6  MATERIALS : 

PH/ GL 
PH/ KV 
ABS 
ULTEM 
NO. 4 1 4  
NO. 1 2 2  
NO. 1 3 2  
NO. 4 4 4  

MEASUREMENT 

THERM 2  M I N  I N T  
THERM 2  M I N  I N T  

A.VERAGE STANDARD DEVIATION - - 8 . 4 9  

AVERAGE C O E F F I C I E N T  OF VARIANCE = 1 0 . 0 4  

CORRELATION COEFFICIENT = 0 . 9 0 4 9 9  



TABLE 27. STATISTICAL SUMMARY OF DATA - DOUGLAS VERSUS FAA 
THERMOPILE PEAK 

S T A T I S T I C S  S U M M A R Y  

L A B  A N D  T E S T  

F A A  O S U  
D O U G L A S  O S U  

E X P O S U R E  M E A S U R E M E N T  

NEW 3.5 W A T T  T H E R M  P E A K  
NEW 3.5 W A T T  T H E R M  P E A K  

E P / G L  
E P / K V  
P H / G R  
P C  
NO.  1 1 1  
NO.  224 
NO.  234 
NO. 133 

P H / G L  
P H /  K V  
A B S  
U L T E M  
N O .  414 
N O .  122 
NO.  132 
NO.  444 

F O R  T H E  P R E C E E D I N G  16 M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 5.35 

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 5.98 

C O R R E L A T I O N  C O E F F I C I E N T  = 0.95544 

TABLE 28. STATISTICAL SUMMARY OF DATA - BOEING VERSUS FAA 
THERMOPILE 2-MINUTE INTEGRATION 

S T A T I S T I C S  S U M M A R Y  

L A B  A N D  T E S T  E X P O S U R E  M E A S U R E M E N T  

F A A  O S U  
B O E I N G  O S U  

NEW 3.5 W A T T  T H E R M  2 M I N  I N T  
NEW 3.5 W A T T  T H E R M  2 M I N  I N T  

E P / G L  
E P / K V  
P H / G R  
P C  
N O .  1 1 1  
N O .  224 
NO.  234 
NO.  133 

F O R  T H E  P R E C E E D I N G  16 M A T E R I A L S  : 

P H / G L  
P H / K V  
A B S  
U L T E M  
NO.  414 
NO.  122 
NO.  132 
NO.  444 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 5.78 

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 8.09 

C O R R E L A T I O N  C O E F F I C I E N T  = 0.93485 



TABLE 29. STATISTICAL SUMMARY OF DATA - BOEING VERSUS FAA 
THERMOPILE PEAK 

S T A T I S T I C S  S U M M A R Y  

L A B  A N D  T E S T  

F A A  O S U  
B O E I N G  O S U  

E X P O S U R E  M E A S U R E M E N T  

N E W  3 . 5  W A T T  T H E R M  P E A K  
N E W  3 . 5  W A T T  T H E R M  P E A K  

E P / G L  
E  P /  K V  
P H / G R  
P C  
N O .  1 1 1  
N O .  224  
NO.  2 3 4  
N O .  1 3 3  

P H / G L  
P H / K V  
A B S  
U L T E M  
N O .  4 1 4  
N O .  1 2 2  
N O .  1 3 2  
N O .  4 4 4  

F O R  T H E  P R E C E E D I N G  1 6  M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 1 0 . 1 9  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 1 2 . 2 2  

C O R R E L A T I O N  C O E F F I C I E N T  = 0 . 8 5 7 4 9  

TABLE 30. STATISTICAL SUMMARY OF DATA - OSU VERSUS FAA 
THERMOPILE 2-MINUTE INTEGRATION 

\ 

S T A T I S T I C S  S U M M A R Y  

L A B  A N D  T E S T  

F A A  O S U  
osu osu 

E X P O S U R E  M E A S U R E M E N T  

N E W  3 . 5  W A T T  T H E R M  2  M I N  I N T  
3 . 5  W / C M 2  T H E R M  2  M I N  I N T  

A B  S 
U L T E M  
N O .  4 1 4  
N O .  1 2 2  
N O .  1 3 2  
N O .  444  

P C  
N O .  1 1 1  
N O .  2 2 4  
N O .  2 3 4  
N O .  1 3 3  

F O R  T H E  P R E C E E D I N G  1 1  M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 1 7 . 1 1  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 1 8 . 2 1  

C O R R E L A T I O N  C O E F F I C I E N T  = 0 . 7 8 8 8 7  



TABLE 31.  STATISTICAL SUMMARY OF DATA - OSU VERSUS FAA 
THERMOPILE PEAK 

S T A T I S T I C S  SUMMARY 

L A B  A N D  T E S T  E X P O S U R E  

F A A  O S U  
O S U  O S U  

NEW 3 . 5  WATT 
3 . 5  W/CM2 

M E A S U R E M E N T  

T H E R M  B E A K  
T H E R M  P E A K  

A B S  
U L T E M  
N O .  4 1 4  
N O .  1 2 2  
N O .  1 3 2  
N O .  4 4 4  

P C  
N O .  1 1 1  
N O .  224 
N O .  2 3 4  
N O .  1 3 3  

F O R  T H E  P R E C E E D I N G  1 1  M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  = 1 8 . 1 7  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 1 7 . 8 7  

C O R R E L A T I O N  C O E F F I C I E N T  = 0 . 7 9 1 7 9  

TABLE 32.  CALCULATED CORRECTIVE PERCENTAGES 

Douglas B e e i n g  
Peak 2 mln.  Peak 2 min. 

osu 
Peak 2 min.  



TABLE 33.  STATISTICAL SUMMARY OF MODIFIED DATA - FOUR TESTS 
THERMOPILE 2-MINUTE INTEGRATION 

S T A T I S T I C S  S U M W A R Y  

L A B  A N D  T E S T  

F A A  O S U  
D O U G L A S  O S U  
B O E I N G  O S U  , 
O S U  O S I J  

E X P O S U R E  M E A S U R E M E N T  

NEW 3.5 W A T T  T H E R M  2 M I N  I N T  
NEW 3.5 W A T T  T H E R M  2 M I N  I N T  
NEW 3.5 W A T T  T H E R M  2 M I N  I N T  
3.5 W / C M 2  T H E R M  2 M I N  I N T  

E P / G L  
E P / K V  
P H / G R  
P C  
N O .  111  
N O .  2 2 4  
N O .  2 3 4  
N O .  133 

P H / G L  
P H L K V  
A B  S 
U L T E M  
N O .  4 1 4  
N O .  1 2 2  
N O .  132 . 
N O .  4 4 4  

F O R  T H E  P R E C E E D I N G  1 6  M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 5 . 9 9  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 9 . 4 8  

C O R R E L A T I O N  C O E F F I C I E N T  = 0 . 9 5 1 4 2  

TABLE 3 4 .  STATISTICAL SUMMARY OF MODIFIED DATA - FOUR TESTS 
THERMOPILE PEAK 

S T A T I S T I C S  S U M N A R Y  

L A B  A N D  T E S T  

F A A  O S U  
D O U G L A S  O S I J  
B O E I N G  O S U  
O S U  O S U  

E X P O S U R E  M E A S U R E M E N T  

NEW 3 .5  W A T T  T H E R M  P E A K  
NEW 3 .5  W A T T  T H E R M  P E A K  
NEW 3.5 W A T T  T H E R M  P E A K  
3.5 W / C M 2  T H E R M  P E A K  

E P / G L  
E P / K V  
P H / G R  
P C  
N O .  111  
N O .  2 2 4  
N O .  2 3 4  
N O .  133 

P H / G L  
P H / K V  
A B  S 
U L T E M  
N O .  4 1 4  
N O .  1 2 2  
N O .  132 
N O .  4 4 4  

F O R  T H E  P R E C E E D I N G  1 6  M A T E R I A L S  : 

A V E R A G E  S T A N D A R D  D E V I A T I O N  - - 6 . 9 4  

A V E R A G E  C O E F F I C I E N T  O F  V A R I A N C E  = 8.27 

C O R R E L A T I O N  C O E F F I C T E N T  = 0 . 9 2 7 8 4  
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MATERIAL CODES 





APPENDIX A 

MATERIAL CODES 

FAA 
Material 

Boeing 
Uaterial 

IfcDonnell 
Douglas 
Uaterial 

1. EP/GL - Epoxy Fiberglaee 
2. PB/m - Phenolic Fiberglass 
3. EP/W - Epoxy Kevlar 
4. Pli/KV - Phenolic Kevlar 
5, PH/GR - Phenolic Graphite 
6. PEEK/PI - Polyetheretherketone / Polyimide 

7, NO. 111 - 747 Ceiling 
8. NO. 122 - 757 Sidewall 
9. NO. 132 - 757 Partition 
10. NO. 133 - 767 Partition 

11. NO. 224 - HD80 Sidewall 
12. XO. 234 - MD8O Partition 
13. NO. 414 - HD80 Ceiling 
14. NO. 444 - MD80 Stowage 
15. ABS - Acrylonitrile-butadiene-styrene 
16. PC - Polycarbonate 

* - DuPont Trademark 
** - General Electric Trademark 





APPENDIX B 

COMPLETE S T A T I S T I C S  O F  SECOND ROUNDROBIN 

- THERMOPILE 2-MINUTE INTEGRATED HEAT RELEASE 
- THERMOPILE PEAK HEAT RELEASE RATE 





MATERIAL CODE : ABS 

NO LAB A N D  TEST EXPOSURE MEASIJREI4ENT VALUE 

1  FAA OSU EJEH 3 . 5  IeJATT THERM 2  M I M  IMT 2 0 7 . 4 0  
2  DOUGLAS OSU MEH 3 . 5  WATT THERM 2  H I M  INT 222 .61  
3 BOEIMG OSU NEB 3 . 5  WATT THERM 2  M I N  INT 2 0 6 . 0 0  
4  OSU OSU 3 . 5  kJ/CE12 THERM 2  M I F J  INT 2 8 0 . 0 0  

M A X I M U M  ........................ 2 8 0 . 0 0  
M I N I M U M  ....................... 2 0 6 . 0 0  
RANGE .......................... 7 4 . 0 0  
AVERAGE ........................ 2 2 9 . 0 0  
VARIAPJCE ....................... 9 0 9 . 3 5  
STANDARD DEVTATION ............. 30 .16  
COEFFICIENT OF VARTANCE ........ 1 3 . 1 6 8 2  

MATERIAL CODE : PC 

N O  LAB A N D  TEST 

1 FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 
4  OSU OSU 

EXPOSURE MEASUREMENT VALUE 

NEW 3 . 5  WATT THERH 2  1lIN INT 1 2 9 . 7 0  
NEW 3 . 5  WATT THERM 2  M I N  INT 171 .76  
NEW 3 . 5  WATT THERll 2  M I N  INT 1 7 1 . 0 0  
3 . 5  W/Cb12 THERM 2 M I N  INT 1 9 9 . 0 0  

~ I A X I M U ~ ~  ........................ 1 9 9 . 0 0  ........................ MINItfUf.1 1 2 9 . 7 0  .......................... RANGE 6 9 . 3 0  ........................ AVERAGE 1 6 7 . 8 6  ....................... VARIANCE 6 1 2 . 7 4  ............. STANDARD DEVIATION 2 4 . 7 5  
COEFFICIENT OF VARIANCE ........ 14 .7461  

MATERIAL CODE : ULTEM 

N O  LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 FAA OSU NEW 3 . 5  kJATT THERM 2  H I P J  TNT 1 7 . 1 0  
2  DOUGLAS OSU NEW 3 . 5  WATT THERH 2  M I M  INT 2 0 . 3 4  
3 BOEING OSU NEpl 3 . 5  WATT THERM 2  M I N  INT 3 6 . 0 0  
4  OSU OSU 3 . 5  I*I/CM2 THERM 2  M I I I  INT 5 3 . 9 0  

IIAXIMUkI ........................ 53 .90  
F I I N I M U M  ........................ 1 7 . 1 0  
RANGE .......................... 3 6 . 8 0  ........................ AVERAGE 3 1 . 8 3  ....................... VARIANCE 213 .37  
STANDARD DEVIATION ............. 1 4 . 6 1  
COEFFICIENT OF VARIANCE ........ 4 5 . 8 8 3 7  



MATERIAL CODE : N O  . 111 

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

FAA OSU NEW 3.5  WATT THERM 2  M I N  INT 59.90 
DOUGLAS OSU NEW 3 .5  WATT THERM 2  M I N  INT 74 .58  
BOEING OSU MEW 3.5 WATT THERM 2  M I M  INT 67 . 00 
OSU OSU 3.5 W/CM2 THERM 2  M I N  INT 77.80 

M A X I M U M  ........................ 77.80 ..... M I N I M U P I  ................... 59.90 . RANGE ......................... 17 .90  
AVERAGE ........................ 68 .32  
V A R I A N C E  ................ ....... 63 .38  ............. STANDARD DEVIATION 7 .96  ........ COEFFICIENT OF VARIANCE 11.6531 

MATERIAL CODE : N O  . 414 

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU MEW 3.5  WATT THERK 2  M I N  IMT 78 .90  
2  DOUGLAS OSU NEU 3.5  WATT THERM 2  ! f I M  INT 85.88 
3  BOEING OSU NEW 3.5  #ATT THERM 2  M I N  IMT 84 .00  
4  OSU OSU 3.5  W/CM2 THERM 2  M I N  INT 96.80 

MATERIAL CODE : N O  . 224 

NO LAB A N D  TEST 

1  FAA OSU 
2 DOUGLAS OSU 
3  BOEING OSU 
4  OSU OSU 

MAXIIIUM ........................ 96.80 ... M I N I M U M  . . . . . . . . . . . . . . . . . . .aQ 78.90 ............ RANGE .............. 17.90 ... AVERAGE ..................... 86 .39  
V A R I A N C E  ....................... 42. 61 
STANDARD DEVIATION ............. 6 . 5 3  ........ COEFFICIENT OF VARIANCE 7 .5556  

EXPOSURE MEASUREMENT VALUE 

NEW 3 .5  WATT THERM 2  MIN INT 36.50 
NEW 3 .5  WATT THERM 2  M I N  INT 39 .55  
NEW 3 . 5  WATT THERH 2  M I M  INT 40.00 
3 .5  W/CM2 THERM 2  M I N  INT 42.30 

M A X I M U M  ........................ 42.30 ... M I N I M U M  ..................... 36.50 
RANGE .......................... 5.80 ........................ AVERAGE 39 .59  . VARIANCE ...................... 4 .27  
STANDARD DEVIATION ............. 2.07 ........ COEFFICIENT OF V A R I A N C E  5 .2171  



I MATERIAL CODE : N O  . 122 

/ NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 1  FAA OSU NEW 3 .5  WATT THERM 2  M I N  INT 53.50 
2  DOUGLAS OSU NEW 3.5 I.1ATT THERM 2  M I N  INT 53.11 
3  BOEING OSU NEW 3.5 1.IATT THERM 2 M I N  INT 66.00 
4  OSU OSU 3.5 #/CM2 THERM 2  M I N  INT 67.50 

M A X I M U M  ........................ 67.50 
M I N I M U M  ........................ 53.11 .......................... RANGE 14.39 
AVERAGE ........................ 6 0 . 0 3  ....................... VARIANCE 45.49 ............. STANDARD DEVIATION 6.74 ........ COEFFICIENT OF VARIANCE 11.2362 

MATERIAL CODE : N O  . 234 

N O  LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3.5  WATT THERM 2  M I M  INT 88.30 
2  DOUGLAS OSU MEW 3 .5  WATT THERM 2  M I N  INT 114 .13  
3  BOEING OSU NEW 3.5 WATT THERM 2  M I N  INT 106.00 
4  OSU OSU 3.5  W/CM2 THERM 2  M I N  INT 135.00 

M A X I M U M  ........................ 135 .00  ........................ M I N I M U M  88.30 
RANGE .......................... 46.70 
AVERAGE ........................ 110.86 
VARIANCE ....................... 281.50 
STANDARD DEVIATION ............. 16.78 ........ COEFFICIENT OF VARIANCE 15.1347 

MATERIAL CODE : N O  . 132 

NO LAB A N D  TEST 

1  FAA OSU 
2  DOUGLAS OSU 
3  B O E I N G  OSU 
4  OSU OSU 

EXPOSURE MEASUREMENT VALUE 

N E W  3.5 WATT THERM 2  M I N  INT 72.40 
NEW 3.5 WATT THERM 2 M I N  INT 88.14 
NEW 3.5 WATT THERM 2  M I M  INT 75.00 
3 . 5  W/CM2 THERM 2  M I N  I N T  88.50 

M A X I M U M  ........................ 88.50 
M I N I M U M  ........................ 72.40 
R A N G E  .......................... 16 .10  
AVERAGE ........................ 81.01 
V A R I A N C E  ....................... 54.30 ............. STANDARD DEVIATION 7.37 ........ COEFFICIENT OF V A R I A N C E  9.0960 



MATERIAL CODE : NO.  133  

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 FAA OSU NEW 3.5 WATT THERM 2  M I N  INT 94.40 
2 DOUGLAS OSU NEW 3.5  WATT THERM 2  M I N  INT 124.30 
3  BOEING OSU NEW 3.5 WATT THERM 2  M I N  INT 96.00 
4 OSU OSU 3.5  W/CM2 THERM 2  M I N  INT 133.00 

M A X I M U M . . . . . . . . . . . . . . . . . . . . . . . .  133.00 
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . .  94.40 
RANGE..... . . . . . . . . . . . . . . . . . . . . .  38.60 
AVERAGE.. . . . . . . . . , . . . . . . . . . . . . .  111 .92  
VARIANCE..... . . . . . . . . . . . . . . . . . .  289.51 
STANDARD DEVIATION..... . . . . . . . .  17 .01 
COEFFICIENT OF VARIANCE........ 15.2020 

MATERIAL CODE : NO.  444 

N O  LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3 .5  WATT THERM 2 M I N  INT 70 .20  
2 DOUGLAS OSU NEW 3 . 5  WATT THERM 2  M I N  INT 37.29 
3  BOEING OSU NEW 3.5 WATT THERM 2  M I N  INT 97 0 00 
4  OSU OSU 3.5  W/CM2 THERM 2  M I N  INT 111.00 

M A X I M U M . . . . . . . . . . . . . . . . . . . . . . . . .  111.00 
MINIMUM............e.*.e...a.. 37.29 
RANGE.. . . . . . . . . . . . . . . . . . . . . . . . .  73.71 
AVERAGE.. . . . . . . . . . . . . . . . . . . . . . .  78.87 
VARIANCE.. . . . . . . . . . . . . . . . . . . . . .  791.27 
STANDARD DEVIATION... .......... 28.13 
COEFFICIENT OF VARIANCE........ 35.6646 

FOR THE PRECEEDING 11 MATERIALS : 

I 

I AVERAGE STANDARD DEVIATION - - 14.74 

AVERAGE COEFFICIENT OF VARIANCE = 16.78 

CORRELATION COEFFICIENT 



MATERIAL CODE : ABS 

I N O  LAB A N D  TEST 

1  FAA OSIJ 
2  DOUGLAS OSU 
3  B O E I M G  asu 
4  OSU OSU 

I 
MATERIAL CODE : PC 

NO LAB A N D  TEST 

I 
1  FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 
4  OSU OSU 

MATERIAL CODE : ULTEEi 

I N O  LAB A N D  TEST 

1  FAA OSU 
2  DOUGLAS OSU 

, 3  BOEING OSU 
/ 4  OSIJ OSU 

EXPOSURE 14EASUREFIENT 

NEW 3 . 5  FJATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 
3 . 5  kI/CM2 THERM PEAK 

M A X I M U ! ! . . . . . . . . . . . . . . . . . . . . . . . .  
M I N I M U M .  ....................... 
RANGE. . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE. . . . . . . . . . . . . . . . . . . . . . . .  
VARIANCE. . . . . . . . . . . . . . . . . . . . . . . .  
STANDARD DEVIATION. . . . . . . . . . . . .  
COEFFICIENT OF VARIANCE........ 

EXPOSIJ RE 

NEW 3 . 5  WATT 
NEW 3 . 5  WATT 
NEW 3 . 5  WATT 
3 . 5  1i/CM2 

MEASUREMENT 

THERM PEAK 
THERM PEAK 
THERM PEAK 
THERM PEAK 

VALUE 

1 6 0 . 3 0  
1 8 9 . 8 4  
1 8 2 . 0 0  
2 2 5 . 0 0  

M A X I E I U N . .  ...................... 2 2 5 . 0 0  
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . .  1 6 0 . 3 0  
R A N G E . . . . . . . . . . . . . . . . . . . . . . . . . .  6 4 . 7 0  
AVERAGE. . . . . . . . . . . . . . . . . . . . . . . .  1 8 9 . 2 8  
VARIANCE. . . . . . . . . . . . . . . . . . . . . . .  5 4 2 . 2 7  
STANDARD DEVIATION. . . . . . . . . . . . .  23 .29  
COEFFICIENT OF VARIANCE........ 12 .3024  

EXPOSURE MEASUREMENT VALUE 

NEU 3 . 5  IelATT THERM PEAK 
NEW 3 . 5  WATT THERN PEAK 
NEIJ 3 .5  WATT THERM PEAK 
3.5 N/C!I2 THERM PEAK 

M A X I H U M . . . . . . . . . . . . . . . . . . . . . . . .  7 5 . 0 0  
M I l ? I M U M . . . . . . . . . . . . . . . . . . . . . . . .  4 2 . 30  
R A N G E . . . . . . . . . . . . . . . . . . . . . . . . . .  3 2 . 7 0  
AVERAGE. . . . . . . . . . . . . . . . . . . . . . . .  5 6 . 4 1  
VARIANCE. . . . . . . . . . . . . . . . . . . . . . .  1 6 9 . 3 8  
STANDARD DEVIATION. . . . . . . . . . . . .  1 3 . 0 1  
COEFFICIENT OF VARIANCE........ 2 3 . 0 7 2 7  



NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3 .5  WATT THERM PEAK 
2  DOUGLAS OSU NEW 3 .5  WATT THERM PEAK 
3 BOEING OSU NEW 3 . 5  WATT THERM PEAK 
4  OSU OSU 3 .5  W/CM2 THERM PEAK 

M A X I M U M  ........................ 8 8 . 0 0  ........................ M I N I M U M  6 2 . 7 0  ......................... RANGE 2 5 . 3 0  
AVERAGE ....................... 7 7 . 3 8  ....................... VARIANCE 8 7 . 4 8  ............. STANDARD DEVIATION 9 . 3 5  ........ COEFFICIENT OF VARIANCE 1 2 . 0 8 6 5  

MATERIAL CODE : NO . 4 1 4  

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 FAA OSU NEW 3 . 5  WATT THERM PEAK 
2  DOUGLAS OSU NEW 3 . 5  WATT THERM PEAK 
3  BOEING OSU NEW 3 . 5  WATT THERM PEAK 
4  OSU OSU 3 .5  W/CM2 THERM PEAK 

M A X I M U M  ........................ 9 4 . 0 0  
M I N I M U M  ....................... 6 9 . 0 0  
RANGE .......................... 2 5 . 0 0  
AVERAGE ........................ 8 1 . 9 6  
VARIANCE ...................... 9 3 . 9 0  
STANDARD DEVIATION ............. 9 . 6 9  
COEFFICIENT OF VARIANCE ........ 1 1 . 8 2 3 4  

MATERIAL CODE : NO . 224  

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 
4  OSU osu 

NEW 3 . 5  WATT THERM PEAK 
NEGJ 3 .5  WATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 
3 . 5  W/CM2 THERM PEAK 

M A X I M U M  ........................ 6 7 . 0 0  
M I N I M U M  ........................ 4 5 . 2 0  
RANGE .. ........................ 2 1 . 8 0  
AVERAGE ........................ 5 5 . 5 2  ....................... VARIANCE 1 0 0 . 6 9  ............. STANDARD DEVIATION 1 0 . 0 3  ........ COEFFICIENT OF VARIANCE 1 8 . 0 7 1 6  



MATERIAL CODE : N O  . 1 2 2  

NO LAB A N D  TEST 

1  FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 
4  OSU 0 s u  

EXPOSURE MEASUREMENT VALUE 

NEW 3 . 5  WATT 
NEW 3 . 5  WATT 
NEW 3 . 5  WATT 
3 . 5  W/CM2 

THERM PEAK 
THERM PEAK 
THERH PEAK 
THERM PEAK 

M A X I M U M  ........................ 7 9 . 0 0  
M I N I M U M  ........................ 5 8 . 0 0  
RANGE .......................... 2 1 . 0 0  
AVERAGE ........................ 6 6 . 9 4  ....................... VARIANCE 7 9 . 4 7  
STAFJDARD DEVIATION ............. 8 . 9 1  
COEFFICIENT OF VARIANCE ........ 1 3 . 3 1 7 4  

MATERIAL CODE : N O  . 234  

NO LAB A N D  TEST 

1 FAA OSU 
2  DOUGLAS OSU 
3  BOEIMG OSU 
4  OSU osu 

EXPOSlJ RE MEASUREMENT 

ME# 3 . 5  WATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 
3 .5  kl/CN2 THERM PEAK 

VALUE 

NAXI!.!UN. ....................... 1 4 2 . 0 0  
M I N I M U I I  ........................ 9 7 . 0 0  
RANGE .......................... 4 5 . 0 0  
AVERAGE ........................ 1 1 9 . 9 3  
VARIANCE ....................... 2 9 9 . 6 8  
STANDARD DEVIATION ............. 1 7 . 3 1  
COEFFICIENT OF VARIANCE ........ 1 4 . 4 3 3 9  

NATERIAL CODE : N O  . 1 3 2  

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1 FAA OSU NEW 3 . 5  WATT THERM PEAK 
2  DOUGLAS OSU NEW 3 . 5  WATT THERt4 PEAK 
3  BOEIMG OSU RE\-I 3 . 5  WATT THERM PEAK 
4  OSU OSU 3 . 5  W/Cla12 THERK PEAK 

. NAXIE!U1\1 ........................ 111  0 0  
M I N I M U M  ........................ 8 1 . 6 0  
RANGE .......................... 29 .40  
AVERAGE ........................ 9 7 . 0 1  
VARIANCE ....................... 1 1 0 . 0 3  
STANDARD DEVIATION ............. 1 0 . 4 9  
COEFFICIENT OF VARIANCE ........ 1 0 . 8 1 2 7  



MATERIAL CODE : N O .  133 

NO LAB A N D  TEST EXPOSURE MEASUREMENT 

1  FAA OSU NEW 3 . 5  WATT THERM PEAK 
2  DOUGLAS OSU NEW 3.5  WATT THERM PEAK 
3  BOEING OSU NEW 3.5  WATT THERM P E A K  
4  OSU OSU 3.5 W/CM2 THERM PEAK 

VALUE 

M A X I M U M . . . . . . . . . . . . . . . . . . . . . . . .  ,416.00 
MINIMUM.... . . . . . . . . . . . . . . . . . . . .  80 .30 
RANGE.. . . . . . . . . . . . . . . . . . . . . . . . .  35 .70 
AVERAGE..... . . . . . . . . . . . . . . . . . . .  96 .62 
VARIANCE..... . . . . . . . . . . . . . . . . . . .  163.84 
STANDARD DEVIATION............. 12 .80 
COEFFICIENT OF VARIANCE. ........ 13.2476 

MATERIAL C O D E  : NO.  444 

NO LAB A N D  TEST EXPOSURE MEASUREMENT 

1  FAA OSU NEW 3.5  WATT THERM PEAK 
2  DOUGLAS OSU NEW 3.5  WATT THERM PEAK 
3  B O E I N G  OSU NEW 3.5 WATT THERM PEAK 
4  OSU OSU 3  -5 W/CM2 THERM PEAK 

VALUE 

MAXIMUM.. . . . . . . . . . . . . . . . . . . . . . .  86 .00  
MINIMUM.... . . . . . . . . . . . . . . . . . . . .  47.46 
RANGE................o-.-seo-o. 38.54 
AVERAGE..... .................... 66.94 
VARIANCE.....aa..a............. 311.32 
STANDARD DEVIATION............. 17 .64 ....... COEFFICIENT OF VARIANCE. 26.3584 

FOR THE PRECEEDING 11 MATERIALS : 

AVERAGE STANDARD DEVIATION - - 15 .67  

AVERAGE COEFFICIENT OF VARIANCE = 1 5 - 7 7  

CORRELATION COEFFICIENT = 0.85934 



MATERIAL CODE : EP/GL 

NO LAB A N D  TEST 

1  FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 

EXPOSURE MEASUREMENT VALUE 

NEW 3 . 5  WATT THERM 2  M I N  INT 8 2 . 4 0  
NEW 3 . 5  WATT THERM 2  M I N  INT 1 0 3 . 0 6  
NEW 3 .5  WATT THERM 2  M I N  INT 88 .00  

M A X I M U M  ........................ 103 .06  
M I N I M U E I  ........................ 8 2 . 4 0  
RANGE .......................... 20 .66  
AVERAGE ........................ 9 1 . 1 5  
VARIANCE ....................... 7 6 . 0 8  ............. STANDARD DEVIATION 8 . 7 2  
COEFFICIENT OF VARIANCE ........ 9 . 5 6 9 0  

MATERIAL CODE : PH/GL 

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3 . 5  WATT THERM 2  M I N  IMT 5 3 . 4 0  
2 DOUGLAS OSU NEW 3 . 5  WATT TMERM 2  M I N  INT 7 5 . 0 3  
3  BOEING OSU NEW 3 . 5  WATT THER!4 2  M I N  INT 7 1  . 0 0  

M A X I M U M  ........................ 7 5 . 0 3  
M I N I M U M  ........................ 5 3 . 4 0  
RANGE .......................... 2 1 . 6 3  
AVERAGE ........................ 6 6 . 4 8  
VARIANCE ....................... 8 8 . 2 2  
STANDARD DEVIATION ............. 9 . 3 9  
COEFFICIENT OF VARIANCE ........ 1 4 . 1 2 8 8  

MATERIAL CODE : EP/KV 

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3 . 5  WATT THERM 2  M I N  INT 8 6 . 1 0  
2 DOUGLAS OSU NEW 3.5 WATT THERM 2  M I N  INT 1 0 4 . 9 8  
3  BOEING OSU NEW 3 . 5  WATT THERN 2 M I N  INT 1 0 0 . 0 0  

........................ M A X I M U M  1 0 4 . 9 8  
M I N I M U M  ........................ 8 6 . 1 0  
RANGE .......................... 1 8 . 8 8  
AVERAGE ........................ 9 7 . 0 3  
VARIANCE ....................... 6 3 . 8 1  ............. STANDARD DEVIATION 7 . 9 9  . . .  

I ........ COEFFICIENT OF VARIANCE 8 . 2 3 3 2  



MATERIAL C O D E  : PH/KV 

N O  LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3 .5  WATT THERM 2  M I N  INT 92.80 
2  DOUGLAS OSU NEW 3.5 WATT THERM 2  M I N  INT 111.98 
3  BOEING OSU NEW 3.5 WATT THERM 2  M I N  INT , 106 .00  

MAXIMUM.. . . . . . . . . . . . . . . . . . . . . . .  111 .98  
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . .  92 .80 
RANGE.. . . . . . . . . . . . . . . . . . . . . . ' . . .  19 .18  
AVERAGE.... . . . . . . . . . . . . . . . . . . . .  103 .59  
VARIANCE.... . . . . . . . . . . . . . . . . . . .  64 .22 
STANDARD DEVIATION.... . . . . . . . . .  8 . 0 1  
COEFFICIENT OF VARIANCE........ 7 .7360 

MATERIAL CODE : PH/GR 

NO LAB A N D  TEST EXPOSURE MEASUREMENT V A L U E  

1  FAA OSU NEW 3 .5  WATT THERM 2  M I N  INT 78 .70  
2  DOUGLAS OSU NEW 3 .5  WATT THERM 2  M I N  INT 80.00 ' 

3 B O E I N G  OSU NEW 3 .5  WATT THERM 2  M I N  INT 81 - 0 0  

MAXIMUM......................... 81 .00 
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . .  78 .70  
RANGE. . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .30  
AVERAGE.. . . . . . . . . . . . . . . . . . . . . . . .  79 .90 
VARIANCE. . . . ; . . . . . . . . . . . . . . . . . .  0 .89 
STANDARD DEVIATION.... . . . . . . . . .  0 .94 
COEFFICIENT OF VARIANCE........ 1 .1787  

FOR THE PRECEEDING 5  MATERIALS : 

AVERAGE STANDARD DEVIATION - - 7.01 

A V E R A G E  COEFFICIENT OF VARIANCE = 8 .17  

CORRELATION COEFFICIENT = 0.61949 



MATERIAL CODE : EP/GL 

N O  LAB A N D  TEST 

1  FAA OSIJ 
2  DOUGLAS OSU 
3  BOEIMG OSU 

EXPQSlJRE tlEASUREMENT VALUE 

NEU 3 . 5  WATT THERN PEAK 9 2 . 6 0  
NEH 3 . 5  WATT THERM PEAK 7 3 . 0 0  
NEW 3 . 5  WATT THERM PEAK 1 1 3 . 0 0  

........................ M A X I N U M  1 1 3 . 0 0  ........................ HIMIHUM 7 3 . 0 0  
RANGE .......................... 4 0 . 0 0  ........................ AVERAGE 9 2 . 8 7  ....................... VARIANCE 2 6 6 . 7 3  ............. STANDARD DEVIATION 1 6 . 3 3  ........ COEFFICIENT OF VARIANCE 1 7 . 5 8 6 4  

MATERIAL CODE : PH/GL 

NO LAB A N D  TEST EXPOSURE 

1  FAA OSlJ MEW 3 . 5  WATT 
2  DOUGLAS OSU NEW 3 . 5  WATT 
3 BOEING OSU NEW 3 . 5  WATT 

MEASIJRENENT VALUE 

THERM PEAK 
THERM PEAK 
THERM PEAK 

M A X I M U M  ........................ 8 4 . 0 0  
M I N I M U M  ........................ 5 8 . 2 0  
RANGE .......................... 2 5 . 8 0  
AVERAGE ........................ 7 0 . 0 8  
VARIANCE ....................... 1 1 3 . 0 4  
STANDARD DEVIATION ............. 1 0 . 6 3  
COEFFICIENT OF VARIAMCE ........ 1 5 . 1 7 2 3  

MATERIAL CODE : EP/KV 

NO LAB A N D  TEST 

1  FAA OSU 
2  DOUGLAS OSU 
3  BOEING OSU 

EXPOSURE MEASUREMENT VALUE 

NEW 3 . 5  WATT THERM PEAK 
NEW 3 ; 5  VATT THERM PEAK 
NEW 3 . 5  WATT THERM PEAK 

........................ MAXIHUM 8 4 . 9 8  ........................ M I N I M U M  7 6 . 8 0  
RAMGE .......................... 8 . 1 8  
AVERAGE ........................ 8 0 . 5 9  ....................... VARIANCE 1 1 . 3 2  
STANDARD DEVIATIOU ............. 3 . 3 6  ........ COEFFICIENT OF VARIAMCE 4 . 1 7 4 1  



MATERIAL CODE : PH/KV 

NO LAB A N D  TEST EXPOSURE MEASUREMENT 

1 FAA OSU NEW 3:5 WATT THERM PEAK 
2  DOUGLAS OSU NEW 3 .5  WATT THERM PEAK 
3  BOEING OSU NEW 3 .5  WATT THERM PEAK 

VALUE 

M A X I M U M . . . . . . . . . . . . . . . . . . . . . . . .  97 .97  
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . . .  84 .40  
RANGE.. . . . . . . . . . . . . . . . . . . . . . . . .  1 3 . 5 7  
AVERAGE.... . . . . . . . . . . . . . . . . . . . .  92 .12  
VARIANCE.. . . . . . . . . . . . . . . . . . . . . . .  32 .46  
STANDARD DEVIATION............. 5 . 7 0  
COEFFICIENT OF VARIANCE........ 6 .1841 

MATERIAL CODE : PH/GR 

NO LAB A N D  TEST EXPOSURE MEASUREMENT VALUE 

1  FAA OSU NEW 3.5  WATT THERM PEAK 69.40  
2  DOUGLAS OSU NEW 3 . 5  WATT THERM PEAK 67 .01  
3  BOEING OSU NEW 3.5  WATT THERM PEAK 92 .00  

MAXIMUM........................ 92 .00  
M I N I M U M . . . . . . . . . . . . . . . . . . . . . . . .  67 .01  
RANGE.. . . . . . . . . . . . . . . . . . . . . . . . .  2 4 . 9 9  
AVERAGE. . . . . . . . . . . . . . . . . . . a eaea  7 6 . 1 4  
VARIANCE.... . . . . . . . . . . . . . . . . . . .  1 2 6 . 7 8  
STANDARD DEVIATION............. 11 .26  
COEFFICIENT OF VARIANCE........ 14 .7889  

FOR THE PRECEEDING 5  MATERIALS : 

AVERAGE STANDARD DEVIATION - - 9 .46  

AVERAGE COEFFICIE!J' CF VARIANCE = 1 1 . 5 8  

CORRELATION COEFFICIENT = 0 .12990  










