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1 . 3  Background: 

I n  recent  years an inc reas ing  amount o f  lower grade crude o i l  has been used 
i n  the produc t ion  o f  a i r c r a f t  t u r b i n e  f u e l .  
remove the  s u l f u r  and p o l a r  cons t i t uen ts  o f  the  crude o i l .  
q u a l i t y  hydro- re f ined f u e l  products have very poor l u b r i c a t i n g  p r o p e r t i e s .  
These low l u b r i c i t y  f u e l s  have caused f r i c t i o n  and wear problems i n  a i r c r a f t  
components. The BOC t e s t e r  w i l l  be i n c r e a s i n g l y  essen t ia l  t o  moni tor  f u e l  
l u b r i c i t y  for  f u e l  system component development t e s t s ,  p roduc t ion  screening 
t e s t s  and f i e l d  use.  

Hydrogen r e f i n i n g  techniques 
Some h igh  

2 .  REFERENCES : 

2.1 App l icab le  Documents: 

Related SAE Documents: 

'ARP1797 A i r c r a f t  and A i r c r a f t  Engine F u e l  Pump Low L u b r i c i t y  

AIR4027 A i r c r a f t  Turbine Engine Fue l  Low L u b r i c i t y  I n fo rma t ion  

SAE 8720 S t e e l  

F l u i d  Endurance T e s t  

Report 

The f o l l o w i n g  documents form a p a r t  o f  t h i s  A I R :  

MIL-1-25017 I n h i b i t o r ,  C o r r o s i o n / L u b r i c i t y  Improver,  Fuel Solub le 
ASTM D 329 Acetone 
ASTM D 770 Isopropy l  Alcohol  
ASTM D 1016 Iso-octane 
ASTM D 4306 

A N S I  B3.12 Metal Bal 1 s 
A I S 1  E52100 Chromium A l l o y  S t e e l  

P r a c t i c e  for  Sampling A v i a t i o n  Fuel f o r  T e s t s  A f fec ted  by 
Trace Contamination 

2.2 D e f i n i t i o n s ,  Symbols, and Abbrev iat ions:  

LUBRICITY: 
produced on a s t a t i o n a r y  b a l l  f rom contac t  w i t h  the  f u e l  wetted r o t a t i n g  
c y l i n d e r  ope ra t i ng  under c l o s e l y  c o n t r o l l e d  cond i t i ons .  

CYLINDER: Falex r i n g  and mandrel assembly. 

Proper ty  o f  the f l u i d ,  measured by the  wear scar i n  m i l l i m e t e r s ,  

BOC: 
a l so  known as BOCM, BOCLE (ba l l -on -cy l i nde r  l u b r i c i t y  eva lua to r )  and more 
r e c e n t l y  BORLE (ba l l -on - r i ng  l u b r i c i t y  eva lua to r ) .  

Common acronym f o r  vers ions o f  the Fuery ba l l -on-cy l inder  machine, i s  

RH: Re la t i ve  humid i ty  o f  a i r .  

WSD: Wear scar "diameter,"  i n  m i l l i m e t e r s ,  which i s  the dimensional average 
o f  the major and minor axes o f  the b a l l  wear scar e l l i p s e .  

WEAR TRACK: The w id th  o f  the wear mark i n  m i l l i m e t e r s  on the t e s t  r i n g .  

n 
- ¿ -  
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3. TEST REQUIREMENTS : 

3.1 Apparatus: 

(Reference F igures 1 and 2 . )  

3.1.1 Bal l -On-Cyl inder Fuel L u b r i c i t y  Tes ter :  The BOC f u e l  l u b r i c i t y  t e s t e r  i s  
shown i n  F igures 1 and 2. The o r i g i n a l  BOC t e s t e r  was designed by Exxon 
Research and Engineer ing Company o f  Linden, NJ. I t  was based on the  
"Fuery Bal l -On-Cyl inder T e s t  Machine". A d e r i v a t i v e  o f  the  Exxon design 
was made by Woodward Governor Company, A i r c r a f t  Engineer ing Department, 
Rockford, I L .  Th is  ve rs ion  beefed up the  b a l l  v i s e ,  the  beam and support ,  
e l im ina ted  a problem r i d d e n  " f r i c t i o n "  measuring f e a t u r e ,  p rov ided 
spr ing- loaded bear ings and l a r g e r  diameter mandrel a x l e .  A number o f  BOC 
t e s t e r s  have been made from nonpropr ie ta ry  Woodward drawings. 
o f  t h i s  design i s  commercial ly a v a i l a b l e  i n  a complete system as p /n  
BOC-100 from In te r -Av ,  San Antonio,  TX. A recen t  c o n f i g u r a t i o n  change has 
been the  adopt ion  o f  a case hardened s t e e l  t e s t  r i n g  on a mandrel i n  p lace 
o f  the  t e s t  " c y l i n d e r " .  Th is  change has been made t o  prov ide  b e t t e r  
accuracy and r e p e a t a b i l i t y .  

the  BOC r e s e r v o i r  base s h a l l  be 25°C ~r 1 .  

A ve rs ion  

3.1.2 Constant Temperature Con t ro l :  The temperature o f  f l o w i n g  water through 

3.1.3 Hygrometer: The hygrometer s h a l l  be capable o f  measuring the  RH o f  purge 
a i r  t o  &0.2% a t  a flow r a t e  o f  0.03 m3/h t o  0.22 m3/h. 

3.1.4 Microscope: The microscope s h a l l  have a capabi 1 i t y  up t o  1OOX w i t h  an 
ocu la r  con ta in ing  a scaled r e t i c u l e  O t o  1 mm i n  graduat ions o f  0.1 and 
0.01 mm or cross h a i r s  and a mechanical stage w i t h  the  same r e s o l u t i o n .  

3 .1 .5  U l t r a s o n i c  Cleaner:  There s h a l l  be an u l t r a s o n i c  c leaner  w i t h  a t i m e r  and 
a minimum 2 L s t a i n l e s s  s tee l  tank.  

3.1.6 Frequency (Speed) Counter: The frequency counter s h a l l  be capable o f  
read ing  kl Hz (rpm). 

3.2 M a t e r i a l s :  

3.2.1 T e s t  B a l l :  The t e s t  b a l l  s h a l l  conform t o  A N S I  s p e c i f i c a t i o n  B3.12: 

M a t e r i a l  - RB 12.7 A I S 1  E52100 chrome a l l o y  s tee l  
Diameter - 12.7 mm f 0.0127 
Grade - 5 t o  10 EP ( e x t r a  p o l i s h )  f i n i s h .  Note: This  i s  not i n  

Hardness - 64 t o  66 Rc. Note: This  recommendation i s  n o t  i n  A N S I  
A N S I  s p e c i f i c a t i o n  

s p e c i f i c a t i o n  

3.2.2 Test Rings: Test r i n g s  s h a l l  conform t o  the  f o l l o w i n g :  

M a t e r i a l  - SAE 8720 Mod i f i ed  s t e e l  
S ize - 49.10 t o  49.25 mm diameter,  13.00 t o  13.11 mm wide 
Hardness - 58 t o  62 Rc 
F i n i s h  - 0.56 t o  0.71 pm (22 t o  28 p i n )  CLA 
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3.2.3 Compressed A i r :  The compressed a i r  s h a l l  con ta in  l ess  than 0 .1  ppm 
hydrocarbons and 50 ppm water. 

3.2.4 Acetone: The acetone s h a l l  conform t o  ASTM D 329. 

CAUTION: Acetone i s  extremely flammable. 

3.2.5 Iso-octane: The iso-octane s h a l l  be 2.2. 
ASTM D 1016, 95% p u r i t y  mìnimum. 

CAUTION: Iso-octane i s  extremely flammab 

3.2 6 Isopropy l  A l  cohol : The i sopropyl a l  cohol 

CAUTION: I sop ropy l  a lcoho l  i s  flammable. 

t r imethy lpentane,  conforming t o  

e.  

s h a l l  conform t o  ASTM D 770. 

3.2.7 Reference F l u i d  A: Reference f l u i d  A s h a l l  be I S 0  Par M@ and 30 ppm by - weight o f  DCI-4A co r ros ion  i n h i b i t o r .  

3.2.8 Reference F l u i d  B: Reference f l u i d  B s h a l l  be 100% IS0 Par M@. 

3.3 Precaut ions:  

This A I R  may i n v o l v e  hazardous ma te r ia l s ,  opera t ions ,  and equipment. Th is  
procedure does n o t  p u r p o r t  t o  address a l l  o f  the  s a f e t y  problems associated 
w i t h  i t s  use. 
consu l t  and e s t a b l i s h  appropr ia te  sa fe ty  and heal  t h  p r a c t i c e s  and determine 
the a p p l i c a b i l i t y  of r e g u l a t o r y  l i m i t a t i o n s  p r i o r  t o  use. 

I t  i s  the  r e s p o n s i b i l i t y  o f  whoever uses t h i s  procedure t o  

3.4 Sample Test  U i i i t s :  

Suggested minimum f l u i d  samples are  1 L for  t h i s  t e s t i n g .  This  w i l l  p rov ide  
adequate s m p l e  reserve  for  r e t e s t s  i f  r e q u i r e d  t o  v e r i f y  r e p e a t a b i l i t y .  
Reference ASTM D 4306. 

3.5 Prepara t ion  o f  Apparatus: 

3.5.1 I d e n t i f i c a t i o n  o f  Test  Rings and B a l l s :  
consecut ive ly .  
and should be permanent. 
the mandrel s e t  screw. B a l l s  s h a l l  be numbered and recorded a long w i t h  
the t e s t  r i n g  and wear t r a c k  number on the  t e s t  da ta  sheet. 
b a l l s  may be s to red  i n  p l a s t i c  bags. 

Test r i n g s  should be numbered 
The number should appear on the  wide s ide  o f  the  t e s t  r i n g  

Track numbers should s t a r t  a t  the  end oppos i te  

Used t e s t  

- 4 -  
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3.5.2 Cleaning Procedures: 

CAUTION: Great care must be taken t o  adhere s t r i c t l y  t o  c lean l i ness  
requirements and t o  these c lean ing  procedures. 

Contaminants con ta in ing  sur face a c t i v e  agents (soaps, o i l s )  may no t  have 
any measurable e f f e c t  on a good f u e l  bu t  can make a r e a l l y  bad f u e l  look  
good. A f t e r  c leaning,  p a r t s  o f  the device must be p ro tec ted  f rom 
contaminat ion by the opera tor  wearing c lean, l i n t - f r e e  throwaway co t ton  
gloves. 
e l im ina t . i i i g  contaminat ion problems. 
t e s t  r i n g s  t o  prevent  scratches o r  o the r  damage even though they are 
extremely hard.  Hardware, i . e . ,  sha f t ,  wrenches, tweezers, e t c . ,  t h a t  
come i n t o  contac t  w i t h  t e s t  f l u i d  s h a l l  be cleaned by washing w i t h  
iso-octane and w ip ing  w i t h  w ip ing  t i s s u e .  
no t  i n  use. 

Use o n l y  the s p e c i f i e d  ASTM so lvents  f o r  c lean ing  p a r t s  t o  a i d  i n  
P ro tec t  the  surfaces o f  the  b a l l s  and 

Store p a r t s  i n  des icca tor  when 

3.5.2.1 T e s t  Rings - I n i t i a l  Cleanup: 
coated w i t h  a f i l m  o f  p rese rva t i ve  t o  prevent  co r ros ion .  
t h i s  f i l m  must be completely removed us ing  the f o l l o w i n g :  

T e s t  r i n g s  rece ived f rom the  s u p p l i e r  are 
P r i o r  t o  use, 

a. Remove t e s t  r i n g s  f rom t h e i r  p r o t e c t i v e  covers. Place them i n  a 
c lean 500 c c  beaker. Cover them w i t h  a 50/50% volume mix tu re  o f  
iso-octane and isopropy l  a l coho l .  

b. Place the  beaker i n  the u l t r a s o n i c  c leaner ,  t u r n  i t  on, and c lean 
f o r  15 min. T e s t  r i n g s  should be turned over severa l  t i m e s .  Remove 
the t e s t  r i n g s  and repeat  the cyc le  us ing  a c lean beaker and f r e s h  
so lvent  mix ture.  A t  the  end o f  the second c y c l e ,  remove the  t e s t  
r i n a s  f rom beaker. r i n s e  w i t h  acetone, d ry  w i t h  c lean compressed 
a i r ;  v i s u a l l y  i nspec t ,  and s to re  i n  des 

3.5.2.2 B a l l s  - I n i t i a l  Cleanup: The i n i t i a l  c lean 
accord ing t o  the f o l l o w i n g :  

a. Remove a 5-day supply o f  b a l l s  f rom the 

cca tor  . 
ng of b a l l s  s h a l l  be 

r storage con ta ine r .  

b. Place them i n  a c lean 500 c c  beaker. Cover b a l l s  w i t h  a 50/50% 
volume m i x t u r e  o f  iso-octane and isopropy l  a l coho l .  

c .  Place the beaker i n  u l t r a s o n i c  c leaner ,  t u r n  i t  on, and c lean f o r  
15 min, 
and f r e s h  so lvent  mix tu re .  A t  the end o f  the  second cyc le ,  remove 
the b a l l s  f rom beaker, r i n s e  w i t h  acetone, d ry  w i t h  c lean compressed 
a i r ,  v i s u a l l y  inspec t  and s to re  i n  des i cca to r .  

Remove the b a l l s  and repeat  the cyc le  us ing  a c lean beaker 
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Ring: 
3 .5 .2 .3  Reservoir ,  Reservoir  Cover, Test Ring, Mandrel, B a l l  Chuck, B a l l  Lock 

the used t e s t  f l u i d  f rom the a. A f t e r  complet ion o f  each t e s t  run,  pour 
r e s e r v o i r  i n t o  a waste conta iner .  

b. Remove r e s e r v o i r ,  t e s t  r i n g ,  and mandre 

c .  Disassemble components and c lean i n  an u l t r a s o n  
t o  1 m ix tu re  o f  iso-octane and i sop ropy l  a lcoho 
w i t h  iso-octane. Dry. Rinse w i t h  acetone. 

c c leaner us 
f o r  5 min. 

ng a 1 
Rinse 

d. Reassemble components. 

e. Dry and s t o r e  i n  a des i cca to r .  

3 .6 C a l i b r a t i o n  With Standard Reference F lu ids :  

A C a l i b r a t i o n  i s  recommended a t  l e a s t  weekly du r ing  a c t i v i t y  o r  whenever a 
new t e s t  r i n g  i s  i n s t a l l e d .  

3.6.1 Reference F l u i d  A:  
DCI-4A co r ros ion  i n h i b i t o r  ( s e e  appendix) s h a l l  be used for  c a l i b r a t i o n  
and s tandard i za t i on  o f  the  BOC apparatus. 
wear scar o f  0.57 mm f 0.04 w i t h  10% RH purge a i r .  

A m i x t u r e  o f  IS0 Par M@ and 30 ppm by weight o f  

This  m ix tu re  should produce a 

3.6.2 Reference F l u i d  B: Sha l l  c o n s i s t  o f  100% IS0 Par MQ, a narrow c u t  
i s o p a r a f f i n i c  so l ven t  (see Appendix A )  s h a l l  be used f o r  c a l i b r a t i o n  and 
s tandard i za t i on  o f  the  BOC apparatus. Th is  f l u i d  should produce a wear 
scar o f  0.85 mm 1 0 . 0 4  w i t h  10% RH purge a i r .  

3 .7  Cond i t i on ing  - Cont ro l  o f  Purge A i r  RH: 

The water conten t  or RH o f  a f u e l  sample has an e f f e c t  on the  WSD generated 
on the b a l l  d u r i n g  a t e s t .  The RH o f  a f u e l  sample d u r i n g  t e s t i n g  i s  
determined by the  RH o f  the  purge a i r  bubbled through the  f l u i d  d u r i n g  
cond i t i on ing .  A f t e r  c o n d i t i o n i n g  i s  completed, t h i s  f low i s  r e d i r e c t e d  t o  
cover the  sample d u r i n g  the  ac tua l  t e s t  run.  
monitored by a p r e c i s i o n  hygrometer and c o n t r o l l e d  by mix ing  w e t  and d ry  a i r .  

RH o f  the  purge a i r  should be 

WARNING: A humid i t y  l e v e l  o f  10% has been se lec ted  f o r  c l a s s i f i c a t i o n  o f  
f u e l  f o r  the  SAE ARP1797 low l u b r i c i t y  fue l  pump endurance t e s t .  
The use o f  o t h e r  humid i ty  l e v e l s  for  endurance f u e l  c l a s s i f i c a t i o n  
may r e s u l t  i n  the  endurance f u e l  be ing  s i g n i f i c a n t l y  d i f f e r e n t  i n  
l u b r i c i t y  than the  requirements were  intended t o  p rov ide .  

- 6 -  
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3.8 Procedure: 

Summary o f  ope ra t i ng  cond i t i ons  f o r  BOC l u b r i c i t y  t e s t e r :  

B a l l  load  1000 g normal load  

Test r i n g  speed 

T e s t  d u r a t i o n  30 min 4 1 

Fuel volume 50 cc +. 1 ( f u e l  should n o t  con tac t  t he  d r i v e  

Fuel temperature 25°C 5 1 

Supply a i r  Should con ta in  l e s s  than 0.1 PPM hydrocarbon 

Purge a i r  RH = lo"/, +. 0.2 ( s e e  3.7) 

Pret reatment  o f  f u e l  
i n  r e s e r v o i r  

Purge a i r  du r ing  t e s t  

(500 g arm load)  

240 rpm +. 1 

s h a f t )  

and 50 ppm water 

Bubble 0.5 L/min (0.03 m3/h) for  30 min 

Flow 3.8 L/min (0.23 m3/h) over  f u e l  sample 

3.8.1 A f t e r  complet ion o f  the  c lean ing  procedures, l o c a t e  the  t e s t  b a l l  i n  the  
r e t a i n e r  r i n g ,  i n s t a l l  them i n  the  b a l l  chuck, and l o c k  i n  p lace .  
P o s i t i o n  the  balance arm so the  t e s t  b a l l  w i l l  be o u t  o f  con tac t  w i t h  the 
assembled t e s t  r i n g .  

micrometer, p o s i t i o n  the  mandrel and t e s t  r i n g  1.0 mm from the  prev ious 
wear t rack ,  or  i f  s t a r t i n g  new, the  edge o f  the  t e s t  r i n g .  
micrometer away from the  mandrel. Check the  balance arm l e v e l  p o s i t i o n  
and a d j u s t  i t  as requ i red .  (Make sure the  f o u r  s p r i n g  washers on the  
s h a f t  are assembled i n  the 00 p o s i t i o n  and the  se t  screws are  t i gh tened  
on the  f l a t s  o f  the  s h a f t . )  

3.8.2 Assemble the  mandrel w i t h  t e s t  r i n g  on the  s h a f t  and, us ing  the  

Back the  

3.8.3 I n s t a l l  the  r e s e r v o i r ,  f i l l  i t  w i t h  t e s t  f u e l  ob ta ined i n  accordance w i t h  
ASTM D 4306, and s t a r t  the purge a i r  through the  f u e l .  S ta r t  the  motor 
and a d j u s t  t he  speed t o  240 rpm. Continue t h i s  p re t rea tment  for  30 min. 

3.8.4 Swi tch the  purge a i r  so t h a t  i t  flows across the  t o p  o f  the  f u e l  sample 
w h i l e  l e a v i n g  the motor running.  Ver i fy  t h a t  t he  f u e l  temperature and 
humid i ty  are correct. 

3.8.5 A t tach  the  500 g weight t o  the  balance arm (produces 1000 g l oad ing  a t  the 
b a l l  con tac t  p o i n t ) ,  c a r e f u l l y  lower the  arm so the  b a l l  con tac ts  the t e s t  
r i n g .  S t a r t  t he  t i m e r  and fill o u t  e n t r i e s  i n  the  t e s t  l o g  sheet.  
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3 . 8 , 6  Continue the  t e s t  f o r  30 min.  C a r e f u l l y  l i f t  the  balance arm, and remove 
the weight.  Shut o f f  t he  motor, remove the r e s e r v o i r  cover, and the  t e s t  
ba l  1. 

3.8.7 Remove the  r e s e r v o i r  and dispose o f  the  used f u e l  
Clean t h e  equipment for t h e  nex t  run.  

3.8.8 Remove the  b a l l  and r e t a i n i n g  r i n g  as a u n i t .  

4. TEST RESULTS: 

4.1 C a l c u l a t i o n  - Measurement o f  WSD: 

4.1.1 With the  t e s t  b a l l  s t i l l  i n  the  r e t a i n e r  rincr. 

i n t o  a waste con ta ine r .  

i t i o n  the  b 1 1  under t h  
microscope a t  l O O X ,  t u r n  on l i g h t i n g ,  and focus on the  b a l l  surface a t  
wear scar. 

r e t i c u l e  scale or us ing  the  mechanical c o n t r o l s  measure the  major and 
minor axes o f  the  wear scar .  I f  t he  wear scar has an i r r e g u l a r  shape, 
est imate a superimposed e l l i p s e ,  and reco rd  dimensions. 

4.1.2 Ad jus t  t he  long-wear a x i s  p a r a l l e l  t o  one r e t i c u l e  cross l i n e .  Read 

4.1.3 The r e p o r t e d  WSD o f  each sample i s  the  average i n  m i l l i m e t e r s  of the major 
and minor axes o f  the  wear scar .  WSD = (major a x i s  + minor a x i s )  / 2.  

5 .  REPORT: 

A r e p o r t  da ta  sheet s h a l l  be used t o  reco rd  p e r t i n e n t  t e s t  data.  Prec ise  
record  keeping of t e s t  cond i t i ons  i s  very  impor tan t  t o  accu ra te l y  i n t e r p r e t  
t e s t  r e s u l t s ,  Recorded da ta  as a minimum s h a l l  i nc lude :  date,  t e s t  r i n g  
number, wear t r a c k  number, b a l l  number, fue l  type,  source, t e s t  load,  f u e l  
temperature, % RH, dimensions o f  wear scar axes, and c a l c u l a t e d  WSD. 

The change tc? a case hardened t e s t  r i n g  has r e s u l t e d  i n  a s i g n i f i c a n t  
increase i n  WSD for  a g i ven  f u e l .  A f u e l  t h a t  produced a WSD o f  about 
0.60 mm w i t h  the  AIR1794 ' lcy l inder ' l  produces about 0.80 t o  0.95 mm WSD w i t h  
the  AIR1794A Falex t e s t  r i n g .  See the  WSD comparison (F igure  3 )  i nc luded a t  
the  end o f  t h i s  document. 
an undesi rab1 e 1 ack of repeatab i  1 i t y  , the re fo re ,  F igure  3 shoul d be regarded 
fo r  h i s t o r i c a l  reference o n l y .  F igure  3 represents da ta  a v a i l a b l e  (summer 
88) and i s  sub jec t  t o  change. Rev is ion  "A"  o f  ARP1797 w i l l  a l s o  con ta in  a 
l a r g e r  t e s t  b a l l  WSD requirement.  

Resul ts ob ta ined w i t h  the  c y l i n d e r  were sub jec t  t o  

PREPARED BY SUBCOMMITTEE AE-56, AIRCRAFT ENGINE FUEL SYSTEMS 
OF SAE COMMITTEE AE-5, AEROSPACE FUEL, OIL AND O X I D I Z E R  SYSTEMS 
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