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I . R E F E R E N C E S

a. L e t t cr , AM c 1—LH — ’r , H e :~~~~~ ’ r t r r s , US A r n ~y Mat~~ri

1 t~ Jul y 1968 , s u bi ec t :  Te s t  of O~ — i~ otor Bla~~ s wi sh

In c r e a s e d  Twist and Contour Tolerances , ’ ‘.~ i t ! i  1st I r ~~ ,r sen t~
A M S T E - B G ,  Headqua r t er s ,  US J\ r rn y T e s t .~~~~~~~ Evaluat ion  Con~~~and ,
12 August 1968.

b. Telep hone conversat ion  be tween  Co lo n e i ~ 1a~~onc , Cay’~s~ r, Iti

Manager;  LTC DeLoach , USAAVNT I 3D;  and Mr .  Dox~ Coffl ’v , U S A  TECO~~~,

8 October 1~Io8 , ~i ib jec t : “ Test  of OH-~6A R o t o r  B l u d e s  w i th  1ncre ~t~~ed

T w i s t  and Contour  Tole rances .

c. Message , STEBG-TD-A 10-35 , US A r m y  Avia t ion  Tes t  ~~~~~~
24 October 1968 , subject :  “Tes t  of OH-6A R o t o r  B lades  with Inc r ea ~~e 1

Twist  and Contour Tolerances .

2. BACKGROUND

Operational requirern e
’
~\s i n Vietna m have crea ted  a c r i t i c a l  sh o r t

age of OH-6A rotor blades. rhe a i r c r a f t  r r ianufacturer , w o r k in g  with ç

the LOH Project Manager , presented an Engineer ing Cha nge Proposal  ~~~~~~~~ ~~~~~~~ ~~~~

to increase  the parameters  of the main-rotor  blade to l e ranceB~. On
12 Augus t  1968 the US Ar m y  Test and Evaluat ion Command d i rec ted
the US A r m y  Avia t ion  Test  Board (U SAAVNT B D~ to conduct a p r o d u c t -
improvement  test of OH-6A rotor blades  with inc reased  t w i st  and ~~ 1

Approved for public release.
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STFBG-TD
SU B JECT:  Fina l R e p o r t  of P r o d u c t - I r n p r o v e : n  r t  Tes t  of O }- {_ t R o t r

Bladt s with Increased T w i s t  and Contour  T o l c r an c s ,
USA TECOM P r oj e c t  ~w . 4 - 6 - O2 ~~1- l~

~ c on t o u r  t h i c k n e s s  t o l e r a n c e s  ( r e E e r e : ~u e I a ) .  The I c s t  h a r d ’v ;~r t  was
deliver ed on 14 October l968~\

\

~. D E S C R IP T i O N  OF M A T E R I E L

The t e s t  blades are simila r to s t a n d a r d  b l ad es  wi th  r e s p e c t  ap-
pea r a nce , wei g ht , and d imens ions ;  howeve r , they  a r e  a l l o w e d  a ~ re~~t e r
to le ranc e in tw i s t  and contour t h i c k n e s s .  The blades ar~ p r e t r a c ked b\
the m a n u f a c t u r e r  using a mas t e r  b l ad e .  P i t c h - c h a n ge  l i n k  d i r r en s i o n s
are s t e n c i l led  on each b lade  and a rc  u s e d  in lieu of n o m i n a l  s . H~~n i~s
c onta ined  in the  t echn ica l  m a n u a l .  T o l e r a n c e  d e v i a t i o n s  for  ? h t  b lades
t e s t ed  a re  l i s t ed  in j i c l o s u r e  1.

4. SCOPE

This  C a t e g o r y  II p r o d u c t - i m p r o v e m e n t  tes t  was conduc t ed  a t  F o r t
R u c k e r , A labama , du r i n g  the  pe r iod  14 October th roug h 19 ~o~~t n i b e r
1u o ~4 . The t e 9 t  i t ems  were  i n s t a l l e d  on OH-6A Hel i cop te r , S/ N  o5-
1~~9Z1 , by U S A A V N T B D  pe r sonnel . F i f t e e n  s u b t e s t s  w e r e  conducted
wi th  va r ious  combinat ions  of o u t -  0 1-  t o l e r a n c e b lades  and sta ndard
blades.  (See i n c lo su r e  Z .

5. O B J E C T I V E S

a. To d e t e r m i n e  the ~~me r e q u i r e d  t ’  t r ; o k the  m a i n -  r o t o r  sy s t em
of the  OH-6A wi th  combi na t ions  ot t h t  t e s t  i t ems  and s t a n d a r d  n a m -
ro tor  blades i n s t a l l e d .

b. To q u a l i t a t i v e l y e v a lu a t e  the  p e r f o r m a n c e of the OH-6A w i t h
va rious blade combina t ions .

6. S U M M A R Y  OF R E S U L T S

a. A v e r a g e  t racking t ime for  each b l a d e  combinat ion was 1 h o u r
and 54 m in u t e a .  The t i m e  r e ’ 1t i i r e d  for  t r a ck ing  each combi nat i on is
l i s ted  i n i n c lo sur e  3.
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STEi~G- TD
St _JBJE C T: F ina l  R t u o r t  of Promo t -- l : ~~~~u v e l : ; c I t F t  i t t  ut  O i l — b A  Rotor

Bl~i d e s  wi th  1n r easeu  1’ .’ i s  ~ i .  (untour Tu~era’it s,
USATECOM P r u i t e t  N o .  4 - ° -  ~5~~-

b. An a v & ra izc  ol 17 adjustniio ts per tra king ont a t i n w a s  m a de .

c . Fina l track a d o i s t o t i t  and Pen N f l(  r~ t~~ f o r  h ~~i l t e S t

are contained in inc losure 3.

d . Accurate trim tad or pi t c h  c h a n g e  l i i ~~< aa ~~i~ S L i i : r i t S  ~‘ r c  not
poss ible  w i t h  e x i s t i n g  tools.  Loca l l y ia r~u f a c : u r ed  tools I f i  1ures
and 2 , i n c l o s u r e  -I) w e re  used du r i n ~ the  t e l .

e . Test data in di  o ic  tha t , u n I t s  s a com pa t :  b 1 ’  relati us h i p is

obtained between the pitch-chaoi .t e linl~ H n~~t h  and t h e  hi gh- r . p. ‘ i i .  -

trim — tab setting , vibra tion will be c nìc i ritered i i  the yc i i  st  i k
and /o r  the airframe. Pretracked blades have  t h i s  idea l rr t a~ o~~~jp

by being t r a c ked w i t h  a mast  r blade.

f. Out-of-toleranc e blades w er e  d i i H c u l t  to track and required
excessis c time when trim tabs were zeroed and p i t c h - ’  h i  ~~~~~~ I i  cl s ad-
justed to the n om i n a l  setting specified in Technical M a n u a l  ~ 5- i~~2~~-
214-20.

g. P i t c h — c h a n g e —  I i i i l  stencil errors pr viou sl\ reported (refert i t

Ic) were evaluated throug hout the remainder of t i n  te d and w er e  n t
considered a probl em when it was known which strap pack the b la d e
was in statlel on d u r i n g  p r i t r i k i n g .  T h i s  err r was indic : t . d d ur i l
low r. p. ni. trac k, and pitch-cha ni.~e li nk adjustments could be made
to c o r r e c t  the cond i t ion .

h. D i f f i c u l t i e s  were encounte red  t r a c k i n g  the h ij i -  t i m e  s t a n d a r d
blades.  These  blades  were t r acked  using the l o c a l l y developed pro-
cedure described in subtest number 15. (See inclosure 2.

7. CONCLU SIONS

a. The time requ i red  to t r a c k  ou t -o f - toleranc e blades is not ex-
cessive in comparison wi th that for  sta ndard blades , p rovided  the out-
of- tolerance blades are  p r e tr a c k e d .

3

— 

~~~~~~~~~~~~~~ 

— - 

~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~



STEBG- TD
SUBJECT: Final  R eport  of P r o d u c t - I n i p r o v e m e i t  Tes t  of 0 11-tA R o t o r

Blades  with Inc reased  Twist  and Contour  T o wr ;~~~~ s ,
USATECOM Pro jec t  N o .  4- ’ -0251-18

b. A i r c r a f t  p e r f o r m a n c e  is not adversel y affe  t e d  b y t h  u t - I-

t o l e r ance blades.

c. Out-of- tolerance blades r e q u i r e  c ’c e s s i v e  t ime  for t ra~~ in c
when t r im  tabs a re  set to nomina l d imens ions .

8. RECOMMENDATIONS

a. P r e t r a c k e d  ou t -o f - to le ranc e blades be adopted for  use ot t h e
OH-6A Hel icopter .

b. The p r e t r a c k  stencil be revised to include pitc h - c h a n g e  l i n k
d imens ions , r . p . m .  t r im tab s e t t i ngs , and th e st r ap pack on w h ic h
the blade was ins ta l led  during p r e t r a c k .

c. Tools sui table for accura te  a d j u s t m e n t  of t r im tabs  and pi t c h -
change links be provided to uni ts  equipped with the OH- 6A.

d. Fu r the r  p roduc t - improvemen t  test ing be conduc ted  to d e t e r n i i r i t
whether  the locall y deve loped t r a c k i n g  p rocedures  can be used on out-
of - to lerance  blades.

FOR THE PR ESIDENT:

/ ~1/1~14~~ ~~~~~~
4 IncI A. J. MONTCALMO
as 1LT , AGC

Acting Adjutant

DISTRIBUTION:
Project  Manager LOH 10 copies
US A r m y  Materiel  Command
P.O. Box 209 , Main Office
St. Loui s , Missouri  63166
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STEBG- TD
SUBJECT: Fina l R eport of P r o du c t- l r nPr Vef l~ t t t  Tes t  of OH-6A Rotor

Blades with Increased I w i s t  and Contour To le rances ,

USATECOM Project  No. 4 -6 -025 1-1  ~

DISTRIBUTION (continued):
Command i ng General 2 cop ies

US A r m y  Test and Evaluation Command
ATTN: AMSTE-BG
Aberdeen  Proving Ground , Mary land 21005

k :.: -:-~~~I
n .

5 

~~~~ ~~

—

l i l a..



OUT OF TOLERANCE BLADES

TOLERANCE DEVIATION

Contour
Blade S / N  ECP Inboard Twist Outboard Twist Th ickness

(5° 30’ -t- 1° 0 ’) 
— 

(2 ’~ + 45’)  ( - . 160 - . 250)

58-4276 511642 60 25 ’

58-45 12 5 11642 4° 18’

58-1587 511677 j 0 14’

58-4854 511677 Z 0 46~

58-4022 511685 - . 246

58-4388 511685 ~~. 156

V

INCLOSURE 1
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1 . Subtes t  No. 1

a. Blade Conf igurat ion:  S t a n d a r d  b lades  wit~ . ; 4 - r o  trim t a b  sc ’tings
and nonii cia I pitch- change  link s e t t i n g s .

b . Ana l ysis: The s tandard  b lades  w e r e  used as a base l ine  for  com-
par ison with tes t  b lades.  Vibra t ion  l e ve l  of the a i r c r a f t  was a cep table .

2 . Subtest No. 2

a. Blade Conf igura t ion:  One out- of- tolerance ( t h i c k n e s s )  b lade  and
t h r e e  s t andard  blades.  The tes t  blade , S/N  58-4388 , w as ins ta l l ed  on
the lower s t rap  pack and was the red blade.

b. Ana lys i s :  This p re t r acked  blade was installed and f lown with-
out t r ack ing  adjus tments .  Maximum o u t - o f - t r a c k  condi t ion was  3/ 8
inch at 120 knots ;  however , v ibra t ion  level of the a i r c ra f t  was accept-
able . There was a sli ght la te ra l  v ib ra t i on  which was a t t r i b u t e d  to one
m w  blade combined with  th ree  h i g h - t i m e  blades.  Thi s combina tion of
b lades  ca u sed a sl i ght lateral  f e e d b a c k  fo rce  in the cyclic con t ro l  s t i ck .

3 . Subtest  No. 3

a . Blade Confi guration: One o u t - o f- tolerance ( t h i c k n e s s )  b lad e
and th ree s t a n d a r d  blades. The tes t  blade , S / N  58-4a22 , was ins t al led
on the lower s t rap  pack and was the red blade.

b. Ana l ys i s :  This pre t racked  blade was ins ta l led  and f lown withou t
t r a c k i n g  ad jus tments .  Lateral  v i b r a t i o n , a t t r i b u t e d  to one new blade
and th ree  used blades , was p r e sen t  but was considered acceptab le .
No lateral feedback was fel t  with this combinat ion of b lades .

4 . Subtest  No. 4

a. Blade Confi guration: One ou t -of - to le rance  (outboard twis t )
blade and three  standard blades.  The test blade , S /N  58- 1587 , was
ins ta l l ed  on the lower s t r ap  pack and was the red blade.

b. Ana lysis: This pre t racked  blade was installed and flow n with
low r .p .m. track adjustment required on one of the standard blades.
The previousl y repor ted la teral vibration was fel t; how ever , overall
vibrat ion level was acceptable. A sli ght la teral  feedback was present
in the cyclic stick.

INCLOSURE 2
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5. S u ht e st  No . ~‘

a. B l a de  Conf i gu rat ion:  One ou t— of— t o l c r i n e c  (ou tboard  t w i s t )
blade and t h r e e  standa rd b lades .  The t e s t  b~a d t  . S / N  58-4 854 , w a s
ins ta l l ed  on the upper  s t rap pac k and w a s  the ve luw b lad e .

b . A na lvs i s :  This blade , u nu i  k~- b l a d e s  in s t a l l e d  on t i n -  j o w r  s t r a p
pack , requi red a p i t c h - c h a n g e  l i nk  a d l l i s t  n ent . This  was  a t t r i b u t e d  to
1- he f a c t  that  t in b l ades  were  p r e t r a c k e d  on the l ower s t r a p  pack with
a nomina l 0 . 250 inch added to the s t en c i l l e d  p i t c h - c h a ng e  l ink d i m ’ i.-

sion for  the upper strap pack. This d i f f e r ence  in p i t c h - c h a n g e  l ink
ie ri~~t h  is apparen t l y affected by t I e  ro tor  s y s t em  and t h e r e t u r e  a f ixed
d i f f e r e n c e is not accura te .  The p r e t r a c k  data st enc i l  should specif y
which s t r ap  pack was used and that the pi t c h - c h a n g e  l i n k  may  r e q u i r e
adjus tment  when the blade is ins tal led  on the other  s t rap  pack .  Thi s
combination of blades induced a sli ght  l a t e ra l  feedback  in t h e  c y c l ic
co ntrol  s t ick.

6. Subtes t  No. 6

a. Blade Configur ation: One o u t - u i - t o l e r a n c e ( i n b o a r d  t w i s t )  blade
and t h r e e  s tanda rd b lades .  The t e s t  blade , S/ N 5 8-45 12 , wa s ins ta l led
on the upper s t r ap  pack and was the yellow blade.

b. Ana l ys i s :  This combination of b lades  induced m o d e r a t e  cv l i c
f e e d b a c k ;  however , the overa l l  v ib ra t ion  level in the a i r  r a f t  was a -
ceptable.

7. Subtest  No. 7

a. Blade Configurat ion:  One out -of -  toleranc e ( inboard t w i s t )
and t h r e e  s tandard  blades. The t e s t  blade , S / N  58-4276 , w.i s i n s t a l l e d
on the upper strap pac k and was the yellow blade.

b. Ana lysis : Ove rall vibra t ion level  with this combinat ion of blades
was acceptable .

8. Subtest No. 8

a. Blade Confi guration: One new production blade and thr e e s tand-
ard blades. The new blade was ins talled on the upper str ap pack and
was the green blade.

2-2
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b. Analys i s :  This tes t  was  conduc t 4 to p r o v i d e  a c o m p a ri s o n  1-j un e .

~. Subtes  t No.

a. Blade  Confi gura t ion:  l’~ a a l a -  , u t  s t andard  b lades  and -~vu

ad jacen t  b l ades  with increased  i n b oa r d  twis t  t c, l cr~~n c e .  The b l a d e

with m i n i m u m  inboard twist  led the I d a d e  wi th  m a x i m u m  t w i s t  and
was ins tal led on the upper s t r a p  pack.  The t e s t  b l a d e s ,  S / N  ~ 3 - 4 5 2

and 58-42 76 , w e r e  yellow and whi te , r e s p e c t i v e l y.

b. Anal y s is :  Vibration level w i t h  th is  combinat ion was a c c e p t a bl e .

10. Subtest No. 10

a. Blade  Conf igura t ion:  Two ad j acen t  s tandard b lad es  and two adja-
cent  blades with increased  outboard t w i s t  t o l e r a n c e .  The blade wi th
minimum outboard twist led b lade with maximum twist  and was in s t al l ed

on the upper strap pack. The test  blades , S / N  58- 1587 and 5 8 - 4 8 5 4 ,

we re  yellow and white , r e spec t ive ly.

b. A nal ysis:  Vibration level  wi th  this  combinat ion was acceptable .

11 . Subtest No. 11

a. Blade Configuration: Two adjacent standard blades acid two
ad jacen t  b lades with increased th ickness  tolerance.  The blade wi th
m a x i m u m  th ickness  led the blade with minimum thickness and was
ins t a l l ed  on the upper s t rap  pack.  The t e s t  blades , S/N  58-4022  and
5S-4~~M - , w e r e  yellow and white , r e spec t ive l y.

b. Ana l ys is :  Man-hours  requi red  for tracking this blade configura-
tion were  hi gh due to the re qu i rement  for re -ze roing standard blades.
The blades could not be tracked at hi gh speed. When  hig h- speed adjust -
ments  were made , low-speed t rack was affected . These p rob lems
have been enc ountered wi th hig h-o perating - time blades. It is fel t
tha t  repeated tracking adjustments induce instability into the blades ;
the refor e , the t r im tabs should be zeroed after two or three major
tracking operations have been per formed.  As indicated in Subtest
No. 14 , r e -ze roing the blades should be back to the pretracked set-
ting s stencilled on the blade. Test resul ts  indicate a defini te  relation-
sh ip betwe en pitch-change-link length and hi gh- r . p . m .  -t r im- tab  set-
ting. The rotor system may be t racked if this re lationship is not

2 -3
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com pl e t e l y compatible , but the ‘~ i b r a t i o n  l e v e l  is hi gher  t h a n  w he n  t h i s
r e l a t ionsh ip  is compat ib le .  The c v c  je s i ck  f e e d b a c k  ap p e a r  s to be
presen t  when this re la t ionship  is not :- oi pa~ible .

12 . Subtes t  No. 12

a. Blade Configurat ion:  Two ad jacen t  b lades  w i t h  in c r e a s ed  th ick-
ness t o l e r a n c e  and two adjacent  b lades  w i t h  i nc r e a s e d  out l , a a r d  t w i s t .
The th ick  blade led the thin and was an the  upper  ~: t r ap  n ac k .  l i n
blades , S/N  58-4388 and 58-4022 , w e r e  red  and g r e e n , r e s pe  t i v t l y.

h . Ana lys i s :  Four p r e t r a c k e d  r o t o r  blades  pro~~ideo  a smooth
rotor  sys t em.  Thi s was a t t r i bu t ed  to the fac t  that  ea h p i t c h - c h a n g e
link and r .p .m .  t rim tab were  ideally re la ted .  (See Sub te s t  Na . 11 . )

13. Subtes t  No. 13

a. B lade  Confi guration: Two ad j acen t  b lades  wi th  i n c r e a s e d  in-
board twist and two adjacent blades with increased outboard tw i  ~ t
tolerances.  The blade w i t h  m i n i m u m  inboard tw i s t  led the blad e w i t l
maximum inboard twist and was ins ta l led  on the upper  s t r ap  p a c k .
These blades , S /N  58-45 12 and 58- -1 27 t , w e r e  yellow and w h i t e , re-
spect ively. The blade with min imum outboard twis t  led the b lade with
maximum outboard  tw i s t  and was ins ta l led  on the t ipper  s t r a p  pack.
These bl ades , S /N 58-4587 and 58-4854 , were  green  and red , respec-
ti v el y.

b . Ana lysis: Four pretracked rotor blades provided a smooth
rotor system. This was a t t r ibu ted  to the fac t  that  each p i t ch -change
link and r .p . m .  t r im tab were  ideal l y r e la ted .

14, Subtest No. 14

a. Blade Configuration: Blades installed for Subtest No. 13 with
zeroed trim tabs and nomina l p i t ch -change  links.

b . Anal ysis: Alter expenditure of 12 man-hours , this subtest  was
te rminated.  Difficulties encountered were :  adverse e f fec t s  of hi gh-
speed tr im - tab adjustments  on ground t rack and low-speed t rack , ex-
cessive a i r f rame vibration , and excessive cyclic control  feedback.

-~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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15. Subtest  No. 15

a. Blade Confi guration: St an da r c i  i g i i -ope rati r i g - t i r u i e  blades.

b. Anal ysis: The hi gh - t i m e  sta ndard blades we r e  d i f f i c u l t  and
time consuming to t rack , exhibit ine the same adverse e f f e c t s  as the
blades in Subtest No. 14. Thi s p r o b l e n i  was reso lved  by t r a c k i n g  the
blades on two levels separated by the differenc e in their r e s p e c t i ve
s t rap pack levels .  The resul ts  indicate  tha t  this t rack ing  method wi~1

- reduc e both trac king dif f icul ty  and a i rcraf t vibration levels .
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