
~™ f"\ 

O O w ©O. 

* * 5 ? ; • CIVIL AERONAUTICS 
8 CPO •' v ADMINISTRATION 

U . S . CIVIL AEROHAUTICS AUTHORITY 

M A N U A L 

1 4 AIRCRAFT PROPELLER AIRWORTHINESS 

D e c e m b e r 1 , 1 9 3 8 



TJ. 3 . CIVIL AERONAUTICS AUTHORITY 

M A N U A L 

14 AIRCRAFT PROPELLER AIRffORTHIKESS 

D e c e m b e r 1 , 1 9 3 8 

U n i t e d S t a t e s 
G o v e r n m e n t P r i n t i n g O f f i c e 

W a s h i n g t o n ; 1938 



CIVIL AERONAUTICS AUTHORITY MANUAL 

INTRODUCTORY NOTE 

T h i s manua l i s s u p p l e m e n t a r y t o t h e C i v i l A i r R e g u l a t i o n s , 
P a r t 1 4 , r e f e r r e d t o h e r e i n b y t h e Code o f F e d e r a l R e g u l a t i o n s 
d e s i g n a t i o n 6 CFR 1 4 . The m a t e r i a l c o n t a i n e d h e r e i n i s i n t e n d e d 
t o e x p l a i n and i n t e r p r e t t h e v a r i o u s r e q u i r e m e n t s o f 6 CFR 1 4 , 
t o e x p e d i t e t h e p r e s e n t a t i o n o f t h e d e s i r e d t e c h n i o a l d a t a , and 
t o o u t l i n e w h a t i s c o n s i d e r e d a o o e p t a b l e p r a c t i c e i n c e r t a i n i n 
s t a n c e s . 

I t s h o u l d b e u n d e r s t o o d t h a t a n y m e t h o d w h i c h o a n b e shown 
t o b e t h e e q u i v a l e n t of one s e t f o r t h i n t h i s m a n u a l w i l l b e 
e q u a l l y a c c e p t a b l e t o t h e A u t h o r i t y . L i k e w i s e , a n y i n t e r p r e t a t i o n 
h e r e i n shown t o be i n a p p l i c a b l e t o a p a r t i c u l a r c a s e w i l l b e s u i t 
a b l y m o d i f i e d f o r s u c h c a s e on r e q u e s t . I n e i t h e r e v e n t s u o h a c 
c e p t a n c e or m o d i f i e d i n t e r p r e t a t i o n w i l l b e e f f e c t i v e a s and w h e n 
i s s u e d p r i o r t o s u b s e q u e n t i n c o r p o r a t i o n h e r e i n . T h i s m a n u a l w i l l 
b e r e v i s e d f r o m t i m e t o t i m e a s e q u a l l y a c c e p t a b l e m e t h o d s , new-
i n t e r p r e t a t i o n s , or t h e n e e d f o r a d d i t i o n a l e x p l a n a t i o n a r e b r o u g h t 
t o t h e a t t e n t i o n o f t h e A u t h o r i t y . 

The m a t e r i a l i n t h i s m a n u a l i s a r r a n g e d f o r d i r e c t c o r r e s p o n d 
e n c e w i t h t h e r e q u i r e m e n t s . F o r e x a m p l e , CAAM 1 4 . 1 - A 3 r e f e r s t o a 
s p e o i f i c b r e a k d o w n o f 6 CFR 1 4 . 1 . • On t h e r e v e r s e s i d e o f t h i s p a g e 
w i l l b e f o u n d a f o r m f o r c o n v e n i e n c e i n m a i n t a i n i n g a r e c o r d o f s u b 
s e q u e n t r e v i s i o n s . 

( a ) 
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1 4 . 0 
1 4 - 0 1 2 

CIVIL AERONAUTICS AUTHORITY MANUAL 

14 AIRCRAFT PROPELLER AIRWORTHINESS 

. 0 GENERAL 

. 0 0 PROVISION FOR RATING 

1, Tt should be noted t h a t 6 CFR 14 concerns the r a t i n g of p r o 
p e l l e r s f o r use on e n g i n e s s p e c i f i c a l l y , and on a i r o r a f t o n l y 
i n s o f a r as the complete powerplant u n i t i s e v e n t u a l l y i n s t a l l e d 
and operated on an a i r p l a n e . An o p e r a t i o n l i m i t s p e c i f i e d i n 
accordance w i t h t h i s chapter approves the p r o p e l l e r f o r use w i t h 
a c e r t a i n e n g i n e or type of e n g i n e . The p e r t i n e n t requ irements 
of 6 CFR 0 4 , r e g a r d i n g the f u n c t i o n i n g of the i n s t a l l e d power-
p l a n t u n i t and the performance of t h e complete a i r p l a n e , a r e , of 
c o u r s e , a p p l i c a b l e whenever a new p r o p e l l e r d e s i g n i s i n s t a l l e d . 
I f the p r o p e l l e r model or type i s l i s t e d on the p e r t i n e n t a i r 
plane s p e c i f i c a t i o n i t has met t h e s e l a t t e r r e q u i r e m e n t s . 

.012 PRODUCTION CERTIFICATE 

A 1 . GENERAL. Recommended p r a c t i c e s r e q u i s i t e f o r the p r o d u o t i o n 
of wood and meta l p r o p e l l e r s under a p r o d u c t i o n c e r t i f i c a t e are 
d i s c u s s e d s e p a r a t e l y b e l o w . (See a l s o 6 CFR 0 1 . 5 2 1 ) . In e i t h e r 
case i t should be noted t h a t a semi-annual r e p o r t of the produc
t i o n i s r e q u i r e d i n January and J u l y of each year i n accordance 
w i t h 6 CFR 0 1 . 7 6 . 

B WOOD PROPELLERS. 

1 . Due t o the s t a b i l i z e d n a t u r e of f i x e d - p i t c h wood p r o p e l l e r 
c o n s t r u c t i o n the procedure and equipment have e v o l v e d t o the 
p o i n t where c e r t a i n minimum s tandards may be s e t f o r t h . The 
f o l l o w i n g i t e m s are i n t e n d e d t o p r e s e n t suoh s tandards i n ma
t e r i a l s , p r o c e s s e s , manufactur ing t o l e r a n c e s , and i n s p e c t i o n 
methods . 

2 . The m a t e r i a l s of c o n s t r u c t i o n should be of t h e h i g h e s t q u a l i 
t y o b t a i n a b l e b e c a u s e of the h i g h l y s t r e s s e d c o n d i t i o n of a p r o 
p e l l e r and i t s r e l a t i v e importance a s a primary powerplant i t e m . 
The f o l l o w i n g d e t a i l s should be n o t e d : 

a . Wood used should be purchased from a r e p u t a b l e lumber 
company under a d e t a i l e d s p e c i f i c a t i o n a s t o i t s c h a r a c 
t e r i s t i c s . I t i s reoommended t h a t a l l lumber from which 
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p r o p e l l e r l a m i n a e a r e t o b e o u t b e k i l n d r i e d t o a m o i s t u r e 
c o n t e n t o f b e t w e e n s e v e n and t e n p e r c e n t . The minimum s p e c i f 
i c g r a v i t y o f t h e v a r i o u s w o o d s ( b a s e d o n o v e n d r y w e i g h t and 
v o l u m e ) s h o u l d b e a s f o l l o w s : 

B i r c h . , s w e e t o r y e l l o w 
Oak, w h i t e 
W a l n u t , b l a c k 
I f e h o g a n y , A f r i c a n . . . . 

0 . 5 8 
0 . 6 5 
0 . 5 2 
0 . 4 8 

S p i r a l or d i a g o n a l g r a i n s h o u l d h a v e a s l o p e o f l e s s t h a n 1 
i n 1 0 w h e n m e a s u r e d f r o m t h e l o n g i t u d i n a l a x i s o f t h e l a m i n a e . 
The wood s h o u l d b e f r e e f r o m c h e c k s , s h a k e s , r o t , and e x c e s s i v e 
worm h o l e s . To r e d u c e t h e e f f e c t o f i n t e r n a l v a r i a t i o n s p r e s e n t 
i n a l l w o o d , t h e i m p o r t a n c e o f s e l e c t i n g a h i g h g r a d e o f m a t e r i a l 
c a n n o t b e o v e r e m p h a s i z e d . 

b . Glue u s e d s h o u l d b e o f a h i g h q u a l i t y a n i m a l or c a s e i n t y p e . 
B l o o d a l b u m i n g l u e s , m a r i n e g l u e s , and t h e v a r i o u s p h e n o l - a l d e 
h y d e a d h e s i v e s a r e n o t c o n s i d e r e d s a t i s f a c t o r y due e i t h e r t o 
t h e i r p e c u l i a r p r o p e r t i e s or m e t h o d o f a p p l i c a t i o n . 

c . V a r n i s h u s e d s h o u l d b e a h i g h q u a l i t y s p a r v a r n i s h or i t s 
e q u i v a l e n t . I n a n y e v e n t , % t h e c o a t i n g u s e d m u s t b e t r a n s p a r e n t 
t o f a c i l i t a t e f i e l d i n s p e c t i o n f o r c r a c k s and o p e n e d g l u e j o i n t s . 

d . T i p p i n g m a t e r i a l s s h o u l d b e o f a g o o d g r a d e b r a s s , m o n e l 
m e t a l , s t a i n l e s s s t e e l , or t h e e q u i v a l e n t . The recommended m i n 
imum t h i c k n e s s i s 0 . 0 2 2 i n c h e s . A l i n e n f a b r i c i s f r e q u e n t l y a p 
p l i e d t o t h e s u r f a c e f o r a d d i t i o n a l s t r e n g t h e n i n g a t t h e t i p and 
f o r p r o t e c t i o n a g a i n s t a b r a s i o n and s p l i n t e r i n g . I t s h o u l d b e 
f i n i s h e d w i t h t r a n s p a r e n t d o p e or v a r n i s h b u t m e t a l t i p p i n g n e e d 
n o t b e . 

3 . P r o c e s s e s and m e t h o d s e m p l o y e d i n t h e f a b r i c a t i o n o f t h e p r o 
p e l l e r s h a l l b e t h o s e d e f i n i t e l y known t o y i e l d t h e b e s t c o n s t r u c 
t i o n . The f o l l o w i n g s e q u e n c e o f o p e r a t i o n s and m e t h o d s e m p l o y e d i s 
p r e s e n t e d b e c a u s e , i f c a r e f u l l y f o l l o w e d , i t w i l l r e s u l t i n a n a i r 
w o r t h y p r o d u c t . 

a . L a m i n a t i o n s s h o u l d b e l a i d o u t w i t h t h e l o n g i t u d i n a l a x i s 
p a r a l l e l t o t h e g r a i n o f t h e b o a r d s f r o m w h i c h t h e y a r e t o 
b e c u t . A l l l u m b e r s h o u l d s t a n d u n d e r s h o p c o n d i t i o n s a t 
l e a s t 2 4 h o u r s t o t h o r o u g h l y a d j u s t i t s e l f b e f o r e w o r k i n g . 
I t h a s b e e n f o u n d s a t i s f a c t o r y t o e i t h e r b l a n k o u t t h e 
l a m i n a t i o n s p r i o r t o g l u e i n g or t o g l u e up a r e c t a n g u l a r 
b l o c k and r o u g h i t down t o s h a p e . Hub w i d e n e r s may b e i n 
c o r p o r a t e d i n a l l b u t t h e o u t e r l a m i n a e i f s o shown on t h e 
s e a l e d d r a w i n g . The w i d e n e r j o i n t m u s t c l e a r t h e o u t e r e d g e 
o f t h e hub b o l t h o l e s b y a t l e a s t one b o l t h o l e d i a m e t e r and 
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a d j a c e n t j o i n t s m u s t b e s t a g g e r e d . S p l i c e d l a m i n a e w i l l 
n o t b e p e r m i t t e d i n g e n e r a l a l t h o u g h o e r t a i n i n s t a n c e s 
may b e a l l o w e d o n t h e b a s i s o f o v e r s p e e d -whir l t e s t s . 
S u c h c a s e s w i l l b e c o n s i d e r e d i n d i v i d u a l l y . Laminae t h i c k 
n e s s may v a r y f r o m 1/2** t o 1" b u t a n y f u r t h e r v a r i a t i o n 
s h o u l d b e s h o w n o n t h e s e a l e d d r a w i n g s . Laminae o f t h e 
same t h i c k n e s s s h o u l d b e u s e d i n a p r o p e l l e r s e x c e p t f o r 
o u t s i d e o n e s . A f t e r p a s s i n g i n s p e c t i o n t h e l a m i n a e s h o u l d 

b e p l a n e d t o t h i c k n e s s on a s u i t a b l e p l a n e r or j o i n e r . 
P r i o r t o a s s e m b l y f o r g l u e i n g t h e l a m i n a e s h o u l d b e s e p 
a r a t e d i n t o t h r e e o l a s s e s j l i g h t , medium and h e a v y . O n l y 
l a m i n a e o f one c l a s s s h o u l d b e a s s e m b l e d i n a s i n g l e p r o 
p e l l e r . T h e s e s h o u l d b e i n d i v i d u a l l y b a l a n c e d and a s 
s e m b l e d w i t h t h e h e a v y e n d s o f a d j a c e n t l a m i n a e a t o p p o 
s i t e e n d s t o f a c i l i t a t e b a l a n c i n g . 

b . G l u e . Due c a r e s h o u l d b e u s e d i n m i x i n g and a p p l y i n g 
t h e g l u e . C a s e i n g l u e s h o u l d n e v e r b e m i x e d a t a s p e e d 
g r e a t e r t h a n 1 2 0 rpm and t h e m a j o r i t y o f t h e m i x i n g s h o u l d 
b e d o n e a t h a l f t h i s s p e e d . The c o m p l e t e m i x i n g o p e r a t i o n 
s h o u l d b e a c c o m p l i s h e d i n 2 0 t o 3 0 m i n u t e s . Too r a p i d 
s t i r r i n g b e a t s a n e x c e s s i v e amount o f a i r i n t o t h e m i x t u r e , 
w h i c h t e n d s t o w e a k e n t h e g l u e d j o i n t . I f lumps a r e p r e s 
e n t a t t h e c o m p l e t i o n of t h e m i x i n g t h e b a t c h s h o u l d b e d i s 
c a r d e d . A d o u g h - t y p e o f m i x e r w i t h a t w o - s p e e d e l e c t r i c 
m o t o r i s c o n s i d e r e d p r e f e r a b l e . The g l u e - w a t e r p r o p o r t i o n s 
f o r a n i m a l g l u e s h o u l d b e a s s p e c i f i e d "by t h e m a n u f a c t u r e r . 
The p r o p e r s p r e a d of g l u e i s a b o u t 7 3 / 4 l b s p e r 1 0 0 
s q u a r e f e e t o f s u r f a c e w h e n a p p l i e d t o o n l y one f a c e o f 
t h e j o i n t . W i t h C a s e i n g l u e a. p r e s s u r e of 1 5 0 t o 2 0 0 p . s . i . 
s h o u l d b e a p p l i e d . S l i g h t v a r i a t i o n s f r o m o r d i n a r y room 
t e m p e r a t u r e s d o n o t r e q u i r e a n y i m p o r t a n t c h a n g e i n a s s e m 
b l y t i m e . H o w e v e r , w i t h a n i m a l g l u e t h e r e i s a d e f i n i t e 
r e l a t i o n s h i p b e t w e e n t e m p e r a t u r e and a s s e m b l y t i m e . F o r a 
d e t a i l e d d i s c u s s i o n o f t h i s p o i n t r e f e r t o T r a y e r , "Wood 
i n A i r c r a f t C o n s t r u c t i o n " , p a g e s 1 0 3 — 1 1 5 . F i g u r e 1 h a s 
b e e n made u p f r o m t h i s s o u r c e . 
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OPTIMUM GLUEING CONDITIONS USING ANIMAL GLUE 

S p e c i e s G l u e - W a t e r 
p r o p o r t i o n s 

b y w e i g h t . 

A p p r o x i m a t e 
Glue S p r e a d 

T e m p e r a t u r e 
o f Wood 

P r e s s u r e A s s e m b l y 
Time ( * ) 

Mahogany 
1 :2 l / 4 
1 :2 1 / 4 
1 : 2 1 / 4 

7 3 / 4 l b s p e r 
7 sA 1 0 0 s q 
7 3 / 4 

7 0 ° F 
f t . 8 0 

9 0 

1 5 0 - 2 O O p . s . i . 
1 5 0 - 2 0 0 
l b O - 2 0 0 

l / 2 - l m i n . 
2 - 5 
7 - 1 8 

Y e l l o w B i r c h 
W h i t e Oak 
B l a c k W a l n u t 
W h i t e Ash 

1 : 2 l / 4 
1 : 2 l / 4 
1 :2 l / 4 
1 : 2 

7 3 / 4 
7 3 / 4 
7 3 / 4 
7 3 / 4 

7 0 
8 0 
9 0 
7 0 

2 0 0 
2 0 0 
2 0 0 
2 0 0 

1 
3 - 5 

1 2 - 1 8 
l / 2 

* A s s e m b l y t i m e b a s e d on wood p i e c e s b e i n g l a i d t o g e t h e r a s s o o n a s s p r e a d 
w i t h g l u e . 

F I G . 1 

c . P r e s s i n g may b e a c c o m p l i s h e d m a n u a l l y b y t h e u s e o f C - c l a m p s 
or b y a j a c k - p r e s s . I n a n y e v e n t , t h e p r e s s u r e r a n g e d e f i n e d i n 
t h e p r e c e d i n g p a r a g r a p h s h o u l d n o t b e e x c e e d e d . The p r e s s i n g 
t i m e f o r b o t h c a s e i n and a n i m a l g l u e s s h o u l d b e a t l e a s t f i v e 
h o u r s , w i t h a g r e a t e r t i m e d e s i r a b l e . A c o n d i t i o n i n g p e r i o d o f 
a t l e a s t s e v e n d a y s s h o u l d b e a l l o w e d a f t e r r e m o v a l f r o m t h e 
p r e s s or c l a m p s . 

d . S h a p i n g . A f t e r c o n d i t i o n i n g , t h e p r o p e l l e r s h o u l d b e r o u g h e d 
o u t t o w i t h i n l / 8 i n c h o f t h e f i n i s h e d s u r f a c e , e i t h e r b y hand or 
w i t h , a p r o f i l i n g m a c h i n e . A f t e r t h i s o p e r a t i o n t h e p r o p e l l e r 
s h o u l d b e c o n d i t i o n e d f o r a n a d d i t i o n a l s e v e n d a y s or more a t a p 
p r o x i m a t e l y 7 0 ° F . and 40^2 r e l a t i v e h u m i d i t y . 

e . F i n i s h i n g . The p r o p e l l e r s s h o u l d b e c a r v e d and w o r k e d t o a 
f i n a l s i z e u s i n g s u i t a b l e t e m p l a t e s and a b u b b l e p r o t r a c t o r . 
F i n a l o p e r a t i o n s s h o u l d i n c l u d e a s m o o t h s a n d i n g . The p r o p e l l e r 
s h o u l d b e r i g i d l y m o u n t e d f o r t h e s e o p e r a t i o n s . The c h a n g e i n 
p i t c h a n g l e f r o m s t a t i o n t o s t a t i o n s h a l l b e s m o o t h and t r u e 
t h r o u g h o u t t h e b l a d e l e n g t h w i t h no- i r r e g u l a r i t i e s i n c o n t o u r . 
A s e t o f m e t a l t e m p l a t e s s u i t a b l y s t a m p e d s h o u l d b e a v a i l a b l e 
f o r t h i s s t a g e . 

f . D r i l l i n g . The hub h o l e s s h o u l d b e d r i l l e d w i t h e x t r e m e a c 
c u r a c y , u s i n g a s u i t a b l e j i g and t a k i n g c a r e t o i n s u r e t h a t t h e 
h o l e s a r e p e r p e n d i c u l a r t o t h e hub f a c e s . 
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g . T i p p i n g . The t i p p i n g m a t e r i a l s h o u l d b e a t t a c h e d t o t h e l e a d 
i n g e d g e w i t h N o . 4 wood s c r e w s , . \/z i n c h or 3 / 8 i n c h l o n g o u t 
t o 1 / 2 i n c h b l a d e t h i c k n e s s . O u t b o a r d o f t h i s p o i n t 3 / 3 2 i n c h 
d i a m e t e r b r a s s or c o p p e r r i v e t s s h o u l d b e u s e d . The b l a d e 
s h o u l d b e d r i l l e d and c o u n t e r s u n k f o r t h e s c r e w s . The r i v e t 
h o l e s s h o u l d b e d r i l l e d a f t e r t h e t i p p i n g i s s c r e w e d o n . The 
m e t a l t i p p i n g s h o u l d n o t b e c o u n t e r s u n k e i t h e r f o r t h e s c r e w s 
or r i v e t s . The r i v e t h e a d s and s c r e w h e a d s s h o u l d b e f i l l e d 
w i t h s o l d e r and f i l e d down t o a s m o o t h s u r f a c e . The m e t a l t i p p 
i n g s h o u l d b e v e n t e d b y d r i l l i n g s e v e r a l h o l e s i n t h e t i p a f t e r 
a s s e m b l y . ( T h r e e ' 0 . 0 4 0 i n . d i a m e t e r h o l e s t o a d e p t h o f l / 2 i n . 
a r e r e c o m m e n d e d . ) 

h . F i n i s h , One c o a t o f v a r n i s h s h o u l d b e a p p l i e d p r i o r t o , and a t 
l e a s t t w o c o a t s a f t e r , t i p p i n g . A p r i m i n g c o a t o f v a l o i l or a 
p a s t e wood f i l l e r may b e a p p l i e d i n i t i a l l y . The hub b o r e s h o u l d 
a l s o r e c e i v e s e v e r a l c o a t s o f v a r n i s h . I n a n y e v e n t t h e f i n i s h 
c o a t m u s t b e t r a n s p a r e n t t h r o u g h o u t t o a l l o w i n s p e c t i o n f o r 
c r a c k s and o p e n e d g l u e j o i n t s 0 

i . H o r i z o n t a l B a l a n c e , , The p r o p e l l e r s h o u l d be b a l a n c e d a f t e r s h a p 
i n g and a f t e r e a c h s u c c e s s i v e o p e r a t i o n t h a t m i g h t a f f e c t t h e 
b a l a n c e . F i n a l b a l a n c e s h o u l d b e a c c o m p l i s h e d on a r i g i d k n i f e -
e d g e b a l a n c i n g s t a n d i n a room f r e e f r o m a i r c u r r e n t s . No p e r 
s i s t e n t t e n d e n c y t o r o t a t e f r o m a n y p o s i t i o n on t h e b a l a n c e s t a n d 
s h o u l d b e p r e s e n t . 

H o r i z o n t a l u n b a l a n c e may b e c o r r e c t e d b y t h e a p p l i c a t i o n o f c l e a r 
v a r n i s h or s o l d e r t o t h e l i g h t b l a d e . The l i g h t b l a d e may b e 
c o a t e d w i t h a h i g h g r a d e o f c l e a r p r i m e r a l l o w i n g f o r a f i n i s h i n g 
c o a t o f c l e a r v a r n i s h . A f t e r a l l o w i n g e a c h c o a t t o d r y 48 h o u r s , 
t h e b a l a n c e s h o u l d b e c h e c k e d . T h e n , a s m a y b e n e c e s s a r y , e i t h e r 
t h e r e q u i r e d amount o f v a r n i s h s h o u l d b e r e m o v e d b y c a r e f u l l y 
s a n d p a p e r i n g or a n a d d i t i o n a l c o a t a p p l i e d , a l l o w i n g f o r t h e f i n 
i s h i n g c o a t o f v a r n i s h w h i c h s h o u l d b e a t h i n c o a t o f h i g h g r a d e 
c l e a r s p a r v a r n i s h . The b a l a n c e s h o u l d b e r e c h e c k e d and s a n d 
p a p e r or a d d i t i o n a ] v a r n i s h a p p l i e d a s may b e r e q u i r e d t o e f f e c t 
f i n a l b a l a n c i n g . On ly c l e a r f i n i s h i s p e r m i t t e d . 

j . V e r t i c a l u n b a l a n c e may b e c o r r e c t e d b y a p p l y i n g p u t t y t o t h e 
l i g h t s i d e o f t h e wood hub a t a p o i n t on t h e c i r c u m f e r e n c e a p 
p r o x i m a t e l y 9 0 d e g r e e s f r o m t h e l o n g i t u d i n a l c e n t e r l i n e o f t h e 
b l a d e s . The p u t t y s h o u l d b e w e i g h e d and a b r a s s p l a t e w e i g h i n g 
s l i g h t l y more t h a n t h e p u t t y s h o u l d b e c u t o u t . The t h i c k n e s s 
o f t h e p l a t e w i l l b e f r o m l / l 6 t o 1 / 8 i n c h d e p e n d i n g on t h e f i n a l 
a r e a , w h i c h m u s t b e s u f f i c i e n t f o r t h e r e q u i r e d number o f f l a t 
h e a d a t t a c h i n g s c r e w s . The p l a t e s h o u l d b e f o r m e d t o f i t t h e 
s h a p e o f t h e l i g h t s i d e o f t h e w o o d h u b , and d r i l l e d and c o u n t e r 
s u n k f o r t h e r e q u i r e d number o f s c r e w s . The p l a t e s h o u l d t h e n b e 
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a t t a c h e d and a l l o f t h e s c r e w s t i g h t e n e d . A f t e r t h e p l a t e i s f i n a l l y 
a t t a c h e d t o t h e p r o p e l l e r , t h e s c r e w s s h o u l d b e s e c u r e d t o t h e p l a t e 
by s o l d e r i n g t h e s c r e w h e a d s . The b a l a n c e s h o u l d b e c h e c k e d and a l l 
e d g e s o f t h e p l a t e b e v e l e d t o r e d u c e i t s w e i g h t . The d r i l l i n g o f 
h o l e s i n t h e p r o p e l l e r and t h e i n s e r t i o n o f l e a d or o t h e r m a t e r i a l t o 
a s s i s t i n b a l a n c i n g w i l l , n o t b e p e r m i t t e d . 

4 . I n s p e c t i o n , An i n s p e c t i o n s y s t e m s h o u l d b e e s t a b l i s h e d t o a c c o m p l i s h 
a d e q u a t e c h e c k s on m a t e r i a l b e i n g u s e d , t o l e r a n c e s on t h e f i n i s h e d p r o d 
u c t , and b a l a n c e . Recommended t o l e r a n c e s and f o r m s a r e d i s c u s s e d b e l o w 
i n F i g u r e 2 and i t e m s ( a ) , ( b ) , and ( c ) . 

WOOD PROPELLER TOLERANCES 

B l a d e l e n g t h ± l / l 6 n 

B l a d e w i d t h ( s h a n k t o 2 4 i n c h s t a t i o n ) ) ± z/z2n 

( 2 4 i n c h s t a t i o n t o t i p ) + 1 / 1 6 H 

B l a d e t h i c k n e s s ( s h a n k t o 2 4 i n c h s t a t i o n ) + 1 / 3 * , 
( 2 4 i n c h s t a t i o n t o t i p ) + 3 / 6 4 " 

Edge a l i g n m e n t + 
F a c e a l i g n m e n t 4J l / 8 w 

T e m p l a t e f i t ( s h a n k t o 2 4 i n c h s t a t i o n ) " 3 / 3 2 " 
( 2 4 i n c h s t a t i o n t o t i p ) 3 / 3 2 w 

B l a d e a n g l e ( s h a n k t o 18 i n c h s t a t i o n ) + 1 . 0 ° 
( 2 4 i n c h t o 3 0 i n c h s t a t i o n ) + 0 , 5 ° 
( 3 6 i n c h s t a t i o n t o t i p ) + 0 . 4 ° 

T r a c k 3 / 1 6 " 
T h i c k n e s s o f hub + 3 / 3 2 * 
D i a m e t e r o f hub + 3 / 3 2 n 

Hub b o l t h o l e s + . 0 0 5 n 

F I G . 2 

a . By e d g e a l i g n m e n t i s meaj i t t h e d i s t a n c e s p a r a l l e l t o t h e r e s p e c 
t i v e c h o r d s o f t h e s e c t i o n s f r o m t h e c e n t e r l i n e o f t h e b l a d e t o 
t h e l e a d i n g e d g e s o f t h e c r o s s - s e c t i o n s o f t h e b l a d e a t t h e v a r i 
o u s s t a t i o n s . By f a c e a l i g n m e n t i s m e a n t t h e d i s t a n c e s f r o m t h e 
c e n t e r l i n e o f t h e b l a d e t o i t s t h r u s t or w o r k i n g f a o e a s m e a s u r e d 
p e r p e n d i c u l a r t o t h e c h o r d s o f t h e b l a d e a t t h e v a r i o u s s t a t i o n s . 

b . B l a d e t h i c k n e s s m a y b e c h e c k e d w i t h a p a i r o f c a l i p e r s . The hub 
b o l t h o l e s s h o u l d b e c h e o k e d w i t h a n e x a c t s i z e " g o " g a g e and a 
0 . 0 1 0 i n c h o v e r s i z e " n o - g o w g a g e . 
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o . A s u i t a b l e f i n a l i n s p e c t i o n f o r m s h o u l d b e c o m p l e t e d a n d f i l e d 
f o r e v e r y p r o p e l l e r p r o d u c e d . F i g u r e 1 7 on p a g e 39 i s a s u g g e s t e d 
f o r m f o r t h i s p u r p o s e . T h i s f o r m s h o u l d b e s i g n e d b y some r e s p o n s 
i b l e p e r s o n d e s i g n a t e d a s C h i e f I n s p e c t o r b y t h e company . On t h e 
b a c k o f t h e f o r m t h e p r o d u c t i o n t o l e r a n c e s { s e e F i g u r e 2 ) s h o u l d 
b e p r i n t e d . 

C METAL PROPELLERS 

1 , B e c a u s e t h e a r t o f p r o d u c i n g a n a i r w o r t h y m e t a l p r o p e l l e r o f 
t h e v a r i o u s t y p e s i s h i g h l y i n d i v i d u a l i s t i c and b e c a u s e s u c h p r o 
d u c t i o n may p r o p e r l y b e a c c o m p l i s h e d on a v a r i e t y o f m a c h i n e r y 
and e q u i p m e n t , t h i s s e c t i o n w i l l b e c o n f i n e d t o i n d i c a t i n g w h a t 
i s a c c e p t a b l e i n t h e w a y o f m a n u f a c t u r i n g t o l e r a n c e s and b a l a n c 
i n g and i n s p e c t i o n m e t h o d s . F o r g e d s o l i d a l u m i n u m a l l o y b l a d e s , 
f o r g e d s o l i d s t e e l b l a d e s o r w e l d e d h o l l o w - s t e e l b l a d e s r e t a i n e d 
i n a f o r g e d s t e e l hub c o n s t r u c t i o n h a v e p r o v e n a c c e p t a b l e t y p e s 
o f c o n s t r u c t i o n t h u s f a r and w i l l b e d i s c u s s e d i n o r d e r . The 
w o r k m a n s h i p and m a t e r i a l o f a l l t y p e s s h o u l d b e o f a h i g h q u a l i t y . 
A l l b l a d e s and h u b s s h o u l d b e f i n i s h e d s m o o t h a n d f r e e f r o m d e 
f e c t s , v i s i b l e s o r a t c h e s , and t o o l m a r k s . The e f f e c t o f s u r f a c e 
r o u g h n e s s i n c r e a t i n g h i g h l o c a l s t r e s s c o n c e n t r a t i o n s and p r o 
m o t i n g f a t i g u e f a i l u r e i s s u c h a s t o e a s i l y b e c r i t i c a l i n a n y 
d e s i g n . 

2 . F o r g e d s o l i d a l u m i n u m a l l o y b l a d e s or one p i e c e p r o p e l l e r s 
may b e f o r g e d s o l i d or m a c h i n e d f r o m a f o r g e d b i l l e t . G r e a t c a r e 
s h o u l d b e e x e r c i s e d i n s e c u r i n g a h i g h q u a l i t y of m a t e r i a l and a 
s o u n d f o r g i n g . I t i s recommended t h a t a c h e c k b e made i n t h e 
p h y s i c a l and o h e m i c a l p r o p e r t i e s o f each f o r g i n g or b i l l e t u s e d b y 
e x t r a c t i n g a t e s t p i e c e and s u b j e c t i n g i t t o a c o m p l e t e p h y s i c a l 
and o h e m i c a l t e s t . 

a . F o r i n s p e c t i o n p u r p o s e s e a c h b l a d e s h o u l d b e e t c h e d i n a 
2 0 ^ c a u s t i c s o d a s o l u t i o n and c l e a n e d i n a 2Cr% n i t r i c a c i d 
s o l u t i o n and w a r c m r a t e j - . The b l a d e s s h o u l d b e c a r e f u l l y e x 
a m i n e d w i t h a t h r e e p o w e r j o a g n i f y i n g g l a s s f o r "the p r e s e n c e 
o f c r a c k s and o t h e r d e f e c t s . S u s p e c t e d d e f e c t s s h o u l d b e 
r e p e a t e d l y e t c h e d u n t i l t h e i r n a t u r e i s d e t e r m i n e d . A c r a c k 
w i l l a p p e a r a s a d i s t i n c t b l a c k l i n e * T r a n s v e r s e c r a c k s o f 
a n y s i z e or d e s c r i p t i o n a r e s u f f i c i e n t c a u s e f o r r e j e c t i o n 
p r o v i d e d t h e y c a n n o t b e w o r k e d o u t w i t h i n t h e t o l e r a n c e l i m i t s 
a s g i v e n i n 1 4 . 0 1 2 - C 2 ( b ) h e r e i n . L o n g i t u d i n a l c r a c k s w h i c h i n 
c r e a s e i n s i z e a s t h e s u r f a o e m e t a l i s r e m o v e d a r e a l s o c o n 
s i d e r e d c a u s e f o r r e j e c t i o n p r o v i d e d t h e y o a n n o t b e w o r k e d o u t 
w i t h i n t h e a b o v e - m e n t i o n e d t o l e r a n c e . S m a l l l o n g i t u d i n g a l i n 
c l u s i o n s , i f r e l a t i v e l y f e w i n n u m b e r , may b e p a s s e d a t t h e 
i n s p e c t o r ' s d i s o r e t i o n . B l a d e s w h i o h show e x c e s s i v e a m o u n t s 
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o f i n c l u s i o n s , s e a b b i n e s s a or o t h e r a b n o r m a l c o n d i t i o n s "which 
c a n n o t b e w o r k e d o u t w i t h i n t h e t o l e r a n c e l i m i t s , m u s t b© r e 
j e c t e d , 

b . B l a d e s o f t h e same d e s i g n s h o u l d b e i n t e r c h a n g e a b l e i n a l l 
r e s p e c t s . T h i s r e q u i r e m e n t d i c t a t e s t o a l a r g e e x t e n t t h e 
n e c e s s a r y p r o d u c t i o n t o l e r a n c e s a n d b a l a n c i n g r e q u i r e m e n t s . 
The recommended p r o d u c t i o n t o l e r a n c e s f o r f o r g e d a l u m i n u m * l l o y 
b l a d e s a r e g i v e n b e l o w i n F i g u r e s 3 and 4 . 

ALUMINUM ALLOY BLADE PRODUCTION T01ERANCES 

B a s i c D i a m e t e r — 1 0 f t . 6 i n . , o r l e s s 

B l a d e l e n g t h + l / L 6 n 

B l a d e w i d t h ^ s h a n k t o 2 4 i n c h s t a t i o n ) + 3 / 6 4 " 
( 3 0 i n c h s t a t i o n t o t i p ) ± l/z2n 

B l a d e t h i c k n e s s + . 0 2 5 " 
Edge a l i g n m e n t ± l / 3 2 n 

F a c e a l i g n m e n t + 1 / 3 2 " 
T e m p l a t e f i t ( s h a n k t o 2 4 i n c h s t a t i o n ) " 1 / 3 2 " 

( 3 0 i n c h s t a t i o n t o t i p ) .02*0" 
B l a d e a n g l e ( s h a n k t o 18 i n c h s t a t i o n ) + 0 . 5 ° 

( 2 4 i n c h t o 3 0 i n c h s t a t i o n ) + 0 , 2 5 ° 
( 3 6 i n c h s t a t i o n t o t i p ) + 0 , 2 0 ° 

L o n g i t u d i n a l l o c a t i o n o f s t a t i o n s + 0 , 0 1 5 " 

FIGc 3 
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ALUMINUM ALLOY BLADE PRODUCTION TOLERANCES 

B a s i c D i a m e t e r — o v e r 1 0 f t . 6 i n . 

B l a d e l e n g t h + l / l 6 " 
B?ade w i d t h ( s h a n k t o 2 4 i n c h s t a t i o n ) + 1 / 1 6 " 

( 3 0 i n c h s t a t i o n t o t i p ) + l / 3 2 w 

B l a d e t h i c k n e s s ( s h a n k t o 2 4 i n c h s t a t i o n ) + 0 . 0 3 0 M 

( 3 0 i n c h s t a t i o n t o t i p ) + 0 . 0 2 5 " 
Edge a l i g n m e n t ( s h a n k t o 2 4 i n c h s t a t i o n ) + l / l S " 

( 3 0 i n c h s t a t i o n t o t i p ) + l/zZn 

F a c e a l i g n m e n t ( s h a n k t o 2 4 i n c h s t a t i o n ) + l / l o " 
( 3 0 i n c h s t a t i o n t o t i p ) + l / 3 2 w 

T e m p l a t e f i t ( s h a n k t o 2 4 i n c h s t a t i o n ) 3/64** 
( 3 0 i n c h s t a t i o n t o t i p ) 0 . 0 2 0 " 

B l a d e a n g l e ( s h a n k t o 2 4 i n c h s t a t i o n ) + 0 . 5 ° 
(SO i n c h s t a t i o n t o t i p ) + 0 . 2 5 ° 

L o n g i t u d i n a l l o c a t i o n o f s t a t i o n s + 0 , 0 1 5 " 

F I G . 4 

Edge and f a c e a l i g n m e n t a r e d e f i n e d i n 1 4 . 0 1 2 - B 4 ( a ) h e r e i n . 

0 . The i n t e r o h a n g e a b i l i t y r e q u i r e m e n t o f t h e p r o c e d i n g p a r a g r a p h 
r e q u i r e s t h a t a l l b l a d e s o f t h e same d e s i g n b a l a n c e a g a i n s t e a c h 
o t h e r t h r o u g h o u t t h e e n t i r e r a n g e o f b l a d e a n g l e s . T h i s may b e 
a c c o m p l i s h e d b y c h e c k i n g e a c h b l a d e a g a i n s t a m a s t e r b l a d e or a 
m a s t e r c y l i n d e r . I t i s recommended t h a t t h e b a l a n c i n g e q u i p m e n t 
f o r t h i s o p e r a t i o n b e w i t h i n a s e n s i t i v i t y o f 0 . 0 4 i n c h - p o u n d s i n 
h o r i z o n t a l b a l a n c e and 0 . 2 i n c h - p o u n d s i n v e r t i c a l b a l a n c e . The 
f i n i s h e d p r o p e l l e r s h o u l d b a l a n c e b o t h h o r i z o n t a l l y and v e r t i c a l l y 
a t b o t h 0 and 9 0 d e g r e e s t o t h e p l a n e o f r o t a t i o n w i t h o u t s h o w i n g 
a p e r s i s t e n t t e n d e n c y t o r o t a t e i n a n y d i r e c t i o n . F i n a l b a l a n c i n g 
s h o u l d b e d o n e o n a k n i f e - e d g e b a l a n c i n g s t a n d i n a n e n c l o s e d room 

w h i c h i s f r e e f r o m a i r c u r r e n t s . H o r i z o n t a l b a l a n c e may b e c o r 
r e c t e d b y d r i l l i n g a c o n c e n t r i c h o l e i n t h e b a s e of t h e b l a d e w h i c h 
h o l e m u s t c o n f o r m w i t h t h e s p e c i f i c a t i o n s o f F i g u r e 5 . V e r t i c a l 
b a l a n c e may b e c o r r e c t e d b y d r i l l i n g a n e c c e n t r i c h o l e n o t g r e a t e r 
t h a n 3 / 8 i n o h i n d i a m e t e r t o a d e p t h n o t e x c e e d i n g t h a t s p e c i f i e d 
i n F i g u r e 5 . The o u t e r e d g e o f t h i s h o l e s h a l l n o t b e c l o s e r t h a n 
l / 4 i n c h t o t h e n e a r e s t e x t e r n a l b l a d e s u r f a c e and n o t more t h a n one 
e c c e n t r i c h o l e s h o u l d b e d r i l l e d p e r b l a d e . T h e s e h o l e s may b e l e f t 
o p e n or f i l l e d w i t h l e a d . Leaded h o l e s s h o u l d b e c o r k e d . 
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012-C CIVIL AERONAUT ICS AUTHORITY MANUAL 

SIZE AND DEPTH OF BALANCING HOLES 

Shank 
S i z e 

Maximum c o n 
c e n t r i c h o l e 

d iameter 

Maximum c o n 
c e n t r i c h o l e 

depth 

Maximum e c c e n t r i c 
h o l e d e p t h . 

(5/8 i n . max. d ia« ] 

00 
0-T2 

7/l6 i n c h e s 
19 /32 

2 l / 2 i n c h e s 
3 3/8 
3 5/8 
4 1/4 
4 7/8 
5 1 / 2 
6 1 / 8 

2 1 / 4 i n c h e s 
3 
3 l /2 

1 
1 l / 2 

2 
3 

7/8 
.1 /32 

4 l / 2 
5 
6 

4 

FIG. 5 

As an a l t e r n a t i v e t o d r i l l i n g the two h o l e s mentioned a b o v e , a 
s i n g l e e c c e n t r i c h o l e hav ing a d iameter and depth conforming t o 
the o o n c e n t r i c h o l e d imens ion g i v e n i n F i g . 5 may he d r i l l e d and 
f i l l e d w i t h l e a d . The outer edge of t h i s h o l e should n o t be 
c l o s e r than one inoh t o the n e a r e s t e x t e r n a l b l a d e s u r f a c e . The 
ends of a l l b a l a n c i n g h o l e s should be f i n i s h e d w i t h a f u l l s i s e 
d r i l l h a v i n g a s p h e r i c a l end t o e l i m i n a t e c o r n e r s . The sharp 
edges of t h e h o l e should be removed b y a l / 3 2 inch chamfer. 
B l a d e s h a v i n g s p e c i a l hub ends whioh are d e s i g n e d f o r use i n c o n 
t r o l l a b l e p i t c h p r o p e l l e r s should n o t be d r i l l e d w i t h t h i s e c 
c e n t r i c b a l a n c i n g h o l e . 

3 . Forged s o l i d s t e e l b l a d e s may be f o r g e d s o l i d or machined from a 
f o r g e d or r o l l e d b i l l e t of s u i t a b l e a l l o y s t e e l . A check should be 
made of t h e p h y s i c a l p r o p e r t i e s by t a k i n g a t e s t specimen from each 
and s u b j e c t i n g i t t o complete p h y s i c a l t e s t s a f t e r h e a t t r e a t i n g . An 
ample check should a l s o be made of the chemical c o n t e n t of the m a t e r i a l . 

a . A l l b l a d e s should be i n s p e c t e d b y the wot magnaflux p r o c e s s 
f o r d i s c o n t i n u i t i e s , c r a c k s , and o ther d e f e c t s . Any u n s a t i s f a c 
t o r y i n d i c a t i o n s which cannot be worked out w i t h i n the t o l e r a n c e 
l i m i t be low should be s u f f i c i e n t cause f o r r e j e c t i o n . The mag
n a f l u x i n s p e c t i o n should be under the d i r e c t s u p e r v i s i o n of 
h i g h l y - e x p e r i e n c e d p e r s o n n e l . 

b . A c c e p t a b l e p r o d u c t i o n t o l e r a n c e s f o r s o l i d s t e e l b l a d e s are 
g i v e n i n F igure 6 . 
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CIVIL AERONAUTICS AUTHORITY MANUAL 

SOLID STEEL BLADE PRODUCTION TOLERANCES 

1 4 . 0 1 2 - C 

B l a d e l e n g t h 
B l a d e w i d t h ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
B l a d e t h i c k n e s s ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
Edge a l i g n m e n t ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
F a o e a l i g n m e n t ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
T e m p l a t e f i t ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
B l a d e a n g l e ( f r o m s h a n k t o 2 4 i n . s t a t i o n ) 

( f r o m 2 4 i n . s t a t i o n t o t i p ) 
L o n g i t u d i n a l l o o a t i o n o f s t a t i o n s 

+ 
± 
± 
± 
± 
+ 
± 
± 
± 

l / l 6 n 

1 / 1 6 " 
l / 3 2 * 
0 . 0 3 0 " 
0 . 0 2 5 " 

± 

1 / 1 6 " 
1 / 3 2 " 
l / l 6 " 
1 / 3 2 " 
3 / 6 4 
0 . 0 2 0 " 
0 . 5 0 0 
0 . 2 5 ° 
0 . 0 1 5 " 

FIG* 6 

E d g e and f a c e a l i g n m e n t a r e d e f i n e d i n 1 4 . 0 1 2 - B 4 ( a ) h e r e i n . 

o . B l a d e s o f t h e same d e s i g n s h o u l d b e i n t e r c h a n g e a b l e i n a l l r e 
s p e c t s . T h e y s h o u l d , t h e r e f o r e , b a l a n c e a g a i n s t e a c h o t h e r t h r o u g h 
o u t t h e o p e r a t i n g r a n g e o f b l a d e a n g l e s . T h i s may b e a c c o m p l i s h e d 
b y c h e c k i n g e a c h b l a d e a g a i n s t a m a s t e r b l a d e or c y l i n d e r . The b a l 
a n c i n g a p p a r a t u s s h o u l d h a v e a s e n s i t i v i t y o f a p p r o x i m a t e l y 0 . 0 4 
i n c h - p o u n d s i n h o r i z o n t a l b a l a n c e and 0 . 2 i n o h - p o u n d s i n v e r t i o a l 
b a l a n c e a n d s h o u l d b e u s e d i n a r o o m f r e e f r o m a i r c u r r e n t s . The 
b l a d e s s h o u l d b a l a n c e b o t h h o r i z o n t a l l y and v e r t i c a l l y w h e n s e t a t 
b o t h 0 a n d 9 0 d e g r e e s t o t h e p l a n e o f r o t a t i o n . I n s e r t s or b a l a n c 
i n g p l u g s u s e d i n t h e b l a d e s h a n k s f o r t h e c o r r e c t i o n of u n b a l a n o e d 
c o n d i t i o n s w i l l b e c o n s i d e r e d i n d i v i d u a l l y . I n a l l c a s e s t h e y s h o u l d 
b e s h o w n o n t h e s e a l e d d r a w i n g . 

4 . W e l d e d h o l l o w - s t e e l b l a d e s s h o u l d b e w e l d e d up f r o m s u i t a b l e s h e e t s or 
s t r i p s o f s t e e l a l l o y . The m a t e r i a l u s e d i n t h i s t y p e b l a d e s h o u l d b e 
h e a t - t r e a t e d t o o b t a i n t h e f o l l o w i n g minimum p h y s i c a l p r o p e r t i e s : 

B l a d e s o f t h i s t y p e s h o u l d b e made f r o m b l a n k i n g d i e s , f o r m i n g d i e s , w e l d 
i n g j i g s , h e a t - t r e a t j i g s and s i m i l a r p r o d u c t i o n t o o l s w i t h a minimum o f 
f i l i n g , g r i n d i n g , w e d g i n g , or o t h e r hand o p e r a t i o n s . A s t a n d a r d t e n s i o n 
t e s t s a m p l e s h o u l d b e c u t f r o m e a c h s h e e t o f s t e e l u s e d and s u b j e c t e d t o 

u l t i m a t e t e n s i l e s t r e n g t h 
P r o p o r t i o n a l l i m i t 
E l o n g a t i o n 

1 2 5 , 0 0 0 p . s . i . 
6 5 , 0 0 0 p . s . i . 

12% 

1 1 



1 4 . 0 1 2 - 0 CIVIL AERONAUTICS AUTHORITY MANUAL 

p h y s i c a l t e s t s t o d e t e r m i n e t h e a b o v e p r o p e r t i e s . S u f f i c i e n t c h e m i c a l 
a n a l y s e s s h o u l d a l s o b e r u n t o d e t e r m i n e t h e c h e m i c a l p r o p e r t i e s of 
t h e m a t e r i a l and t o a s s u r e a u n i f o r m c o m p o s i t i o n . 

a . A l l b l a d e s s h o u l d b e i n s p e c t e d a t v a r i o u s t i m e s d u r i n g t h e p r o 
d u c t i o n p r o c e s s b y means o f t h e w e t m a g n a f l u x p r o c e s s . A f r e q u e n t 
number o f i n s p e c t i o n s w i l l b e f o u n d d e s i r a b l e i n o r d e r t o e l i m i n a t e 
a l a r g e number o f r e j e c t i o n s i n t h e f i n a l s t a g e o f p r o d u c t i o n . Any 
p r o n o u n c e d " m a g n a f l u x i n d i c a t i o n s w h i c h o a n n o t b e e l i m i n a t e d b y r e 
m o v i n g a maximum o f 1 0 $ o f t h e p l a t e t h i c k n e s s a t t h i s s t a g e a r e c o n 
s i d e r e d s u f f i c i e n t c a u s e f o r r e j e c t i o n . The m a g n a f l u x i n s p e c t i o n s 
s h o u l d b e u n d e r t h e d i r e c t s u p e r v i s i o n o f h i g h l y - e x p e r i e n c e d p e r s o n n e l . 
A d e q u a t e v i s u a l i n s p e c t i o n s h o u l d a l s o b e a c c o m p l i s h e d t o d e t e c t i n 
c o m p l e t e w e l d s , c o n c e n t r a t i o n o f w e l d i n g m a t e r i a l , and t h e a b r u p t t e r 
m i n a t i o n o f a w e l d i n s u c h a manner a s t o c o n s t i t u t e a s t r e s s c o n c e n 
t r a t i o n p o i n t . 1 

b . Recommended p r o d u c t i o n t o l e r a n c e s f o r h o l l o w - s t e e l b l a d e s a r e g i v e n 
i n F i g u r e 7 . 

HOLLOW STEEL BLADE PRODUCTION TOLERANCES 

B l a d e l e n g t h 
B l a d e w i d t h ( f r o m s h a n k t o 2 4 i n c h s t a t i o n ) 

( f r o m 2 4 i n c h s t a t i o n t o t i p ) 
B l a d e t h i c k n e s s (Maximum o r d i n a t e ) 
Edge a l i g n m e n t 
F a c e a l i g n m e n t 
T e m p l a t e f i t ( f r o m s h a n k t o 2 4 i n c h s t a t i o n ) 

( f r o m 2 4 i n c h s t a t i o n t o t i p ) 
B l a d e a n g l e ( f r o m s h a n k t o 2 4 i n c h s t a t i o n ) 

( f r o m 2 4 i n c h s t a t i o n t o t i p ) 
L o n g i t u d i n a l l o c a t i o n o f s t a t i o n s 

± 
+ 
+ 
+ 
+ 

+ l / l 6 " 
1 / 1 6 " 
3 / 6 4 * 
0 . 0 4 5 " 
1 / 8 * 

+ 

+ 
± 

0 . 0 4 5 " 
l / l 6 " 
0 . 0 4 5 " 
1 . 0 0 
0 . 5 ° 
1 / 1 6 " 

F I G . 7 

P l a t e t h i c k n e s s s h o u l d b e h e l d t o t h e f o l l o w i n g l i m i t s : 

0 . 3 7 5 t o 0 . 5 6 5 t h i o k n e s s - 0 . 0 0 4 , + 0 . 0 1 5 
0 . 1 5 6 t o 0 , 3 7 5 t h i c k n e s s - 0 . 0 0 3 , + 0 , 0 1 0 
0 . 0 6 0 t p 0 . 1 5 6 t h i c k n e s s - 0 . 0 0 2 , + 0 . 0 0 5 

Edge and f a c e a l i g n m e n t a r e d e f i n e d i n 1 4 . 0 J . 2 - B 4 ( a ) h e r e i n . 
The s u r f a c e s and e d g e s b e t w e e n s t a t i o n s s h o u l d b e o f f a i r c o n t o u r . 
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CIVIL AERONAUTICS AUTHORITY MANUAL 1 4 . 0 1 2 - C 

5 . F o r g e d s t e e l h u b s s h o u l d b e f o r g e d i n a d i e f r o m medium c a r b o n , 
c h r o m e - v a n a d i u m , o r o h r o m e - n i c k e l - s t e e l b a r s or t h e e q u i v a l e n t . 
C h r o m e - v a n a d i u m s t e e l h u b s s h o u l d h a v e a B r i n e l l h a r d n e s s o f 2 9 5 ± 2 0 
( 1 0 mm. b a l l * 3 0 0 0 k g ) i n t h e c e n t e r o f t h e t h i c k e s t p o r t i o n . Chrome-
n i c k e l s t e e l hubs s h o u l d c o r r e s p o n d i n g l y h a v e a B r i n e l l h a r d n e s s of 
3 0 5 + 2 0 . E i t h e r m a t e r i a l s h o u l d show a t l e a s t t h e f o l l o w i n g minimum 
p h y s i c a l p r o p e r t i e s : 

S u i t a b l e t e s t s p e c i m e n s s h o u l d b e t a k e n f r o m e a o h hub f o r g i n g t o 
c h e c k t h e s e p h y s i c a l p r o p e r t i e s . S u f f i c i e n t c h e m i c a l a n a l y s e s s h o u l d 
a l s o b e r u n t o d e t e r m i n e t h e c h e m i c a l p r o p e r t i e s o f t h e m a t e r i a l and 
t o a s s u r e a u n i f o r m c o m p o s i t i o n . One or more f o r g i n g s f r o m e a c h new 
d i e s h o u l d b e e x a m i n e d f o r t h e p r o p e r g r a i n f l o w . 

a . A l l h u b s s h o u l d b e i n s p e c t e d b y means o f t h e w e t m a g n a f l u x 
p r o c e s s . Any p r o n o u n c e d m a g n a f l u x i n d i c a t i o n s w h i o h o a n n o t 
b e e l i m i n a t e d w i t h i n t h e t o l e r a n c e l i m i t o f t h e d e s i g n a r e c o n 
s i d e r e d s u f f i o i e n t c a u s e f o r r e j e c t i o n o f t h e p a r t . The m a g n a 
f l u x i n s p e o t i o n s h o u l d b e made u n d e r t h e d i r e c t s u p e r v i s i o n o f 
h i g h l y - e x p e r i e n c e d p e r s o n n e l . 

b . T h e r e a r e n o g e n e r a l recommended p r o d u c t i o n t o l e r a n c e s f o r 
f o r g e d s t e e l h u b s . Under 1 4 . 1 - C 5 ( b ) h e r e i n a r e g i v e n t h e 
recommended d i m e n s i o n s and t o l e r a n c e s f o r d e t a c h a b l e - b l a d e n o n -
c o n t r o l l a b l e p r o p e l l e r h u b s . Recommended d i m e n s i o n s and t o l e r 
a n c e s f o r t h a t p o r t i o n o f t h e c o n t r o l l a b l e hub w h i o h m a t e s w i t h 
t h e e n g i n e s h a f t a r e g i v e n i n 1 4 . 1 - C 5 ( d ) h e r e i n . 

o 0 The c o r r e c t l y b a l a n c e d hub s h o u l d s t a n d a t a n y a n g l e i n t h e 
b a l a n c i n g a p p a r a t u s w i t h o u t d i s p l a y i n g a p e r s i s t e n t t e n d e n c y t o 
move i n a n y d i r e c t i o n . I n o r d e r t o o b t a i n f i n a l b a l a n c e o f t h e 
h u b , m e t a l may b e r e m o v e d f r o m t h e p o r t i o n s o f t h e hub w h e r e a 
s u r p l u s h a s b e e n l e f t f o r b a l a n c i n g p u r p o s e s , s u c h a s shown i n 
F i g u r e 8 . The t o l e r a n c e l i m i t m u s t h o w e v e r n o t b e e x c e e d e d i n 
a n y o a s e . 

U l t i m a t e t e n s i l e s t r e n g t h 
Y i e l d s t r e n g t h 
E l o n g a t i o n 
R e d u c t i o n i n a r e a 

1 3 5 , 0 0 0 p . s . i . 
1 1 5 , 0 0 0 p . s . i . 

15% 
5Vf0 
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CIVIL AERONAUTICS AUTHORITY MANUAL 

HUB MATERIAL REMOVABLE FOR BALANCING 

F I G . 8 

d . Hub h o l e s , t h r e a d s a n d s p l i n e s s h o u l d b e c h e c k e d w i t h s u i t 
a b l e " g o * and " n o - g o 1 1 g a g e s made u p on t h e b a s i s o f t h e a l l o w 
a b l e m a n u f a c t u r i n g t o l e r a n c e s . 

. 0 1 3 DEVIATIONS 

1 . The t e r m u n c o n v e n t i o n a l , a s u s e d i n 6 CFR 1 4 . 0 1 3 , r e f e r s t o 
d e v i a t i o n s f r o m t h e c o n v e n t i o n a l w i t h r e s p e c t t o g e n e r a l d e s i g n 
and d e s i g n d e t a i l s . M a t e r i a l s and t y p e s o f c o n s t r u c t i o n o t h e r 
t h a n t h o s e m e n t i o n e d h e r e i n a r e c o n s i d e r e d u n c o n v e n t i o n a l and a p 
p l i c a t i o n s s h o u l d a c c o r d i n g l y b e made t o t h e A u t h o r i t y f o r s p e c i a l 
r u l i n g s c o v e r i n g t h e d e s i g n . I f t h e r e e x i s t s a n y d o u b t i n t h e 
mind o f t h e d e s i g n e r a s t o w h e t h e r h i s d e s i g n i s c o n v e n t i o n a l or 
n o t , t h e e n t i r e d e s i g n s h o u l d b e d i s c u s s e d p r i o r t o m a k i n g a c t i v e 
p r e p a r a t i o n s f o r a t e s t p r o g r a m . 

14 



C I V I L AERONAUTICS AUTHORITY MANUAL 14 .02 
1 4 . 0 3 

.02 HUBS AND BLADES 

1. "When prope l le r hubs and blades are interchangeable they 
are c e r t i f i c a t e d as separate un i ts and t h i s procedure requires 
the submittal of a complete set of data both f o r the p rope l l e r 
blade and hub as these data are f i l e d separate ly . 

1. I t i s necessary that the manufacturer conduct a l l p rope l le r 
tes ts and supply or arrange f o r the proper test ing f a c i l i t i e s . 
This normally requires the fo l lowing equipment: 

a . A new engine (o r one i n good r e p a i r ) of the type f o r 
which c e r t i f i c a t i o n of the prope l le r i s des i red . I f i t 
has not been overhauled r e c e n t l y a top inspect ion or 
overhaul may be warranted. 

b . A sui table engine mount. 

o. An aoourate tachometer, which should be ca l ibrated 
before and a f ter tes t ing and ohecked w i t h a stop watoh 
and revo lu t ion-counter during t e s t i n g . 

d . A sui table manifold pressure gage i f the t e s t i s not 
run at f u l l t h r o t t l e . (Not required f o r f i x e d - p i t c h 
wood prope l l e r t e s t s ) 

e . S u f f i c i e n t v i b r a t i o n equipment to ascer ta in beyond 
reasonable doubt that the prope l le r w i l l not encounter 
dangerous resonance condit ions i n operat ion, (Necessary 
only i n the case of metal p r o p e l l e r s . ) Such equipment 
should preferably consist of a sui table g igolo to con
duct s t a t i c v i b r a t i o n t e s t s ; and sui table v i b r a t i o n 
stress pick-ups and r e c o r d e r s * , the former to be mount
ed on the blades and used to record the v i b r a t i o n 
stresses during operat ion; a sui table tors iograph to 
determine the t o r s i o n a l c h a r a c t e r i s t i c s of the p r o p e l l e r -
crankshaft system; and sui table l inear pick-ups to de*-
termine the motion of the engine i n space. 

* Thus f a r one of the most e f f e c t i v e pieces of apparatus has been 
found to be carbon-s t r ip s t r a i n gages connected through s l i p -
r ings to a 12 v o l t D.C. source w i t h a r e s i s t o r , condenser, am
p l i f i e r and osc i l lograph i n the hook-up. For add i t iona l i n 
formation on t h i s type of apparatus r e f e r to the Journal of the 
Aeronaut ical Soiences, V o l . 5, No. 2, pp. 37-52: "Prope l le rs f o r 
A i r c r a f t Engines of High Power Output" by F. W. Ca ldwel l . 

.03 TESTING FACILITIES 
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CIVIL AERONAUTICS AUTHORITY MANUAL 

•05 PROPELLER OPERATION LIMITS 

1 . Upon completion of the necessary testing the propeller i s 
certificated for a specified horsepower, rpm, and engine "bore 
l i m i t with a certain diameter and pitch range* Due to the 
difference i n vibration characteristics with different crank
shaft systems and gear rat ios i t has recently been found nec
essary to supplement these general factors with a qualifying 
statement as to the specific engine or ser ies of engines for 
whioh operation i s certif icated. Unless def in i te ly stated to 
the contrary the propeller i s assigned a take-off (one minute) 
operation l i m i t of 1C$ i n excess of the maximum, except take
off l i m i t i n power and i n speed. Fixed-pitch wood propellers 
are normally certificated only for a horsepower and rpm with 
no further qualif ications other than diameter and pitoh. Due 
to the type of test ing employed (see 14.22 herein) the horse
power i s often an approximation with the resu l t that the pro
peller i s essent ia l ly certificated for operation not i n excess 
of a given rpm. 

1 . I n addition to the data specified i n 6 CFR 14 .06 some manu
facturers have found i t desirable to stamp the approval number 
on the propeller. T h i s has the advantage of giving the inspec
tor or owner a basic reference to the current specification for 
the operation l i m i t s applicable. I t i s suggested that t h i s 
item be added but i t may not be substituted for the other re 
quired data. 

A GENERAL 

1 . Design requirements and recommendations w i l l be discussed 
separately for wood and metal propellers. 6 CFR 14.10, 14 .11 , 
14.12, and 14.13 are covered i n t h i s general discussion. 

B WOOD PROPELLERS 

1 . The matter of recommended f i n i s h e s , materials, tolerances, 
hub wideners and balancing has previously been discussed for t h i s 
type of propeller under 14.012-B herein. Problems of a design 
nature w i l l be considered under t h i s topic as quantitatively as 
possible. 

2 . Blades should be laid out with a faired contour i n planform 
and thickness. Abrupt changes i n oross-section are to be avoided* 

.06 PROPELLER IDENTIFICATION DATA 

. 1 DESIGN REQUIREMENTS 
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Curves of maximum t h i c k n e s s and of minor and major moments 
of i n e r t i a v e r s u s r a d i u s should be d e v e l o p e d and submit ted 
t o check t h i s p o i n t on new d e s i g n s . The c e n t e r of g r a v i t y 
of the b l a d e s e c t i o n s i s p r e f e r a b l y a s t r a i g h t l i n e or 
n e a r l y so i n the planform v i e w . This l i n e should have a 
s l i g h t forward t i l t t o r e l i e v e t h e aerodynamic load on the 
b l a d e . The c o n d i t i o n of t a k e - o f f and cl imb probably s u b j e c t s 
t h i s type of p r o p e l l e r t o the most s evere s t e a d y l o a d s due t o 
the s m a l l r e l i e v i n g a c t i o n of the c e n t r i f u g a l f o r c e a t the low 
r e v o l u t i o n speed s combined w i t h the h i g h t h r u s t l o a d i n g s . 

3 . B lade t i p s e c t i o n s should be d e s i g n e d w i t h g r e a t c a r e . In 
g e n e r a l , t h i n t i p s e c t i o n s have caused t r o u b l e even i n wood p r o 
p e l l e r s and are t o be a v o i d e d . The d e s i g n e r might w e l l use a 
s l i g h t l y t h i c k e r t i p s e c t i o n a t the expense of some p r o p u l s i v e 
e f f i c i e n c y . Iferkedly t h i n t i p s w i t h t h e i r accompanying f l e x i 
b i l i t y tend t o promote f l u t t e r and resonanoe c o n d i t i o n s . I t 
does n o t f o l l o w t h a t a t h i c k t i p i n s u r e s a g a i n s t f l u t t e r and 
r e s o n a n c e , however , a t h i c k t i p on a w e l l - d e s i g n e d b l a d e i s 
p r e f e r a b l e s t r u c t u r a l l y i f n o t a e r o d y n a m i o a l l y . 

4 . Some t r o u b l e has b e e n e x p e r i e n c e d w i t h b l a d e t i p p i n g due t o 
poor l o c a t i o n of the a t t a c h i n g screws and r i v e t s . These a t t a c h 
ments should n o t be i n a s t r a i g h t l i n e p a r a l l e l t o t h e g r a i n of 
the wood a s t h i s promotes c r a c k i n g a l o n g s e c t i o n s i n l i n e w i t h 
t h e screws-

5 . The f i n i s h of the wood p r o p e l l e r should be t r a n s p a r e n t a s 
r e q u i r e d i n 6 CFR 1 4 . 1 3 and d i s c u s s e d i n 14.012-B3 (h) h e r e i n . 
Th i s i s t o f a c i l i t a t e i n s p e c t i o n f o r cracks and opened g l u e 
j o i n t s a t t h e time of t h e annual i n s p e c t i o n . 

6 . To promote a s t a n d a r d i z a t i o n 6f p r o p e l l e r hub a t tachments 
i t i s recommended t h a t s t e e l hubs f o r wood p r o p e l l e r s be d e s i g n e d 
I n c o n j u n c t i o n w i t h the e n g i n e s h a f t a c c o r d i n g t o the SAE s t a n d 
ard d i m e n s i o n s . As t h i s t ype of hub i s o r d i n a r i l y d e s i g n e d , 
manufactured and c e r t i f i c a t e d aa an e n g i n e p a r t , i t i s on ly men
t i o n e d here i n p a s s i n g . The f r o n t f l a n g e should p r e f e r a b l y be 
s p l i n e d t o t h e hub proper I n a l l e x c e p t d e s i g n s f o r 50 hp. or 
l e s s . Th i s mat ter and o ther p e r t i n e n t d e s i g n d a t a w i l l be d i s 
cussed under b o s s d e s i g n i n 1 4 . 1 - B 7 h e r e i n . 

7 . The e x t e n s i v e s e r v i c e use of the f i x e d p i t c h wood p r o p e l l e r 
has made i t p o s s i b l e t o i n v e s t i g a t e p o r t i o n s f o r q u a n t i t a t i v e 
d e s i g n c r i t e r i a . The f o l l o w i n g a n a l y s i s of t h i s type p r o p e l l e r 
h a s b e e n made from the v i e w p o i n t of e x p e r i e n c e . 

a . The b o s s (or hub p o r t i o n ) i s s t r e s s e d c h i e f l y by the 
Bteady a i r l o a d s and c e n t r i f u g a l l o a d s w i t h the e n g i n e 
torque Impulses super imposed . The torque impulses prove 
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t h e mos t s e v e r e f o r t h e b o s s , and s e r v i c e f a i l u r e s g i v e a 
d e f i n i t e i n d i c a t i o n of t h i s i n b u r n e d and e l o n g a t e d b o l t 
h o l e s . Once t h e s e h o l e s a r e e l o n g a t e d and t h e p r o p e l l e r 
s t a r t s t o r o c k on i t s hub t h e b o l t s a r e s u b j e c t e d t o a b r u p t 
e c c e n t r i c l o a d s w h i c h t e n d t o s h e a r t h e b o l t h e a d s . 

b . F o r t h e m a j o r i t y of d e s i g n s t h e r e a r f l a n g e of t h e s t e e l 
hub i s i n t e g r a l w i t h t h e s p l i n e d p o r t i o n w h i c h m a t e s w i t h t h e 
o r a n k s h a f t , w h i l e t h e f r o n t f l a n g e may b e s p l i n e d t o t h e hub 
or s i m p l y s e r v e a s a c o l l a r . Assuming t h e e n g i n e t o r q u e t o 
b e r e s i s t e d o n l y b y t h e b e a r i n g a r e a of t h e hub b o l t s and 
n e g l e o t i n g t h e e f f e c t of f r i c t i o n b e t w e e n t h e wood and m e t a l 
s u r f a c e s * , i t i s p o s s i b l e t o c a l c u l a t e t h e " p r o p e l l e r r e s i s t 
i n g t o r q u e " f o r a s p e c i f i c d e s i g n . T h i s m u s t b e m o d i f i e d f o r 
some d e s i g n s t o a e c o u n t f o r t h e added s t r e n g t h of s p l i n i n g 
t h e f r o n t f l a n g e . I f t h e hub b o l t s we re r i g i d l y s u p p o r t e d a t 
e a c h end t h e i r b e a r i n g s t r e n g t h would i n c r e a s e 100$ ove r t h e 
c a n t i l e v e r t y p e . Because of t h e v a r y i n g amounts of p l a y i n 
t h e s p l i n e d f r o n t f l a n g e t h i s lOO^S i n c r e a s e has b e e n a r b i t r a r i l y 
r e d u c e d t o 25%. 

o . The " p r o p e l l e r r e s i s t i n g t o r q u e " may b e e x p r e s s e d i n a 
f o r m u l a a s f o l l o w s : 

T p = F b *** 
where Tp = p r o p e l l e r r e s i s t i n g t o r q u e ( f t . l b s . ) 

Fb = e l a s t i c l i m i t a l l o w a b l e c r u s h i n g s t r e s s ( p . s . i . ) 
A = t o t a l hub b o l t b e a r i n g a r e a ( s q . i n . ) 
R = b o l t c i r c l e r a d i u s ( f t . ) 
f = f r o n t f l a n g e f a c t o r ( 1 . 2 5 f o r s p l i n e d f l a n g e , 

1 .00 f o r f l o a t i n g f l a n g e . ) 

d . Tp h a s b e e n p l o t t e d a g a i n s t r a t e d e n g i n e t o r q u e m u l t i p l i e d 
b y t h e b o r e i n F i g u r e 9 f o r r e p r e s e n t a t i v e d e s i g n s . 790 p . s . i . 
h a s b e e n u s e d f o r F^, f o r b i r c h . (See T r a y e r , **Wood i n A i r c r a f t 
C o n s t r u c t i o n " , p p . 2 1 2 - 2 1 8 . ) Torque m u l t i p l i e d b y t h e b o r e was 
used a s a good c r i t e r i o n of t h e s e v e r i t y of t h e t o r q u e i m p u l s e s 
f rom t h e e n g i n e . 

e . The s t r a i g h t l i n e i n F i g u r e 9 i s a recommended minimum s a f e 
v a l u e f o r u s e i n t h e c o n v e n t i o n a l s t e e l hub and wood p r o p e l l e r 
d e s i g n . I t may be e x p r e s s e d b y t h e e q u a t i o n : 

w h e r e 
T P = 1.4 (T B B) + 350 
Tg = r a t e d e n g i n e t o r q u e ( f t . l b s . ) 
B = c y l i n d e r b o r e ( i n c h e s ) 

* N e g l e c t e d f o r s e v e r a l r e a s o n s ; f i r s t , t h e a c t u a l amount of f r i c t i o n 
w i l l v a r y c o n s i d e r a b l y w i t h t h e h u m i d i t y of t h e a i r and t i g h t n e s s of 
t h e b o l t s ; s e c o n d , s e r v i c e f a i l u r e s have i n d i c a t e d t h e number and 
s i z e of hub b o l t s r a t h e r t h a n t h e s i z e of t h e f l a n g e s t o b e o r i t i o a l . 
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F I G . 9 WOOD PROPELLER BOSS STRENGTH CRITERIA. 
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f . E a c h c i r c l e i n F i g u r e 9 r e p r e s e n t s a p r o p e l l e r and hub 
c o m b i n a t i o n . The s o l i d c i r c l e s are t h o s e d e s i g n s w i t h a 
s p l i n e d f r o n t f l a n g e and t h e open c i r c l e s a r e t h o s e w i t h a 
f l o a t i n g f r o n t f l a n g e . The number a b o v e t h e c i r c l e i n d i 
c a t e s t h e number o f f a i l u r e s r e p o r t e d . I n a l l c a s e s the 
m o s t h i g h l y s t r e s s e d d e s i g n i s s h o w n . 

g . The t h r e e i s o l a t e d o a s e s o f s i n g l e f a i l u r e may b e d i s r e 
g a r d e d s i n c e many i d e n t i o f t l d e s i g n s a r e s a t i s f a o t o r y . F a u l t y 
m a i n t e n a n c e , s u c h a s l o o s e hub b o l t s , may h a v e b e e n a c o n 
t r i b u t i n g c a u s e . H o w e v e r , t h e s e r i e s o f s i x f a i l u r e s f o r t h e 
one d e s i g n i s a d e f i n i t e i n d i c a t i o n o f a n u n s a f e o o n d i t i o n and 
t h i s p a r t i c u l a r d e s i g n had t o be c o m p l e t e l y c h a n g e d b e f o r e 
s a t i s f a c t o r y r e s u l t s w e r e o b t a i n e d . F o r d e s i g n p u r p o s e s t h e 
m a t e r i a l p r e s e n t e d i n F i g u r e 9 and the e q u a t i o n i n 1 4 . 1 - B 7 ( e ) 
h e r e i n s h o u l d d e t e r m i n e the n u m b e r , s i z e , and d i s p o s i t i o n o f 
t h e hub b o l t s . 

h . To f u r t h e r a i d i n d e t e r m i n i n g the b o s s d i m e n s i o n s i t i s 
recommended t h a t t h e l e n g t h / d i a m e t e r r a t i o o f t h e hub b o l t s 
s h o u l d n o t e x c e e d e l e v e n and t h a t t h e c l e a r a n c e f r o m t h e c e n t e r 
o f t h e b o l t s t o t h e o u t e r s u r f a c e o f t h e b o s s b e a minimum o f 
2 l / 2 t i m e s t h e b o l t d i a m e t e r . C e n t e r t o c e n t e r b u l t s p a c i n g 
o n t h e b o l t c i r c l e s h o u l d b e 5 1 / 2 t i m e s t h e b o l t d i a m e t e r 
(minimum) and t h e c e n t e r o f t h e hub b o l t s s h o u l d c l e a r t h e 
c e n t e r b o r e b y 3 t i m e s t h e b o l t d i a m e t e r . 

i . I n c o n s i d e r i n g d e s i g n i m p r o v e m e n t s i t i s w e l l t o r e c o g n i z e 
t h e c r i t i c a l p o r t i o n s o f t h e d e s i g n and t h e p o s s i b i l i t i e s o f 
r e l i e v i n g t h e m . The h i g h e s t l o c a l v a l u e o f b e a r i n g s t r e s s i s 
e x p e r i e n c e d i n t h e wood a t t h e hub b o l t s w h e r e t h e y e n t e r t h e 
r e a r f l a n g e o f t h e hub and w h e r e t h e l o a d d e f l e c t i o n i s l e a s t . 

j . To r e l i e v e t h i s p o r t i o n o f t h e m a t e r i a l some d e s i g n s i n 
c o r p o r a t e a b u s h i n g a t t h e r e a r f l a n g e t o i n c r e a s e t h e b e a r i n g 
a r e a o f t h e b o l t s a t t h i s p o i n t . 

7 . P l a s t i c wood p r o p e l l e r s c o m p o s e d o f c o m p r e s s e d i m p r e g n a t e d 
w o o d a t t h e s h a n k and e n c a s e d i n a r e i n f o r c e d c e l l u l o s e - a c e t a t e 
c o v e r i n g h a v e o n l y r e o e n t l y b e e n i n t r o d u c e d i n t h i s c o u n t r y , h e n c e 
t h e y c a n o n l y b e n o t e d i n p a s s i n g . S i n c e t h i s t y p e o f p r o p e l l e r 
b l a d e i s c o n s t r u c t e d w i t h a s t e e l s h a n k c a s i n g , t h e hub d e s i g n 
r e c o m m e n d a t i o n s i n 1 4 . 1 - C h e r e i n s h o u l d b e a d h e r e d t o w h e r e v e r 
p o s s i b l e . 

8 . The s u b j e c t o f m o d e l d e s i g n a t i o n i s d i s c u s s e d h e r e b e c a u s e t h e 
d e s i g n e r u s u a l l y a s s i g n s s u c h a d e s i g n a t i o n . A l t h o u g h t h e r e i s 
some p r e c e d e n t t o t h e c o n t r a r y , i t i s n o t c o n s i d e r e d a d v i s a b l e t o 
a p p r o v e a p i t c h r a n g e u n d e r one m o d e l d e s i g n a t i o n . F o r t h e p u r p o s e s 
o f f i e l d i d e n t i f i c a t i o n i t i s e s s e n t i a l t h a t e a c h p i t o h b e a s s i g n e d 
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a d i s t i n g u i s h i n g d a s h n u m b e r . F o r e x a m p l e , m o d e l 89B o o u l d b e 
d e s i g n a t e d a s 8 9 B - 4 8 , 8 9 B - 6 2 and 8 9 B - 5 6 r e f e r r i n g t o p i t c h e s 
o f 4 8 , 52 and 5 6 i n c h e s r e s p e c t i v e l y . The tt89" a s u s e d c o u l d 
r e f e r t o t h e d i a m e t e r i n i n c h e s and W B " t o t h e b a s i c a i r f o i l 
s e c t i o n . ( S e e a l s o 1 4 . 4 - 1 h e r e i n . ) 

C METAL PROPELLERS 

The w i d e v a r i a t i o n i n m e t a l p r o p e l l e r d e s i g n , b o t h i n t y p e and 
m a t e r i a l o f c o n s t r u c t i o n m a k e s i t i m p o s s i b l e t o a d v a n c e many 
q u a n t i t a t i v e d e s i g n o r i t e r i a . The recommended t o l e r a n c e s and 
b a l a n c i n g m e t h o d s h a v e b e e n g i v e n i n 1 4 . 0 1 2 - C h e r e i n . The f o l 
l o w i n g d i s c u s s i o n w i l l o f n e c e s s i t y b e somewhat g e n e r a l i z e d b u t 
s p e o i f i c r e c o m m e n d a t i o n i s made w h e n e v e r p o s s i b l e . 

1 . B l a d e s o f t h i s t y p e s h o u l d c o n f o r m t o 6 CFR 1 4 . 1 1 . The c o n 
t o u r s h o u l d b e f a i r e d w i t h r e s p e c t t o t h e p l a n f o r m . A b r u p t 
o h a n g e s i n o r o s s - s e o t i o n a r e t o b e a v o i d e d . C u r v e s o f maximum 
t h i c k n e s s and o f m i n o r and m a j o r moments o f i n e r t i a v e r s u s r a d i u s 
may b e n e c e s s a r y t o o h e c k n e w d e s i g n s . The c e n t e r o f g r a v i t y o f 
t h e b l a d e s e c t i o n s f o r c o n t r o l l a b l e p i t c h p r o p e l l e r s s h o u l d l i e 
o n , o r n e a r l y o n , a s t r a i g h t l i n e a l o n g t h e a x i s o f r o t a t i o n . 
T h i s l i n e s h o u l d h a v e a s l i g h t f o r w a r d t i l t t o r e l i e v e t h e a e r o 
d y n a m i c l o a d i n g o f t h e b l a d e . The b l a d e f a i r i n g s h o u l d a v o i d 
a b r u p t c h a n g e s and t h e s h a n k s h o u l d b e d e s i g n e d w i t h t h i s i n 
m i n d . When t h e d e s i g n i n c o r p o r a t e s a n a b r u p t c h a n g e o f s e o t i o n , 
a s i n t h e b u t t - e n d a t t a o h i n g p o r t i o n , a s l a r g e a f i l l e t a s p o s 
s i b l e i s recommended t o r e d u c e s t r e s s c o n c e n t r a t i o n a t t h a t 
p o i n t . N e g l e c t o f t h i s h a s b e e n a s o u r c e o f t r o u b l e i n many 
d e s i g n s . 

2 . A l l s u r f a c e s s u b j e c t e d t o w e a r a n d o o r r o s i o n s h o u l d b e s u i t 
a b l y p l a t e d f o r p r o t e c t i o n a g a i n s t b o t h . Cadmium h a s p r o v e n 
s a t i s f a c t o r y a s a s t e e l hub p l a t i n g w i t h z i n c and chromium among 
t h e p o s s i b l e a l t e r n a t i v e s . Cadmium h a s a s o m e w h a t h i g h e r s a l t 
w a t e r s p r a y r e s i s t a n c e t h a n z i n c i n t h i n c o a t i n g s ( 0 . 0 1 0 i n . ) 
b u t z i n c p l a t i n g i s s l i g h t l y s u p e r i o r t o cadmium w h e n e x p o s e d 
t o a i r c o n t a i n i n g s u l p h u r ( c i t y a t m o s p h e r e ) . B o t h cadmium and 
chromium p l a t e d s t e e l b l a d e s h a v e g i v e n g o o d w e a r i n g q u a l i t i e s . 
Aluminum a l l o y b l a d e s o r d i n a r i l y h a v e n o p r o t e c t i v e c o a t i n g b u t 
a c h r o m i c - a c i d a n o d i c t r e a t m e n t i n c r e a s e s t h e i r s a l t w a t e r c o r 
r o s i o n r e s i s t a n c e . 

3 B M e t a l p r o p e l l e r s a r e i n h e r e n t l y s u s o e p t i b l e t o r e s o n a n c e c o n 
d i t i o n s a n d e v e r y e f f o r t s h o u l d b e made i n t h e d e s i g n t o a v o i d 
s u c h a c o n d i t i o n i n t h e o p e r a t i n g r a n g e . A l l p a r t s s h o u l d b e d o -
s i g n e d t o m i n i m i z e t h e e f f e c t o f v i b r a t i o n u p o n t h e i r o p e r a t i o n . 
T h i s a p p l i e s t o t h e c o n t r o l m e c h a n i s m a s w e l l a s t o t h e hub a n d 
b l a d e s t r u c t u r e . The c o n t r o l m e c h a n s i m s h o u l d b e s o d e s i g n e d 
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1 4 . 1 - 0 CIVIL AERONAUTICS AUTHORITY MANUAL 

t h a t a f a i l u r e w i l l n o t a f f e c t the f u n c t i o n i n g of the p r o 
p e l l e r o ther than t o c o n v e r t i t i n t o a f i x e d p i t c h p r o p e l l e r . 
P o s i t i v e s t o p s should he prov ided i n the hub c o n t r o l mechan
ism s o t h a t d e s i g n a t e d l o w - p i t c h and h i g h - p i t c h b l a d e a n g l e s 
cannot be e x c e e d e d . 

4 . Blade t i p s e c t i o n s should be d e s i g n e d w i t h g r e a t c a r e . 
Thin t i p s e c t i o n s have oaused t r o u b l e i n meta l b l a d e s and e x 
treme t h i n n e s s i s t o be avo ided b e c a u s e t h e accompanying f l e x 
i b i l i t y t e n d s t o promote resonance c o n d i t i o n s . I t does n o t 
f o l l o w t h a t a t h i c k t i p i n s u r e s a g a i n s t r e s o n a n c e , b u t a t h i c k 
t i p on a w e l l - d e s i g n e d b l a d e i s p r e f e r a b l e s t r u c t u r a l l y i f n o t 
a e r o d y n a m i c a l l y . 

5 . In order t o f a c i l i t a t e the i n t e r c h a n g e a b i l i t y of p a r t s i t 
i s recommended t h a t t h e p r o p e l l e r d e s i g n conform a s f a r a s p o s 
s i b l e t o Army and Navy or SAE s t a n d a r d s . The f o l l o w i n g dimen
s i o n s are i n c l u d e d f o r t h i s purpose : 

a . Blade end s tandards are g i v e n i n F igure 10 and the a c 
companying t a b l e f o r d e t a c h a b l e f o r g e d aluminum a l l o y 
b l a d e s . The f i l l e t r a d i i i n d i c a t e d should n o t be d e c r e a s e d 
i n any c a s e . I t should be unders tood t h a t t h i s t a b l e does 
n o t d e f i n e a l l p o s s i b l e s i z e s and t h a t i n t e r m e d i a t e and 
l a r g e r s i z e s should be deve loped a s the need becomes appar
e n t . The horsepower i s mere ly l i s t e d as a guide t o show 
some of the usage of v a r i o u s s i z e shanks . The v a l u e s l i s t e d 
cannot be s o l e l y used t o s u b s t a n t i a t e the a i r w o r t h i n e s s of 
an a p p l i c a t i o n f o r c e r t i f i c a t i o n . 
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Usua l HP p e r Blade + . 0 0 0 + . 0 0 0 + .002 + . 06 
B l a d e Range End No. A - . 0 0 3 B - . 0 0 3 c ± . 0 1 0 D - . 0 0 0 E 1 . 0 1 0 F ± . 0 6 0 a - . 0 0 H 

0-25 00 2 . 2 5 0 2 . 4 9 5 2 . 0 0 0 0 . 5 0 0 0 . 4 3 7 5 1.312 2 . 1 8 7 3 /32 
2 5 - 6 0 0 

/ 
3 . 0 0 0 3 . 2 4 5 2 , 6 2 5 0 . 6 8 7 5 0 .562 1.687 2 . 9 3 7 

> 

6 0 - 1 0 0 l / 2 3 . 4 3 7 5 3 . 7 4 5 3 , 0 0 0 0 .7812 0 .6562 2 . 0 0 0 3 . 3 7 5 1/8 
100-250 1 3 . 8 7 5 4 . 2 4 5 3 . 3 7 5 0 . 8 7 5 0 . 7 5 0 2 . 3 7 5 3 . 7 5 0 5 /32 
2 5 0 - 3 0 0 1 1/2 4 . 1 8 7 5 4 . 6 2 0 3 . 6 8 7 5 1 .0625 0 . 8 7 5 2 , 6 8 7 5 4 . 1 8 7 5/32 
3 0 0 - 4 0 0 2 4 . 5 0 0 4 . 9 9 5 3 . 8 7 5 1 .250 1 .000 3 . 1 2 5 4 . 6 2 5 5/32 
4 0 0 - 5 0 0 3 5 . 0 0 0 5 . 6 2 0 4 . 3 1 2 1 .375 1.125 3 . 4 3 8 5 , 1 2 5 3 / l 6 

F I G . 10 - STANDARD ENDS OF DETACHABLE FORGED ALUMINUM 
ALLOYS BLADES. 

b. Standard forged steel hub dimensions for the detachable 
aluminum alloy blade type are given i n Figures 11 and 1 2 . 
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-*' Chamfer 45°x%6-

>?4< -H -

/ / V £ Engine Side 

rp,°.,...f 4* p ->«-/)~>U - 0 - —-
-2F±0.020--

i 
v 

On 2 or 4 Blade Hubs 

* Center L ine of Wide Space 
must come or? Center lir?e_ f 

of Propeller Blade within±l°-0 

J 6 Splines 
equally spaced. 
Omit One Spline 

• -> 

F I G . 11 - DETACHABLE ALUMINUM-ALLOY BLADE TYPE, 
FORGED STEEL HUB DIMENSIONS. 
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Blade N o . 1 1 1H 2 1 2 2 

Hub. N o . 20 30 30 30 40 40 40 50 

<4> + 0,003 3.878 3.878 4.190 4.503 3.878 4.190 4.503 4.503 
-0.000 

£» +0.002 4.247 4.247 4.622 4.997 4.247 4.622 4.997 4.997 
-0.000 

C +0.010 3.437 3.437 3.750 3.937 3.437 3750 3.937 3.937 
-0.000 

D +0.002 0.875 0.875 1.062 1.250 0.875 1.062 1.250 1.250 
-0.000 

E % % % IMS % % 
F2 2.375 2.375 2.500 2.812 2.750 2.937 3.187 3.500 
G 3 ^ 4% 4 ^ 3% 4 % 4 ^ 4 ^ 

H +0.000 3.125 3.187 3.187 3.1S7 3.875 3-875 3.875 4.5625 
J +0.000 2.875 3.187 3.187 3.187 3.625 3.625 3.625 4.625 

-0.005 
5 % K 5 % 5 % 5 ^ 5 K 5 % 

K (Ext'd.) 6 % 6 % 6 % 6 % 6 % 6 % 
L 4 4% 4 ^ 4 ^ 4 4- 4 4 % 
L (Ext'd.) 6?6 6 6 6 
M % % % % % % % 
N 2 ^ 2 % 3 ^ 2 % 2 % 3 3 
P 4 K 4 ^ 5 4 K 4 ^ 5 5 
Q VA VA m VA VA VA VA 
R +0005 2.383 2.633 2.633 2.633 3.133 3.133 3.133 3.812 

-0.002 
S +0.005 2.164 2.414 2.414 2.414 2.881 2.881 2.881 3.562 

-0.002 
T +0.001 0.233 0.259 0.259 0.259 0.306 0.306 0.306 0.377 
X 1 % We m We We VA 
X (Ext'd.) 2% 2 ^ # i 2 % 2 % m 
Y 2 % 2 % 2 % 2 % 3^2 3>6 3% 3 % 

1 The center line of A and B shall lie within 0.002 in. of a plane perpendicular to the 
crankshaft bore center line. The center lines of A and B shall come within 0.002 in. of 
intersecting the crankshaft bore center line. The limits on the 90 deg. dimension is plus 
or minus 0 deg. to 1 min. The A and B bores shall be concentric with each other within 
0.002 in. The hole U may be omitted at the discretion of the manufacturer. 

2 Shoulders located by F must be equidistant from center line of hub within 0.002 in. 
for perfect balance. Finish tolerances are ± 0 . 0 1 0 in. unless otherwise specified. 

F I G . 12 - FORGED STEEL HUB DIMENSIONS 
( R e f e r t o F i g . 11) 
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c . S t a n d a r d d i m e n s i o n s f o r d e t a c h a b l e h o l l o w s t e e l b l a d e e n d s 
a r e g i v e n i n F i g u r e 1 3 . I t i s recommended t h a t b l a d e s of t h i s 
t y p e be s e a l e d a i r t i g h t and no v e n t h o l e s d r i l l e d i n t h e t i p . 

•ROUND GOKMEKS fat*. 

B 

B l a d e 
End N o . 

+ .000 
A - . 0 0 3 

+ .000 
B - . 0 0 3 c i.010 D E t . 0 1 0 F ±.010 G H 

00 
0 
1 

1 1/2 
2 
3 

2 . 2 5 0 
3 . 0 0 0 
3 . 8 7 5 
4 . 1 8 7 5 
4 . 5 0 0 
5 . 0 0 0 

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

2 . 0 0 0 
2 . 6 2 5 
3 . 3 7 5 
3 , 6 8 7 5 
3 . 8 7 5 
4 . 3 1 2 

3 5 / 6 4 
2 7 / 3 2 
1 l / l 6 
1 1/4 
1 7 / 1 6 
119/32 

0 . 4 3 7 5 
0.662 
0 , 7 5 0 
0.876 
1.000 
1.125 

2 . 6 8 7 
3 .625 
4 . 6 2 5 
6 . 2 5 0 
5 . 8 7 6 
6 . 5 0 0 

3 /32 
1/8 
5/32 
5/32 
6/32 
3 / l 6 

1.812 
2 . 3 7 5 
3 . 2 5 0 
3 . 7 5 0 
4 . 3 7 5 
4 . 8 1 3 

F IG . 13 - HOLLOW STEEL BLADE END DIMENSIONS. 

d . S t a n d a r d d i m e n s i o n s and d i m e n s i o n a l t o l e r a n c e s a r e shown 
i n F i g u r e s 14 and 15 f o r t h a t p o r t i o n of t h e hub of c o n t r o l l 
a b l e p r o p e l l e r s w h i c h m a t e s w i t h t h e e n g i n e s h a f t . 

26 



CIVIL AERONAUTICS AUTHORITY MANUAL 14 .1 -C 

- 4 . 0 F W I D E 5 P L I ME. M U S T 

C O M E O N t 

B L A D E W I T H I N 

O F P R O P E L L E R 
+ 

C H A M F E F T 45% 

1 6 S P L I N E S 

E Q U A L L Y S P A C E D 

O M I T O N E S P L I N E 

S h a f t 
No. 

+ . 0 0 0 
H - . 0 0 5 

4 , 0 0 0 
J - . 0 0 5 K L 

+ . 0 0 5 
R - . 0 0 2 

+ . 0 0 5 
S - . 0 0 2 i t . 0 0 1 X Y 

2 0 
30 
40 
50 

3 . 1 2 6 
3 . 1 8 7 
3 . 8 7 5 
4 . 5 6 2 5 

2 . 8 7 5 
3 . 1 8 7 
3 . 8 7 5 
4 . 6 2 5 

6 lA 
6 2 1 / 3 2 
6 1 9 / 3 2 
6 2 5 / 3 2 

5 2 1 / 3 2 
6 3 / 3 2 
6 
6 ] / 8 

2 . 3 8 3 
2 . 6 3 3 
3 . 1 3 3 
3 .812 

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

. 2 3 3 

. 2 5 9 
. 306 
.377 

2 3 / I 6 
2 lA 
2 17 /32 
2 5 /16 

2 13 /32 
2 2 l / 3 2 
3 6/32 
3 2 7 / 3 2 

F IG . 14 - CONTROLLABLE PROPELLER HUBS (16 SPLINE). 
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£ of w ide s p l i n e m u s t 
come on ^ of p r o p e l l e r 
b l a d e w i t h i n ± 1 ° - 0 ' , 

s p a c e d s o t h a t 
a c c u m u l a t e d e r r o r s 
i n s p a c i n g and i n 
i n v o l u t e form a r e h e l d t o . 0 0 1 and be 
a b s o r b e d w i t h i n l i m i t s s p e c i f i e d f o r t h e 
o h o r d a l t h i c k n e s s . 

S h a f t 
No. 

+ . 0 0 0 
H - . 0 0 5 

+ . 0 0 0 
J - . 0 0 5 K L 

+ . 0 0 5 
R - . 0 0 2 

+ .005 
S - . 0 0 2 

+ . 0 0 1 
T - . 0 0 0 U m i n . X Y 

60 5 .562 5 , 5 0 0 8 l / l 6 7 l / 4 4 . 8 0 1 4 4 . 4 4 6 4 . 2 2 4 3 4 . 6 9 6 3 5 /32 4 2 7 / 3 2 

PIG. 15 - CONTROLLABLE PROPELLER HUBS (32 TEETH). 
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.2 COMMERCIAL PROPELLERS 

. 2 0 DATA REQUIRED 

.200 1 . The a p p l i c a t i o n f o r a p r o p e l l e r t y p e c e r t i f i c a t e s h o u l d be 
s u b m i t t e d on form CAA 01-9 supp lemen ted b y form CAA 1 4 - 1 . The 
l a t t e r form s h o u l d e n u m e r a t e a l l t h e e n g i n e s f o r w h i c h t h e p r o 
p e l l e r i s d e s i g n e d . I f a p r o d u c t i o n c e r t i f i c a t e i s a l s o d e s i r e d * 
form CAA 01-10 s h o u l d be s u b m i t t e d . T h i s form need o n l y b e s u b 
m i t t e d once f o r e a c h g e n e r a l t y p e , i . e . , f i x e d - p i t c h , wood, e t c . , 
p r o p e l l e r . 

. 2 0 1 1 . Drawings s u b m i t t e d s h o u l d be c o m p l e t e i n a l l i m p o r t a n t d imen
s i o n s , s p e c i f i c a t i o n s and i d e n t i f i c a t i o n d a t a . The minimum e s 
s e n t i a l d e t a i l s of a p r o p e l l e r d r a w i n g s h o u l d i n c o r p o r a t e t h e f o l 
lowing i n f o r m a t i o n : 

a . T i t l e b l o c k d e t a i l s . ( L o c a t e i n lower r i g h t - h a n d c o r n e r . ) 

(1 ) Company name and a d d r e s s . 
(2 ) Model or i d e n t i f y i n g number of p r o p e l l e r or p a r t . 
( 3 ) Date of d r a w i n g . 
( 4 ) I n i t i a l s of d r a f t s m a n and c h e c k e r . 
( 5 ) A l l d rawing change l e t t e r s w i t h d a t e of change and 

d e s c r i p t i o n t h e r e o f . 

b . Boss d i m e n s i o n s f o r f i x e d - p i t c h wood p r o p e l l e r . 

( 1 ) D i a m e t e r of e n g i n e s h a f t b o r e . 
( 2 ) D i a m e t e r of b o l t h o l e c i r c l e . 
( 3 ) S i z e and l o c a t i o n of b o l t h o l e s . 
( 4 ) D i a m e t e r and t h i c k n e s s of b o s s . 
( 5 ) C r o s s - s e c t i o n of b o s s showing l o c a t i o n of hub 

w i d e n e r s , i f u s e d . 

c . B l a d e d i m e n s i o n s and d e t a i l s . 

( 1 ) S ide e l e v a t i o n n o t d i m e n s i o n e d b u t w i t h t h e l i n e 
of c e n t e r s of g r a v i t y . 

( 2 ) P l a n v i e w w i t h t h e l i n e of c e n t e r s of g r a v i t y and 
d e t a i l e d d i m e n s i o n s s u f f i c i e n t t o check t h e 
g e n e r a l c o n t o u r of t h e l e a d i n g and t r a i l i n g e d g e s . 

( 3 ) Curve of maximum s e c t i o n t h i c k n e s s p l o t t e d a g a i n s t 
r a d i u s . 

( 4 ) B l a d e o r o s s - s e o t i o n a t f r e q u e n t i n t e r v a l s ( p r e f e r a b l y 
e v e r y 6 i n c h e s ) . 

( 5 ) Chord and a n g l e a t e a c h o r o s s - s e o t i o n . (The s e c t i o n 
o r d i n a t e s s h o u l d a l s o be g i v e n a t t h e 10$ s t a 
t i o n s of t h e b l a d e c h o r d . The l e a d i n g edge 
s e c t i o n s h o u l d be f u r t h e r d i v i d e d i n t o f o u r e q u a l 
s e c t i o n s and t h e o r d i n a t e e g i v e n . ) 

421827 O - 41 - 3 
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( 6 ) When t i p p i n g i s u s e d , a l l d e t a i l s t h e r e o f . 
(7 ) I f t h e m a t e r i a l i s l a m i n a t e d , t h e e x t e n t and t h i c k 

n e s s of t h e l a m i n a t i o n s . 
( 8 ) A d e s i r e d d i a m e t e r r e d u c t i o n i n d i c a t e d on t h e b l a d e 

p l a n f o r m b y d o t t e d l i n e s . 
( 9 ) When a d i f f e r e n t p i t c h d i s t r i b u t i o n f rom t h a t of t h e 

b a s i c model i s d e s i r e d , t h e s t a t i o n s and b l a d e 
a n g l e s l i s t e d i n a t a b l e on t h e d r a w i n g , and t h e 
model d e s i g n a t i o n w h i c h a p p l i e s t o t h a t p i t c h 
d i s t r i b u t i o n . 

2 . A comple t e m a t e r i a l s p e c i f i c a t i o n l i s t shou ld be n o t e d or r e 
f e r r e d t o on t h e d r a w i n g . The s t a n d a r d Army, Navy or SAE s p e c i 
f i c a t i o n s h o u l d be r e f e r r e d t o whenever p o s s i b l e . The e x a c t 
f i n i s h t o be used on e a c h p a r t of t h e p r o p e l l e r s h o u l d be n o t e d . 

3 . A l l d i m e n s i o n a l t o l e r a n c e s shou ld be s p e c i f i e d or r e f e r e n c e 
made t o a t a b l e of t h e s e t o l e r a n c e s . 

4 . Drawings s h o u l d p r e f e r a b l y be a c c o r d i o n - f o l d e d t o a 9 b y 12 i n . 
s i z e w i t h t h e t i t l e b l o c k s h o w i n g . 

5 , A l t e r e d b l u e p r i n t s or a l t e r e d p h o t o s t a t s a r e n o t a c c e p t a b l e a s 
t h e y a r e a p o s s i b l e s o u r c e of c o n t r o v e r s y . 

. 202 1 . D u p l i c a t e d r a w i n g s . I f a s m a l l number of d r a w i n g s a r e s u b m i t t e d 
t h e y may b e i n d u p l i c a t e i n wh ich c a s e a s e a l e d s e t w i l l be r e t u r n e d 
b y t h e A u t h o r i t y upon c e r t i f i c a t i o n . I n c a s e s where a l a r g e number 
of d r a w i n g s a r e i n v o l v e d much s i m p l i f i c a t i o n i s e f f e c t e d b y s u b 
m i t t i n g one s e t of d r a w i n g s and a d u p l i c a t e p a r t s l i s t . The p a r t s 
l i s t s h o u l d be headed w i t h t h e model number and d a t e of i s s u a n c e . 
I t s h o u l d show t h e d r a w i n g number , l a s t change l e t t e r , and t h e name 
of e a c h component p a r t . Drawing numbers s h o u l d be a r r a n g e d numer
i c a l l y . Upon c e r t i f i c a t i o n of t h e p r o p e l l e r t h e p a r t s l i s t w i l l 
be s e a l e d and r e t u r n e d f o r i n c l u s i o n i n t h e m a n u f a c t u r e r ' s f i l e s . 
The d r a w i n g s a r e f i l e d i n a g e n e r a l d r a w i n g f i l e f o r e a c h manufac 
t u r e r , hence i d e n t i c a l d r a w i n g s f o r d i f f e r e n t models need n o t be 
r e - s u b m i t t e d . 

. 203 1 . The l o g s h o u l d e i t h e r be s u p p o r t e d b y t h e m a n u f a c t u r e r ' s a f f i 
d a v i t or s i g n e d b y t h e w i t n e s s i n g i n s p e c t o r . A g r a p h i c a l or t a b u 
l a r e n g i n e l o g w i t h 15 m i n u t e r e a d i n g s i s a c c e p t a b l e . A l l s t o p s 
s h o u l d be n o t e d and a c c o u n t e d f o r . T e s t s on o t h e r t h a n f i x e d -
p i t c h wood p r o p e l l e r s mus t be w i t n e s s e d b y an i n s p e c t o r of t h e 
A u t h o r i t y or an a u t h o r i z e d a g e n t (See 1 4 . 2 1 - 1 h e r e i n ) and t h e t e s t 
l o g w i l l b e s i g n e d b y such w i t n e s s . T e s t s on c o n v e n t i o n a l f i x e d -
p i t c h wood p r o p e l l e r s w i l l o r d i n a r i l y n o t be w i t n e s s e d b y an i n 
s p e c t o r . A new m a n u f a c t u r e r ' s i n i t i a l t e s t w i l l a lw ays be w i t 
n e s s e d . Form CAA 14-2 (Appendix) h a s b e e n d e v e l o p e d t o c o v e r t h e 
n e s s e d . F i g u r e 16 i n c l u d e s t h e e s s e n t i a l i t e m s of t h i s t y p e of 
t e s t r e p o r t and i s a v a i l a b l e upon r e q u e s t . Th i s t y p e of r e p o r t 
or i t s e q u i v a l e n t s h o u l d be u s e d . 

30 



CIVIL AERONAUTICS AUTHORITY MANUAL 1 4 . 3 0 3 

F I G . 1 6 - FIXED-PITCH WOOD PROPELLER TEST REPORT 

1 . T e s t D a t a 

( a ) P r o p e l l e r Model No, S e r i a l No. 
( b ) * A i r p l a n e L i c e n s e No. 
( c ) E n g i n e Model No. S e r i a l No. 
( d ) * T o t a l P e r i o d of T e s t i n g h r s . , i n c l u d i n g 

h r s . a t rpm. 
( e ) * * T o t a l P e r i o d of T e s t i n g h r s . a t rpm. 

2 . T e s t R e p o r t 

( a ) Comment on a n y e v i d e n c e of e x c e s s i v e f l u t t e r or v i b r a t i o n 
d u r i n g t e s t . 

( b ) Comment on any f o r c e d s t o p s o c c u r r i n g d u r i n g t e s t . 

( o ) D e s c r i b e t a c h o m e t e r c a l i b r a t i o n s made 

3 . I n s p e c t i o n a f t e r t e s t 

( a ) T i p p i n g and a t t a c h m e n t : 
T i p p i n g c r a c k e d e x c e s s i v e l y 
R i v e t s or s c r e w s l o o s e 
S a t i s f a c t o r y 
Comments 

( b ) C o n d i t i o n of a l l wood j o i n t s : 
B l a d e l a m i n a t i o n j o i n t s opened up 
Hub l a m i n a t i o n j o i n t s opened up 
S a t i s f a c t o r y 
Comments 

( o ) C o n d i t i o n of hub b o l t h o l e s : 
E l o n g a t e d or b u r n e d 
No d i s t o r t i o n 
Comments 
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F i g u r e 16 c o n t i n u e d -

( d ) C o n d i t i o n of wood i n g e n e r a l : 
L o n g i t u d i n a l c r a c k s _ _ _ _ _ 
T r a n s v e r s e c r a o k s 
Comments 

4 . C o n f o r m i t y check 

I t em Drawing Measured 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

O v e r a l l D i a m e t e r 
Hub D i a m e t e r 
Hub t h i c k n e s s 
D i a m e t e r of hub b o l t c i r c l e 
S t a t i on : cho rd 

max. t h i c kne s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
m a x . t h i c k n e s s 
b l a d e a n g l e 

S t a t i o n : cho rd 
max. t h i c k n e s s 
b l a d e a n g l e 

I h e r e b y c e r t i f y t h a t t h e a b o v e t e s t i n g , i n s p e c t i o n and c o n f o r m i t y 
oheok was s u p e r v i s e d b y myse l f and t h a t t h e d a t a p r e s e n t e d h e r e i n i s 
t r u e . 

S t a t e of 

County of 
[ S i g n e d ) 

S u b s c r i b e d and sworn t o b e f o r e me t h i s d a y of 

19 . 

( N o t a r y P u b l i c ) 

* A p p l i e s t o f l i g h t t e s t o n l y and m u s t - b e s u p p o r t e d b y t h e a i r p l a n e 
l o g . 

** A p p l i e s t o b l o c k t e s t o n l y and mus t be s u p p o r t e d b y t h e t e s t l o g . 
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. 2 0 4 1 . A s t r e s s a n a l y s i s i s u s u a l l y r e q u e s t e d i f t h e p r o p e l l e r i s of 
a new d e s i g n . Whi l e t h i s i s of minor v a l u e i n i t s e l f i t i s u s e f u l 
a s a check of f u t u r e d e s i g n c h a n g e s and a s a g e n e r a l i n d i c a t i o n of 
s t e a d y s t r e s s c o n d i t i o n s . Such an a n a l y s i s need n o t be e x a c t i n 
i t s t r e a t m e n t of b l a d e - d e f l e c t i o n , b u t a l l a s s u m p t i o n s s h o u l d be 
of a c o n s e r v a t i v e n a t u r e and t h e a n a l y s i s shou ld i n c l u d e t h e b a s i c 
a e r o d y n a m i c and c e n t r i f u g a l l o a d i n g s . 

. 2 1 TESTS REQUIRED FOR PROPELIERS OTHER THAN FIXED-PITCH WOOD PROPELLERS 

1 . S u f f i c i e n t advance n o t i f i c a t i o n s h o u l d b e g i v e n of t h e e x p e c t e d 
s t a r t i n g of a t e s t i n o r d e r t o p r o v i d e f o r an i n s p e c t o r f o r t h e 
A u t h o r i t y t o w i t n e s s t h e t e s t . I n some o a s e s m i l i t a r y i n s p e c t o r s 
a r e a u t h o r i z e d t o a c t a s i n s p e c t o r s f o r t h e A u t h o r i t y . I t ems i n t h e 
t e s t p rogram a b o u t wh ich t h e r e i s any d o u b t s h o u l d b e d i s o u s s e d w i t h 
t h e A u t h o r i t y a t an e a r l y d a t e . 

2 . S e r v i c e f a i l u r e s and s t r e s s measu remen t s a v a i l a b l e t o d a t e have 
i n d i c a t e d t h e n e c e s s i t y f o r o b t a i n i n g v i b r a t i o n s t r e s s measu remen t s 
of m e t a l p r o p e l l e r s unde r o p e r a t i n g c o n d i t i o n s . T h i s i s t o d e t e r 
mine t h e m a g n i t u d e of t h e v i b r a t i o n s t r e s s e s e x i s t i n g i n o p e r a t i o n 
and t o d e t e r m i n e i f a c r i t i c a l r e s o n a n c e c o n d i t i o n e x i s t s a t a n y 
p o i n t i n t h e o p e r a t i n g r a n g e of t h e p r o p e l l e r . The e s s e n t i a l e q u i p 
ment h a s b e e n p r e v i o u s l y l i s t e d i n 14.03-l{e5herein. The r e s u l t a n t 
o s c i l l o g r a m from t h e s t r e s s p i c k - u p may be c a l i b r a t e d t o r e a d s t r e s s 
d i r e c t l y and t h e r e f o r e g i v e t h e m a g n i t u d e and f r e q u e n c y of t h e v i 
b r a t i o n s t r e s s a t t h e p i c k - u p l o c a t i o n . These p i c k - u p s s h o u l d b e 
mounted a t p o i n t s on t h e b l a d e t i p where t h e s t r e s s i s deemed a m a x i 
mum and a t s e v e r a l p o i n t s on t h e b l a d e s h a n k . S u f f i c i e n t r u n s 
s h o u l d b e t a k e n t o e s t a b l i s h t h e phase r e l a t i o n s h i p b e t w e e n s t r e s s e s 
a t c o r r e s p o n d i n g p o i n t s of d i f f e r e n t b l a d e s and t o d e t e r m i n e t h e 
m a g n i t u d e and p r e d o m i n a n t f r equency , of t h e v i b r a t i o n s t r e s s e s over 
a s wide an rpm r a n g e a s p o s s i b l e , i . e . , f rom t a k e - o f f rpm down t o 
25% of t h a t s p e e d . 

3 . C r a n k s h a f t t o r s i o g r a p h r e c o r d s s h o u l d a l s o be o b t a i n e d i n o r d e r 
t o d e t e r m i n e t h e t o r s i o n a l c h a r a c t e r i s t i c s of t h e p r o p e l l e r - c r a n k 
s h a f t s y s t e m . These r u n s s h o u l d be made w i t h t h e e n g i n e r i g i d l y 
mounted i n o r d e r t o e l i m i n a t e f rom t h e r e c o r d any s e c o n d a r y v i b r a 
t i o n due t o e n g i n e o s c i l l a t i o n s . The t o r s i o m e t e r s h o u l d p r e f e r a b l y 
be mounted a t t h e p r o p e l l e r h u b . The c o m p l e t e o p e r a t i n g r a n g e s hou ld 
be i n v e s t i g a t e d . 

4 . L i n e a r p i c k - u p s of t h e m a g n e t i c t y p e s h o u l d be s u i t a b l y mounted 
on t h e e n g i n e t o r e c o r d t h e m o t i o n a l o n g t h e t h r e e a x e s and such 
d i s p l a c e m e n t r e c o r d s c o r r e l a t e d w i t h t h e b l a d e v i b r a t i o n - s t r e s s 
m e a s u r e m e n t s f o r f u t u r e i n s t a l l a t i o n p r o b l e m s . T h i s m a t e r i a l i s 
c o n s i d e r e d s e c o n d a r y b u t v e r y h e l p f u l . 
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5 . The I n v e s t i g a t i o n s d i s c u s s e d i n t h e p r e c e d i n g t h r e e i t e m s 
s h o u l d b e comple t ed a s a n e s s e n t i a l p r e l i m i n a r y t o any a c t u a l 
e n d u r a n c e r u n n i n g and t h e r e s u l t s t h e r e o f d i s c u s s e d w i t h t h e 
A u t h o r i t y b e f o r e s u c h e n d u r a n c e t e s t i n g w i l l b e a u t h o r i z e d . 
Based on such p r e l i m i n a r y i n v e s t i g a t i o n s t h e f o l l o w i n g c o n d i 
t i o n s w i l l a p p l y : 

a . I f t h e v i b r a t i o n - s t r e s s s u r v e y shows no marked r e s o n a n c e 
c o n d i t i o n s e x i s t i n g i n t h e c r u i s i n g or t a k e - o f f r e g i m e s , t h e 
f i f t y hour e n d u r a n c e t e s t may b e r u n a t e i t h e r maximum* e x c e p t 
t a k e - o f f power and speed w i t h a 10^ i n c r e a s e g r a n t e d f o r t h e 
t a k e - o f f (one m i n u t e ) o p e r a t i o n or a t 91% t a k e - o f f power and 
speed w i t h a 10^ i n c r e m e n t g r a n t e d f o r t a k e - o f f , ( o n e m i n u t e ) 
o p e r a t i o n . I t i s recommended t h a t 10 h o u r s of t h e t e s t be 
c o n d u c t e d a t t h e t a k e - o f f power and s p e e d . 

b . I f t h e p r e l i m i n a r y s t r e s s s u r v e y shows a marked r e s o n a n c e 
c o n d i t i o n i n t h e c r u i s i n g r eg ime i t w i l l be n e o e s s a r y t o r u n 
a f i f t y h o u r t e s t a t t h e c r i t i c a l speed i n a d d i t i o n t o t h e 
t e s t i n g o u t l i n e d u n d e r i t e m ( a ) a b o v e . 

c . I f t h e p r e l i m i n a r y s t r e s s s u r v e y shows a marked r e s o n a n c e 
c o n d i t i o n a t t a k e - o f f power and speed i t w i l l b e n e c e s s a r y 
t o r u n an added t e s t u n d e r t h o s e c o n d i t i o n s i n a d d i t i o n t o 
t h e t e s t i n g men t ioned under i t e m a a b o v e . The amount of t h i s 
t e s t i n g w i l l b e b a s e d upon t h e amount of t a k e - o f f o p e r a t i o n 
t o be e x p e c t e d i n t h e no rma l s e r v i c e l i f e of t h e p r o p e l l e r . 

d . As an a l t e r n a t i v e t o r u n n i n g t h e added t e s t of i t e m (c), 
t h e e n t i r e 50 hour e n d u r a n c e t e s t may be r u n a t t a k e - o f f 
power and speed i n w h i c h c a s e no a d d i t i o n a l t e s t i n g would be 
r e q u i r e d . T e s t s m e n t i o n e d under i t e m s (b) and ( c ) c a n , of c o u r s e , 
b e o m i t t e d b y r e s t r i c t i n g o p e r a t i o n of t h e p r o p e l l e r t o a v o i d 
t h e c r i t i c a l c o n d i t i o n s . 

e . A c o r r e l a t i o n of s t r e s s e s i n new d e s i g n s w i t h t h o s e 
measured on d e s i g n s w i t h a s a t i s f a c t o r y s e r v i c e r e c o r d w i l l be 
c o n s i d e r e d a c c e p t a b l e and h e l p f u l i n a s t u d y of v i b r a t i o n -
s t r e s s m e a s u r e m e n t s . 

6 . The a c t u a l e n d u r a n c e t e s t shou ld be r u n on t h e t y p e of e n g i n e 
f o r whioh c e r t i f i c a t i o n i s d e s i r e d . Because of t h e v i b r a t i o n 
p r o b l e m s p r e v i o u s l y d i s c u s s e d i t w i l l o r d i n a r i l y b e i m p o s s i b l e t o 
a s s i g n a g e n e r a l power , speed and b o r e l i m i t a t i o n t o a p r o p e l l e r 
w i t h o u t f u r t h e r s p e c i f y i n g t h e t y p e of e n g i n e . The t e s t s h o u l d b e 
r u n i n minimum f i v e h o u r i n c r e m e n t s , e x c e p t t h a t f o r c e d s t o p s i n 
t h e s e p e r i o d s due t o e n g i n e t r o u b l e w i l l n o t a f f e c t a c c e p t a n c e of 
t h e t e s t . A d e f i n i t e t e s t s c h e d u l e shou ld b e s e t up and a d h e r e d 
t o a s c l o s e l y a s p o s s i b l e . The p r o p e l l e r s h o u l d b e h e l d t o w i t h i n 
25 rpm of i t s p r o p o s e d r a t e d speed a t a l l t i m e s d u r i n g t h e t e s t . 
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I f t h e e n g i n e i s o p e r a t e d a t p a r t t h r o t t l e d u r i n g t h e t e s t s u i t a b l e 
a r r a n g e m e n t s s h o u l d be made t o r e o o r d t h e m a n i f o l d p r e s s u r e and a 
c u r v e s h o u l d b e o b t a i n e d showing t h e h o r s e p o w e r v a r i a t i o n w i t h 
m a n i f o l d p r e s s u r e a t t h e p r o p o s e d r a t e d speed of t h e p r o p e l l e r . At 
e a c h s t o p t h e p r o p e l l e r s h o u l d b e wiped o f f , e x a m i n e d , and a t h i n 
c o a t i n g of u s e d e n g i n e o i l r ubbed on . T h i s a p p l i e s t o b o t h s t e e l 
and a luminum a l l o y p r o p e l l e r b l a d e s . The c a r b o n and t h e t r a o e of 
a c i d i n t h e o i l b o t h c l e a n t h e p r o p e l l e r and t e n d t o work i n and 
d a r k e n any o r a o k w h i c h may have s t a r t e d . 

7 . I t i s e s s e n t i a l t h a t t h e p i t c h - c h a n g i n g mechanism of a c o n t r o l l 
a b l e or a u t o m a t i c p i t c h p r o p e l l e r b e o p e r a t e d t h r o u g h o u t i t s u s a b l e 
r a n g e a t l e a s t once f o r e v e r y h o u r of t e s t i n g . These f i f t y c y c l e s 
p r o v i d e a check of t h e p r o p e l l e r o p e r a t i n g mechanism t h r o u g h o u t i t s 
f u l l r a n g e . Any r o u g h n e s s i n t h e o p e r a t i o n of t h e p r o p e l l e r s h o u l d 
b e n o t e d . Runs of f i v e m i n u t e d u r a t i o n s h o u l d a l s o be made a t a p 
p r o x i m a t e l y one d e g r e e i n t e r v a l s on t h i s t y p e of p r o p e l l e r wheneve r 
p o s s i b l e , and a n y v a r i a t i o n s i n r u n n i n g c h a r a c t e r i s t i c s s h o u l d be 
n o t e d . I n a d d i t i o n t o t h e s e r e q u i r e d t e s t s of t h e p i t o h - o h a n g i n g 
mechanism i t i s s u g g e s t e d t h a t i t b e f u r t h e r s u b j e c t e d t o a v i g o r o u s 
o p e r a t i o n t e s t of 500 c y c l e s i n t h e c a s e of a manua l c o n t r o l mecha
n i s m and 1500 c y c l e s i n t h e c a s e of an a u t o m a t i c c o n t r o l mechan i sm. 

•211 1 , A l t h o u g h t h e s t a t i c v i b r a t i o n t e s t s m e n t i o n e d i n 6 CFR 1 4 . 2 1 1 
a r e r o t c o n s i d e r e d e s s e n t i a l d a t a i n v i e w of t e s t s d i s c u s s e d i n 
1 4 . 2 1 - 1 t h r o u g h 4 h e r e i n , i t i s d e s i r e d t h a t such t e s t s b e r u n and 
s u b m i t t e d f o r p o s s i b l e c o r r e l a t i o n w i t h t h e a c t u a l s t r e s s m e a s u r e 
ment's t a k e n . S t a t i c v i b r a t i o n d a t a s h o u l d be a d j u s t e d f o r t h e 
e f f e c t of c e n t r i f u g a l f o r c e b y use of t h e f o r m u l a : 

F 2 = ? Z + CN2 

r o 

whe re F r = r e s o n a n t f r e q u e n c y of t h e r o t a t i n g p r o p e l l e r , 
F Q = r e s o n a n t f r e q u e n c y a t z e r o rpm, 
N = p r o p e l l e r r pm, and 
C = v i b r a t i o n mode c o e f f i c i e n t . 

S u g g e s t e d v a l u e s of C f o r v a r i o u s l o o p and node c o n d i t i o n s a r e : 

C = 1 . 7 - 2 . 0 f o r 1-L and 1-N 
C = 6 . 0 - 6 . 2 f o r 2 - L and 2-N 
C = 1 2 . 0 - 1 2 . 2 f o r 3 -L and 3-N 

2 . A s t a t i c v i b r a t i o n s t u d y s h o u l d i n c l u d e a w ide r a n g e of b l a d e 
a n g l e s f rom 0 d e g r e e s t o 90 d e g r e e s i n o r d e r t o d e t e r m i n e t h e 
p o s s i b i l i t y of r e s o n a n c e c o n d i t i o n s due t o a f o r c e d v i b r a t i o n 
a b o u t t h e major a x i s . The e f f e c t s of end f i x i t y have b e e n found 
t o b e i m p o r t a n t hence a s u i t a b l e p r e - l o a d e d c o n d i t i o n a t t h e b l a d e 
b u t t s h o u l d b e o b t a i n e d t o d u p l i c a t e t h e e f f e c t of c e n t r i f u g a l 
f o r c e on t h a t f a c t o r . 
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.22 TESTS REQUIRED FOR FIXED-PITCH WOOD PROPELLERS 

1 . The t e n h o u r e n d u r a n c e b l o c k t e s t s h o u l d be r u n w i t h t h e m a x i 
mum d i a m e t e r and p i t c h f o r which c e r t i f i c a t i o n i s d e s i r e d . These 
d i m e n s i o n s may t h e n o r d i n a r i l y be r e d u c e d and a p p r o v e d w i t h o u t 
a d d i t i o n a l t e s t i n g , p r o v i d e d t h a t n o o t h e r d i m e n s i o n s a r e m a t e r i 
a l l y a l t e r e d and p r o v i d e d no i n c r e a s e i n r a t i n g i s d e s i r e d . The 
t e s t may b e r u n on a n y i n t e r n a l c o m b u s t i o n e n g i n e t h a t may be 
a v a i l a b l e p r o v i d e d t h a t t h e p r o p o s e d r a t e d rpm i s m a i n t a i n e d 
t h r o u g h o u t t h e t e s t . S i n c e rpm i s t h e o n l y o b s e r v e d f a c t o r upon 
w h i c h a p p r o v a l i s b a s e d i t i s e s s e n t i a l t h a t i t be a c c u r a t e l y 
d e t e r m i n e d . The t a c h o m e t e r s h o u l d b e c a l i b r a t e d b e f o r e and a f t e r 
t h e test and checked w i t h a s t o p - w a t c h and r e v o l u t i o n - c o u n t e r d u r 
i n g t e s t i n g . T h i s c a l i b r a t i o n s h o u l d be n o t e d on t h e t e s t l o g . 
The speed s h o u l d be h e l d t o w i t h i n p l u s or minus 25 rpm of t h e 
p r o p o s e d r a t i n g . The t e s t m a y b e made i n s u i t a b l e i n c r e m e n t s , 
p r o v i d e d t h a t a l l s t o p s a r e a d e q u a t e l y e x p l a i n e d i n t h e t e s t l o g . 

2 . The 5 0 - h o u r f l i g h t t e s t s h o u l d b e r u n on t h e same g e n e r a l t y p e 
of a i r p l a n e on w h i c h t h e p r o p e l l e r w i l l be used and t h e s p e c i f i c 
d i a m e t e r and p i t c h f o r wh ich c e r t i f i c a t i o n i s d e s i r e d s h o u l d b e 
i n s t a l l e d . The e n g i n e power and speed shou ld be e q u a l t o or g r e a t 
e r t h a n t h o s e f o r w h i c h t h e p r o p e l l e r i s t o be c e r t i f i c a t e d and a t 
l e a s t f i v e h o u r s shou ld be r u n a t t h e p r o p o s e d r a t e d s p e e d . As 
t h e rpm i s t h e o n l y o b s e r v e d f a c t o r upon w h i c h a p p r o v a l i s b a s e d 
i t i s e s s e n t i a l t h a t i t b e a c c u r a t e l y d e t e r m i n e d . S u i t a b l e c h e c k s , 
a s d i s c u s s e d i n t h e p r e c e d i n g p a r a g r a p h , shou ld b e made and n o t e d 
on t h e t e s t r e p o r t . (See F i g . 1 6 ) 

, 2 3 INSPECTION OF A TESTED PROPELLER 
i 

1 . The p r o p e l l e r snou ld be t h o r o u g h l y i n s p e c t e d a t t h e c o n c l u s i o n 
of t h e t e s t i n g f o r any u n s a t i s f a c t o r y c o n d i t i o n s t h a t may have d e 
v e l o p e d . P i t c h - c o n t r o l mechanisms s h o u l d b e t h o r o u g h l y i n s p e c t e d 
f o r e x c e s s i v e wear and f o r c l e a r a n c e s . A c o m p l e t e i n s p e c t i o n r e 
p o r t , c o n s i d e r i n g a l l a p p l i c a b l e i t e m s d i s c u s s e d i n t h e f o l l o w i n g 
p a r a g r a p h s , shou ld b e . s u b m i t t e d . 

a . A l u m i n u m - a l l o y p r o p e l l e r b l a d e s s h o u l d b e e t c h e d a t t h e 
t i p and shank p o r t i o n s and a t any o t h e r c r i t i c a l s e c t i o n s . 
F i l l e t s , and p o i n t s of a b r u p t c u r v a t u r e , a r e c r i t i c a l s e c t i o n s . 
The b l a d e s s h o u l d t h e n be examined f o r c r a c k s w i t h a 4 t o 6 
power m a g n i f y i n g g l a s s . P a r t i c u l a r a t t e n t i o n shou ld be p a i d 
w i t h i n t h e t i p p o r t i o n t o t h e r e g i o n a p p r o x i m a t e l y one t h i r d 
b a c k f rom t h e l e a d i n g edge on t h e lower s u r f a c e of t h e b l a d e . 
Any t r a n s v e r s e c r a c k s or s c r a t c h e s n e a r t h i s l o c a t i o n shou ld 
b e t h o r o u g h l y i n v e s t i g a t e d . The r e g i o n of t h e shank i n l i n e 
w i t h t h e l e a d i n g or t r a i l i n g edge of t h e b l a d e s h o u l d a l s o be 
examined m i n u t e l y . 
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b . H o l l o w - s t e e l b l a d e s , s o l i d s t e e l b l a d e s and f o r g e d s t e e l hubs 
s h o u l d b e t h o r o u g h l y I n s p e c t e d v i s u a l l y , and m a g n e t i c a l l y b y t h e 
w e t p r o c e s s . Any p ronounced magna f lux i n d i c a t i o n s h o u l d be r e 
p o r t e d and d i s c u s s e d i n d e t a i l a s i t may w a r r a n t a comple t e m e t a l 
l u r g i c a l e x a m i n a t i o n . T h i s i n s p e c t i o n shou ld be made b y a h i g h l y 
s k i l l e d o p e r a t o r w i t h a l o n g s e r v i c e e x p e r i e n c e . 

c . The b l a d e o o n t r o l mechanism s h o u l d b e i n s p e o t e d f o r e x c e s s i v e 
w e a r , f a t i g u e c r a c k s , and a n y o t h e r u n s a t i s f a c t o r y c o n d i t i o n . 
A l l f e r r o u s p a r t s shou ld b e s u b j e o t e d t o a m a g n e t i c i n s p e c t i o n b y 
t h e w e t p r o c e s s . 

d . The hub c o n e s s h o u l d b e c a r e f u l l y i n s p e c t e d f o r a n y s i g n s of 
wea r wh ich a r e a n i n d i c a t i o n of t o r s i o n a l v i b r a t i o n c o n d i t i o n . 

e . F i x e d - p i t c h wood p r o p e l l e r s s h o u l d be t h o r o u g h l y examined f o r 
e v i d e n c e s of l o o s e n e d or e x c e s s i v e l y c r a c k e d t i p p i n g , opened g l u e 
j o i n t s , c r a c k s i n t h e wood and l o c a l f a i l u r e or o r a o k i n g a round 
t h e hub b o l t h o l e s . These i t e m s a r e a d e q u a t e l y c o v e r e d i n F i g u r e 
1 6 . A c e r t a i n amount of f l e x u r a l c r a c k s i n t h e m e t a l t i p p i n g i s 
c o n s i d e r e d n o r m a l . 

2 . The i n s p e c t o r f o r t h e A u t h o r i t y w i l l i n s p e o t t h e t o r n - d o w n p r o 
p e l l e r f o r c o n f o r m i t y w i t h t h e d r a w i n g s w h i c h a r e t o b e f o r w a r d e d t o 
W a s h i n g t o n . T h i s i n s p e c t i o n s h o u l d be c o n d u c t e d and c e r t i f i e d t o b y 
t h e m a n u f a c t u r e r i n t h e c a s e of c o n v e n t i o n a l f i x e d - p i t c h wood p r o 
p e l l e r t e s t s . S e v e r a l b l a d e s e c t i o n s and o t h e r major d i m e n s i o n s of 
t h e b l a d e s and hub s h o u l d b e c h e c k e d . Only a r e p r e s e n t a t i v e number 
of p a r t s need b e checked when a l a r g e number a r e I n v o l v e d , a s i n t h e 
hub c o n t r o l mechanism. A n o t a t i o n and r e c o r d of t h e c o n f o r m i t y i n 
s p e c t i o n shou ld b e i n c o r p o r a t e d i n t h e i n s p e c t i o n r e p o r t . 

. 3 MILITARY PROPELLERS 

1 . A r e q u i s i t e t o c e r t i f i c a t i o n of p r o p e l l e r s of t h i s t y p e i s t h e s u b 
m i t t a l of t h e p r o p e r forms and n e c e s s a r y d r a w i n g s a s d i s c u s s e d i n t h e 
p r e v i o u s p a r a g r a p h s 1 4 . 2 0 0 and 1 4 . 2 0 1 , r e s p e c t i v e l y . 

2 . A oopy of t h e o f f i c i a l r e p o r t wh ich forms t h e b a s i s of t h e m i l i t a r y 
a p p r o v a l or a copy of t h e o f f i c i a l l e t t e r of a p p r o v a l f rom t h e m i l i t a r y 
a g e n c y i s r e q u i r e d . The m a n u f a c t u r e r ' s r e s p o n s i b i l i t y w i t h r e s p e c t t o 
o b t a i n i n g t h e l e t t e r i s t h e same a s i n t h e oase of t h e r e p o r t . The p r o 
p e l l e r mus t b e a p p r o v e d f o r s e r v i c e u s e , A r e s t r i c t e d a p p r o v a l f o r a d 
d i t i o n a l f l i g h t t e s t p u r p o s e s i s n o t c o n s i d e r e d s u f f i c i e n t . 

. 4 MODIFIED PROPELLERS 

1 , S m a l l changes i n p i t c h and d i a m e t e r a r e o r d i n a r i l y p e r m i s s i b l e i n 
t h e c a s e of f i x e d - p i t c h wood p r o p e l l e r s w i t h o u t a d d i t i o n a l t e s t i n g . 

421827 0 - 41 -4 
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F o r t h e p u r p o s e s of f i e l d i d e n t i f i c a t i o n i t i s n e c e s s a r y t h a t a 
new model number be a s s i g n e d w i t h eaoh change i n p i t c h and d i a m 
e t e r , A change i n d a s h number i n c o n j u n c t i o n w i t h t n e ba-sio 
model number i s recommended t o d e s i g n a t e a change i n p i t c h . (See 
14 .1 -B ( 8 ) h e r e i n . ) A change i n p i t c h d i s t r i b u t i o n s h o u l d b e 
n o t e d i n a s u i t a b l e t a b u l a r form on t h e b a s i o model d r a w i n g s . 
Sma l l changes i n d i a m e t e r whioh i n v o l v e o n l y t h e t i p s e c t i o n s may 
be d e n o t e d b y d o t t e d l i n e s on t h e b a s i c model d r a w i n g . The n e o -
e s s a r y forms CAA 01-9 and 1 4 - 1 s h o u l d be s u b m i t t e d f o r e a o h m o d e l . 

2 . Minor m o d i f i c a t i o n s t o a m e t a l p r o p e l l e r b l a d e s t r u c t u r e may 
r e s u l t i n major ohanges i n t h e v i b r a t i o n s t r e s s e s of t h e b l a d e . 
T h i s p o i n t must t h e r e f o r e b e s u i t a b l y c o v e r e d i f a m o d i f i c a t i o n i s 
s u b m i t t e d a s m i n o r . I n g e n e r a l , a p p r e c i a b l e ohanges i n t h e s t r u c 
t u r e of a m e t a l p r o p e l l e r w i l l ha c o n s i d e r e d a ma jo r change and s u b 
j e c t t o t h e t e s t r e q u i r e m e n t s of 6 CFR 1 4 . 2 . 

. 5 1 SEALED DRAWING LIST 

1 . The s e a l e d d r a w i n g l i s t and s e a l e d d r a w i n g s s h o u l d be k e p t a d 
e q u a t e l y and c o n v e n i e n t l y f i l e d a t t h e m a n u f a c t u r e r ' s o f f i c e so 
t h a t t h e y a r e r e a d i l y a v a i l a b l e f o r such c o n f o r m i t y c h e c k s a s may 
be made b y r e p r e s e n t a t i v e s of t h e A u t h o r i t y . I t i s p r e f e r a b l e t o 
f i l e e a c h model s e p a r a t e l y i n n u m e r i c a l o r d e r . 

.52 MAJOR CHANGES 

1 . Major ohanges t o a p r o p e l l e r , a s d i s c u s s e d i n p r e v i o u s p a r a 
g r a p h 1 4 . 4 , w i l l n e c e s s i t a t e c o m p l i a n c e w i t h t h e t e s t r e q u i r e m e n t s 
of 6 CFR 14 .2 and a r e t r e a t e d a s c r e a t i n g new d e s i g n s . It' t h e r e i s 
any d o u b t a s t o w h e t h e r a change i s minor or major i n n a t u r e , t h e 
d e o i s i o n s h o u l d i n a l l cas©3 be r e f e r r e d t o t h e C i v i l A e r o n a u t i c s 
A u t h o r i t y . 

. 5 3 MINOR CHANGES 

1 . Drawings i n o l u d i n g t h e minor changes made t o t h e p r o p e l l e r d u r 
i n g t h e p r e c e d i n g s i x months s h o u l d b e s u b m i t t e d d u r i n g J a n u a r y 
and J u l y of e a c h y e a r . I f a d r a w i n g l i s t was o r i g i n a l l y s u b m i t t e d 
t h e r e v i s e d d r a w i n g l i s t sh ou ld a l s o b e i n o l u d e d . I f a d r a w i n g 
l i s t was n o t o r i g i n a l l y s u b m i t t e d a d u p l i c a t e s e t of d r a w i n g s 
shou ld be f o r w a r d e d so t h a t e i t h e r a s e a l e d d r a w i n g l i s t or s e t of 
s e a l e d d r a w i n g s may be r e t u r n e d f o r f i l e . 

. 54 REDUCTIONS IN DIAMETER 

1 . R e d u c t i o n s i n d i a m e t e r made b y o u t t i n g o f f t h e t i p or b y t e l 
e s c o p i n g w i l l g e n e r a l l y be c e r t i f i c a t e d w i t h o u t a d d i t i o n a l t e s t i n g , 
p r o v i d e d t h e o r i g i n a l des ign h a s no o r i t i c a l r e s o n a n c e c o n d i t i o n s and 
i t i s shown t h a t no a d d i t i o n a l c r i t i c a l r e s o n a n c e c o n d i t i o n s a r e e n 
c o u n t e r e d i n t h e s m a l l e r d i a m e t e r b l a d e . 
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