
D E V E L O P M E N T  O F  VACUUM H A R V ES TIN G E Q U I P M E N T  

F O R  S M A L L  L E G U M E  SEEDS

By

G E O R G E  BASSILY HANNA

A THESIS

S u b m i t t e d  to the  School  of G r a d u a t e  S tu d i e s  of M i c h i g a n  
S ta te  C o l l e g e  of A g r i c u l t u r e  and  A p p l i e d  S c i e n c e  

in p a r t i a l  f u l f i l lm e n t  of the r e q u i r e m e n t s  
f o r  the d e g r e e  of

D O C T O R  O F  P H IL O S O P HY

D e p a r t m e n t  of A g r i c u l t u r a l  E n g i n e e r i n g

1951



A C K N O W L E D G M E N T S

The a u t h o r  w i s h e s  to e x p r e s s  h i s  s i n c e r e  t h a n k s  to 

D r .  W. M. C a r l e t o n ,  u n d e r  w hose  g u id a n ce  a n d  a s s i s t a n c e  

t h i s  r e s e a r c h  work  was  u n d e r t a k e n .

He i s  g r e a t l y  i n d e b te d  to M r .  W. H.  S h e ldon  f o r  h i s  

v a l u ab le  a s s i s t a n c e  in the p r e p a r a t i o n  of th i s  m a n u s c r i p t .  

G r a t e f u l  a c k n o w l e d g m e n t  is  a l s o  due to D r .  S. T.  D e x t e r  of 

the F a r m  C r o p s  D e p a r t m e n t  f o r  h i s  i n t e r e s t  and  he lp fu l  s u g ­

g e s t i o n s .

The w r i t e r  d e e p l y  a p p r e c i a t e s  the c o o p e r a t i o n  of the  

B r i l l i o n  I r on  W o rk s  C o m p a n y  f o r  m a k i n g  a v a i l a b l e  the B r i l l i o n  

V a c u u m  H a r v e s t e r ,  and  the C r i d l e r s  a t  M id d le v i l l e ,  M ich igan ,  

on whose  f a r m  m o s t  of the e x p e r i m e n t a l  t r i a l s  w e r e  co n d u c t e d .

f l



D E V E L O P M E N T  O F  V AC U U M  HARVESTING E Q U I P M E N T

F O R  S M A L L  L E G U M E  SEEDS

By

G e o r g e  B a s s i l y  Hanna

A N  A B S T R A C T

S u bm i t t e d  to t h e  S c h o o l  of G r a d u a t e  S tu d i e s  of M ic h i g a n  
S t a t e  C o l l e g e  of  A g r i c u l t u r e  and  A p p l i e d  S c ie n ce  

in  p a r t i a l  f u l f i l l m e n t  of the r e q u i r e m e n t s  
f o r  the  d e g r e e  of

D O C T O R  O F PHILOSOPHY

D e p a r t m e n t  of  A g r i c u l t u r a l  E n g i n e e r i n g

Y e a r  1951

A p p r o v e d



i v

G E O R G E  B A S S I L Y  H A N N A  A B S T R A C T

The i n t e r e s t  in L a d i n o  c l o v e r  a s  a f o r a g e  c r o p  i s  c o n ­

s t a n t ly  i n c r e a s i n g  an d  in s p i t e  of the g r a d u a l  i n c r e a s e  to n e a r l y  

8 m i l l i o n  pounds  in 1950, the  USDA i s  a n t i c i p a t i n g  a n e e d  f o r

1 2 , 3 8 4 , 0 0 0  pounds  of L a d i n o  s e e d  by 1955,  an d  1 4 , 8 5 5 , 0 0 0  

e a c h  y e a r  f r o m  19t>0 on.

When c u t  f o r  s e e d ,  the L a d i n o  v e g e t a t i o n  i s  f r o m  4 to 

10 i n c h e s  t a l l ,  wi th  m a n y  of the s e e d  h e a d s  ben t  o v e r  a l m o s t  

to the g r o u n d .  G r o w t h  of g r e e n  m a t e r i a l  i s  co n t in u o u s  an d  the

s eed ,  when  r i p e ,  t h r e s h e s  out  v e r y  e a s i l y .  T h e s e  co nd i t i o n s  

m a k e  the h a r v e s t i n g  of L a d i n o  c l o v e r  s e e d  d i f f i cu l t  an d  i n e f ­

f i c i e n t  when  u s in g  the c o m b i n e  h a r v e s t e r .

P r e l i m i n a r y  s t u d i e s  i n d i c a t e d  a v e r y  de f in i t e  p o s s i b i l i t y  

fo r  the d e v e l o p m e n t  of an  e f f e c t i v e  v a c u u m  h a r v e s t e r  f o r  s m a l l  

l e g u m e  s e e d s .  A r e v i e w  of the d e v e l o p m e n t  of the  e a r l i e r  v a c ­

u u m  h a r v e s t e r s  i n d i c a t e d  tha t  (a) the a i r  f low in s id e  the  n o z z l e s  

had  not  b e e n  i n v e s t i g a t e d ,  (b) the e x i s t e n c e  of a i r  p o c k e t s  in 

the a c t u a l  n o z z l e s  w as  to be e x p e c t e d ,  (c) no s tudy  h a s  been 

m a d e  to f ind out  the m i n i m u m  v e l o c i t y  of a i r  r e q u i r e d  to c o l ­

l e c t  the c r o p ,  and  (d) no s e l f - c l e a n i n g  d ev i ce  w as  p r o v i d e d  in 

the  g a t h e r i n g  m e c h a n i s m .
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The  m i n i m u m  l i f t ing v e l o c i t i e s  of d i f f e r e n t  s e e d s  a n d  

g r a i n s  w e r e  c a l c u l a t e d  by m e a n s  of the t u r b u l e n t  f low f o r m u l a  

The  r e s u l t s  w e r e  c o m p a r e d  wi th  the a c t u a l  l a b o r a t o r y  e x p e r i ­

m e n t s  .

A n ew  v a c u u m  h a r v e s t e r  wi th  no p i c k - u p  d ev ic e  w as  

d e s i g n e d  an d  c o n s t r u c t e d  to h a r v e s t  the c l o v e r  s e e d  f r o m  the 

w i n d r o w .  A i r  f low i n v e s t i g a t i o n s  i n s id e  the n o z z l e  i n d i c a t e d  

the a b s e n c e  of s t a g n a n t  a i r  r e g i o n s .

T h i s  w a s  f o l l owed  by the d e s i g n  an d  c o n s t r u c t i o n  of a 

c u t t e r  b a r  v a c u u m  h a r v e s t e r  which  cu t s  and  s u c k s  the g r e e n  

c l o v e r  in  one o p e r a t i o n .

F i e l d  e x p e r i m e n t s  w e r e  c o n d u c t e d  in o r d e r  to c o m p a r e  

the  p e r f o r m a n c e  of the fo l lowing  m e t h o d s  of h a r v e s t i n g  the 

L a d i n o  c l o v e r  seed :  (a) A pan  a t t a c h e d  to the  c u t t e r  b a r ;  (b)

v a c u u m  h a r v e s t i n g  f r o m  w in d ro w ;  (c) v a c u u m  h a r v e s t i n g  f r o m  

swa th ;  (d) v a c u u m  h a r v e s t i n g  f r o m  the c u t t e r  b a r ;  (e) c o m b i n ­

ing f r o m  w in d row ;  (f) c o m b i n in g  f r o m  swa th ;  and  (g) s w e ep in g  

the f i e ld  with a b r u s h  v a c u u m  h a r v e s t e r .

V a c u u m  h a r v e s t i n g  f r o m  the w in d ro w  had  a h i g h e r  o v e r  

a l l  e f f i c i e n c y  than  any  o t h e r  m e t h o d  t e s t e d .  H o w e v e r ,  the
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v e g e t a t i v e  m a t e r i a l  d r i e d  m o s t  r a p i d l y  when  lef t  in the sw a th .  

V a c u u m  h a r v e s t i n g  f r o m  the c u t t e r  b a r  w a s  c o n s i d e r e d  not  

p r a c t i c a l  b e c a u s e  of the  high p e r c e n t a g e  of w a t e r  c o n t a i n e d  

in the g r e e n  m a t e r i a l  (70% to 75%) a nd  the  m e c h a n i c a l  d i f f i ­

c u l t i e s  of a r t i f i c i a l  d r y i n g .

I n v e s t i g a t i o n  of the  c a u s e s  of s e e d  l o s s e s  d u r in g  the 

d i f f e r e n t  p h a s e s  of h a r v e s t i n g  p r o c e d u r e  i n d i c a t e d  tha t  the m o s t  

s e r i o u s  l o s s e s  to be c o n s i d e r e d  a r e  the w e a t h e r  h a z a r d s ,  i n e f ­

f i c i e n t  p ick ing  and i n e f f i c i e n t  t h r e s h i n g .

A d e s i g n  w a s  m a d e  of a s w a th  v a c u u m  h a r v e s t e r  f e a ­

tu r i n g  a d e t a c h a b l e  n ozz l e  wi th an  e f f i c i e n t  and  s e l f - c l e a n i n g  

p i c k - u p .

L a d i n o  c l o v e r  s e e d  m a y  be h a r v e s t e d  by any of s e v e r a l  

m e t h o d s ,  o r  by a c o m b i n a t i o n  of m e t h o d s ;  the  a r g u m e n t s  f o r  

and  a g a i n s t  e a c h  p r o c e d u r e  a r e  d i s c u s s e d .  H a r v e s t i n g  p r o c e ­

d u r e s  a r e  r e c o m m e n d e d  f o r  s e v e r a l  co n d i t i o ns  of v e g e t a t i v e  

g ro w t h  u n d e r  v a r i a b l e  w e a t h e r  c o n d i t i o ns .
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INTR O DU C TIO N

White c l o v e r ,  L a d i n o  c l o v e r ,  l e s p e d e z a ,  b u r —c l o v e r ,  

buffalo g r a s s  p r o d u c e  v e r y  s h o r t  f l o w e r  s t a l k s .  Many  of t h e s e  

p l a n t s  p r o d u c e  s e e d  r e a d i l y ,  but  it f a i l s  to hang  on the s t e m  

a f t e r  i t  i s  r i p e  and ,  c o n s e q u e n t l y ,  h a r v e s t i n g  i s  a l m o s t  i m ­

p o s s i b l e  wi thout  v e r y  l a r g e  l o s s e s .  The  s e e d  f r o m  m a n y  of 

t h e s e  p l a n t s  i s  v e r y  high p r i c e d  and  in M i c h i g a n  and  n e i g h b o r ­

ing s t a t e s ,  the i n t e r e s t  in L a d i n o  c l o v e r  and whi te  c l o v e r  a s  

a f o r a g e  c r o p  i s  c o n s t a n t l y  i n c r e a s i n g .

" T h e  M ic h ig a n  F a r m e r "  (30),  i s s u e  of A p r i l ,  1951,  s t a t e d  

tha t  a l t ho u gh  L a d i n o  c l o v e r  w as  i n t r o d u c e d  into M i c h i g a n  l e s s  

than  ten y e a r s  ago  it  i s  now g ro w n  on an e s t i m a t e d  1 00 ,0 00  

a c r e s  of p a s t u r e  and  hay land .  It i s  t ak ing  i t s  p l a c e  a m o n g  

l e g u m e s  f a m i l i a r  to M ic h ig an  f a r m e r s  who a r e  f inding  it  a good 

s o u r c e  of h igh ly  n u t r i t i o u s  f o r a g e  f o r  a l l  c l a s s e s  of l i v e s t o c k .

The I m p l e m e n t  and  T r a c t o r  ( lb ) ,  i s s u e  of M a r c h ,  1951, 

s t a t e d  tha t  t h r e e  y e a r s  ago the e n t i r e  w o r l d  p r o d u c t i o n  of L a ­

dino c l o v e r  s e e d  was  only 3 , 5 0 0 ,  000 pounds .  The  c o m m e r c i a l  

p r o d u c t i o n  of L ad in o  c l o v e r  s e e d  in the Uni ted  S t a t e s  on which  

r e c o r d s  a r e  a v a i l a b l e  s t a r t e d  in 193b wi th a p r o d u c t i o n  in
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O r e g o n  of s l i g h t l y  o v e r  1 0 0 , 0 0 0  p o un ds .  S ince  then ,  a s  shown 

in F i g u r e  1, t h e r e  h a s  b e e n  a l m o s t  a g r a d u a l  i n c r e a s e  to a 

high in 1950 of n e a r l y  e ig h t  m i l l i o n  pounds  w i th  a n  a v e r a g e  

y i e ld  p e r  a c r e  of 127 pounds  (31).  In a d d i t i o n  to the n e w  r e c ­

o r d  h igh  p r o d u c t i o n  in  1950, f i g u r e s  c o l l e c t e d  by the P r o d u c ­

t ion M a r k e t i n g  A d m i n i s t r a t i o n  on p r o d u c t i o n  a n d  n e e d  of L a d i n o  

s e e d  (33) i n d i c a t e  t h a t  the a c r e a g e s  of L a d i n o  c l o v e r  f a r m e r s  

would have  l i ked  to p lan t  in 1950 a m o u n t e d  to 9 , 0 1 2 , 0 0 0  a c r e s  

whi le  the a m o u n t  t he y  cou ld  p lan t  with a v a i l a b l e  s e e d  w as

2 , 3 7 0 , 0 0 0  a c r e s .  Th e  s e e d  p r o d u c t i o n  would  h a v e  to be q u a d ­

ru p le d  to f u r n i s h  the  f a r m e r s  the s ee d  they  d e s i r e d  f o r  the 

1950 c r o p .

In h i s  a d d r e s s  a t  the 1950 a n n u a l  m e e t i n g  of the  A m e r ­

i c a n  S oc ie ty  of A g r o n o m y ,  G e o r g e  C.  E d l e r  (12) s t a t ed :

The  c u r r e n t  supp ly  of L a d i n o  c l o v e r  s e e d  i s  the 
l a r g e s t  e v e r  b e c a u s e  of the  r e c o r d  c r o p  t h i s  y e a r .  C a l ­
i f o r n i a  f o r  the f i r s t  t i m e  led  O r e g o n  in p r o d u c t i o n  of t h i s  
s e e d .  The  t o ta l  a c r e a g e  h a r v e s t e d  in t h e s e  s t a t e s  an d  
Idaho t h i s  y e a r  i s  two and  o n e - h a l f  t i m e s  tha t  of l a s t  y e a r  
a n d  n e a r l y  f o u r  t i m e s  the 1944-48  a v e r a g e .  D e m a n d  f o r  
t h i s  s e e d  h a s  b e e n  keep ing  p a c e  wi th  the  r a p i d l y  i n c r e a s ­
ing p r o d u c t i o n ,  a n d  d e s p i t e  the  l a r g e  s upp ly ,  r e t a i l  p r i c e s  
t h i s  f a l l  a r e  p r a c t i c a l l y  a t  l a s t  y e a r ' s  r a t h e r  h ig h  leve l .

The  fo l lowing  f i g u r e s  w e r e  g iven  by G e o r g e  C.  E d l e r

a t  the  s a m e  m e e t i n g :
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U ni te d  S ta t e s  P r o d u c t i o n  of L ad in o  c l o v e r  s ee d .F i g u r e  1
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Ave r a g e  
1944-48 1949 1950

P o u n d s  of c l e a n  s e e d

L ad in o  C l o v e r  1 , 3 6 7 , 0 0 0 4 , 4 6 8 , 0 0 0  8, 1 2 1 ,0 00

A s  an  i n d i c a t i o n  f o r  the  g ro w in g  n e e d  of L a d i n o  s e e d  in 

the U n i ted  S t a t e s ,  the I m p l e m e n t  and  T r a c t o r ,  in i t s  F e b r u a r y ,  

1951 (21) i s s u e ,  s t a t ed :

With the  g o v e r n m e n t  c a l l ing  f o r  a 900 p e r c e n t  i n ­
c r e a s e  in L a d i n o  c l o v e r  in  the nex t  d e c a d e ,  C a l i f o r n i a  i s  
a l r e a d y  g ro w in g  hal f  the  n a t i o n ' s  supp ly  of t h i s  d r o o p e y -  
h e a d e d  whi te  c l o v e r  t h a t  c a m e  in f r o m  I ta ly  s c a r c e l y  a 
q u a r t e r  c e n t u r y  ago .  The  U. S. D. A.  th inks  we wi l l  
n e e d  1 2 , 3 8 4 , 0 0 0  pounds  of L a d i n o  s e e d  by 1955, and
1 4 , 8 5 5 , 0 0 0  e a c h  y e a r  f r o m  I960 on.

I



J U S T I F IC A T I O N  O F  T H E STUDY

In p r e p a r a t i o n  f o r  a L a d i n o  c l o v e r  s e e d  c r o p ,  the  f i r s t  

cu t t ing  of hay i s  r e m o v e d  f r o m  the f i e l d  u s u a l l y  in  the  e a r l y  

p a r t  of J une .  T h i s  d e c r e a s e s  w e e d i n e s s ,  e l i m i n a t e s  m o s t  of 

the a l s i k e  c l o v e r ,  a n d  g iv e s  a m o r e  u n i f o r m l y  m a t u r e d  s e e d  

c r o p  r i p en in g  d u r i n g  la te  Ju ly  o r  e a r l y  A u g u s t .  T h i s  i s  the 

m o s t  f a v o r a b l e  t i m e  f o r  d r y in g  v e g e t a t i v e  m a t e r i a l  in the s wa th .  

When cu t  f o r  s e ed ,  the v e g e t a t i o n  is  f r o m  f o u r  to s ix  i n c h e s  

ta l l ,  w i th  m a n y  of the s e e d  h e a d s  ben t  o v e r  a l m o s t  to the 

g ro u nd .  G r o w th  of g r e e n  m a t e r i a l  i s  c on t in u ou s  if t h e r e  i s  

s u f f i c i e n t  m o i s t u r e  in the so i l  and  the s e e d ,  when  r i p e ,  t h r e s h e s  

out  v e r y  e a s i l y .  T h e s e  co nd i t io ns  m a k e  the h a r v e s t i n g  of L a ­

dino c l o v e r  s e e d  d i f f i cu l t  and  i n e f f i c i e n t  when us ing  the u s u a l  

g r a s s  s e e d  h a r v e s t i n g  e q u i p m e n t .

P r e v i o u s  w ork  done by M cK ibb en ,  D e x t e r ,  and  S he ldon  

(10, 11, 28) h a s  shown tha t ,  in t h e s e  s h o r t  s t a n d s  of the c r o p ,

h a r v e s t i n g  wi th  a c o n v e n t io n a l  c o m b in e  was  i n e f f e c t i v e .  M o s t  

of the s e e d  w a s  u s u a l l y  left  in the  f i e ld .  T h e i r  p r e l i m i n a r y  

s tudy  i n d i c a t e d  a v e r y  de f in i t e  p o s s i b i l i t y  fo r  the  d e v e l o p m e n t
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of an  e f f e c t i v e  v a c u u m  h a r v e s t e r  f o r  L a d i n o  c l o v e r ,  whi te  c l o ­

v e r ,  a n d  o t h e r  g r a s s  s e e d s .

P r o d u c e r s  of c l o v e r  s e e d s ,  an d  o t h e r  v e r y  s m a l l  s e e d s  

tha t  a r e  lo s t  i n c id e n t  to the h a r v e s t i n g  o p e r a t i o n ,  a r e  l i ke ly  

to f ind t h i s  type of e q u i p m e n t  of r e a l  v a lu e .  F u r t h e r m o r e ,  

o b s e r v a t i o n s  have  i n d i c a t e d  t h a t  l o s s e s  in the  v a r i o u s  p r o c e s s e s  

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

t ion of the  to t a l  p o s s i b l e  y i e ld  (5). L a c k  of s p e c i f i c  i n f o r m a ­

t ion on s e e d  l o s s e s  at  h a r v e s t  t i m e  f o r  M i c h i g a n  and  the s u r ­

r o und ing  a r e a  p r o m p t e d  the p r e s e n t  i n v e s t i g a t i o n  on the c o m ­

p a r a t i v e  e f f i c i e n c y  of v a r i o u s  m e t h o d s  of h a r v e s t i n g  s e e d  of 

s m a l l  s e e d e d  l e g u m e s .

The  p u r p o s e  of th i s  r e s e a r c h  w o rk  was:

(1) To c o m p a r e  the p e r f o r m a n c e  of the  p o s s i b l e  

m e t h o d s  of h a r v e s t i n g  L a d i n o  c l o v e r  s eed ;

(2) To i n v e s t i g a t e  the s o u r c e s  of s e e d  l o s s e s  a t  

h a r v e s t  t i m e ;

(3) To  s tudy the a i r  v e l o c i t y  r e q u i r e d  to l i f t  d i f f e r ­

en t  k inds  of s e e d s ;

(4) To d e s ig n  a new v a c u u m  h a r v e s t e r  b a s e d  on the 

r e s u l t s  of the above  i n v e s t i g a t i o n s .



R E V IE W  O F  L I T E R A T U R E  

P r e v i o u s  E x p e r i m e n t a l  W o r k s

Th e  v a c u u m  p r i n c i p l e ,  a p p l i e d  to h a r v e s t i n g  e q u i p m e n t ,  

i s  by no m e a n s  new.  The  Soi l  C o n s e r v a t i o n  S e r v i c e ,  in  c o ­

o p e r a t i o n  wi th s e v e r a l  s t a t e  e x p e r i m e n t  s t a t i o n s ,  p a r t i c u l a r l y  

the C h i l l o c o t h e  S u b s t a t i o n  of the T e x a s  A g r i c u l t u r a l  E x p e r i m e n t  

S t a t io n  and  the F o r t  H a y s  B r a n c h  of the  K a n s a s  A g r i c u l t u r a l  

E x p e r i m e n t  S ta t ion  (20, 37),  h a s  w o r k e d  wi th t h i s  type of

e q u i p m e n t  f o r  s e v e r a l  y e a r s  a s  a p a r t  of t h e i r  g r a s s  s e e d  

h a r v e s t i n g  p r o j e c t s .

Th e  p e r f o r m a n c e  of a v a c u u m - t y p e  c o l l e c t o r  f o r  f a l l e n  

p e p p e r m i n t  l e a v e s  was  r e p o r t e d  by W i le m a n  and  E l l i s  of P u r ­

due in the  J u ly ,  1943 i s s u e  of A g r i c u l t u r a l  E n g i n e e r i n g  (3t>).

The  A g r i c u l t u r a l  E x p e r i m e n t  S ta t ion  of M ic h i g an  S ta te  

C o l l e g e  d e v e l o p e d  in 1944 an  e x p e r i m e n t a l  v a c u u m —type h a r ­

v e s t e r  f o r  whi te  c l o v e r  s e e d  and  p r e l i m i n a r y  t r i a l s  w e r e  r e ­

p o r t e d  by D e x t e r  a n d  M cK ib b en  of the  F a r m  C r o p s  an d  A g r i ­

c u l t u r a l  E n g i n e e r i n g  s e c t i o n s  of M i c h i g a n  Sta te  C o l l ege  (10).
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D e x t e r  a n d  S h e ldon  (11,  28) r e p o r t e d  in 1947 a n d  1948

s a t i s f a c t o r y  r e s u l t s  wi th  an  e n l a r g e d  a n d  i m p r o v e d  v a c u u m  

h a r v e s t e r ,  b u i l t  a c c o r d i n g  to the  r e c o m m e n d a t i o n s  in  the  D e x t e r  

and  M c K i b b e n  r e p o r t .

F o r t u n e  m a g a z i n e  (19) r e p o r t e d ,  in i t s  i s s u e  of O c t o b e r ,  

1948, on the  d e v e l o p m e n t  of a n  e x p e r i m e n t a l  s e e d  v a c u u m  h a r ­

v e s t e r  ( F i g u r e  2) by a  C a l i f o r n i a  f a r m e r ,  A l b e r t  J o n g e n e e l ,  

which w a s  d e v i s e d  to l o w e r  the  c o s t  of c o l l e c t i n g  s e e d  f o r  

c o v e r  c r o p s  n e e d e d  to p r e v e n t  e r o s i o n  on the G r e a t  P l a i n s .

H i s t o r i c a l  R ev ie w  of V a c u u m  H a r v e s t i n g  E q u i p m e n t  

F o r t  H a y s  V a c u u m  S w e e p e r

The F o r t  H a y s  B r a n c h  of the K a n s a s  A g r i c u l t u r a l  E x ­

p e r i m e n t  S ta t io n  w o r k e d  wi th  v a c u u m  h a r v e s t i n g  e q u i p m e n t  f o r  

s e v e r a l  y e a r s  a s  a p a r t  of t h e i r  g r a s s  s e e d  h a r v e s t i n g  p r o j ­

e c t s .  F i g u r e  3 s ho w s  a  v a c u u m  s w e e p e r  d e v e l o p e d  in 1935.

It  w as  r e p o r t e d  tha t  t h i s  m a c h i n e  w as  n i n e t y —five p e r c e n t  e f f i ­

c i en t ,  if  the o v e r b u r d e n  of hay  w a s  r e m o v e d  a h e a d  of the 

s w e e p e r .  The  b l o w e r  w as  d r i v e n  by a s e p a r a t e  g a s o l i n e  e n ­

gine .  The e x h a u s t e r ,  the en g ine ,  and  the h o p p e r  c o n t a i n e r  

w e r e  m o u n t e d  on a c a r r i a g e  d r i v e n  by a t r a c t o r .



F i g u r e  Z .  C a l i f o r n i a  e x p e r i m e n t a l  v a c u u m  s e e d  h a r v e s t e r .



F  i g u r e  3 F o r t  H a y s  v a c u u m  s w e e p e r , 1 9 3 5 .

F i g u r e  4. C o m b i n e d  b e a t e r  and  s u c t i o n  a t ­
t a c h m e n t  u s e d  b eh ind  buf fa lo  g r a s s  
s e e d  h a r v e s t e r ,  1935.



Suc t ion  a t t a c h m e n t  on the C o m b i n e  H a r v e s t e r

1 1

F i g u r e  4 s ho w s  the c o m b i n e d  b e a t e r  a n d  s u c t i o n  a t t a c h ­

m e n t  u s e d  a s  a g l e a n e r  a t t a c h m e n t  on a  c o m b i n e  h a r v e s t e r  to  

c o l l e c t  buf fa lo  g r a s s  s e e d  th a t  the  c o m b i n e  did  no t  c o l l e c t .

T h i s  a t t a c h m e n t ,  r u nn ing  a t  1, 700 r .  p . m .  , w as  m a d e  up  of 

f o u r  r o w s  of f l a t  h a m m e r s ,  f i f ty to e a c h  row,  w e ld ed  to a 

2 - i n c h  d i a m e t e r  sha f t .  The  sha f t  w as  f ive f e e t  long a n d  the 

h a m m e r s  w e r e  s t a g g e r e d  on the sha f t ,  so th a t  c o m p l e t e  c o v ­

e r a g e  of the  g r o u n d  w as  ob ta in ed .  The s e e d  w a s  p ic ked  and  

su c k e d  in to  the a u g e r  f r o m  which  it  w a s  e l e v a t e d  to the body 

of the c o m b i n e  j u s t  beh ind  the c y l i n d e r .

The  a t t a c h m e n t ,  shown in F i g u r e  4, i s  in l i f t ed  p o s i ­

t ion  and  p a r t  of the s m a l l  f l a t  h a m m e r s  can  be s e e n  e x p o s e d  

u n d e r  the h o us in g .

The  " H o s k i n g "  G r a s s  S eed  H a r v e s t e r

T h i s  m a c h i n e  w a s  d e v e l o p e d  in 1942 by J .  E .  H o sk in g  

and m a n u f a c t u r e d  by S tan ley ,  L td .  in E n g l a n d  f o r  h a r v e s t i n g  

p e r e n n i a l  rye  g r a s s  s e e d s .

A c c o r d i n g  to the  m a n u f a c t u r e r ,  the p r i m e  a d v a n t a g e  of 

the m a c h i n e  in g l e an in g  the s e e d  d i r e c t  f r o m  the s t a l k  i s  tha t ,
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a f t e r  i t s  p a s s a g e  o v e r  the c r o p ,  the f i e l d  c a n  s t i l l  be  h a r v e s t e d  

f o r  hay an d  the  r e c o v e r y  of  s e e d  is  no m e a n  c o n s i d e r a t i o n .

The m a c h i n e  d o e s  not  r u b  the  s e e d  f r o m  the s t a lk ,  bu t  b e a t s  

i t  off wi th  m e t a l - t i p p e d  f l ex ib le  b e a t e r s  r e v o lv in g  a t  1 , 2 5 0  

r .  p. m .  in a  s e v e n - f o o t ,  s i x - i n c h  c o l l e c t o r .

A s ix  h o r s e p o w e r  e n g in e ,  in  a d d i t i o n  to d r i v i n g  the 

w h e e l s  t h r o u g h  a c h a i n - t y p e  g e a r b o x  an d  o p e r a t i n g  the b e a t e r ,  

a c t u a t e s  a  b l o w e r  and  a n  a r c h i m e d i a n  s c r e w  f ixed  in f r o n t  of 

the b e a t e r s  to c a r r y  the  s e e d  to one end  of the c o l l e c t in g  box,  

F r o m  t h e r e ,  the s e e d  i s  d r a w n  by the b l o w e r  a long  a  f l ex ib le  

p ipe ,  t h r o u g h  the b l o w e r ,  and in to  the  box on  the l e f t - h a n d  

s ide  of the m a c h i n e  ( shown in F i g u r e  5). It t hen  d r o p s  in to  

b ag s ,  the  a i r  e s c a p i n g  t h r o u g h  the s ack in g .

P e p p e r m i n t  L e a v e s  V a c u u m  H a r v e s t e r

A m a c h i n e  f o r  c o l l e c t in g  p e p p e r m i n t  l e a v e s  ( F i g u r e  6) 

was  r e p o r t e d  by R. H. W i l e m a n  an d  N. K. E l l i s  in  1943. It 

had  two g a t h e r i n g  n o z z l e s ,  ex t end in g  to the r e a r ,  which  w e r e  

a t t a c h e d  to f a n s  d r i v e n  by the p o w e r  t a k e - o f f  of the p r o p e l l i n g  

t r a c t o r .  T h e s e  n o z z l e s  w e r e  pu l l ed  o v e r  the  s u r f a c e  of the 

g r o u n d  a n d  c o l l e c t e d  the  f a l l e n  m i n t  l e a v e s  by m e a n s  of the
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F i g u r e  t>. P e p p e r m i n t  l e a v e s  v a c u u m  h a r v e s t e r ,  1943.
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p a r t i a l  v a c u u m  c r e a t e d  by  the f a n s .  A l a r g e  h o p p e r  w a s  p r o ­

v id ed  f o r  s e p a r a t i n g  the  l e a v e s  f r o m  the  a i r  s t r e a m  c r e a t e d  

by the  f a n s  and  i t  a l s o  s e r v e d  a s  a  s t o r a g e  f o r  the  c o l l e c t e d  

l e av e  s .

Two 1 8 - i n c h  " ax i f l o w "  f a n s  w e r e  m o u n t e d  on the r e a r  

of the t r a i l e r  wi th  the in t a k e  s id e  t o w a r d  the  b a c k  and  s p a c e d  

4 - 1 / 2  f ee t  b e t w e e n  c e n t e r s .  To  e a c h  fan w as  a t t a c h e d  a g a t h ­

e r i n g  n o z z l e  4 - 1 / 2  f e e t  wide  w h e r e  i t  c o n t a c t e d  the  g r o u n d  a n d  

wi th  a n  open ing  w hich  could  be a d j u s t e d  f r o m  1 to 3 i n c h e s  in  

width.  T h e y  w e r e  a t t a c h e d  to the fan  t h i m b l e s  by m e a n s  of a 

f l ex ib le  c o n n e c t i o n  and  s u p p o r t e d  by h in g e d  a r m s  which  a l lo w e d  

t h e m  to f loa t  when o p e r a t i n g  and  thus  f o l l owed  the c o n t o u r  of 

the g r o u n d  i r r e s p e c t i v e  of the a c t i o n  of the t r a i l e r .

E x p e r i e n c e s  d u r i n g  the 1942 s e a s o n  i n d i c a t e d  t h a t  a n  

a i r  v e l o c i t y  of a b o u t  2 , 3 0 0  f e e t  p e r  m i n u t e  a t  the  m o u t h  of the 

n o z z l e s  gave  the b e s t  r e s u l t s  u n d e r  m o s t  c o n d i t i o ns .  T h i s  

v e l o c i t y  of a i r  r e s u l t e d  in  a v a c u u m  of 2 i n c h e s  w a t e r  gauge 

in the t h r o a t  of the  n o z z l e s  a n d  0. 95 in a t  the f r o n t  of the 

nozz l e  a p r o n .  To  s e c u r e  t h e s e  co n d i t io ns  the f ans  o p e r a t e d  

a t  a s p e e d  of 2 , 5 3 0  r . p .  m .  a n d  e a c h  fan d e l i v e r e d  a i r  a t  

3 , 7 0 0  c . f . m .
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It w a s  r e p o r t e d ,  h o w e v e r ,  t h a t  t h i s  m a c h i n e  m a d e  a  

r a t h e r  p oo r  job of c o l l e c t in g  in  c a s e s  w h e r e  h e a v y  r a i n s  f e l l  

a f t e r  the  hay  w as  r a k e d  and  the  l e a v e s  m a t t e d  to the so i l .

D e x t e r  and  M c K i b b e n  E x p e r i m e n t a l  V a c u u m  H a r v e s t e r

An e x p e r i m e n t a l  v a c u u m  h a r v e s t e r  f o r  whi te  c l o v e r  s e e d  

was  a s s e m b l e d  a nd  t e s t e d  in  1944 by S. T.  D e x t e r  and  E .  G. 

M cK ib ben  a t  M ic h i g a n  S ta te  C o l l e g e  ( F i g u r e  7). A No.  13 I m ­

p r o v e d  C l a r a g e  E x h a u s t e r  wi th  s lo w  s p e e d  i m p e l l e r  w as  m o u n t e d  

on the f r o n t  of a  t w o - p lo w  a l l - p u r p o s e  t r a c t o r .  T h i s  b l o w e r  

was  o p e r a t e d  by the  s t a n d a r d  b e l t  p u l l ey  which  gave  a  f an  s p e ed  

of 1 ,8 00  r . p . m .  wi th  a  d e m a n d  of a b o u t  e ig h t  h o r s e p o w e r .  The  

d i s c h a r g e  w a s  in to  a l a r g e  c a n v a s  c o n t a i n e r  m o u n t e d  on  a  t w o -  

w h ee l  t r a i l e r .  T h i s  c o n t a i n e r  had  a c o a r s e  m e s h  b u r l a p  top 

to p e r m i t  the  e s c a p e  of a i r  w i thou t  l o s s  of s ee d .

The g a t h e r i n g  d e v i c e ,  w h ich  w a s  t h r e e  f e e t  w ide ,  i s  

shown in F i g u r e s  8 a n d  9. The  b e a t e r ,  shown in F i g u r e  9, 

w as  m a d e  of s t e e l  3 / l b  in c h  r o d s  a n d  w as  tw e lve  i n c h e s  in 

d i a m e t e  r .

The  4 . 0 0 "  x 12" t r a c t i o n  d r iv e  t i r e s  o p e r a t i n g  the 2" 

x b" f r i c t i o n - d r i v e n  b e a t e r  t i r e s  gave  the t i p s  of the b e a t e r
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F ig u re  7. Dexter  and McKibben e x p e r i ­
mental vacuum h a rv es ter ,  1944.

F ig u re  8. Gathering device  in Dexter and 
McKibben vacuum harvester .



F i g u r e  9. P i c k - u p  in  D e x t e r  a n d  McKibb  
v a c u u m  h a r v e s t e r .

F i g u r e  10. D e x t e r  a nd  She ldon  e x ­
p e r i m e n t a l  v a c u u m  h a r ­
v e s t e r ,  194b.
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r o d s  a f o r w a r d  s p e e d  wi th  r e s p e c t  to the  g r o u n d  of t h r e e  t i m e s  

the f o r w a r d  s p e e d  of the t r a c t o r .

A s  s t a t e d  in t h e i r  r e p o r t s ,  the a u t h o r s  o b t a i n e d  v e r y  

good r e s u l t s  an d  a t  a s p e e d  of t h r e e  m i l e s  p e r  h o u r  e v e n  the 

n a r r o w  t h r e e - f o o t  n o z z l e  would  h a v e  a c a p a c i t y  of m o r e  than  

3 / 4  a c r e  p e r  h o u r .

With th i s  v a c u u m  h a r v e s t e r ,  1Z0 pounds  of c l e a n e d  s e e d  

(pu r i t y  above  99%) w e r e  o b t a i n e d  f r o m  the 3 / 4  a c r e ,  a  r e c o v ­

e r y  of p e r h a p s  f ive to t en  t i m e s  t h a t  of an  o r d i n a r y  c o m b i n e .

The g a t h e r i n g  d ev i ce  w as  r e p o r t e d  to be f a r  f r o m  p e r ­

fec t .  The a u t h o r s  r e c o m m e n d e d  th a t  t e e th  shou ld  be m o r e  

f l ex ib l e ,  the r e e l  shou ld  be a d j u s t a b l e  wi th  r e s p e c t  to the  h o u s ­

ing,  and  the b e a t e r  shou ld  p r o b a b l y  be d r i v e n  f r o m  the t r a c t o r  

r a t h e r  than  the g r o un d .

D e x t e r  and  Sheldon E x p e r i m e n t a l  V a c u u m  H a r v e s t e r

The v a c u u m  h a r v e s t e r  f o r  Whi te  C l o v e r  s e ed  r e p o r t e d  

by D e x t e r  and M c K ib ben  was  r e b u i l t  in 1945 and  194c. to i n ­

c o r p o r a t e  r e c o m m e n d a t i o n s  m a d e  a f t e r  the f i r s t  y e a r  of o p e r ­

a t ion .  The  m a c h i n e ,  shown in F i g u r e  10, w as  e n l a r g e d  to 

take  a s i x - f o o t  s w a th  and  the fan s p e e d  i n c r e a s e d  to 2, oOO r .  p . m .
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by u s i n g  the  o v e r s i z e  t r a c t o r  p u l l e y  f u r n i s h e d  by  the m a n u f a c ­

t u r e r s  of  the  t r a c t o r .  A t  t h i s  i n c r e a s e d  s p e e d ,  t he  f an  r e ­

q u i r e d  a p p r o x i m a t e l y  15 h o r s e p o w e r  an d  m o v e d  a b o u t  5 , 0 0 0  

cub ic  f e e t  of a i r  p e r  m i n u t e .  Th e  fan  h o u s i n g  w a s  r o t a t e d  

90 to d i s c h a r g e  v e r t i c a l l y ,  and  a s w i v e l  e l b o w  w a s  u s e d  b e ­

tw een  the  f an  a n d  the d i s c h a r g e  p ipe .  T h i s  f a c i l i t a t e d  t u r n i n g  

c o r n e r s  wi th  the h a r v e s t e r  an d  the 4 - w h e e l  t r a i l e r  t h a t  w a s  

u s e d  f o r  c a r r y i n g  the h a r v e s t e d  m a t e r i a l .  The  t r a i l i n g  wagon ,  

7 x 1 3  f e e t ,  had  t igh t  s i d e w a l l s  s ix  f e e t  h igh ,  w i th  a d o o r  f o u r  

f ee t  h igh  in the  r e a r .  The  top w as  of l / 4  in c h  h a r d w a r e  c lo th ,  

c o v e r e d  wi th  b u r l a p  to p r e v e n t  s e e d  f r o m  blowing out .  S p r in g  

t e e th ,  f r o m  the C a s e  c o m b i n e  p ic ku p  a t t a c h m e n t ,  w e r e  u s e d  

on the r o t a t i n g  b e a t e r ,  wh ich  w as  d r i v e n  f r o m  the t r a c t o r  

r a t h e r  than  f r o m  the g r o u n d .  T h e s e  t e e t h  w e r e  m o u n t e d  on 

s ix  p i p e s ,  p a r a l l e l  to the m a i n  r o t o r  shaf t .  The  r o t o r  was  

m a d e  a d j u s t a b l e  wi th  r e s p e c t  to i t s  h o u s in g .  E i t h e r  end  of 

the r o t a t i n g  b e a t e r  and  i t s  h o u s in g  cou ld  be r a i s e d  o r  l o w e r e d  

by the t r a c t o r  o p e r a t o r  by m e a n s  of l e v e r s  a t t a c h e d  to the 

h a r v e s t e r  w h e e l s  with pul l  r o d s  an d  t o r s i o n  a r m s .

P r e l i m i n a r y  t r i a l s  w e r e  c o n d u c t e d  in 1945 on an  1 8 - a c r e  

f ie ld  of L a d i n o  c l o v e r  a n d  in  194b on 50 a c r e s .  In 1948 a f i e ld
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of 12 a c r e s  w a s  u s e d  f o r  f u r t h e r  e x p e r i m e n t s  an d  w a s  d iv i d e d  

in to  t h r e e  a r e a s  to e n a b l e  t h r e e  d i f f e r e n t  m e t h o d s  of h a r v e s t i n g  

to be t r i e d  so a s  to o b ta in  c o m p a r a t i v e  d a t a .

C o m b i n i n g  f r o m  w i n d r o w  gav e  100 p o u n d s  of s e e d  r e ­

c o v e r e d  p e r  a c r e ,  c o m b i n i n g  f r o m  s w a t h  gav e  oO p o u n d s  a nd  

v a c u u m  h a r v e s t i n g  f r o m  s w a t h s  IcO p ou nd s .  F u r t h e r m o r e ,  

r e h a r v e s t i n g  p o r t i o n s  of t h e s e  a r e a s  w i th  the v a c u u m  h a r v e s t e r  

o b t a i n e d  a p p r o x i m a t e l y  40, 20,  and  7 p ou n ds  of s e e d  p e r  a c r e

from, the  r e s p e c t i v e  a r e a s .

A to t a l  of 11 h o u r s  w a s  r e q u i r e d  to c o m b i n e  f r o m  the

f i r s t  a nd  s e c o n d  a r e a  wi th  a n  a v e r a g e  of 0. c  a c r e  p e r  h o u r

w h e r e a s  the v a c u u m  c o v e r e d  5. 11 a c r e s  to g a t h e r  f o u r  lo ad s  

wi th  7 -3  4 h o u r s  s p e n t  in the  f ie ld  load ing  a n d  2-1,  4 h o u r s  

un loa d in g ,  m a k i n g  a t o t a l  of 10 h o u r s  wi th  a n  a v e r a g e  of 0. 5 

a c r e  pe r h o u r .

I n t e r r u p t i o n s  due  to c o a r s e  m a t e r i a l  w ind ing  a r o u n d  the 

n e a t e r ,  o r  o t h e r w i s e  c logg ing  the s u c t i o n  n o z z l e ,  a c c o u n t e d  

f o r  a b o u t  hal f  of the  t i m e  sp en t  in the f i e l d  g a t h e r i n g  the fo u r  

l o a d s ,  w hich  a v e r a g e d  200 pounds  of s e e d  p e r  load.  L a t e r ,  

f i r s t  a r e a  and  p o r t i o n s  of s e c o n d  and  t h i r d  a r e a s  w e r e  r e h a r ­

v e s t e d  wi th  the v a c u u m  h a r v e s t e r ,  w h ic h  c o v e r e d  7 . 5 2  a c r e s
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in o - l  2 h o u r s ,  to g ive  a n  a v e r a g e  of 2. 1 a c r e s  p e r  h o u r  on 

the a r e a  p r e v i o u s l y  v a c u u m  h a r v e s t e d ,  and  an  a c r e  p e r  h o u r  

in p ick ing  up m a t e r i a l  w hich  had  p a s s e d  t h r o u g h  the c o m b i n e .  

The t r i a l s  e s t a b l i s h e d  t h a t  i t  i s  p o s s i b l e  to r e c o v e r  a m u c h  

l a r g e r  p e r c e n t a g e  of the  s e e d  by the v a c u u m  h a r v e s t e r  than  by 

c o n v e n t i o n a l  m e t h o d s .

G a r d i n e r  Seed  C o l l e c t o r

T h i s  m a c h i n e  w as  d e s i g n e d  by E r n e s t  Doe and  Sons ,

Ltd .  , Ul t ing ,  E s s e x ,  E n g l a n d ,  in c o o p e r a t i o n  with one of t h e i r  

c u s t o m e r s ,  A. H. G a r d i n e r ,  in 1948.

It h a s  b e e n  s u c c e s s f u l l y  u s e d  f o r  the c o l l e c t i o n  of wild 

o a t s ,  wi ld whi te  c l o v e r  and  w eed  s e e d s  and ,  in p a r t i c u l a r ,  

has  p r o v e d  m o s t  e f f e c t i v e  a f t e r  a c r o p  h a s  b e e n  h a r v e s t e d  by 

a c o m b i n e .

F i g u r e  11 s ho w s  the G a r d i n e r  C o l l e c t o r  m o u n t e d  on a 

’F o r d s o n  M a j o r .  " A t r a n s v e r s e  s e r i e s  of s p r i n g  a g i t a t i n g  

t i n e s  have  a s l ig h t  s t i r r i n g  a c t i o n  on the  s u r f a c e  of the  g ro u n d  

to l o o s e n  the s e e d s  on the s tu bb le  so tha t  the fo l lowing su c t i o n  

o r  v a c u u m  f i t t ing  is  a s s i s t e d  in the a c t u a l  c o l l e c t io n .
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F i g u r e  12. N o z z l e  p i c k - u p  in G a r d i n e r  s e e d  c o l l e c t o r .
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A " K e i th  B l a c k m a n "  fan,  r u n n in g  a t  2 , 5 0 0  r . p . m .  and  

d r i v e n  f r o m  the b e l t  pu l l ey ,  g e n e r a t e s  the n e c e s s a r y  su c t i o n ,  

and  the s e e d s  a r e  t h e n  d r a w n  up the  d u c t i n g  to  be f i n a l l y  d e ­

p o s i t e d  in a c o v e r e d  t r a i l e r ,  w h e r e  a b l a s t  of a i r  i s  a l s o  u s e d  

to d i s p e r s e  the s e e d s  u n i f o r m l y  o v e r  the  f l o o r  s p a c e ,  m u c h  on 

the cy c l o ne  p r i n c i  p ie .

A c o n c e r t i n a - l i k e  f i t t ing  of the  a c t u a l  s u c t i o n  m e m b e r  to 

the f i r s t  s e c t i o n  of duc t in g  g iv e s  the  n e c e s s a r y  a r t i c u l a t i o n  a s  

the s m a l l  f r o n t  t r a v e l i n g  w h e e l s  r un  o v e r  u n e v e n  g r o u n d  ( F i g ­

u r e  12). It wi l l  be f u r t h e r  s e e n  tha t  the r e a r  c o n v e y o r  i s  

f l ex ib ly  m o u n t e d  to the m a i n  un i t  a n d  h a s  a c a n v a s - t y p e  f ina l  

d e l i v e r y .  Both  i n s t a n c e s  p ro v id e  s o m e  a c c o m m o d a t i n g  a r r a n g e ­

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

ing (which would  not  be so  e a s y  wi th  a s t r i c t l y  r i g i d  s t r u c t u r e )  

so tha t  bo th  the f r o n t  c o l l e c t in g  un i t  wi th i t s  c a s t e r  w h e e l s  

and  the f in a l  c o n v e y o r  a r e  f r e e  to m o v e  a c c o r d i n g  to s u r f a c e  

co n d i t i o n s .

B r i l l i o n  V a c u u m  H a r v e s t e r

The  B r i l l i o n  I r o n  W o r k s ,  I n c o r p o r a t e d ,  of B r i l l i o n ,  

W i s c o n s i n ,  in c o o p e r a t i o n  wi th the A g r i c u l t u r a l  E n g i n e e r i n g
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D e p a r t m e n t  of the  U n i v e r s i t y  of W i s c o n s i n  d e s i g n e d  a n  e x p e r i ­

m e n t a l  v a c u u m  h a r v e s t e r  ( F i g u r e  13). T h i s  m a c h i n e  w a s  f u r ­

t h e r  d e v e l o p e d  in 1948 in to  a c o m m e r c i a l  v a c u u m  h a r v e s t e r  

( F i g u r e  14) by the  B r i l l i o n  I r o n  W o r k s  C o m p a n y .

A l a r g e  P a l m y r a  b r i s t l e  b r u s h ,  5 f e e t  w ide ,  r o t a t i n g  

a t  12t> r . p . m .  p i c k s  up  the  s e e d s  l e f t  in  the f i e l d  by c o n v e n ­

t i o n a l  h a r v e s t i n g  m e t h o d s  a n d  s w e e p s  t h e m  in to  t h e  n o z z l e  

w h e r e  th e y  a r e  d r a w n  up  in to  the  fan  a n d  b lown in to  the  w agon .

T h e  fan ,  d r i v e n  by a f o u r - c  y l inde  r W i s c o n s i n  a i r - c o o l e d  

en g i n e ,  i s  a  h e a v y  duty ,  h igh  c a p a c i t y  s u c t i o n - t y p e  and  r o ­

t a t e s  a t  1 , 7 5 0  r . p . m .

T h e  b r u s h  i s  a d j u s t a b l e  to give  a s w e e p i n g  a c t i o n  s u i t ­

a b l e  to the  g r o u n d  on w h ic h  i t  i s  b e i n g  u s e d  a n d  a l s o  to a l l o w  

f o r  w e a r .  T h e  e n t i r e  n o z z l e  a s s e m b l y  c a n  be r a i s e d  f o u r  

i n c h e s  off the  g r o u n d  f o r  t r a n s p o r t i n g .  The  n o z z l e  open ing  i s  

a d j u s t a b l e  f r o m  two to f o u r  i n c h e s .  F o r  b e s t  c l e a r i n g  r e s u l t s ,  

a c c o r d i n g  to the  m a n u f a c t u r e r ,  the B r i l l i o n  m a c h i n e  s h o u ld  not  

t r a v e l  o v e r  one m i l e  p e r  h o u r ,  wh i le  in o p e r a t i o n .

Th e  c o m m e r c i a l  p r o d u c t i o n  of t h i s  m a c h i n e  h a s  b e e n  

d i s c o n t i n u e d  s i n c e  1949.

I
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F i g u r e  13. E x p e r i m e n t a l  B r i l l i o n  v a c ­
u u m  h a r v e s t e r ,  1948.

F i g u r e 14. C o m m e r c i a l  B r i l l i o n  v a c u u m  h a r v e s t e r ,  1948.
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V a c u u m  L e a f  L o a d e r  a n d  S t r e e t  C l e a n e r

T h i s  m a c h i n e  ( F i g u r e  15) i s  m a n u f a c t u r e d  by the A m e r ­

i c a n  S t r u c t u r a l  S t e e l  a n d  T a n k  C o m p a n y  of D e t r o i t ,  M ic h i g a n .  

S i m i l a r  to a n  o v e r s i z e d  v a c u u m  c l e a n e r ,  i t  i s  m a n u f a c t u r e d  

m a i n l y  f o r  r e m o v i n g  l e a v e s  f r o m  the s t r e e t s .

A g a s o l i n e  e n g in e  i s  u s e d  to d r i v e  a l a r g e  b l o w e r  t h r o u g h

V - b e l t s .  The  e n g in e  a n d  b l o w e r  a s s e m b l y  a r e  m o u n t e d  on a 

t w o - w h e e l e d  t r a i l e r ,  w hich  can  be c o n n e c t e d  o r  d i s c o n n e c t e d  

f r o m  a t r u c k .  P ip in g  f r o m  the s u c t i o n  s ide  of the b l o w e r  i s  

c o n n e c t e d  to a wide n o z z l e ,  l o c a t e d  a p p r o x i m a t e l y  two i n c h e s  

above  the  s t r e e t  l eve l .  The  d i s c h a r g e  s ide  of the b l o w e r  i s  

c o n n e c t e d  to a  l a r g e  m e t a l  duc t  which  i s  l ed  to the c o l l e c t in g  

t r u c k .  A s e c t i o n  of r e i n f o r c e d  r u b b e r  h o s e  i s  u s e d  b e t w e e n  

the m e t a l  d uc t  on the d i s c h a r g e  s ide  an d  the  e n t r a n c e  to the 

t r u c k  to i n s u r e  f l e x i b i l i t y .  D u r in g  an  a v e r a g e  day,  the v a c u u m

lea f  l o a d e r  w i l l  c o v e r  f r o m  f o u r  to s i x  m i l e s .

W a s h t e n a w  V a c u u m  H a r v e s t e r

T h i s  h a r v e s t e r ,  sh ow n  in F i g u r e  l b ,  w a s  d e v e l o p e d  in 

1950 by E .  A. W ol t e r  a n d  J o h n  Y e a k e l  of W a s h te n a w  County ,  

M i c h i g an ,  to s w e e p  L a d i n o  c l o v e r  f i e l d s .



F i g u r e  15. V a c u u m  lea f  l o a d e r  and  s t r e e t  c l e a n e r ,  1948.

F i g u r e  lb .  W a s h te n a w  v a c u u m  h a r v e s t e r ,  1950.
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T h e  b l o w e r  w a s  m o u n t e d  on a  m o t o r  c a r  f r a m e  and  

d r i v e n  by i t s  e n g i n e .  T h e  n o z z l e  w a s  s i x  f e e t  w ide  a n d  s u p p l i e d  

with a  p i c k u p  d e v i c e .

T h e  w h e e l s  of the  t r a c t o r ,  wago n ,  a n d  h a r v e s t e r  t r a m p e d  

on the c l o v e r  b e f o r e  the n o z z l e  got  the  c h a n c e  to p i c k  i t  up,  

thus  d e c r e a s i n g  i t s  p i c k in g  e f f i c i e n c y .  T h e r e  w a s  no s w i v e l  

j o in t  b e t w e e n  the  b l o w e r  a nd  the c o l l e c t i n g  wag on ,  bu t  a  c a n ­

v a s  tube  w as  p r o v i d e d  w h ic h  co u ld  e a s i l y  be c l o s e d  in  a  s h a r p  

t u r n .

It w a s  r e p o r t e d  t h a t  t h i s  h a r v e s t e r  s a v e d  m o r e  th a n  50 

p e r c e n t  of the s e e d  l o s t  t h r o u g h  c o m b i n e  h a r v e s t i n g .

I



DYNAMICS O F  S M A L L  P A R T I C L E S

The  s tudy  of the m i n i m u m  l i f t ing  v e l o c i t y  of the m a t e ­

r i a l  to be p i c ke d  f r o m  the f i e l d  i s  of a p r i m e  i m p o r t a n c e  in 

d e s i g n i n g  the v a c u u m  h a r v e s t e r .  Too  h igh  a n  a i r  v e l o c i t y  

wi l l  r e q u i r e  a h e a v y  b l o w e r  wi th  a high p o w e r e d  e n g in e .  In 

a dd i t i o n ,  d i r t  a nd  s t o n e s  wi l l  be s u c k e d  wi th the  c l o v e r  whi le  

too low an  a i r  v e l o c i t y  m i g h t  not  lift  the s e e d  f r o m  the s tu b b le .

The  v a r i o u s  l a w s  of l i f t ing v e l o c i t i e s  w e r e  r e v i e w e d  

and  a p p l i e d  to the L a d i n o  c l o v e r  s e e d  a lo ng  wi th  s o m e  of the  

c o m m o n  g r a i n s  and s e e d s .

E x p e r i m e n t a l  w o r k s  w e r e  m a d e  to c o m p a r e  the  a c t u a l  

l i f t ing v e l o c i t i e s  with the c a l c u l a t e d  o ne s  u s ing  the r o t a m e t e r  

p r i n c i p l e .

B e h a v i o r  of P a r t i c l e s  in a F l u i d  

E q u i v a l e n t  P a r t i c l e  S hap es

F o r  an y  i r r e g u l a r  p a r t i c l e  an  e q u i v a l e n t  p a r t i c l e  m a y  

be s u b s t i t u t e d .  F o r  s t a t i s t i c a l  p u r p o s e s  and  f o r  r e a s o n s  of 

c o n v e n i e n c e  it  i s  c u s t o m a r y  to r e d u c e  a  p a r t i c l e  to an  e q u i v a l e n t
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s p h e r e .  D e t e r m i n a t i o n  of the  n o m i n a l  s p h e r e  i s  a s  fo l lows :

The  v o l u m e  i s  d e t e r m i n e d  by d i s p l a c e m e n t  in w a t e r ,  and  th i s  

v o lu m e  is  e q u a t e d  to the  v o l u m e  of a h y p o t h e t i c a l  s p h e r e  h a v ­

ing a n  e q u i v a l e n t  d i a m e t e r .

3
The v o l u m e  of a s p h e r e  i s  known to be 7T D / 6 ,  h e n c e  

the n o m i n a l  o r  e q u i v a l e n t  d i a m e t e r ,  Dn of the p a r t i c l e  i s  t h a t  

g iven  by the  e q u a t io n

1 / 3Dn = [(6 x v o lu m e  of p a r t i c l e ) / ^  ]

R e s i s t a n c e  to Mot ion

The  g e n e r a l  l aw  of r e s i s t a n c e  of b o d i e s  to m o t i o n  i s  

r e p r e s e n t e d  by the fo l lowing equa t ion :

R = K d " [(9) p. 12]

whe r e

R = r e s i s t a n c e  of p a r t i c l e  in m o t i o n  

D = d i a m e t e r  of p a r t i c l e  

V = v e l o c i t y  of p a r t i c l e

-  v i s c o s i t y  of the m e d i u m

-  d e n s i t y  of the  m e d i u m

R e s i s t a n c e  in the c a s e  of s t r e a m l i n e  o r  t u r b u l e n t  m o t i o n  

i s  d e t e r m i n e d  by the  e xp on en t  n, which  in the f i r s t  c a s e  i s  

eq u a l  to 1 and  in the  s e c o n d  c a s e  e q u a l  to 2.
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No s h a r p  b o u n d a r y  e x i s t s  b e t w e e n  s t r e a m l i n e  a n d  t u r b u ­

l en t  f low.

T e r m i n a l  V e l o c i t i e s

If the  d e n s i t y  of the p a r t i c l e  an d  f lu id  a r e  an d  -fo

r e s p e c t i v e l y ,  and  if the  d i a m e t e r  of the  p a r t i c l e  i s  s o m e  a r b i ­

t r a r y  l i n e a r  m e a s u r e m e n t ,  the g r a v i t a t i o n a l  pul l  F  on the p a r ­

t i c l e  i s

F  .  <*v D3 ( f -  £  )  g [(9) p. 16]

3
w h e r e  O C  D m e a s u r e s  the v o l u m e  of the  p a r t i c l e  an d  g i s  the  

a c c e l e r a t i o n  due to g r a v i t a t i o n .  When the p a r t i c l e  h a s  r e a c h e d  

i t s  m a x i m u m  or  " t e r m i n a l "  v e lo c i t y ,  R = F  so tha t  in: 

s t r e a m l i n e  m o t io n ,

Vnn = K s { ( ■ ? - £ ) / £ ]  D2 Y ' 1 (1)

t u r b u l e n t  m o t i o n ,

Vm = Kt [ < / > - / ?  ) / £  ] 1 / Z  D l / Z  (2)

i n t e r m e d i a t e  r e g io n ,

Vm = K j  U f - E  ) / E  ]2 / 3  Y_ 1 / 3  D ( 3 )

w h e r e  the  K ' s  a r e  c o n s t a n t s  and  Y i s  the k i n e m a t i c  v i s c o s i t y  

o r S 7 p  ■

V a l u e s  of K g and  a r e  g iven  f o r  s p h e r e

K = 54. 5 K = 25. 4s t
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T h e  c o n s t a n t s  a r e  in  c g s  u n i t s .  [(9) p.  lb]

In g e n e r a l  i t  i s  w o r t h  no t ing  t h a t  the  t e r m i n a l  v e l o c i t i e s  of a 

p a r t i c l e  a s  g iv e n  in e q u a t i o n s  (1),  (2) a n d  (3) a r e  the  s q u a r e ,

the s q u a r e  r o o t  a nd  the f i r s t  p o w e r  of the p a r t i c l e  d i a m e t e r ,  

d e p e n d i n g  on the m o t i o n .

L i f t in g  V e l o c i t i e s

The  v e l o c i t i e s  r e q u i r e d  to l i f t  p a r t i c l e s  a r e  i d e n t i c a l  

w i th  t h o s e  g iv en  by e q u a t i o n s  (1),  (2) and  (3).  T h u s ,  f o r  p a r ­

t i c l e s  of v a r i o u s  s i z e s ,  the v e l o c i t y  r e q u i r e d  to l i f t  an d  c o n ­

vey  a l l  of t h e m  m u s t  e x c e e d  the  v e l o c i t y  r e q u i r e d  by the  l a r g ­

e s t  p a r t i c l e .

S e v e r a l  f o r m u l a s  f o r  c o m p u t i n g  s e t t l i n g  v e l o c i t i e s  hav e  

b ee n  p r e s e n t e d .  The  c o n s t a n t s  c o n t a i n e d  in t h e s e  f o r m u l a s  

a r e  a s s u m e d  to be f u n c t i o n s  of p a r t i c l e  s h a p e  but  u n f o r t u n a t e l y  

t h e r e  i s  l i m i t e d  i n f o r m a t i o n  c o n c e r n i n g  t h e m .  M o r e o v e r ,  a s  

h a s  b e e n  p o in t e d  out ,  t h e r e  a r e  t h r e e  f o r m u l a s  to c o n s i d e r  

s i n c e  the  s i z e  of the  p a r t i c l e  d e t e r m i n e s  the  n a t u r e  of i t s  

m o v e m e n t  t h r o u g h  a  f lu id .  Of ten  i t  i s  d i f f i cu l t  to d e t e r m i n e  

p r e c i s e l y  the  b o u n d a r y  t h a t  d i s t i n g u i s h e s  one type  of m o v e m e n t  

f r o m  a n o t h e r ,  so t h a t  if  a  s i n g l e  c u r v e  cou ld  be d r a w n  t h r o u g h



33

the whole  r a n g e  of s i z e s ,  a n d  a n  e q u a t i o n  d e r i v e d  f o r  it ,  s o m e  

l a b o r  cou ld  be s a v e d .  T h i s  in  f a c t  w a s  done by R u bey  (9) 

w hose  p r o c e d u r e  w a s  a s  f o l l o w s :  The  t o t a l  f o r c e  ho ld ing  a

s p h e r i c a l  (o r  o t h e r )  p a r t i c l e  in  s u s p e n s i o n  a t  a c o n s t a n t  h e i g h t  

in a  r i s i n g  c u r r e n t  of a  g iven  f lu id  m a y  be c o n c e i v e d  a s  the  

s u m  of two f o r c e s  v i s c o u s  r e s i s t a n c e  a n d  f lu id  i m p a c t .

[(TtD3) /b ] [  f  -  ,> ]g = [3J D A v ] + « i r D 2/ 4 ) v 2 /> ] 

Solving f o r  v, we ob ta in  a q u a d r a t i c  which ,  on r e t a i n i n g  the 

p o s i t i v e  r o o t ,  b e c o m e s

jr z & r  * f  g [ ( e - P. ) / £  1 d  (4)

Rubey s t a t e s  t h a t  t h i s  e q u a t i o n  c l o s e l y  f i t s  the e n t i r e  r a n g e  of 

p a r t i c l e  s i z e .

T r a n s p o r t  of P a r t i c l e s  

P n e u m a t i c  T r a n s p o r t

The  whole  f i e ld  d e a l i n g  wi th t r a n s p o r t  of p a r t i c l e s  has  

been  in a s t a t e  of f lux f o r  m a n y  y e a r s .  E a c h  i n v e s t i g a t i o n  

s e e m s  to have  p r o d u c e d  a s e p a r a t e  c o n c e p t  of the i m p o r t a n c e  

of the  v a r i a b l e s  a f f e c t i n g  t r a n s p o r t ,  and f o r m u l a s  d e v e l o p e d  

a r e  e q u a l l y  n u m e r o u s .

I
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E q u a t i o n s  (1),  (2),  a nd  (3) g iv ing  the  t e r m i n a l  v e l o c i t y

of p a r t i c l e s  m a y  be u s e d  to c a l c u l a t e  the  v e l o c i t i e s  r e q u i r e d  

to m o v e  s u c h  p a r t i c l e s  t h r o u g h  v e r t i c a l  p i p e s .  T h e  v e l o c i t i e s  

c a l c u l a t e d  by t h e s e  f o r m u l a s  a r e  t h o s e  r e q u i r e d  to s u p p o r t  the  

p a r t i c l e s  in  a  v e r t i c a l  f lu id  s t r e a m .  M ot ion  in the  d i r e c t i o n  

of the  m o v i n g  s t r e a m  wi l l  be i m p a r t e d  w h e n  the  v e l o c i t i e s  e x ­

c e e d  the c a l c u l a t e d  a m o u n t s .  L i t t l e  i s  known wi th  r e g a r d  to 

v e l o c i t i e s  f o r  h o r i z o n t a l  t r a n s p o r t a t i o n  of p a r t i c l e s .  In g e n e r a l ,  

v e l o c i t i e s  c a p a b l e  of m o v i n g  p a r t i c l e s  v e r t i c a l l y  wi l l  be m o r e  

than  s u f f i c i e n t  f o r  h o r i z o n t a l  t r a n s p o r t a t i o n .

T h e r e  a r e  two t y p e s  of t r a n s p o r t a t i o n :  (a) T r a n s p o r -

t a t io n  of low c o n c e n t r a t i o n  in e q u a t i o n s  (1),  (2),  (3) a n d  (4);

(b) T r a n s p o r t a t i o n  of h ig h  c o n e e n t r a t i o n s  of m a t e  r i a l s , c o m m o n l y  

r e f e r r e d  to  a s  p n e u m a t i c  co nv ey in g .  The  f o r m e r  e n t a i l s  l i t t l e  

d i f f i c u l t y  in d e s i g n  of e q u i p m e n t ,  but  the  l a t t e r  i s  c o m p l i c a t e d  

by m a n y  f a c t o r s  a n d  i s  no t  w e l l  u n d e r s t o o d .

T r a n s p o r t a t i o n  of L ow  C o n c e n t r a t i o n s

Whi le  the  e q u a t i o n s  c i t e d  ab o v e  m a y  be u s e d  wi th  c o n ­

s i d e r a b l e  c e r t a i n t y  of s u c c e s s ,  one m u s t  r e m e m b e r  t h a t  the 

u s u a l  p a r t i c l e s  e n c o u n t e r e d  in i n d u s t r y  a r e  by no m e a n s  r e g u l a r
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in s h a p e ,  n o r  do they  m o v e  in  s t r a i g h t  l i n e s .  The  c o n t in u a l  

r e b o u n d  of p a r t i c l e s  in  p i p e s ,  r e q u i r e s  t h a t  m o r e  a c c u r a t e  

e q u a t i o n s  be o b t a i n e d .  D a l l a v a l l e  (9) p.  315 d e v e l o p e d  the 

fo l lowing  e q u a t i o n s  f o r  t r a n s p o r t i n g  m a t e r i a l s  having  s p e c i f i c  

g r a v i t i e s  l e s s  than  3 . 0 :

F o r  h o r i z o n t a l  t r a n s p o r t a t i o n

V = 6 , 0 0 0  [ f / ( - f  + 1)] D 2 /5  

and  f o r  v e r t i c a l  t r a n s p o r t a t i o n

V = 13, 300 [ f / (  { +  1)] D 3 / 5  

whe r e

V = the l i f t ing  v e l o c i t y  in f e e t  p e r  m i n u t e  

- f *  -  s p e c i f i c  g r a v i t y  of the p a r t i c l e

D = d i a m e t e r  in i n c h e s  of the  l a r g e s t  p a r t i c l e  to 

be t r a n s p o r t e d .

T r a n s p o r t a t i o n  of  H e av y  C o n c e n t r a t i o n s

The  m o v e m e n t  of l a r g e  q u a n t i t i e s  of f ine  m a t e r i a l ,  e s ­

p e c i a l l y  g r a i n s ,  was  s t u d i e d  by C r a m p  (8). The  a n a l y s i s  g iven

h e r e  c l o s e l y  fo l l o w s  t h a t  d e v e l o p e d  by h im .  While  t h e o r e t i c a l

d e v e l o p m e n t s  w e r e  g iven  by J e n n i n g s  (23),  no p r a c t i c a l  c o m ­

p r e h e n s i v e  w o r k  i s  a v a i l a b l e  o t h e r  than  tha t  of C r a m p .
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T h e  g e n e r a l i z e d  e n e r g y  e q u a t io n  i s :

F  = OC (Va -  V)2 

whe re

F  = the g r a v i t a t i o n a l  pul l

( X  -  a c o n s t a n t  hav ing  the d i m e n s i o n s  (ML

a nd

(Va -  V) = the r e l a t i v e  v e l o c i t y  of the  a i r  wi th  

r e s p e c t  to tha t  of the  p a r t i c l e .

Th e  v a l u e  of < X  d e p e n d s  on the s h a p e ,  d e n s i t y  an d  o t h e r  

c h a r a c t e r i s t i c s  of the  p a r t i c l e .

If F  = W = the we igh t  of a s ing le  p a r t i c l e

Va -  V = \ / ( W / a e .  )  

a nd  t h i s  i s  the t e r m i n a l  v e l o c i t y  a s  d i s c u s s e d  in e q u a t io n s  (1), 

(2) and  (3).

C o m p u t a t i o n  of the L i f t i n g  V e l o c i t i e s  of S e e d s  and  G r a i n s

The  l i f t ing  v e l o c i t i e s  of d i f f e r e n t  s e e d s  a n d  g r a i n s  w e r e  

c a l c u l a t e d  by m e a n s  of the t u r b u l e n t  m o t io n  e q ua t io n  which  

s t a t e s  that :

v ™  = Kt [ ( / > - £  ) / / ?  ] 1 /2  D 1/2
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whe r e

V m  = l i f t ing  v e l o c i t y  in  c e n t i m e t e r s  p e r  s e co n d  

= d e n s i t y  of p a r t i c l e  

^  = d e n s i t y  of a i r

= 0 . 0 0 1 2 9 3  g r a m s  p e r  cub ic  c e n t i m e t e r  a t  

s t a n d a r d  p r e s s u r e  and  t e m p e r a t u r e  

D = e f f ec t i v e  d i a m e t e r  of p a r t i c l e  

= c o n s t a n t  

= 2 5 . 4  f o r  s p h e r e  

In t h i s  c o m p u t a t i o n ,  s e e d s  a n d  g r a i n s  wi l l  be c o n s i d e r e d  

a s  s p h e r i c a l  p a r t i c l e s .  The  e r r o r  in th i s  a s s u m p t i o n  wi l l  be 

m o r e  p r o n o u n c e d  f o r  s e e d s  and  g r a i n s  of i r r e g u l a r  s h a p e .

L,adino C l o v e r  Seed

2000 s e e d s  we igh  1 . 0 3 6  gm.

2000 s e e d s  o ccu p y  1 .0 0  c . c .

w t . / s e e d  = 0 . 0 0 0 5 1 8  g m.

vol.  / s e e d  = 0 . 0 0 0 5  c . c .

d e n s i t y  = 1 . 0 3 6  g m . / c . c .

e f f ec t i v e  d i a m e t e r  =

1 /3
[(6 x . 0005)/r r  ] = . 0 9 85  cm .
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V m  = 2 5 . 4  [ ( 1 . 0 3 6  -  . 0 0 1 2 9 ) / .  0 0 1 2 9 ] 1//2 x ( . 0 9 8 5 ) 1/ 2 

= 225 c m .  / s e c .

= 443 ft.  / m i n .

Red C l o v e r  Seed

1000 s e e d s  weigh  l . t>25 g m .

1000 s e e d s  o c c u py  1 . 3 0  c . c .  

w t . / s e e d  = . 0 0 1 6 2 6  g m.  

v o l . / s e e d  = . 0 0 1 3  c . c .  

d e n s i t y  = 1 . 2 5 0  g m . / c . c .  

e f f e c t i v e  d i a m e t e r  = . 135 cm .

Vm - 2 5 . 4  [ (1 .2 5 0  -  . 00 1 2 9 ) / .  00129] ^  x ( , 1 3 5 ) 1//Z

- 290 c m .  / s e c .

-  570 f t .  / m i n .

Reed  C a n a r y  G r a s s  Seed

500 s e e d s  we igh  0 . 4 1 0  gm.

500 s e e d s  o c c u p y  0 . 4 0  c . c .  

w t . / s e e d  = 0 . 0 0 0 8 2  gm.  

v o l . / s e e d  = 0 . 0 0 0 8 0  c . c .  

d e n s i t y  = 1 .02 5  g m . / c . c .

I
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e f f e c t iv e  d i a m e t e r  = . 1 1 5 2  c m .

V m  - 2 5 . 4  [ (1 .0 2 5  -  0. 0 0 1 2 9 ) /0 .  0 0 1 2 9 ] 1//2 x ( . 1 1 5 2 ) 1/ 2 

= 243 c m .  / s e c .

= 478 ft .  / m i n .

F i e l d  P e a s

50 g r a i n s  w eigh  9 . 0 5 5  g m .

20 g r a i n s  o ccupy  2 . 8 0  c . c .  

wt.  / g r a i n  = 0. 1813 gm.  

v o l . / g r a i n  -  0 . 1 4  c . c .  

d e n s i t y  = 1. 295 g m . / c . c .  

e f f ec t i v e  d i a m e t e r  = . 534 c m .

V m  = 2 5 . 4  [ (1 .2 9 5  -  . 0 0 1 2 9 ) / .  001 2 9 ] 1 ̂  x ( . 5 3 4 ) 1/ 2 

= 58b c m .  / s ec .

= 115 0 ft.  / m i n .

Soybean  s

30 g r a i n s  w e igh  4. fob g m .

20 g r a i n s  o ccup y  2 . 3 b  c . c .  

w t . / g r a i n  = 0 . 1 5 5  g m .  

v o l . / g r a i n  = 0 . 1 1 8  c . c .

I
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d e n s i t y  = 1 . 3 1 3  g m . / c . c .  

e f f e c t i v e  d i a m e t e r  = 0 . 5 0 8  c m .

V m  = 2 5 . 4  [ ( 1 .3 13  -  0. 0 0 1 2 9 ) / 0 .  0 0 1 2 9 ] 1//2 x ( 0 . 5 0 8 ) 1/ 2 

= 574 c m .  / s e c .

= 1130 f t .  / m i n .

F i e l d  B e a n s  ( P o r k  Red  Kidney)

20 g r a i n s  w eigh  9. 25 g m.

20 g r a i n s  o cc u p y  8 . 1 4  c . c .  

w t . / g r a i n  = 0 . 4 6 2 5  gm.  

v o l . / g r a i n  = 0 . 4 0 7  c . c .  

d e n s i t y  = 1 . 1 3 6  g m . / c . c .  

e f f ec t i v e  d i a m e t e r  = 0 . 7 3 5  c m .

V m  = 2 5 . 4  [ ( 1 .1 3 b  -  . 00 1 2 9 ) / .  00129]  1 ^  x ( 0 . 7 3 5 ) 1 /2  

= 643 c m .  / s e c .

= 1265 ft .  / m i n .

C o r n

20 g r a i n s  weigh  6 . 9 5  gm.

20 g r a i n s  o c c u py  5 . 2  c . c .  

w t . / g r a i n  - 0 . 3 4 7 5  g m.
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v o l . / g r a i n  = 0 . 2 6  c . c .  

d e n s i t y  = 1 . 3 3 b  g m . / c . c .  

e f f ec t iv e  d i a m e t e r  = 0. 645 c m .

Vm -  2 5 . 4  [ (1 .3 3 6  -  0. 0 0 12 9 ) / 0 . 0 0 1 2 9 ] 1 ̂  x ( 0 . 6 4 5 ) 1/ 2

= 654 c m .  / s e c .

= 1290 f t . / m i n .

S u g a r  B e e t s

100 s e e d s  weigh  1 .93 2  g m .

100 s e e d s  oc c u py  4 . 1 0  c . c .  

wt.  / s e e d  = 0 . 0 1 9 3 2  gm.  

v o l . / s e e d  = 0 . 0 4 1 0  c . c .  

d e n s i t y  = 0. 47 1 

e f f ec t iv e  d i a m e t e r  = 0 . 4 2 7

V m  - 2 5 . 4  [ (0 .471 -  0. 0 0 1 2 9 ) /0 .  0 0 1 2 9 ]1//2 x ( 0 . 4 2 7 ) 1//2

= 31b c m .  / s e c .

= 623 ft. / m i n .

I
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L a b o r a t o r y  E x p e r i m e n t s  to D e t e r m i n e  the  A c t u a l  L i f t i n g  
V e l o c i t i e s  of D i f f e r e n t  S e e d s  a n d  G r a i n s

P r e v i o u s  E x p e r i m e n t a l  W o r k

T h e  d e t e r m i n a t i o n  of the  l i f t ing  v e l o c i t y  of s e e d s  a n d  

g r a i n s  i s  a s u b j e c t  t h a t  h a s  no t  b e e n  c o m p l e t e l y  c o v e r e d .  The  

only  l i t e r a t u r e  a v a i l a b l e  w a s  a p a p e r  by  B r o w n  a n d  R e e d  (4)

who m a d e  t e s t s  to d e t e r m i n e  the  a i r  v e l o c i t y  r e q u i r e d  to l i f t

g r a i n s  of o a t s ,  w h e a t  a n d  c o r n .  One h u n d r e d  k e r n e l s  of the  

v a r i o u s  g r a i n s  w e r e  u n i f o r m l y  d i s t r i b u t e d  in  a  s i n g l e  l a y e r  on 

a s c r e e n  p l a c e d  a t  the i n t a k e  of a  v e r t i c a l  a i r  d uc t .  By c o n ­

t r o l l i n g  the a i r  v o l u m e  th e y  w e r e  a b l e  to d e t e r m i n e  the  p e r ­

c e n t a g e  of m a t e r i a l  m o v e d  a t  v a r i o u s  v e l o c i t i e s .  T h e y  found  

t h a t  l i f t  b e g i n s  a t  the  fo l lowing  v e l o c i t i e s :

685 f t . / m i n .  f o r  o a t s

985 f t . / m i n .  f o r  w h e a t

1070 f t . / m i n .  f o r  c o r n

A l l  g r a i n s  w e r e  r e m o v e d  w hen  the  v e l o c i t i e s  f o r  the s a m e  

g r a i n s  w e r e  1050, 1300,  a n d  2000 ft .  / m i n .  r e s p e c t i v e l y .
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E x p e r i m e n t a l  P r o c e d u r e

E x p e r i m e n t a l  w o r k  w a s  done in the l a b o r a t o r y  to d e t e r ­

m i n e  the l i f t ing v e l o c i t y  of d i f f e r e n t  s e e d s  a n d  g r a i n s .  L a r g e  

s i z e d  g r a i n s  w e r e  a l s o  i n c lu d ed  in the e x p e r i m e n t  due to the 

p o s s i b i l i t y  of c o n v e r t i n g  the  v a c u u m  h a r v e s t e r  in to  a g r a i n  u n ­

l o a d e r  .

The  t h e o r y  of the  e x p e r i m e n t  w a s  b a s e d  on the p r i n c i p l e  

of the r o t a m e t e r .  The  r o t a m e t e r  is  a f low r a t e  m e t e r i n g  i n ­

s t r u m e n t .  F l u i d  is  d i s c h a r g e d  t h r o u g h  an  a n n u l a r  a p e r t u r e  o r  

o r i f i c e  f o r m e d  be t w e e n  the p e r i p h e r y  of the h ea d  of the f loa t  

and the in s id e  wa l l  of the t a p e r e d  tube in which  it t r a v e l s .  The 

u p w a r d  and  d o w n w a r d  f o r c e s  a c t i n g  on the f lo a t  a r e  in e q u i l i b ­

r i u m  so tha t  the f loa t  a s s u m e s  a d e f in i t e  e l e v a t i o n  a t  a g iven  

f low r a t e .

The  a p p e r a t u s  u s e d  to d e t e r m i n e  the  l i f t ing v e l o c i t y  

c o n s i s t e d  m a i n l y  of a r o t a m e t e r  and  a g r a d u a t e d  p r e c i s i o n -  

g ro u n d  t a p e r e d  g l a s s  tube ( F i g u r e  17). C o m p r e s s e d  a i r  was  

p a s s e d  t h ro u g h  a r e s e r v o i r  tank  to get  r i d  of i t s  m o i s t u r e  and  

p r e s s u r e  p u l s a t i o n .

The  r o t a m e t e r ,  p l a c e d  in s e r i e s  b e t w e e n  the t ank  and 

the t a p e r e d  tube ,  m e a s u r e d  the a i r  d i s c h a r g e  W.
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F i g u r e  17. A p p a r a t u s  f o r  d e t e r m i n i n g  the  l i f t ing 
v e l o c i t i e s  of s e e d s  a n d  g r a i n s .

F i g u r e  18 A f i e ld  b e a n  in i t s  e q u i l i b r i u m  p os i t i on  
i n s i d e  the t a p e r e d  tube.
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A r e g u l a t o r  v a l v e  r e g u l a t e d  the  a m o u n t  of a i r  p a s s i n g  

t h r o u g h  the t a p e r e d  tu be .  To  p r e v e n t  the  w h i r l i n g  a c t i o n  of 

a i r  f low i n s i d e  the  tube  p l a s t i c  s t r a w s  w e r e  p l a c e d  in the  s t e e l  

p ipe  c o n n e c t e d  to i t .  T h e s e  s t r a w s  h e l p e d  m a i n t a i n  a  v e r t i c a l  

a i r  f low i n s i d e  the  t a p e r e d  tu b e .  T he  s e e d  w as  d r o p p e d  in  the  

open  end  of the  t a p e r e d  tube on to  a  s c r e e n  p l a c e d  a t  the  b o t ­

t o m .  T h e n  the  r a t e  of a i r  f low w a s  a d j u s t e d  wi th  the  r e g u l a t o r  

v a l v e  un t i l  the s e e d  s t a r t e d  to l e a v e  the  s c r e e n  an d  a s s u m e  an  

e q u i l i b r i u m  p o s i t i o n  in the  t a p e r e d  g l a s s  tube .  F i g u r e  18 s h o w s  

a f i e l d  b e a n  in i t s  e q u i l i b r i u m  p o s i t i o n  i n s i d e  the  tube .

Knowing the a i r  d i s c h a r g e  W f r o m  the r o t a m e t e r  r e a d ­

ing an d  the  c r o s s  s e c t i o n a l  a r e a  A of the  t a p e r e d  tube  when  

the s e e d  i s  f l o a t i n g ,  the  m i n i m u m  l i f t ing  v e l o c i t y  of the  s e e d  

wi l l  be g iv en  by:

V = W /A
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A C T U A L  L I F T I N G  V E L O C I T IE S  O F  D I F F E R E N T  S EED S 
C O M P A R E D  WITH T H E  C A L C U L A T E D  

V E L O C I T I E S

S eed  o r  G r a i n
C a l c u l a t e d  L i f t i n g  

V e lo c i t y  ( f t . / m i n . )
A c t u a l  L i f t i n g  

V e lo c i ty  ( f t . / m i n .  )

L a d i n o 443 512

Red C l o v e r 570 695

Reed  C a n a r y 478 440

F i e l d  P e a s 1150 1450

Soy b eans 1130 1412

F i e l d  B e a n s 1265 1334

C o r n 1290 1130

S u g a r  B e e t s 623 850

One shou ld k e e p  in m i n d  tha t  the c a l c u l a t i o n  of the

l i f t ing v e l o c i t i e s  of the m e n t i o n e d  s e e d s  and  g r a i n s  w a s  b a s e d  

on the a s s u m p t i o n  t h a t  they  w e r e  p e r f e c t l y  s p h e r i c a l  wi th a 

s m o o t h  s u r f a c e .



D E V E L O P M E N T  O F  A NEW VACUUM H A R V E S T E R

A f t e r  a  r e v i e w  of the  d i f f e r e n t  e x p e r i m e n t a l  v a c u u m  

h a r v e s t e r s  so  f a r  d e v e l o p e d ,  it  w a s  n o t i c e d  tha t :

(1) Th e  a i r  f low i n s i d e  the n o z z l e s  h a d  no t  b e e n  i n v e s ­

t i g a t e d .

(2) The  e x i s t e n c e  of a i r  p o c k e t s  in  the  a c t u a l  n o z z l e s  

w a s  to be e x p e c t e d .

(3) No s tudy  had  b e e n  m a d e  to f ind  ou t  the  m i n i m u m  

v e l o c i t y  of a i r  to c o l l e c t  the  c r o p .

(4) The s u c t i o n  s ide  of the  b l o w e r  w a s  too long,  g iv ing 

a h igh  f r i c t i o n a l  l o s s .

(5) S h a r p  b e n d s  in the  s u c t i o n  s ide  i n c r e a s e d  the  t e n ­

d e n c y  of the  c r o p  to c log  the p ipe .

(t>) The  g a t h e r i n g  m e c h a n i s m  w as  f r e q u e n t l y  c l o gg ed  

wi th  wi ld c a r r o t s ,  bu l l  t h i s t l e s ,  e t c . ,  wind ing  a r o u n d  the bea t e  

No s e I f - c l e a n i n g  d e v i c e  w a s  p r o v i d e d .

(7) None w a s  s e l f - p r o p e l l e d .
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B a s i c  F e a t u r e s  of the V a c u u m  H a r v e s t e r  D e s ig n

The H a r v e s t i n g  P r o c e d u r e

The  new v a c u u m  h a r v e s t e r  w a s  d e s i g n e d  to h a r v e s t  

L a d i n o  c l o v e r  f r o m  the w i n d ro w .  The  s i m p l i c i t y  of the  n o z z l e  

a t t a c h m e n t  when d e s i g n e d  f o r  w i n d r o w s  and  the p o s s i b i l i t y  of 

g e t t ing  m o r e  s e e d s  an d  l e s s  d i r t  f r o m  w i n d r o w s  than  f r o m  

s w a t h s  m a d e  th i s  p r o c e d u r e  v e r y  f a v o r a b l e .  In a d d i t i o n ,  t h i s  

m e t h o d  of c o l l e c t i n g  the  c l o v e r  f r o m  the w i n d r o w  had  not  be e n  

p r e v i o u s l y  t r i e d ,  and ,  in o r d e r  to m a k e  a c o m p l e t e  c o m p a r i s o n  

of a l l  the p o s s i b l e  m e t h o d s  of h a r v e s t i n g ,  t h i s  m a c h i n e  had  to 

be c o n s t r u c t e d .

The M a c h in e  D r i v e

The  v a c u u m  h a r v e s t e r  c an  e i t h e r  be s e l f - p r o p e l l e d  o r

t r a i l e d .

A.  If s e l f - p r o p e l l e d ,  e i t h e r  one o r  two e n g i n e s  m i g h t  be u s e d  

in the m a c h i n e .

1. With  one eng ine

If one eng ine  w e r e  u s e d  to d r i v e  both  the  m a c h i n e  and  

the b l o w e r ,  the  b l o w e r  s p e e d  would be in f l u en ce d  by



t he  l o ad  on the  e n g in e  f o r  m o v i n g  the  h a r v e s t e r .  F r e ­

q u e n t  g e a r  sh i f t i ng  o r  a v a r i a b l e  s p e e d  d r i v e  w ou ld  be 

n e e d e d  to  v a r y  the  f o r w a r d  s p e e d .

2. With  two e n g i n e s

In t h i s  c a s e ,  the  b l o w e r  s p e e d  would  be  i n d e p e n d e n t  

of the f o r w a r d  s p e e d  of the h a r v e s t e r .  The  o p t i m u m  

s u c t i o n  a i r  v e l o c i t y  co u ld  th u s  be a d j u s t e d  f o r  c l o v e r  

h a r v e s t i n g  w i thou t  a f f ec t i n g  the  f o r w a r d  s p e e d .  The  

o v e r - a l l  l eng th  of the  h a r v e s t i n g  un i t  wou ld  be s h o r t e r  

a n d  the m a c h i n e  c o u l d  be d e s i g n e d  in a way t h a t  the 

o p e r a t o r  cou ld  r i d e  the  h a r v e s t e r  a n d  be ab l e  to look  

f o r w a r d  to the  s u c t i o n  n o z z l e .

B. If t r a i l e d ,  the  h a r v e s t e r  m i g h t  be e i t h e r  m o u n t e d  on a 

t r a c t o r  o r  p u l l e d  by a t r a c t o r .  In the l a t t e r  c a s e ,  the 

o v e r —a l l  l e n g th  of the  t r a c t o r  and  h a r v e s t e r  wou ld  be g r e a t e r  

than  the s e l f - p r o p e l l e d  un i t .  F u r t h e r m o r e ,  l a r g e r  s p a c e  

would  be n e e d e d  f o r  t u r n i n g .  In c a s e  of a t r a c t o r  m o u n t e d  

uni t ,  the  f a r m e r  would  no t  be ab le  to u s e  the t r a c t o r  f o r  

o t h e r  f a r m i n g  p u r p o s e s .

The  v a c u u m  h a r v e s t e r  w a s  bu i l t  a s  a t r a i l e r —type  uni t  

to be h i t c h e d  beh ind  a 4 - w h e e l  t r a c t o r .  A s e l f - p r o p e l l i n g  uni t
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was  c o n s i d e r e d  too  e x p e n s i v e  f o r  an  e x p e r i m e n t a l  h a r v e s t e r .

A f o u r - c y l i n d e r ,  V - t y p e ,  a i r  c o o l e d  W i s c o n s i n  E n g i n e  r a t e d  

a t  22 h. p.  a t  2, 600 r .  p.  m .  w a s  u s e d  f o r  the  b l o w e r  d r i v e .  

F i g u r e  19 s h o w s  a d e t a i l e d  d r a w i n g  of the  h a r v e s t e r  f r a m e .

Blowe r

T ype  of b l o w e r  d r i v e . The  e n g ine  co u ld  be s e l e c t e d  

to m a k e  p o s s i b l e  a d i r e c t  d r i v e  wi th  the b l o w e r ,  t h us  e l i m ­

i n a t in g  c h a i n  and  s p r o c k e t s  o r  b e l t  an d  p u l l e y s ,  h o w e v e r ,  the 

eng ine  a v a i l a b l e  h ad  to have  a b e l t  and  pu l l ey  t r a n s m i s s i o n .

P o s i t i o n  of the b l o w e r . Th e  b l o w e r  w a s  i n s t a l l e d  so 

tha t  i t s  a x i s  would  be p a r a l l e l  to the  l o ng i tu d in a l  a x i s  of the 

m a c h i n e  f r a m e .  T h i s  a r r a n g e m e n t  would  r e d u c e  the leng th  

of the b l o w e r  s u c t i o n  s ide  an d  the n u m b e r  of b e n d s  in the s u c ­

t ion  pipe  to  a m i n i m u m .  T h i s  p o s i t i o n  would  a l s o  a l l o w  the 

d i r e c t  d r i v i n g  eng ine  to be i n s t a l l e d  a long  the s ide  of the  f r a m e  

an d ,  t h e r e f o r e ,  g ive  m o r e  s t a b i l i t y  to the  f r a m e  of the m a c h i n e .

C a p a c i t y  of the  b l o w e r . The  s a m e  b l o w e r  u s e d  in  the 

D e x t e r  a n d  S he ldon  e x p e r i m e n t a l  m a c h i n e  w as  u s e d .  It i s  a 

No.  13 I m p r o v e d  C l a r a g e  E x h a u s t e r  wi th  a long s h av in g  i m ­

p e l l e r .  The  r o t a t i n g  b l a d e s  in the  long s h av in g  i m p e l l e r  a r e
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m o r e  w i d e l y  s p a c e d  th a n  in  the  l o w —s p e e d  i m p e l l e r ,  t h u s  r e ­

duc ing  the  t e n d e n c y  t o w a r d  c log g in g  wi th  h e a v y  m a t e r i a l .

S uc t i o n  N o z z l e  D e s i g n

Width of N o z z l e

The  wid th  of the  p i c k - u p  n o z z l e  d e p e n d s  on both  the 

b l o w e r  c a p a c i t y  a n d  the  w i n d r o w  wid th .  H o w e v e r ,  a n a r r o w  

p i c k - u p  wid th  w a s  d e s i r a b l e  f o r  the  fo l lowing  r e a s o n s :

(1) M o r e  a c c u r a t e  f i t  to the g r o u n d  would  be p o s s i b l e .

(2) High a i r  in l e t  v e l o c i t y  fo r  a g iv en  a i r  v o l u m e  co u ld  

be s u p p l i e d .

(3) H i g h e r  f o r w a r d  s p e e d  f o r  a g iv en  a i r  v o l u m e  was  

p o s s i b l e .

(4) L e s s  ch an g e  would  o c c u r  in  the  d i r e c t i o n  of a i r

f low.

A width  of 24 i n c h e s  f o r  the  n o z z l e  i n l e t  w a s  c o n s i d e r e d  

s u f f i c i e n t  f o r  c o l l e c t i n g  the c r o p  f r o m  the windrow' .

N o z z l e  Shape

D ex ter  and McKibben rep orted  that, in the ir  e x p e r im e n ta l  

h a r v e s t e r ,  they tr ied  to e l im in a te  the need of the rotating p ick-up
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but w i th o u t  s u c c e s s .  A r o t a t i n g  p i c k - u p  w a s  i n d i s p e n s a b l e  in 

t h e i r  m a c h i n e  b e c a u s e :

(1) The  a i r  e n t e r i n g  t h r o u g h  the n o z z l e  did  no t  s t r i k e  

the  c l o v e r  s t r o n g  en ou gh  to l i f t  i t  f r o m  the g r o u n d .

(2) It w a s  m o r e  d i f f i c u l t  to  l ift  the  c l o v e r  f r o m  the 

s wa th  t h a n  f r o m  the w i n d r o w s .

The  n o z z l e  s h a p e s ,  in m o s t  of the  v a c u u m  h a r v e s t e r s  

so f a r  c o n s t r u c t e d ,  w e r e  f a r  f r o m  p e r f e c t ;  the  e n t e r i n g  a i r  

d id  not  t o u c h  a l a r g e  a r e a  of cut  c l o v e r  u n d e r  the n o z z l e .  

C o n s e q u e n t l y ,  f o r  a g iv en  n o z z l e  p o s i t i o n ,  the  e n t e r i n g  a i r  did 

not  h av e  en ou g h  e f f e c t i v e  l i f t ing  p o w e r .

The  e l i m i n a t i o n  of the  p i c k - u p  h a s  the  fo l lowing  a d v a n ­

t a g e s :

(1) It d e c r e a s e s  the s u c t i o n  open ing  a r e a  and  h en ce  i n ­

c r e a s e s  the  i n l e t  a i r  v e l o c i t y  f o r  a g iven  b l o w e r  c a p a c i t y .

(2) It p r e v e n t s  f r e q u e n t  s to p p a g e  due to c logg ing  of the  

p i c k - u p  by h e a v y  m a t e r i a l .

(3) It e l i m i n a t e s  e x t r a  t r a n s m i s s i o n  g e a r s  an d  c h a i n s .

(4) It s i m p l i f i e s  the  m a c h i n e  c o n s t r u c t i o n  and  m a k e s  i t  

c h ea p e  r .
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The  only  way t h a t  s e e m e d  p o s s i b l e  to ge t  r i d  of the  

p i c k - u p  d e v i c e  w a s  to p r o p e r l y  d e s i g n  the n o z z l e .  A s t r o n g  

e n t e r i n g  a i r  v e l o c i t y  would  w h i r l  the  c l o v e r  a n d  c a r r y  i t  in 

the a i r  f low.  F u r t h e r m o r e ,  the  e n t e r i n g  a i r  f low m u s t  p a s s  

t h r o u g h  the  e n t i r e  a r e a  c o v e r e d  by the n o z z l e .  F i g u r e  20 

shows  the  d e s i g n  of the  n o z z l e  a n d  the h a r v e s t e r  a s s e m b l y  

d r a w i n g .  The  p o s s i b i l i t y  of ge t t ing  a i r  p o c k e t s  o r  s t a g n a n t  

a i r  z o n e s  in the n o z z l e  w a s  r e d u c e d  to a m i n i m u m .  The  f r o n t  

p a r t  of the n o z z l e  w a s  d e s i g n e d  to le t  the a i r  s t r i k e  the g r o u n d  

b e fo r e  e n t e r i n g  the  s u c t i o n  p ipe .  T h i s  h e l p e d  to r e l e a s e  the 

cut  c l o v e r  f r o m  the s t u b b le .  The  r e a r  p a r t  of the n o z z l e  w as  

s h a p e d  so tha t  it would  p ick  up the r e m a i n i n g  c l o v e r .  The  

s ide  no tch  in the  n o z z l e  w a s  m a d e  to b r e a k  the p o s s i b l e  r e g i o n  

of s t a g n a n t  a i r .  The  s u c t i o n  n o z z l e ,  in o r d e r  to f i t  the i r r e g ­

u l a r i t y  of the c o v e r e d  g r o u n d ,  w as  to be m a d e  of the f loa t ing  

type .  T h i s  w a s  done  by m e a n s  of a t e l e s c o p i n g  jo in t  m a d e  of 

c a n v a s  and  c o n n e c t i n g  the  n o z z l e  to the u p p e r  s u c t i o n  pipe a s  

shown in F i g u r e  21.

F o u r  s p r i n g  a t t a c h m e n t s  ( F i g u r e  22) kept  the f loa t ing  

n o z z l e  a l w a y s  in c o n t a c t  wi th the g r o u n d .  The  p r o p e r  he igh t  

of the n o z z l e  f r o m  the g ro u n d  d e p e n d s  on the a m o u n t  of g ro w t h .
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F igure 20.  W i n d ro w  V a c u u m  H a r v e s t e r  -  a s s e m b l y  d r a w i n g .
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F i g u r e  21.  T e l e s c o p i n g  jo in t  m a d e  of c a n v a s  and  
c o n n e c t i n g  the n o z z l e  to the u p p e r  
s u c t i o n  pipe .

F i g u r e  22.  S p r i n g  a t t a c h m e n t s  k e e p in g  the f l o a t -  
n o z z l e  a l w a y s  in  c o n t a c t  w i th  the 
g r o u n d .
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A p a i r  of s h o e s ,  one  on e a c h  s i d e  of t he  n o z z l e ,  r e g u l a t e d  the  

h e i g h t  of t he  n o z z l e  f r o m  2 i n c h e s  to 5 i n c h e s  a b o v e  the g r o u n d .  

The  f lo a t i n g  n o z z l e  w a s  a t t a c h e d  to the  f r a m e  by m e a n s  of  v e r y  

l i gh t  c h a i n s .  F i g u r e s  23 a n d  24 s ho w  d i f f e r e n t  v i e w s  of the  

c o n s t r u c t e d  v a c u u m  h a r v e s t e r .

T h e  t a b l e  on p a g e  59 s h o w s  the  m a i n  f e a t u r e s  of the  

n ew  v a c u u m  h a r v e s t e r  a s  c o m p a r e d  to  the  two  h a r v e s t e r s  d e ­

v e l o p e d  by M c K i b b e n ,  D e x t e r ,  a n d  S h e ld o n .

A i r f l o w  M e a s u r e m e n t  in the  N o z z l e  
of the  V a c u u m  H a r v e s t e r

A n  a i r  f low  i n v e s t i g a t i o n  w a s  m a d e  in  o r d e r  to c h e c k  

the d e s i g n  of the  n o z z l e .  T h e  v a c u u m  h a r v e s t e r  w a s  s e t  on 

a p l a t f o r m ,  a s  s ho w n  in  F i g u r e s  25 and  2b,  in o r d e r  to  r e a c h  

e a s i l y  the  b o t t o m  of the  n o z z l e .

A p i t o t  tube  w a s  m o u n t e d  on a  r o t a t i n g  f r a m e  u n d e r  

the  n o z z l e ,  a s  s h ow n  in  F i g u r e s  27 a n d  28.  A r u b b e r  s e a l ,  

s ho w n  in  F i g u r e  27,  c o v e r e d  a  3 —in c h  d i a m e t e r  ho le  on the  

p l a t f o r m ,  t h u s  g iv ing  the  p i t o t  tube  f r e e d o m  to r o t a t e  w i th  

r e s p e c t  to a  f i x e d  q u a d r a n t  w i th o u t  d i v e r t i n g  the  f low of a i r .  

C o n s e q u e n t l y ,  the  p i t o t  t u b e  c o u l d  be  a d j u s t e d  to be p a r a l l e l



The  w i n d r o w  v a c u u m  h a r v e s t e r
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C O M P A R I S O N  O F  T H E  NEW H A R V E S T E R  WITH T H E  
TW O  H A R V E S T E R S  D E V E L O P E D  BY 

M c K I B B E N  A ND  S HE L D O N

M c K i b b e n Sh e ldo n P r e  s e n t

F e a t u r e  s an d  D e x t e r a n d  D e x t e r F  e a t u r e s  
in N e w  

H a r v e s t e r
H a r v e  s te  r H a r v e s t e r

Meth o d  of 
Ha r v e  s t ing

F  r o m  Swath F  r o m  S wa th F r o m  W i n d ro w

M a c h in e T r a c t o r T r a c t o r
T r a i  led

D r iv e M o u n te d M o un te d

Blowe r F r o m  T r a c ­ F  r o m  T r a c  - F r o m  an  I n d i ­
D r iv e t o r  E n g in e t o r  E n g in e v id ua l  E ng ine

No.  13 No.  13 No.  13
Blowe r I m p r o v e d I m p r o v e d I m p r o v e d
Size C l a r a g e C l a r a g e C l a r a g e

E x h a u s t e  r E x h a u s t e  r E x h a u s t e  r

•

Blowe r 
Spe ed

1800 r . p.  m . 2600 r . p.  m . 2400 r .  p. m .

I m p e l l e  r
L o w - s p e e d  
I m p e  l ie  r

L o n g  S h a v in g s  
I m p e l l e r

L ong  S ha v in g s  
I m p e l l e  r

P r o p e l l e r  A x i s P r o p e l l e r  A x i s P r o p e l l e r  A x i s

P o s i t i o n
P a r a l l e l  to the P a r a l l e l  to the V e r t i c a l  to the
Whee l  A x i s Whee l  A x i s W he e l  A x i s

Width of 
P i c k - u p

3 f e e t 6 f e e t 2 f ee t

Gathe  r ing 3 / 1 6 "  s t i f f F  l e x ib le No G a t h e r i n g
D ev ic e Rods T e e t h Devi  ce



F i g u r e  25.  M a c h i n e  s e t - u p  f o r  a i r  f low m e a ­
s u r e m e n t  .

F i g u r e  26.  M a c h i n e  s e t - u p  f o r  a i r  f low m e a ­
s u r e m e n t .
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F i g u r e  27.  M e a s u r e m e n t  of the  a i r  v e l o c i t y  by 
m e a n s  of the  p i to t  tube .
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to the  direct ion  of a ir  f low, recording the m axim um  a ir  v e lo c ­

i ty  an d  i t s  direct ion  of flow.

F u rth erm ore ,  the air  ve lo c ity  m ea su rem en t  was checked  

by a direc t  reading air v e lo m e te r ,  shown in F igure  29.

The  a i r  f low  w a s  f u r t h e r  s t u d i e d  by m e a n s  of a  s m o k e  

m a c h i n e .  T h i s  c o n s i s t e d  of two b o t t l e s  in  s e r i e s ,  one c o n ­

t a in ing  a m m o n i u m  h y d r o x i d e  a n d  the o t h e r  h y d r o c h l o r i c  a c i d .  

Blowing  a i r  in  the  f i r s t  b o t t l e  p r o v i d e d  a whi te  s m o k e  of a m ­

m o n i u m  c h l o r i d e .  The  f low of s m o k e  i n d i c a t e d  the pa th  of 

a i r  t h r o u g h  the n o z z l e  and  t h i s  i s  shown in F i g u r e  30.

To s tudy  the a i r  f low in the n o z z l e  t h r e e  b l o w e r  s p e e d s

w e r e  u s e d  1 140, 1530 and  20o0 r .  p.  m .  A i r  v e l o c i t i e s  in

f ee t  p e r  m i n u t e  w e r e  m e a s u r e d  a t  d i f f e r e n t  h e i g h t s  in  s e c t i o n s  

A, B, C, D and  E and  a v e r a g e  v e l o c i t y  c u r v e s  w e r e  p lo t t e d  

a s  s h o w n  in F i g u r e  31. F r o m  the r e s u l t  of t h i s  a i r  f low i n ­

v e s t i g a t i o n  the fo l lowing  c o n c l u s i o n s  w e r e  d r a w n :

(1) No " v e n a  c o n t r a c t a "  w a s  p r e s e n t  in the  n o z z l e .

(2) S tagnan t  a i r  f low w a s  a b s e n t  e x c e p t  in a v e r y  s m a l l

r e s :  o n .

C3) The a i r  s p e e d  in the  n o z z l e  w a s  p r o p o r t i o n a l  to the

s p e e d  of  t h e  b i o w e r .
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F i g u r e  29. A i r  f low m e a s u r e m e n t  by m e a n s  of the 
ve l o m e t e  r .
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(4) S e c t i o n  D w a s  the  m a x i m u m  s p e e d  r e g i o n  wh i le  

S e c t i o n  A w a s  the  m i n i m u m  s p e e d  r e g i o n ,  F i g u r e  31.

(5) T h e  a i r  f low in the  n o z z l e  w a s  a t u r b u l e n t  f low.

When  d e s i g n i n g  a  n o z z l e  f o r  p i c k i n g  L a d i n o  c l o v e r  s e e d ,

one m u s t  c h o o s e  a  v e l o c i t y  by f a r  h i g h e r  t h a n  the  l i f t i n g  v e l o c ­

i ty  of the  s e e d  a s  b o th  the  c l o v e r  a n d  the  h e a d s  w i l l  be s u c k e d  

t o g e t h e r .  In a d d i t i o n ,  m a n y  h e a d s  a r e  l a i d  f l a t  on the  g r o u n d  

o r  t a n g l e d  in  the  s t u b b l e ,  a  c o n d i t i o n  w h ic h  r e q u i r e s  a s t i l l  

h i g h e r  a i r  v e l o c i t y  to  r e l e a s e  t h e m .



D ES IGN  AND C O N S T R U C T I O N  O F  T H E  C U T T E R  
B A R  V A C U U M  H A R V E S T E R

T h i s  m e t h o d  of h a r v e s t i n g  c o n s i s t s  of s u c k i n g  the  g r e e n  

c l o v e r  i m m e d i a t e l y  a f t e r  i t  i s  c u t  by the  m o w e r  c u t t e r  b a r  a n d  

d r y i n g  the  c l o v e r  by  m e a n s  of a n  a r t i f i c i a l  d r i e r .

T he  s a m e  w i n d r o w  v a c u u m  h a r v e s t e r  w a s  u s e d  e x c e p t  

t h a t  the  n o z z l e  d e s i g n  a n d  a r r a n g e m e n t  w e r e  c h a n g e d ,  a n d  a 

f i v e - f o o t  F o r d  m o w i n g  m a c h i n e  w a s  m o u n t e d  on the  pu l l in g  

t r a c t o r .

F i g u r e  32 s h o w s  v i e w s  of the  m a c h i n e .  By m e a n s  of 

s w i v e l  j o i n t s ,  the  n o z z l e  r o t a t e d  a r o u n d  a v e r t i c a l  a x i s  a t  the  

p o in t  of h i t c h  of the  h a r v e s t e r  wi th  the  t r a c t o r .

A l i g h t  r o d  c o n n e c t i n g  the  n o z z l e  to the m o w e r  f r a m e  

a l l o w e d  the  n o z z l e  to  h a v e  a  f i x e d  p o s i t i o n  w i th  r e s p e c t  to the  

t r a c t o r .

Th e  a u t o m a t i c  s a f e t y  r e l e a s e  in the  m o w e r  i s  a f e a t u r e  

t h a t  h e l p s  p r e v e n t  i n j u r y  to the  m o w e r  w h en  a n  o b s t r u c t i o n  i s  

h i t .  I t  a l l o w s  the  c u t t e r  b a r  to  s w in g  to the  r e a r  a w a y  f r o m  

the o b s t r u c t i o n .  F o r  t h i s  r e a s o n  the  n o z z l e  w a s  no t  f i x e d  to
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t he  c u t t e r  b a r  a s  th i s  woci ld p r e v e n t  the  c u t t e r  b a r  f r o m  s w in g  

ing  to  the  r e a r  w h e n  the s a f e t y  d e v i c e  h a p p e n e d  to be  t r i p p e d .

A pan  c o l l e c t o r  w a s  a t t a c h e d  to the  c u t t e r  b a r  a n d  the 

n o z z l e  i n l e t  w a s  m a d e  to r e s t  on the  p an  a n d  to f i t  i t s  c u r v a ­

t u r e .



F I E L D  T R I A L S  

D e s i g n  of E x p e r i m e n t

F ie ld  No, 1

F ie ld  No, 1 was located on the co l leg e  farm  in East

Lansing. It was seeded  in the spring of 1949, but had not

been clipped. Due to the fact  that the field  was sm a l l ,  only 

eight plots were  used. The area  of the f ie ld  available  was a 

determ ining  factor  for the number of r e p l ica te s .

E a c h  p lo t  w a s  5 f e e t  wide  a n d  174. 24 f e e t  long w hich

m a d e  i t  e q u i v a l e n t  to a n  a r e a  of  l / 5 0  of an  a c r e .  E v i d e n c e

s e e m s  to i n d i c a t e  t h a t  long a nd  n a r r o w  p l o t s ,  w h i c h  m a y  cut  

a c r o s s  a r e a s  of g r e a t e r  f i e l d  v a r i a t i o n ,  t e n d  to h a v e  s m a l l e r  

e r r o r .

In o r d e r  to  g e t  e x a c t l y  a  5 - f o o t  cu t  a n d  to a v o i d  hav ing  

the t r a c t o r  w h e e l s  r u n  o v e r  the  p l o t s  i t  w a s  n e c e s s a r y  to p r o ­

v ide  an  a d d i t i o n a l  s t r i p  of l a n d  5 f e e t  wide  b e t w e e n  p lo t s  a s  

shown in the  f i e l d  l a y o u t  ( F i g u r e  33).

Th e  fo l l o wi n g  w e r e  the  f o u r  h a r v e s t i n g  m e t h o d s  u s e d :

(1) The pan method. I
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(2) The  c u t t e r  b a r  m e t h o d .

(3) The  w i n d r o w  m e t h o d  of v a c u u m  h a r v e s t i n g .

(4) The  s w a t h  m e t h o d  of v a c u u m  h a r v e s t i n g .

T h e s e  f o u r  m e t h o d s  w e r e  d i s t r i b u t e d  a t  r a n d o m  t h r o u g h ­

o u t  the  e i g h t  e x p e r i m e n t a l  p l o t s .

B e f o r e  s t a r t i n g  the  a c t u a l  e x p e r i m e n t ,  a  p r e l i m i n a r y  

s tu d y  on the c o n d i t i o n  of the  f i e l d  w a s  m a d e .  A s t e e l  f r a m e  

of 2 f e e t  by 2 f e e t  w a s  u s e d  f o r  t h i s  p u r p o s e .  T h i s  f r a m e  

w a s  t h r o w n  a t  r a n d o m  on the  s t r i p  of l a n d  b e t w e e n  the  e x p e r i ­

m e n t a l  p l o t s .  T h i s  w a s  done to a v o i d  t r a m p l i n g  on the  e x p e r i ­

m e n t a l  p l o t s .  Th e  a m o u n t  of s e e d  a c t u a l l y  p r e s e n t  on the  f i e ld  

p r i o r  to h a r v e s t  w a s  d e t e r m i n e d  by the  q u a d r a t  s y s t e m  of 

s a m p l i n g  and  the r e s u l t s  c o n v e r t e d  in to  p o u nd s  of s e e d  p e r  

a c r e .  H e r e a f t e r ,  the  y i e ld  d e t e r m i n e d  by t h i s  m e t h o d  wi l l  be 

r e f e r r e d  to  a s  the  " a c t u a l  y i e ld .  "

The  wh i te  h e a d s ,  the  r i p e  h e a d s  s t a n d i n g ,  a n d  the  r i p e  

h e a d s  b e n t  on the  g r o u n d  w e r e  c o u n t e d  a n d  t h e n  the  w hole  c l o ­

v e r  i n s i d e  the  f r a m e  w a s  cu t  a n d  put  in p a p e r  b a g s .  E l e v e n

r a n d o m  s a m p l e s  w e r e  t a k e n .  Th e  g r e e n  c l o v e r  in the  bag  w a s

o
w e i g h e d  i m m e d i a t e l y  a n d  p u t  in  the  d r i e r  of 100 F  m a x i m u m  

t e m p e r a t u r e .  A f t e r  two d a y s  d r y i n g ,  the  c l o v e r  w a s  w e ig h e d
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a n d  the m o i s t u r e  c o n t e n t  d e t e r m i n e d .  F u r t h e r m o r e ,  e a c h  s a m ­

ple w a s  pu t  t h r o u g h  the  t h r e s h i n g  m a c h i n e  f o u r  t i m e s  a n d  the  

r e m a i n i n g  cha f f  w a s  r u b b e d  out  by h a n d  to g e t  a n y  s e e d s  s t i l l  

r e m a i n i n g .

In a d d i t i o n ,  one h u n d r e d  h e a d s  of w h i t e  c l o v e r  w e r e  

p i c k e d  f r o m  the f i e l d ,  d r i e d  in  the  o ve n ,  t h r e s h e d  a n d  c l e a n e d .

It w as  found that th e s e  h ead s  con ta in ed  no m a tu r e  s e e d s .

F r o m  the r e s u l t s  s h o w n  in T a b l e  I,  the  a v e r a g e  m o i s t u r e  

c o n t e n t  of the  c l o v e r  w a s  73.  bO p e r c e n t  a t  the  t i m e  i t  w a s  cu t .

The  n u m b e r  of L a d i n o  c l o v e r  h e a d s  w e r e  d e t e r m i n e d  to 

be a s  fo l l o w s :

2 5 . 5 8 %  of w h i t e  o r  i m m a t u r e  h e a d s .

4 0 . 9 0 %  of r i p e  s t a n d i n g  h e a d s .

33.  52% of r i p e  h e a d s  b e n t  to the  g r o u n d .

F r o m  the t o t a l  n u m b e r  of r i p e  o r  m a t u r e  h e a d s ,  45 

p e r c e n t  w e r e  bend in g  on the g r o u n d ,  w h ich  m e a n t  t h a t ,  if the 

m o w e r  c u t t e r  b a r  m i s s e d  a l l  the  b e n t  h e a d s ,  on ly  a s  h ig h  a s  

55 p e r c e n t  of the m a t u r e  s e e d  co u ld  be h a r v e s t e d .

T h e  c a l c u l a t e d  t o t a l  y i e ld  p e r  a c r e  w a s  1 5 5 .2 5  p o un ds  

and  the  t o t a l  w e ig h t  of g r e e n  c l o v e r  w a s  5. 54 to n s  p e r  a c r e .



TABLE I 

FIELD I 

Sample Area 2 1 x <

SAMPLE 1 2 3 4 5 6 7 8 9 10 11 AVERAGE

'hite heads 63 22 88 63 48 66 67 52 13 58 59 54.4

lipe s ta n d in g 114 83 109 65 105 63 85 97 77 100 59 87.0

lipe on ground 72 31 76 69 95 78 100 47 47 108 61 71.3

■otal number o f  
ripe heads 186 114 185 134 200 141 I 85 144 124 208 120 157

total number o f  
leads 249 136 273 197 248 207 252 196 137 266 179 212.7

height o f  g re e n  
olover in  grams

]p<4 333 36? 403 Ojc 6c8 464 406 398 576 541

height o f  d ry  
clover in  gram s 126 80 95 85 154 147 143 116 105 142 149

Moisture con­
ten t, p e rc e n t 71.62 75.97 74.11 78.90 71.37 75.82 69.18 71.42 73.61 75.34 72.45 73.60

Weight o f  s e e d , 
grams p e r  fo u r  
square f e e t

7.12 5.61 6.07 4.44 10.55 4.59 8 .09 5.30 6.84 8.63 3.90 6.463

Weight in  gram s 
per 100 r ip e  
heads

3-83 4.82 3.38 3.30 5 .28 3.25 4.36 3.68 5.50 4.15 3.25 4.07

Actual y ie ld  p e r  
acre; w eig h t o f  
seed in  pounds 
per ac re

171 135 146 106.8 253 IO9.5 194 127.5 164 207 94 155.25
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F i e l d  No.  2

F i e l d  No.  2 w a s  a l s o  l o c a t e d  on the c o l l e g e  f a r m  a t  

E a s t  L a n s i n g .  It w a s  s e e d e d  in the  s p r i n g  of 1949 bu t  not  

c l i p p e d .  T h e  f i e l d  l ayou t  f o l l o w e d  the s a m e  p a t t e r n  a s  f i e ld  

No. 1, w i th  l b  e x p e r i m e n t a l  p lo t s  i n s t e a d  of 8.

E a c h  p lo t  w a s  5 f e e t  wide  a n d  1 7 4 . 2 4  f e e t  long ,  e a c h  

e q u i v a l e n t  to a n  a r e a  of 1 /5 0  a c r e .

T h e  s a m e  f o u r  h a r v e s t i n g  m e t h o d s  a s  u s e d  in  F i e l d  No.

1 w e r e  d i s t r i b u t e d  a t  r a n d o m  a m o n g  the  l b  p l o t s ,  a s  shown  

in the f i e l d  l a yo u t ,  F i g u r e  34.

A f t e r  h a r v e s t i n g  the e x p e r i m e n t a l  f i e ld  by d i f f e r e n t  

m e t h o d s ,  a 2'  x 2 '  f r a m e  w a s  t h r o w n  5 t i m e s  a t  r a n d o m  on 

e v e r y  1 /5 0  a c r e  p lo t ,  a n d  the c l o v e r  i n s i d e  the f r a m e  w a s  

g a t h e r e d ,  d r i e d ,  a n d  t h r e s h e d  5 t i m e s .

The  p i c k in g  e f f i c i e n c y  w a s  d e t e r m i n e d  by the  a m o u n t  

of s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g ,  the e f f i c i e n c y  of the 

t h r e s h i n g  m a c h i n e ,  and  the a m o u n t  l e f t  in the  f i e l d .

F i e l d  No.  3

E x p e r i m e n t s  w e r e  c o n d u c t e d  n e a r  M i d d l e v i l l e ,  M i c h i g a n ,  

on a f i e ld  of L a d i n o  c l o v e r  s e e d e d  in the s p r i n g  of 1949.  Red
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c l o v e r  an d  a l s i k e  c l o v e r  h ad  g r o w n  wi th  the  L a d i n o .  It w a s  

c l i p p e d  on J u n e  13, 1950,  an d  put  up f o r  g r a s s  s i l a g e .  The

f i e ld  had  a v e r y  h e a v y  g r o w t h  b to 10 i n c h e s  t a l l  but  w as

not  r e g u l a r l y  l e v e l e d .

The  g e n e r a l  p u r p o s e  of the  e x p e r i m e n t s  c o n d u c t e d  in 

f i e l d  No.  3 w a s :

To  c o m p a r e  the  h a r v e s t i n g  e f f i c i e n c y  of the  fo l lowing  

f o u r  m e t h o d s :

(1) The  p an  m e t h o d  of h a r v e s t i n g .

(2) The  w i n d r o w  m e t h o d  of v a c u u m  h a r v e s t i n g .

(3) The  w i n d r o w  m e t h o d  of c o m b i n e  h a r v e s t i n g .

(4) The  s w a t h  m e t h o d  of c o m b i n e  h a r v e s t i n g .

T h e  l ay o u t  of f i e l d  No.  3 in  M i d d l e v i l l e  ( F i g u r e  35) 

had  a d i f f e r e n t  p a t t e r n  f r o m  the one u s e d  on the c o l l e g e  f a r m .  

B e t w e e n  e v e r y  two a d j a c  en t  e x p e r i m e n t a l  p lo t s  t h e r e  w a s  a 

s t r i p  of l a n d  10 f e e t  w ide ,  w hich  a l l o w e d  s u f f i c i e n t  r o o m  f o r  

the e q u i p m e n t  to w o r k  in w i th o u t  d a m a g i n g  the c l o v e r  in the  

e x p e r i m e n t a l  p lo t s .  The  wid th  of e v e r y  two a d j a c e n t  e x p e r i ­

m e n t a l  p lo t s ,  i n s t e a d  of be ing  only  10 f e e t  w ide ,  w a s  m a d e  15 

f e e t  wide  to i n s u r e  a m o w e r  cu t  width  of 5 f e e t  f o r  e v e r y  plot  

in c a s e  the  t r a c t o r  d e v i a t e d  from, i t s  pa th .
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A f t e r  the  f o u r  h a r v e s t i n g  m e t h o d s  h a d  b e e n  t r i e d ,  a  

2'  x 2'  f r a m e  w a s  t h r o w n  f ive  t i m e s  a t  r a n d o m  in e v e r y  e x ­

p e r i m e n t a l  p lo t  a n d  the  c l o v e r  i n s i d e  w a s  g a t h e r e d ,  d r i e d ,  a n d  

t h r e s h e d  f ive  t i m e s .  T h i s  r e p r e s e n t e d  the  a m o u n t  of s e e d  le f t  

by e a c h  h a r v e s t i n g  m e t h o d .  Th e  p i c k i n g  e f f i c i e n c y  w a s  d e t e r ­

m i n e d  by  the  a m o u n t  of s e e d  r e c o v e r e d  f r o m  the f i r s t  t h r e s h ­

ing ,  the  e f f i c i e n c y  of the  t h r e s h i n g  m a c h i n e ,  and  the  a m o u n t  

l e f t  in  the f i e l d .

F i e l d  N o .  4

T h i s  f i e l d  ( e igh t  a c r e s  a r e a )  w a s  a l s o  l o c a t e d  n e a r  M i d -  

d l e v i l l e .  T h e  L a d i n o  c l o v e r  w a s  s e e d e d  in  the s p r i n g  of 1949 

an d  c l i p p e d  on J u n e  13, 1950.

T h e  e x p e r i m e n t s  on F i e l d  No.  4 w e r e  c o n d u c t e d  to t e s t  

the  p e r f o r m a n c e  of the  B r i l l i o n  v a c u u m  h a r v e s t e r  a f t e r  the  

c l o v e r  h ad  b e e n  p i c k e d  by a hay  l o a d e r .

T h e  c l o v e r  w a s  m o w e d  a n d  l e f t  to d r y  in  the w i n d r o w .

It w a s  c o l l e c t e d  a f t e r w a r d  by a  hay  l o a d e r  an d  the c l o v e r  w a s  

t h r e s h e d  by a s t a t i o n a r y  c o m b i n e .  T h e  f i e l d  w a s  t h e n  s w e p t  

by the  B r i l l i o n  v a c u u m  h a r v e s t e r .
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O b s e r v a t i o n s  on D i f f e r e n t  P h a s e s  
of Ha r v e s t i n g  P r o c e d u r e

Alowi ng

When cut  f o r  s e e d ,  the  v e g e t a t i o n  w a s  f r o m  f o u r  to t en  

i n c h e s  t a l l  w i th  m a n y  of the s e e d  h e a d s  bent  o v e r  a l m o s t  to 

the g r o u n d .

In the  p r e l i m i n a r y  s u r v e y  of f i e ld  No.  1. it w a s  found  

tha t  the  t o t a l  y i e ld  w a s :

2 5. 58% of whi te  o r  i m m a t u r e  h e a d s .

40. 90% of r i p e  s t a n d i n g  h e a d s .

33.  52% of r i p e  h e a d s  ben t  to the  g ro u nd .

Only  r ip e  h e a d s  would  p r o d u c e  s e e d  and  the a b o v e  f i g ­

u r e s  i n d i c a t e  tha t  45 p e r c e n t  of the m a t u r e  h e a d s  w e r e  bend ing  

o v e r  to the g r o u n d .  T h i s  s h o w s  tha t  m o w i n g  w a s  an  i m p o r ­

tan t  f a c t o r  a f f e c t i n g  the  h a r v e s t i n g  of the L a d i n o  c l o v e r .  A 

v e g e t a t i o n  of tha t  n a t u r e  r e q u i r e d  a m o w e r  tha t  would  cut  the 

c l o v e r  s t e m s  a s  c l o s e  a s  p o s s i b l e  to the g r o u n d .  The  l eng th  

of the c u t t e r  b a r  f o r  an  i r r e g u l a r  f i e l d  s ho u ld  be r a t h e r  s h o r t  

to fi t  t he  c o n t o u r  of the  l and .

In f i e l d  No.  1 a f i v e - f o o t  l e s p e d e z a  c u t t e r  b a r  w as  u s e d  

to cut  the  c l o v e r  p r e v i o u s  to the  a c t u a l  h a r v e s t i n g .  T h i s  c u t t e r
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b a r  w a s  p r o v i d e d  w i th  s p e c i a l  n a r r o w  g u a r d s  a n d  w i th  the  i n n e r  

sh oe  r e m o v e d ,  i t  c u t  the  c l o v e r  f r o m  1 a n d  1 / 2  i n c h e s  to 2 

i n c h e s  a b o v e  the  g r o u n d .

P r e l i m i n a r y  c u t t i n g s  w i th  the  l e s p e d e z a  c u t t e r  b a r  w e r e  

m a d e  a r o u n d  th e  e d g e  of the  e x p e r i m e n t a l  f i e l d  No.  2. B e c a u s e  

of the  h e a v i e r  g r o w t h  of t h i s  f i e l d  c o m p a r e d  to the  f i e l d  No.  1 

the  n a r r o w  g u a r d s  of the  c u t t e r  b a r  go t  c l o g g e d  up  by  the  e x c e s s  

c l o v e r  a n d  the c u t t i n g  w a s  no t  p r o p e r l y  d o ne .  T h e  l e s p e d e z a  

c u t t e r  b a r  w a s  t h e n  r e p l a c e d  by  a  f i v e - f o o t  F o r d  m o w e r  wi th  

the  i n n e r  s h o e  r e m o v e d .  T h i s  m o w e r  w a s  u s e d  in b o th  f i e l d s  

No.  2 a n d  No.  3 a n d  i t  d id  a s a t i s f a c t o r y  job .

In a d d i t i o n ,  a s e v e n - f o o t  m o w e r  w a s  t r i e d  on a n  8 - a c r e  

f i e l d  w i th  the  i n n e r  s h o e  r e m o v e d  bu t  due to the  i r r e g u l a r i t y  

of the  f i e l d  l e v e l  t h i s  long m o w e r  b a r  w a s  i n f e r i o r  in p e r f o r m ­

a n c e  to the  f i v e —foo t  b a r .

In m o w i n g  L a d i n o  c l o v e r  i t  w a s  n o t i c e d  t h a t  t he  m o w e r  

w ou ld  g e n e r a l l y  go o v e r ,  w i th o u t  c u t t i n g ,  a n y  p a t c h  of c l o v e r  

t h a t  w a s  r e c e n t l y  t r a m p l e d  by a  t r a c t o r  w h e e l .

i
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W i n d r o w i n g

In h a r v e s t i n g  L a d i n o  c l o v e r ,  w i n d r o w i n g  i s  done  a f t e r  

m o w i n g  in  o r d e r  to h a r v e s t  i t  e i t h e r  by the  v a c u u m  h a r v e s t e r  

o r  by the  c o m b i n e  w i th  a  p i c k - u p  a t t a c h m e n t .

T h e  o r d i n a r y  s i d e  d e l i v e r y  r a k e  w a s  u s e d  in the  s u m m e r  

of 1949 in  the  p r e l i m i n a r y  t r i a l  of  t he  w i n d r o w  v a c u u m  h a r v e s t e r ,  

a n d  in the  s u m m e r  of 1950 in  f i e l d  No.  4. It  w a s  n o t i c e d  t h a t ,  

due  to the  s h o r t  s t e m  of the  c l o v e r ,  t h e r e  w a s  d e f i n i t e l y  p a r t  

of the  c l o v e r  d r o p p i n g  f r o m  in b e t w e e n  the  f i n g e r s  of t he  w i n d -  

r o  we r .

T o  m i n i m i z e  the  l o s s  of s e e d  in w i n d r o w i n g ,  a s p e c i a l  

m e t a l  s h e e t - c o v e r e d  s id e  d e l i v e r y  w i n d r o w e r  w a s  f a s t e n e d  to 

the  m o w e r  c u t t e r  b a r .  T h i s  s e t u p ,  u s e d  in f i e l d  No.  1, r e ­

q u i r e d  s o m e o n e  to r a k e  it  o v e r  a s  the  c l o v e r  on the c o v e r e d  

w i n d r o w e r  l a c k e d  the  d r a g  of the s o i l .

In f i e l d  No.  2 a c e n t e r  d e l i v e r y  w i n d r o w e r  w a s  u s e d .

T h i s  c o n s i s t e d  of two m e t a l  p a n s  wi th  gu ide  w a l l s  a n d  f a s t e n e d  

to the  c u t t e r  b a r .  T h e  c l o v e r  w hen  cu t  w a s  d i r e c t e d  by the 

s i d e  p a n s  t o w a r d  the  c e n t e r  a s  the  m o w e r  m o v e d  a l o n g .

T h e  1950 s u m m e r  s e a s o n  w a s  a v e r y  wet  one ,  a s  s h ow n  

in the r a i n f a l l  i n t e n s i t y  c h a r t  ( F i g u r e  3b),  a n d  it  r a i n e d  e v e r y

f l
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t i m e  a f t e r  t h e  c l o v e r  w a s  w i n d r o w e d .  T h e  w i n d r o w s  w e r e  

t u r n e d  o v e r  the  n e x t  d ay  v e r y  e a r l y  in  the m o r n i n g  w hen  the

c l o v e r  w a s  w e t  to p r e v e n t  s h a t t e r i n g .

D r y i n g

Th e  m o i s t u r e  c o n t e n t  of the  L a d i n o  c l o v e r  w hen  cu t  f o r  

s e e d  r a n g e d  f r o m  70 to 75 p e r c e n t .

T he  c l o v e r  h ad  to d r y  in  o r d e r  to be t h r e s h e d .  The  

m e t h o d  of d r y i n g  the c l o v e r  d e p e n d e d  to a  g r e a t  e x t e n t  on the  

w ay  i t  w a s  h a r v e s t e d .

F  o r  the  pan  m e t h o d ,  the c l o v e r  w a s  s p r e a d  o v e r  s i l o

p a p e r  to  d r y .  The  m a i n  p u r p o s e  of the  s i l o  p a p e r  w a s  to

p r o t e c t  the  c l o v e r  f r o m  the  m o i s t u r e  of the  s o i l ,  a s  the  L a d i n o

c l o v e r  h a s  a  g r e a t  a f f in i ty  to a b s o r b  the  m o i s t u r e  e i t h e r  f r o m

the a t m o s p h e r e  o r  f r o m  the s o i l .

Whi le  the  c l o v e r  w a s  s t i l l  on s i l o  p a p e r ,  h e a v y  r a i n

f e l l  a n d  the  w a t e r  w a s  h e l d  f r o m  i n f i l t r a t i n g  in to  the  so i l  and  

w a s  k e p t  u n d e r  the  c l o v e r .  T h e  p r a c t i c e  of u s in g  s i l o  p a p e r  

on a w e t  s u m m e r  w a s  u n d e p e n d a b l e  and  d id  m o r e  h a r m  th a n  

good to the  c l o v e r .

I
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F o r  the  c u t t e r  b a r  m e t h o d ,  a n  a r t i f i c i a l  d r i e r  w i th  m e ­

c h a n i c a l  r a k i n g  w a s  e s s e n t i a l .  A s s u m i n g  s i x  to n s  of g r e e n  

c l o v e r  w i th  70 p e r c e n t  m o i s t u r e  c o n t e n t  w e r e  to be h a n d l e d  

p e r  a c r e ,  the  a m o u n t  of w a t e r  to be e x t r a c t e d  to r e d u c e  the  

m o i s t u r e  c o n t e n t  to 12 p e r c e n t  in  o r d e r  to be e a s i l y  t h r e s h e d  

i s  c a l c u l a t e d  a s  f o l l o w s :

At  70 p e r c e n t  m o i s t u r e  c o n t e n t ,  

w e i g h t  of d r y  m a t t e r  =

t> x 2000 x ( 3 0 /1 00 )  = 3b00 pou nd s ,  

w e i g h t  of w a t e r  =

o x 2000 x ( 7 0 /1 0 0 )  = 8400 p o un ds .

A t  12 p e r c e n t  m o i s t u r e  c o n t e n t ,  w e ig h t  of d r y  m a t t e r  

wi l l  be 88% of the  t o t a l  w e ig h t .

W e i g h t  of w a t e r  =

3o00 x ( 1 2 /8 8 )  = 490 p o u nd s .

W e i g h t  of w a t e r  to be e x t r a c t e d  =

8400 -  490 = 7910 p o un ds .

B. T.  U. of f u r n a c e  f u e l  p e r  g a l l o n  = 1 3 0 ,0 0 0  B. T.  U . / g a l .  

L a t e n t  h e a t  of e v a p o r a t i o n  of w a t e r  = 9ob.  o B.  T.  U . / l b .  

G a l l o n s  of f u e l  n e e d e d  p e r  a c r e ,  a s s u m i n g  a 30% d r i e r  

e f f i c i e n c y  =
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[7910(212 -  80) + (7910 x 96b.  6)] [ 0 . 3 0  x 1 3 0 , 0 0 0 ]

= 223 g a l l o n s .

Due  to the  l i m i t e d  a v a i l a b l e  e q u i p m e n t  f o r  a r t i f i c i a l l y

d r y i n g  D a d in o  c l o v e r ,  the  c l o v e r ,  h a r v e s t e d  by the  c u t t e r  b a r

m e t h o d  in  f i e l d  No.  1, w a s  s p r e a d  th in  on s i l o  p a p e r .  The  

g r e e n  m a t e r i a l ,  a f t e r  i t  w a s  s u c k e d  by the  b l o w e r ,  b e c a m e  

p a s t y  a n d  c o m p a c t .  A s a m p l e  w a s  d r i e d  in  the  a r t i f i c i a l  d r i e r .  

It w a s  n o t i c e d  t h a t  the  o u t e r  p a r t  b e c a m e  c r u s t y  whi le  the  i n ­

s id e  w a s  s t i l l  p a s t y .  Th e  h o t  a i r  co u ld  no t  ge t  in to  the i n s i d e  

of the s a m p l e .

In f i e l d  No.  2 the  g r e e n  c l o v e r  s u c k e d  f r o m  the c u t t e r

b a r  w a s  a g a i n  s p r e a d  o v e r  s i l o  p a p e r  to d r y ,  but  due to the

r a i n ,  i t  m o l d e d  a n d  h e a t e d ,  t h e r e f o r e ,  the  s e e d  w a s  u s e l e s s  to 

t h r e s h .  D r y i n g  g r e e n  c l o v e r  t h a t  h a s  b e e n  m a s h e d  by the 

b l o w e r  p r e s e n t e d  a big d i f f i c u l t y ,  e v e n  w i th  the  a r t i f i c i a l  d r i e r  

an d ,  c o n s e q u e n t l y ,  i t  i s  no t  to be  r e c o m m e n d e d .

T he  c l o v e r ,  a f t e r  be in g  cu t ,  had  to be d r i e d  in the  w i n d ­

r o w  f o r  the w i n d r o w  m e t h o d  of c o m b i n i n g  o r  v a c u u m  h a r v e s t i n g .  

In d r y  w e a t h e r  the  w i n d r o w  would  t a k e  a b o u t  two d a y s  to d r y ,  

bu t  in  c a s e  of r a i n ,  the  w i n d r o w  would  p a c k  a nd  n e e d  to be 

t u r n e d  a g a i n  to d r y .
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T h e  L a d i n o  c l o v e r ,  w h en  cu t  a n d  l e f t  in  s w a th ,  took the  

l e a s t  t i m e  to d r y .  In c a s e  of r a i n ,  no t  on ly  m o s t  of the  s e e d  

w o u ld  be  b u r i e d  on the  s u r f a c e  of the  g r o u n d ,  but  a l s o  the 

new g r o w t h  w o u ld  d e c r e a s e  the  p i c k in g  e f f i c i e n c y  of the  h a r ­

v e s t i n g  m a c h i n e .  F i g u r e  37 s h o w s  how  the  i n t e r m i t t e n t  r a i n s  

i n d u c e d  n e w  g r o w t h  t h r o u g h  the c l o v e r  p r e v i o u s l y  cu t  a n d  le f t  

to d r y  in  the s w a t h .  T h e  1950 s u m m e r  w a s  so  w e t  t h a t  s o m e  

s e e d s  s p r o u t e d  in  the  h e a d s  l e f t  on the  g r o u n d  a s  s h ow n  in 

F i g u r e  38.

F i e l d  O b s e r v a t i o n s  of the  D i f f e r e n t  H a r v e s t i n g  M e th o d s

T h e  p an  m e t h o d . T h i s  m e t h o d  w a s  t r i e d  on e x p e r i m e n ­

t a l  p l o t s  in  the  t h r e e  f i e l d s ,  1, 2,  a n d  3. A 5'  x 4'  p an  w as

f a s t e n e d  b e h i n d  the  m o w e r  c u t t e r  b a r  ( F i g u r e  39) and  the c l o v e r  

w a s  r a k e d  a n d  c o l l e c t e d  on the  p an  a s  the  m o w e r  m o v e d  a lo n g .  

T h e  t r a c t o r  s p e e d  c o u l d  no t  e x c e e d  two  m i l e s  p e r  h o u r ,  a s  

two m e n  h a d  to w a lk  b e h i n d  the  p a n  a n d  r a k e  the  c l o v e r .  When 

the  p an  w a s  f u l l ,  the  t r a c t o r  s t o p p e d  a n d  the  c l o v e r  w a s  r e ­

m o v e d  f r o m  the  p a n  a n d  put  on s i lo  p a p e r .  The  pan w a s  e m p ­

t i e d  e v e r y  50 to 60 f e e t  a n d  i t  took  a n  a v e r a g e  of two m i n u t e s  

to e m p t y  the  pan  w hen  fu l l ,  t h u s  t a k in g  a b o u t  s ix  h o u r s  to h a r ­

v e s t  one a c r e .
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F i g u r e  37. I n t e r m i t t e n t  r a i n s  i n d u c e d  n e w  g r o w t h  t h r o u g h  the 
c l o v e r  p r e v i o u s l y  c u t  a n d  l e f t  to d r y  in  the  s w a t h .

F i g u r e  38.  S o m e  s e e d s  s p r o u t e d  in  the  h e a d s  l e f t  on the  w e t  
g r o u n d .
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T h r e e  m e n  w e r e  n e e d e d  f o r  t h i s  m e t h o d  one f o r  d r i v ­

ing the  t r a c t o r  a n d  two f o r  r a k i n g  a n d  e m p t y i n g  the pan.

The  c l o v e r  w a s  t h e n  r e m o v e d  f r o m  the s i l o  p a p e r  and  

s p r e a d  o v e r  b u r l a p .  Tw o  d a y s  l a t e r ,  the c l o v e r  w a s  put  in 

b a g s  a n d  d r i e d  in the  hay  d r i e r .

T h e  w i n d r o w  m e t h o d  of v a c u u m  h a r v e s t i n g .  T h i s  m e t h o d  

w a s  t r i e d  w i th  the d e v e l o p e d  v a c u u m  h a r v e s t e r  in the  t h r e e  d i f ­

f e r e n t  f i e l d s .  Th e  t r a c t o r  s p e e d  w a s  f o u r  m i l e s  p e r  h o u r .  The  

m e t h o d  c o n s i s t e d  of s u ck in g  the  c l o v e r  a f t e r  i t  h ad  b e e n  m o w e d ,  

w i n d r o w e d ,  a n d  d r i e d .  The  c l o v e r ,  a f t e r  p a s s i n g  t h r o u g h  the  

b l o w e r ,  w a s  c o l l e c t e d  in a  c a n v a s - l i n e d  w ag on  wi th  a b u r l a p  

top.

It w a s  n o t i c e d  tha t  the  s id e  d e l i v e r y  w i n d r o w e r  la id  

p a r t  of the cu t  c l o v e r  o v e r  the  s t a n d i n g  c l o v e r  in the  n e i g h b o r ­

ing s t r i p .  The  c l o v e r  i n t e r t w i n e d  w i th  the  s t a n d in g  w i n d r o w e d  

c l o v e r ,  a n d  th u s  d e c r e a s e d  the  p i c k in g  a b i l i t y  of  the  v a c u u m  

h a r v e s t e r .  It w a s  d e c i d e d ,  t h e r e f o r e ,  to r e p l a c e  the  s id e  d e ­

l i v e r y  w i n d r o w e r  by the  c e n t e r  d e l i v e r y  one in the  f i e l d  t r i a l  

No.  2.

T h e  w ago n  w a s  e m p t i e d  a t  the  end  of e a c h  e x p e r i m e n t a l  

p lo t  a n d  b e c a u s e  the c l o v e r  w a s  no t  d r y  enough  to t h r e s h ,  the
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c l o v e r  w a s  s p r e a d  on s i l o  p a p e r .  Whi le  the  c l o v e r  w a s  s t i l l  

on s i lo  p a p e r  to d r y ,  r a i n  f e l l  on J u ly  30,  31,  A u g u s t  1, 2,

a n d  3.

The  c u t t e r  b a r  m e t h o d . T h i s  m e t h o d  c o n s i s t s  of s u c k in g  

the g r e e n  c l o v e r  i m m e d i a t e l y  a f t e r  i t  i s  cut  by the  m o w e r  up 

t h r o u g h  the  b l o w e r  in to  a  c a n v a s - l i n e d  wagon  wi th  a b u r l a p  

top.  It w a s  t r i e d  in f i e l d  No.  1 on J u l y  27,  1950.  T he  s p e e d

of the  t r a c t o r  w a s  t h r e e  m i l e s  p e r  h o u r .  F i g u r e  40 s h o w s  

the c u t t e r  b a r  m e t h o d  of h a r v e s t i n g  whi le  F i g u r e  41 s h o w s  the 

n o z z l e  s u ck in g  the  g r e e n  c l o v e r  f r o m  the c o l l e c t i n g  pan .  At  

the  end  of the  p lo t  the  wagon  w a s  e m p t i e d  a n d  the c l o v e r  w a s  

s p r e a d  o v e r  s i lo  p a p e r  to d r y .  Two  m e n  w e r e  r e q u i r e d ,  one 

f o r  d r i v i n g  the t r a c t o r ,  a n d  the  o t h e r  f o r  e m p t y i n g  the fu l l  

w a g o n .

D u e  to  the  bulk  of g r e e n  c l o v e r  s u c k e d ,  the  b l o w e r  pipe 

a t  the  i n l e t  s id e  b e c a m e  j a m m e d  once  d u r i n g  the  t r i a l  of the  

two p lo t s  of f i e l d  No.  1. The  g r e e n  c l o v e r ,  w hen  p a s s e d  

t h r o u g h  the  b l o w e r ,  b e c a m e  p a s t y  a n d  c o m p a c t ,  an d ,  t h e r e ­

f o r e ,  w as  s p r e a d  th in  o v e r  the  s i l o  p a p e r  to d r y .

Whi le  the  c l o v e r  wra s  s t i l l  on s i l o  p a p e r  to d r y ,  r a i n  

f e l l  f o r  f ive  c o n s e c u t i v e  d a y s  f r o m  J u ly  30 to A u g u s t  3. On



F i g u r e  40 .  T h e  c u t t e r  b a r  m e t h o d  o f  h a r v e s t i n g  c l o v e r  s e e d .

F i g u r e  41.  G r e e n  c l o v e r  s u c k e d  by  the n o z z l e  f r o m  the  c o l ­
l e c t i n g  pan.
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A u g u s t  b the  c l o v e r  w a s  pu t  in  b a g s  a n d  d r i e d  in  a m e c h a n i c a l  

d r i e r .

It w a s  n o t i c e d  t h a t  t he  c l o v e r  h a r v e s t e d  by the  c u t t e r  

b a r  m e t h o d  to ok  the  l o n g e s t  t i m e  to d r y  e v e n  w i th  f r e q u e n t  

r a k i n g ,  a s  th e  m a t e r i a l  w a s  too  c o m p a c t  f o r  the  a i r  to f low 

t h r o u g h  i t .

In f i e l d  No.  2, t h i s  m e t h o d  w a s  t r i e d  a g a i n  on  A u g u s t  

15 on  f o u r  p l o t s  a t  r a n d o m  bu t ,  due  to the  e x c e s s i v e  r a i n ,  the  

c o n d i t i o n  of the  h a r v e s t e d  c l o v e r  by the  c u t t e r  b a r  m e t h o d  w a s  

h o p e l e s s .  E v e n  in the  a r t i f i c i a l  d r i e r  the  o u t e r  p a r t  of t he  

c l o v e r  w a s  d r y  a n d  c r u s t y  w h i l e  the i n s i d e  w a s  m o l d e d  a n d  

p a s t y  b e c a u s e  of l a c k  of a i r  i n f i l t r a t i o n .  It w a s  t h r o w n  a w a y  

a n d  t h a t  m e t h o d  w a s  r e j e c t e d .

T h e  s w a t h  m e t h o d  of v a c u u m  h a r v e s t i n g  ( the  B r i l l i o n  

H a r v e s t e r  p e r f o r m a n c e ) .  T h e  B r i l l i o n  h a r v e s t e r  ( s h o w n  in  

F i g u r e s  42 a n d  43) w a s  d e s i g n e d  to p i c k  the  s e e d s  l e f t  in  the  

f i e l d  a f t e r  the  c l o v e r  h a s  b e e n  h a r v e s t e d  by the  c o m b i n e .  Due 

to the  l i g h t  s t a n d  of the  c l o v e r  in  the  c o l l e g e  f i e l d s ,  No.  1 

a n d  2, a n d  b e c a u s e  a  c o m b i n e  w a s  no t  a v a i l a b l e  a t  the  h a r v e s t ­

ing t i m e ,  the  B r i l l i o n  m a c h i n e  w a s  u s e d  to p ic k  the  c l o v e r  

d i r e c t l y  f r o m  the s w a t h  a f t e r  i t  h ad  b e e n  c u t  and  l e f t  to  d r y .



F i g u r e  42 .  T h e  B r i l l i o n  v a c u u m  h a r v e s t e r



F i g u r e  4 3 .  T h e  B r i l l i o n  v a c u u m  h a r v e s t e r  d u r i n g  o p e r a t i o n

F i g u r e  44.  T h e  v a c u u m  h a r v e s t e r  b r u s h  t h r o w i n g  b a c k  the 
p i c k e d  c l o v e r .
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In f i e l d  N o .  1, in  s p i t e  of  t h e  l i g h t  c l o v e r  s t a n d ,  the  

n o z z l e  e n t r y ,  a l t h o u g h  a d j u s t e d  to m a x i m u m  o p e n i n g ,  b e c a m e  

c l o g g e d  a b o u t  e v e r y  50 f e e t  of  t r a v e l .  T h e  b r u s h  w o u ld  p i c k  

the  c l o v e r  f r o m  the  g r o u n d  a n d  t h r o w  i t  b a c k  to th e  f i e l d  a s  

s h o w n  in  F i g u r e  44.

In f i e l d  No.  2,  a f t e r  t h e  c l o v e r  w a s  m o w e d ,  the  i n t e r ­

m i t t e n t  r a i n s  i n d u c e d  n e w  g r o w t h  t h r o u g h  th e  c l o v e r  p r e v i o u s l y

cu t  a n d  le f t  to  d r y  in  t h e  s w a t h .  T h e  B r i l l i o n  m a c h i n e  w a s

not  e f f e c t i v e  in  s u c h  c o n d i t i o n s  a n d  i t s  u s e  w a s  e l i m i n a t e d  

f r o m  f i e l d  No.  2.

T h e  B r i l l i o n  h a r v e s t e r  w a s  f u r t h e r  t r i e d  in M i d d l e v i l l e  

on a n  8 - a c r e  f i e l d  s e e d e d  in the  s p r i n g  of 1949 a n d  c l i p p e d  

in  J u n e ,  1950.  T h e  f i e l d  w a s  no t  r e g u l a r l y  l e v e l e d .  Th e  c l o ­

v e r  w a s  m o w e d  a n d  pu t  in  w i n d r o w s  to d r y .  A r a k e r - b a r  

l o a d e r ,  F i g u r e  45,  w i th  i t s  r e c i p r o c a t i n g  b a r s  of f l e x i b l e  t e e t h  

r a k e d  the  c l o v e r  up the  s l o p i n g  d e c k  a n d  d r o p p e d  i t  on the  

r a c k .  A M c C o r m i c k - D e e  r i n g  c o m b i n e  M o d e l  52R wi th  a  m o u n t e d  

e n g i n e  w a s  u s e d  a s  a  s t a t i o n a r y  t h r e s h e r  f o r  a l l  h a y  p i c k e d  up

by the  r a k e r - b a r  l o a d e r ,  F i g u r e  4b.

T h e  B r i l l i o n  w a s  t h e n  u s e d  to s w e e p  the  f i e l d  a f t e r  a l l  

the  h ay  h a d  b e e n  p i c k e d .  A g a i n ,  due  to the  r a i n  t h a t  f e l l  a f t e r
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F i g u r e  45.  T h e  r a k e r - b a r  l o a d e r  u s e d  in f i e l d  No.  4.

• I t

F i g u r e  4b.  T h e  c l o v e r  t h r e s h e d  by the  M c C o r m i c k -  
D e e r i n g  c o m b i n e .
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the  h a y  h a d  b e e n  p i c k e d ,  the  s e e d  l e f t  w a s  d i f f i c u l t  to p ick  

f r o m  th e  s o i l  t h a t  w a s  m u d d y  a n d  t h e n  d r i e d .  In a d d i t i o n ,  the  

n e w  g r o w t h  of  c l o v e r  c o n t r i b u t e d  m o r e  to the  i n f e r i o r  p e r f o r m ­

a n c e  of the  B r i l l i o n  h a r v e s t e r . .  T h e  b r u s h  a l w a y s  h a d  to be 

w a t c h e d ;  t h r o w i n g  b a c k  the  p i c k e d  c l o v e r  w a s  a n  i n d i c a t i o n  of 

a  c l o g g e d  n o z z l e .

W i n d r o w  m e t h o d  of c o m b i n e  h a r v e s t i n g .  T h i s  m e t h o d  

w a s  u s e d  in  f i e l d  No.  3 on f o u r  e x p e r i m e n t a l  p l o t s  1 / 5 0  a c r e  

e a c h .  A p o w e r  t a k e - o f f  d r i v e n  A l l i s  C h a l m e r s  c o m b i n e  ( F i g ­

u r e  47) w i th  a  s p e c i a l  p i c k - u p  a t t a c h m e n t  w a s  u s e d  in  the  f i e l d  

to p i c k  up  w i n d r o w s  ( F i g u r e  45) .  T h e  h a r v e s t e d  s e e d  w a s  c o l ­

l e c t e d  in  a  bag  a nd  the  b l o w n  c h a f f  on  a  c a n v a s  s h e e t  w h i l e  

the  c o m b i n e  w a s  m o v i n g  a l o n g .  T h i s  w a s  do n e  to f in d  the  

t h r e s h i n g  e f f i c i e n c y  of the  c o m b i n e  w h e n  h a r v e s t i n g  f r o m  the  

w i n d r o w .  T h e  s p e e d  of the  c o m b i n e  w a s  3 m . p . m .

S w a t h  m e t h o d  of c o m b i n e  h a r v e s t i n g . A g a i n  t h i s  m e t h o d  

w a s  u s e d  in f i e l d  No.  3 on f o u r  e x p e r i m e n t a l  p l o t s ,  l / 5 0  a c r e  

e a c h .  T he  s a m e  c o m b i n e  w i th  the  s a m e  s p e e d  w a s  u s e d  to 

p i c k  the  L a d i n o  c l o v e r  t h a t  w a s  m o w e d  a n d  l e f t  to  d r y  in  s w a t h  

( F i g u r e  48) .  T h e  c ha f f  f r o m  the  c o m b i n e  w a s  c o l l e c t e d  a n d  

t h r e s h e d  to f in d  the  t h r e s h i n g  . e f f i c i e n c y  of t h e  c o m b i n e  ( F i g u r e  

49).



F i g u r e  48.  C o m b i n i n g  f r o m  the  s w a th .
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T h r e  s h i n g

T h r e s h i n g  of the  h a r v e s t e d  c l o v e r  w a s  e i t h e r  done  by  

the  c l o v e r  t h r e s h i n g  m a c h i n e  l o c a t e d  in  the  c o l l e g e  l a b o r a t o r y  

o r  by th e  c o m b i n e  in the  f i e l d .

T o  f ind  the  t h r e s h i n g  e f f i c i e n c y  of t h e  c l o v e r  t h r e s h i n g  

m a c h i n e ,  16 s a m p l e s  of c l o v e r  w e r e  t h r e s h e d  a n d  c l e a n e d  6 

t i m e s  a n d  the a v e r a g e  p e r c e n t  of s e e d  r e c o v e r e d  in e a c h  s u c ­

c e s s i v e  t h r e s h i n g  w a s  r e c o r d e d  in T a b l e  II.

T h e  t h r e s h i n g  e f f i c i e n c y  of the  c o m b i n e  w a s  fou nd  by 

c o l l e c t i n g  s i m u l t a n e o u s l y  the  c l e a n  s e e d  and  the  t a i l i n g s  w h i l e  

the  c o m b i n e  w a s  h a r v e s t i n g .  T h r e e  t r i a l s  w e r e  m a d e :  when

h a r v e s t i n g  f r o m  the  s w a th ;  w hen  h a r v e s t i n g  f r o m  the w i n d r o w ;  

a n d  w h e n  h a r v e s t i n g  f r o m  a w i n d r o w  t h a t  w a s  t u r n e d  o v e r  in  

o r d e r  to d r y .  The  r e s u l t s  a r e  s h o w n  in T a b l e  III.
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T A B L E  II

P E R C E N T A G E  O F  L A D IN O  S E E D  R E C O V E R E D  F R O M  
S U C C E S S I V E  T H R E S H I N G  AND C L E A N I N G  

(u s in g  the  c l o v e r  h u l l e r  a nd  the 
c l i p p e r  s e e d  c l e a n e r )

T h r e s h i n g  No.
P e r c e n t a g e  of L a d i n o  

S e ed  R e c o v e r e d

1 50. 30

2 3 1 . 74

3 9. ol

4 4. 43

5 2. 82

b 1 . 1 0

T o t a  1 1 0 0 . 0 0



101

T A B L E  III

P E R C E N T  O F  S E E D  T H R E S H E D  BY T H E  A L L I S - C H A L M E R S  
C O M B I N E  U S E D  IN F I E L D  NO.  3

. .  , L b .  of S e e d  % of S e e d
No.  of T h r e s h i n g

R e c o v e r e d  R e c o v e r e d

C o m b i n i n g  f r o m  a W i n d r o w
R e p l i c a t e  4

C o m b i n e  t h r e s h i n g  
2nd t h r e s h i n g  
3 r d  t h r e s h i n g  

T o ta l

F i e l d  No.  3

1. 170 
0. 755
0. 041
1. 966

59. 51 
38. 40 

2. 09 
1 0 0 . 0 0

C o m b i n i n g  f r o m a T u r n e d  W i n d r o w
O u t s i d e  of E x p e r i m e n t a l  F i e l d

1s t  t h r e s h i n g 0. b o 5 69. 63
2nd t h r e s h i n g 0. 275 28.  80
3 r d  t h r e s h i n g 0. 015 1. 57

T o ta l 0. 955 1 0 0 . 0 0

C o m b i n i n g f r o m  Swath
R e p l i c a t e  1 F i e l d  No.  3

1s t  t h r e s h i n g 0. 965 71. 21
2nd  t h r e s h i n g 0. 370 27.  31
3 r d  t h r e s h i n g 0. 020 1. 48

T ota  1 1 . 3 5 5



E F F I C I E N C Y  O F  D I F F E R E N T  H A R V E S T I N G  P R O C E D U R E S

A n a l y s i s  of D a ta

F i e l d  No.  1

F r o m  T a b l e  I the  e s t i m a t e d  a v e r a g e  y i e ld  p e r  a c r e  w a s  

1 5 5 . 2 5  p o u n d s  of L a d i n o  s e e d .  B a s e d  on tha t  y ie ld ,  the  e f f i ­

c i e n c i e s  of the f o u r  d i f f e r e n t  m e t h o d s  w e r e  c a l c u l a t e d  a s  shown  

in T a b l e  IV.

It w a s  p r e v i o u s l y  e s t i m a t e d  t h a t  45 p e r c e n t  of the m a t u r e  

h e a d s  w e r e  b e n d i n g  to the g r o u n d .  T h e  p an  m e t h o d  e f f i c i e n c y ,  

f ound  to be o5.  5 p e r c e n t ,  i n d i c a t e d  tha t  in a d d i t i o n  to the s t a n d ­

ing h e a d s  s o m e  of the  b en d in g  h e a d s  w e r e  a l s o  c o l l e c t e d  by 

the  pan .

T h e  e f f i c i e n c y  of the  v a c u u m  h a r v e s t i n g  m e t h o d  in tha t  

f i e l d  w a s  only  5o.O p e r c e n t .  T h i s  w a s  due m a i n l y  to the  f a c t

tha t  the  c l o v e r  w a s  put  in the  w i n d r o w  by a s id e  d e l i v e r y  w i n d ­

r o w e r  w h ich  d e p o s i t e d  the  m o w e d  c l o v e r  o v e r  on to  the  g r e e n  

u n c u t  c l o v e r  of the  n e i g h b o r i n g  s t r i p .  The  r a i n  p a c k e d  the

w i n d r o w  of the  cut  c l o v e r  o v e r  the  s t a n d i n g  g r e e n  c l o v e r ,
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T A B L E  IV

A C O M P A R I S O N  B E T W E E N  S E E D  A C T U A L L Y  P R O D U C E D  
A N D  T H A T  H A R V E S T E D  BY VARIOUS H A R V E S T I N G  

M E T H O D S  F R O M  F I E L D  NO.  1
( a r e a  of p lo t  = l / 5 0  a c r e )

M e t h o d

P o u n d s  
of S e e d  

Ha r v e  s t e d
A v e  r a g e  
P o u n d s

P o u n d s
S e e d
H a r -

E f f i c i e n c y  
B a s e d  on 

1 5 5 . 2 5
of p e r  P l o t S eed ve s t e d P o u n d s

Ha  r v e  s t
Re p l i c a t e

H a r v e s t e d  
p e r  P l o t

pe r 
A c r e

Y i e l d  p e r  
A c r e

1 2

P a n

C u t t e  r 
B a  r

V a c u u m
W i n d r o w

B r i  I l i o n  
Swa th

2 .  1 4 0  1.  9 3 0

1 . 5 0 0  1 . 8 3 0

1 . 9 0 5  1 . 5 7 5

I . 3 0 0  1.  2 o o

2 .  0 3 5

1 . 6 b 5

1 . 7 4 0

1.  2 8 3

1 0 1 . 7 5

8 3 .  2 5

8 7 .  0

>4. 7 5

%o 5 . 4 ^  

5 3 .  6 %

5t». 0 %

4 1 . 3 %

r e s u l t i n g  i n  a n  i n t e r t w i n i n g  o f  t h e  t w o .  T h i s  m a d e  t h e  v a c u u m•*5 ' -

h a r v e s t i n g  l e s s  e f f i c i e n t  t h a n  i t  n o r m a l l y  w o u l d  o e .

T h e  c u t t e r  b a r  m e t h o d  p r o v e d  t o  b e  v e r y  i m p r a c t i c a l  

f o r  h a r v e s t i n g  t h e  c l o v e r .  A l t e r  t h e  c l o v e r  h a d  p a s s e d  t h r o u g h  

t h e  b l o w e r ,  i t  w a s  v e r y  d i f f i c u l t  t o  d r y ,  e v e n  m  a n  a r t i f i c i a l  

d r i e r .



1 0 4

T h e  e f f i c i e n c y  of the  B r i l l i o n  h a r v e s t e r  in t h i s  f i e l d  

w a s  d e f i n i t e l y  low  due  to the  f a c t  t h a t  i t  w a s  u s e d  on a  p lo t  

not  p r e v i o u s l y  h a r v e s t e d  by the  c o m b i n e .

T h e  s t a t i s t i c a l  a n a l y s i s  of t he  d a t a  in  T a b l e  IV s h o w s  

t h a t  t h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  in the  a m o u n t s  of 

s e e d  h a r v e s t e d  by  the  f o u r  d i f f e r e n t  m e t h o d s .

F i e l d  No.  2

T he  a m o u n t  of s e e d  h a r v e s t e d  a d d e d  to the  a m o u n t  of 

s e e d  l e f t  in  the  f i e l d  d o e s  not  g ive  the  a c t u a l  y i e ld  of  the  f i e l d  

u n l e s s  the  c l o v e r  h a s  b e e n  t h r e s h e d  100 p e r c e n t .

K nowing  the p e r c e n t  of s e e d  r e c o v e r e d  f r o m  the  f i r s t  

t h r e s h i n g ,

Th e  a m o u n t  of s e e d  p i c k e d

= [ a m o u n t  of s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g ]  

[ p e r c e n t  s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g ]  

A c t u a l  y i e ld

= [ a m o u n t  of s e e d  p ic ked ]

+ [ a m o u n t  of s e e d  l e f t  in the  f ie ld ]

P i c k i n g  e f f i c i e n c y

- [ a m o u n t  of s e e d  p i c ke d ]  -f [ a c t u a l  y ie ld ]
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O v e r - a l l  e f f i c i e n c y

= [ a m o u n t  of  s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g ]

-f [ a c t u a l  y i e ld ]

T a b l e s  V a n d  VI s h o w  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  the  y i e l d  e s t i m a t e d  f r o m  the  p a n  m e t h o d  a n d  t h a t  e s t i ­

m a t e d  f r o m  the  v a c u u m  h a r v e s t i n g  m e t h o d .

T h e  d i f f e r e n c e  b e t w e e n  the  e f f i c i e n c i e s  of  the  two  m e t h ­

o d s  of  h a r v e s t i n g  w a s  s i g n i f i c a n t  in  f a v o r  of the  v a c u u m  h a r ­

v e s t i n g  f r o m  w i n d r o w .  T h e  d i f f e r e n c e  w a s  m o r e  p r o n o u n c e d  

in the  o v e r - a l l  e f f i c i e n c i e s  b e c a u s e  of the  g r e a t e r  r e c o v e r y  of 

s e e d  f r o m  the  f i r s t  t h r e s h i n g  in the  v a c u u m  h a r v e s t i n g  m e t h o d  

d u e  to  the  a d d i t i o n a l  t h r e s h i n g  e f f e c t  of the  b l o w e r .

F i e l d  N o .  3

In t h i s  f i e l d  f o u r  h a r v e s t i n g  m e t h o d s  w e r e  t r i e d  a n d  

c o m p a r e d  w i th  e a c h  o t h e r .  T a b l e  XI a n d  F i g u r e  50 s h o w  the 

s u m m a r y  of the  r e s u l t s  o b t a i n e d .

T h e  w i n d r o w  m e t h o d  of v a c u u m  h a r v e s t i n g  h a d  t h e  h i g h ­

e s t  p i c k i n g  e f f i c i e n c y  a n d  t h e  h i g h e s t  o v e r - a l l  e f f i c i e n c y .  C o m ­

b i n i n g  f r o m  the  s w a t h  h a d  the  l o w e s t  p i c k i n g  e f f i c i e n c y  w h i l e  

t h e  p an  m e t h o d  h a d  the  l o w e s t  o v e r - a l l  e f f i c i e n c y .  C o m b i n i n g
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T A B L E  V

P A N  M E T H O D  -  F I E L D  N O .  2
(% o f  s e e d  r e  c o v e r e d  f r o m  f i r s t  t h r e s h i n g  = 5 0 . 3 % )

P o u n d s  of  S e e d  p e r  1 / 5 0  A c r e
~-----™; ;-------  A v e r -
R e p l i c a t e

1 2 3 4 agC

A m o u n t  of s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g  

A m o u n t  of s e e d
1. 150 0 . 8 9 0 1 . 080 1 . 120 1 . 060

p i c k e d 2 . 2 9 0 1. 790 2. 150 2. 230 2 . 110
A m o u n t  of s e e d  l e f t 1. 023 0. 785 0 . 800 1. 040 0 . 912
A c t u a l  y i e l d 3 . 3 1 3 2. 575 2. 950 3. 270 3. 022
P i c k i n g  e f f i c i e n c y t>9 . 2 0 % b 9 . b 0 % 72. 90% 0 8 . 2 0 % o9. 97%
O v e r - a l l  e f f i c i e n c y 34.  80% 34.  60% 3 6 . 60% 34.  30% 35.  07%

T A B L E  VI

W IN DRO W  V A C U U M  M E T H O D  -  F I E L D  NO.  2 
(% of s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g  = 7 0 . 0 % )

P o u n d s  of S e e d  p e r  1 / 5 0  A c r e
-------------------------------------- ‘---------------------- A v e r -

R e p l i c a t e
.  a g e1 2  3 4

A m o u n t  of  s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g  

A m o u n t  of s e e d
1 . 500 1. 630 1 . 3b7 1. 350 1 . 4t>2

p i c k e d 2.  145 2. 330 1. 950 1. 930 2 . 0 9 0
A m o u n t  of s e e d  l e f t 0 . 8 9 2 0. 790 0. 736 0 . 882 0. 825
A c t u a l  y i e l d 3. 037 3. 120 2 . b 8 o 2 . 812 2. 915
P i c k i n g  e f f i c i e n c y 70.  80% 74. 80% 72. 50% b 8 . 80%, 71.  72%,
O v e r - a l l  e f f i c i e n c y 49.  40%, 52. 30%, 50.  80% 48.  10%, 50.  15%,
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T A B L E  VII

P A N  M E T H O D  -  F I E L D  N O .  3
(%, o f  s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g  = 5 0 . 3 % )

P o u n d s of S e e d p e r  1 / 5 0 A c r e
A v e  r  -  

a g e
1

R e p l i c a t e  
2 3 4

A m o u n t  of s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g 1. 575 1. 175 1. 337 1. 200 1. 322

A m o u n t  of s e e d
p i c k e d 3. 130 2. 340 2. 665 2. 390 2. 632

A m o u n t  of s e e d  le f t 1. 355 1. 260 1. 030 1. 090 1. 186
A c t u a l  y i e l d 4. 485 3. 600 3. 695 3. 480 3. 818
P i c k i n g  e f f i c i e n c y t>9. 80% 65. 00% 72. 20% 68. 60% 68. 90%
O v e r - a l l  e f f i c i e n c y 35.  20% 32. 60% 3 6. 10% 34. 50% 3 4. 60%

T A B L E  VIII

V A C U U M  WINDROW M E T H O D -  F I E L D  NO. 3
(% of s e e d  r e c o v e r e d  f r o m  f i r s t t h r e  sh in g = 74.  6%)

P o u n d s  of S e e d p e r  1 / 5 0 A c r e
A v e r ­

a g e
R e p l i c a t e

1 2 3 4

A m o u n t  of s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g 2. 490 1. 970 2. 360 2. 130 2 . 2 3 7 5

A m o u n t  of s e e d
pi e k e d 3. 340 2. 640 3. 165 2. 860 3. 000

A m o u n t  of s e e d  lef t 1. 035 0. 766 0. 840 1. 000 0. 910
A c t u a l  y i e ld 4. 375 3. 406 4. 005 3. 86 3. 910
P i c k i n g  e f f i c i e n c y 76.  50% 77.  70% 79. 20% 74. 20%, 76. 90%>
O v e r - a l l  e f f i c i e n c y 57.  00% 58. 00% 59. 00% 55. 20%; 57. 30%,
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T A B L E  IX

C O M B I N E  W I N D R O W  M E T H O D  -  F I E L D  N O .  3
(% o f  s e e d  r e c o v e r e d  f r o m  f i r s t  t h r e s h i n g  = 5 9 . 5 1 % )

P o u n d s of S e e d p e r  l / 5 0 A c  r e
A v e  r  -  

a g e
1

R e p l i c a t e  
2 3 4

A m o u n t  of s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g 1. 770 2. 340 0.  670 1. 170 1. 487

A m o u n t  of s e e d
p i c k e d 2.  975 3. 930 1. 125 1. 965 2. 497

A m o u n t  of s e e d  l e f t 1. 930 1 . 0 1 5 2. 040 0. 532 1. 380
A c t u a l  y i e l d 4.  905 4. 945 3. 165 2. 497 3. 877
P i c k i n g  e f f i c i e n c y 60.  70% 79. 50% 35.  60% 79. 00% 63. 70%
O v e r —a l l  e f f i c i e n c y 36.  20% 47.  30% 2 1 . 1 5 % 46.  80% 37.  61%

T A B L E  X

C O M B I N E  S W A T H  M E T H O D  
(% of s e e d  r e c o v e r e d  f r o m  f i r s t

-  F I E L D
t h r e  s h in g

NO.  3 
= 7 1 . 2 1 % )

P o u n d s of S e e d p e r  l / 5 0 A c  r e A v e r ­
a g e

1
R e p l i c a t e  
2 3 4

A m o u n t  of s e e d  r e ­
c o v e r e d  f r o m
f i r s t  t h r e s h i n g 0.  965 2. 50 1 . 350 1. 385 1. 550

A m o u n t  of  s e e d
p i c k e d 1. 355 3 . 5 1 5 1 . 900 1. 945 2. 180

A m o u n t  of s e e d  le f t 1. 425 2. 120 1 . 470 1. 940 1. 738
A c t u a l  y i e l d 2.  780 5. o 3 5 3. 370 3. 885 3. 918
P i c k i n g  e f f i c i e n c y 48.  75% b 2 . 4% 56.  4% 50,  0% 54.  39%
O v e r - a l l  e f f i c i e n c y 34.  75% 44.  50% 40.  20% 35.  70% 38.  80%
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T A B L E  XI 

S U M M A R Y  O F  D A T A  -  F I E L D  NO.  3

M e t h o d  of  H a r v e s t i n g
P e r c e n t  S e e d  

R e c o v e r e d  F r o m  
T h r e  s h in g

P i c k i n g
E f f i c i e n c y

%

O ve  r - a l l  
E f f i c i e n c y  

%

P a n 50.  3 68.  90 34.  60

V a c u u m  h a r v e s t i n g  
f r o m  w i n d r o w 74.  60 76.  90 57.  30

C o m b i n e  f r o m  
w i n d r o w 59.  51 63.  70 37.  61

C o m b i n e  f r o m  
s w a t h 71.  20 54.  39 38.  80

f r o m  t h e  w i n d r o w  h a d  a  g r e a t e r  p i c k i n g  e f f i c i e n c y  t h a n  c o m ­

b i n i n g  f r o m  th e  s w a t h .  H o w e v e r ,  due  to the  f a c t  t h a t  the  

c l o v e r  in  the  s w a t h  d r i e s  q u i c k e r  t h a n  w h e n  l a i d  i n  w i n d r o w ,  

t h e  t h r e s h i n g  e f f i c i e n c y  of c o m b i n i n g  f r o m  t h e  w i n d r o w  w a s  

i n f e r i o r  to t h a t  f r o m  the  s w a t h .

It  w a s  n o t i c e d  t h a t  t he  p i c k i n g  e f f i c i e n c y  in  th e  c o m b i n e  

m e t h o d s  h a d  a g r e a t e r  v a r i a t i o n  f r o m  the  m e a n  t h a n  th e  o t h e r  

two  m e t h o d s ,  a n d  t h a t  i s  due  to t h e  f a c t  t h a t  the  p i c k i n g  e f f i ­

c i e n c y  of the  c o m b i n e  d e p e n d s  on the  a m o u n t  of  the  v e g e t a t i o n

i
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F i g u r e  50. C o m p a r a t i v e  a n a l y s i s  of the  p i c k i n g  a n d  o v e r ­
a l l  e f f i c i e n c i e s  of  the  f o u r  h a r v e s t i n g  m e t h o d s  
on f i e l d  N o .  3.



I l l

g r o w t h ;  t he  h e a v i e r  t he  g r o w t h ,  the  b e t t e r  the  p i c k i n g  a b i l i t y  

of the  c o m b i n e .

T h e  d i f f e r e n c e  in  e f f i c i e n c i e s  b e t w e e n  the v a c u u m  m e t h o d  

a n d  a n y  o t h e r  m e t h o d  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t .

A n  a t t e m p t  w a s  m a d e  to e s t i m a t e  the t o t a l  i n c o m e  in 

d o l l a r s  v e r s u s  the n u m b e r  of  a c r e s  h a r v e s t e d  by the  f o u r  d i f ­

f e r e n t  m e t h o d s .  T h i s  w a s  b a s e d  on a  y i e l d  of ZOO po u nd s  of 

s e e d  p e r  a c r e ;  the  o v e r - a l l  e f f i c i e n c y  of e a c h  m e t h o d  be ing  

s ho w n  in T a b l e  XI.  The  r e t a i l  p r i c e  of t he  L  a d i n o  s e e d  w a s  

a s s u m e d  to be $ 1 . 7 5  p e r  pound .  F i g u r e  51 s h o w s  the g r a p h i c a l  

r e p r e s e n t a t i o n  of the  r e l a t i v e  m e r i t  of e a c h  h a r v e s t i n g  m e t h o d .

It s h o w s  the d e f i n i t e  e c o n o m i c a l  a d v a n t a g e  of u s i n g  the  v a c ­

u u m  h a r v e s t i n g  m e t h o d  w hen  the a c r e a g e  e x c e e d s  15 a c r e s .

F i e l d  N o .  4

T h e  e x p e r i m e n t  on f i e l d  No.  4 w e r e  c o n d u c t e d  in o r d e r  

to t e s t  the p e r f o r m a n c e  of the  B r i l l i o n  v a c u u m  h a r v e s t e r  a f t e r  

the c l o v e r  h a d  b e e n  p i c k e d  by the h ay  l o a d e r .

A r e a  c o v e r e d  = 8 a c r e s

A m o u n t  of c l e a n  s e e d  r e c o v e r e d  f r o m  the  hay  l o a d e r  

a n d  t h r e s h e d  by the  c o m b i n e  = 389 p o u nd s  

P o u n d s  of  s e e d  p e r  a c r e  = 48.  62
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F i g u r e  51. E s t i m a t e d  t o t a l  i n c o m e  v e r s u s  n u m b e r  of a c r e s  
u s in g  d i f f e r e n t  h a r v e s t i n g  m e t h o d s .
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P e r f o r m a n c e  o £  the B r i l l i o n  H a r v e s t e r

Weigh t  of c l o v e r  c o l l e c t e d  by  B r i l l i o n  h a r v e s t e r  

= 3093 pounds 

Weight  of u n c l e a n  c l o v e r  s e e d  p i c k e d  by the  B r i l l i o n  

a n d  t h r e s h e d  in the c o m b i n e  = 1050 po un ds  

Th i s  s e e d  w a s  f u r t h e r  c l e a n e d  in the  C l i p p e r  s e e d  c l e a n e r  

w i th  the  fo l lowing  r e s u l t s :

W eigh t  of s e e d  = 575 p o un ds

Weight  of d i r t  c o l l e c t e d  = 378 p ou n ds

Weight  of sca lp ing  — 65 po un ds

Weigh t  of d i r t  b lown - 32 po u nd s

T o t a l  = 1050 p o u nd s

The s e e d s  w e r e  s t i l l  f a r  f r o m  c l e a n  an d  w e r e  m i x e d  

w i th  s t o n e s  a n d  sand  of the  s a m e  s i z e  a s  t h a t  of the L a d i n o  

s e e d .

A f t e r  a  f u r t h e r  c l e a n in g  in a c o m m e r c i a l  s e e d  c l e a n e r :

Weigh t  of unc leaned  s e e d  = 575 p o u nd s

Weight  of d i r t  = 383 pounds

W e i g h t  o f  d i r t  b l o w n  = 0 8  p o u n d s

Weight  of c l e a n  s e e d  - 124 p ou nd s

P o u n d s  of c l e a n  s e e d  p e r  a c r e  = 1 2 4 / 8  = 15. 5 pounds
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T A B L E  XII

P E R F O R M A N C E  O F  HAY L O A D E R  A ND  T H E  
B U L L I O N  V A C U U M  H A R V E S T E R  

F i e l d  4

P o u n d s  of 
C l e a n  S e e d  
pe r A c r e

P e  r  c en t

E s t i m a t e d  y i e l d 1 5 fa. 54 1 0 0 . 0 0

A m o u n t  of s e e d  r e c o v e r e d  
by h ay  l o a d e r 48.  o2 31 . 10

A m o u n t  of s e e d  r e c o v e r e d  
by B r i l l i o n  h a r v e s t e r 15. 50 9. 92

T o t a l  r e c o v e r y o4. 12 41.  02

i



T H E  D ES IGN  O F  A S W A T H  V A C U U M  H A R V E S T E R

T h e  1950 s u m m e r  e x p e r i m e n t s  e s t a b l i s h e d  the f o l l o w in g

f a c t s :

(1) H a r v e s t i n g  L a d i n o  c l o v e r  f r o m  the  s w a t h  g a v e  a 

h i g h e r  t h r e s h i n g  e f f i c i e n c y  t h a n  w i n d r o w  h a r v e s t i n g .

(2) W i n d r o w i n g  w a s  a d i f f i c u l t  o p e r a t i o n  w h e n  the  v e g e ­

t a t i v e  g r o w t h  w a s  l e s s  t h a n  b i n c h e s  t a l l .

(3) L o o s e  s e e d  h e a d s  b e t w e e n  the  w i n d r o w s  w e r e  m i s s e d  

by the  v a c u u m  w i n d r o w  h a r v e s t e r .

F  o r  t h e s e  r e a s o n s  a s w a t h  v a c u u m  h a r v e s t e r  w i l l  be 

m o r e  d e s i r a b l e  t h a n  the  w i n d r o w  v a c u u m  h a r v e s t e r ,  e s p e c i a l l y  

w h e n  h a r v e s t i n g  a l a r g e  a c r e a g e .  An a t t e m p t  w a s  m a d e  to 

d e s i g n  a s w a t h  v a c u u m  h a r v e s t e r ,  s h o w n  in F i g u r e  52,  t ha t  

i n c l u d e d  m o s t  of  the  d e s i r a b l e  f e a t u r e s .

G e n e r a l  D e s c r i p t i o n  of t he  D e s i g n e d  V a c u u m  H a r v e s t e r  

T h e  F  r a m e

T h e  h a r v e s t e r  i s  of the  t r a i l e r - t y p e  u n i t  to be d r i v e n  

b e h i n d  a t r a c t o r  wh i le  the  c l o v e r  c o l l e c t i n g  w ag o n  wi l l  be h i t c h e d
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FLEXIBLE s p i r a t u b e

TO TRAILER

SWIVEL JOINT

CLARA QE EXHAUSTER NO 17

VACUUM PICKUP NOZZLE

E L E V A T I O N
Mt »-«

MICHIGAN STATE COLLEGE
M M O U L T U M l  M M 1 M H  O C P T

V A C U U M  H A R V E S T E R

to-

P L A N

F i g u r e  52. P r o p o s e d  v a c u u m  h a r v e s t e r  -  a s s e m b l y  d r a w i n g .
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to i t s  r e a r .  Th e  f r a m e ,  s h ow n  in F i g u r e  53,  was  d e s i g n e d  

to p r o v i d e  i n s t a l l a t i o n  f o r  a No.  17 C l a r a g e  e x h a u s t e r ,  a V P  

4 —c y l i n d e r  W i s c o n s i n  a i r  c o o l e d  e n g i n e ,  the  p o w e r  t r a n s m i s s i o n  

a n d  the  fue l  t an k .

The  N o z z l e

The  n o z z l e ,  shown  in F i g u r e  54, i s  d e s i g n e d  to be a 

s e p a r a t e  un i t .  T h e r e f o r e ,  w hen  the n o z z l e  i s  d e t a c h e d ,  the  

h a r v e s t i n g  m a c h i n e  c a n  e a s i l y  be c o n v e r t e d  in to  a g r a i n  v a c ­

u u m  u n l o a d e r .

T h e  n o z z l e  i s  to be c o n n e c t e d  to the f r a m e  by m e a n s  

of a s h a f t  t h a t  c a n  be i n s e r t e d  in to  a s lo t  A a n d  a b e a r i n g  B 

in the  h a r v e s t e r  f r a m e  a s  s h ow n  in F i g u r e  53. The  n o z z l e  

wi l l  s w in g  a r o u n d  i t s  f u l c r u m  F - F  ( F i g u r e  54) w i th  a c e r t a i n  

v e r t i c a l  a l l o w a n c e  due to the  s l o t  A in the h a r v e s t e r  f r a m e .  

T h i s  a r r a n g e m e n t  wi l l  a l l o w  the n o z z l e  p i c k - u p  to f i t  the  i r ­

r e g u l a r i t y  of the g r o u n d .

Two h e a v y  s p r i n g s  c o n n e c t i n g  the  end  of the n o z z l e  

f r a m e  wi th  the  h a r v e s t e r  f r a m e  wi l l  p a r t l y  b a l a n c e  the  n o z z l e  

a nd  m a k e  i t  r e s p o n d  r e a d i l y  to the  c o n t o u r  of the f i e ld .



I S O M E T R I C  V I E W

MICHIGAN S T A T E  COLLEGE
ADNIOUCTURAL. I N M K I M M  OCPT.

V A C U U M  H A R V E S T E R  
____________ F R A M E _________
P L A N W O  • .D .N
DRAWN D.D.N MAT l»W
TRACED • D . N  
CHECKED W .M C A W.M.S

F i g u r e  53. V ac u um  h a r v e s t e r  f r a m e .
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14 HYDRAULIC CYLINDER

C A S T E R  W H E E L

HOOK FOR LIFTINC THE NOZZLE

NOZZLE F R A M E
io:

IO
H A R V E  S T E R  F R A M E

I S O M E T R I C  V I E W

I ' l  SO * S H A F T

SHOOK A B S O R S E R  S R R IN S

C A S T E R  W HEEL FRAM E

PICK UF S H A FT

SCALE
SU C T IO N  NOZZLE

RANT
NO O I S  C H I N T  I O N

M I C H I G A N  S T A T E  C O L L E G E
ASmCULTJNAL CN< IC ftlM S OCRT

VACUUM PICK UP ASSEM BLY

PLARNED E S  N 
DRAWN A S M  M
TRACED A  AM
CHECKED W.M.C A (  M l

Y IS SI

F i g u r e  54. V a c u u m  p i c k - u p  a s s e m b l y .
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C a s t e r  w h e e l s  w i l l  g ive  m a n e u v e r i n g  f l e x i b i l i t y  to  the  

n o z z l e  w h i l e  the  h y d r a u l i c  c y l i n d e r s  l o c a t e d  a l o n g  the  a x e s  of  

the  c a s t e r  w h e e l s  w i l l  a b s o r b  the  s h o c k s .

T h e  n o z z l e  c a n  be r a i s e d  by  m e a n s  of a  c h a i n  a t t a c h e d  

to  the  h o o k s  ( F i g u r e  54,  p a r t  12) w h e n  the  h a r v e s t e r  i s  t r a v e l ­

ing  on the  h i g h w a y .

T h e  n o z z l e  w i l l  be  c o n n e c t e d  to the  b l o w e r  by m e a n s  of 

a 1 7 - i n c h  d i a m e t e r  f l e x i b l e  s p i r a t u b e  m a n u f a c t u r e d  by  the  F l e x ­

i b l e  T u b i n g  C o r p o r a t i o n  (18).

T he  P i c k - u p

T h e  p i c k - u p  n o z z l e  a s s e m b l y ,  d e s i g n e d  to p i c k  a 5 - f o o t  

o
s w a t h ,  i s  a t  a  20 a n g l e  to the  a x l e  of  the  h a r v e s t e r  w h e e l s .  

T h i s  w i l l  e n a b l e  the  p i c k - u p  f i n g e r s  to c o v e r  m o r e  g r o u n d  a r e a  

th a n  if t h e  p i c k - u p  n o z z l e  a s s e m b l y  w e r e  l o c a t e d  p a r a l l e l  to 

the  a x l e .  T h e  p i c k - u p ,  s h o w n  in F i g u r e  55,  i s  the  s a m e  a s  

the  one m a n u f a c t u r e d  by the  I n n e s  C o m p a n y  (22),  w i th  the 

f o l l o w in g  m o d i f i c a t i o n s :

(1) M o s t  of the  p i c k - u p  f i n g e r s  a r e  m a d e  of 5 / 8 "  w id th  

f l a t  s p r i n g s  d e s i g n e d  to g ive  a b e t t e r  d i s t u r b i n g  a c t i o n  to the 

c l o v e r  on  the  s t u b b l e .
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(2) S o m e  r o u n d  s t i f f  f i n g e r s ,  one  i n c h  s h o r t e r  t h a n  the  

f l a t  s p r i n g s ,  a r e  i n c l u d e d  in  o r d e r  to  l i f t  t h e  h e a v y  m a t e r i a l .

T h e r e f o r e  t h e  r o u n d  s t i f f  s p r i n g s  wi l l  p i c k  up  the  h e a v y  

m a t e r i a l  a n d  t h e  l o n g e r  a n d  m o r e  f l e x i b l e  f l a t  s p r i n g s  wi l l  f i n ­

i s h  s w e e p i n g  the  f i e l d .

S t e e l  f i n g e r s  a r e  s p a c e d  in s t a g g e r e d  r o w s  on r o t o r  o r  

p i c k —u p  d r u m ,  a n d  r e v o l v e  w i th  i t .  T h e  p i c k - u p  h a s  a  p i s t o n  

a c t i o n  t h a t  l i f t s  a l l  the  m a t e r i a l  a n d  t h e n  r e t r a c t s .  On the  

u p - s t r o k e  t h e y  e m e r g e  a g a i n .  A l l  f i n g e r s  a r e  put  to w o r k  

w i th  e v e r y  t u r n  of t h e  c y l i n d e r ,  e x t e n d i n g  a n d  r e t r a c t i n g  wi th  

a s c o o p i n g  a n d  l i f t i ng  m o t i o n  f r o m  u n d e r n e a t h ,  l i ke  a p i t c h ­

f o r k .  No  w r a p p i n g  o r  c l o g g i n g  wi l l  o c c u r  b e c a u s e  f i n g e r s  

a u t o m a t i c a l l y  s t r i p  t h e m s e l v e s  of e n t w i n e d  w e e d s  a n d  c l o v e r .

T h e  P o w e r  T r a n s m i s s i o n

T h e  e n g i n e e r i n g  d e p a r t m e n t  of the  I n n e s  C o m p a n y  f i g ­

u r e d  t h a t  the  p i c k - u p  r o t o r  s h o u l d  r e v o l v e  a p p r o x i m a t e l y  30 to 

35 r . p . m .  f o r  e a c h  one m i l e  p e r  h o u r  f o r w a r d  t r a v e l  of the  

f i e l d  m a c h i n e .  T h i s  m a y  be  v a r i e d  c o n s i d e r a b l y  d e p e n d i n g  on 

f i e l d  c o n d i t i o n s ,  but  f o r  g e n t l e  h a n d l i n g  i t  s h o u l d  be a s  s lo w  a s  

p o s s i b l e  w i t h o u t  c a u s i n g  the  w i n d r o w  to " a r c "  up.
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If the  s p e e d  i s  f a s t e r  t h a n  n e c e s s a r y ,  the  w i n d r o w  i s  

p u l l e d  a p a r t .  A s  the  f o r w a r d  t r a v e l  of the  v a c u u m  h a r v e s t e r  

i s  i n t e n d e d  to be f r o m  2 — 1 /2  to 3 m i l e s  p e r  h o u r ,  the  r o t o r  

s p e e d  wi l l  v a r y  f r o m  75 to 100 r . p .  m .

T h e  p o w e r  r e q u i r e d  to d r i v e  the  p i c k - u p  i s  s m a l l ,  a n d  

of c o u r s e  d e p e n d s  on the m a t e r i a l  b e in g  h a n d l e d .  It i s  f i g ­

u r e d  t h a t  f ive  h o r s e p o w e r  would  be the  m a x i m u m  a n d  u s u a l l y  

one to t h r e e  w ou ld  be s u f f i c i e n t .

I



DISCUSSION A N D  C O N C L U S I O N S

The  a c t u a l  h a r v e s t i n g  of L a d i n o  c l o v e r  s e e d  m a y  be 

a c c o m p l i s h e d  by a n y  of s e v e r a l  m e t h o d s ,  o r  by a c o m b i n a t i o n  

of m e t h o d s .  T h e  a r g u m e n t s  f o r  a n d  a g a i n s t  e a c h  m e t h o d  of 

h a r v e s t i n g  p r o c e d u r e  a r e :

1. V a c u u m  h a r v e s t i n g  f r o m  s w a t h  w h en  d r y  e n o u g h  to t h r e s h

M o w in g  i s  d on e  w h en  the  c l o v e r  i s  t o u g h  7:00 p . m .

to d a r k  a n d  f r o m  d a y l i g h t  to 10:00 a . m .

A.  A r g u m e n t  fo r :

(1) T h e  c l o v e r  c an  be t h r e s h e d  f r o m  the w a g o n  o r  
s t o r e d  u n t i l  c o n v e n i e n t  to t h r e s h .

(2) T h e  w e ig h t  of v e g e t a t i v e  m a t e r i a l  to be h a u l e d  i s  
g r e a t l y  r e d u c e d  by f i e ld  d r y i n g .

(3) T h e  h ay ,  a f t e r  t h r e s h i n g ,  i s  d r y  en o u g h  to k e e p  
in  a  s t a c k  o r  m o w .

(4) T h e  h a r v e s t e r  s h o u l d  be a b l e  to t r a v e l  a t  a h i g h e r  
s p e e d  t h a n  s a f e  f o r  m o w i n g ,  a n d  p o s s i b l y  c o v e r  
two a c r e s  p e r  h o u r .

B. A r g u m e n t  a g a i n s t :

(1) M ow ing  i s  v e r y  d i f f i c u l t  w h e n  g r a s s  i s  tough .

(2) If r a i n e d  on in s w a t h ,  the  m a t e r i a l ,  e s p e c i a l l y  if 
s h o r t ,  i s  d r i v e n  down in to  the  s t u b b l e  a n d  new 
g r o w t h  c o m e s  up t h r o u g h  the s w a t h .
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(3) A m e c h a n i c a l  p i c k - u p  w a s  d e c l a r e d  n e c e s s a r y  by 
M c K i b b e n ,  D e x t e r  a n d  S h e ld o n  a f t e r  m a n y  t r i a l s  
w i th  s e v e r a l  s i z e s  a n d  s h a p e s  of p i c k - u p  n o z z l e s .

(4) D i r t ,  s t o n e s ,  a n d  d e a d  m a t e r i a l  f r o m  p r e v i o u s  
g r o w t h  a d d  to the  w e i g h t  a n d  bu lk  of m a t e r i a l  
g a t h e r e d  an d  m a k e  the  s e e d  c l e a n i n g  m o r e  d i f f i ­
cu l t .

(5) H a r v e s t i n g  o p e r a t i o n s  a r e  l i m i t e d  to a f t e r n o o n s  of 
good  w e a t h e r .

(b) The  s u c t i o n  n o z z l e  m u s t  be wide  en o u g h  f o r  d e s i r e d  
width  of s w a t h  an d  l a r g e  en o ug h  to a c c o m m o d a t e  
the m e c h a n i c a l  p i c k - u p  d e v i c e .

(7) P o w e r  r e q u i r e d  by the  b l o w e r  i s  p r o p o r t i o n a l  to 
s i z e  of s u c t i o n  n o z z l e .

2. V a c u u m  h a r v e s t i n g  f r o m  w i n d r o w

The  c l o v e r  s h o u ld  be m o w e d  w hen  tou gh  a n d  put  in 

w i n d r o w  by m e a n s  of a c e n t e  r —d e l i v e r y  w i n d r o w  a t t a c h m e n t .

A.  A r g u m e n t s  fo r :

(1) Width  of s u c t i o n  n o z z l e  n e e d e d  i s  r e d u c e d .  L e s s  
d i r t ,  s t o n e s ,  a n d  m a t e r i a l  f r o m  p r e v i o u s  g r o w t h  
wi l l  m a k e  e a s i e r  the  c l e a n i n g  o p e r a t i o n  of the  
s e e d .

(2) M o r e  of the  m a t e r i a l  i s  up w h e r e  the  a i r  s t r e a m  
c a n  ge t  a t  i t .

(3) A s t r o n g e r  s u c t i o n  c a n  be p r o d u c e d  wi th  a g iven  
s i z e  of b l o w e r  and  e n g i n e .
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(4) A m e c h a n i c a l  p i c k - u p  i s  no t  n e c e s s a r y ,  a n d  if  i t  
i s  n e e d e d ,  i t  wi l l  be s h o r t e r .  T h e  c l e a r a n c e  b e ­
t w e e n  a  s h o r t  c y l i n d e r  a n d  the  g r o u n d  i s  l e s s  a f ­
f e c t e d  by a n  u n e v e n  g r o u n d  s u r f a c e .

(5) Th e  r a t e  of t r a v e l  m a y  be f a s t e r  t h a n  a fu l l  s w a t h .

B. A r g u m e n t s  a g a i n s t :

(1) The  d r y i n g  r a t e  of the  c l o v e r  in  a w i n d r o w  i s  
s l o w e r  t h a n  w h e n  it  i s  in  a  s w a t h .  The  w e a t h e r  
h a z a r d  i s  t h e r e f o r e  i n c r e a s e d  a nd  the m a t e r i a l  
m a y  m o l d  if r a i n e d  on.

(2) L o o s e  s e e d  h e a d s  b e t w e e n  the w i n d r o w s  wi l l  c e r ­
t a i n l y  be m i s s e d .

(3) In a  we t  s e a s o n  w i n d r o w s  a r e  l e s s  d e s i r a b l e  w hen  
t h e r e  i s  a h e a v y  v e g e t a t i v e  g r o w t h ,  u n l e s s  a m e ­
c h a n i c a l  d r i e r  i s  u s e d .

3. S u c t i o n  f r o m  the c u t t e r  b a r

T h i s  o p e r a t i o n  s ho u ld  be done  d u r i n g  the  h e a t  of the

d a y  12:00 noon  to c :00  p . m .

A.  A r g u m e n t s  fo r :

(1) The  whole  h a r v e s t i n g  p r o c e d u r e  i s  r e d u c e d  to one 
o p e r a t i o n  o v e r  the f i e ld  and  c o n s e q u e n t l y ,  l e s s  
m a n - h o u r s  a r e  r e q u i r e d  in the  f i e ld .

(2) The  h i g h e s t  p o s s i b l e  p e r c e n t  of the  s e e d  h e a d s  
w h ich  a r e  a bo v e  the kni fe  s e c t i o n s  wi l l  be c o l ­
l e c t e d  a t  the t i m e  of cu t t i n g .

(3) The  m i n i m u m  a m o u n t  of d i r t ,  s t o n e s ,  a n d  d e a d  
m a t e r i a l  f r o m  p r e v i o u s  g r o w t h  wi l l  be p i c k e d  up.



127

(4) L e s s  s u c t i o n  a n d  l e s s  p o w e r  to l i f t  t he  m a t e r i a l
f o r  a  g i v e n  wid th  of s w a t h  w i l l  be r e q u i r e d .

(5) U n c u t  L a d i n o  i s  l e s s  s u b j e c t  to d a m a g e  by r a i n .

(b) No m e c h a n i c a l  l i f t ing  d e v i c e  i s  n e e d e d  in  the  s u c ­
t i o n  n o z z l e .

B.  A r g u m e n t s  a g a i n s t :

(1) M e c h a n i c a l  d r y i n g  wi th  h e a t e d  a i r  i s  n e c e s s a r y .

(2) M a t e r i a l  a f t e r  p a s s i n g  t h r o u g h  the  b l o w e r  b e c o m e s  
p a s t y  a n d  too d e n s e  to d r y  e a s i l y .

(3) H a r v e s t i n g  o p e r a t i o n  i s  l i m i t e d  to a b o u t  f ive  o r  
s i x  h o u r s  p e r  d ay  of good  w e a t h e r .  C u t t i n  g e a r l y  
in the  day ,  o r  in  u n f a v o r a b l e  w e a t h e r ,  would  i n ­
c r e a s e  the  lo a d  of w a t e r  to be r e m o v e d  by m e c h a n ­
i c a l  d r y i n g .  The  a v e r a g e  cu t  wi l l  be a p p r o x i m a t e l y  
one a c r e  p e r  h o u r  wi th  f i v e —foot  c u t t e r  b a r  a n d
two m i l e s  p e r  h o u r ,  r a t e  of t r a v e l .

(4) C o m b i n a t i o n  of the m o w i n g  a n d  l i f t ing  o p e r a t i o n  
u s u a l l y  r e d u c e s  the  o v e r - a l l  p r o d u c t i o n  b e l o w  th a t  
of the  s l o w e s t  un i t  in the  c o m b i n a t i o n .  A s t o p p a g e  
of an y  one s t o p s  a l l .

4. The  p an  m e t h o d

T h i s  h a r v e s t i n g  o p e r a t i o n  i s  done  d u r i n g  f o r e n o o n s  and  

e v e n i n g s .  A l a r g e  p a n ,  a t t a c h e d  to the  c u t t e r  b a r ,  c o l l e c t s  

the c l o v e r  a s  the m o w e r  m o v e s  a lo n g .  A s e c o n d  o p e r a t o r  

i s  n e e d e d  to r a k e  m a t e r i a l  b a c k  a w a y  f r o m  the c u t t e r  b a r .  

The  c o l l e c t e d  m a t e r i a l  i s  s t a c k e d  in s m a l l  c o c k s  on w ago n  

c o v e r s  o r  l a r g e  p i e c e s  of S i s a l k r a f t  p a p e r .  The  c l o v e r  is  

t h r e s h e d  f r o m  the  c o c k s  w hen  d r y .
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A r g u m e n t s  f o r :

(1) L e s s  e x t r a  o r  s p e c i a l  e q u i p m e n t  u s e d .

(2) T h i s  m e t h o d  w i l l  s a v e  a l l  the  s e e d  h e a d s  a b o v e  
the  kn i fe  s e c t i o n s  a t  t he  t i m e  of c u t t i n g .

(3) T h e  m a t e r i a l  c a n  be h a u l e d  i n to  a 
d r i e r  a t  a n y  c o n v e n i e n t  t i m e  a f t e r

m e c h a n i c a l  
c u t t i n g .

A r g u m e n t s  a g a i n s t :

(1) M o r e  h a n d  l a b o r  r e q u i r e d .

(2) L i m i t e d  to  s m a l l  a c r e a g e .

(3) D a n g e r  of m o l d i n g  in  c o c k s .

(4) If t he  c o c k s  a r e  l e f t  m o r e  t h a n  a 
c l o v e r  u n d e r  t h e m  w i l l  be k i l l e d .

f ew  d a y s ,  t he

(5) W e a t h e r  h a z a r d .

5. C o m b i n e  h a r v e s t i n g  f r o m  the  s w a t h

A .  A r g u m e n t s  f o r :

(1) H a r v e s t i n g  a n d  t h r e s h i n g  done  in one o p e r a t i o n .

(2) R e d u c e d  h a z a r d  of c l o v e r  b e ing  h e a t e d  a n d  m o l d e d .

(3) T h e  w h o le  h a r v e s t i n g  o p e r a t i o n  c a n  be done  by 
one  m a n .

(4) B e t t e r  t h r e s h i n g  e f f i c i e n c y  t h a n  w hen  c o m b i n i n g  
f r o m  w i n d r o w .

B.  A r g u m e n t s  a g a i n s t :

(1) L a d i n o  c l o v e r  i s  u s u a l l y  too s h o r t  to be p i c k e d  
e f f i c i e n t l y  by the  c o m b i n e  p i c k - u p .
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(2) A l t h o u g h  t h r e s h i n g  e f f i c i e n c y  i s  b e t t e r  t h a n  when  
c o m b i n i n g  f r o m  w i n d r o w ,  y e t  a  h ig h  p e r c e n t a g e  
of s e e d  wi l l  be m i s s e d  by  the  f i r s t  t h r e s h i n g  of 
the  c o m b i n e  u n l e s s  the t a i l i n g s  of the  c o m b i n e  a r e  
c o l l e c t e d  a n d  t h r e s h e d  a g a i n .

(3) If i t  h a s  r a i n e d  on the  s w a t h ,  the  m a t e r i a l  e s p e ­
c i a l l y  w h en  s h o r t ,  i s  d r i v e n  down in to  the  s t u b b l e  
a n d  n ew  g r o w t h  c o m e s  up t h r o u g h  the s w a t h  m a k ­
ing i t  m o r e  d i f f i c u l t  f o r  the  c o m b i n e  to p i c k  i t  up.

b . C o m b i n e  h a r v e s t i n g  f r o m  w i n d r o w

A. A r g u m e n t s  fo r :

(1) H a r v e s t i n g  a n d  t h r e s h i n g  done in one o p e r a t i o n .

(2) B e t t e r  p i c k in g  e f f i c i e n c y  th a n  when  c o m b i n i n g  
f r o m  s w a t h .

(3) T he  whole  o p e r a t i o n  c a n  be done  by  one m a n .

B.  A r g u m e n t s  a g a i n s t :

(1) D r y i n g  r a t e  of the  c l o v e r  in a w i n d r o w  i s  s l o w e r  
r e s u l t i n g  in a l o w e r  t h r e s h i n g  e f f i c i e n c y  of the 
c o m b i n e  t h a n  w h e n  h a r v e s t i n g  f r o m  the s w a th .

(2) W i n d ro w in g  i s  a d d e d  to the  h a r v e s t i n g  o p e r a t i o n .

(3) S h a t t e r i n g  of the  s e e d  m a y  r e s u l t  when  w i n d r o w i n g  
the c l o v e r .

(4) The  h a z a r d  of c l o v e r  be ing  h e a t e d  a n d  m o l d e d  i s  
i n c r e a s e d  when  l a id  in  the w i n d r o w .
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R E C O M M E N D A T I O N S  ON H A R V E S T I N G  P R O C E D U R E  F O R  
D I F F E R E N T  C O N D I T I O N S  O F  V E G E T A T I V E  G R O W T H  

U N D E R  V A R I A B L E  W E A T H E R  CO ND IT I O N S

Kind  of V e g e t a t i o n W e a t h e r
C o n d i t i o n

R e c o m m e n d e d  
H a r v e s t i n g  M e t h o d

T a l l  v e g e t a t i o n  
(6"  a n d  up)

D r y  s e a s o n (1) C o m b i n e  f r o m  s w a t h
(2) V a c u u m  h a r v e s t  f r o m  

w i n d r o w

T a l l  v e g e t a t i o n  W e t  s e a s o n  (1) L o a d  f r o m  s w a t h  o r
(b" a n d  up) w i n d r o w  a n d  t h e n  s w e e p

f i e l d  w i th  v a c u u m  h a r  — 
ve  s t e  r

(2) V a c u u m  h a r v e s t  f r o m  
s w a t h

S h o r t  v e g e t a t i o n  D r y  s e a s o n  (1) V a c u u m  h a r v e s t  f r o m
( L e s s  t h a n  b" s w a t h
ta l l )

S h o r t  v e g e t a t i o n W e t  s e a s o n (1) V a c u u m
s w a t h

h a r v e s t  f r o m

M i x e d  w i th  o t h e r D r y  s e a s o n (1) C o m b i n e f r o m  s w a t h
f o r a g e  c r o p (2) Vac  u u m h a r v e s t  f r o m

w i n d r o w

M i x e d  wi th  o t h e r  W e t  s e a s o n  (1) L o a d  f r o m  s w a t h  o r
f o r a g e  c r o p  w i n d r o w  a n d  t h e n  s w e e p

the  f i e l d  w i th  v a c u u m  
h a r v e  s t e  r

(2) V a c u u m  h a r v e s t  f r o m  
s w a th
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