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History of Fuel Injection

When Rudolph Diesel contracted with Augsburg and Krupp of Germany in 1893 to deve-
lop a more efficient internal combustion engine, one of his objectives was to use a s fuel the
mountainous piles of powdered coal which had been accumulating throughout the countryside.
The f i r s t experimental coal dust burning engine was built that year using a i r to blas t the fuel
into the combustion chamber. His method i s shown schematically in Fig . 1, which was repro-
duced from U. S. patent No. 542846 granted in 1895. The powdered coal was contained in
hopper B provided with ro ta ry valve D, and the compressed a i r was s to red in tank A. When
the injection valve E was lifted, the high p r e s s u r e a i r flowed into the combustion chamber C
through orifice F carrying with it the coal discharged through the rotating valve F. In at-
tempting to s t a r t the engine i t exploded, and a l l subsequent efforts to operate the engine on
coal dust failed, s o that oil was finally adopted a s the fuel.

In the f i r s t experiments with oil, i t
was mechanically injected into the engine. 
The resu l t s were unsatisfactory, probably
because of the crude injection equipment 
with large dead fuel volume, s o that Dr .
Diesel resor ted to using the compressed a i r
equipment available from his coal dust
experiments . His f i r s t t e s t s with a i r injection
proved s o successful that this became the
acccepted method of injection for many y e a r s .
Thus, ea r ly in the development of this new
engine the importance of the fuel injection
process on engine combustion was emphasized,
and subsequent p rogress in diesel engine
development has been largely dependent
upon improvements in fuel injection.

Fig. 1. Coal dust injection system of Rudolph Diesel . A I R IN J ECTION
(After U.S. patent No. 54286 of 1895.) The operating principle of most a i r

injection systems has been s imi la r to the one
f i r s t used by Rudolph Diesel. Fuel oil was metered and delivered by a pump to the a tomizer ,
which was in communication with a high p r e s s u r e  a i r  s torage tank supplied by an a i r compressor ,
and injection occur red when the injector valve was opened by a cam actuated mechanism.
High pressure a i r then flowed into the engine cylinder carrying along with i t the metered fuel
as a finely atomized spray.

The construction of Diesel 's fuel a tomizer has not been fully established, but most of
the ear ly designs of atomizers had a s e r i e s of 1 8 inch diameter holes through which the a i r
and fuel passed before entering the combustion chamber . The perforated disc a tomizer ,
shown in Fig. 2 (see following page), came into use about the year 1900. It consisted of a
mechanically operated valve surrounded by a stack of dri l led discs , o r pulverizer r ings ,  on
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History of Fuel Injection

w h i c h  t h e oil was deposited and t h e n blown by compressed a i r into the engine c y l i n d e r dur ing
injection.

In 1908 Knut H e s s e l m a n of Sweden d i sc losed  an  a sp i r a t ing  va lve  a tomize r  w ich  became
popular f o r s m a l l  a i r i n j e c t i o n  e n g i n e s .  As  shown in  Fig .3 , the me tered o i l  w a s  d e p o s i t e d

Fig. 2. Perforated disc atomizer.

scheme fai led because the exhaust tempera-
t u r e s w e r e not h igh enough to develop the
requi red steam pressure f o r i n j e c t i o n with the
exhaus t h e a t e d boi ler .

S O L I D I N J E C T I O N
O n e  o f  t h e  f i r s t  s a t i s f a c t o r y  a i r l e s s

injection system was applied to an engine
i n 1910 b y James M c K e c h n i e of Vicke r s ,
Ltd. of England .  As shown in Fig.4 (see
following p a g e ) , o i l was delivered by a
mete r ing p u m p to a s p r i n g l o a d e d plunger,
which was ra i sed by a cam. Tripping of the
cam al lowed t h e fuel to be injected  into the
engine cyl inder  as t h e s p r i n g re turned  the
p l u n g e r  t o i t s bottom posi t ion.

C o m m o n R a i l

in an annular s p a c e above the valve seat, and
w h e n  t h e  v a l v e  w a s l i f ted an aspi ra t ing
effect w a s produced on the oi l to discharge
i t along w i t h the air flowing p a s t into the
combustion chamber. Numerous o t h e r
variations of atomizer des igns were t r ied,
but wi th l i t t le or no commercial  success.

The e a r l y Krupp engines used single-
stage air compressors , and  i t  was not until
af ter the turn of t h e cen tu ry t h a t three- s tage
c o m p r e s s o r s w e r e introduced on e n g i n e s
built by the D i e s e l Motor Company of America.
Steam for fuel injection was attempted by
Thornyc ro f t of England in 1903, but the

In 1913 Vicke r s , Ltd. developed t h e
common rail system which became v e r y Fig. 3. Aspirating valve  atomizer of  K.  Hesselman.
popu l a r . A mult i- plunger pump del ivered (After U.S. patent No. 910534 of 1909.)

fuel to an a c c u m u l a t o r and h e a d e r of l a r g e
c a p a c i t y  w i t h the fuel pressure maintained a t about 5000 p s i by a rel ief va lve , and the f u e l  w a s
s p r a y e d into t h e engine cy l inde r s through mechan ica l l y opera ted injection nozz l e s . Fuel
m e t e r i n g  w a s cont ro l led by v a r y in g the period of opening of the inject ion valves. The first
American engine with common rail inject ion s y s t e m was built by t h e Atlas Imper i a l Diese l
Company of Oakland, C a l i f o r n i a in 1919.

J e r k P u m p s
T h e o r ig in a to r of p lunger pumps for f o r c ing a metered quantity of fuel at high p r e s s u r e

in to t h e engine cy l inde r s is difficult t o t r a c e . Richard Hornsby  & Sons of England used  j e rk
pumps in 1891 and Ruston, Proctor  & C o . , a l s o of England, used  a similar type pump in 1909.
In  1914  De  La  Vergne Company  of  Philadelphia  used a j e r k  p u m p tha t de l ivered fuel
at a v e r y h igh ra t e (full load d e l i v e r y i n  a b o u t  1 2  c r a n k s h a f t degrees ) to two s ing le hole,
s w i r l t y p e nozz les located opposi te e a c h o t h e r in t h e combustion chamber.
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I N J E C T I O N  P U M P S
The  one  f ea tu re  common  to a l l in j ec t ion p u m p s f r o m t h e ea r l i e s t to the presen t has

b e e n t h e use o f p lunge r s to c rea te the r equ i r ed i n j e c t i o n  p r e s s u r e .  E a r l y pumps r e l i e d upon
p a c k e d g l a n d s to min imize the l e a k a g e of h i g h  p r e s s u r e  f u e l pa s t the p lunge r . The ea r l i e s t

Fig. 4. The McKechnie solid injection system

reference  to close f i t t ing  o f  the  p lunger  and  bar re l  fo r  e l imina t ion  o f  the  pack ing  g land  appears
in a patent f i led  in  1912 by Otto F.  Persson of  the United States .  In 1919 Phil ip L.  Scott ,
a l so  an  American , descr ibed  a  method of  f i t t ing  a  p lunger  to  a  bar re l  wi th  an  es t imated
clearance of 0.0001 inch.

M e t e r i n g  M e t h o d s
The ear l ies t  known method for varying the fuel quanti ty delivered by a pump was to

vary the plunger stroke. An American, John F. Holland, obtained patent No. 337,000 in 1886
on an arrangement for sl iding a camshaft
with tapered cams to vary the pump stroke.

Another early method of meter ing
control was by means of  a spil l valve. In
1900 U.S. patent No. 654,140 was granted
to Rudolph Diesel for a wedge control led
spil l valve pump as shown in Fig. 5.
The durat ion of  the plunger  s t roke during wich
the by-pass  valve D was closed was lenghtened
or  reduced by moving the wedge K in or  out ,  thus
increasing or  decreasing the fuel  quant i ty
del ivered by the pump.

Fuel  meter ing control  by means of  a  hel ix  
on plunger  was introduced by Carl  Pieper  of
Germany  in 1892.  According to his  German 
patent  No.66,057 and as shown in Fig.  6 (see 
following page),  a  suction port  was controlled by 

Fig .  5 . R . Diesel's metering pump with spill valve a top beveled plunger, and by rotating the plunger
controlled by a wedge. (After U.S. patent No.654140 of 1900) a variation of the P o r t  c l o s u r e  t i m e  w a s  e f f e c t e d  t o

change the fuel quantity delivered by the pump.
Engl i sh patent No. 9403 was granted to William H.

Scott in 1895 for a double port helix control for varying both the beginning and ending of injection.
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Control of the fuel quanti ty by suction valve timing was quite popular for early
injection pumps. It was introduced by Imanuel Lanster of Germany in 1902. According to his
U.S.  .  patent No. 729,613 issued in 1903, a governor controlled l inkage connected to the pumping
plunger would hold the spring loaded suction valve open for a longer or shorter t ime to
decrease or  increase the quanti ty of fuel injected.

D i s t r i b u t o r P u m p s
In 1914 Bri t ish patent No. 15,962 was

granted to Francois Feyens of Belgium for an

inject ion system using a rotary distr ibutor
to del iver metered fuel to the several cyl in-
ders of a mult i- cyl inder engine. As shown in
Fig. 7, fuel a t a regulated high pressure was
del ivered to chamber A from which i t f lowed
into the tapered slot B of the cyl indrica l
dis t r ibutor C. As the dis t r ibutor rotated in
synchronism with the engine crankshaft ,  fue
was d is t r ibuted to the various out le ts D by
means o f s lot B uncovering the ducts E .  The
fuel  quant i ty was increased or  decreased by
lowe r ing or rais ing the dis t r ibutor to vary the
effective width of slot B.  The Brit ish motor
ship "Selandia ," launched in 1913,  used a

Fig.   6 . Pump with plunger helix control. (After Car l dist r ibutor type inject ion system on its f i rs t
Pieper's German patent  No. 66057 of 1892.) voyage to the Far East .

Delivery Valves 
One of the problems encountered with early jerk pump injection system was the dripping

o r  a f t e r  i n j e c t i o n o f f u e l f o l l o w i n g t h e m a i n d i s c h a r g e . S i n c e t h i s r e s u l t e d i n s m o k e ,
i nc r e a s e d f u e l c o n s u m p t i o n , a n d n o z z l e c a r -
b o n i z a t i o n , numerous attempts were made to
v e n t t h e d i s c h a r g e t u b i n g s b e t w e e n i n j e c t i o n s .
I n 1 9 1 0 a n A m e r i c a n , H e r b e r t K e m p t o n ,
p r o p o s e d a d e l i v e r y v a l v e h a v i n g a h o l e i n i t
t h r o u g h w h i c h t h e h i g h p r e s s u r e f u e l w a s
r e l i e v e d w h e n t h e p l u n g e r r e t u r n e d o n  i t s
d o w n w a r d s t r o k e .

T h e f i r s t s u g g e s t i o n t o u s e a c o l l a r
o n t h e d e l i v e r y v a l v e t o r e t r a c t p a r t o f t h e
f u e l f r o m t h e d i s c h a r g e t u b i n g w a s m a d e b y
K a r l S t e i n b e c k e r i n G e r m a n y i n 1 9 1 3 , a n d

Fig. 7. Rotary distributor metering device. (After                              he was granted U.  S .  pa tent No. 1,235,611 On i t
Francois Feyens' British patent No. 159962 of 1914. in 1917 .  In 1920 Van Amste l l of Hol land de-

scr ibed a non- re turn va lve having a cyl indr ica l
p is ton d i rec t ly be low the valve sea t to wi thdraw a por t ion of the Liquid before the valve  sea ted .

In 1924 Axel Danie lson of the At las Diese l Company of  Sweden in t roduced  a  re t rac t ion
type del ivery valve for which he was granted  U.S .  pa ten t  No. 1 ,589 ,515 in 1926.  I t  embodied  
the one fea ture his predecessors had been s t r iv ing for :  au tomat ic  pressure re l ie f of the d is-
charge tubing immedia te ly af te r the end pump discharge under a l l condi t ions . As  shown in
Fig . 8 (see  fo l lowing page) , the valve had a c lose f i t t ing pis ton benea th i t s sea t , so tha t the
lower edge of the p is ton effec ted a sea l as i t en tered the bore on the resea t ing of the valve .
The ef fec t ive re t rac t ion was the volume disp laced f rom the lower edge of the pis ton to the
tapered  sea t  of  the  va lve .
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The duplex de l ivery valve was f i r s t
proposed by Eugene Tar t ra i s of France in

1921, and he was granted U. S. pa ten t No.
1,492,111 on  i t in 1924. I t cons is ted of a
smal l va lve  ins ide  of the main valve and
opening in the oppos i te d i rec t ion . Thus ,
when fue l de l ivery f rom the pump ceased
and the main va lve sea ted , the high pressure
in the  d ischarge  tub ing was re l ieved
through the smal l va lve unt i l i t s c los ing
pressure was  reached .

The var iab le re t rac t ion del ivery
valve was developed in 1934 by Hans Hein-
r ich and Max Hurs t of Rober t Bosch in Ger -
many, and U. S. pa ten t No, 2 ,090 ,351 Was
granted on i t in 1937. I t s var iab le re t rac-
t ion fea ture cons is ted of tapered grooves ,
increas ing in width f rom top to bot tom, on Fig. 8 . Del ivery valve with retraction piston. (After
the cy l indr ica l guide of the va lve . Axel Danie lson's U .S . patent No. 1,589,515 of 1926.)

Fig. 9. Inwardly opening valve nozzle

F U E L  S P R A Y  N O Z Z L E S
F u e l i n f e c t i o n w a s f i r s  u s e d  i n

o t t o c y l e e n g i n e s b e f o r e t h e  i n v e n t i o n o f  t h e  D i e s e l
E n g i n e .  T h e  o b j e c t i v e w a s t o o b t a i n  b e t t e r
a t o m i z a t i o n o f t h e p r e s s u r i z e d f u e l
t h r o u g h s p r a y n o z z l e s  t h a n  w a s  p o s s i b l e  w i t h
t h e c r u d e c a r b u r e t o r s o f t h a t t i m e .

Poppet
I n 1 8 8 6 a n A m e r i c a n , J o h n P . H o l -

l a n d , w a s g r a n t e d U . S . p a t e n t N o . 5 3 7 , 0 0 0
o n a n e n g i n e a c c e s s o r y , i n c l u d i n g a p o p p e t
n o z z l e , w h i c h h e  c l a i m e d w o u l d  b u r n  k e r o s e n e
a n d h e a v y c r u d e p e t r o l e u m s a s w e l l a s
t h e l i g h t e r n a p t h a s c o m m o n l y  u s e d  f o r  f u e l
i n a v a p o r i z e r , w h e r e I t w a s m i x e d w i t h t h e
i n c o m i n g a i r b e f o r e e n t e r i n g t h e c o m b u s t i o n
c h a m b e r . I n 1 9 0 0 U . S .  p a t e n t N o . 6 5 0 , 5 8 3
w a s  g r a n t e d  t o  A .  H .  G o l d i n g h a m f o r a
p o p p e t n o z z l e w i t h  a n o r i f i c e  p l a t e  b e l o w  i t .

I n w a r d l y Opening Valve
J a m e s H a r g r e a v e s o f E n g l a n d w a s g r a n t e d U . S , p a t e n t N o , 4 3 1 . 5 8 1  i n  1 8 9 0  o n  t h e

f i r s t n o z z l e o f  t h i s t y p e . A s s h o w n i n F i g . 9 , t h e v a l v e w a s l i f t e d o f f i t s  s e a t  b y  f u e l
p res su re  ac t ing on the  p i s ton  in  oppos i t i on to  t he sp r ing .  In  common wi th o the r  ea r ly des igns ,
t h i s w a s a l o w p r e s s u r e n o z z l e .  A  l i p  p r o j e c t i o n w a s a d d e d b e l o w t h e o r i f i c e s o t h a t
t h e  i s s u i n g f u e l i m p i n g e d o n i t t o e f f e c t b e t t e r a t o m i z a t i o n o f t h e f u e l .

D i f f e r e n t i a l Valve
The inward ly open ing , d i f f e ren t i a l va lve type nozz le , wh ich i s the mos t popu la r nozz le

today , was f i r s t used by Thornyc ro f t o f Eng land in 1908 . F ig . 1 .0 (see  fo l lowing page) , shows
the cons t ruc t ion o f th i s nozz le . In 1910 Frede r i ck H. L ivens of Eng land was g ran ted Eng l i sh
pa ten t No , 20 ,582 on a s imi l a r nozz le wi th t angen t i a l fue l channe l s fo r  t he  fue l en te r ing a t  t he  
sea t to p roduce a d i f fused spray .
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Pintle Valve
In 1910, Pe ter Bowman of Denmark

appl ied for a pa ten t in England on what may
be the ear l ies t form of an inwardly opening ,
p in t le nozz le . As shown in Fig . 11 , the
pin t le , o r va lve extens ion , pro t ruded through
the spray hole to produce an annular or i f ice ,
and  the sea t for the f la t bot tom valve was

c lose to the or i f ice so tha t the nozz le  had
di f fe ren t ia l ac t ion . Hans Heinr ich of Rober t
Basch , Germany was granted U.S . paten t
No. 2 ,017 ,028 in 1935 on the popular thro t t l ing
pin t le nozz le .

Accumulator T y p e
I n 1 9 2 6 a n A m e r i c a n , G u y B e l l , w a s

g r a n t e d p a t e n t N o . 1 , 5 8 5 , 2 7 7  o n  a n accumu-
l a t o r n o z z l e w h i c h i n j e c t e d a t t h e e n d o f t h e
p u m p s t r o k e , r a t h e r t h a n d u r i n g i t .  A s  s h o w n  i n
F i g .  1 2 ( s e e f o l l o w i n g p a g e ) , f u e l
f r o m t h e p u m p w a s d e l i v e r e d t o a s p a c e Fig. 10 Inwardly opening differential nozzle of Thornycroft
a b o v e t h e v a l v e A a n d t h r o u g h p a s s a g e s
and check va lve B to the accumula tor C in communica t ion with the chamber D around the valve .

D u r i n g f u e l d e l i v e r y f r o m t h e p u m p t h e  n o z z l e
v a l v e r e m a i n e d s e a t e d , b e c a u s e t h e p r e s s u r e
o f  t h e i n c o m i n g f u e l a c t e d o n t o p o f t h e
v a l v e . W h e n t h e p u m p s p i l l e d a t t h e e n d o f
i t s e f f e c t i v e s t r o k e t h e h i g h p r e s s u r e f u e l  a b o v e
t h e v a l v e d r o p p e d t o a l o w p r e s s u r e , a n d
the pressure o f  the fuel stored in the accumulator
a n d a r o u n d t h e v a l v e t h e n a c t e d o n  t h e  
d i f f e r e n t i a l a r e a o f t h e v a l v e t o l i f t i t aga ins t
t h e s p r i n g .  T h e s t o r e d f u e l t h e n d i s c h a r g e d
t h r o u g h t h e n o z z l e o r i f i c e u n t i l i t s  p r e s s u r e
d r o p p e d t o t h e n o z z l e v a l v e c l o s i n g  p r e s s u r e .
U . S . p a t e n t N o . 1 , 7 0 1 , 0 8 9 w a s  g r a n t e d  i n  1 9 2 9  t o
E d w a r d V o n S a l i s o f  S w i t z e r l a n d  f o r  a  n o z z l e
w i t h a s p r i n g o p e r t e d  a c c u m u l a t o r  p l u n g e r ,  a n d
o t h e r m o d i f i c a t i o n s  w e r e  m a d e  l a t e r  b y
R o b e r t B r o e g e  i n  1 9 3 1  a n d  G u s t a v  E i c h e l b e r g
i n 1 9 3 9 .

. E l e c t r o -m a g n e t i c a l l y O p e r a t e d
T h e i d e a o f l i f t i n g n o z z l e v a l v e s b y

s o l e n o i d s w a s f i r s t s u g g e s t e d  b y a n A m e r i c a n ,

T h o m a s T .G a f f , w h o o b t a i n e d U . S .  p a t e n t

Fig. 11. Inwardly  opening pintle valve nozzle . No. 1,059,604 on i t in 1913 . He proposed such a 
(a f ter Petcr Bowman's Brit ish patent No. 146 of 1910.) n o z z l e f o r e a c h  e n g i n e c y l i n d e r w i t h  f u e l  s u p p l i e d

f r o m a c o n s t a n t p r e s s u r e a c c u m u l a t o r  c h a r g e d  b y
a h i g h p r e s s u r e p u m p a n d r e g u l a t e d b y a r e l i e f v a l v e . H a r r y E .  K e n n e d y  w a s  g r a n t e d  U . S .
p a t e n t N o . 1 , 0 9 2 , 9 5 6 o n a n o v e l c o n s t r u c t i o n  o f a n  e l e c t r o - m a g n e t i c  n o z z l e  v a l v e  i n  1 9 3 3 ,  a n d
t h e A t l a s - I m p e r i a l D i e s e l E n g i n e C o m p a n y o f C a l i f o r n i a a b o u t  t h a t  t i m e  a n n o u n c e d  a
c o m m e r c i a l i n j e c t i o n s y s t e m w i t h t h i s  t y p e o f n o z z l e .

U N I T I N J E C T O R S
From the ea r l i e s t days o f the d i e s e l  eng ine , t roub les  were  encountered  wi th  the  fue l
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d i scha rge tub ings connec t ing the in j ec t ion
pump and nozz le s . One so lu t ion was  to
e l imina te the tub ing  by  combin ing the pump and
nozz le . The ea r l i e s t fo rm of th i s a r rangemen t
men t i s shown in Fig . 13 r ep roduced f rom
German pa ten t No . 175 , 932 i s sued to Car l
Weidman In 1905 fo r an a i r i n j ec t ion sys t em.
In ope ra t ion the fue l quan t i ty de l ive red by
p lunge r A and con t ro l l ed by the open ing  pe r iod
of suc t ion va lve B passed th rough check va lve  C
in to the a tomize r annu lus D. There
i t mixed wi th the in j ec t ion a i r be fo re e jec t ion
th rough  the nozz le o r i f i ce .

I n 1 9 1 1 Br i t i sh pa ten t N o . 1517 was
i s s u e d to F r e d e r i c k Lamplough fo r a un i t
i n j e c t o r r e s e m b l i n g those  in use today .  As shown
i n F i g . 14 (see fo l l owing page ) , i t was o f s imp le
d e s i g n . In l e t f u e l en te red th rough the t o p
a n d passed th rough spr ing loaded ba l l va lve Fig. 12. Accumulator nozzle (After Guy A. Bell's U.S.
A a n d p o r t s B i n t o t h e s p a c e a b o v e t h e p l u n g e r patent No.1,585,277 of 1926.)

C  o n  i t s s u c t i o n s t r o k e . W h e n t h e b e l l
c r a n k f o r c e d t h e p l u n g e r i n w a r d , t h e d i f f e r e n t i a l va lve D  w a s  l i f t e d b y fue l p r e s s u r e a n d f u e l
w a s d i s c h a r g e d t h r o u g h t h e n o z z l e . F u e l q u a n t i t y w a s c o n t r o l l e d b y v a r y i n g t h e s t r o k e b y
m e a n s o f t h e s l i d i n g , t a p e r e d c a m .

Commercia l acceptance of unit in jec tors in the United States commenced in 1931 on
Winton engines with a design by C.D. Sal i sbury . In 1934 Arthur Fielden was granted U.S.  patent
NO.1,981,913 on the uni t in jector des ign adopted for the General Motors two-c ycle  d iesel  engine .

C O M M E R C l A L  I N J E C T I O N  E Q U I P M E N T
From the f i r s t s u c c e s s f u l d i e s e l e n g i n e to 1 9 2 6 , each e ng ine m a n u f a c t u r e r d e s i g n e d

and bu i l t h i s own in j ec t ion e q u i p m e n t . S i n c e these eng ine manufac tu re r s were no t accus tomed
to make sma l l , p r e c i s i o n p a r t s r e q u i r i n g c l o s e t o l e rances , the c ruder a i r i n j ec t i o n a n d c o m m o n

Fig. 13. Early unit injector. (After Cnrl Weidmstn's
German patent No.175,932 of 1905.)
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r a i l f u e l i n j e c t i o n s y s t e m s  w e r e  u s e d
e x c l u s i v e l y o n t h e r a t h e r l a r g e e n g i n e s o f t h a t A
p e r i o d .  S m a l l e n g i n e s , e s p e c i a l l y o f t h e
a u tomotive type, were not particularly successful ,
primarily b e c a u s e o f t h e l a c k o f s u i t a b l e f u e l
i n j e c t i o n e q u i p m e n t .

I n  D e c e m b e r ,  1 9 2 2 t h e R o b e r t B o s c h
C o m p a n y o f S t u t t g a r t , G e r m a n y d e c i d e d t o
m a n u f a c t u r e f u e l i n j e c t i o n e q u i p m e n t ,  a n d  a f t e r
y e a r s o f d e v e l o p m e n t i t s p o p u l a r j e r k
p u m p w i t h h e l i x c o n t r o l , f o r w h i c h U . S .
p a t e n t N o . 1 , 8 3 1 , 6 4 9 w a s  g r a n t e d t o O t t m a r
B a u e r i n 1 9 3 1 , w a s  i n t r o d u c e d i n 1 9 2 7 i n b o t h
s i n g l e a n d m u l t i p l e p l u n g e r t y p e s . A b o u t  t h e
s a m e  t i m e  p r e c i s i o n n o z z l e a s s e m b l i e s o f
t h e p i n t l e a n d h o l e t y p e w e r e i n t r o d u c e d , a n d
s u b s e q u e n t l y  o t h e r  i t e m s  s u c h  a s  s u p p l y
p u m p s , g o v e r n o r s , a n d f i l t e r s  w e r e  m a r k e t e d . Fig. 14. Unit injector with differential nozzle valve.

W i t h t h e a v a i l a b i l i t y o f t h i s i n j e c t i o n (After Frederick Lamplough's British patent No. 1,517
e q u i p m e n t t h e h i g h s p e e d d i e s e l e n g i n e c a m e of 1911.)

i n t o e x i s t e n c e . I n  a  r e l a t i v e l y  s h o r t t i m e
other companies started manufacturing standardized types of fuel injection equipment for all
types of engines and progress in diesel engine development swung into high gear.
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