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The Bendix •EJ.ectroje<:tor• is a ~ end ~ovel approaoh 
in a tuel injection system for pesseneer cs.r installation. Ju, 
irxiiceted by its name, it is electronically controlled and el­
ectrically ectnated. This 81'6~ hae tined intake port injec­
tion, a low pressure {20 peij comon rail !'uel suppl.,v and em­
ploys controls that are responsive to intake manifold pn,ssure, 
ell{;ine epeed, sir pre~sure ani temperature . · 

f • • _.. .. .. 

As i~ a~ tu.el systea, whether carburetor or fuel in­
jection, the metering systelll must meet certain engine require .. 
.ments ; (l} optunum air to fuel ratio under varyir.g l.o.ads and . 
speed., for ma.xi.mum econ~, (2} starting enrtchment which tapers 
off during wemup for good cold veatber operation, (3) idling 
enrichment to CO!llpensate tor exhaust gas dilution {4) tull . 
throttle or load enriclnent tor ln8XiJlllla power, (S) accderattoo 
enrichne nt to avoid .momentary lean-out durl.~ thi.8 trans tent 
period, and (6) a fast idle during the warmu.p period to prevent 
engine stalling because of the added friction load during this 
period. In additj.on to thetae basic requirements,. it is also • \ • 
highly desirable to cut oft the tuel nov t.o the engine during 
deceleration w reduce tbe 8t'!IOg problem and to include auto-
Jnatic altitude canpensatJ.on to extend t,he opt.imua operating 
range of the vehicle. · 
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nus project was Utttut.ea· in order to l.aoorat~r;y teut. . 
the ttelectrojector" electronic and electrical component.a to 
check on their de.sign and teliabilit,. A ebort ti.me after a 
p:relind.nary look et each component, the injector Yalve "11.8 
singled out as unreliable t:iaincy becauae or too slow operating 
time. .&vi.dence tben t,egan to eceun~te indicating t.h8t a dnal 
channel nE1ectrojeotor" voul.d ba--re to \\e' uee.d in order to all.ow 
enough time tor injector nlve -operation. Thie report coven 
only the work done by Department 8$4 in designing ar¥i testing 
various models o! faster acting injector valves. , : 

' 
The 111B.jor work done by Department 8S4 waa on the ·trigger 

selector unit and ie covered in a report being writ~n by Depart,.. 
J?ent.s 8)2 and 7$1. 
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fuel !njeotion - Berdix Elect rojector- - l)e,re'.lopinent ot 
Injector Val~s 

To teat and study vsrlow. \'.:OfllPOO!>..Dts ot t1;:;i r,>:opo~od 
Bendix •.Electroject.ortt :sys tern to detenr.1oe '.lf the unit. 
was basically so:ind and ccnld be developed to t\lnetion 
satisfactorily. This early work wne prinarily confined 
to the injector val-re b$cause it vu town to be totally­
inadequate . 

. . 
~ investigation revealed it7-lediately that the injector 
valves were not operating tast enoogh or accurately 
anough to allou a singls chnn."lel sy:,tel'l. VO'rk was con­
centrated on df!"sign:.ng a faster open;ting valve • 

lt vu al8c towad that extensive tenti~ would be required 
on all electrical eot90nent.s to eee if they could r .. eet 
design requirements. ~sting of the vslvas vas only ono · 
phase ot t.ll8 il:rre$tiption dt:ri.ng th18 period. . . , 

'l'vo valves were de$1pd ~,. th! Prod\lCt Dewlop,ont Lat:­
or• tory (854.) desigr.ated in thi! Npot·t as "!" anti "'B"• 
Further dtf~lopinen:t of Uiefe valves cou1d h!.l'! rt".e1tl.tod · 
1b a vlne that. 1tocl111teet all Nquirtrment., of tho systftr.i . 
Develop:nent wrlt w&& eto;,i;-ed vhen a Telve and. duol channel 
i.-yste11r designed. by Bendix vae l-eceived am preliJTd nary 
tests indicated it would be satisfactory. Develo~t 
til'oe was then di V9rtA3d t.o another major problelll in the 
s,eteo; that ~~. t.be t.riggei- e~lect.o~• 

~ ·' . . ~ -· 
'nlr. &arl ~st. version ot the ~ndix "Electrojector" iuel 
1njecticn e)'Btem consisted. or t.he tell.owing un1.te i A 
trigger ilelector, single channel modulator box, sensing 
units and injector valves . At\ electrical pulse , caused by 
breaker points cloeing, trlgg~:rs a o~le ehot mu.ltivibrator 
l9ai.ted in i;be Jrt,dulator box. The 'bi-eakal' pointtl were 
first located in a epe.car ring pl.seed be tween the engine 18 
distri.bu..tor cody and oap. This spacer is called the 
trigger selector and has on its inside diaJ11eter, netal in­
serts which are $),ect.rieall:, connected to each injeot,or 
Ye.lYe sep:tr&tsly. A rotating bZ'U3b· supported on a dia­
tributor &hatt extension contacts the s.,acer netal in­
sel'ts ·for proper timed injection detaminad by t.hB cl.oeing 
of tbe breaker )Cints. .: • 

t 



REPORT NO. lf-5U.28 

,. 

• 

. . .. . ·,· .· 

la~r it w.s tound that a dual channel ~te111 wae nec-
3S~U'1 1n ord6.r to allow enough t.im tor inject.or Taln 
~ntion. The t-rigger select.or vu then 41,voreed h01ll 
the 1-t,:ti.t.ion dist:ribut.or and mde a eeparat.s urdt drlnn 
tra. a. geared power tap-oft~ 'tho 1f.,'llit1on ~tri.bU;tor. 

The multirlbret.or sete up a pu.ue the vidt.h of vldch ti 
determined by the sensing units retlecting engine con-
di ti on., . The sensin{: units are w,ed tor detecting eoeine 
temperature , mani.!'old vacuwn, altitude compenution., idle 
?'rl.xture and acceleration enrichment control. The deter­
~d pulse vidtb is then ar.ipll!ied and through the sel­
ect.or portion of tbe trigger selector unit delivered to 
too valve. The valve u open for the duration of the 
pulse ao:t fuel wx:ier 20 pd injected into the intake l'llani• 
told. The fuel and air mixtUX9 thee enters th$ cylirder 
throueh tbe intake V"alve an:i are compressed arxi ignited. 

The duration o! the pulse could be varied from 1.0 to 4.5 
msec. With the dual channel, depending on the engine :re­
quirements at that instant. '!be control on the amount or 
fuel ia psrt.ly determined by the speed of the .valve open­
ing and closinl;. The c,:-igi.nal investigations on the open­
ing am the closing of the val~ revealed that the valfll 
ves held opE,n £'ro:n 6 to 10-mllieecoms s.tter completion 
or the electrlc pulse. Tests were started to t.r.r and re­
duce the clos~ t.ue !ran an average of 8 ~ec. to an 
average of Oe8 msec . 

. . 
The first Be"¥ilx S&ll.Ple valves we%'e solenoid cype. It 'WR& 
llllide up of t...,-; .f.'cllO'.rl.oC perts, 175 tu:-n coil J!IOUilt.ed on · 
a stainl.ass steel tube with two stea.l ends_ plunger V"ith .a r 
qylon tip, seat f-,r tbe pl\tnger., spring and a pole piece 
which controlled the move~nt of the µunger. When th$ 
coil was energited, the pl~er would u.ov£ up ag:e.inst the 
pole piece openillg the seat tor fuel to enter• When the 
pulse vas cQQPleted., tbe spring would 11tow the plunger T 

back into position vi th t.be cylon tip closing in tbe seat 
and cutting oU the tuel. SUR>l¥• 

t .., ' ' '. 
l'.n ·order t,o detenai.ne Ute closing and opening ot the valve 
11ri.th relation t,o the oscilloscope pattern., a circuit WBB 
set up whereby the movement ot the plunger was traced on 
the oscilloscope by use of & linear ~veme.nt transducer. 
Using a dual channel oscillascope enabled the valve elec­
trical pulse and the J)l~r movensnt to be studied in re­
lation to each other. FigUM l 'shows the tvo patterns and 
what conclusion., vere made from this taet. Interest in the 
total closing t~ for the va;tve was tbe main issue ot this 
investigation. , ,. -: · ". . · .: b 

' . . , 

~ difficulty or the· vslv; cloiing.; 'attril.)uted mai~ 
to eddy current.a ·set ~ in the magnetic circuit oft.be 
•ralve . Two l48~hods ot approach ~re used to detend.m 
what could be done far ehort.ent.r.g tl\e closing tim, OM 

' ... 
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· • · tru t.o rework tbs valve l"!Y int.arcia~ing parts , -etfectivaq 

increaslnr, the air gap am slotting the componen-t.e 9f the 
. va1w. Thia wu done- 1n·a step by atep method to aoe vbi.cl) 

· . ~· -~-·., one haci_ 'ihe greatest tt!eet mi the ~ c_urrent. -loes&a. The 
other VB8 to design a v-alve -that vould 111eet ~ N<{Uircmente ' 
specified_. . ._ . ., , · - · ; ", . -i. 

~ eample valves were recei~d ft>om Be~dix. !be avenge 
closing ti.Ire for these val YeS was 9.0 Jll8ec . vitb one valve 
havi~ a low ot J.O wseo. This valve vu selected~ the 
one that would be used as a teat saple. 'The pl~r, 
spring am pole piece ttere interchanged with o~be:r valves. 

· No noticeable dif!'erence was obse~. · 

· The mxt · step was t.o -r-ettuce, the. 11tetal to r:etal. ~ntact ~t 
the plunger with the pole piece. Two types ot i.nsuhtion · 
were used to achieve this on the contact surface or the 
plunger. A sMall disc ot wlar (.001 t.ldck) uas cemented , 
on the plu."lger surface . !bis ertecti'V'ely changed tM • 
average closing time to ,.o ~ec. A siJ,i.oon ~~q>O\lnd ,D.c. 
~ was also tried on the plunger; This pJ:'OVE!d eucees81'ul 
from the s taruipoint of reduci~ t he closing time b1,1t ~ 
material i ts elf could net take tm pourriing. , > -~ •· '. 
the outside hcusing ot ,tbe valve was· also c;,ha~d to see 
vbat effect this 1.'0uld have on tbe· vaiw, • Tt,0, enangea were 
tried, one was using brass and the otter e C4rmut baee ptwn .. 
olic housing. 'The closing time waa reduced ¥ the nlve ~ 

i • ' 

oper2t1nn was e.!fected. by aey magnetic metal 1n contact with 
its surf ace. 'I!li., ~tal would change the ope~ and the 
cloi,ing time. The res~ts vare not too eatis'tacl.017 .. -:' 

f .J,_ 1 ~!~... ~ ';._ <r ....,_ ~- _,,, > \ a 

Although s ome or the abm teste helped t o .reduce the ~losing 
time ll:Q. one valve, on anotlytr valYe the use alteration '; _ 
would not ~ as effec tive. lt was decided that a mw ae-. 
signed ~lve should be tried. . Thia val'n! _would ~orporate 
what was helping to decrease' the clasing time in other teste 
arxi also include the use ot di:ftenurt. iaetals tor its oompon­
ent parts . All the metals used lfOUl.~ be· t~'?S! ia,~ • . high 
resistance to edey current$. _ • ' ·. ~ •: · , . ~ . • \ . 

,. ~ • • ,:_ ~ ' "\ • ~ f ,_ ~~ 9 1.. .' • •:_ • ;,.- ' ' • • ." 

Four valves ve:re designed and tried 1:n order to oee their .. · 
effectiveness on the closing ti.Jne. Di.ag,ralllS o? the valves 
ere shovn in Figures 2, );i 4 and S. 1be !ii-at diss1m. Fig. 21 
US9d the p1u.nger, spring, · seat and l)Ole piece troni the orig-
inal liendix 'Valve. The .11agnetic circuit was laminated trc.r:i 
silicon steel oehere tor the purpose ot rechici.ng the niag.netic 
:tield l osses . 1'he second dee!~ changt.d t.1:19 pole piece ··•ad . " ·· • 
used a disc type pluger~ See rig.' 3. , 1he '&aai~f ae.sign was the .• . 
same as that of Fig. 2. 'i'he deaign ot Fig~ 4 was baaed on 
using a different mgnetit: ;lron and a cylindrieal magnetJ.c 
circuit. It l:lsed a d.1.sc type plunger. )"lg. _5 was t he a-a.me 
bMic design but the JDagnetie_iron vas c hanged to a honeshve 
type and a di,.•rerecn.t sp.riag de~ign,.~ · .. · , ., , . · ~ , :. 

• • .,_ ~ • , ¥ !f.~4~tjl "-"': ', ,. ~ -"f l J ,• I l..l, 

... • ,,f t.' i: ... 1-:,...,,.. ~ ~' .... ~\. • • ' ...,,, . -
·~ ~-~i,;,~-"-i-J;f,;: ·r:,, -~i;•H'/\4,'-"' ~-~'!>.". '. l t • ' 

-'i 'lti.: :W;~1•1 l,('r .. - " • ., , J .,. 
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'l'he Aagnetl.c circU1t.. ot thia tint design, 8$4-1• wu 
~ or l.aza1 naT..ed silicon tor tche ~e ot rodllC~ 
edq currents. ~ault.a in1icat.ed an averngo cloeirw 
time of l.J Jllltec. w~oh etill was too high. Further 
t.eet:ng and design eha::;gee voald ~ -~ui.red. 

~ 

The eecord design, 8S4.2, revorked the pole piece and uaed 
a dieo type plunger. Tl:e reault.6 of this test were not 
too det'inite eince the spring used vas too light and exces­
sive bounce was experienced. The dis~ tn,ie plu~r did 
reduce the cl-00ing t!J:s to an average ot .6 ,i.,ec. Thi8 tell 
within tbe limits required bot a new and beaner diac vould 
have to be t rled. This was aehieT&d by rede.signizlg the 
entire valve. · 

• 
The third desicn 1(8.8 -deaignat.e'd 11A" anl ie snCMa bf Fig. u 
arxi calculstions flJ.•. 'nu.a val.Te uaed a cyllndrioal type 
cagnetic circuit Yi th a diec typo pl~er hn1.tV$ a be!d­
spherical eeal. 'lb• fourth ~ign w-s sil:iclt:r to •1.• am 
is ahOIIIl in Fig. S and calcul..,tions 11B11 • It used the eruie 

· plUJ"l.ger but had a horseshc,r type mognetic circuit. Th& 
oe~l.8 used for the l:Mlgn&tic circ'11t ot these valves vu 
~loy, Hypernik, S111con am Arn::o • 

• 
The result.a trom these tests were ..-ery eigni.f'1cant. 1ba 
closing and opening tin tell with.in the range that was 
required. .rurt.her de11el~m tor t.h1a val.,-e would give 
a sat.isfecto1')' production version tor the sy.,tem.. Test. 
wore concluded atter a JA"C)duction version ot a Bendix 
designed valve lfd tested ancl prellminaly teats vere aatis­
tactor.r. Attention vaa al,c required on anot.har co111ponent 
o! the !YJStem that was lJl trouble • .. the trigger selec tor. 




