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ENGINE 

DESCRIPTION 

GENERAL 

The L 385 truck is fitted with a direct-injection Diesel engine with type designation 

D 67 A. It isa six-cylinder overhead-valve in-line engine with wet cylinder liners. 

The greater part of the combustion chambers are in the crowns of the pistens as shown 

in Fig. 1-6. 

The engine block and the upper part of the crankcase are cast in one unit in which the 

replaceable cylinder I iners are fitted. The engine has two cylinder heads with two 

separate rocker arm covers. 

The induction manifold together with the throttle housing and the air cleaner are fitted 

on the right side of the engine. The exhaust manifold is fitted on the left side of the 

engine. 

The auxi I iary drive gears are fitted on the front of the engine and are protected by a 

casing. The fuel injection pump is driven from the auxi I iary drive gears by means of a 

shaft. 

The vacuum pump which is fitted on the right side of the engine is driven from the 

auxi I iory drive gears by means of o seporote geor on eorly production engines. On late , . 

production engines the vocuum pump or compressor is driven by means of a bel t from 

the cronkshoft pul ley. 

. . , :· . 
·r • 

The cylinder bore is 104.77 mm (4.12511
) stroke 130 mm, (5.118") total displacement 6.73 

liters (410 cu. in.). The compression rotio is 17:1. Maximum output is 115 b.h.p. at 2400 

r.p.m. Output ond torque curves are shown in Fig. 1-1. 
.. 

The series and production numbers of the engine ore stamped on a plate attached to the 

right side of the engine obove the generator .. 

The engine is mounted in the chassis on six rubber blocks in order to reduce vibration to 

o minimum. 

CYLINDER BLOCK 

The cylinder block (37, Illustration 1-A is mode of cast-iron and is cast in one unit with 
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the upper part of the cronkcase. The cylinder block is fitted with replaceable, wet-type 

cylinder I iners which ore directly flushed by the coolont to ensure the most effective 

cool ing of the cylinder wol Is and pi stons . There ore dri I led channels supplying oi I to 

the mo in beorings and the connecting rod bearings, the camshaft bearings and the auxi I iory 

drive gears. Both the camshaft beoring recesses and the recesses for the upper mo in bearing 

shel Is are cast directly in the cylinder block. There are three inspection covers for the 

push rods, the middle one of which is fitted with a breather for crankcase ventilation. 

CYLINDER LINERS 

The cylinder liners (125, Illustration 1-B) are mode of special-alloy centrifugally-cast 

material and are flanged. The flanges rest against shoulders in the cylinder block. The 

cylinder I iners ore reta i ned in position against the shoulders by the cylinder head. Th is 

simple system makes the cylinder I iners very easy to replace. Seal ing between the cylinder 

block and the I iners consists of two rubber rings at the bottom (0-rings) which are fitted 

in grooves in the cylinder block. At the top the liner is sealed by the cylinder head 

gasket since the upper part of the liner has been designed in a special way and by the 

fact that the I i ner flange is at a certain level above the cylinder block surface. 

PI STONS 

The pistons (5) are mode of light-alloy and ore fitted with three compression rings and 

two oil control rings, the lower of which is below the piston pin hole. The piston pin 

projections are robust ly reinforced as is also the crown of the pi ston in the top of wh ich 

the greater part of the combustion chamber is located. 

There area number of holes drill ed in the bottom of the oil control ring grooves round 

the complete circumference of the piston. 

PISTON RINGS 

A set of pi ston rings consists of three compression rings (131 , 132) and two oi I eon tro I 

rings (127, 130). The upper compression ring on each piston is chromed. Beth the lewer 

rings er ei I centrel rings scrape eff mest ef the eil which is thrown up ente the cylinder 

walls while the engine is running. Only a very thin film ef eil is left te lubricate the 

cylinder wal Is. The eil contrel rings are designed for this purpese with a greove reund 

the complete circumference anda number of heles passing threugh te the inside ef the 

rings. Since the pisten itself has cerrespending holes, excess eil runs threugh these holes 

back to the crankcase. 

PISTON PINS 

The pisten pins (84) are mode ef cose-hardened steel. Due to case-hardening, the piston 

pins have a hord wearing surface but the core retoins its toughness, the result being great 

durabil ity. 
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Fig. 1-1. Oulpul and forque diagram. 
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5. Fuel injecfion pump 
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Drain cock for cooling system 
Oil filter 
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12. lnjecfion pump drive gear 
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14. Vibration damper 

Fig. 1-2. Engine, leff side (D 67 A, early producfion). 
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4. Rocker arm cover 
5. Air cleaner 

6. Pla le showing valve cl earance 
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Fig. 1-3. Engine, righl side (D 67 A, early produclion) . 
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Fig. 1--4. Engine, righl side (D 67 A, late produclion wifh 
compressor). 
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Fig. 1-7. Vibration damper. 
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Fig. 1-5. Engine, left side (D 67 A, late 

produclion wi lh compressor). 

Fig. 1-6. Combusl ion chamb'er and injeclor. 
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Fig. 1-11. Oil slraine r. 
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Fig . 1-13. Lubricaling oil pump. 
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Fig. 1-12. Oil relief valve. ..., 

11. Driven gear 
12. Slolted pin 

1. Cyl inder block 13. Washer 
2. Bushing 14. Spring 
3. Plunger 15. Ball 
4. Spring 16. Bushing 
5. Plug 17. Pump shaft 
6. Washer 18. Cover 
7. Plug 19. Altaching boll 
8. Plug 

----



Fig. 1-10. Lubricaling systern, 
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At operating temperature, the pisten pins have a floating fit in both the pisten and the 

connecting rod. The fit in the pisten, however, is so close that under normal conditions 

there is no sign ificant movement. 

The pisten pins are retained axial ly by means of two circl ips fitted in grooves at the end 

of the pin. 

CYLINDER HEADS 

The engine is designed with two cylinder heads (35), each of which covers three cylinders. 

The cylinder heads are mode of special-alloy cast-iron with a high degree of heat 

resistance. The special steel valve seats which are shrunk into the cylinder heads are 

replaceable. In order to obtain efficient cooling of the exhaust valve seats there are 

jets pressed into the cylinder heads which direct a stream of water towards the exhaust 

valve seats. The fuel injectors are fitted in thin copper sleeves which are directly flushed 

by the cool ing water ensuring very effective cool ing of the injectors. The induction and 

exhaust channels pass out through each side of the cylinder heads. 
$ 

The valves, rocker arms and rocker arm shaft are located in the cylinder heads. There is 

one rocker arm shaft for each cylinder head. These shafts are each carried in three 

bearing brackets. The valve guides, which are pressed into the cylinder heads, are 

replaceable. 

CRANKSHAFT 

The crankshaft (61) is mode of drop-forged special steel which has been given a hord 

wearing surface by means of induction hardening. 

The crankshaft has been very careful ly balanced both statical ly and dynamical ly. It is 

carried in the crankcase in seven main bearings, the centre one of which serves as a 

guide bearing. Dr il led oi I gal leries carry oi I from the main bearings to the connecting 

rod bearings. The reor end of the crankshaft is in the form of a flange onto which the 

flywheel is attached by means of six bolts. 

At the front end of the crankshaft there isa gear keyed on which drives the auxiliary 

drive gears. In front of this gear there isa hub onto which the vibration damper and 

crankshaft pul ley are attached with bol ts (early production engines hatl the vibration 

damper fitted with a fixed hub which was attached to the crankshaft by means of a key). 

The vibration damper (69) on early production engines consisted of two halves with a 

rubber surface between into which the halves were attached by means of vulcanising. 

On late production engines a fluid type vibration damper is used. 

The torque influencing the crankshaft varies periodically in both strength and direction. 

lf the torque comes into reasonance with the natural period of vibration of the shaft, 
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very great stresses eon occur with risk of breakage on the crankshaft. Torsional vibrations 

are particularly dangerous from th is point of v iew. When these occur the cronkshof t is 

twisted backwards and forwards about its axis. 

In order to el iminate these vibrations, the above-mentioned vibration damper is used. 

This dampens the torsional vibrations and ensures that the engine runs smoothly and 

quietly. 

Late production vibration dampers (see Fig. 1-7) consist of a housing in which a certain 

mass moves. This mass is carried in a bearing on a bushing in the center and on al I other 

sides it is surrounded by a I iquid (sil icon). The vibration damper is attached to the 

crankshaft by means of a hub. When the crankshaf t shows a tendency to suff er from 

torsional vibrations, the mass in the vibration damper moves backwards and forwards 

relative to the cronkshaft, the result being that the crankshaft operates with hardly any 

vibration at all. 

In the case of the early production vibration dompers consisting of o hub attached to 

the crankshaft anda mass vulcanised onto rubber, the mass operated in a similar 

manner. 

MAIN BEARINGS AND CONNECTING ROD BEARINGS 

The main bearings and the connecting rod bearings (51, 62) consist of bearing shel Is 

of steel with cast lead-bronze surfaces. The bearings are precision-manufactured and 

should be fitted without being filed or treated in any other way when the crankshaft 

has been ground to a suitable undersize. 

When a standard crankshaft is fitted or the crankshaft has been ground down to a 

pre-determined undersize, the correct bearing clearance will automatically be obtained . 

CONNECTING RODS 

The connecfing rods (83) are mode of drop-forged, case-hardened special steel with a 

H-section in order to obtain the greatest possible rigidity and the lowest possihle weight. 

The lower end of each crankshaft consists of a recess for the connecting rod hearing 

shel Is. 

In order to make possible the removal of the connecting rods through the cylinder bores 

the bearing caps are divided diagonally. The axial forces occurring at the division are 

taken up by means of axial spl ines. 

The upper end of the connecting rod is in the form of a head in which the piston pin is 

carried in a bushing. 

A drilled ~hanne! from the connecting rod bearing recess to the head of the piston pin· 

This channel carries lubricating oil from the connecting rod hearing to the connecting · 

rod bushing and lubricates the piston pin. 
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FLYWHEEL 

The flywheel (48) is mode of cast-iron and is attached by means of bolts to the crankshaft 

flange. In order to ensure greatcr durability, the flywheel is completely fi11ished. It has 

a lso been accurately balanced both statical ly and dynamical ly. The ring gear is shrunk 

onto a shoulder on the front side of the flywheel. 

The following gradations are marked on the flywheel: 40°, 30°, 20°, 10° before T.D . C., 

as well as 10° and 20° after T.D.C. fo r cylinders 1 and 6. 

CAMSHAFT AND CAMSHAFT BEARINGS 

The camshaft (52) is mode of drop-forged steel, is case-hardened and has ground bearing 

surfaces and cams. The camshaft is carried in four, replaceable camshaft bearings. It is 

retained in its position by the forward bearing which is fitted with a flange. The flange 

is attached to the forward end of the block by means of two bot ts. 

The camshaft is driven from the crankshaft through an idler gear. 

The camshaft bearings (53) are mode of steel-backed soft bearing meta I. Af ter being 

pressed in they have been finished to close tolerances . 

AUXI LIARY DRIVE GEARS 

The auxiliary drive gears (68, 77) are fitted on the forward end of the cylinder block. 

They are covered by a protective casing. 

The gear fitted on the crankshaft drives the camshaft and the fuel injection pump through 

the medium of an idler gear. 

The vacuum pumpor compressor, depending on which brake system is used, was driven on 

early production engines from the camshaft, the pump gear meshing with the camshaft 

gear. On later production engines the compressor and the vacuum pump are driven through 

belts from the crankshaft pulley. In order to ensure as quiet operation as possible, the 

auxiliary drive gears are helically cut. 

VALVE SYSTEM 

The valves ( 11, 12) are fitted hanging in the cylinder head and are operated from the 

camshaft through the val ve I ifters ( 123), the push rods and the rocker arms. The valves 

run in replaceable val ve guides. The rocker arms (92} are fitted with adjuster screws 

(90) permitting adjustment of the clearance between the valve and the end of the rocker 

arm. The rocker arms are carried on two shafts, one on each cylinder head, each being 

carried in three bearing brackets. Lubrication is carried out by means of oil which is 

forced from the camshaft bearings through channels in the cylinder block and cylinder 

head to the rocker arm shaft. 
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The volve mechonism is protected by means of two rocker orm covers (31) wh ich are 

mode of I ight-ol loy. The rocker arm covers are fitted with breathers to prevent the 

condensation of water vepor which could cause rust on the valve mechanism. 

The volves ore mode of chrome-nickel steel with hard-chromed stems for maximum 

durobil ity. The exhoust valves have stel I ited seats for maximum resistance to the hot 

exhaust gases. 

The push rods (128) are mode of steel tubing in the end of which are pressed steel bolls 

and steel shel Is respectively. 

AIR CLEANER 

The air cleaner (26) is of the oil-bath type and is fitted on the throttle housing. 

The air cleaner consists of a bowl in which oil is fil led toa certain level and over this 

an element consisting of copper wool. The air cleaner is protected at the top by means 

of a cover which is held in position with a butterfly nut . 

Air is sucked in at the sides and passes through the oil-bath, through the copper wool 

fil ter and into the induction manifold. 

LUBRICATING SYSTEM 

The engine is fitted with a complete pressure lubricating system. Oil pressure is produced 

by a gear pump which is driven by means of a worm direct from the camshaft. This pump 

is fitt~d on the lower flange of the crankcase between cylinders 3 and 4 . 

Oil is sucked from the oil pan through a strainer to the pump. The oil is carried by the 

teeth on the gear from the suction side to the pressure side and then through a screen. 

filter to the main feed pipe which has branches passing to the main bearings. Then the 

oil goes through drilled galleries in the cronkshoft to the connecting rod bearings. Through 

channels in the connecting rods the oil is forced up to the head of the piston pins where 

the pi ston pins and bushings are lubricated. The oil then returns to the oi I pan . 

From the main feed pipe oil is lead through channels to the camshaft bearings. The rocker 

orms ore lubricoted with oil which is t?ken from the camshaft beorings through galleries 

in the cylinder block and cylinder head toa nipple in each cylinder head from which it 

passes through a pipe to the center bearing brocket. From here it is distributed through 

the hol low rocker orm shaft, which is drill ed, to the rocker orms . The oi I passes through 

holes and grooves in the rocker orms to the push rods and then returns to the oi I pan. The 

auxiliary drive gears are lubricated by oil from the front camshaft bearing. 

Oil Pan 

A pressed metal oil pan (58) is bolted to the lower part of the cylinder block. The oil pan · 

serves as a reservoir for the oil. In the bottom of the oil pan there is a round cover through 
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which the oil strainer can be removed for cleaning purposes. The oil drain plug, wliich 

is fitted with a magnetto collect metal I ic particles, is fitted in the center of the 

above-mentioned cover. 

Oil Strainer 

The oil strainer (56) in the oil pan on early production engines is of the float type, 

that is to say it is free to swivel and it is fitted with an air-filled container to ensure 

that it is always floating on the oil. This means that it always sucks up the oil just 

under the surface where the oil is cleanest. The oil strainer is fitted with a check stop 

I imiting its vertical movement. 

On late production engines, a fixed oil strainer is fitted. In order to eliminate the risk 

of sucking up dirty oi I into the pump, the suction pipe has been shortened so that only 

oil from the upper layers is sucked in. 

Oil Pume 

The oil pump (57) is of the gear type with spiral gears. It is driven directly from the 

camshaft through a worm gear. 

The oil pump sucks in oil through the strainer and the suction pipe leading to the suction 

side of the pump. Oil is transported through the spaces between the gear teeth over to 

the pressure side and then through the screen fi I ter and out into the oi I system main pipe. 

On late production pumps there isa relief valve built in to the cover in order to decrease 

the maximum oi I pressure in the pump . Th is step has been taken in order to decrease 

stresses on the pump gear teeth. 

Oil Relief Valve 

A relief valve (109) is fitted on the left side of the crankcase in such a way that it is 

connected with the oil system main channel and the oil pan. The valve consists of a 

spring-loaded plunger mode of bronze on early production engines and steel on late 

production engines. The steel plunger is cyanide-hardened for greater durabil ity. 

The relief valve I imits the oil pressure so that it does not reach excessively high values. 

0 i I pressure should be 3-~ kg/ cm
2 

(42-56 p. s. i.) at operating speed and temperature. 

Oil Channels ------------
Oil is forced to the oil filter from the oil pump. From here the oil is forced to the main 

oil channel in the cylinder block which branches out into channels to the relief valve, 

the oi I pressure gauge and the various I ubricating points on the engine. 

See Fig. 1-10. 

k~e~:.isE.!Ln_a.QLJ_ELI.!~!:. 
The lubricating oil filter (111) is _of the self-cleaning type. It is fitted on the left side 

1 - 9 



.. 

of the engine and is directly connected with the oil channels. The incoming oil passes 

through a screen filter which trops any impurities. The screen filter is cleaned by means 

of a scraper mechanism actuated by the handbrake I ever . lf the screen fi I ter shou Id be 

blocked by impurities for some reason there isa by-pass valve which opens when a 

certoin resistance is encountered and allows oil to pass directly to the outlet channel. 

The by-pass valve which consists of an inlet channel, an outlet channel anda spring-loaded 

bore, is fitted in the oil filter cap. There isa drain plug in the bottom of the oil filter 

to drain off impurities. 

Crankcase ventilation 

In order to prevent water vepor and the gaseous combustion products which may leak post 

the pisten rings from having a damaging affect on the lubricating oil, the crankcase is 

fitted with a breather . This consists of an evacuating pipe on the right side of the engine 

as wel I as the earl ier mentioned breathers on the rocker arm covers. Each of the breathers 

is fitted with a filter. Air passes through these filters into the rocker arm covers and 

then through the push rod channels down into the crankcase where it combines with 

the other gaseous products and passes out through the evacuating pipe. 

FUEL SYSTEM 

The fuel tank hasa capacity of 120 liters (32 U.S . gal lons) . It is mode of sheet metal 

and has been leaded efter manufacture. It is divided up by means of splash plates in 

order to avoid excessive movement of the fuel during travel and to prevent the feed pump 

from sucking in air when the fuel level is low. 

The suction line from the fuel tank is fitted with a strainer which trops larger impurities 

as well as ice crystals wh ich eon form at extremely low temperatures. 

There isa drain plug in the bottom of the tank to dispose of any sludge that may form. 

The passage of fuel through the system eon be seen in Fig. 1-16 . 

E!:!~L.f ~~9.P..l!.~e 
The fuel feed pump ( 105) is of the plunger-diophrogm type. The type designotion is 

CAV DFP 3/7 and it is used together with eorly production injection pumps CAV type 

NL 6 E 75/91 and late production type NL 6 F 75/91. 

The function of the fuel feed pump is to suck fuel from the fuel tank through the pipe 

(1, Fig. 1-16) and then pump this fuel through the fuel filters to the injection pump. 

lts capacity is so designed that the amount of fuel pumped considerably exceeds the 

requirements of the injection pump. The excess fuel is lead through an overflow valve 

a nd then through a retum pipe (8, Fig. 1-16) back to the fuel tank. In this way 0 

continual air-venting of the fuel system is carried out. 

1 - 10 



-102.56 

Fig. 1-14. Lubricaling oil filter. 

a. Rel ief valve closed 
b . Relief valve open 
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Fig. 1-15. Breather. 
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Fig. 1-16. Fuel system. 
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Fig. 1-17. Sucfion stroke. Fig. 1-18. Pressure stroke. 



The maximum pressure of the fuel feed pump is about 1.5 kg/cm2 (21 p.s.i.). lf the 

back pressure in the fuel system should exceed this value for some reason the fuel feed 

pump ceases to operate with the result that excessive pressure increases are avoided. 

The fuel feed pump is fitted with a hand primer pump. The purpose of this is to enable 

fuel to be pumped to the fuel filters and the injection pump when adjustment work is 

being carried out. 

The function of the pump is as fol lows: 

The fuel feed pump diaphragm and plunger are influenced by a lever driven from an 

eccentric cam on the injection pump camshaft as wel I as by a spring. 

The fuel pump suction stroke (F ig. 1-17) commences when the pi unger-diaphragm is in 

its outer position. When the eccentric cam pushes down the outer end of the arm, the 

plunger-diaphragm is pul led inwards, the inlet val ve opens and fuel is sucked in to 

the space outside the plunger. Aided by a spring on the right-angle lever pin, the arm 

then fol lows the eccentric cam whereby it is raised and the inner arm leaves the 

plunger-diaphragm push rod. In this position the push rod spring operates and pushes 

the push rod together with the plunger and diaphragm outwards whereby the suction 

val ve closes and fuel is forced out through the pressure valve. 

The maximum feed pressure of the pump is thus determined by the degree of tension on 

the spring. lf the ful I amount of fuel fed by the pump is not used, the plunger and the 

diaphragm stop in the ful ly out position until the engine requires more fuel. 

While the engine is running the plunger-diaphragm operates with a certain stroke which 

corresponds to the amount of fuel consumed. The length of the stroke carrie d out by the 

plunger-diaphragm is a few tenths of a mil I i meter, in other words it is more or less a 

form of vibration. 

For manual pumping there is an externa I lever which operates the push rod through an 

eccentric cam in the same way as the right-angle lever does during ordinary operati~n. 

Fuel fi I ters 

Pre-fi I ter 

The pre-filter (110) is fitted on the pipe (1-2, Fig. 1-16) from the tank to the feed pump. 

This filter consists of a glass bowl containing a wire netting insert. The insert and the 

glass bowl are retained in position by means of a bail. A leak-proof seal between the 

cover and the bow I is otta i ned by means of a cork gasket. 

Fuel comes from the tank directly into the bowl, impurities and water remain in the bowl 

while the fuel passes on through the strainer to the feed pump. 



Fuel filters 

In order to trop the impurities which may have passed through the pre-f i I ter, there are 

two fuel filters connected in parallel and these clean the fuel very effectively before 

it passes to the injection pump. 

The fuel filters are fitted on a bracket fitted to the left side of the engine. Each consists 

of acontainer with a tightly fitting cover anda filter element. The filter element 

consists of two layers of specially-treated paper which are folded and glued at alternate 

points so that the fuel is forced to pass through th is paper on i ts way through the fi I ter. 

The filter container has an air-venting valve in the top anda dra in plug in the bottom. 

From the feed pump, the fuel is forced in through the pipe (3, Fig. 1-16) inte the 

lower filter, through this and then through a pipe (7, Fig. 1-16) to the upper filter 

outlet and through another pipe (9, Fig. 1-16) to the fuel injection pump. 

lf the lower filter is not able to allow all the fuel to pass through it, there isa connection 

(6, Fig. 1-16) between the inlet on the lower filter and the inlet on the upper filter so 

that the fuel eon pass either through one or other of the fi I ters or througl:i both of them. 

Thcre isa relief valve on the upper filter through the return line (8, Fig. 1-16) of which 

olso fuel oil from the injector leok-off line (5, Fig. 1-16) passes. The passage of fuel 

through the filter is shown with arrows in Fig. 1-16. 

When the filters have become blocked, both fil ter elements are replaced simul taneously. 

The point at which this replacement should be carried out is determined by the feed 

pressure which may not sink lower than 0.5 kg/cm2 (7 p.s.i.). 

Relief valve 

The relief val ve has two functions. One of these is to I imit the pressure in the fuel system 

and the other is to ensure that the fuel system is being continually air-vented. 

The relief valve consists of o sleeve in which a spring-loaded volve ball operates, being 

retoined ogoinst its seot by the spring. As soon as the pressure exceeds 0.6 kg/cm2 

(8.1/2 p.s.i.) the boll lifts ond fuel passes out ond bock to the fuel tank. Any air bubbles 

thot moy be present in the fuel ore olso returned to the tank. 

E~~Ll~L~~~~~.P..~e 
The fuel injection pump (Illustration 1-C) is fitted on a bracket on the left side of the 

engine. The injection pump drive shaft geor is driven from the crankshaf t gear through 

the medium of an idler gear. The fuel injection pump runs at half the crankshaft speed · 

The fuel injection pump is of the plunger type and operates with constant stroke. The 

pumping action comes from a camshaft, the cams of which I ift the plungers and the 
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Fig. 1-19. Fuel fi lfer. 

1. Gaske t 
2. O utlet connecfion 
3. O-ring 
4. A ir-venfing screw 
5. Nut 

9 6. Filter cover 
7. lnlet connecfion 
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9. Filter housing 

10. O -ring 

11 11. Spring 
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Fig. 1-20. Various feed positions on injeclor pump. 

a. Z ero feed b . Parfial feed c. Full feed 
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Fig. 1-21. Commencemenf and ferminafion of feed. 
a. Filling b. Pressure stroke commences c. Pressure stroke d. Unloading 
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Fig. 1- 25. lnjeclor. 

Fig. 1-23. Max. speed. 1. Prolecfor cover 
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Fig. 1-24. Full loading. 



plungers force the fuel out of their respective borrels. The return action of the plungers 

is token core of by meons of springs. In order to prevent uneven looding of the plungers, 

there is o I ifter mechonism between eoch com ond eoch pi unger. 

The injection pump consist-s of six pump units built into o light-olloy housing. Eoch pump 

unit consits of o plunger ondo borrel. The pump units obtoin their fuel from a common 

fuel chomber through o chonnel in the wol I of the borrel which is uncovered when the 

plunger is in its lowest position. Eoch plunger hos o hel ix leading up to the spoce obove 

the pi unger. When the pi unger moves upwords the chonnel in the borrel is uncovered by 

the hel ix ond fuel obove the plunger posses back to the fuel chomber. The omount of 

fuel injected is control led by virtue of the foct thot the plunger is rototed thus exposing 

the chonnel ot an earlier or a later point. This rotation of the plungers is token core of 

by o control rod which receives its impulse from the vocuum governor so thot movements 

of the control rod ore tronsferred to the pi ungers through o toothed segment wh ich is bol ted 

onto the control sleeve. On the lower port of the control sleeve there is o recess for the 

plunger cross-piece so thot every movement of the control rod is tronsferred to the plungers. 

The vocuum governor consists of a divided diophrogm housing, in the inner chomber of 

wh ich the control rod term inotes. There is o I eother diaphrogm c lamped between both 

sections of the housing. This diophrogm is so lorge thot it eon move severol centimeters 

in the direction of movement of the control rod. The diaphrogm is connected to the 

control rod by means of a I ink. There is a coi I spring in the outer half of the diaphragm 

housing which pushes the control rod towards the position for the ;,,aximum amount of 

fuel. The inner chamber is connected with the outer air while the outer chamber is 

connected with the throttle housing on the induction manffold inside the throttle flap. 

There is a venturi in the smo Il est cross-section of the throttl e housing and the pipe from 

the governor terminates here. The throttle flap is also fitted in the same position and 

this flap hasa recess which leaves the venturi open when the throttle flap is fully closed. 

The two outer I imiting positions of the throttle flap are determined by means of two set 

screws. One of these is used to adjust idl ing speed and the other is used to adjust maximum 

engine speed. 

The venturi has two functions. One of these is to obtain a powerful ejector effect and 

the other is to I imit the speed if the engine starts running in a reverse direction. 

When air passes the open end of the vacuum pipe, there is an ejector effect, that is to 

say the air in the diaphragm housing is sucked out and this occurs to such an extent that 

it is 2-3 times stronger than the effect produced by the air in the !arge inlet manifold. 

The partial vacuum is therefore sufficiently great to exceed the spring pressure on the 

diaphragm which then moves and takes with it the control rod towards the position for 

lower fuel injection. When the engine is running there is a partial vacuum inside the 

throttle flap. The extent of this vacuum depends on the position of the throttle flap and 
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the engine speed. Since the pipe to the pump diaphragm housing terminates on the 

inside of the throttle flap, this partial vacuum is also communicated to the enclosed 

section of the diaphragm housing where the spring is located. Due to the effect of 

the pressure of the outer air, the diaphragm is pushed into the e nclosed section and 

the spring tends to counteract this movement. 

The extent to which the pressure of the outer air presses in the diaphragm depends on 

the difference in pressure between the inside and the outside of the diaphragm. When 

the engine is idling, the throttle flap is almost completely closed with the result that 

the pressure in the induction manifold and on the inside of the diaphragm is low (high 

degree of vacuum). The resul t of th is is that the diaphragm tends to move away from 

the enclosed space and moves the control rod toa position where less fuel is injected. 

When the throttle flap is opened, the degree of vacuum in the intake monifold as 

wel I os in the diaphrogm housing decreoses so thot the spring is then oble to move the 

diaphrogm towards the pump ond increose the omount of fuel injected. The diaphragm 

follows the various positions of the throttle flap and since the control rod is connected 

to the diaphrogm, this is also moved. Any alteration in the position of the accelerator 

pedal is registered immediately by the diaphragm ond consequently by the pump which 

then gives the required effect. In order to stobilize the idling speed of the engine there 

is onother spring in the diophrogm housing wh ich is known os the idl ing spring. The 

diophragm rests ogoinst this spring by meons of o pin (idling control pin). This pin supports 

the diophrogm so thot o comporotively lorge difference in pressure is required to move 

the diophrogm. In this woy ~ny surging effect on the port of the diophragm is prevented 

thus ensuring thot the engine id les evenly. The idl ing spring is odjusted by means of an 

adjuster screw in the diaphrogm housing cover. 

There is o pressure volve fitted obove eoch pump unit. Each pressure val ve consists of a 

sleeve with a valve which is retained in its seat by a powerful spring. Both the sleeve 

and the val ve hove been precision ground ond lapped together. In order to ensure that 

the injectors close rapidly when injection is terminated, the valves are fitted with a 

cylindricol section which fits extremely accurately in -the sleeve. When the fuel pressure 

ceases during unloading, the valve is forced back onto its seat by the spring. The 

cyl indrical part then pumps backa certain amount of fuel so that the pressure in the 

del ivery pipe rapidly sinks and the fuel jet in the injector ceases immediately. 

The sleeve and the valve seat are retained in the housing by the delivery pipe nipple 

which is screwed into the housing from the top. 

Th · · · f'lter e m1ection pump hasa built-in fuel filter which serves as a supplementary safety 1 

but is not intended to replace the other filters, This built-in filter requires no servicing 

except when the complete injection pump is reconditioned. 
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Lubrication of the injection pump is carried out by means of oil in the camshaft housing. 

The cams rotate into this oil and lubricate the lifter mechanism units and their rollers. 

There isa cold storting device on the fuel injection pump in order to facil itate storting 

in very cold weather. This device consists of a cast housing bolted on to the pump 

housing. 

In this housing there isa spring-loaded thrust bolt which moves at right angles to the 

control rod. The control rod extends outside the cold storting device housing. There isa 

threaded stop screw at right angles in the thrust bolt which reaches the control rod and 

determ ines how far the rod moves at maximum fuel feed. When the thrust bol t is pushed 

in, the stop screw engages in a hole in the end face of the control rod making possible 

greater fuel feed. As soon as the engine starts the control rod is pul led back under the 

influence of the vacuum regulator whereby the thrust bolt is pushed back into the normal 

position by its spring. 

The engine is stopped by means of the stop control on the instrument panel which is 

connected toa lever on the pump by a steel cable. This moves the control rod over to 

the zero feed position and the engine stops. 

L~E.!~!:.S 

The function of the injectors (F ig. 1-25) is to atomize the fuel and to supply the exact 

amount of fuel required corresponding to the loading on the engine. In order to ensure 

that the fuel is atomized as finely as possible, injection is carried out at an extremely 

high pressure. Each injector consists of a nozzle anda nozzle holder. The nozzle is 

retained in its correct position in the cylinder head by the nozzle holder to which it is 

attached with a nut cal led the nozzle nut. 

The fuel which is forced up from the injection pump passes through a channel in the screw 

union and reaches the ring-shaped grooves in the union and the nozzle holder body . From 

here it is forced through the channel in the nozzle holder to the actual injector nozzle. 

The movements of the nozzle needle are control led by the fuel pressure as wel I as a spring. 

When the fuel fed from the fuel injection pump to the pressure chamber reaches a certain 

pressure, the needle I ifts and the fuel is sprayed in a finely atomized form into the combustion 

chambers in the engine through four precision-ca I ibrated holes in the nozzle. Nozzle 

opening pressure should be 135 kg/cm
2 

(1921 p.s.i.). 

This pressure is determined by the strength of the push rod spring which can be altered 

by means of a set screw. 

New injectors seal so tightly that fuel cannot leak past the needle and up into 

the holder but after the injector has been in use for some considerable time due toa small 

amount of dirt which eon never be completely el iminated by filtering, a certain amount 

of leakage occurs. Both the needle and the needle guide become more and more worn after 
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