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l. ABSTRACT. 

The multi-engine synchronizer herein described was 
developed by t he Naval Research Laboratory at the request of the 
:Bureau of Aeronautics as a result of tests conducted by the Naval 
Resezrch Laboratory e.t the lfavtl Aircra.ft Fc>.ctoi:• in August 194,2. 

This unit was built at the Naval Research Laboratory, 
installed in a navy XPBU-1 seaplane and tested both on the ground 
and in the air at Philadelphia during August 194-3. 

2 . IUTRODUCT I 011. 

In an effort to minliinze maintenance , a purely mechanical­
electrical system was devised. Rouever, the possibility that this 
system might be used TTith hydraulic controlled propellers as well 
as the Curtiss electric, rras kept in mind. 

The system adopted, operates on a principle of speed 
rJe.tching rather than the conventional frequency or voltage matching 
devices. 

The elements consist of a governor controlled master 
motor; a set of differential contacts that are driven on one side 
by the master motor and on the other side by an indicator motor 
\7Mch turns at one half engine speed. A mechanical di therinG a~ 
r ongernent wns incorporated b~ rrhich maximum sensitivity could be 
obtained. 

The differential contacts control the propeller pitch 
by means of relays. In conjunction \rith the dithering mechanism; 
incremental o,djustnents are made ~hen the propellers are near syn­
chronism and continuous correction 1s applied rrhen there is a l arge 
difference in speeds. 

A block schematic of the system as tested at the Naval 
Aircraft Factory is shorm in Plate l. 

3. G~lCRAL IESCRIPTION. 

Master liotor - Tl,e master motor is a series wound direct 
current motor which is po~ered from the ship's twenty-four volt direct 
current system. 

Governor - This governor is of the high-speed hunt type. 
Centrifugal weights operate a push rod which in turn operates a 
vacuum contactor. The force on the push rod is controlled by a 
screw lmob arrangement to vary the set speed of the master motor. 
The vacuum con tac tor s:·,orts a resistance. in series rri th the raotor • 
thereby maintaining a balance between the centrifugal weights and 
the screTT knob. In this manner the master motor is held at the 
desired speed. 
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Tachometer Indicator - The tachometer indicator is a 
standard Mark V indicator head geared to the master mctor she.ft to 
indicate the roaster motor and synchronizing speed. 

Dithering Mechanism - The dithering mechanism hai:; two 
gears, slightly different in diametric pitch, which are driven by 
the master motor. These 6 ea.rs in turn drive a ca:,1 and cam follorrer 
respectively. This gives a periodic fluctuation in the speed cf the 
rotating shaft driving one side of the differential contacts. 

Di fferential Contacts - The differential contacts are 
nounted on t\7o discs. On the disc beinG driven by the dithering 
mechanism, there are tTTo contacts. The second disc is friction 
driven by the shaft of a tachometer indicator motor. This disc 
has one conte£t which uill oake one or the ot~er contacts, depending 
on uhether it is being rotated above or below sync~ronous speed. One 
of t'10 contacts on the f i rst disc is connected to the increase 
prop pitch rel ~ and the other to the decrease. 

Prop Pitch Control - The prop pitch control system is 
operated by the differential contacts which increases or decreases 
the pitch of the prop depending on u~ich side of sync3ronous speed 
the engine happens to be. As the engine a':,proaches synchronous 
speed the dithering begins to funct i on and brin~s about the phenom­
enon knovm as notching. The object of this notchin~ is to suppress 
hunting where small changes in F.PM are desired. 

Tachometer Motor - The tachometer motor is a standa.rd 
111c V tachometer indicator uith the dial head removed. This r.iotor 
drives one side of a set of differential contacts thru a friction 
clutch. 

Tachometer Generator - The tachometer generator is a 
standard Mk V tachomete r generator and is mounted in the accessory 
section of the e;1gine to be controlled. It tu.rns at one- half engine 
speed. The output from this generator drives the tachometer notor 
so that the @otor also turns at one-half engine speed. 

4-. IHSTALLATIOH. 

This engine synchr onizer v.as installed in the XP:Bl:;..2 
(~rtin i:ariner) a.t the Ne.val Ai r cr~.ft Factory, Philadelp:1ia for 
ground tests and flight tests. 

5. .m::svLTS OF TESTS. 

After installing the synchronizer and phasing out the 
various circuits, i t was ground tested. The starboard engine syn­
chronized rrith very little difficulty and locl'.:ed in nicely, but the 
port engine uould hunt. 'ftlls hunting which occun-ed during the test s 
of tMs sync::ronizer oight be 2.ttributed to over-sensitivity of the 
carburetion system. 
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It was attempted to ascertain the c:use of this hunti;1g, 
but no favorable results were experienced. 'l'he brake on the prop 
pitch control was overhauled. The tachometer ~enerators mounted on 
the engines T1ere changed around. The starboard synchronizing system 
'17as chan6ed over to the port engine and still it hunted. The c~se 
for the ~ort engine hunting while the sterboard engine locked in 
TTas never ascerta~ned, but nas attributed to the difference in char­
acteristics of the two engines. The Naval Aircraft Factory M2.inten-
2.nce Personnel later detennined that the carburetion system of the 
port ongine was incorrect . 

Th~ hunting condition nas corrected by putting pilot 
relccys in the circuit r.ith tine delays. The sensitivity of the 
system ~as decreased by using this m€t~od, but the two engines locked 
in e.t synchronous speed. 'Th.e:i the synchronizer Fc.S flir.;ht tested 
under these conditions, it locked in; but it synchronized a bit 
slouly a..nd locked in c.bout 50 RP"t.: above master motor indicator 
speed. It was found th..<tt t:.:e inc'j c •• tor motor• s pull- in torque '\7as 
so small that the motor ran as an induction motor 1.1i th a 50 R?i; 
slip. T:1is condition was corrected by dccreasins the load.inc on 
the indicc.tor motor shaft. The time delay r nleys used a condenser 
in parallel ~ith the coil. The condenser size required vas so 
large in capnci ty th;;,t eloctrolytics hll.d to be used. At high alti­
tudes the capacity of oloctrolytics drops off to nothint,; duo to the 
decrease in tempcrpturc. The slugged relays that TTOro ordered for 
t l-1is :purpose cl'mc in, but yrcrc not as si1ccifiod i n tho contre..ct. 

Tho slu6ged relays rrcrc installed, and a choppor ,ms 
incorporated. i7hon the synchroni zc r ,ras flight tested this ti,10 , it 
synchronized perfectly, but slouly. 

Tho Laboratory rccomncnds that tho Bureau of Aeronautics 
obtein ~ suitable source of □e.nufncturc for pre-production or pro­
duction units and introduce this propeller control unit for a s0r­
vico test as soon as practical. 

As a result of tho tests it ,ms found tha.t by some re­
designing it TTould be possibl- to grectly increa se the speed of 
synchronizing. It 1s possible vri th this syst.::i1 to construct e. four 
enGino synchroniz- r of one- fourth to ono-third tho sizo sho,m in 
Plate s 2, 3 and 4 and ui th a maximum m~ight of t;10lvc pounds for tho 
cooplot .... unit. 

Drawings suitablo for use in production aro noTT being 
made at tho Haval Research Labora.torj a.nd will bo compL .. t -d about 
th.:: middle of Octob .... r, 1~+3. 
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