


June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

Filed Feb. 18, 1944 10 Sheets-Sheet 2 
EN. 
ea 

25 

N 
6 26 IESN, a 

s NEN3, S42 N. S. 47 EEE NASA 2 
EEE NEC É2 s ENNSNS is YS N&S SE N 2 s H-62 2&NESS--(223 96-7- ENESI 3 16 ÉŠSS 3 aes-le-l a s sÉ C 67.3 NSNS a. tags. 

Ysz' a2 C We 
A5 e3 sésaa26%22 

Sg 

a Or 
s 

sa | 7. 2SSN32% 4. 3. 
W SN11) a 3- ENCES 2. %2 sea EN123N “ 

Ev %SNS 

Z26242set 
Se2 Žiž 47?ret 4 fax 

Zey ( 22 12 

  

  

    

  

  

  

  

    

      

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

    

  

    

  

  

    

  

  

  





June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

Filed Feb. 18, 1944 i0 Sheets-Sheet 4 

All 7 
Y II. 

NH 2 Ez 
2. ..i. O m 

1. It in ye765 
-479 Z45 A7 as Jazza226(77aaz %22 2722-22:/ 

4y Maze. Car?? 7ez,422/x. 

    

  

    

  

  

  



S. K. HOFFMAN ET AL 

MECHANISM FOR DRIVING PROPELLERS , 

June 20, 1950 2,512,103 

2 2 

42 

2. 

10 Sheets-Sheet 5 

2 2 

Filed Feb. 18, 1944 

2 

Zaa *sazza26. 
/27a //aa-oca Cayzer/ex, e ta. 
4-//zzcz Carr crea/4 zar Z. 
a2 

  

  

  



June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

Filed Feb. 18, 1944 10 Sheets-Sheet 6 

AC/ A5 
as: 2, 25 N 

2 2/M2 2. S 

SS 

N & 

N A33 NX - ENSNSX\s Rs7). 

2 2 

/27/27/724 
Jaz7&ez/( /o/frzar. 276/ /7%grey Za Caze arzca, 2 sea. 

4y /72 sea Carr trez, Axer/z. 

  

  

  

  

  

  

  

  

    

  

  

    

  

  



June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

N 
Ee 

Filed Feb. 18, 1944 l0 Sheets-Sheet 7 

V - E - 
- . E- ZC. 
E. E- (AA7 

E A36 EEE error-all ars 

R (C) A 
ses 2 X-d 

- - - - 232 

RE S 
E A3 

E. F. - Z7 
E E e 

- - - RO Or 
- EEE I 

T NYOoooo Y EE E. 

E - 

EE - 3 

2S S SnSS 

%NE SSSYSSYSSas 

WW (22YES 

III.ii.57% 

JR 

S 

2 

S. s. v. ŠSSSSSSy N 
SS 

J. 
2a 

N N N 

2. TAS 
Ey. ass 

25 

2S N-N 

23. A N 33,772 as N A52% 2673-768 N 2% iž3 N A55 2 %.%2 as N 

Sings 1/27/72/7 
Sazee 2/6A6/f77Czz 

Aaf E4. //arazz Carz77 extoséa. 
2, 67 //az ea Car?rary ex, af. 

  

  

  

    

  

  

  

  

  

  

    

  

  

  



June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

Filed Feb. 18, 1944 10 Sheets-Sheet 8 

ZZ (5 (D 
SE). 

A2.2 226 % E. 225 
2 2. 

4% s is 2254 
Ea 

Stry's 227 axy S N N % % 
a2 N 229 22 3 

w Nyers 

zzrezel- $2SNS 42%22 ENN, 2 

t A % N 
N 

2 

M S 

N 

Nasay 
SS S2 SS & 

m 29 

%6(2 SaaSasarsaySSaaS 

SaaSS 
2 

23 

Z2 "N, 2 2O2 2 
(z28 

SAS2.662 

2/4 trial 
X N X X W S 

% 

SNys 

s R 27%f z as 
SSSX2% as ea aaaaaate 423 
aetzeece atta 

s 25? 

Ré2 S. as SSSSSSSynay 

N 
Šs 72.4% 33 2 S C 26 1, 1 E. 34.4%, 246 77 3 Mad Aaaaay Cazezes A-2 

se g; . . . . aay/axe Caras27. 
1. 2 

    

  

  

  

  

  

  

  

    

  

  



June 20, 1950 S. K. HOFFMAN ETAL 2,512,103 
MECHANISM FOR DRIVING PROPELLERS 

Filed Feb. 18, 1944 10 Sheets-Sheet 9 

- 
SN 

S2%\ 

N 
s Š 

N N 
SSSN S NS 

- - 

14-U45szai Affa 
aza Azro (a? ear?t grzez, Assa. 
Nay //ate a dazz-762, a xery 4, 

  

  



2,512,103 S. K. HOFFMAN ETA 
MECHANISM FOR DRIVING PROPELLERS 

June 20, 1950 

ze/2, 

Filed Feb. 18, 1944 

  

  

  

  

  

    

  



Patented June 20, 1950 

2,512,103 

MECHANISMFOR, DRIVING PROPELLERS 
Samuel K. Hoffman, Willianasport, Pa., and Har 

old Caminez, deceased, late of Williamsport, 
Pa., by Hazel Caminez, executrix, Williamsport, 

; Pa., assignors to Avco Manufacturing Corpora 
; ::tion; a corporation of Delaware 
Application February 18, 1944, Serial No. 522,910 

2,512,103 

UNITED STATES PATENT of FICE 

14 Claims. 

The invention relates to mechanism for driving 
aircraft propellers. 
The objects of the invention are to provide: 

improved mechanism for driving a pair of contra 
rotating propellers; improved means for driving 
contra-rotating propellers at a plurality of speed 
ratios. relative to the engine speed; improved 
means' whereby the pilot may selectively control 
the driving mechanism for operation at different 

- Speed ratios from-the-engine; variable speed driv 
ing mechanism for the propellers which includes 
toothed slidably engageable clutching elements 
and means for controlling the engagement of 
such elements to prevent knocking of the teeth 
in effecting speed changes; a unit of improved 
construction for equalizing the-tooth loads on a 
plurality of gears-on a common shaft used for 
variable speed driving; improved torque con 
trolled means for controlling the clutch device for 
speed changes; improved hydraulic and torque. 
controlled-means selectively controllable by the 
pilot for controlling the speed changes; driving 
mechanism for contra-rotating propellers with 
Vibration dampers for eliminating the interfer 
ence effect of blade-passing and to isolate the vi-, 
brations from the remainder of the driving mech 

... anism and the engine; improved means for lubri 
cating an outboard-bearing between the shafts 

: of contra-rotating propellers; a toothed clutch 
sing device for controlling the variable speed gear-, 
ing and associated means which requires elimi 

: nation of appreciable torque in order to effect 
engagement of the clutch teeth; means for pre 
venting engagement of the clutch teeth with the 
driving gears.for different speeds. While appreci-g: 

3 able torque is being transmitted through the 
overdrive clutch: used in one of the driving gears; 

... and other objects which will appear from the de 
tailed description. 
The invention consists in the several novel fea-. 

atures which are hereinafter-set forth and more 
... particularly defined by 'claims at the conclusion 
thereof. 

In the drawings: 
iFig. ...is a vertical central logitudinal section 

of driving 1:lechanism embodying the invention, 
parts being shown in eleyation. 

Fig. 2 is a transverse. Section taken on line 
a 2-2 of Fig.1. 

Fig. 3. is a central longitudihal section through 

(C. 92-48) 

10 

2 
the main driving gear, the torque meter, and as 
sociated parts, a portion of the balk ring for the 
clutch device being shown in elevation. 

Fig. 4 is a section taken on line 4-4 of Fig. 3, 
parts being broken away for illustrative purposes. 

Fig. 5 is a section taken online 5-5 of Fig. 58. 
Fig. 5a is a detail illustrating the torque re 

sponsive ring, the driven element, and the driv 
ing balls, between them. 

Fig. 6 is a section taken on line 6-6 of Fig. 1. 
Fig. 7 is a longitudinal Section through one of 

the lay shaft units and its associated gears. 
Fig. 7a is a view of a portion of one of the lay 

shaft units, the low speed driving gear and a por 
15 

25 
'bers for shifting the balk ring longitudinally. 

30 

35 

40 

45 

50 

tion of the sleeve member being shown in sec 
tion. 

Fig. 8 is a section taken on line 8-8 of Fig. 1 
illustrating more particularly the mechanism for 
shifting the clutch device for variable speed driv 

20 ag. 
Fig. 9 is a section taken on line 9-1-9 of Fig. 8, 

parts being broken away. 
Fig. 10 is a section taken on line - - - ) of Fig. 

11 and illustrating more particularly the spring 
pressed balls carried by one of the clutch mem 

Fig. 11 is a longitudinal section through the 
clutch device and the high speed and low-speed 
driving gears with which the clutch device is en 
gageable, the clutch member being illustrated in 
neutral position. 

Fig. 12 is a view simi?ar to Fig. 11 illustrating 
the clutch device for engagement with the high 
Speed driving gear. 

Fig. 13 is a section taken on line 3-3 of 
Fig. 11. 

Fig. 14 is a section taken on line 4-4 of 
Fig. 12. 

Fig. 15 is a section taken on line. 5-5 of 
Fig. 10. 

Fig. 16 is a section illustrating the overrunning 
clutch between the low speed driving gear and the 
driving sleeve for the clutch device. 

Fig. 17 is a vertical longitudinal section illus 
trating the hydraulic device for shifting the 
clutch, the torque controlled device for locking 
the clutch shifting mechanism, the manually 
controllied valve for controlling the operation of 
Said hydraulic device, the Switch mechanism for 
indicating the clutch settings, and the valve for 
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controlling the flow of oil to the pitch governor 
for the blades. 

Fig. 18 is a central longitudinal section illuse 
trating the gearing for driving the blade pitch 
governor, the gearing for driving the engine dis 
tributor and magneto, and the automatic pres 
sure responsive device for timing the gear for 
driving the distributor. 

Fig. 19 is a detail illustrating the spline con 
nections through which the gear for driving the 
timer is driven. 

Fig. 20 is a side elevation of the gear which 
drives the sleeve on which one of the propellers 
is mounted and the vibration dampers thereon. 

Fig. 21 is an elevation of a portion of the Oppo 
site side of the gear illustrated in Fig. 20. 

Fig. 22 is a section taken on line 22-22 of 
Fig. 20. 

Fig. 23 is a section taken on line 23-23 of Fig. 
2. 

Fig. 24 is an elevation of the gear which is 
fixed to drive the shaft for one of the propellers, 
parts being broken away. 

Fig. 25 is a section taken on line 25-25 of 
Fig. 24. 

Fig. 26 is a perspective illustrating one of the 
vibration dampers shown in Figs. 24 and 25. 

Fig. 27 is a longitudinal section through the 
propeller shafts and the bearings therefor, and 
parts thereon. 
The invention is exemplified in a two-speed 

driving mechanism for a shaft 30, the front end 
of which is provided with splines 3 (Fig. 27) 
for driving the hub of an outboard propeller and 
a sleeve 32 around shaft 30 which is provided 
with splines 33 and functions as a shaft for driv 
ing the inboard propeller of a contra-rotation 
propeller unit. The propellers may be of any 
suitable construction and are usually provided 
with variable pitch blades which are adapted to 
be hydraulically controlled in any manner Well 
understood in the art. The shaft 30 and sleeve 
32 are mounted in and project forwardly from a 
gear-case which is formed of Sections and Sup 
ported from the engine which drives the propel 
ers through the variable speed gearing enclosed 
in the casing. 
This gear-casing comprises a section 34 (Fig. 

1) which is secured to and forms a part of the 
casing of the engine for driving the propellers; 
a section 35 secured to the front of section 34; a 
section 36 secured to the front of section 35; a 
front section 3 secured to the front of Section 
36; and a wall 36' secured between sections 36 
and 3. 
The variable speed gearing for driving the 

shafts 30 and 32 is driven from a gear 38 which 
is provided with a hollow hub 39 which is jour 
nailed in roller bearings 40 in the front wall of 
casing section 35 and a wall 4 secured by screws 
42 to the rear face of said casing section. The 
gear 38 is driven by gears 43 and 44 (Fig. 2) 
each of which is rotated with and driven by one 
of the crankshafts of a two crankshaft engine 
(not shown). 

Propeller shaft 30 is driven through an exter 
nally toothed gear 45 which is splined as at 46 to 
the shaft 30. Propeller shaft 32 is driven through 
an internally toothed ring gear 47 which is 
Splined at 48 to a wheel body 49, the hub of which 
is splined at 50 to shaft 32. Hollow shaft 32 
is journaled in a ball bearing 5 which is mounted 
in the casing-section 37 and on a ball bearing 
52 around the shaft 30. The inner end of pro 
peller shaft 30 is journaled in a bushing 53 which 

O 

s 

20 

25 

30 

35 

4. 

45 

5. 

55 

O 

S 

4. 
is held in the hub 39 of the main drive gear 38. 
Forwardly of the gear-case, shaft 3 is journaled 
in a plain bearing 5. Which is carried in the front 
end of the hollow propeller shaft 32. Gear 45, 
which drives the propeller shaft. 3), and gear 47 
Which drives the hollow propeller shaft 32, are 
adapted to be driven by an annular series of 
longitudinally extending lay shaft units generally 
designated 55, which are adapted to be driven at 
two different speeds relatively to engine-speed. 

Each of the lay shaft units 55 (FigS. 1 and 7) 
is journaled in a bearing 56 in a wall 388 which 
is integral with the casing-section 35 and a bear 
ing 57 in the plate 36 which is secured between 
the contiguous faces of the casing-sections 36 
and 3. Each lay shaft unit 55 (Fig. 7) coin 
prises a low Speed driving gear 59, a high speed 
driving gear 6), a pinion 6 which meshes with 
and drives the gear 45 which drives the propeller 
shaft 30, and a gear 62 which meshes with and 
drives the ring gear 4 and wheel body 49 for 
driving the hollow propeller shaft 32. The pitch 
diameters of pinions 6 and gears 62 on the lay 
Shafts and gears 45 and 4 are proportioned to 
drive gears 45 and 4 at the same speed in oppo 
site directions for the contra-rotation of the pro 
peller shafts 30 and 32. Each lay-shaft unit 55 
is composed of sections which are adapted to be 
conveniently secured together for equal tooth 
loading of all of the gears on each shaft. The 
gears 59 on circumferentially alternating lay 
shaft units 55 are staggered and all mesh with a 
gear 75 through which the lay-shaft units are 
driven for low speed driving. Except for this 
staggered relation of the gears 59, the lay-shaft 
units are alike in construction. Each unit 55 
comprises a hollow inner shaft-section 63, and a 
Surrounding sleeve-section 64. A pinion 6 is 
integral with each shaft-section 63. A gear 59 is 
integral With each sleeve-section 64. Each shaft 
section 63 is provided with a conical portion 65 
which fits in a nating conical socket 66 in the 
sleeve-Section 64. The front end of each shaft 
Section 63 is provided with a conical portion 67 
which fits in a mating conical socket in the gear 
62. The rear end of each shaft-section 64 is pro 
vided with a conical portion 68 which fits into a 
nating conical socket in gear 60. A bolt 69 ex 
tends completely through the hollow shaft-sec 
tion 63 and is provided with a head 79 which 
abuts against the front face of the gear 62. A 
nut T is Screw-threaded to the rear end of bolt 
69 and abuts against the rear end of the sleeve 
section 64 and is adapted to force together longi 
tudinally the gear 62 into jammed relation with 
conical portion 67 on shaft-section 63, and the 
sleeve-section 64 into jammed relation with the 
conical portion 65 on shaft-section 63. A second 
nut 3 is screw-threaded to the nut and is 
adapted to abut against the rear face of gear 
60, and to force the gear 60 in jammed relation 
With conical portion. 68 on shaft 64. A lock pin 
14 extends through the nut T3 and nut, and a 
slot in the inner end of bolt 69 for preventing 
relative rotation of nuts 7 and 3 and bolt 69. 

In aSSembling the gearing, the lay shafts are 
all assembled in their respective bearings 56 and 
5 and the nuts 7 are turned sufficiently to move 
the conical engaging portions of each shaft 63 
into loose relation with the conical societs in the 
gears 62 and the sleeve sections 64. Gear 45 is 
prevented from rotating by locking its associated 
propeller against rotation. 
Gear 75, which meshes with gears 53 on the 

sleeve sections 64 of all the lay shaft units, is then 
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i rotated in the direction of normal operation while 
;:slippage is permitted between conicalisections: 65 
: On shafts 6S, and the conical Sockets 66: of the 
... Sleeve sections 64. Rotation of gear 5 is icon 
...tinued until the tooth-loads of all of the pinions 
; 6 on gear 45 are equalized. iGear. A52 and its 
associated propeller are then released for; rota 

...tion and the propeller associated with gear 47 is 
, then locked...against rotation thus preventing its 
r rotation...Gears 75 is again rotated as before...and 

... slippage of conical portions, 67:...in the iconical 
sockets of gears 62 is then permitted until.the 

;tooth loads of all of the gears: 62:on gear 47 are 
... equalized...: No slippage. occurs betWeen Conical 
portions 65, and Sockets 66. While. Slippage is oc 
curring; between "gears: 62 and iconical: portions 

: 67 because gear 45 and its associated propeller are 
..free to rotate and because of the largefrictional 
is bearing areas: of conical portions .65 compared 
to the relatively smaller areas of conical por 

...tions.67. The nuts. Tiare, thenitightened on bolts 
; 69. Which jams: the gears 62ion: the conical, por 
stions, 67-offshafts 63 and the conical sportions. 65 
in the sockets 66 of the sleeve sections. 64 which 

3.15. drical receSSeS. 

tending: circumferentially arounds the member 82 
and provided, with: semicylindrical: recesses; 586 

::mating... with ; recesses; 84 and .having their:-axes 
parallel to the axis of gear 38...and member 82; 

: 5:... a series of balls 87 in the semi-cylindrical recesses 
i:84 ahd:86; a driven member 88. which is pro 
vided with a hub which is splined and keyed at 89 

into the rear portion of sleeve, 81:on which the 
... clutching. device 803 is slidable land: with a series 

10, of Semi-cylindrical longitudinally extending re 
2. cesses 90 (Figs. 4, 5...and 58) in the Outer periphery 
of diven member 88 on axes. Which are:...iriclined 

, relatively; to the axis around, which members 88 
and 82. rotates...helically; a series: of semi-cylin 

imating with recesses 90 in the 
inner periphery of ring 85 and which are helical 
and ::parallels to the recesses: 90: in member: 88; 
and balls 92 confined in the nating recesses 90 

"... and 9 in the ring 85 and the driven member 88. 
is 203 he balls 87 in recesses $84, and 86, which form 

i? cylindrical.-holes.itherefor, positively drive ring 
s:85:...and member 82.while permitting axial move 
3 ment of said:ring. The mating, helical recesses 
S 3 in ring 85 and recesses: 96 in the driven mem 

... are, integral" with: gears 59, respectively; so that:25:ber 88 and balls: 92, cause the firing .85: to move 
these elements are fixedly: secured; together for 

; : conjoint rotation with equal-tooth loading. Dur 
ing, the setting of the nut , a took is inserted 
in the slot in the rear ends of bolt: 69 to: prevent 
.its rotation. 

Next, the nuts 3 of the lay shaft units are set 
to hold the gears 60 for slippage:on the conical 
portions: 68 of the sleeve sections, 64. The gear 76 

... which meshes with all of the gears; 6) is: then 

"longitudinally, on balls 87, relatively to the driving 
innenber: .32 according to the torque being trans 

3 mitted from said member 82 to the driven mem 
rber: 88, and thus, render theiring.85. torque re 

3:30: Sponsive. 
... As the 'torque transmitted from drivings men 

ribier:82 to driven member 88; increases, the helical 
- recesses (90.9 and balls 92. will forcestheringi85 
rearwardly and as the torque. decreases:the ring 

8. 

... rotated in the direction of normat operation while:35 85 Will be shifted forWardly. The bals: 8 , and 

... slippage is permitted which results ini uniform 
distribution. of tooth loads on the gears 68. The 

is propellerS. are locked against rotation. While this 
. adjustment, is, I made. ... The nuts. S: are then 

i is 2 act, as anti-friction members during: the lon 
5 gitudinal "movement. of the: ring;85. The cylin 
... drical-holes for:balls 87...are offset or staggered 
k"With respect to the holies...for the balls 32...Balls 

. . tighteined to jam and lock the gears, 6.Oni; the 40, 87 are: held in the recesses in the driving mem 
conical portions. 68 of sleeves'64. 

: This construction renders, it unnecessary... to 
accurately index the teeth" of each of the gears of 
each-lay... shaft unit relative to one: another and 

... ber 82. and the ring 85 by... a spring disk.96:and 
- abutments, 97-ion, they driven!...meliaber 88. alls 
3.92 are held in their recesses in ring 85...and driven 
member'88: between a Spring diskiS5 and theirear 

provides for ready interchangeability of the lay. 45: face.7 of... gear.wheels 76. The disks .95, and 596 
shafts, and gears; thereon. By holding the boits 
69, against rotation winile. nuts: and 3... are 
being tightened, notorsional stresses are applied 

... to the bolts which eliminates any springior twist 

s' exert...only, sufficient: force: to retain the balls in 
'tieir respective:recesses. When, no torque, is being 
, transmitted through the ring 85. Fhe sleeve 8 
a toff which the driven member 388 is spined and 

- which might tend to disturb... the adjustment of 50-keyed, is journaled-on a bearing 1-06 on the hub 
the gear Setting. 
The gears 69. on all of the lay-shaft. units; 53 

mesh with and are driven by a gear 6 for the 
- high-speed operation of the propellers and the 

i. of driving! member: 82: and a-bearing...ii.95 on the 
$hub of gear;75. 
. . The axial movement-of-the-torque responsive 
... ring 85 controls3the pressure of oil in a hydraulic 

gears; 59 on said lay-shafts are... driven by gear:55, cylinder. 98.3 (Fig. 3), which is slidably mounted 
i5 for low Speed operation of the propellers. 

- Gears 75 and 3 are controlled for operating the 
is propellers at two speeds relatively, to the engine 
or the main drive gear 38through a clutch-device 

on a pistori-99; which is secured by screws: 00 to 
'; thei: front, Wall of , casing-section-35. ...A thrust 
ring 385a is secured to theiring 85 and is adapted 

i to abut, against the cylinder 98 for axially shift 
generally designated'".83 (Figs. 1, 11, and 12) st-tji) ing' cylinder 98 rearwardly when the ring 85 is 

: which is controlled; as hereinafter I, described. 
: This clutch device is driven by a sleeve 8 which 
is driven from hollow hub 39 of the main-driving 
"gear 38 by mechanism which ?coriptises a torque 
'responsive member; which is utilized in: control 

... ling the coupling of the clutch device for driving 
a gears 5 and 6, as hereiniafter described. 

The driving mechanism for; the clutch-device 
- 80 comprises (Figs. 4, 5 and 16), a drivingmeraber 

correspondingly: shifted. Oil from the engine 
pressure lubrication-system is delivered by a Slit 
able duct in the gear casing to the duct - Of, 

... usually at 100 lbs. p. s. i. pressure; and flows from 
..., said duct through...an. :orifice it as into the cyl 

inder .98. The cylinder 98 is provided with a re 
' stricted discharge...aotch' or orifice -2. The 
...orifice: 02:...in cylinder 98 by a valve action over 
: piston $9. reduces the discharge of oil from cyl 

82 which is splined, and keyed at 831 to the hub, ... it inder 98. as the: torque transmitted through the 
39-of-gear .38 in front of the bearing 48, and is 
provided on its outer periphery with a series, of 

a semi-cylindrical longitudinally extending recesses 
-84 having their axes parallel to the axis of: the 

I ring;85 increases. the shifting - of the ring 85 
rearwardly, due to increase in transmitted torque, 
causes a corresponding increase of pressure in 

: said cylinder. .Decrease of transmitted torque 
gear-38 and the propeller: shafts; a ring 853 ex-, 73 permits; the oil pressure-in-cylinder 398 to move 
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* the piston. 99 and ring 85 forwardly. This move 
ment of piston 99 increases the exposed area of 
orifice O2 and allows a higher rate of discharge 
of oil from orifice 62. This high rate of dis 
charge Correspondingly reduces the pressure in 
said cylinder. The port 2 in cylinder 98 and 
piston. 99 function as a by-pass waive for con 
trolling the discharge of oil from the engine preS 
Sure oil system back to the gear casing to vary 
the pressure in said cylinder. 
permitted by the orifice O2 may be such that 
when the maximum thrust is transmitted through 
ring 85, the pressure drop in the cylinder Will not 
exceed 20 lbs. p. S. i. and as said orifice is un 
covered by the forward movement of piston. 98, 
there will be an increase in the Outflow of oil 
which results in a greater pressure drop with a re 
suiting decrease of pressure in the cylinder. De 
crease in the outflow of oil through orifice O2 
causes the oil pressure in cylinder 98 to increase 
until the thrust of ring 85 is balanced by the 
pressure in the cylinder. As the torque trans 
mitted through ring 85 is decreased, Said ring 
is shifted forwardly by the pressure of oil in the 
cylinder 98 to increase the exposed area of orifice 
C2, which increases the outflow of oil from cyl 

inder 98 and reduces the pressure therein. It 
will thus be seen that the pressure of oil in the 
cylinder 98 is proportionate to the torque trans 
mitted to the driven member 88. The variation 
of pressure in cylinder 98 is utilized in con 
trolling the shift of the clutch device 88 to Se 
lectively complete said device to drive the low 
speed gear 75 and the high-Speed gear 6, as 
hereinafter described. 
The clutching device 80 (Figs. 11 and 12) is 

adapted to alternately and positively drive the 
low-speed driving gear 75 and the high-Speed 
driving gear 76 and comprises a pair of members 

) and 4 which are connected together for 
conjoint longitudinal movement by a ring 4. 
Member is provided with a hub which is Slid 
ably splined at to the sleeve 8 so that it 
will be driven from sleeve 8 and the driven men 
ber 88. Clutch member is provided with a 
series of external clutch teeth 2 which are lion 
gitudinally slidable into engagement with inter 
nal clutch-teeth 3 on the high-Speed driving 
gear 6. Clutch member f f is provided with 
external clutch teeth which are slidable into 
engagement with internal clutch teeth 5 in the 
low-speed driving gear 75. The clutching device 
in its neutral position, as illustrated in Fig. 11, is 
uncoupied from both of the gears 75 and 76. 
Clutch members and 4 (Figs. 13 and 4) 
are connected for limited relative rotative move 
ment by external teeth 25 on clutch member 

and internal teeth 26 on clutch member 4. 
Opposed springs 27 (Figs. 13 and 14) engage 
abutments 28 and 29 on rings fixedly secured 
to members 0 and 4, respectively, to yield 
ingly permit this limited relative rotative move 
ment of Said clutch members. 
The clutch member O is provided with arms 

22 which extend radially into an annular space 
in a shifter ring 36 by which the clutching-de 
vice is shiftable longitudinally between neutral 
and low speed and high speed driving positions. 
The non-rotatable clutch-shifter ring 36, formed 
of Sections, is held against rotation and is pro 
vided With an annular groove 37 between the 
Sections in which the fingers 22 are rotatable. 
A balk ring (Figs. 3, 9, 11 and 12) extends 

around and is adapted to slide axially on the 
teeth 2 and 6 of the clutch members O and 

The flow of oil - 
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4, and is provided at its rear end with a conical 

face 8 for frictionally engaging the face of a 
conical Socket 9 in the gear 76 and at its front 
end With a conical Socket 20 for frictionally en 
gaging a conical face 2 on gear 75. The arms 
22 on the clutch member extend through 

slots 23 in the balk ring (Fig. 3). A series of 
Spring pressed balls 30 (Figs. 10 and 15) are in 
dividually confined in tubular guides 3 which 
are fixedly mounted in the rim of clutch member 

and preSSed against the inner periphery of 
the balk ring by Springs 32. Bais 30 are 
adapted to successively Seat in curved recesses 33 
in the inner periphery of the balk ring when the 
clutch device is in its neutral position, in similar 
recesses 34 when the clutch device is in its low 
Speed driving position, and in similar recesses 
35 when the clutch device is in high speed driv 

ing position. When the clutch device 8G is in its 
neutral position, as illustrated in Fig. 1.1, and the 
shifter ring 36 and the ciutch member are shifted 
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forwardly, the Spring pressed bails 30 will shift 
the balk ring it forwardly and initially cause 
the conical face i2C on the balk ring to fric 
tionally engage the conical surface f2 on the 
gear 5 in advance of the engagement of clutch 
teeth 6 on clutch member 4 with the clutch 
teeth 5 in the gear 75. The continued forward 
movement of the clutch device 89 will cause the 
balls 3 to move forwardly into the recesses 34 
So that the balls will, during the rearward move 
ment of the clutch device, retract the balk ring. 
The recesses 33, 34, and 35 are elongated cir 
cumferentially Sufficiently to maintain engage 
ment with the balls 30 when slight relative ro 
tative movement occurs between clutch mem 
ber and the balk ring. When the clutch de 
vice 80 is engaged with the gear 75 and the 
clutch members if and 4 are shifted rear 
Wardly away from low-speed gear 75 and to en 
gage the high-Speed gear 76, the balls 30 seated 
in recesses 34, will yieldingly shift the bak ring 

rearwardly and cause the conical face 8 on 
the balk ring to frictionally engage the conical 
Surface 9 on the high-speed driving gear 16 
before the clutch teeth 2 on clutch member 
f to engage the clutch teeth E3 on the gear 76. 
The SlotS 23 in the baik ring through which 
the arms 22 on clutch member O extend are 
of Sufficient width to permit independent longi 
tudinal shift of the clutch members after the 
balk ring has engaged gears 5 and 76, respec 
tively. The balk ring is formed of sections 
joined at the front side of slots 23 for assembly 
around the clutch-members with the arms 22 
extending through slots 23. 
When the ring 36 is shifted forwardly to ef 

fect low speed driving, the balk ring Will be 
shifted by Spring-pressed balls 30 to cause its 
friction face f2) to engage the friction face 2 
On low-Speed gear 75 before the clutch-teeth 6 
on clutch member 4 meet the clutch-teeth 5 
on gear 75. When the ring 36 is shifted rear 
Walidly to effect high-speed driving, the friction 
face 8 on the balk ring will engage the friction 
face 9 on the high-speed gear 76 before the 
clutch-teeth 2 on clutch-member O meet the 
clutch teeth E3 on gear 76. 
Shoulder 23 (Fig. 3) are provided in the balk 

ring at One end of the slots 23, which are en 
gaged by arms f22, to prevent the shift of cou 
pling member f4 to bring its clutch teeth into 
mesh. With the nating clutch teeth 5 in the 
gear 75 until relative rotation occurs between the 
arms 22 and the balk ring to release said shoul 
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ders. Shoulders 23b are provided in the balk 
ring in the opposite end of slots 23, which are 
engaged by the arms 22, to prevent the clutch 
member if G from being shifted to slide clutch 
teeth 2 into engagement with the mating 
clutch teeth fi3 in high-speed gear 76 until rela 
tive rotation occurs between the balk ring and 
Said coupling member to release said shoulders. 
This relative rotation is produced by throttle cons 
trol of the engine, as hereinafter more fully de 
Scribed, to permit shift of the arms 22 for de 
layed engagement of the clutch teeth on mem 
bers f is and 0 and the gears 5 and 76, re 
Spectively. After the clutch teeth 6 and 5 
are engaged, the gear 75 will be positively, driven 
from the clutch device, and after clutch teeth 2 
and 3 are engaged, gear 76 will be positively 
driven from the clutch device. 
The lay-shaft units 55 are driven at high and 

low speeds in relation to engine speed for driving 
the gears 45 and 4 which drive the propeller 
shafts in opposite directions, and gears 59 of the 

O 
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20 

lay-shaft Units are kept in constant mesh with 
the gear 5 for low speed driving, and gears 60. 
are kept in constant mesh with the gear 76 for 
high-speed driving, and as a result both of the 
gears 75 and 75° are rotated during low and high 
Speed driving. 
An overrunning clutch "(Fig. 16) is providedbe 

tween the sleeve 8 and the gear 75 and com 
prises peripheral cam Surfaces 9 on the sleeve, 
and rollers 08 held in rings 09, and this makes" 
it possible for the gear 5 to rotate at a higher 
speed than the sleeve 8 when the lay-shaft units 
85 are being driven at high Speed from the gear 
6 and also makes it impossible to drive the sleeve 
8 at a higher speed than that at which the gear 
5 is driven. 
Shifter-ring 35 is slidably supported by a pair." 

of diametrically opposite studs 38 (Figs. 8, 9 and 
7) which are Slidably guided in bracketS. 39 

which are fixed to the cross-wall 368 of casing 
section 36. A rock-shaft 40 is pivotally sup 
ported in a bracket 4 which is secured by bolts 
f42 to a cross-wall of the casing section. 36. Arms 
lf.3 are fixedly secured to shaft 40 and are piv 
otally connected at 44 to the studs 38, respec 
tively. An arm f45 is fixedly secured to the cen 
tral portion of rock shaft 40 and is adapted to 
rockshaft & and arms 43 to slidably shift studs 
38 and the ring 36 for shifting the clutching de 

vice between neutral and high-speed and low 
Speed driving positions. The ring 36 is shift 
able rearwardly by arms' 43 and 45 and fluid 
underpreSSure in a hydraulic motor which com 
prises a cylinder 3 (Fig. 17) and a piston 48 

25 

30 

40 

:45 

50 

55 

in said cylinder which has secured thereto a stem 
49 to which is pivoted at 46 the lower end of 
arm 5. A Spring 50 between piston 48 and 
the front end of cylinder 47 urges the piston 
rearwardly to shift arm 45 in counterclockwise 
direction for shifting the clutch device-for 
wardly. Fluid under pressure in cylinder i47 is: 
adapted to shift arm 45 in clockwise direction to " 
shift shifter ring 36 rearwardly. Fluid to the 
cylinder 47 for shifting the piston 48 forwardly 
for shifting the shifter ring 36 and the clutch 

60 

65 

device 80 is controlled by a rotatable valve 58 
(FigS. 8 and 17) which is provided with an arm 
588 which is Operable by the pilot through a 

suitable connection. A cross-port 58bin valve 
58, when it is in one position, is adapted to sup 
ply oil from a duct 59 in the casing from the oil 

70 

pressure System of the engine to a conduit 59a 
in the gear-casing, which is communicatively 5 
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connected to the cylinder 47. When the valve 
58 is rotated to an alternative"position, oil will 
drain from cylinder 47 through conduit 598 and 
a channel 59 (Fig.17): in valve 58-back into 
the gear case for drainage back to the oil reser 
Voir. This exemplifies manually controlled con 
bined hydraulic and spring means for shifting the 
arms 45 and 43 and shifter ring 36 to shift the 
clutch device 80." 

Torque-controlled mechanism forming a con 
trol device is provided forlocking the shifter-ring 
36 and arms' 43 and 45 to hold the clutch 

device 80 in neutral, high-speed and low-speed 
positions. This mechanism comprises a locking 
device or latch-lever 52, which is fulcrumed on 
the rear wall of cylinder 47, a finger or tooth. 5 
on the lower end of arm 45 which is adapted to 
be locked in three positions by notches in the 
latch-lever 52, a piston 54 slidable in a cylinder - 
55, a stem f$3 on the piston, the outer end of 
which is pivotally connected to the lower end of 
the latch lever 52; and a spring 56 for shifting 
piston 54 in one direction. Tooth 5, when held 
in the central notch in latch-lever 52, Will lock 
the arm 45 and the shifter-ring 36 in position 
to hold the clutch device.8 in its neutral position. 
Tooth. 5, when held in the rear-notch, Will 
lock arm fs, ring 36 and clutch device 30 in 
low Speed position and when held in the forward 
notch Will hold arm 45, ring 36 and clutch de 
Vice 80 in high speed driving position. Aduct 
55 in the gear-casing is communicatively con 

nected with cylinder 55 and by a duct extending 
through any suitable portion of the casing to 
the cylinder 98 in which the pressure of oil is 
proportionate to the torque being transmitted 
through ring 85 to the driven member 88" and 
Sleeve 8... The pressure of oil in the cylinder 
55 forces the piston 54 rearwardly to hold latch 

lever 52 in locking relation with arm i? 5 When 
appreciable torque is being transmitted by the 
ring 85 to the driven member 88, at which time 
the orifice O2 restricts the discharge of oil from . 
cylinder 98 and maintains sufficient pressure 
therein "to force piston 54 rearwardly and the 
lever 52 in its locking position. When no appre 
Ciable torque is being transmitted through ring 
85, the pressure drop which results from the 
increased Outflow of oil from cylinder 98 through 
Orifice f2., reduces the pressure in cylinders 93 
and f55 and permits spring 56 to shift the piston 
54 forwardly and, disengage lever f S2 from the 

tooth 5 on arm.55. As a result, the shifting 
mechanism for clutch device. 80 Will be locked, 
by the latch-lever 52 when substantial torque 
is being transmitted through thering 85 and said : 
mechanism will be automatically released when 
no Substantiai" torque is being transmitted 
through the ring 85; This makes it possibie for 
the operator, by slowing down the engine through 
Control of the throttle, to release the lever 52 
to unlock the shifting mechanism for shifting the 
clutch device 86 for driving the propeller shafts 
3G, 32 at high or low speeds: This exemplifies 
::mechanism for locking the clutch device-'83. 
against axial shift between neutral and high 
Speed and low Speed positions which is reason 
ably undercontrol of the pilot by closing the 
throttle for the engine so that shifting can be 
:accomplished only. When Substantially no torque 
is being delivered from the engine to the gear 
ing for "driving the propellers.: 
A pressure gauge (not shown), usually located 

in a convenient place, such as in the cockpit of 
it he airplane, is communicatively connected to the 
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cylinder 98 and may be calibrated to indicate 
the torque being transmitted through the ring 85 
as reflected by the pressure of the oil in cylinder 
98 which pressure is proportionate to the torque. 
A hydraulically controlled governor 83 (Fig. 

18) for varying the pitch of the propeller blades, 
is mounted on the top of the casing section 35 
and may be of a construction well understood in 
the art. This governor is controlled by a valve 
| 70 on the stem f 49 of piston 48 which shifts 
the arm 45 and the shifter-ring 36 for the 
clutch device 80. Valve 70 is slidable in a 
cylinder 79 a fixed in the casing-section S6. The 
front end of the cylinder 70 communicates with 
a conduit 7 in plate 36' and is connected to the 
oil pressure system of the engine. When the 
shifter-ring 36 and the clutch device 8 are in 
low speed driving position, at which time the 
piston stem 49 is in its rearward position, the 
valve 70 will uncover ports 12 in cylinder 70 
and cause oil under pressure to flow through a 
conduit 73 in the gear casing to the governor 
86 for automatically controlling its operation 

to set the propeller blades at the desired pitch 
for low speed operation, as well understood in 
the art. When the clutch device 8 is in high 
speed driving position, piston-stem 49 will be 
in its forward position and valve it will be 
positioned forwardly of the ports T2 so that oil 
from the governor 86 and conduit 73 can drain 
through ports f2 and escape from the rear end 
of cylinder 708 around the stem of the valve 
70 which Will eliminate the pressure of the 

fiuid in governor 86. 
The stem 49 of piston 48 in cylinder 4 is 

provided with an abutment 60 which is engaged 
by an arm f6 which is pivotally supported in 
the casing-section 36, and is held against abut 
ment 60 by a rod 62 and a spring 63 applied 
to said rod. Rod 62 is slidably guided in a 
housing 64 which is secured in the casing-sec 
tion 36. Rod 62 passes through packing $5 to 
prevent the escape of oil from the gear casing. 
Rod 62 carries a contacter 56 adapted to close 
stationary electric Switches 6, 68 and 69 for 
controlling circuits for devices (not shown) for 
indicating low-speed, neutral, and high-speed 
positions of the clutching device 80. 
A hollow drive shaftG (Figs 3 and 18) is 

secured in the head 68 which is fixed to the 
rear end of and is driven from the propeller 
shaft 3G and its rear end is journaled on a bear 
ing 76e in the casing-section 34. A gear T is 
secured on shaft 76 and meshes with a gear 
78 to which is fixedly secured a gear 79 which 

is journaled on a bearing 80 supported from 
the casing-section 34. A pinion f8 which is 
integral with a hollow stub shaft 83, meshes 
with gear 9. Shaft 83 is splined to and 
drives a bevel gear 84. which meshes with a 
bevel gear 85 on a hollow vertical shaft 85 
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when automatic time regulation is not desired. 

which is coupled to drive the governor 86, as 
well understood in the art. A gear T is Se 
cured to gear 77 for driving one of the acces 
sories for the engine. 

Gearing for driving the distributor and mag 
neto for the engine and automatic hydraulic 
means controlled by pressure in the intake 
manifold b of the engine for timing said gear 
ing are provided (Fig. 18). This gearing con 
prises a gear 2 which is integral with the main 
drive gear 38; a gear 2 to meshing with gear 
2 ; a shaft 2 (4 provided with helical splines 
23 which engage corresponding Splines in the 
hub of gear 2 0; a gear 25 journaled on a bush 

nected to the valve 228. 

12 
ing on the hub of gear 20; and opposite helical 
splines 26 on the Shaft 24 which interfit With 
corresponding splines in the hub of gear 2.5. 
The distributor and magneto are driven by any 
Suitable gearing from the gear 25. Axial move 
ment of the shaft 2 f4 through oppositely in 
clined helical splines 23 and 26 is adapted to 
rotate gear 25 relatively to gear 2 () for tim 
ing the operation of the distributor and mag 
neto. The front end of shaft 24 is journaled 
and slidable in a bearing 24' which is held in 
the wall 4 in the gear-casing. Shaft 24 is 
also slidably and rotatably mounted in a bear 
ing sleeve 248 which is fixedly secured in a 
hub on the cylinder 22 which is fixed to the cas 
ing-section 34. 
The automatic means for shifting the shaft 

24 to vary the timing of the distributor and 
magneto, comprises a piston 28 which is slid 
ably mounted in a cylinder 22. The piston 28 
has a hub in which is journaled a bushing 28 
which is longitudinally movable with shaft 24. 
The piston 28 is slidably guided axially and 
held against rotation by the fixed bearing 24. 
This permits the piston 28 to slide in, and 
causes it to longitudinally shift shaft 24, while 
permitting the shaft to rotate. A spring 222 in 
cylinder 22 f, urges the piston 28 and the shaft 
24 rearwardly toward a stop ring 222a in the 
rear end of the cylinder 22. A nut 223 on the 
rear end of shaft 24 holds piston 28 on the 
bushing 28' in which the shaft 24 rotates. A 
chamber 224 for fuid is formed in the casing 
section. 34 and communicates with the rear end 
of the cylinder 22. The fluid under pressure 
in chamber 224 is adapted to shift shaft 2 & 
forwardly against the force of Spring 222 for 
causing the splines 23, 26 to rotate shaft 24 
and gear 25 relatively to gear 20 for varying 
the timing of gear 25, and this pressure is con 
trolled by the pressure in the intake manifold b 
of the engine, a Sylphon bellows 226 which is 
communicatively connected by a tube 225 with 
the manifold b, and a slide-valve 228 actuated 
by said bellows. The bellows 226 is mounted 
in a casing 227 which is fixed on the top of cas 
ing-section 34. The bellows 226 is in opposed 
relation with a bellows. 226 which compensates 
for altitude. The bellows 226 is operatively con 

The valve 228 coll 
trols the flow of oil in the engine pressure sys 
tem in a duct 230 to a duct 23f which com 
municates with the chamber 224. The valve 
228, also controls the flow of oil from conduit 
23 to a conduit 232 to permit the oil from 
chamber 224 to drain back into the case re 
sponsively to the variation in the pressure in the 
manifold. A manually shiftable rotary valve 
229 is included in the conduit 230 to cut of the 
oil pressure to the conduit 23 and chamber 224 

The construction described exemplifies hydraulic 
timing control for the gear 25 which is con 
trolled by the pressure in the intake manifold 
of the engine. 

In the operation of contra-rotating propellers, 
the passing of the blades results in an aero 
dynamic interference effect which tends to prod 
uce torsional vibration in the propeller shafts. 
The invention provides for isolating and damp 
ing such effects on the gear 45 which is fixed 
to the propeller shaft 30, is driven by the body 
49 of the internal gear 47 which is fixed to shaft 
32. (Figs. 20-26) by series of inertia, members 
for damping torsional vibrations of said gears, 
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respectively. These dampers are tuned to the . 
frequency, at which the blades of the contra-. 
rotation-propellers pass one another and have 
a fixed value depending upon the -number of 
propeller blades, used, for example, With pro 
pellers provided with three blades sixth Order . 
of dampers are used. These inertia members 
rotate with the propellers and act to isolate 
from the engine, and the gearing between the 
engine and gears 47 and 45 any torsional vibra 
tion caused by the passing blades irrespectives 
of the speed of rotation of the propellers after 
they are once properly tuned. . 

Inertia, members (Figs. 24 to:26) - are carried' 
by the body of the gear 45 which is splined to 
the propeller shaft 3- and by the body. 49 of 
gear 47 (Figs.-20, to 23). 
A series of six segmentally, shaped inertia mem. 

bers 235 is confined between the body of gear 45. 
and a ring 235, which is secured by bolts 23 to 
said body. Each member 235 is provided adja 
cent each end with a cylindrical hole 238 which 
extends: therethrough. A. roiler 239 extends 
through each of the holes 238 and is provided 
with a head which abuts against the outer face 
of ring 236, and a plate 24), bolted to ring 236 : 
engages the heads of the two rollers in each 
member 235. to hold the rollers against... axial 
movement. Each roller 239 also, extends through 
longitudinally aligned cylindrical holes. 24i in the : 
body of wheel 45 and a cylindrical hole 238 in 
the inertia member 235. The diameter of the 
holes 238, and 24 is equal and greater, than the 
diameter of rollers 239. The axes of the rollers 
239, holes 238 and 24; for each member 235 are 
equidistantly spaced apart. During rotation of: 
gear 45, the inertia members 235 will be sub 
jected to centrifugal force which will cause-en 
gagement between rollers 239 and holes 238 in 
said members at the points nearest the axis of 
rotation of said gear, and the engagement of : 
rollers 239 with holes. 24 at the points farthest 
from the axis of rotation of said gear. The forces 
required to move said members toward said axis 
against centrifugal force, and inertia, and the 
rolling action between the opposite portions of , 
rollers 239 and the oppositely . Curved portions: 
of the holes. 238. and 24, damp the torsional, 
vibrations in the gear 45. . 
A series of six segmentally shaped inertia mem 

bers 244 is confined between the body 49 of gear. 
47 and a flange 245 which is integral with said. 
body. Each member 244 is provided adjacent 
each end. With a cylindrical hole, 247, which 
extends therethrough. A roller 268 extends 
through each of holes. 247 and is provided With a . 
head which abuts against the outer face of flange 
245, and a plate 249 bolted to flange 245 engages 
the head of the two rollers in each member 244 
to hold the rollers against axial movement. Each 
roller 248 extends through-longitudinally aligned 
cylindrical holes 250 in the body of wheel 49. 
and fange 245 and through a cylindrical hole 
247 in the inertia member 244. The diameter 
of the holes 247 and 250 is equal and greater than . 
the diameter of roller 243. The axes of the rollers : 
248, holes 247 and 250 for each member 244 are : 
equidistantly spaced, apart. During rotation of 
the body of gear 4, which is secured to the 
propeller shaft 32, inertia members 244 will be 
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245 at points farthest from the axis of rotation: 
of Said body. Members 244 move against cen 
trifugal force and -inertia and by the rolling ac 
tion between the opposite portions of rollers 248, 
and the opposite portions of holes 247 and 250, 
damp the ritorsional vibration in the body of 
gear. 4. 
These vibration dampers which are applied to 

the gears fixed to the contra-rotation propeller 
shafts, dampen the torsional vibration which re 
Sults from the aerodynamic: interference effect: 
of the oppositely rotating propeller blades and 
isolates them from the engine and the gearing. 
between the engine and the gearing on the pro-". 
peller shafts. . 

Tubricating oil is : Supplied from the engine : 
pressure System through a duct: 88 (Fig. 18) and 
portS 38; to an annular conduit; 39 (Figs. 3. 
and 18) which is formed between a tube 90 and 
the hollow shaft 76. From annular; conduit is 9 . 
oil flows through radial ports 9 to an annular : 
conduit: 92; which is formed between the inner 
periphery of propeller shaft 3 and a tube 93. 
which is concentric with and secured in said 
shaft. Some of this. oil flows through a port 
94 (Fig. 3) to the bearing 53 between shaft 30 
and the hub of gear 38 rand a port 94'' to the 
bearing 36 for; the sleeve 8. Oil also flows. 
(Fig. 27) forwardly to radial ducts 93 to the . 
bearing -54 between the contra-rotating shafts : 
32 and -39. The bearing 54 is secured in the shafts 
32 by a pin 9. Leakage oil can flow from the 
rear end of bearing :54 through the annular, space 
between shafts. 33 and 32 to the bail-beating 52 
..from which it drains into the gear casing. Leak 
age oil from the front of bearing 54 can flow to 
an annular groove 290 in the periphery of shaft) 
39, which is connected by radial ports 2G to an 
annular groove 22, in a dam or head 203 which 
is fixed in shaft 30, into the interior of tube -193; 
from which it returns to the gear-casing through 
tubes S3 and 90. An oil seal is provided at: 
the front of bearing 54 for preventing the escape, 
of oil outwardly from said bearing, and com 
prises a sleeve 24 around shaft 39 and movable 
there with; a carbon sealing ring 285 siidably 

50, is 
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subjected to centrifugal force - which will cause. 
engagement between rollers 248 and the holes 
247 in said members at points nearest the axis. 
of rotation of body 49 and the engagement of 
rollers 248, with holes 250 in body 49 and flange, 

confined in sleeve 204 and engaging the front end 
of bearing 63; a plurality of elastic gaskets 208 
which are V-shaped in cross-section and extends 
around shaft 30 and in sleeve 204; a follower ring. 
25 engaging the foremost gasket 208; and 
Springs 299 between the front end of sleeve 204: 
and the follower which press the follower rear 
Wardly to compress the gaskets against the seal 
ing ring 286. The vertex of rings 298 and the 
contiguous surfaces on sealing ring 206 and foll 
lower ring 285 extend forwardly so that the gas 
kets 288 are tightly pressed against shaft 3) to 
prevent the escape or loss of oil from groove 2 
in Said shaft. 
The Operation will be as follows: assuming the 

engine is Supplying power to the main drive gear. 
38 through gears 43 and 44 which are driven by . 
the crank shaft of the engine, and the clutching 
device 83 is in its forward position, the driving 
member 82 which is splined to the hub of gear 
38. Will be driven; the driving member 82 will. 
drive the torque responsive ring through balls 
87 between said ring and said driving member; 

70 the ring 85 will drive the driven member. 83-, 
through the balls 92; the driven member 33 will 
drive sleeve 8 and the clutch members and 
4 of the slidable clutching device 80; ... clutca 

teeth. 6 on clutch member 4 will be engaged. 
75 with clutch teeth if 5 to positively, drive the low . 
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speed gear 75; the propeller shafts 30 and 32 
will be driven through the lay-shaft units 55 and 
gear 5; gear 25 (Fig. 18) will be driven to 
drive the distributor and magneto from gears 20 
and 2; the gearing for driving the governor 
86 will be driven from shaft 76 which is driven 
by propeller shaft 30; valve 58 will be set in 
position to drain the oil from cylinder 47 so 
that Spring 50 will hold piston 48 and the 
clutch shifting device in its low speed driving 
position; the torque transmitted through ring 85 
Will control the pressure in cylinders 98 and 55 
to hold latch-lever 52 so the arm 45 of the 
clutch shifting mechanism will be locked in the 
rear notch in said lever; friction face 20 of balk 
ring 7 will be engaged with the friction surface 
2 on gear 75; waive 70 will be in its forward 

position to deliver oil through conduit 73 to the 
governor 86; and the abutment 60 on piston 
stem f49 will control the spring pressed nove 
ment of arm 6 and rod 62 to cause contactor 
66 to close switch 69 for indicating to the pilot 

that the clutch device is positioned for driving 
the propeller shafts at the low speed ratio. The 
gear 75 Will be positively driven from sleeve 8f 
through clutch teeth 5 and 6 to drive the 
lay-shaft units 55. Propeller shaft 3 will then 
be driven in one direction through gear 45 and 
gears 59 of the lay-shaft units 55 and propeller 
shaft 32 will be driven through gear 47 and the 
gears 62 on Said lay-shaft units. The propellers 
will then be driven in opposite directions from 
the engine at the low speed ratio. 
When the pilot desires to shift the clutch device 

8 for driving the propeller shafts at the high 
Speed ratio, he will first rotate valve 58 to 
deliver oil under pressure from conduit 59 
through valve port 588 and conduit 59 to the 
rear end of cylinder f which will tend to Shift 
the piston 48 forwardiy. The arm 45 then re 
mains locked in the rear notch of latch-lever 52 
So that the cutch device 80 remains in low speed 
driving position. Next, the pilot will close the 
engine throttle until no appreciable torque is 
transmitted through the ring 85 which will cause 
the pressure in communicating cylinders 98 and 
55 to be reduced so that the spring 56 will shift 

piston 54 forwardly to swing lever 52 to release 
arm 45 of the clutch shifting mechanisa. The 
pressure in cylinder 4 will then act to move the 
piston 48 forwardly and shift arm 45 to urge 
the shifter-ring 36 rearwardly, and the friction 
face 8 on the balk ring will engage the friction 
face 9 on the gear 76. The arms 22 will move 
rearwardly until they are arrested by shoulders 
23b on the balk ring to prevent the clutch teeth 
2 on clutch member 0 from engaging the 

clutch teeth 3 on gear 6. The friction faces 
8 and 9 will urge gear 6 toward synchronous 

speed with the clutch members 0 and 4. The 
clutch members will then be held in neutral posi 
tion while this occurs, and the contactor 66 Will 
close Switch 68 (Fig. 7) to indicate the neutral 
position of the clutch device. The gear 76 and 
the balk ring 7 are then usually rotated slower 
than the clutch members. As the engine slows 
down the clutch members will slow down until 
they attain a speed slightly lower than the speed 
of the gear member 6. When this occurs, the 
arms 22 will rotate slightly relatively to the 
balk ring in a direction opposite to the rota 
tion of said arms. The shoulders 23b will then 
be moved out of the path of arms 22 and permit 
the rearward movement of the clutch member 0 
and its clutch teeth i2 to slide into engagement 
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with the teeth 13 on gear 76 as the result of the 
pressure of fluid in cylinder 4 and the forward 
movement of piston A8, for positively driving the 
propeller shafts at high Speed ratio from the 
engine through high Speed gear 6. The rear 
ward movement of piston f 8, on the completion 
of the shift of the clutch and the abutment 60, 
Will cause contactor 66 to be shifted to close 
switch 6 for indicating to the operator that the 
shift to high Speed ratio has been completed. 
The clutch will be held in high speed position 
while valve 53 remains set to Supply fluid under 
pressure to cylinder 47. Valve 70 will then per 
mit fluid to be drained through conduit 3 from 
the governor. 86. The throttle for the engine 
will then be opened to drive the propellers at high 
speed which will increase the torque transmitted 
through ring 85 and cause an increase of preSSure 
in cylinders 98 and 55. This increase of pressure 
will shift piston. 54 to rock latch-lever 52 into 
position to lock arm 45 of the clutch shifting 
mechanism in high Speed driving relation. While 
the gear 6 is positively driving the propellers 
through the lay-shaft units 55, the overrunning 
clutch will permit the low-speed driving gear 75 
to rotate faster than the clutch member and 
sleeve 8. 
When the pilot desires to shift from high Speed 

ratio to low speed ratio, the valve 58 is rotated 
into position to drain the oil from cylinder 4 
to permit the spring 5 to be released for shift 
ing piston 48 rearwardly, but the arm 45 is 
then locked in the front notch of latch lever 
52 because of the torque being transmitted 
through the ring 85. The pilot Will next, by 
the throttle control, slow down the engine so 
that there will be no appreciable torque trans 
mitted through the ring 85 and oil from the 
engine pressure system will then flow from the 
cylinder 98 to reduce the pressure therein and 
in the cylinder 55, which is communicatively 
connected to cylinder 98, Sufficiently to permit 
the spring 56 to shift piston 54 forwardly and 
disengage latch-lever 52 from the arm 45 of 
the shifting mechanism for the clutch device 80. 
When the arm 45 is released by latch-lever 52, 
the force of spring 50 in cylinder it will be 
applied to shift arm 45 rearwardy. The balk 
ring 7 Will then be shifted forwardly by the 
Spring pressed balls 36 which are initially seated 
in recesses 34 until the conical face 20 on clutch 
member f4 engages the conical face 2 on the 
gear 75 which will tend to drive said gear and 
the balk-ring at Synchronous speed. The en 
gagement of friction faces 20 and 2? will cause 
gear 75 to be rotated faster than the clutch 
members and if A and cause the shoulders 
23 to arrest airns 22 and the clutch members 

in neutral position. The contactor f66 will then 
close switch 68 for indicating the shift of the 
clutch device to its neutra position. If the 
clutch teeth 5 and is were permitted to en 
gage at this time, they would tend to Wedge to 
gether upon decrease of the torque being supplied 
to the propellers due to the “springing' effect of 
the rollers 08 and the cam surfaces 01. The 
pilot will next momentarily open the engine 
throttle to increase its speed which will normally 
tend to drive the propellers through the Over 
running clutch rollers 08, and then rotation of 
the clutch members necessary to cause the rollers 
98 to drive gear 75 causes arms 22 to rotate 

Out of the path of Shoulders 23. At this time 
the clutch members and gear 5 will be rotated 
at Substantially the same speed and the contactor 
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66 will close switch 68 to indicate to the pilot 
that the clutch device is in its neutral position. 
To complete the shift for low speed driving, the 
pilot again closes the throttle so no appreciable 
torque will be transmitted through the ring 85 
and the pressure in cylinders 98 and 55 will be 
reduced to permit spring 56 to shift latch-lever 
52 to release arm. 45, whereupon the spring 
50 in cylinder 47 will shift arm 45 and the 
clutch members to slide clutch teeth it 6 and 

5 into engagement for driving the propellers 
at low Speed ratio. This shift will be made with 
out substantial torque on the rollers 08 and the 
gearing will then be operated at the low-speed 
ratio as before described. The contactor 66 
will then close the switch 69 for indicating the 
clutch device has been shifted to low speed drivil 
ing position. As the engine throttle is opened 
to drive the propellers, the torque transmitted 
through ring 85 will cause an increase of pres 
Sure in cylinders 98 and 55 to lock the clutch 
device in its low-speed driving position. 
After the low speed shift is completed, the 

pilot will then open the throttle the desired 
amount for engine operation. As torque is again 
Supplied to the propellers, one set of springs 27 
Will compress and relative movement will occur 
between clutch member 0 and f4 until teeth 
25 engage against teeth 26 to form a positive 

drive between members' fi O and 4. . We prefer 
to have the torque in low-speed driving trans 
mitted through the positive engagement of teeth 
25 and 26 and 5 and 6 and in such event 

it is necessary that the back lash or play be 
tween the teeth 25 and 26 be less (in terms 
of angular travel) than the angular travel neces 
sary to cause the rollers 08 of the overdrive 
clutch to lock sleeve member 8, with gear 75. 
In Some driving instances, however, it may be 
desirable to have the torque transmitted through 
the rollers fo8 and to utilize the teeth 5, 16, 
225 and 26 as a safety device in event of failure 
of the overdrive clutch. In the case of the latter 
Operation the angular travel to engage rollers 
to3 Would be less than that required for engage 
ment of teeth, 25 and 26. 

If the propellers should start to speed up so 
that the shift to low-speed could not be com 
pleted, the pilot can again shift the clutch to 
high-Speed position as before described. The 
friction driving faces 8 and if 9 have sufficient 
holding force to drive the engine from the pro 
peller so that the clutch teeth 5, 6 will be 
driven sufficiently close to synchronous speed 
to permit said clutch teeth to mate and slide 
into engagement. . . . . . . . 
The friction surfaces between the high speed 

drive gear 6 and the friction surface 8 on 
the balk ring are preferably of sufficient capacity 
to prevent any “windmilling” of the propeller 
blades during the shifting period from increas 
ing the Speed of said gear with such rapidity, 
that the clutch teeth. 2 and 3 cannot be en 
gaged for positive drive of the engine by the 
propellers, 
The invention exemplifies two speed trans 

mission gearing for driving contra-rotational 
propellers through a series of lay-shafts which 
remain in mesh with high and low speed gears 
and a clutch for selectively controlling the high 
Speed and low speed operation of the propellers 
relatively to the engine. 
The invention also exemplifies a slidable 

toothed clutch for drivably engaging the high 
and low speed driving gears and means for con 
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18 
trolling the clutch to prevent knocking of the 
clutch teeth in effecting speed changes; the in 
vention also exemplifies a clutch which is torque 
controlled to control the engagement of the 
clutch With the high and low speed gears. 
The invention also exemplifies a clutch device 

With a balk ring which retards the engagement 
of the clutch With the gears and is controlled 
by a relative Speed between the clutch and the 
gear; the invention also exemplifies hydraulic 
and torque controlled mechanism for controlling 
the shifting of the clutch. - 
The invention also exemplifies a lay-shaft unit 

Which can readily be assembled with the high 
and low speed gears for uniformly loading the 
teeth on the gears. An application filed by us 
November 2, 1949, Serial No. 125,058 describes 
and claims the lay Shaft Unit as divisional Sub 
ject matter of this application. 
The invention also exemplifies high and low 

speed gearing which is provided with vibration 
dampers for isolating the vibrations due to blade 
passing from the variable speed gearing and the 
engine. 
The invention also exemplifies improved auto 

natic means for controlling the timing of the 
distributor and generator. 
The invention also exemplifies an outboard 

bearing between the contra-rotating propeller 
shaft and means for Supplying oil through the 
inner shaft to Said bearing. 
The invention is not to be understood as re 

stricted to the details set forth since these may 
be modified within the scope of the appended 
claims without departing from the Spirit and 
scope of the invention. 

Having thus described the invention, what we 
claim as new and desire to secure by Letters 
Patent is: 

1. Engine driven transmission gearing for 
driving contra-rotational coaxial propeller shafts 
comprising coaxial gears, each gear being pro 
vided with clutch teeth, an engine driven slid 
able clutch between and coaxial With said gears 
and provided with clutch teeth for slidably en 
gaging the clutch teeth on the gears, respec 
tively, a balk-ring axially slidable on the clutch 
and provided with friction faces at its ends for 
respectively engaging the coaxial gears, and 
with slots, the clutch comprising a pair of mem 
bers movable together longitudinally, Spring and 
stop means between the members for permitting 
limited relative rotation of the members, and 
means for axially shifting the clutch and the 
balk-ring, an engine-driven overrunning clutch 
for driving One of Said gearS, and IleanS COn 
trolled by the relative speed of the clutch and 
the gears for controlling the engagement of the 
clutch-teeth. . . . 

2. Engine driven transmission gearing for driv 
ing contra-rotational coaxial propeller shafts, 
comprising coaxial gears, each gear being pro 
vided with clutch teeth, an engine driven slid 
able clutch between, coaxial with said gears and 
provided with clutch teeth for slidably engag 
ing the clutch teeth on the gears, respectively, 
a balk-ring axially slidable on the clutch and 
provided with friction faces at its ends for re 
spectively engaging the coaxial gears, and with 
slots, the clutch comprising a pair of members 
novable together longitudinally, spring and stop 
means between the members for permitting 
limited relative rotation of the members, and 
means for axially shifting the clutch and the 
balk-ring, an engine-driven overrunning clutch 
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for driving one of said gears, means controlled 
by the relative speed of the clutch and the geais 
for controlling the engagement of the clutch 
teeth, and torque controlled means for locking 
the clutch in low-Speed, neutral and high-spead 
driving positions. 

3. Engine-driven transmission gearing for 
driving contra-rotational propeller shafts, coin 
prising coaxial gears, each provided with clutch 
teeth, an engine driven slidable clutch provided 
With teeth for slidably engaging the clutch teeth 
on the gears, respectively, combined spiring and 
fluid pressure means for slidably shifting the 
clutch to alternately engage the clutch teeth 
On Said gears, and hydraulic means responsive 
to Variations in the torque of the engine for lock 
ing said spring and fiuid preSSure means to old 
the clutch into engagement with said gears, re 
spectively, and in neutral position. 

4. Engine driven transmission gearing for 
driving contra-rotational propeller shafts, coin 
prising coaxial gears, each provided with clutch 
teeth, an engine driven slidable clutch provided 
with teeth for slidably engaging the clutch teeth 
on the gears, respectively, combined Spring aid 
fluid pressure means for slidably shifting the 
clutch to alternately engage the clutch teeth. On 
said gears, torque controlled hydraulic ineans 
for locking the Spring and fluid pressure. Thea.S 
to hold the clutch in engagement with said gears, 
respectively, and in a neutral position, and 
means controlled by said spring and fiuid pres 
sure means for indicating the positions of the 
clutch. 

5. Engine driven transmission gearing foi 
driving contra-rotational coaxial propeller shafts, 
comprising coaxial gears of different, pitsi di 
ameters, each provided with clutch teeth, an 
axially slidable clutch between Said gears, co 
axial with said gears and provided with teeth 
for slidably engaging the clutch teeth on the 
gears, respectively, a balk-ring around and slid 
able on the clutch and provided with friction 
faces at its ends for respectively engaging the 
high and low speed gears, means for Siidably 
shifting the clutch and for shifting the balk 
ring for engaging its friction faces with Said 
gears in advance of the engagement of the clutch 
teeth, the balk-ring being limitedly rotatabie 
relatively to the clutch, and means on the balk 
ring for holding the clutch in a neutral position 
and preventing engagement of the clutch With 
the gears, an engine-driven overrunning clutch 
for driving one of said gears, the balk-ring being 
releasable by varying its relative rotation to the 
clutch to permit the clutch teeth to engage the 
clutch teeth on the gears, respectively. 

6. Engine driven transmission gearing for 
driving contra-rotational propeller shafts, Com 
prising coaxial gears, each provided with clutch 
teeth, a driving sleeve, a clutch axially slidable 
on the sleeve coaxial with said shafts and includ 
ing relatively rotatable members provided with 
teeth for slidably engaging the clutch teeth on 
the gears, respectively, a balk-ring around and 
slidable on the clutch and provided with friction 
faces at its ends for respectively engaging the 
gears, means for slidably shifting the clutch, 
means for axially shifting the balk-ring by the 
clutch-shifting means for engaging its friction 
faces with said gears in advance of the engage 
ment of the clutch teeth, the balk-ring being 
slidable and rotatable relatively to the clutch, 
stop-means for the clutch on the balk-ring for 
preventing engagement of the clutch with the 
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gears, an Overrunning clutch between the sleeve 
and one of the coaxial gears, the balk-ring being 
rotatable... to release the clutch and permit, its 
clutch. teeth to engage the clutch teeth on the 
gears by relative movement of the clutch and the 
gears, respectively. 

7. Engine driven transmission gearing for 
driving contra-rotational coaxial propeller shafts, 
Comprising coaxial gears, each gear being pro 
vided with clutch teeth, an engine driven slid 
able. clutch between and coaxial with said gears 
and provided with clutch teeth for slidably en 
gaging the clutch teeth on the gears, respectively, 
a balk-ring around and axially slidable on the 
clutch and provided with friction faces at its 
ends for respectively engaging the coaxial gears, 
and with slots, means. On the clutch extending 
through and movable relatively to the ring, axial 
ly and rotatively in the slots, means in the slots 
for arresting the axial movement of the clutch 
after the balk-ring is fixedly engaged with the 
gears and before the teeth on the clutch engage 
the gears, means for axially shifting the means 
extending through the ring to shift the clutch, 
the balk ring being controlled by the relative 
speed of the clutch and the gears when the ring 
is frictionally engaged with the gears for dis 
engaging the arresting means, to permit the teeth 
on the clutch to engage the clutch teeth on the 
gears, and torque. controlled means for locking 
the clutch engaged with the coaxial gears re 
spectively. 

8. Engine driven transmission gearing for driy 
ing, contra-rotational coaxial propeller shafts, 
comprising coaxial gears, each gear being pro 
vided with clutch teeth, an engine driven slidable 
clutch between and coaxial with said gears and 
provided with clutch teeth for slidably engaging 
the clutch teeth on the gears, respectively, a 
balk-ring around and axially slidable on the 
clutch and provided with fiction faces at its ends 
for respectively engaging the coaxial gears and 
movable into a neutral position, and with slots, 
means on the clutch extending through and 
movable relatively to the ring axially and ro 
tatively in the slots, means in the slots for ar 
resting the axial movement of the clutch after 
the balk-ring is frictionally engaged with the 
gears and before the teeth on the clutch engage 
the gears, means for axially shifting the means 
extending through the ring to shift the clutch, 
the balk-ring being controlled by the relative 
speed of the clutch and the gears when the ring 
is frictionally engaged with the gears for dis 
engaging the arresting means to permit the teeth 
On the clutch to engage the clutch teeth on the 
gears, and torque controlled means for locking 
the clutch engaged with the coaxial gears re 
spectively and in an intermediate neutral posi 
tion. 

9. Transmission gearing comprising coaxial 
driving and driven members, a ring longitudinal 
ly movable relatively to and surrounding said 
members, driving means between the ring and 
one of said members which permits longitudinal 
sliding movement of the ring, the inner periphery 
of the ring and the outer periphery of the other 
member being provided with mating longitudinal 
ly extending helically inclined recesses, balls in 
said mating recesses connecting said other mem 
ber and the ring for longitudinal movement of 
the ring produced by torque, hydraulic means for 
shifting the ring longitudinally, and valve-means 
for the hydraulic means, responsive to the longi 

75 tudinal movement of the ring. 
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10. Transmission gearing comprising coaxial 
driving and driven members disposed side-by 
side, a ring longitudinally movable relatively to 
and Surrounding said members, driving means 
between the ring and One of Said members which 
permits longitudinal sliding movement of the 
ring, the inner periphery of the ring and the 
outer periphery of the other member being pro 
vided with mating annular series of extending 
open-ended helical recesses, an annular series of 
balls in said recesses connecting said other mem 
ber and the ring for torque responsive longitudi 
nal movement of the ring, yieldable means for 
holding the balls in the helical recesses, hydraul 
lic means for shifting the ring longitudinally, 
and valve-means for the hydraulic means, re 
Sponsive to the longitudinal movement of the 

g. 
11. Transmission gearing comprising coaxial 

driving and driven members disposed side-by 
side, a ring longitudinally movable relatively to 
and surrounding Said members, the inner pe 
riphery of the ring and the Outer periphery of 
One of Said members being provided with an an 
nular Series of longitudinally extending nating 
recesses, an annular series of balls in Said re 
cesses for slidably connecting the ring and Said 
last named member, the inner periphery of the 
ring and the outer periphery of the other mem 
ber being provided with mating helically extend 
ing recesses, an annular Series of balls in said 
mating helical recesses connecting said other 
member and the ring for longitudinal movement 
of the ring produced by torque, and a control 
device for the gearing and means operable re 
Sponsive to the torque transmitted to the driven 
member for operating said control device. 

12. Transmission gearing comprising coaxial 
driving and driven members disposed side-by 
Side, a ring longitudinally movable relatively to 
and surrounding said members, the inner periph 
ery of the ring and the outer periphery of one of 
Said members being provided with an annular 
series of longitudinally extending mating recesses 
parallel to the axis of Said members, an annular 
Series of balls in said recesses for slidably con 
necting the ring and said last named member, 
the inner periphery of the ring and the outer 
periphery of the other member being provided 
with mating helically extending recesses, an an 
nular Series of balls in said mating helical re 
cesses connecting said other member and the ring 
for longitudinal movement of the ring produced 
by torque, and a control device for the gearing, 
and valve means operable by the longitudinal 
movement of the ring, and responsive to the 
torque transmitted to the driven member for 
operating the control device. 

13. Transmission gearing Comprising coaxial 
driving and driven members, a ring longitudinal 
ly movable relatively to and Surrounding said 
members, the inner periphery of the ring and 
the outer periphery of one of said members being 
provided with a series of longitudinally extend 
ing mating recesses, a series of balls in said re 
cesses for slidably connecting the ring and Said 
last named member, the inner periphery of the 
ring and the outer periphery of the other mem 
ber being provided with mating annular series 
of helically extending open-ended recesses, balls 
in said mating helical recesses connecting Said 
other member and the ring for longitudinal 
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movement of the ring produced by torque, yield 
able means for holding the balls in the helical 
recesses, and a hydraulic device operable by oil 
under pressure, a locking device for the gearing 
controlled by the hydraulic device, and valve 
means operable responsive to the torque trans 
mitted to the driven member for varying the 
pressure in said hydraulic device for operating 
said locking device. 

14. Transmission gearing comprising coaxial 
driving and driven members, a ring longitudinal 
ly movable relatively to and surrounding said 
members, the inner periphery of the ring and 
the outer periphery of one of said members being 
provided with a series of longitudinally extend 
ing open-ended mating recesses, a series of balls 
in said recesses for slidably connecting the ring 
and said last named member, means for holding 
the balls longitudinally in said recesses, the inner 
periphery of the ring and the outer periphery of 
the other member being provided with mating 
helically extending open-ended recesses, balls in 
said nating helical recesses connecting said other 
member and the ring for longitudinal movement 
of the ring produced by torque, yieldable means 
for holding the balls in the helical recesses, and 
a hydraulic device operable by oil under pres 
sure, a locking device for the gearing controlled 
by the hydraulic device, and valve means oper 
able by the longitudinal movement of the ring 
responsive to the torque transmitted to the driv 
en member for varying the pressure in said hy 
draulic device for operating said locking device. 

SAMUE, K. HOFEMAN. 
HAZEL CAMINEZ, 

Eacecutria of the Estate of Harold Caminee, De 
ceased. 
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