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Patented Apr. 10, 1951 

UNITED STATES 

2,548,268 

PATENT OFFICE 
2,548,268 

ENGINE STARTER, WESHING MEANS 

Charles S. Metsger, Morris Plains, N.J., assignor 
to Bendix Aviation Corporation, Teterboro, 
N.J., a corporation of Delaware - 

Application November 13, 1947, Serial No. 785,723 
5 Claims. 

The present invention relates to engine start 
ers, and particularly to a starter of the Self 
contained high-speed, type, in which the turn 
ing motion is transmitted through a rotatable 
output member or jaw having its axis of rotation 
in line with the axis of rotation of an engine 
member. 
Among the objects of the invention are to 

provide a starter structure or System of greatly 
increased power and reduced weight as for air 
craft Service and which shall avoid the disad 
vantages of overrunning clutches, such as de 
Struction of parts by Centrifugal force upon fail 
ure of operation, completely separate the high 
Speed meshing starter and engine members, re 
duce critical tolerances, mesh the Starter arid 
engine members prior to a given rate of opera 
tion of the starter, and have other advantages. 
Another object is to provide a device of the 

above-indicated character which shall be sim 
pie and durable in construction, economical to 
manufacture, and effective in its operation. 
The above and other objects and features of 

the invention will appear more fully hereinafter 
from a consideration of the accompanying draw 
ings wherein three embodiments of the invention. 
are illustrated by way of example. 
In the drawings: 
Figure 1 is a diagram of a System including a 

view in section of a starter of the invention; 
Figure 2 is a bottom detail view of a portion 

of the structure of Figure 1; 
Figure 3 is a view in side section, parts broken 

away, of the invention in modified form; 
Figure 4 is a fragmentary detail of a modified 

portion of Figure 1; and 
Figure 5 is a side view generally in section, 

but having parts in elevation, of another form 
of the invention, and including a diagram of 
parts associated therewith. 
The structure of Figure 1 comprises a rotatable 

engine-engaging member 6 adapted for axial 
extension and retraction movements, respective 
ly, between a position released from, and a po 
Sition meshed with, an engine member 2 for 
starting the engine, the member being shown 
in the released position. The device further 
comprises an axially stationary rotative nut f, 
means including driving means 8 adapted to 
rotate the nut 4, a screw shaft element 2 axially 
movable relative to, and rotatively movable by, 
the nut f4 associated with the engine-engaging 
member if for rotating the latter. A meshing 
rod element 22 is adapted to move the engine 
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ment engaging it to the engine member 2, the 
members 0 and 2 being of the male and fe 
male Spline type, respectively having interfitting 
Splines or teeth. 
Means including spring means 26 cooperate 

With the meshing rod 22 to oppose the move 
ment of the engine-engaging member 9 by the 
rod. Means 28 is adapted, in this instance, to 
effect the movement of the element 22 through 
the intermediary of a yieldable or fluid me 
dium such as steam, for example. Throttle 
means 34 provides for first initiating movement 
of the rod element 22, and following with ro 
tative -action of the engine engaging member 
0 by the driving means 3. 
The driving means 8 comprises a partition 

36 in a housing 38 and, with the latter defining 
a pressure chamber 49 adapted to contain a cat 
alyst for hydrogen peroxide, Such as manganese 
dioxide, copper, and silver. The partition 36 
is provided with nozzles 42 for operating a tur 
bine rotor 44 mounted on a sealed bearing 46 
supported by a cylinder 48 carried by the hous 
ing 38 therein, the latter of which is provided 
With exhaust parts 39. 
The spring means 26 is disposed around the 

rod 22 in the cylinder 48, and acts between one 
end of the cylinder, and a head or piston 59 at 
One end of the rod for biasing the latter to the 
position shown, corresponding to the retracted 
position of the member . The other end of 
the rod 22 is connected to the inner race of a 
ball-bearing 52 having its outer race connected 
to the screw shaft 20 therein, so that the latter 
may be moved axially by, but rotate relative to, 
the plunger. 
The rotor 44 carries a plate 54 including a 

stub shaft portion 56 journaled in a bearing 58 
in a partition 6 of the housing 38 and having 
a pinion or sun gear 62 meshing with planet 
gears 64 which mesh with rotatably yieldable 
axially adjustable toothed discs of a torque 
limiting disc pack 66, the alternate discs of which 
are axially adjustably, but non-rotatively, held 
to the housing 38. The discs of the pack 66 are 
adjusted relative to each other, as by a belle 
ville spring 67 and a ring nut 69. The rod 22 
extends loosely through a bore in the portion 58 
and the gear 62. 
The planets 64 are journaled on a carrier 68 

constituting part of the nut A, which is journaled 
in bearings 70 mounted in the housing 38. 
The means 28 comprises a source 2 of pro 

engaging member C in its axial extension move- 55 pellant, such as hydrogen peroxide, communi 
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cating through a pipe 74, a gear pump 6 and 
a pipe 78, with the cylinder 48. 
The throttie means 34 comprises the piston 

50 and an aperture 80 in the cylinder 48 having 
a narrow slit portion 82 and a portion 84 diverg 
ing from the slit 82. In the inactive condition 
of the System illustrated, the plunger 50 con 
pletely closes the aperture 80, including the slit 
82, to prevent communication between the in 
terior of the cylinder 48 and the chamber 40. 
A motor 86 for driving the pump 6, is fed by con 
ductors 88 from a Source of energy. 90 and Con 
trolled by a Switch 92, which, in this instance 
constitutes the starting Switch. 

In operation, with the parts of Figures 1 and 2 
in the positions shown, closing of the Switch 92 
energizes the motor 86 to operate the pump 76, 
which causes propellant from the Source 2 to 
flow through the pipe 4 to the pump and from, 
the latter under pressure through the pipe 78 to 
the cylinder 48. 
The pressure of the propellant initiates move 

ment of the piston 50 to the right from its re 
tracted position, as shown to initiate movement 
of the rod 22, after which the piston opens the 
sit 82 t0, at first, admit reduced flow of propel 
lant to the chamber 40. This action generates 
enough steam pressure by the hydrogen peroxide 
breaking up into oxygen and water in the form 
of steam upon contact with the catalyst to ro 
tate the turbine slowly until the piston passes 
the right-hand end of the slit 82 and starts to 
effect gradually increased flow of the propellant 
to the chamber 40 by reasons of the enlarged or 
diverging portion 84 of the aperture 80. Con 
tinuation of the action, from the right end of 
the slit 82, causes the member O to engage the 
member 2 before the rotation of the member 
attains a predetermined rate such that, if the 
member f) butts, instead of immediately mesh 
ing with the member 2, it will be turned to mesh 
ing position, and meshed under the continued 
thrust by the piston 50. 
Compressed air or other gas may be substi 

tuted for the propellant and catalyst arrange 
ment of Figure 1, each form having advantages 
over the other, for certain applications. 
As indicated in Figure 4, the engine-engaging 

Spline member 0 of Figure 1 may be replaced 
by a usual jaw 94 for meshing engagement with a 
jaw Corresponding to the engine member 2. 
The structure of Figure 3, in which certain 

corresponding parts are designated by corre 
Sponding reference characters having the suffixa, 
is adapted to obtain results similar to those of 
the structure of Figure 1 in general principle, 
if not in scope, by electrical means. 
As in Figure 1, the device of Figure 3, comprises 

a rotatable engine-engaging member Oa adapted 
for axial extension and retraction movements 
respectively between a position released from 
and a position meshed with an engine member 
(not shown), corresponding to the member 2, 
for starting the engine. The device further com 
prises an axially stationary rotative nut 4a, 
means including driving means 8a adapted to 
rotate the nut 4a, a screw shaft element 20a, 
axially movable relative to, and rotatively mov 
able by, the nut 4a associated with the engine 
engaging member Oa for rotating the latter. A 
meshing rod element 22a is adapted to move the 
engine-engaging member 10a in its axial exten 
Sion movement engaging it to the engine member. 
Means including Spring means 26a cooperates 

with the meshing rod 22a to oppose the move 

4. 
ment of the member Oa by the rod. Means 28d. 
is also adapted to effect the movement of the ele 
ment 22a through the intermediary of a yield 
able medium which, in this case, is a Spring 32 
which is very much stiffer than Spring means 26a. 
Means 34d corresponds to the throttle means 

34 of Figures 1 and 2 in that it provides for first 
initiating movement of the rod element 22a, and 
following With rotative action of the engine-en 
gaging member Oa by the driving means 8d. 
The driving means 8d, of Figure 3, comprises 

a motor 96 including an armature 98, correspond 
ing to the rotor 44 of Figure 1, a shaft OO jour 
nailed by a bearing 02 in a partition 60a of a 
housing 38a and having a Sun gear 62d meshing 
With planet gears 64a. The latter mesh with ro 
tatably yieldable axially adjustable toothed discs 

2 of a torque-limiting disc pack 66a, the alter 
nate discs 4 of which are axially adjustable but 
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non-rotatively held to the housing 38a, the discs 
of the pack 66d. also being adjusted relative to 
each other, as by a beleVille Spling 6d. and a 
ring nut 69a. The rod 22d. extends loosely 
through a bore 6 in the Shaft 0 and the Sun 
gear 62d. 
The planet gears 64a are journaled, as by 

bearings 6, on a carrier 68a, constituting part 
of the nut 4a, which is journaled in bearings 

a mounted in the housing 38d., 
The means 28a, comprises a lever 8 pivotally 

mounted relative to the housing 38a, as by a pin 
20, and having a short arm 22 and a long arm 
24, the latter of which has an end 26 adapted 

to cooperate With a head 28 of the meshing rod 
22d to push the latter to the right against the 
action of the Spring 26a. 
The means 28ct further comprises an electrical 

unit 29 including a solenoid coil 30 surround 
ing a hollow armature core 32 carrying a 
plunger 34 axially movable relative thereto, 
which plunger has a head 36 normally held 
against a seat 38 of the core by the yieldable 
medium or Spring 32, and which spring is backed 
and held in place, as by a locking ring 40 in a 
groove of the armature core 32. Downward 
movement of the core 32, as shown, is limited 
by stop means f42. A belleville spring 43, mov 
ably carried by the plunger 34, in this instance 
constitutes a bridging contact member for sta 
tionary contact elements 44 adapted to be con 
nected in the circuit of the motor 96. 
In operation, with the parts of Figure 3 in the 

position shown, when the circuit of the Solenoid 
coil 30 is closed, the core 32 descends, carrying 
the plunger 34 and the spring 32 with it, while 
retained in the relative positions shown. If the 
engine-engaging member 0a meshes immedi 
ately with the engine member, the action of 
meshing will be carried straight through with 
the plunger 34 and the spring 32 retained 
throughout the action in the abovementioned 
relative position during which the bridging con 
tact member 42 bridges the stationary contact 
member 44 to close the circuit of the motor 96. 
However, when the member Oa, butts the engine 
member, the downward motion of the plunger 
34 stops, while the downward motion of the 

solenoid core 32 continues against the action 
of the spring 32 such that, when the contact 
member 42 bridges the stationary contact mem 
ber 44 to energize the motor 96, rotation of the 
armature 98 will cause nut 4d to rotate and 
thereby by means of the threaded engagement 
thereof with screw shaft eiement 20a will cause 
meshing of the member 10g with the engine mem 
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ber before the rotation of the member Oa attains 
a predetermined rate of speed. 
The structure of Figure 5, now the subject 

matter of divisional application Serial No. 
167,778, filed June 13, 1950, in which certain cor 
responding parts are also designated by corre 
sponding reference characters having the Suffix 
b, is also adapted to obtain results similar to 
those of the structures of Figures 1 and 3, in 
general principle, if not in scope, by the use of 
compressed gas and rotative driving means of 
any desired character, such as the rotor of a 
turbine or the armature of an electric motor. 
As in Figures 1 and 3, the device of Figure 5 

comprises a rotatable engine-engaging member 
Ob adapted for axial extension from and a posi 

tion meshed with an engine member (not shown) 
corresponding to the member 12, but of the jaw, 
instead of the spline, type, for starting the en 
gine. The device further comprises an axially 
stationary rotative nut 4b, means including 
driving means 8b adapted to rotate the nut 4b, 
a screw shaft element 20b axially movable rela 
tive to, and rotatively movable by, the nut 4b. 
associated with the engine-engaging member 05 
for rotating the latter. The Screw shaft element 
20b, instead of the rods 22 and 22a of Figures 
1 and 3, respectively, or of the rod 22b of Figure 
5, is adapted to move the engine-engaging men 
ber Ob in its axial extension movement engag 
ing it to the engine member. 
Means including spring means 26th cooperates 

with the meshing rod 22b to oppose movement of 
the member Ob by the screw shaft 20b. Means 
28b is also adapted to effect the movement of the 
Screw shaft element 20b through the interme 
diary of a yieldable medium, which in this case is 
compressed air. 
Means 34b corresponds to the throttle means 

34 of Figures 1 and 2, and the means 34d of Fig 
ure 3, in that it provides for first initiating 
movement of the screw shaft element 20b, in 
stead of the rod element 22b, and following 
with rotative action of the engine-engaging 
member Ob by the driving means 8b. 
The driving means 8b, of Figure 5, comprises 

, a plate 50 adapted for attachment to the rotor 
of a turbine or other motor, and provided With 
a female spline extension 52 adapted to receive 
a cooperating male spline shaft 54, journaled by 
a bearing 56 in an end plate 58 of a housing 
38b. The plate 50 is held axially relative to 
the shaft f 54 between the bearing 56 and a nut 
structure 60 in a cavity of the extension 52. 
A portion 62 of the housing 38b has a cham 

ber 64 in which is disposed a flange 66 of the 
shaft 54 which is secured, as by a ring 68 and 
screws 70, to a closed end wall 72 of a barrel 
74 journaled in the housing portion 62 as by 

bearings 76. 
The spline nut 4b, in the barrel 14, is con 

nected to the latter by a torque-limiting friction 
disc pack T8 having interlayered discs fixed to 
the nut 4b and the barrel 74, respectively, and 
axially biased together, as by helical Springs 
80 and a ring nut 82 threaded in the opposite 
end of the barrel 74. 
The screw shaft 20b, having long-lead thread 

relation to the nut 4b therein, has an axially 
slidable spline connection 84 to the starter 
clutch jaw member Ob. 
The jaw Ob and the screw shaft 20b are con 

nected by the meshing rod 22b having a head 86 
and extending through an aperture in the jaw 
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6. 
against the jaw by a spring 90 extending into 
the screw shaft 20b. A nut 9 is mounted on the 
rod 22b at the left of the jaw Ob. 
The screw shaft 20b is limited in its axial 

movement to the right, as viewed in the drawing, 
by engagement With a disc. 92 against the barrel 
end wall 72 and, in its axial movement to the 
left by a usual shoulder on the screw shaft 2 ob 
with a shoulder on the spline nut 4b. A ring 
Seal structure 94, not germane to the present in 
vention, cooperates between a baffle portion 96 
of the housing 38b and the jaw member f0lb. 
The screw shaft, 20th, instead of being for ad 

vancement by rotation of the nut 4b as in a 
usual direct-cranking starter having friction. 
means adjacent to the seal 94, the latter of 
which is not true in this case, is adapted as by 
seal rings 98 and 200 in grooves of the screw 
shaft around the rod 22b and the shaft 20b, re 
spectively, for action as a piston responsive to 
fiuid pressure introduces into the chamber 64. 
An inlet 202 admits fluid to the chamber 64 

for passage, indicated by arrows, through pas 
sageways 204, 206 and 208, see lower central por 
tion of the figure, to the screw-shaft-piston 20b. 
The means 28b comprises an electrical unit 

20 corresponding to the unit 29 of Figure 3, 
with the exception that a plunger 34b corre 
sponding to the plunger 34 of Figure 3, instead 
of being adapted to push a lever, such as the 
lever 8, has its lower end constructed as the 
movable element of a valve 22 for controlling 
the flow of fluid, such as compressed air, form a 
source 24 through a pipe 2 6, the valve 22 and 
a pipe 28 to the inlet 202. 
Means 34b corresponds to the throttle means 

34 of Figures 1 and 2, and to the means 34a, of 
Figure 3, in that it also provides for first initiat 
ing the axial extension movement of the Screw 
shaft element 20b, during which, prior to rota 
tion of the shaft 54, the element 20b Will rotate, 
but not under the power of the shaft 54. 
A device 220 corresponds either to a motor Such 

as the motor 86a, the motor 96, or as in this in 
stance, another electrical unit, Such as a Solenoid, 
for starting a turbine, and is controlled as by a 
switch 92b relative to a source of electromotive 
force 90b. 
In operation, with the parts of Figure 5 in the 

inactive positions shown, when the Switch 92b is 
closed, current flows from one side of the Source 
90b through a conductor 222, the switch 92b, the 
Solenoid coil 30b, of the unit 29, and a conduc 
tor 224 to the opposite side of the Source 90b. 
This action, first opens the valve 22 to cause 
flow of fiuid from the source 24 through the 
pipe 26, the valve 2 2 and the pipe 2.8 to the 
inlet 202, and into the chamber 64. From the 
latter, the fluid flows, as indicated by arrows, 
through the passageways 204, 286, and 208 to the 
rear of the piston screw shaft 20b, to advance the 
latter to the left and to push the member b, 
through the intermediary of the Spring means 
80, into engagement with the engine member, 
during which the shaft 28b will rotate in the sta 
tionary unit 4b to rotate the member 10b. The 
timing of the opening of the valve 22 and the 
closing of the circuit of the device 200 is, in this 
instance such that the shaft piston 20b will cause 
the rotating member 10b to engage the engine 
member before driving operation of the shaft 54. 
Thus, the member Ob has a chance to mesh be 
fore the application of rotative power. If, how 
ever, butting should occur, meshing will be in 

Ob, which aperture is closed by a seal 88 biased 75 sured upon the first application of rotative driv 
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ing power, prior to the attainment of a certain 
rate of speed by the member 9b. - 
The timing aforesaid may be varied such that 

power rotation may be applied upon, or at any 
time before or after, engagement of the member 
Ob with the engine member as desired or de 

pendent upon conditions of, or circumstances 
surrounding, a particular case. 
Although each form of the invention, as Stated 

above, operates on substantially the same broad 
general principle as the others, the differences 
in scope or application allow wide divergencies of 
application, manufacture, assembly, cost, size, 
weight, materials, repair and almost every con 
ceivable factor which may be associated there 
with. 
For instance, the device of Figure 1 may pro 

wide substantially greater power for a given 
weight than the device of Figures 3 and 5, thus 
making it more effective for certain branches of 
aircraft practice, while the devices of Figures 3 
and 5 may be better-suited in other branches 
from the standpoint of cost, replacement, repair 
or other considerations. The device of Figure 5 
has the advantage over the other forms of in 
mediate utilization of standard parts of former 
starters not previously operable in the same man 
e. 
The invention therefor provides for a very 

great range of itS application and uses, and is an 
improvement generally in its field. 
Although only three embodiments of the in 

wention have been illustrated and described, Wari 
ous changes in the form and relative arrange 
ments of the parts may be made to Suit require 
mentS. 
What is claimed is: 
1. In an engine starting mechanism, the Com 

bination of a rotatable engine-engaging member 
adapted for axial extension and retraction move 
ments, respectively, between a position released 
from, and a position meshed with, an engine 
member for starting the engine, an axially sta 
tionary rotative nut, means including fluid-re 
sponsive driving means adapted to rotate the 
nut, a screw shaft element axially movable rela 
tive to, and rotatively movable by, the nut and 
associated with the engine-engaging member for 
rotating the latter, a meshing rod element, one 
of Said elements being operable by fluid preSSure 
to move said engine-engaging member in itS Said 
axial extension movement engaging it to Said 
engine member, means including Spring means 
cooperating with said meshing rod element to 
oppose said movement of the engine-engaging 
member by said one element, a pressure chamber 
containing a catalyst associated with said fluid. 
responsive driving means, a source of propellant, 
means adapted to convey the propellant under 
pressure from said source to said one fluid-pres 
Sure operable element for first operating the Same 
to initiate said extension movement, and a throt 
itle device including means controlled by Said One 
fluid-operable element to admit the propellaint 
to said chamber for reaction. With the catalyst 
effecting fluid pressure for causing rotative action 
of said engaging member by Said driving means 
following the initiation of Said extension move 
ment. 

2. In an engine starting mechanism, the Con 
bination of a rotatable engine-engaging member 
adapted for axial extension and retraction move 
ments, respectively, between a position released 
from, and a position meshed with, an engine 
member for starting the engine, an axially sta 
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8 
tionary rotative nut, means including fluid-rest 
sponsive driving means adapted to rotate the nut, 
a screw shaft element axially movable relative 
to, and rotatively movable by, the nut and aSSO 
ciated with the engine-engaging member for ro 
tating the latter, a meshing rod element, one of 
said elements being operable by fluid pressure to 
move said engine-engaging member in its Said 
axial extension movement engaging it to Said 
engine member, means including Spring means 
cooperating with said meshing rod element to op 
pose said movement of the engine-engaging men 
ber by said one element, a steam pressure genera 
tion chamber associated with said fluid-respon 
sive driving means, a source of fluid pressure, 
means adapted to convey fluid from Said Source to 
said one fluid-pressure operable element for first 
operating the same to initiate said extension 
movement, and a throttle device Separate from 
and including means controlled by said one fluid 
operable element to admit said fluid to said cham 
ber for the generation of steam to cause rotative 
action of said engaging member by said driving 
means following the initiation of said extension 
movement. 

3. In an engine starting device, the combina 
tion of a rotatable engine-engaging member 
adapted for axial extension and retraction move 
ments, respectively, between a position released 
from, and a position meshed with, an engine ele 
ment for starting the engine, a meshing rod ele 
ment, fluid-actuated means adapted to actuate 
said meshing rod element to effect said extension 
movement, fluid-responsive rotatable means 
adapted to rotate said engine-engaging member, 
a pressure chamber containing a catalyst aSSOci 
ated with Said fluid-responsive means, a Source 
of propellant, means adapted to convey propel 
lant from said source under pressure to said fluid 
actuated means for operating the Saine to effect 
said extension movement, and throttle means 
controlled by said fluid-actuated means to admit 
the propellant to said chamber for reaction With 
the catalyst causing fluid pressure for operating 
Said fluid-responsive means. 

4. In an engine starting mechanism, the con 
bination of a rotatable engine-engaging member 
adapted for axial extension and retraction move 
ments, respectively, between a position released 
from and position meshed With an engine element 
for starting the engine, an axially stationary ro 
tative nut, driving means adapted to rotate the 
nut, a screw shaft element axially movable rela 
tive to and rotatively movable by the nut and as 
sociated with the engine-engaging member for 
rotating the latter, a meshing rod element, said 
meshing rod element being adapted to move said 
engine engaging member in its said axial exten 
sion movement engaging it to said engine ele 
ment, spring means cooperating with said mesh 
ing rod element to oppose said movement of the 
engine-engaging member by Said meshing rod 
element; a first power means including a fluid 
pump for supplying a fluid medium under pres 
Sure to actuate said meshing rod element in op 
position to said spring means, a second independ 
ent power means including a steam generator 
and a turbine driven by the steam from said 
generator to effect rotation of Said nut through 
Said driving means, and control means operated 
by said first power means for initiating opera 
tion of Said second power means and rotative 
action of said engine-engaging member by said 
driving means following initiation of the axial 
extension movement of the engine-engaging 
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member by said first power means so that said 
first and second power means coact to complete 
meshing of the engine-engaging member With the 
engine element. 

5. In an engine starting mechanism, the con 
bination of a rotatable engine-engaging member 
adapted for axial extension and retraction move 
ments, respectively, between a position released 
from and a position meshed with an engine ele 
ment for starting the engine, an axially Station 
ary rotative nut, driving means adapted to rotate 
the nut, a screw shaft element axially movable 
relative to and rotatively movable by the nut and 
associated With the engine-engaging member for 
rotating the latter, a meshing rod element, Said 
meshing rod element being adapted to move Said 
engine-engaging member in its said axial exten 
Sion movement engaging it to Said engine ele 
ment, spring means COOperating With Said mesh 
ing rod element to oppose said movement of the 
engine-engaging member by said meshing rod ele 
ment; a first power means including a Source of 
hydrogen peroxide, a fiuid pump for Supplying 
said hydrogen peroxide under pressure from said 
Source to actuate Said meshing rod element, a 
second power means including a chamber for de 
composing the hydrogen peroxide to steam, a tur 
bine driven by the steam from the decomposing 
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10 
chamber, and control means operated by said 
first power means for initiating operation of Said 
second power means and rotative action of Said 
engine-engaging member by Said driving means 
following initiation of the axial extension move 
ment of the engine-engaging member by Said first 
power means So that said first and Second power 
means coact to complete meshing of the engine 
engaging member With the engine element, Said 
control means including a valve operated by Said 
meshing rod element to control the Supply of hy 
drogen peroxide to Said chamber from Said pump. 

CHARLES S. METSGER. 
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