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Cur invention relates, generally to control sys- g long Watpr cnannel of smta,ble mdth and depth-
tems and, more pa,rhcularly, to control systems and a. motor- operated vehicle dlsposed fo span
for propelling a vehicle that may be utﬂlzed for the wid'h of the channel and run on suitable
towing flyving-boat hulls 111 a2, cnmmel of wa,ter tr ackways and provided with the. Proper testmg
5 for test purposes. ecuipment for towing “'ymg—boa,t ‘hulls of full 55-

- 'The design of fiying -baa,u hvllg demands the gize.  In this manner, the testing hulls may be
 best possible combination of seronautical and 'towed through the Water at the desrfed speed
naval architecture. Accordingly, the- de51gn of itheout encountermﬁ waves such as set up by -

. practically all of the flying-boat hulls up to the a speﬁd boat or the like, - Likewise, it is possible

~ 10 present time, in order to meet both. aeronautical to obtain test data at relatively high speeds, 60.
. and naval reguirements, has been based upon namely, of the order of sixty miles per hour,
~empirical design data obiained by tests con- since the hulls may be towed through the water

- ducted with models constructed approxi mately at speeds bommensmate with the speeds &t"&lﬂﬁd*

| one-fifth the size of the hulls themselves. In by sea-planes during the “take-off” and “land-
|5 this manner, the de51gner is assured that hulls ing”. ‘Moreover, it is possible, with a control 55'

constructed in accordance e with the empirical system constvucted in accordance Wlth our in-
design data will perform with a fair degree of ~vention, to tow flying- boat hulls. of full size
stceess in actual service. Thus, hulls of one type through the water without jerking, thereby per-

| ‘may provide a low resistance on-tne “take-off”". mitting the obtaining of accurate design data.

9o or “landing” but at the same time cause an un- It is ‘an object of our invention to provide a 7o

- ~deszirable spray fGiﬂl&tIOi’l which interferes with - control system for the class indicated that shall

the propeller of the sea-plane. "Hulls of. other  be sunple and reha,ble in operatmn and be eco--
types may perform perfeculy well in landing har-  nomically manufactured and inst alled -

‘bors where the water 15 smooth but perform_ - A more specific object of ocur 1nve11t10n 1s to

o5 VETY Unsa,tmac'smuy in- the open, 584, where the provide for accelerating a vehicle at a substan- 5

water is rough. .~ , - T tially constant rate until it obtains a predeter-
The only ﬁvmlable procedufe heretmore known - mined spﬂ-ed and then for mamtammg said speed -
fO.f. conducting these tests was to utilize a speed  substantially. constant for a predetermmed dlS-

| boat provided with the %ﬂessary testing eqmp- tance of travel, . |
. 4o ment to tow models of approximately one-fifth A further object of our mventlon is to prowde 80

the actual size of bulls thmug‘q the water. This for retarding the- movements of a vehicle at a

msathod, however, has many disadvantages that substantially consmn‘t rate of dﬂc:ﬂlera,tlon for a

interfere with obtaining accuratﬂ design data - predetermined length of time: and then for fur-

One of these disadvantages is the influence of ther retarding the *novements of the vehlcle untll o

45 the waves produced by the speed boat upon the it comes to rest.. o | 85

. testing modael, espec 1a11y when running atb rela- It is also an. ijech o'F our mventlon to prov:lde T

tively high -speeds.  More imporant than this, -fm chanﬁmg the rate of acceleratmn and decelera- o

however, is the nmbmty to operate a speed boat -tion of a vehicle in order to accofn*nedate any

l at a. subsiantially constant rate of acbeleramen desired operating or testmg condition. - .. ..
40 or at a substantially constant speed, to ‘prevent - A still further object of our invention is-to pro- 90.'
ierking while recording the fest values., - 'Vlde for establishing a plurality of predetermmed |

- Also another disadvantage is the mabﬂlty to _speeds at which g vehicle may be operated. |
obtain test data at relatively high speeds, since  Another object of our invention is to promde _

& speed hoat ca,nnot attain speeds commensurate “for remotely controllmg the movements of &

45 with the speeds attained by sea-planes during . ve‘ncle from a plac== other than the vehwle 1t- 95

the “take-off”” without producmg large v.rav_es; 'se1f - , _

that interfere 'fm*‘h the test: o.a,ta, ., Other obJecns of the 1nvent10n mll heremafter
The equmflmnt 40 whzch our mventlon may - beucme apparent.. For a fuller understanding

be applied pTOTﬁdﬁb for overcoming the _fﬁrego- of the nature and the objects of our inventicn,

50- mg dlﬁicultles Brlefly, the eqmpment compmses%; _-refelence should be had to- the accompanymg 100




| drawmg, in Whmh a contr 01 system embodymg me

- features of our invention is shown.
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~acter 11, disposed in a channel of water 11°.

Referring now to the drawing, the reference P

character 10 designates a vehicle to which our
invention may be applied for towing a fying-boat
huil, indicated generally by the reference char-
The
venicle 10 is shown disposed to travel on suitable
trackways 10’ provided therefor along each side
of the water channel 117,

Our invention, it is deemed unnecessary uO

As shown, the vehicle is propelled by a motor
12 having a separately excited field winding 13.
Although only one motor is shown, it is apparent

that any number of motors may be operated by
In practice, a motor is comr-_

our contrel system.
nected directly to each wheel of the vehicle. = -
The motor 12 is enercflzed through the illust 1*a,t==d
system of trolley conductors, while are connected
is circuit with o motor-generator set compris-
ing a synchronous motor 14, having a field wind-

ing 21, mechanically coupled to a direct-current

generator 15 having a commutating field wind-
ing ‘16 and a separately excited field winding 14.

 An exciter 20, disposed to provide a substantially

36‘

35

40

45

to a

- ber of the starting switch 28,
- 50 .

constant voltage excitation for the field wind-
- ing 21 of the synchronous motor 14, the

eld wind-
ing 17 of generator 15, and the field winding 13 of
propelling motor 12, is directly coap?ed 10 thﬂ
shaft of the synchronous motor. |
The synchronous motor 14 may be connectod
a supply of three-phase alternating-current
power represented by the conductors 23,
25 by means of g starting contactor 22, As shown

23 and 24, by means of two manually operanle

push- button switches 27 and 28, the starting
push- outton switch 28 being normally biased to
the open circuit position by means of a suitable
spring, and the stop push-bution switeh 27,

which is utl,,.lzed for disconnecting the synchio-
nous motor from the supply saurce being normal-
v biased to the CLOSEd circuitv position by means
of a suitable spring. 'The starting contactor 22,
when operated by the closing of the contact mem-
establishes a hold-
ing circuit through a contact member 26 of ths

starting contactor for continuously energizing the

magnetizing coil ’rhereof untll tﬂe stop swudﬁ

oM is operated.

Ot
1

- 60

.65

"-?7'0 |

- The sequence of the startmﬂ of synchronam
‘motor 14 is as follows
switch 28 in a downward direction against the
bias of its spring establishes a circuit from con-
ductor 24 through stop switch 27, starting push-

Actuation of push -bution

button switch 28, the coil of the lines contactor,
or starting contactor 22 to conductor 23.  Opera-
tion of line contactor 22 clesea contact members

26 thereby establishing an energizing circuit for
- the coil of the line contactor which is in shunt

relation to the starting pusn-button swj.tch 28.
The switch 28 may Lhus be 1elea¢ed nd mo’for

14 continues to run. ~ | |
During the acceleraumg amd decelelammg NS~

rwds of the vehicle 10, the excitation of fieid

winding 17 of the generator 15 is automatmaﬂy'

varied by means of a sensitive and acwmte regil-

- The regulator per se does not constim{:e

Since the construction
of the channel and the vehicle comprise no part
- of

-_ show the details of construction thereof.

- established for energizing a relay 42,

‘necting 1
“to have one polarity for operating the vehicle In -
g forward direction and, cwversew, the operation.
of the relay 42 provides for connecting the field
have the OpPpPO~
polarily for operat m“ uhe 1?6‘111(318 in the rn-.
verse direciion.

24 and

._ | , Site
the energizing coil of the sftarting contactor 22

‘may be connected across the supply conductors

‘a pair of contact te

tera will be described

1,940,887

plete descrlpuon and showmﬂ‘ of the regula,tor

of the type utilized, reference may be had to
Patent No. 1,684,151, W. Schaelchlin, issued Sep-

tember i1, 1828, and 'a_ssign‘ed to the assignee of

- this invention.

Tne propelling movor 12 may be snarted in the
forward or reverse direction by means of 2 man-

ually operahle control switch 49 which comprises

a, piurality of contact terminals disposed to be
mldged by a plurality of _coma t segments 51 to

53, Inclusive, when thie switch is actuated to the

.-_'1"1ght alicl a plurality of contact segments: 5-*-'?- ‘to

ao, inclusive, when actuated to the left.
The contr ol switch 40, when actuated to t‘le

left, establishes a circuit for energizing a relay
Thls circuit may be traced irom the posiiive

41.
de of the exciter 20, through conductors 43 and
44, the magnetizing coil of the relay 41, conductor

45, & pair of contacy terminals bridged by a cen

tact segment 54, and conductors 4‘? and 48 to the
negative side of the exciter 20.

ereq e ccm-:

00

trol switch is actuated to '-'*be right, a circuit is

cuit extends from the positively-energized con-

ductor 44, through the actuating winding of the:
relay 42, copductm 50, a pair of contact terminals

This cir-

100

brideged by a contact seﬂ*ment 51 and through -

conductor 47 _to
ductor 48, -

Oper a,tm;l cn t:ae velay 41 ]_:E.I.OV].deS fm con-—
e field winding 17 of the generator 15

the

winding 17 of the generauor i5 to't

auvelj eﬂermzﬂd con-

105

-
el
o

Also, the control smtﬂh Wherr actuated t@ the .

trolley conductors 63 and 64, and

extends from

| lef 5, provides for bridging the gaps between the
the trolley con-

ductors 67 and 83%. The bridging connection for
the trolley conductors 63 and 64
- the trclley conductor 63 through conductor 70, a

115

pair of contact terminals bridged by the contact

segment 55 and to the trolley ‘conductor 64 i
The bridging conneﬂtm:‘s_
for the tr ailey conductors 67 and 68 extends-from

through a coenductor 71,

the trolley conductor 87 through confivr‘*tar 13,

fesd
e
R

pair of contact terminals bridged by the cop-'f

"tact sesment 58, and thmugh a ﬁanducm* 74 'L:J:
- the trolley condu tor 8. | |

“When the contrel qwﬂ'r_‘:h J.S
right, it provides for bridging the

for the +r01?ey conductors 84 and 65 extends from
the troliey conductor 64, throuzsh conda{:ﬁor 1,

a pair of contact terml ﬂa,ls sridged by the eon-
tact segment 52 and thmu,@fh
- trolley co*muctor 65.
for ¢

conguesor

the troiley conductors 68 and 69 exuellds from
the 'L?'olley 0011"111(31}0"' 68 tﬂl"ﬂhgﬂ cenﬂ ctor 74,

the exciter 20.

irst the regenera‘tmg brakmg permd ﬁmd

B
o

'ctua. ed to t__.e--'
gaps between
the trolley conductors 64 and 65 and the trolley -
conducwrs 68 and 69. The bz 1dgmg connect ion :

sk
a3 |

5 to the
The bridging connection

!
RO
- O

erminals bridged by the con-
tact set_.,_...‘erlt 53 and thro 1gh CGI’_ld_ ctar '_‘3'5 t_o thﬂ __
‘trolley conductor 59. | ~ -
In descnbmg the onﬁramo*ﬂ of the control sys-
‘tem, it may be assumed th at the co*qt:oi swirch
-_ rﬂ-O 1..3 actuated to the left, and tl"- at the
_mnous moetor 14 is driving the
lator 20 of the vibrating type, to cause the gen-
erator to deliver a substantially constant amount
‘of current to the propelling motor 12 of the ve-
‘hicle.
-*pa,rt of thls mvent;on however .For g mox

'fmchro-_ -
enerator 15 and .
The operation 0“? the control sys-
in the followin g seqguence,
the sccelemt'lng period of the vehi cle, the run-

~ning period, and the deceleration period, includ--
Cing

ILC



oﬂ:-
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finally the dynamrc a.nd the meoha,mca.l brak-

ing period. |
Under - the foregomg aesumed cond1t1on the :
exciter 20 provides for energizing the field wind--

ing of the propelling motor 12, through a circuit

that extends from the positive terminal of the
exciter through conductors 43 and 80, the trol--

ley conductor 60, conductor 82, the field- winding

13 of the propelling motor 12, conductor 83, the

trolley. conductor 62, and through the oonduetor
48 to the negatwe elde of the exciter. :

Also, the exciter 20 provides for energlzmg a

| shunting relay 990 through a circuit that extends

15.

from the positively energized. . oo:oduotor o0
through conductor 92, the magnetlzmg coil of re-
lay .90, conductor 93, the contact terminals:of
~ the contact switch 40 br1clged by the contact seg-
ment 56, at whloh point the circuit is completed

‘through one  of two paths depending upon

20

25

whether the. trolley colleotor 101 is making con-

tact-with the trolley conductor 67 or 68. If the

troliey .collector 101 is making eonta,et Wlth the

safety switch 106 and.through conductor 83 to

the negatwely energized trolley conductor 62. If

30
- through conductor 74, the trolley conductor- 68,

30-

" may be traced from the posatwe terminal of the
exciter, throush conductors 43, 80 and 113, the

the trolley collector 101 is making. contact with
the trolley conductor 68, the circuit is completed

and - collector 161, conductor 105, ‘the safely

switch 106 and through conductor 83 to the nega- .

tively- energized trolley conductor.- 62.

- The exciter 20, likewise, provides for energlz-'

ing the relays 110 and 112 through a- circuit that

| contact members 114 of & speed-11m1t switeh 115,

- 40

conductor 117, the contact terminals 118 of the

" starting switch 22 (when in its closed position),

conductor 119, the :me,ghetlzmg COll of the relay

- 110, conductor 120, contact terminals of the con-

'. 45
50
55
g 60

60

‘trol switch 40 bridged by the c¢ontact segment -
gf the I‘EI&J’ 41 to the negatwely energlzed con-

'duotor 48, | - |
- The I‘ESIStOT" 185 that is: eonneﬂted a,CTOSS the |
“field winding 17, is disposed to dissipate the en-
ergy stored in the field winding when the field -

©eireuit is opeoed It is observed, from the field
'Wmchng circuit :just traced, that the
ing iz connected directly across the. exolter 20
'-:W1thout any resistance in the circuit.

55, at which point the circuit is oompleted through

one of two paths depending upon whether the
trolley collector 100 is making contact with ‘the

trolley conductor 63 or.64. Ii the trolley collector

100 is making contact with the trolley conduc-

tor 63, as it will be during the initial part of the

run, the ecircuit -is completed through conductor.

70, the trolley conductor 63 and collector 100,
the magenetizing coil of the reley 112, the safety

switeh 106 and through the conductor 83 to the
negatively energized trolley conductor 62. If the
trolley collector 100 is makmg eontect with the

trolley conductor 64, the circuit is completed

through conductor 71, the trolley conductor 54,
the trolley collector 100, the magnetizing coil of .
the relay 112, the. safety switch 106 and through
-~ the conductor 83 to the negatwely energlzed trol-
| ley conductor 62. - |
‘Qperation of the rele,y 112 enelglzes the sole="

nmd winding 123 of the meohamoal brake 125,

thereby retraotmg the brake shoe from the br ake
drum against the opposrtloh of a spring which
normally biases the shoe against the drum. Th1s_'

- eircuit extends from the posrtrvely energzzed con-

75

ductor 82 through the wmdmg 123 of the brake
and contact terminals 130 of the reley 112 to the |

| negatwely energized conductor 83..

The relay 110, when eheigrzed provrdes for

connecting the armature of the propelling motor -
12 in circuit. with the armature oi the generator
15; ThlS power cu:ourt may ‘be tre,oed from the

-_-p031t1ve termmeI of the generatol 15 through 1ts1 .

- commutating field 16, conductor 140, the upper: o

‘contact members of the relay 110, conductor 141,
‘the trolley conductor 61, conductor 142, the ar--
“mature of the motor 12, oonduotor 144, the trolley:
conductor- 66 and oonduotor 150 to the negatwe
‘terminal of the generator.

80

- In order to provide for regulatmg the value of-, |

the commutating field 16 of the generator
this manner, the current traversmg the oo1ls of

Tt is evi-
dent that, by regulating the value of the current

traversing the coils of the regulator 30 by means -

.the current delivered to the motor 12, the coils o
32 and 35 of the regulator 30 are connected In -
series with an. a,djustable resistor 154 and across.
In o

85

the regrule;tor is proportwnal to the current de-
livered by the gehere..tor to the motor.

T

of the adJustable resistor 154, the value of the =

current. dehvered by the geherator to the motor
can he varled 5

.As shown, the 0011 of the voltage relay 160 is
COll].’lEutEd directly across the power conduotors' -
trolley conductor 67, as.it will be during ‘he ini- - 140 ahd 159 by means of conductors 161 and 162
 tial part of the run, the circuit is eompleted-
through the conductor 73, the trolley: ooncluotor -'

- 67, the trolley collector 101, conductor 105, .a

and an adjustable resistor. 163. This voltage

relay is deelgned to operatie When the voltage
produced by the. geherator attains a -predeter-
~ mined value, which value may represent.a pre-
'-determmed speed of the vehicle.
that a plurality of- predetermmed speeds may be

salected by regulating the voltages impressed

- upon the coil of the relay 160 by means of the.‘ |
_.ed iustable resistor 163. . |
‘Since the contact members of the relay 160 are

_eloeed during the accelerating period, the circuit:
for energizing the field winding 17 of the gen-
erator 15 extends from the positively energized
“conductor 80 through conductor 170, the contact

members. of the relay 160, conductors 171 e,nd

172, the-ccentact members 174 of the relay 90,
the lower and the movable contact members of
the reguletor 30, conductors 175, 176 and 177, the

100 o

It is a,pparent N

105

110

upper contact members of the relay 41, conductor

179, the field winding 17 ol the generator, con-

ductors 180 and 181, and lower contact members

ingly, the maximum. field current traverses the

field winding 17, with: the result that the gen-
‘erated voltage, ghd conseguently, the. generated

qeld wind-

Accord-

120

eurrent that is being delivered to the propelling
motor 12, rises quickly to a value oorreepondmfr_

to the setting of the regulator 30, as determined
by the adjustment of the resistor 154.

the magnetic pull produoed by the coils 32 and

and 35 to be less

ehunted from the field circuit. .

Instantly 3

- 85 overcomes:the force of the opposing spring 37
and thereby connects the resistor 200 in series .
“with the field winding 17 of the generator just as

“soon as the lower and the movable oontaot mem- T
bers are sepatated. o
The insertion of the 1esrstor 290 oauses the gen-
'erated voltage to drop,. which in turn causes the
‘magnetic force of the oo1ls a2
than the force of the spring 37, whereby the lower j
ahd the mova,ble contact members of the Tregu-~-
“lator are .reclosed. The resistor 200 ‘is thus
The frequency
‘of the opening and reclosing of the lower and -
the movable oontact members is very. hrgh The 150



a

~ the amount of shunting required to maintain a

10

| 'substal tla,llj constanu amount 01 genem‘ted cur--

rent.

‘since the current de-

- propelling motor is substantially constant dur-

15

20

ing the acceleration period. 'The speed of the

motor rapidly increases and it requires an ever
increasing generated voltage to maintain the ac-
~celerating current. As the voltage increases, the

speed of the vehicle increases in like proportion,

~and since the torque is substantially constant,

the rate of acceleration is substantially constant.

This means tha,u & flying-hoa t hull may be towed.

through the water at a predetelmmbd rave. 0i
- acceleration without jerking

any number of predat ermmed rates oi accelera-
- tion ‘may be attained by Varymg Lhe SEutLI}gb 01
25

tr1e resistor 154.

Since the cost of camu mt111g *‘z, lovlg water'
‘channel is many times more expensive than the

contrel equipment and since the capacity of the

© - propelling motors is limited in order to keep the

30

total weight of the vehicle to 2 minimum, it is -
necessary to accelerate the vehicie In the short- .

~ est possible distance of travel, especially while

- 35.
40

45

- with the field winding 17 of the generator.
exciting current for ths
from the positively

through conducior 170,
~ energized conductor: 172 and thence through the
field winding 17, as heretofore explained. - -

Ly

50

80 that the resis’or 200 is shunted from the field
circuit by means of the closing of the lower and

the mova‘“’le contact merepers. of the regulator
This means that during the running period
the fi old excitation of the generator is governed
solely by the resistance 205, ’]“ms grves 2} comtaﬂt |
field excitation. - - |
| the running Deth}d since the .L_le}.d X~
citation of the generator is constant, 1the current

delivered by the generator to the motor is con-

- stant and in consequence, the speed al which the
- vehicle |
Therefore, the operation cf the relay 160 provides:

65

70

715

conducting high speed tests, by operating the

-generator and the pmpellmﬂ' mo uom at their
maximum rating. - :

This feature may be accomphshed Very rﬂadnyf

by our invention. It is only necessary for the
operator to adjust the value of the resisor 154

whereby the value of the current delivered by the
generator 15 to the motor 12 corresponds to the
-maximum current that the motor und the gener-
ator can safely stand withous: flashing over at
~ the commutators or. mthout pul lmg the synchrﬁ-'-
nous motor 14 out of step. o

- Whnen the vehicle attains a predetﬂrmmad test-'
111g speed as determined by thea setting of the

resistor 163, as previously explained, the relay
160 oneratea to connect a resistor 205 in

50
to ‘the

energized conductor -
the resistor 205,

The inclusion of the resistor 205 causes the
field current {o decrease.-

drop to a valte much low
quired to operate the regulator, with the resuit

30..
- During

is operated is meaintained  constant.
for discontinuing the accelerating permd a,n.l for

1n1t1at1ng the runmng period.

From the foreg011'1n' descrlptlon of tﬂe regma,-.
tor, it is apparent that,
~livered by the generator to the armature of the
propelling motor is substantially constant, and
since the field excitation of the motor is sub-~

stantially constant, the torque produced by the

- It is appment_hha,t

cireuit
The
field winding now flows

per con.act membper.

~This reducticn of the
field current c'a,uses-the value of the current which
the generator formerly delivered to the motor to
ar than the current re-

,ﬁvoltage of the motor 12.

erator.

1, 940 887

| mbratmn sometlmes rea.ches g Ilequency in the

| In order that the adJusted or set va.lue of the
. order of 20 cycles per second, depending. upon

resmtor 2056 may maintain the speed of the ve--
hicle equal to the speed at which the relay 160
operates, the values of the settmgb of both of the
- resistors 163 and 205 are simultaneously cali-
brated. Likewise, in order to faciliiate the set-
tings of the. resistors they may be calibrated to
repr esent miles per nour oi the vehicle,

fore, when the resistance settings of the resmtors

163 and 205 coincide, the. speed during the run-~
‘ning period-is .the same as the speed at Whlch

the relay 160 operates. ~ |
After the vehicle travels a, predetermmed dlS-

tance in the forward direction, depending upon -
90

the length of the trolley conductors 67 and 68,

the relay 90 is deenergized, thereby establishing

& circuit for causing the propelling motor 12 to
act as a generator to effect regenerative bralnng

There-~

80

89

Deenergization of the relay 90 is effected when

the trolley collector 101 makes contact with the

05

denergized trolley conductor 69. Operation of the

relay 90 disconnects the resistor.205 from the field

winding 17 of ithe. generator-and, at the same time,

connects the upver contact me: nbers of the regu= ;
lator 30 in circuit with the resistor 200, through

the middle contact members -of the relay - 90,
whereby the movable contact member may. -vi-

100 |

brate with the upper contact member to shunt

out the resistor 200. Since the movable’ contact

member is biased away from the upper contact
member and since the- value of the ohmic re-
sistance of the rasistor 200 is cons:lderabTy larger

105

than the highest possible value of- the resistor

the motor.
driven motor 12 now operates as a generator to
deliver current to the generator 15, which now
operates as a motor to drive the synchronous

- mmotor 14 as a generater -and supply energy back
into the alternating-current system.

Immedmtely upon the msertmn of uhe res:xstor

-200 in the field circuit 17 of the generator by the
deenergization of the relay 80, the current that is .
being delivered by the motor 12 to the gener ator

205, the field current immediately drops to a pre=
~determined low value, with the result that the
indguced electro-motive-iorce of ' the generator
drops below the i 1duced electro-motive-force of
This means that the momentum-

110

115

120

15 increages to a vaiue corresponding to the oper-

~ating value of the regulator, and, accordingly, the
Torce of the coils of the regulator overcome the
force of the spring : 37 and biases the movable
conta,ct member of the regulator against the up-
The closing of the upper
“and- movable cont a,ct members disconnects the -

resistor 209 fr om the field circult of the generator
15, with the result that the induced voltage of

the generator 15 increases to cppose the induced
This causes the current

{hat is being delivered by the motor to the gener-
ator to decrease, thereby causing the: fm ce of
the coils to be 165:: tha,n the force 01’ the sprmg 3‘?

of the regulator

125

130

135

The reopening of the upper a‘m mova,nle con-
thcL members of the rezulator 1ecom1ects the |

resistor 200 in circuit with the field winding of

The reduction in

the generator, Wthh causes the induced voitage 14 |
of the generator to decrea

the induced voltage of the generator a,llaws the o

~current delivered by the motor to the gener aﬁrar |
- for effecting the gencrator braking to increase

again, This repeated action causes the upper
and movable contact
to vibrate, thereby shuntmg the resistor. 200

pericdically from the field winding of the gen-
Tne frequency of wbratlons of openmg 150

145 !

1embers: of tﬂe regulator -
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and re- closmg of the upper and movable con—'
tacts of the regulator 30 is very rapid, dependmg
upon the shunting required to. maintain a con~--
~stant regenerative braking effect, and, as ex-:
plained hereinbefore, the rate of vibrati ons some--
times attains a frequency in the order of twe nty

times a second. Since the spring 37 .0f the reg-

ulator 30 is relatively long, and. since the mag-
- netic force of the coils is constant and is inde-
pendent of the position of the movable coil 32
relative to the stationary coil 35, the current re-.
-~ quired to vibrate the movable contact member

 against the upper stationary contact member is

15

- 80

20

substantially the same as the amount of current
required to vibrate the movable: contact member

against the lower contact member. Therefore,
the rate of deceleration of the vehicle is substan—
tially the same as the rate of acceleration.

When ° conducting - tests at. relatively .
speeds,.namely of the order of 60 miles per hour,
it is necessary to effect the braking in the short-
est possible d1stance of travel, since the length
of the test channel is relatively short.

is so' adjusted that the value of the current de-
livered by the momentum- driven motor to the

'_generatm corresponds to the maximum current

a0
L tance, depending upon the distance between the

that the motor and. generator can safely stand

without flashing over at the commutators.
‘After the vehicle travels a predeter mmed dis-

gap between the trolley conductors 68 and 69

-~ and the gap between the trolley conductors 64

- 85
- braking- discontinues and dynamlc and mechani-

40

~and 65, in which interval the speed of the vehicle

has been reduced considerably, the Tegenerabive

cal braking are s1mtlta,neously effected to. brmg

the vehicle to rest. This action is acccmplished
by deenergizing the relay 110 when the trolley
collector 100 makes contact with . the deener-

- gized trolley conductor 65. Operation of the re-

- lay-110 establishes a dynamlc braking circuit for
- This eircuit
extends from a terminal of the motor 12, through

45 conductor 142, the frolley: conductor 61, conduc-

50

the motor through a resistor -230.

tor 141, the lower contact members of the relay

- 110, the resistor 230, conductors 162 -and 150, the
- trolley conductor 66 and through the conductor.
144 to the opposite terminal of the motor.

the same time the current collector 160 ma,kes'
contact with the trolley conductor 65, the relay -
112 is deenergized; thereby disrupting the circuit

~ that formerly energized the magnetizing coil 123

55

of the mechanical brake 125.
the magnetizing coil ' of the brake causes the
spring to bias the brake shoe against the
The action of the mechanical: braking in co-
operation with the dynanuc braking effect a .
‘high braking force, which brings the vehicle to

60

drum.

rest within a relatively short dlsta*lce of travel.

Upon the completion of a. test in one direction,
'the flying boat null may be attached to the other.
“end of the vehicle and a test may be conducted in
‘the reverse direction by actuating the control

switch 40 to the richt. - The control switch 40,

“when a,ctua.ted to the right, provides for bridg-
ing the trolley conductors 64 and 65 and the
trolley conductors 68 and 69, and for disconnect-
ing the trolley conductors 63 - and 64 and the
“trolley conductors 67 -and 68.

operation of the vehicle in the reverse directicn

is the same as that heretofore explained for the - |
| 'tomng hoat hulls and the like for tﬂst purposes

comprising, in combination, a source of .elec-
.tllcal energy, a motor energlzed by the said 150

operation in the forward direction.. In the re-

- verse direction, 1egenera,twe braking is initiated
 when: the current collector 101 makes contact

with the deenergized trolley conductor 63.-

115 is provided to initiate dynamic and mechani- -
~cal braking in the event of a failure of the alter-

speed, the centrifugal force of the bridging mem-
bers 114 of the speed-limit switch overcomes the
-~ pull of the illustrated spring and thereby inter-

high rupts the circuit that energizes the relay: 110.

There-

fore, when conducting these tests, the resistor 154 -
',pmwded for- initiating mechanical braking and

‘dynamic braking independently of the control

“vehicle at a substantially constant rate of de-
-celeration during the regenerative braking period,
the rate of: deceleration being substantially the -

AL

Deenerglza,twn of

Therefore, the

w1th the deenerglzed trolley conductm 67 and_'
dynamic and mechanical braking are 1n1t1a,ted
when the current collecter. 100 makes contact.f

- In the interest of safety, a speed limit smtch.
nating-current supply source represented by the

conductors 23, 24 and 25.. In such event, the cur-.
rent de_llvered by the momentum-driven motor

12 to the generator 15 would cause the generator

to drive the synchronous motor at exteremely .

“high QDGEd since the synchronous motor can de-

liver no power back to the supply system. When
the synchronous motor attains a predetermined

Therefore, the speed limit switch 115 provides for
immediately effecting dynamic and mechanical
braking upon the failure of the alternatmg-cur- :
rent supply sourece.

Also, as an additional safety feature means are
100
system by opening the manually oper ated switch
168. The opening of the switch 106 decnergizes

the relays 110 and 112 and thereby -establishes
- dynamic and mechanical bra,kmg to reuard the
“movements of the vehicle. '

05

We have thus described a control system that

_-prowdes for acceleratmg a, vehicle at a substan-

tially constant rate until it attains a predeter-

mined speed and then for maintaining said speed 110 o
- substantially constant for a predetermined dis- '

tance of travel. - Also, we have described a con-
trel system for retarding the movements of a

115

same as the rate of acceleration. Furthermore,

we have. described a control system for regulat-
ing the value of current delivered by the gen- .

erator to- the motor during the accelerating 120

-period and the current delivered by the motor

tc the genera,tor during the regenerative braking ._ S

peried so. that it corresponds to the maximum
current that the motor and generator can safely
" stand without flashing .over at the commutators. 125

‘Since certain changes in our invention may be.

-made -without- departing  from the spirit and
-8cope. thereaf it is intended that matters con-
tained:in the foregmng description and shown in

the accompanying drawing shall be mterpreted 130' |

-'as 111ustra,twe and not in & 11m1t1ng sense |

We claim as our invention:
1. A control system: for Vehlcles utllzzed for

'_towmﬂ' -boat hulls and the llke for test purposes

comprising, in combination, a‘source of electrical 185

‘energy, a motor. energized by the said source for
- propelling :a vehicle, means for accelerating the
-vehicle at a substantially constant rate of change
of velocity until it attains a predetermined speed,

means for maintaining said speed substantially 140'
constant ror a predetermzned distance of travel,

| _'mea,ns for retarding the movements of the vehicle

at a
_-velomty for a predetﬂrmmed distance of travel

uubstantlal constant rate of ‘change of

and means for further retarding the movements 145

~of the vehicle until it comes to rest.

2.-A control system for vehicles ut111zed fer
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' hource for pmpellmg a . vehlcle means for ac-

10
18

- 20

o8

rate of change of velocity at which |
accelerated, means for providing a plurality of

 stant rate of change of vel
‘mined distance of travel, means {or preselecting

celeratmg the vehicle a1 a substantially constant
rate of change of velocity until it attains a pre-

determined speed, means for maintaining said
speed substantially constant for a predetermined

distance. of travel, means for preseiecting the

predetermined speeds, means for retarding the
movements of the vehicle at a substantially con-
ccity for a predseter-

the said rate of change of veloeity at whichh the

vehicie is decelerated, and means for further

retarding . the movements of ‘the Vehlcle "L-ntll 15
comes to rest. |

- 3. A control system for vehlcles dtzhzed to
tow boat hulls and the like for test purposes com-

prising, in combination, a generator, means for

driving the generator, a motor connected in cir- '
cuit with the generator for propelling a vehicle,

means for delivering a substantially constant pre-
determined amount of current to the motor,

thereby vroducing a substantially constant

torque, means responsive to a predetermined
speed for decreasing the amount of current de-

~ livered to the motor to a predetermined value,

30.

3b-

‘means for maintaining the decreased value of
the current substantially constant, means eilfec- .

tive after a predetermined distance of travel for
delivering a substantially constant predetermined
amount of current to the generator, thiereby ve-

t{arding the movement of the vehicle by a sub-

stantially constant torque, and means eifective
after a second predetermined distance of travel
for effecting dynamic and mechamcal bmkmg

- until the vehicle comes to rest.

- 40

45

50

59

60

g5

4. A control system for vehicles utilized to

" tow boat hulls and the like for test purpo;_ses
‘comprising, in combination, a source of electri-

cal energy, a propelling motor disposed to be
driven by the momentuin of the vehicle, means
inciuding g plurality of trolley conductors for
connecting the motor in eircuit with the said

source, means for accelerating the vehicle, means
for effecting regenerative braking of the motor,
- and a relay of the vibrating type for so control-
- ling the amount of current delivered to the

motor during the accelerating period and for so
controlling the amount of current delivered to
the said source during the regenerative hraking

period that the rate of change of velocity of the

vehicle curing the accelerating and the deceler~
ating periods . is substantially constant, thereby

avoiding any jerking of the boat hulls.

5. A control system for vehicles utilized | 1:0
tow boat hulls and the like for test purposes

comprising in combination, a source of electrical
energy, a motor connected in circuit with the
said source,

| means for accelerating the motor,
means for effecting regenerative br ahmg thereof,
and a relay of the vibrating type
ing the amount of current. dtﬂmr sred

motor during the acceleratmg period substan-

e

tially the same as the amount of current de-

livered to the said source dmmg the regenera-
tive braking period. |

6. A control system for VEth].ES utﬂlzed to |
tow boat hulls and the like for test purposes com-

‘prising, in combination, a source of electrical en-
ergy, a moior connected in circuit with the said
~source, means for accelerating the motor, means

 for effecting regenerative braking thereof, and 2

71

relay of the vibrating type for maintaining the

- amount of current delivered to the motor during

he vahicle is

prising,

‘the vehicle duri

to the

1, 940 887

the acceleratmg period substantla,lly the sa,me as

the amount of current delivered to the said

- source during the regenerative braking period,
and means for preselecting the amount of cur-

rent -delivered to the motor and the amount of
current delivered tc the said source, thereby pre-
selecting the rate of change of velocity at which
the motor is accelerated and decelerated.

7. A control system for vehicles utﬂ?ZEd to tow
boat hulls and the like for test purposes, com-
in combination, a source of electrical en-
ergy, a motor connected in circuit with the said

85

source, means for. acce1era,t1ng the motor means

for retarding the motor, and means including a
‘relay of the vibrating . type for maintaining the
- rate of change of velocity during both the accel-

era,tlng a,nd the deceleratmg permds substan-
tlally the same. ..

8. A control system for Veh1cles ut111zed to_._
tow boat hulls and the like for test purposes com-
‘prising, in combination, a power generator hav-
ing a field winding, an a,umhary genera,tor means
for driving the two generators, a motor, having
a field winding, to propel the vehlcle cireuit

connections including sectionalized trolley con-

90
05

100

ductors to interconnect the armature and the

field winding of the motor in circuit with the

power generator and the auxiliary generator, re~
spectively, means for establishing a circuit con-

nection to accelerate the vehicle, means opera=

105

ble after the vehicle has accelerated to a pre-
determined selective velocﬂ;y, for establishing a

circuit connection to cause the vehicle to run at
the said predetermined selected velocity, means
for establishing a circuit connection to decelerate
the vehicle after the vehicle has traveled a pre-
determined distance, means for interconnecting
the field winding of the power generator in cir-

generator that the rate of change of velocity of

o the accelerating and decelerat-
ing periods and the velocity durmg the runmng
permd is substantially constant.

0. A control system for vehmles ut1hzed to
tow boat hulls and the like for test purposes com-

prising, in combination, a power generator hav-

ing g field winding, an auxiliary generator, means
- for driving the two generators, a motor having a
field winding to propel the vehicle, circuit con-
nections - including sectionalized trolley conduc-
 tors to interconnect the armature and the field

winding of the motor in circuit with the power
generator and the auxiliary generator, respec-

- tively, means for establishing a circuit connection
to accelerate the vehicle, means operable after
the vehicle has accelerated to a predetermined
-selected velocity for establishing a circuit con-
‘nection . to cause the vehicle to run at the said

predetermined selected velocity, means. operable

110

cuit with the auxiliary generator, and means
for so regulating the field excitation of the power

115

124

125

130

185

‘after the vehicle has traveled a predetermined
for maintain-

distance for establishing a circuit connection to |
decelerate the vehicle, means for interconnect-
ing the field winding of the power generator in

circuit with the auxiliary generator, and a vi- 14

bm,tmg relay that is responsive to the current
owing through the power generator for so reg-
ulating the field excitation of the power genera-

tor that the rate of change of velocity of the
vehicle during the accelerating and the deceler- !
‘ating periods is substantially constant.

10. A control system for vehicles utilized to

tow koabt hulls and the like for test purposes
comprising, in combination, a power generator
having a field winding, an auxiliary generator,
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‘operable a,fter the vehlcle has traveled a pre-
determined distance for establishing a circuit
connection to decelerate the vehicle, means for
interconnecting the field winding of the power .
- 80

~ means for drwmg the two genemtors a motor -'
~ having a field winding to propel the vehicle, cir~

cuit conneetmns including sectionalized trolley

f 'eonductors to interconnect the armature and the
field ‘winding of the motor in cirecuit with the

power- generator and the auxiliary generator,

respectively, means for establishing a circuit con-
nection to accelerate the vehicle, means oper-
able after the vehicle has accelerated to a. pre-'
determined selected velocity for esta,bhshmg a

circuit connection to cause the. vehicle to run

at the said predetermmed selected velomty, means '

925

70

generavor in circuit with the auxﬂlary generator,

- and means for preselectmg the velocity durmg_
the running period and the. rate of change of

velocity during the acceleratmg and deceleratmg_ ,

permd
WALTER SCHAELCI—ILIN
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