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AUTOMATIC W’EEJWQ SPEEDR COMIR QELWR

Wittiens & Wall, 3;-., Piadison, Ala., assionor to the United

Biptes of 4 iea o ropresepted by e Administrator
ef the Netiongl Aerensutics s Snace Adminisiation

Fiied Do, 38, 1965, Ser, Ko, §17,869
14 Cz‘.mms., {CL th}

. The m}’mtmn é*scn’bsd berein may be manufactured
and used by or for the government of the Einited States
of America for governmental purposes without the Pay-
ment of any royaltias thereon or therefor.

The invention relates to 2 welding device and more par-

ticularly ¢o an automatic welding forch spezd controller. .

Automatic welders prom,ce work which 5 more uni-
form and more refiable than i possible by band welding.
Morcover, where weight is a consideration automatic
welders are nsed to reduce the weight of the weid material,
However, difficulties arise in mmg automatic welders
when the work surfaces are curved in a rapdom rmanner,
when 3t is desired to weld contoured surfaces- or ob;ects

havmg ‘unusual physical shapes, or in any case where.

there is misalignments of parts and welder.

A particular probi“m with automatic welders welding
contoured surface is to maintain me torch tip at a fairly
‘constant velocity, This is necessary in order to obtain the
desired umfoxmny Some of the automatic welder comn-
trols i the pnm’ art mainiain a constant weld speed
through the use of a wheel or gear driven tachometer to
send 2 sxgnal pronomenal to the work speed Programmed
control, either pumerical or analog, can also be used. Sall
anothér way to maintain constant spéed centr6l is through
the use of pulse devices to generate a signal voltage pre-
pomona} to the work speed. .

~ The pnncspal dzsaﬂvanmge of slow speed tachometer
scusing is that where low work speed is concernéd tachom-
eters must usually be gva;ed up i order to generaie a
stnooth voltage. This gearing in turn requires that con-
siderable torgue must be applied to the shaft by the pick-
up wheel. Hence, tachometer pickup control is subject to
wheel slippage at slow speeds unless there is considerzble
prcssure applied io the wheel, particularly on a wheel

hich is not directly geared to the device being monitored. .

i"mq:ammed control reauires claborate tooling and ex-
pensive computer computano*x {0 be successfolly apphed
Prom'ammmg also requires close tolerances of both tool-
ing and parts since events must take place at certain
placements, intervals or times. if the paris 1o be welded
have vnusual shapes and are too large to be held nmdly
in tooling jigs ‘to closs tolerances, pmgrmmng can
qmddy become very (’nﬁcu{t and expensive. Ia addition,

-any chapge in the shape to be welded would necessitate 3
revision of the program. Programming simply does not
Jend itself in many arveas to the lightweight toodling con-
cept presendy being favored in industrial production
work.

Linear p'\:\z:se p.r:koﬁ‘ Jends ;tself to the é;sadvama»ges of:
(2) amplifier drift and gain variation and (b) errors in-
troducéd by Jow frequency pulse to analog conversion,
{c) high cost of low torque pulsing devices.

Accordingly, it is the object of this invention to prov:dt:
an mutomatic weld speed controller which ¢an maintain
a welding forch tip &t a substantially constant speed even
when welding contoured surfaces or unusual physical
shapss.-

A further ObLEC‘i is to provide ar antomatic weld speed
controller which can maintain the tip of a welding torch
at a substantially constant speed when the distance from

the work surface to the weld carriage varies in a random:

manner.
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smell pickup whesl trunsduces work

2

“These and other objecis are accomplished in the instant
invention In whick there Iz provided s welding torch
cuarrizge which also supporis & speed sensing wheel and -
2 whesl operated sypchwo controlied fransmitter. The
speed into synchro:
shaff spsed. A synchoo coniroled troncformer i3 con-

nected to the syhchro fransmitier and a drive motor 8.

geared to the syschro Gansformer. A& difference amphi-
fier in circuit with the trassformer and the drive molof
receives ervor signals from the synchro transmitter through
the synchro traptformer and iransnitc them to the drive
motor, $o as o causs the drive motor {0 roiate in a direc-
tior toreduce the ervor signels. Thus the speed of the gear
motor accurately and smoothly tracks the speed of the
welding torch tbroagh the use of a closed Ioop servo

" system,
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The gear motor dzrecdy drives a tachometer or rate-
génerator. Therefore, it follows that the voltage output
of the rate-generafor represenis the instantaneous speed
of the welding ‘torch. This voliage output is then com-
pared in a second differenge amplifier with a fixed volt-
age which Tepresents the desired torch tip speed. -

_The resulting difference vohage centrels the input into
2 known type of ‘electronic governor and governor con-
trol patentxometer, shich inturn vanes the’ speed of the
weid carriage érve motor.

-The governor is controlled by a tithe-on-energization
relay which zllows the weld carriage a time delay of
about 1.5 seconds to come up to a strble, speed before .
the aytomatic control takes over, Workmg in conjunction
with the time-on-energization relay is a gear motor oper~
ating a clutch and brake. This gear motorclutch-brake
assembly transmiis the output from the second difference

‘amplifier to the governor. The gear motor receives the

difference voltage ountput of the difference amplifier and
in turn drives the governor control potentiometer. Dur-
ing the period before the Hime delay bas run, the chutch
disconnects the pear motor from the governor, and the
brake locks the governor control pstenhomeza in its ini-
tial poszizon. This zllows initial' smooth stamng of the-
weld carriage. At the end of the 1.5 second time delay,
automatic conirol is iniiated. The brake is released and
{he clutch connects the gear motor drive to the governor
control potenticiseten

The invention will be more ful}y understood by the fol-
lowing detailed dm.npﬁon when taken together with the
accompanying a;awzrgs in whichs

FIGURE 1 is a diagram showing the vector re?atmn—
ship between welding torch tip speed in the horizontal
plane and actsal welding tp work speed, when welding
random curved work,

FIGURE 2 shows a block dzagram ‘of the mstant in-
vention,

FIGURE 3 shows a more detailed pictorial diagram of
tbe instani invention.

Referring. now to the drawings, FIGURE i demon—
strates that if the weldmg torch is traveling a constant
speed in the X-plane as indicated by vector A, the in-
stantaneous forch tip to work speed, vector S, will be
directly proportional to the secant of the angle alpha pro-
vided that the torch iIs maimtained a fixed height above
the work by a proximity vector P. Therefors, the torch
tip speed may be expressed by the equation,.

—A secant o ' @)
where: B o
As==torch speed in the ¥-plane
S=instantaneous torch tip speed
P=proximity speed - :
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By imspection of Equation 1 above, it can be seen that:
_:5':.__ ‘
<ecant .
Thus, carriage speed must be varied to hold a constant

=38 cosine =

weld speed under the conditions imposed by FIGURE 1.

. Looking now at the block diagraem shown i FIG-
URE 2, the speed of the welding torch is fed mechani-
cally to a set of synchros 12 znd 14 ‘?ymhm 1% feeds
an error signal 16 through the second synchro 14 and

a difference ampliffier 1§ 1o a drive motdr Z8. The mo- !
tor 18 rofdtes the second synchro 14 in such a direction-

as to reduce the error signal, Thus, the sccond syﬁchm
14 c}osely trac&.s the first synchro %2 through an in-
tepral feedback servo eraplifier, which incindes feedback
circuit 22, me}wnc with the top line of the block dia-
gram of FIGURE
24 which pmuu»&s a vohage output g, representing the
instantancous speed of the weld torch tip. This voltage
output passes through & bridge rectifier 2§ and is bucked
against a reference sx,pp!y 38, producing a difference volt-
age e; which is ;m*phﬁed ‘(at 38) and fed through a
motor 32, a clutch 34, and a2 b brake 36 to a ZOVEInor con-
trol pe_temiometet 38 and tbyratmn governor 48, The gov-
ernor controls the speed of the carriage drive motor 42,
thus driving the carriage at 4 speed which will produce
a substantially comstant work velocity &t the tip of the
welding torch... - )

In FIGURE 3 is shawn a
of the automatic welding torch speed confrol. It can be
seen that the welding speed control bas four distinct
paris, each part having its. own function.. The principal
parts are the velocity tracker and analog generator 44,
the reference and differential ampliler circnit 46, the
drive motor governor 48, and the controls 38,

2, the motor 18 drives a rate-generator -

pictorial detailed diagram
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signal whose ampiinde is proportional to the rate of

rotation of the pickup wheel, A bridge rectifier 78 zt the

output of the rate generator 74 polarizes the voliage re-
gardless of the direction of rotation of the synchros, and

renders the circuit md»penéent of the direciion of move-

ment:

The- reference and differentizl amplifier correction cir-’
cuit shown generally @t 4§ is directly conmected io the
outpit of the rate generator 74 and the bridge rectifier
78. This circpit includes 2 reference powsr sappiy &8,
a servnamphﬁer £2 and a filter circuit 84. The circuit has
a purpose of comparing the ountput volinge of the rate’
generator 74 with a pre-sst veference voltage in order

to determine a difference voltage which controls the gov--
ernor, In order to accomplish this purpose, the circoit re-
ceives the output voltzge e, from the rate penerator and
compares it t0 a mmualiy pre-set reference voliage ep
The difference voltage ez is fed into servoamplifier 82 as
an error voltage, and is amplified to drive potentiometer
£6 through a clutch 20 and brake 22, the function of

. which is to provide smooth starting. Potennometer 85

30

Looking first at the velocity tracker and analog gen-

erator shown gem:raﬁv at €4, and more part;cdafiy at
the welding torch carrage 52 i may. be seen that the
welding torch carriage supports the welding torch 54 and
a small neoprene mﬁ ter-tired speed semsing wheel 56
which tracks the movement of the térch on a paralle! path
along the work piece 58. The wheel is comuected through
a direct belt or chain drive, & toa synchro control frans-

_mitter 62. The output of the synchro conirel transitter

62 is fed over 2 three—wz;e connection 64 into a marwhed
synchro confrol transformer 6§ and throogh the control
transformer into a difference amplifier 68, The differ-
efice ampiifier 68 is I turn conmected to a two-phase

motor 76 which fs geared back (at 7%) io the gynchro -

contro! transformer &6, Thus, movement of the pickup
wheel 5¢ zmgxarts z shaft rotation to the synchro con-
trol transmitler 6% which gem:rai”s zn error signal e
which in turn is fed through the syachro control trans-
former &£ into diferemce amplifier 68. Error signal e
is amplified through amplifier 68 to excite motor 76,

49

45

50

which roiates synchm control transformer &6, through

a gear reducer 72, in a direction so as to reduce the
error voltage ¢;. In this manner, a smooth tracking cir«
cuit is formed, and synchro control tremsformer 66 al-
-ways very closely tw:ks the synchro coptol transitier
62 through an integral feedback servo _emplifier.

The fachometer or rate-generator 74 is directly coa-
nected 1o the shaft 76 of the motor 78 driving the syn-
chro control transformer 6. Therefore the voltage out-
put of the rate-generator ¥4 is proportional to the speed
of rotation of the synchros €2 and 66 and the: pickup

wheel .55, Since the angular rotativn of the synchros I8

proportional to the instantaneous work velocity ds/dt
. Lthen the r.p.m. of the rate- aeaerater is.

ds '
'K

wherc K is a gear ratio between the motor and the
_synchro conirol transformer. The system has thus trans-
posed a mechanical velocity into a <moo.h eiectrxcal

60

70

i$ only driven if an error voltage exists beiween the out-
put of the gzner:ator 74 and the reference supply 6. The
error voltage e, is actually the second diferential of the
instantdnedus vz}omy equation, and hence, represents the
necesesary acegkeration reqmreé te correct the speed. Also
a part of this sume circuit is an adjustable RC filter 84,
which serves to forther stabilize amplifier 82 by dampen-
ing veltage transients in the inpnt signal: -

The final link in the speed control system is a standard

_commercially available AC or DC motor drive electronic -

governor shown generally at 48, such as is available under
the trade name of Linde, or such as s described in Chap-
ters 15 and 16, Electronics for Indestry, Bendz, Jobn

“ Wiley and Sops, Inc., 1948, Therefore, a detailed dis-

cussion of the internal function of the thyratren governor
48 is not considered necessary here. It is considered suf-
ficient to pomt out that the voitaoe amplitude of the thy-
rafron 94 is determined by the setting of a voltage divid-
ing potentiometer 86 which is connected to the governor.
Essentially, potentiometer 88 determines the speed of the
torch tip since it determines the output of the motor drive
go'vemor 48. Toercfore, all the preceding components

in the system have the ultimate purpose of automaticaily

opzrating potentiometer 8§ and allowing &t o regulate
the output voltage of the Linde gcwemor )

In oneration, the welding carriage drive motor 96 is
continnaily chaﬁcvmg spead. Since the x:vckup wheel 56
senses any change in smed a sowall sipnal change inte
amplifier 68 is reflecied 23 a prupartxcnaﬁy Larger voit-
age change at the output t“mlma}s of the rate-generator
74, In furn, this new instantaneous voltage eg is com-
pared with the stzble reference voitage e, and an error
voltage ey results, This resniting érror signal e is then
amplified fo rotate the setting of the pofentiometer 85
autil the mofor governor % corrects the ‘speed. error,

and the system returns to eqm}zbnum

1t was found that certain controls are necessary in order
to obtain betier results with the thyratron governor 94,
and these controls, shown generaéy at 58, are 20 bme
portant pari of the instant invention. The incorporation
of a timie delay feature, as well as a gear motor-cluich-
brake electromechanical assembly -(88, 98, 52) in the
drive for the governor control potevtwmetf:r 86, assures
smooth starting for the welding carriage drive motor 96.
Relay TDR, whzch is time delay ou cnergization, prevents
mstsntaneous action of the automatic circuit after closs
ing star! switch 98, This relay is set for a delay of approxi-
mately 192 seconds after closing switch 98 to aliow the
cartiage to come up fo speed prior to actuation of the
automatic control. The initial speed of the carriage will
be determined by the potentiometer setting of 86 before
the automatic circuit s engaged. Relay R serves to block .
automatic cperation unless energized through a contact

of the TDR relay.
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The gear motor 88, cluich 8, and brake 22, in circuit
betwesn ihe &ﬁ’cremce amp.zﬁﬂr £2 and the governor

potenﬁams&cr 2¢, work in conjunction wih the relay TOR.

These elemsonts are commerciatly available items such as,
for example, the cluich-brake assembly made br the
-Szmniatmi Froducts Corporation. The gear motor 88 re-
ceives the diference voltage output ¢ of the difference
ampLﬁ“r &% and positions ﬁ:e governor confrol pmentz—

" ometer 56 in accordance with the value of the difizrence .

voltage. The cloich 80 &5 resmaswc: i the timing relay.

5

10

Thus, it will oot engage t0 allow the drive motor 88 to |

rotate the polentiometer $6 until afisr the 15 second
time delay has ron, Dnnng the time :sd«y pencxi the
brake 62 k*c&s the govemar control ps&mﬁomet,r 85 in
its ipitinl setting, -

15

At this polnt a comment shahld i:»° made op certain

of the elements in the circuit. Capacitors 108 and 102
are phase st cepacitors normally feund in fwo phase
motor cirenits o shift the fixed rhase 90 &lectncal de~
grees from the control voitage. Difference amplifiers €8
and 8% are commercially ewada&ze ‘wo—phaqe Servo am-
phﬁez‘s. The differsnce am;ﬂ.ﬁer ¢% is stabilized by ad-
usting a built-in notch-T fiker. Difierence amplifier 82
xs a chopper stabilized, fwo phace servo ampz.ﬁer em-
ploying 120 cycle motor ﬁcuﬂp{’in.ﬂg
From the foregoing, it may be seen tha‘ applicant has

invented an automatic weld torch epaed contro] which is’

relisble 2nd exceptionally zccorate in its response, yet
may be built of lighiweighi and reiamfeiy inexpensive
components. The speed 1 vickoff wheel is quite reliable since
it is not subject to shppaae even on a relatively slick
smooth sorface. The elecirical systemr can maintain the
angular rotation of the pickup wheel wi ithin plus or minus
one percent accuracy. The conirol system does not de-
pend on 2n analog work speed signal, but is controlled
by synchros whose shaft positions must remain synchro-
nized, The iachometer generator output {s a direct gear

ratio to the synchro spesd; hence, tachometer speed is

accomplished electrically and not mvchamcally.,’rhe op-
eration of the circuit dﬁp"n(}s only on maintaining zero
or near zero signals into the ampL‘?ars, thc.,refore, no
" linear amp! tifiers are required, and the system is complete.
Iy closed loop. Also, the electrical sysisin js independ-
ent of error dus to other variables such as: relat ivdy
1arge changes in system gain of the order of plus or minus
10 percent, tebe and co*’:paz‘ent &rift and agmg, wide
changes in drive motor foad, amplifier nommearzty, thy-
ratron cutput nonlinearity, and voltage drop in lodg ca-
bles. Provision for rolling a small pickup wheel on the
work surface near the torch is the only preparation nec-
essary. No provramrmng, comptiter compbiation, gear-
ing of the speed %mmg device to the work, special ad-
hesive tapes, or othér aids are reguired for successful

utilizativn as a constant work speed comtroller. Lastly, the
system incorpbrages time delay and governor control fea-

20
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tures which azkm upusually smooth starting and reliabili- 55

ty for the carriage drive motor.

Cbviously, Bumerous m(}mﬁ:at%:evs and variations of

the present ms'emzm xr2 possible in the light of the abiove
teackings. It is therefore to be understood that within the

scope of thé appended c!zmm, the invention may be prac- gp

ticed otherwise than as is specifically described.
What is claimed is:
1. In a device for wekhng enrved surfaces, an aute-
matic weldiag torch speed controller cnmpnsmg'
(2) 2 weidmg torch mounted on a carriage baving 2
carriage drive motor,.
(b)- a veircity tracker, respomsive to the movement of
the torcy,

{c) an analog generator opcrahvdy connected to the .

velocity tracker, for generating a voltage proportional
to the instantaneous speed of the t:p of said torch,

(d) reference veltage supply smeans in circnit with the
said analog generator, for supplying a voltage rep-
resenting a desived constant spe:d for the tip of the
welding torch,

&5

70

o &

(e) servoamplifier means connected to the ouiputs of
- the said zmaiog geperator 2nd the seid reference volt-
age supply means for comparing the two' volﬁa@ out-
puts and fumbbmg a differénde voliage,

(f) mofor governor mears for said carriage drive
motor, connected to sald ssrvozmplifier oeans,
whersly the speed of the mivtor may bs controlied in
accordance with the difference voltage, 5o as to main-
tain a substantially coustant work speed for the txp
of the said welding torch, .

2. In z devics foo welding curved suﬁaccs, an axxto-

matic weldinz torch speed sontrolier comprising: |

(2) = we}&ino torch motinied on a c;arriage having a
carriage drive motor, "

(b)Y =a velocity tracker responzive to the movement of
the torch, including forch speed sersing means, and
synchro meaas eoupled to the speed sensing means,

(c} an analog generator operatively commecied to the
velocity Jacknr, for geperating o voliage progmra
tional to the instantansous speed of tbe tip o; said
turch,

(d) rfz;erence voltage supniy means in cirenit with the
seid anaslog generafor, for supplving a voltage rep-
re<en$.mg a desired constant speed fof the tip of the
welding torch;

{e) servoamplifier means connected te the outpuis of
the said ana!og enerator and the said reference volt-
age supply means for' comparing the two voltage
outputs 2nd furnishing a difference voltage,

{f) motor governor means for said carriage .drive
motor, connected to said servoamplifier means,

" whereby the speed of the said cartiage drive motor ~

may be varied in accordance with the difference volt-
age, sO as {0 ma‘utama substantially constant work.
'speed for the tip of the weldiag torch.

3. The combination of cldim 2 wherein the said motor
governor smeans includes a governor contrel potentiom-
eter and a thyratron governof.

4. The combination of claim 3 including a gear motor,
a clutch and a brake, said gear motor being coupled to
the thyratrom governor thicugh the clutch, the brake, and
the poientiometer, said gear motor being responsive to
the difference voltage output of the said servo amplifier
means, the clutch being operative to disconnect the said
amplifier from the szid. governor and the brake bemg
operative to lock the said control potentmmeter in posi-
tion when the clutch is disengaged.

&, The combination of claim 2 wheroin the said velog-
ity tracker includes a speed sensing ‘wheel connected to
the said synchro means.

. The combination of claim 2 wherein the said synchro
means comprise a control iransmitter connected 10 a
control transformer.

7. The combination of claim & wherein the said veloc-
ity tracker includes a ‘=peed sensing wheel which s
directly connected to the said contrdl transmitter.

8. The cambination of claim 7 wherein the said ve-
locity tracker §nc¥uc§cs 2 drive motor coupled to the said
synchro control transformer, and an amplifier in circuit
with the centrol transformer and the motor, said amplifier
operative to receive error signals from 3¢ conirol frans-
.mitter through the control transformer :nd transmit the
signals to the motor, so as {o cause the motor to rolate
.the said synchro control tramsformer in 2 Girection to
feduce the error signal

9, ITn a device for welding curved surfaws, an anto-
matic welding torch speed controller compnsmg.

{a) 4 welding torch mounted on a carriage having 3

carriage drive motor;

{b) a velocity tracker responsive to the movement of
the torch including .a speed sensing wheel directly
connected to a synchro control transasitter, a svachro
sontro] transformer connected to the said trapsmit-
ter, a drive. motor geared to the said synchro trans-
former, and 2 difference amplifier in circuit with the
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said svnchm transformer and the dnve motor, said
ampi:ﬁer operative to receive error signals from the
syachro pomirol tromsmitier through the synchro
transformer and transmit the signals to the Jdrive
miotor, s¢ as t-catse the motor to rowzle the synchro
transformer in a ditection fo redage the error signals,
(¢) a rate-generator driven by said drive motor, for
 penerating a vc}iage prop srtiomal to the msiantaneous

smeé of the tip of said torch,

“{d) reference voltage supply means in cireuit thh the
said rate-generztor, for suppiving & voltage repre-
senting ‘a desired mzzstaret speed for the tip of the
welding lorch,

(e) semaamphﬁﬂr means connected 10 ‘the output of

the said rafe generator and e said reference volt-
age supply meass for cam-za*mg the two voltage out-
puts mnd fornishing 2 difierence w;iuge, ]

() motor governor means for szid carriage drive
motor, conpecied to said servoamplifier means, in-
¢huding a govemor comirol potentiometer znd a
thyratron governor, :

(2) means for connecting the servoamplifier to the
governor, including a gear motor operatively con-

8

nectx*:d ¢ a clutch and a brake, said gear-motor being
-~ reaponsive’ to the difference voltage ontput of the

-5.50id servogmplifier, the clutch being Operative-to dis-
co:ew‘"‘t the aid ssrvommplifier from the said gow-
erno end the brake bemg operative 1o lock the said
comtrol potentiometer in position when tha clutch i is
disengaged,

(h) whebeby the Sp{:ﬁd of the suid carriage drive motor
ey be varied in accordance with the difference volt-
agz, 50 as £o ainiain a substantally coustint work
speed for the tip of the welding torch.

8. The combination of claim 9 wherein the motor

- povernor reccives ifs control power ibmugh 2 time delay
means, so as to allow the welding torch carriage to come

15 up to speed prior to actuat_mn of the automatic speed .

20
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