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Amplifier or relay valve tronsforms

0.002 in. roiol change

Reloy output pressure, pai

0.003, 0003
0004

Noszzlo-boffle clearonce,in.

15 Combination nozzle ond reloy, Fig,
.~!4, Qives on aimost finear response

to 0.0015 in., causes backpressure 1o
drop irom 15 to 9 psi and move the
controlling valve {rom {ull-open to 50%-
. open position.. The valve.has thus been
moved through holf its stroke by.a
slight ‘baffle motion, one-thousandth of
_ap. inch, :

Mochaaism Backlash, Linkages be-
tween the recording pen and baffie must
. be entirely free of backlash or lost mo-

.. tion if the bafile is 10 be accurately
* positioned 10 match the pen arm's posi-
tion. In building such a linkage we

because of tightly fitted plvots. As we
sought 1o reduce friction, the problem

" of Yost motion would ngaln appenr.
-After rebuilding the linkage aystem,

we would conclude that the schems was

icable f ialt

norzle impulse into high pressure -

© our

would undoubtedly introduce friction*

manulacturing linkages within prac.
tical tolerancés. ~ Lo

Another (ault in the on-of design is
evident in the table. A change in nozzle-
haffle clearance of 0.0005 in. causes an®
output change of 3 psi st one point
while at another & change of 0,0085 in.
is required to produce an equal change

- in oviput. This represents a 17 o 1

ratio in the rate of response.. In other
words, if output pressures were plotied

. against nonzle-baffle clesrance, the re.

sulting plot would be @ nonlinear curve,
Fig. 12, .

Such nonlinearity cannot be permit.
ted if the conllollui is to be truly pro.
portional in its reaponse. .

Further experlmentation with the
baffle mechanism reveals that whenever
backpressure ot the nozzle veaches the
upper limit, jet eflect from the noxle
lifts the bafle slightly, causing an
erroncous response In controller action.
To such a condition it ap
logical to limlt backpressure 10 & rela-
tively low value, such as 4 or S pai.

Orifice Resteiction. As a final step in
lysis, ider the of
the on.off device to supply air 10 a large
disphragm valve. We find the orifice
employed to restrict air fiow to the noz-
zle also limits the quantity of air de

.. livered to the dinphragm. Flow rate to

the valve being slow, its response will be
sluggish. To get rapid valve action, we
have to use some form 'ol.hooller air
valve, The design of a truly-propor-
tional controller should, therefore, in-
clude the following features: .

1. The baffle should have a total
miovement of at least 0.25 in. 10 compen-
sate {or lost motion in the linkages.

2. Ouiput pressure should change
proportionally with haffle movement be-
cause its position corresponds directly
with that of the pen.

3. Nozle backpressure should be low
{moximum of 4 or 5 psi) to improve the
li ity of resp and to minimi
baffle deflection. o

4. Conlroller should havo ample out-
putl capacity to rapidly inflate large
valve diaphragms. .

As a suarting point in designing en
improved controller, let's sco how &
small-diameter nozzle acts when oper.
ated under Jow backpressures, Experi.

.ment of change, the nearer the respo

. put pressura of the desired mognitsdy

. acteristics of s low-pressurs nozl

h

by using an extremely small pm_;m .
change; that is, the smaller the inciH

will approach straight-ling performangs
1t appears, however, that we are pg

~=Tronglermer

desling with extremely small changey'i)
1e.h. me 1, by lﬂ“l

e

.
\\.
|

i
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we will discover that such small dey
tions can be used advantageounsly.
. Alr-Relay Yalvo, To make useyo
the improved linesrity of the low-pics 38
sure nozzle, yet provide the desired ajy gh
pressure range to the control valve,
conclude that an amplifier or air relq

\\\\\\
W

N

A
.

4%

- = Ralie

Fig. 14, is required to transiorm b
noxzie impulse of 2 to 4 psi into sn ol

put range of 3 10 15 psi.

TIO ADJUSTERS cre locoted od| to

" m

Supply air.is odmitted on the righ]
side and feeds two branches, one 10 i3
orifice, another to the air valve, TYS
orifice restricts flow of nir to the nozlvg
a3 in the previous designs, but he: .'lhe .
air line leaving the reatricting bl&‘d .
branches out to feed both the nozle (i
& small bellows below the air val

In this design any change In n
pressure cautes a pusher pin, am',"
to top of bellows, to position a small
ball between two seats, tha upper i),
being the supply por, the lower icily
acting as an exhaust port. Aa the bill

assumes a poaition between the .|

We RECENTLY FOUND ourselves in o
N gh spot becsuse of trouble which
PR developed in the ratio adjusters of
ur power lransformers. Wa have
t A ‘three 5000.kva, 27,000/13,600-v, single
rphms,' il-insulated outdoor {

connoct by wood operating rods to external

handlcs. After

By K B HOFFMAN
Enginoar, Burma and Roe, Inc,

ers were operated, two on one irans.
.

sests, & given amount of air Aowslin
the supply port and a correspondin
amount flows out the exhaust port’
The resulting pressure created lﬂ}_
valve ‘chamber varies with the billl
positi hence this “p! can
utilized as the output fram the relsy
An air tube connecta the ait-valve cham?
ber with the final control valve
laheled output. Capacity of thé tnp’y
and exhaust ports can be made
enough 1o meet the demand for rl'pl;g
filling a large-diaphragm chamber. {3
Such a relay converts the smell
pulse received from the nozzle to sn G

®%2 ens in our plant, which are grouped for
<! bank operation, Ratio adjusters, in cach
icoil group for changing taps while
P2 itamslormer is deencrgized, are the:
ird-cage type, consisting of studs and
ollers as shown above. ’
' Ratla Adjester Dotail. Cables con-
dect from taps in transformer winding
individunl swuds of tap ch Note
1 di 'Y

le
v‘bouom support of ratio adjuster.
2 Springs loeated inside the rollers exert
¢cessary presaure on studs. Rollers
Ccomplete translormer circuit by ridg.

1 iog two sdjacent studs In tap chénger. -

former required derable force to
turn while another waa frozen and could
not bs moved.

Problom. Alter taking an oil sample
from both top and bottom of trans.
former in which railo adjuster could
not be moved, we found it dark in color
with carbon particles Boating in sample.
Oil level was then ‘dropped exposing
ratio adjusters. Inspection showed a
solid mass of carbon covering rollers
end studs. In fact, contact surface be-

- tween ‘both was filled with a guarter

inch of carbon residue.
There was a mad scramble to locate
d and as

g Micarta enclosure  which  sufrounds

biratlo adjuster is not shown In above
sketch,

Graph in Fig. 15 combines the b

menting with a nozzle
range from 0.020 to 0.030 in. and a

P or a ype
controller and would tum to some
means of obtaining greater baffie travel
tb lessen the effects of lost motion. By
increasing bafle movement to 0.25 in.,
we could permit en accumulated lost
motion of 0.001 in. with little eflect upon
instrument securacy. This would permit

® {540}

icting orifice of about 0.011 in. we
can plot backpressure versus nozmle-
bafe clearance, Fig. 13. o
It is evident that the response curve
is far more linear than that obtained
with the previous design where the full
range of 3 to 15 psi was impressed on
the nozzle. We get the greater linearity

final perlormance of our propor

relay. . . Wood operating rods connecting ratio
48 ; The improved linearity of res utters to  external handies ex-
in the as ab d with the low-pi o tead through cover so taps may be

ghanged without dropping translormer
ol level. The only possible way adjust-
:"' can be inapected is to drop oil
evel, sit on top of core laminations and
"¢ n adjustable periscope - with Its
™ miniature inspection Jamp.

W:.I‘l load ch d- y
" became necessary to change taps
*owvoltage side. When ratio adjust-

e and relay, will assist greatly In:

cantrollér,

Second part of this article will b
sign a system of mechanical linkaf!
that uses bellows motion to position L AN
nousle and apply this mechanism &
other refinements to a proportion
troller.
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p ratio” adj
juck would have i1, none were in stock,
Since the contact condition ol the rutio
adjusters was a potential hazard un-
der lond it would be dsngerous to put
the transiormers back in service as'they
were. High contact temperaturo or a

- spark could ignite the oil. The trans-

former bank had to go back in service
as soon s possible since load' condi-
tions would not permit an extended out.
age.

Sotution. After some discussion it was

decided to connect the proper winding
taps for the new vollage and disconnect
the ratio adjusters. Tap leads were ac-

-Operating
rod

Rotio Adjusfer

djuster froze In position, quick repair was made by. cutting
it fres ond Installing tap Jumpers with solderless crimp lugs

Crimp Lugs Speed Transformer Repair

cessible 20 they' could be cut without
removing core and coil assembly from
1ank. Since the work had 1o be done in-
side’ the transi and in d -
querters, it was decided that soldering
the tap leads together would be o haz-
ard to the men. .

Compression Lage Used. 1t wes de
cided to ‘make the comnecling jumper’
using solderless compression lugs. To
satisfy ourselves that this type connec-
tion would be eatisfactory with the
many-stranded flexible cable, a Jug was
pressed on o eample section. A hand.
operated hydraulic press was used to
exert approximately 8000 psl to press &
% in. slot along both sides of lug. -

A similar section of cable was pre-
pared with a soldered lug. The two .

samples werg given @ 1ension test, pres.

sure being applied between lug end
and cable, Samplo prepared with the
hydraullc press withstood more tension

.than soldered lug. and showed distor

tion at bolt holes in lug
strands pulled free.

< As 8 result we used compression‘lugs’
to make tap connedtions on all trans-
formers gnd the bank was retumed to

before-cable

service in record time. No trouble haa * 7

been experienced with the installation
to date and the transformers have been
carrying overloads at freqaent inter-
vals. Periodic oil tests showed no color,
chsngo and no further contamination as

_evidenced by free carbon particles,
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