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Introduction

The Characterizabie Positioner {Type AP4 posi-
tions pneumatic single or double-acting actuators
(rotary or linear motion} in response to an input
signal from a preumatic controliing device. The
Positioner is usually located in the contro! foop
between the controller and final contro! device fte,
cyiinder or diaphragm). A mechanical connection
from the final control device o the position fsad-
back cam establishes its actual position. When the

controller calls for repositioning, the Positioner
acts as a pneumatic relay, using an independent
air supply, and directs the piston or valve 1o the new
position. Three characterized curves are intagral io
a single cam: square root relation, linear refation,
and square relation. The cam can he shaped o pro-
vide other desired relationships between fnput
signal and final control element position.

MNomenclature

S
[RE Y e

sy

Characterizable Positionar {preumatic input)

input Signal Range
315 pelg (20.7 - 103 kPg)
3-Z7 peig (20.7 - 186 kPa)

Slroke pan

0.5 - 20 m. (127 - 50.8 mm), 48° rotary motion.
2 100 - 400 in (254 - 101.6 mm), 867 rotary
motion.

Valving
None
1 “integral shutoff and sgualizing valve includad.

Standard Design

o {Enter {0 on ail ordera)
frive Shatft
G Tapeted drive shaft (for radial arm)
1 Ya i (127 mnd square and drive shaft

"For double-acting cylinder applications when manual overrids ie NBcessary.
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Specifications

TYPE AP4 SPECIFICATIONS

TABLE 1

input Range

315 paig (207 - 103 kFa), 3-27 psig
(20.7 - 188 kPa)
50%: rangs suppression andior Zeto

Temperature
Limits

span typical
span maximum

Supply Prassurs

20 to 180 psig (128 to 1034 kPa

Mote: Minimum supply pressure
should be 5 psi (34,4 kPa) above
operating pressure regquired by
actuator.

Supply Pressure
gftact

PMC 31.1-1980

Single-Acting  0.05%/1.0 psi for 210 psi changs
(6.05%/5.9 kPa for =69 ¥Pa
change)

Gouble-Acting  Negligible

Capacity 25 schw at 75 psig supply (071
mAimin, at 517 kPa) detivery and
- exhaust.
Alr Consumption

Single-Acting  Typical 0.1Z sofim at 20 psig sup
Diaphiragm  ofy; G.25 sofm max. at aull (Type
Actustors  cal 2003 m¥min at 138 kPa sup-

ply: G007 mimin, max. at null}

Oouble-Acting  Typical 0.4 scim al 50 psig sup-

Cylinders  ply: 1.0 solm max, at nuih
Typical 0.017 mimin at 345 Pa
supply; 0.028 mimin. max. at null,

Vikbration iess than 2% error, 120 Hz

Eftact per SAMA  and accelerations 10 2 G's.
Standard

slevation capability. Qperaling —40°F to 180°F {(~-40°C 1o
Limits  82°C)
Siandard Siroke 05 in. to 2.0 in linear, rotary
Range [Input 45° Storage  ~40°F 1o 200°F (—40°C 1o
1.0 in. to 4.0 in. linear, rotary G3°C
input 90°
. *For operation below 40°F (4.47C),
Gain  Adjusiable to mateh actuator and dew peint of the supply air must be
icad requirerments (without chang- 18°F (10°0) iower than the lowest
ing springs) axpecied cperating lemperature.
Hesolution  0.18% of span typical Mounting Negligible
0.3% of span maximum Position Effect
Bead Band 215" ‘;? span typica? opeumatic  144n. NPT on supoly, signal, and
3% of span maximum Connections  output connections, 176, NPT on
\ . res 25,
Mysteresis f span typleal pressure gag
F span maxmum Enclosure  NEMA 3R plus enciosure was
I, Ciassification  subjected o corrosion test; con
Repeatability finuous 5% salt fog atmosphere for

200 hours. Mo rust was evident

Materials of
Construction

Enclosure; VALDXY
RBelay Assembly: RYNITE""

Accessories

Speed Control Orifices - regulates
time constant of Positioner and
final conirol devics. Orifices are
instatled directly inte Positioner
ouiptt poris (ses Table 2

Pressure Gages -- for reading
input signal, supoly and oulpul
pressures {see Table 3.

Positioner Mounting KR — for
mounting the Positioner (o diract-
or reverse-acting actvalors (sze
Figure 215

Biank Carm (P Mo, 3327322-1) is
avaiiable for adapting the Posi
fioner to 4 particular application if
cutting of the original cam is not
dasiralle.

Bypass Valve (Pt Mo, 5326845-Z; for
single-acting diaphragm astuator
zpotications. Enables the operator
o use gontroler outpul signal o
pesition the actuator directly when
sarvicing the Positioner. Ses Figute
33

Basitioner Transmitter Conversion
Kit (Pt Mo, 258345-1) provides the
hardware for converting the Posi-
tioner 1o a position transmittern
Reter to Figure 20

“Registered Trademark of Gereral Electric Company

“*Regietered Trademark of B duPont de Neriours and Go.

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
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OPTIONAL SPEED PRESSURE GAGES TABLE 3
COMNTROL ORIFICES TABLE 2

.30 ©-207) nstrument 53266054
0.040 (1.02) 53273271 (180 ©-1103) Supply 53266055
Biank (drill to suif) 8327327-2 0160 (01103} Output 5326605-6

“instrument, Supply and Qutput gage used on single-acting
gevices, Two OQulput gages are used on double-acting
devices. There are no provisions for mounting a Supply
gage on a doublesacting device.

Installation
Unpacking
1. Check for obvious damage to shibping single-acting dlaphragm actuators, Mounting and
carton. external dimensions are shown in Figure 1.

2. Open carton and remove all loose packing.

3. Carefully rermove Pasitioner from carton and
inspect for any physical damage which may have
occurred during shipping.

4. Remeve four cover screws and Positioner
cover and examine interior for any loose com-
ponents such as nuts, screws, springs, etc. Check
data on nameplate (located at right side of cam)
for correct Type, and Signal Range.

5. if Positioner is suitable for the apptication

and appears undamaged, replace cover and pro-
ceed with installation instructions.

Mounting

The Type AP4 Characierizable Prneumatic Posi-
tioner can be used with double-acting cylinders or
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L miR SUPPLY COHN, "57 17418 NPT
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LENGTH OF

“‘!-'0
i
&

m

"

&

=l

L]

A

59
%

(SEF NOTE 4}

HOTES @
¢, BAIVE ARM MAY BE ROTATED W 43 RECREWENTS 4, IHPUT LEVER SHOWN il YIEW A 15 SUEPLIED WITH
'f\'PE APSIITILI00 ORLY.

RELATIVE TO POSITIONRIG CAM.
USE LICUID OR PASTE FIPE SEALANT O FITTINGS.

2. PAESEURE SAGES ARE AVALABLE ONLY AS AN ACCESSORY

AHD MUST SE METALLED BY THE CUSTORER. ‘gf;‘%‘? USE %‘E?LC‘FH TAPE)

2. SUFRASE CLEARANGE FOR ADJUSTMENTS, BEFECTIOR, 34 1N l‘CK-LE 3.39?‘&1! 1/8 #PY THDS
S0 WMOH-LB S Fotem) 1/4 BEY THRS

" ASMTENAHCE, AND OPERATION RELLNED.

88422

FIGURE | — Mounting and Exteraal Dimensions

S ———————————
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Double-Acting Cylinder Applications

When the Positioner is used with a double-
acting coylinder, the piston rod is normally con-
nected through suitable linkage to position a valve,
. damper or other regulating device. The position of
the actuator or cylinder is normally tied back to the
Positioner drive arm through a drive rod. Other tie
back methods may be used depending on applica-
tion. The drive arm is fixed to the positioner cam
which is shaped to give a desired characteristic of
actuater or cylinder position versus input demand
control signal.

NOTE: Positioner mounting, pnsumatic connec-
tions, and cam rofation must be such that an
increasing control signal will extend {stretch) the
range spring.

In any instailation, the direction of piston travel
for a given signal change can be reversed by using
the opposite side of the cam and reversing the 01
and G2 cutput connections.

Figure 2 shows a typical Positioner instatiation
for a double-acting cylinder. Pressure gages G1,

G2, and G3 are optional and are not included unless
specified when ordering Positioner.

“LOGYITE: Registered trademark of Loctite Corporation

Single-Acting Diaphragm or Spring-Loaded
Actuator Applications

When the Positioner is applied to a single-
acting actuator assembly, the valvg stem is
normally connected through suitable linkage to
accurately position an inner vaive in response 1o
a control demand signal. The position of the valve
stem {or inner valve] is normally tied back to the
Positioner through a drive rod which is attached to
the Positioner drive arm. The drive arm is fixed to
the positioning cam which is shaped to give a
desired characteristic of control valve position ver-
sus input demand control signal.

NOTE: Positioner mounting, pneumatic connec-
tions, and cam rotation must be such that an
increasing control signal will extend (stretch) the
range spring.
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MOTION TIONAL PRESSURE GAG
O OPTIONAL PRESSURE GAGES
INCREASING SIGNAL G1- SIGNAL PRESSURE GAGE
G2 - OUTPUT PRESSURE GAGE
G3 - QUTPUT PRESSURE GAGE
NOTES:
ERE A DOWNWARD MOTION WITH INCREASING SIGNAL, USE BLACK SiDE
OF CAM (COUNTER CLOCKWISE ROTATION) AND REVERSE 01 AND 02 CONNECTIONS.
iN ANY INSTALLATION, DIRECTION OF PISTON TRAVEL FOR A GIVEN SIGNAL CHANGE
Crr BE REVERSED BY USING OPPOSITE SIDE OF CAM AND SWITCHING 01 AND 02 CONNECTIONS.
AB4AZE

FIGURE 2 — Instaliotion for Double-Acting Cvlinder Applicalions.
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NOTE: Type AP4 Positioners may be used for Cosi-
Honing rotary-maotion actuators. The cam shaft is
connecied directly to the rotary actuator for those
applications.

Supply Pressurs
Air supply pressure range is 20 to 150 osig (128
to 1034 kPa),

NOTE: Minimum supply pressure should be 5 nsig
(34.4 kPa) above operating pressure required by
actuaior,

NOTE: It is recommended that a filter or dripweh
be installed in the air supply line to orevent
improper operation of the Positioner due to entrain-
&d molsture or dirt

tnany installation, the direction of valve stem
travel for a given signal change can be reversad by
using the opposite side of the cam, plugging the
output connection being used, and connecting tub-
ing to the remaining output connection.

Figure 3 shows typical Positioner instaliations
for a single-acting diaphragm actuator. Pressurs
gages G1, G2 and G3 are not included unless
specitied when ordering Positioner. :

RTINS




P38-12

Page &
mmmww DA o
! .
ALTERNATE PISING FOR 7 : o P
IAPHRAGM ACTUATOR M / [
WITH HANDACK ! v 7
ROTES! \ @gfﬂ’ ‘J;f”\l NOTES! !
—— 0 A — -
L BLACK SIDE OF CAM (7 \ﬁﬁ 1P : |, RED SIDE OF CHid cﬂi\m
FECING OUT. i FACING OUT. -
2 COUNTERCLOCHWISE L“E | f/ ?:’ 2 CLOCKHWISE CAM
CAM BOTATION® . ROTATION.

302 BORT PLUGGED.

4 STEWM MOVES UP WITH
SIGNAL OF SUPPLY FAILURE.

i
MOTION WITH i
MCREASING SIGNAL T

INCREASE IN COMTROL SIGHAL PRESSURE
MOVES STEM OUT OF DIAPHRAGM CASE

TOP LOADED ACTUATOR

MANDUACK ~— |~ =y

ALTERMATE PIPING FOR i oz
DHAFHRAGH ACTU&TOF{—\
WITH HAMDJACK

%

MOTES. y

| RED SIDE OF CAM rk@ »
FAGING OUT, i
2 CLOCKWISE CAM
ROTATHON ¥
3 Ol PORT PLUGBED.
4 STEM MOVES DOWN WITH 7 -
SIGHAL FAILURE. o
5. GTEM MOVES UP WiTh
SUPBLY AR FAILURE,

T

MOTION WITH
IHOHEASING SIGRAL

MCREASE (8 CONTROL SIGHAL PRESSURE
MOVES STEM TG DIAPHRAGHE CASE

TOP LOADED ACTUATOR

= BOTATION OF GAM AS VIEWED FROM FHONT
oF POTITIONER WITH COVER REMOVED FOR
23 CREASING SOAL.

3, 0P PORT PLUGGED.

4. STEM WMOVES DOWN WITH
SIGNAL OR SUPPLY FAILURE.

MOTHOR WITH
INCREASING SIENAL

INCBEASE IN CONTROL SIGMAL PRESSURE
BMOVES STEM INTC DIAPHRAGM CASE

BOTTOM LOADED ACTUATOR

HAMD JACK g™ -
a—
o e, 02
[T/
{ 7
! £
NOTES, = /=
{ BLACK SIDE OF CAM N #J !

FACING OUT.

COLNTERCLOCKWISE
CAM ROTATION®

0t PORT PLUGGED.

4 STEM MOVES uP WITH
SIGHAL FAILURE.

5 STEM MOVES DOWH WITH

SUPPLY BIR FAILURE

fadd

La

;

]

MOTION WiTH é
HCREASING SISRAL

WOREASE M CONTROL SIGNAL PRESSURE
HOVES STEM OUT OF DIAPHRAGH CASE

SOTTOM LOADED ACTUATOR

GAGE DESIGHATIONG
G - SIGHAL GAGE
Gz~ OUTPUY GAGE
63~ SUPPLY PRESSURE GAGE

Ba4z4

FIGURE 1 — Insiallation of Single-Aciing Bigphragm Aclugiors
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Operation

Characterized Cams

A positioning cam with segmenis A, B, and C
(Figure 4) is furnished with each Positioner. As
shipped, the B cam is assembled in olace and the
others are inactive. Selecting or shaping these
cams aliows the user to obtain a piston {or valve)
position versus conirol signal characteristic that
will produce a desired conirolied medium versus
control signal characteristic. An example is a
desired flow rale of alr, water, or steam through a
valve for each control signal pressure applied 1o the
Fositioner.

POSITION CAM
CHARACTERISTIOS TABLE 4

g8 Stralght Line § = & g
» Sguare {| = PY 7

CONVERSION TABLE FOR CONTROE

The control characteristics for which the cams
are shaped are {isted in Table 4 and are shown in
Figures 5, 6, and 7. The figures show a family of
curves for each cam whose houndaries are
established by a range adjustment Table 8 lists
control signal pressures of specific AP4 Posi-
tioners which corresponds to the signal range per
cent values in Figures 5. 6, and 7.

BOSITIONING f
CarE ;
CORCENTRIC
ARCS AE256

FIGURE 4 — Characierized Cam

SIGRAL PRERSURE TARBLE 5

o 3.0 340
10 42 5.4
20 5.4 7.8
30 6.6 10.2
40 7.8 12.6
50 2.0 5.0
60 _ 10.2 17.4
70 1.4 19.8
80 126 222
0 12.8 24.8
100 15.0 27.0

IS0
“ fﬂ?/
80
Pk
- Tk 80
: 7
=~ H
70 Z
/ - g
TN =
L 60 Z
H I =
I i ; ’5 a2
7 ' 1 O &
f L - A ’
g A : 2C 0y
= ¥
»‘”‘/ . EN f i H ::g
- ; e
o : eo
I REINEN
z ; - ¥ 10
?f | RSN 5
O i0 20 30 40 30 &0 0O 80 B0 00
SOLID LINE IMPLIES FORWARD THAVEL et
D0 80 80 TO &0 40 30 O 0 O
DOTTED LINE IMPLIES BEVERSE TRAVEL o — ~ —
SCALES = % TRAVEL
ABAZE

“Ror pressure values in kPa, muitiply psig values by §.898

FIGURE 5 — Cam A, Square Rooi Relation

RN

T N R, 5, ,
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In a sysiem involving onty a single actuator or
N % GO cylinder, the B cam is probably satisfactory and
- 30 should be tried first. However, one of the other
~ cams may provide a more stable control over awlde
- 50 range of operation within a given nroportional band
- : o o gain adiustment on the controller, Where the
CEVERSE | g actuator or cylinder is part of a compiex control
i N ;}}?;3_{3% 0 = system, the three standard cams A, B, and C pro-
d A Y z vide a choice of control characteristics. The cam,
) 0 @ in conjunction with a range adjustment, are jlkely
; 5 = & ’ P :
. ac 1o raeet the control characteristic required for your
IRV AT o sysierm.
; Z . 30 I
i1/ ] ] 3
/ %ﬁ g RN :’\C Ui
: . bt 203 .
/ P ~d § - Cam Selection
. ~_ LIMITED /‘*A T G
e LT sigNAL 7] ~ R, Steps in selecting a standard cam for a par
o 0 20 30 40 S0 &0 YO 80 80 100 ticutar application are:
SOLID LINE HABLIES FORWARD TRAVEL e
100 30 &0 70 60 40 30 &0 10 O 1. wWith the B (straight line) cam in ptace, deter-
DOTTED HINE MPLIES REVERSE TRAVEL = = 7 mine and piot the actual controlled medium versus
SCOALED = Yo IMAVE . : . - B . .
piston {or valve) position characieristic by manuaily
ABAZE adiusting valve position and measuring the con-
FIGURE & — Camt B, Linear Relation trotfed medium (Figure &)
w00
o0
20
26 -
k 80 y
ul B
X o £ i /;f
"\ f{ g 2 O
% /ﬁ 50 é g'
1Y = Lif -
h, /. / W g eop
=X
N AN = > 50
" 40 o
- {4 L B z 40
<+ v 30 5 )
~. . & g =0 % —
E<RP¥ 3 % = /
V.any s 0 20 1
L X TN
e e IS N DN 0
o 5 2O B0 40 BO B0 V0BG %0 100 0 '
SCLID i,lf\fE §§5PUES FOQV’Q.{XQS TRAVEL il e E{} Za 33 ‘%f} 5@ SG ?ﬁ 89 g@ §QQ
oG 30 B0 TO 60 43 30 206 0 0
OOTTED LINE IMPLIES REVERSE TRAVELe— ~ — — 5, CONTROLLED MEDIUM
SOALES = % TRAVEL
AB4D7 Ap428

FIGURE 7 — Cam C, Square Relarion

FIGURE 8 — Regulated Device Chargeierisiics

A

A
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R T
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2. Pt ihe exact controlled medium VEISUs con
frol signai pressure characteristic given or desired 00 Py /”g
for the application. an - .
This is usually a lingar function {Figure 9, 80 —] — .
Lo - —
@T
» Z &0 . #
Z 8o -
=
D e & /
! [ 17 SO
QG - 36 AR S Y S S /, R e SRS S S
B T /
20 b -
70— . e
. Y
@
o 80 Iy MLAM__JW
I 5o G0 20 30 40 50 &0 TG 20 %0 00
5 Y PISTON OR VALVE TRAVEL
Hn a0 -
& AB430
o
20 FIGURE 10 — Cam Chargeieristios
= 39—
o 4. Compare the curve plotied in Step 3with the

S 10 B0 30 80 50 &0 TFO 80 80 100
% CONTROLLED MEDIUM

AB429

FIGURE 9 — Desired Control

NOTE: If angularity is introduced into the drive
linkage, replot the controlied medium varsus piston
travet curves. in all cases, avoid overstroking the
final control device.

3. Using values determined in Steps 1 and 2,
ciot a curve for the exact control signal pressure
versus piston {or valve) characteristic tha? will pro-
duce the results of Figure 9 from & cylindsr or
actuator which performs as in Figure & In the
examples shown, the required curve is a mirror
image of the Step 1 curve taken about the Step 2
curve {(Figure 10

cam curves shiown in Figures 5, 6, and 7. Select a
standard cam shape (in this case a C cam) whose
characteristic most closely matches the control
signal pressure versus pisten {or valve) charac-
teristics plofted in Step 3.

3. If necessary, adiust Positioner zerc and
range as outlined under “Zero and Range
Adjustments” to make the control signal pressurs
Versus piston {or valve) characteristic conform
betler to the curve plotied in Step 5.

6. If the required characteristic cannoi be
obtained using the above procedure, o if & more
exact characieristic is required, aitsr the shape of
a standard A, B, or C cam or cut a new cam from
a blank as outlined under “CAM SEHAPING
METHOD.”

Cam Shaping Method

To assist in the alteration process, a graph is
inscribed on each cam. This graph consisis of

|
i
i
H
H
H
1
'
i
9
4
:
:
4
i
[
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radial lines and concentric arcs. The first and last
radial lines mark the angles at which 0 and 100%
of cam rotation occurs for control purposes; ihe
racial lines in between are at 10% intervals. These
tines are indexes of % piston {or valve) fravel. The
11 conceniric arcs on the cam corrgspond 10
actual control signal pressure values shown in
Table 5 for the particutar AP4 Positioner {3-15 psig
unit or 3-27 psig unit) being used. Together, the
radial lines and concentric arcs form a poiar
diagram on which a new cam shape (and
characteristic) can be plotted.

NOTE: Before culling any cam, make sure thal
shaping will involve REMOVEL OF CAM MATERIAL
and not building up of cam material. For example,
if the characteristic plotted ties hetwesn the A and
8 cams (Figure 5 and 8}, cut the A cam.

i Use the cam selected in Step 4 under “CAM
SELECTION.” Also have available & graph of con-
trol signal pressure versus piston {or valve) traved
for the characteristic desired. (Such a graph may
be derived from the cam characteristic curve
developed in Step 3 under “CAM SELECTIONT)
Simply replace the % values on the vertical axis
with the corresponding actual signaj pressures
from Table 5 for the Positioner (3-15 psig unit or 3-27
paig unit) being used.

2 Refer to Figure 11 for the method of transter-
ring data from the graph to the cam. For sach radial
tine on the cam {representing 2 o, piston or valve
travel), find the value of signal pressure on the
graph which corresponds to that % piston of valve
travel. Proceed along the radial line to the concern-
tric arc which represents the signal pressure for the
radial line's % piston or valve travel. Mark the cam
at that point. Continue in this manner until ali the
radiat lines are marked with a signal pressure poini.
(Example: in Figure 11, the graph calls fora signal
pressure of 7.8 psig at the 0% travel position. On
the 80% travel radial ling of the cam, & mark 8
placed al concentric line 4, represeniing that

pressure.)

3. Draw a curve through the points located in
Step 2 above. This will be the desired cam shape.

CAM RADIAL LINES

g 1 2 3 4 5 & 7 8 8% 0
150 I T T a S o g [T
T A
13,8 b S
. !2'6 —— 8
2 ga b b ‘ 7 oz
© EXAMPLE: CONTRCLLED o =
& 102 MEDIUM REQ'D AT 78 /41— & 2
o PSi TO BE AT 60% / NS T
D 9.0 —--d PISTON TRAVEL 5 Z
Z i
E \ 2
3 8 ; ! 4 5
< i (5
&=
g °° > 3
3 o R o
5.4 2
4.2 H*”/,;r:--- — | I
30 SN . 0
o 10 20 30 40 50 &0 TO BO 90 10
&, PISTON OR VALVE TRAVEL
AB431

FIGURE 1] — Transferring Data from the Graph fo
the Cam

NOTE: if a cam shape has too sleep a rise, the cam
foligwer may become focked. Aline printed on the
cam indicates the maximum rise which should be
cut into the cam. A cam with too steep a rise may
be replaced with a cam with gentler rise if sufficient
angularity is introduced into the drive linkage of the
actuator ar cylinder. Optional biank cam (Pt. No.
5327322-1) is available from Balley Controls i
alteration of the standard cam is not desired.

Placing in Service

Make the following adjustment checks 10
snsure correct operation of the valve actualor or
cylinder assembly and the Bositioner before plac-
ing in operation.

1. Make ceriain connecting linkage, brackets,
and any mounting hardware are secure.

2 Move controf drive or valve by hand from 4]
6 100% of travel. Check position feedback drive
arm (see Figure 2} to make sure you have full travel.
I the drive arm binds, reposition the drive rod.




PB&-12
Fage 13

3. Make certain supply, input control signal,
and outputl pressure connections are tight. Check
for leakays, while under pressure, with soapsuds
solution. Refer 1o Figure 1 for torque values.

4. if optional pressure gages G1, G2, and G2
were furnished, make certain gages are Installed
in correct location for application {Figure Zor 3 and
all connections are tight. Refer to Figure 1 for tor
Gue vaiues, Check for leakage, while under
pressureg, with scapsuds solution.

S, Perform procedures outlined under CALL
BRATION to check output pressure leve adjust-
ment and to set zerc and range adjustments for the
required application prior (o placing the Positioner
in service.

NOTE: Qrange flag visible through window in Posgi-

tioner cover will show reiative position [% open.

T e
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Functional Description
RELAY Assy  FEEDBAGKARM - pance sPRING
SIGNAL
APSULE
NOZZLE CATSU
01
s SUPPLY VALVE
o o
EXHALST w CHAMBER
VALVE
BELAY
e CEHTER
STRUCTUR
SUPPLY e oz
CHAMBER - CHAMBER
02 ~ U2 CAMAOLLER
EXHAUST” §J?fgf ASSY
VALVE ALVE

ADJUSTABLE VALVE ASSY

CUTAWAY VIEW OF RELAY ABEY

TAM

EIGURE 12 — Type AP4 Positioner with Cutgway View of Relay Assembly

positioner Operation

23y

£
b

Referring to Figure 12, 8 3-15 psig of 3
3

z
control signal applied to the signal port ot in
. ant

th
tioner aatls on the signal capsule. An inor
controt signal moves the signal capsule an
assembly toward ihe nozzie, inoreasing Dack
pressure in the nozzie chamber (nol shown). The
incresged nozzia chamber back pressure acis
against (opposes) the roference (supply) DIESSUTE,
causing the relay center structure fo move toward
the 01 valve chamber and away from the (2 valve
chamber. This action closes the 01 exhaust valve
and opans the 01 supply valve, increasing the 01
cutput pressure to the final control device. The
same action opens the 02 exhaust valve and closes
the 02 supply valve, decreasing the 02 output
pressure to the other side of the final control device

(piston or diaphragmj.

3

&
sasin
o

The pressure differential thus produced aTross
the output poris displaces the final control device,
final control device moves, its position s

o the positioning cam by direct cannec-
tion hetween the final control device and the cam
shaft or through & linkage arrangement. A range
spring and feedback arm connact the cam follower
to the signal capsule. Positioning cam rotation
(caused by displacernsnt of the final controt device}
extends the range spring, increasing the force on
the signal capsule. When a force baiance is reach-
ed hetween the force exerted by the range apring
and the counterforce of the signal capsute {for a
parficular control signal value}, the relay center
structure returns to a neutral position, ciosing
valves 01 and 02. The final control device is then
in equilibrivm, stopped at the position come
manded by the control signal. A decreasing signal
reverses the above sequence.

ke
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NOTE: The operation sequence for singie-acting
aciuators is identical to that listed above, except
that one output is eliminated through a vaive
adjustment.

The Positioner itself is normaily located in the
control loop {refer to Figure 13) between the con-
trolier and the final control device {actuator or
¢viindery,

Position Feedback

Actual final actuator or cylinder position is fed
back to the Positioner for comparison with the poskh
tion commanded by input control signal pressure,
For a linear motion actuator or cylinder, the feed-
back mechanism consists of 1} a drive rod which
follows the moticn of the actuator or cytinder; 2
an adjustable-length, swivel-ended connecting link
which transmits motion of the drive rod io an
adjustable drive arm on the Positioner; and 2 a
camshatt and cam which are rotated through an
angle by the drive arm. The primary function of the
cam Is to permit characterization of actuator or
cylinder position versus input signal pressure,

A series of holes in the drive arm providas a
choice of seven drive arm radius attachment
points, accommodating nominal actuator or
cylinder strokes from 0.5 10 4 inches. Refer to Table
6. One of the two cam configurations (45¢ qr 900
rotation) are usaed, depending upon actuator or
oylinder stroke.

Since the cam, camshaft and drive arm rotate
as an assembly, cam motion is 80° or approxi-
mately 45° The cam base circle is 1.3 inches and

maximum rise is 0.9 inches. In each case a sguare-
root cam A, a straight-line cam B, and a square-
function cam C are stamped on one blank. The
Positioner is shipped with the straight-line cam B
in position {black side facing out). By flipping the
cam over and reversing ouiput connections 01 and
02, a reverse-acting application can be obtained.

DRIVE ARM HOLE POSITIONS vs.
LENGTH OF STROKE

TABLE 6

1 1 G5
1 1.5 0.75
3 2 1

4 2.5 1.26
5 3 1.9
g 3.5 .78
7 4 4

Each cam shape (A, B, or Crhas s own 8point
centar hole for mounting on the camshaf. By keep-
ing the cam set at 0, the user can piace the drive
arm in any of eight 45° positions with respect to
the cam. This provides flexibility in arranging that
the midpoint of the cam will correspond to the
midstroke of the final control device.

MOTE: For a rotary-motion device, the AP4 Posi-
tioner camshaft can be rotated by the device
through direct coupling or through a timing belt,
chain, or gearing.

& LOAD

|

e

-+

tY

|
|

SET POINT ‘%ﬂ;—% CONTROLLER . PORITIONER "“‘“‘%MM-—)- PROCESS _Tb%

ABL3Z

FIGURE 13 — Location of Type APE Positioner
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integral Shutoff and Equalizing Vaive
Type AP4 1L

(Double-Acting Cylinder Apntications)

14 the Positioner is equipped with an integra!
shutoff and egualizing vaive, the cylinder assembly
may be manually of automatically operated as
outiined below. By turning the valve handle to MAN,
supply pressure e the cylinder is cut off and 01 and
02 are eguatized, allowing manual repositioning of
the piston.

Transier from Manual to Automatic Operation
1 Valve handle should be in MAN position.

5 #f manual operator does not lock drive
cylinder in posilion:

& The piston must be postitoned from prior
knowledge of piston position versus signal or
piston may “jump” when transferred fo automatic.

n. Depress valve handie and turn to AUTO
position.

3. if manual operator locks drive pylinder in
position:

a. Depress valve handle and turn to AUTC
position. Drive cylinder witt oppose manual
operator if drive position and input signal do not
sorrespond.

b, Manually operate drive unlil ivad onh
manual operator decreases, If outpul pressurs
gages are instailed on Basitioner, gags readings
should equalize.

NOTE: If, in Step 3, it is desired that the drive stay
in its initial position, the input signal must be
adjusted to correspond with drive position as
indicatad by the load on manual operator, output
pressure gages, or prior knowledge of position ver-
sug input signal.

Optional Bypass Valve
(Singie-Acting Diaphragm Actuator AppHoations)

NOTE: External 3-way bypass vaive retferenced in
the foliowing procedures is available as an option
from Bailey Controts,

Manual or automatic operation of a single-
acting diaphragm actuator may ke ascomplished
with an external 3-way bypass valve arrangement,
Depending on the application, the Positioner may
be adjusted for either direct of reverse-acting
pperation. When used for direct-acting applica-
sions, an increase in controf signal pressure will
sause an increase in outpul pressure to the
actuator. When used for raverse-aciing applica-
tions, an increase in conirol signal pressure witl
cause a decrease in cuipul pressure i the
actuator. Determine the application 1o which the
Dositioner s being applied and follow the correct
procedure &8 outlined below.

Direct-Acting Applications
To change from remote automatic confrol to
incal manual controk

1. Turn bypass valve to its BYPASS pasgition,

5 i Bositioner is 1o be serviced, close sunply
valve.

To change from jocal manual control to remote
automatic control

1. Open supply valve,

2. Turn bypass valve 16 POSITIONER.

The final control valve may be nositioned by
signal pressure from the control system of,
prefarably, by manual operation of the Selector Sta-
tion (if used) connected o ine Positioner by ithe
contrel pressure line.

Normally, the Positioner cannot be transferred
from automatic to manual and vice versa without
disturbing the controt system. This is bacause the
Desitionar is usually calibrated to deliver control
pressure to the diaphragm actuator which is dif-
terent from control signal pressure recaived from
the conirel sysiem.

To manually operate the control valve by
handjack:

1. Pick up valve position with handiack.

2. Ciose supply vabe,

[

 position valve using handjack.

T




Heverse-Acting Applications

To change from automatic remote control to
focal manual controtb:

1. Pick up control valve position with nandiack,
2. Close supply valve,

. Pgsition valve using handjack.

Cax

Position Transmitier Applications

The Type AP4 Positioner may be used as a posi-
tion transmitier, by generating a pneumatic signal

which is a function of an input position. The same
combinations of signal ranges and stroke spans
are available as are offered in the Positioner
application {Le. 30 15 psig or 3 1o 27 peig cutputs
from strokes from 0.5 to 4 inchas),

The cutput signal may be made a sguare root,
Hnear or sguare function of the input posifion
through the use of the &, Bor C portion of the cam,
respeciively, Other functisns may be craated
through special shaping of the cam.

The AP4 may be mads to function as a position
transmitter by interconnecting the “E” input signat
port with the “02” output port and tapping into this
interconnection for the output signal. A plug is
placed in the “01” output port. Position transmit-
ter kit number 258345-1 (Figure 20} provides the
necessary hardware.

A change in input (cam shaft position) causes
& deflection of the range spring via the cam and
linkage. The resulting unbalance of forces between
the signal capsule and the TANGe SDIng causes a
change in the “02” output which is fed back to the
signal capsule.

The signal capsule now acts as a feedback efe-
ment by opposing the input force from the range
spring. When the force from the “027 pressure in
the signal capsule equals the new range spring
force, the output will stabilize and will reprasantthe
desired function of the input position,

Position Transmitter installation

Instaliation is similar to normal Positioner
instaliation. The final control device should be
coupled to the position transmitier's cam shaft so
as to cause a 907 rotation of the shaft for full trave!
of the device {45° for APA4AT 3 0L For a finsar
motion device (e.g. diaphragm actuators), the cam
shafl s driven by the drive arm and 2 connecting
link as the Positioner application. For 2 969 rata.
tion device, it may be desirable to couple the cam
shaft directly to the final contro! device.

The “zero” position of the cam shaf! can be
adjusted in 459 ipcrements by repositioning the
cam on the shaft.

The direction of the transmitted signal can be
reversed by reversing the cam, For sxample, with
the red side of the cam facing out, clockwise rota-
tion of the cam, viewed from the front of the unit,
will cause an increasing signal, Reversing the cam

T

N e
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so that the black side faces out will result in a
signal that decreases with clockwise rotation.

NOTE: The device 1o which the positien fransmit-
ter is applied must supply power to operate the
tranemitier meghanism, Maximum torgue o
operate a 3 to 15 psig unit with a linear output is
approximately 4% inch-pounds. Torgue may be as
high as 25 inch-pounds for a square root
characteristic and a 3 to 27 psig output with 50%
suppression.

Calibrating the Position Transmitter

NOTE: Make certain that the Position Transmitter
iz set ai minimum gain prior to making any
adjustments.

Output Pressure Level Adjustment

1. Connect a pressure gage to the "017 output
sort or to the Yyinch NPT gage port (G2 position
in Figure 2%

2. Position the drive orf actualor at mid-gtroks,

3. Turn the adjustable valve scraw, Figure 14,
clackwies untii the “017 pressure drops below the
supply pressure, Turn the screw counterciockwiss
until the supply pressure is reached on the gage.

Turn the adjustable valve screw an additional
one full turn counterciockwise.

Zerg and Span Adiusiments

The tollowing description is based ona 310 15
psig output for G to 100% travel of the moving
device.

1. install an accurale pressure gage al the cut:
put connection or at the Yyinch NPT gage GZ con-
rection (Figure 2).

2. Turp off the air supply.

3. Siowly stroke the actuator or drive 1o its
“rero” position. Adjust the linkage between the
transmitter and the actualor or drive until the cam
toliower s at zero mark on the cam,

MNOTE: In stroking the drive or actuator, be certain
that the linkage is not overstrained due to misalign-
ment. Correct if necessary.

4. Slowly stroke the drive or actuator to 100%
of travel, taking care that linkage is free to move
at all times. Adjust the pivot position in the drive
arm {item 31, Figure 16) or other external linkage
until the cam follower is at 100% of cam rotation
(radial line marked 100 on the cam).

5. Repeat Steps 3 and 4 until the cam follower
ia at 0% cam when the aciuator or drive is a1 G%
stroke and 100% cam when the drive or acluator
is al 100% siroke.

6. Move the actuaior or drive 1o 0% stroke posk-
tion. If the ouiput is not 3 psig, loosen the hex head
setscrew in the knurled adjustment. Turn the knuri-
ed adjustrment nut (while keebding the evebolt from
rotating) until a 3 psig output is achieved. Tighten
ihe seiscrew.

7. Move the actusior or drive 1o the 100%
stroke position. if the output is not at 15 psig,
ioosen the 13832 x 0.750 screw and move the
spring clamp (Figure 14) along the cam followsar
arrn untit a 15 psig reading is obtained. Tighten the
SCIGW.

NOTE: Moving the spring clamp towards the pivot
point provides a longer final control device stroks
for a given signal change (i.e. increasss the range
of trave! for the cam follower arm). Moving the
spring clamp towards the cam rolier agsembly will
result in a shorter final control device stroke for a
given signal change (Le. decrsases the range of
travel for the cam follower army),
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Calibration

General

Calibration of the Type AP4 Characterizable
Freumatic Positioner consists of adjusting the
linkage from the actuator or cylinder so that the
positioning cam rotates through its full range for
full travel of the piston or valve stem, and adjusting
{or balancing) the output pressure lavel

The fcltowing adjustments are performad with
the Positioner mounted on the aciuator or cytinder.
These adjustments are specifically for checking the
operation of the two units prior to adapting the
Positioner to a particular application. Onge these
adjustments have been made, proceed to Calibra.
tion Adjustments for Particular Applications.

AN
Rak 2d FOLLOWER
ISPRING CLAMP: AR Py OT PO
i

GAIN _ %
ADJUSTMENT Y\ FEEDBAGK ARM
N, }

RELAY ASSY

CAM ROLL

ADMISTABLE _ e
VALYE POSITIONING
SCREW ~ CAM

 ADJUSTMENT N

Cutput Pressure Level Adjustment

Double-Acting Cylinder Applications

If you must adjust Positioner output pressure
lavel, refer to Figure 14 and perform the fotiowing
procedure:

1. Use B (straight line) iobe of characterizing
cam which is shipped in place in Positioner
assembly,

NOTE: Make sure correct side of cam (red or biack)
is facing outward for application desired.

RAMGE SPRING

INTEGRAL

ZERD §\

OPTIONAL ff_ e
PRESSURE
GAGES

AB25E
AB257

FIGURE 14 — Positioner Adjustments
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2 Make supply air connaction (20 10 150 paig)
to port marked “8" on manifold {minimum supply
pressure should be 5 psig above opsrating prassure
required by actuator). Maintain this pressure duf-
ing adiustments and after Positioner hes Desn olac-
ed in sewvice,

3. If optionat pressure gages are not includsd,
connect customer supplisd pressyre gages o Posl-
tioner output ports 01 and 02 or to o -inch NPT gage
norts (Figure 1)

4. Apply a mid-range signal (8 psig for 315 psig
unit or 15 psig for 3-27 psig unit) with no ioad on
cylinder,

NOTE: Make sure a midrange signal is applied.
Output pressure level cannot be adjusied H piston
is against a travel siop.

5, Turn integral shutoff and equalizing valve
17703 to AUTO position.

5. Esch output pressure gage should stabilize
at approximately 2/3 of supply pressure {071 gage
reading pius 02 gage reading should egual 4/3 of
supply pressure).

7. If raading is not correct, remove capiug in
hottomn of enclosure and turn adjustable valve
screw until reading is correct. Clockwise rotation
decreasss pressue, countarciockwise increases L
Use 3/8-inch socket through 3/4-inch hole, then
replace caphid.

NOTE: i oscillation oceurs, reduce gain by turming
gain adjustment (Figute T4p1¢ rétate nozziedin noz:
sle diso toweard cam. Uss screwdriver [0 engage
teath on nozzle disc. Turning nozzie disc toward
manifold will increase gain. Higher gain can
increase accuracy on large displacement cylinders
oF agiuaiors.

Single-Acting Diaphragm Actuator Apptications

if vou must adjust Positioner output pressure
tevel, refer to Figure 14 and perform the following
procedure:

1. Use B(straight line) iobe of positioning cam
which is shipped in place in Positioner assembiy.

MOTE: Make sure correct side of cam (red or black)
is facing outward for application desired.

2. Make supply air connaction (20 to 150 psig)
1o port marked “S7 on manifold (mininum sunDly
pressure should be b psig above operating pressure
required by actuator), Maintain inig pressure dur
ing adjustments and after Positioner has been plac-
ad in servica.

3. i optional pressure gages are not inchuded,
connect customer supplied pressure gages 1o
H-inoh NPT gage ports in iooation shown in Figure
3 for application desired.
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4. Apply mid-range signal {9 psig for 315 psig
unit or 15 paig for 3-27 psig uni I with no load on
oylinder.

ROTE: Make sure a midrange signal is applied,
Output pressure level cannot be adjusted | if miston
ig agains! g travel stop.

5. Hreading on supply gage G3{Fi igtre 3y does
not equal sumy pressure being appiled, turn
adjustable valve screw counterclockwise unti
SUpRlY pressure is obtained, i reading is at suD-
ply pressure, turn the screw clo skwise o decrease
pressure and then counterclockwisa until full SUD-
oy sressure is attained.

NOTE: Supply gage may drop momentarily If a large
siep change is applied. Make readings atier
pressure stabilizes,

8. Once supply pressure is obtained, fumn
adjysiable valve soraw ono {1y full turn
counierclockwise,

Zerc and Fange Adiustmenis
{Refer to Figure 14)

aﬂséfm on the range apting and provides
. The hax head s
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a a
: ving the spring c% T toward the
ssembiy results in a shorter final cone
troke for a given signal ﬁ?aﬁse "i =
nge of travel for the cam follower
ng the apring clamp toward the p ivol
point of the cam foillower arm groduces ihe

viinder Applications
it pfgvemw below iz based on
tion as shown in Figure 24§

E’E@&s%} g

he a{fsusz
a dis eat aciﬁ*g ’;} piica
the coylinder is being used for a reverse- ~acting
application, nots that the movements an i pasitions

will be cpposite those lsted below. Normal iy, the
reguialing device {a valve, damper, etcy used in
direst-acting applications will be in the CLOSED
position when the piston is at the bottom of the
cylinder and in the OPEN position when tha riston
is at the top of the cylinder. The words OPEN and
CLOSED as used in the following procedure refer
to these positions

Single-Acting Diaphragm Actustor Applications

The following adjustment procedurs is based
on a dirgct-acting, top connected di iaphragm ac-
twator as shown in Figure 3. if the actuator is
baing used for a reverse-acting application, note
that the movemenis and positions will be copposiie
those Hated below. Normally, a contral valve used
in direct-acting applications will be in the
CLOSED posttion when the valve siem has travel
ad out of the valve body 1o its fullest exient and
ity the OPEN position when the stem has traveled
into the valve i}ﬁdy’ to its tutlest extent. The words
CPEN and CLOSED as used below refer fo these
sositions.

NOTE: The following procedure applies to both
single ¢ double-acting oyilinder applications.

1. isconnect suppty air,

ai shut-off and equalizing valve to

on piston {(or valve)-to CLOSED posi
f’s!@w is not gt zero mark on posi-

n, disconnest and adiust Fositionar drive
Gmm sonnecting Hnkage) untll the cam
ss, Oft 2210 mark on cam, Heconneot drive

her conneciing linkage.
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8. If piston {or vaive) begins to move from its
LOSED position when Step 4 is made, loozen
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setscrew located in recessed hoie of knurled
adjustment nut and turn Zero adiusiment nut
clockwise 1o increase range spring tension until
piston {or valve) returns to its CLOSED position.

4. increase input signal 0.5 psig above
minimumn range vatue (1o 3.5 psig for 3-15 psig unit
or 3-27 psig unit), H piston {or valve) does not begin
1oy toave its CLOSED position immediately, tum Zero
adjustment nut counterciockwise untli sush move-
ment occurs, Once this zero adiustment is come
pleted, ratighten setscrew 1o tock zero adlustiment
rut in place.

160, Return to minimum input signal (3 psig)
Piston (or valve) should go to CLOSED position.

11, Sat input signal at maximum range valye
{18 psig for 3-15 psig unit or 27 psig for 3-27 psig
unity, If piston (or valve) does not move to iis full
OPEN position, loosen spring clamp on cam
foliower arm and stide spring clamp along cam
falipwer arm until piston {or valve) reaches full
OPEN position. After this adjustment, tighten
spring clamp on cam follower arm.

12, Decrease input 0.5 psig below maximum
range value (to 14.5 psig for 3-18 psig unit or 26.5
nsig for 3-27 psig unit). I piston (or valve) does not
begin to ieave its full OPEN position immediately,
change the range adjustment as cutlined in Stap
14 until such movement oCours.

13, if a range adjusiment per Step 11 was
necessary, recheck the zern adjusiments outlined
in Steps 4 ihrough 10,

Calibration Adjustments for Particular
Applications

The foliowing Positioner adjustments may ne
used to improve the operation of the actuator or
cylinder either by itself or in relation o other
systams or parts of a muttiple system,

Zero or Suppression Adjustment

The zero adiustmant (Figure 14) can be used to
set initial tension on the range spring so that the
piston {(or valve) will not begin to move from its
minimum position when the Positioner receives a
normal 2 osig minkmum range signal, but rather will

require a larger input signal (snywhere betweaen 3
psig and 9 psig for a 3-15 psig uriit or betwesn 3
ssig and 15 psig for a 3-27 psig unit) for motion 1o
begin. This application of suppression s useful
when two or more devices are to be operated in
sequence, where the device is eguipped with a
mintmum stop, or where the characteristics cf the
device which the actuator or cylinder is moving
must be matched with those of another regulated
davice,

Range Adjustment

The range adjustment {Figure 14) affords a
variation of actuaior or oylinder motion for a given
range of control signal pressure. For axample, with
any of the characterized cams described below, the
range adjusiment aliows full piston {or valve) fravel
to coout with a signal pressure change as small as
E09, of s full range, At the other extremse, the
range adiustment {(with the A camy can be set o
produce as Hitle as 25% of the travel capabitity of
the piston {or valvej over the fuil input signal
pressure range. This flexibility in range adiustment
iz useful when the device being regulaled is over-
sized, since the adjustment allows operation of the
actuator or oylinder through its useful motion for
the desived full change in control signal pressure.
i is aleo useful in matching the signal versus posi-
tion characieristics of the actuator or cylinder with
the characteristics of relaled power devices inthe
same conirel system.

Speed Adiustment

Whern the system Involves only a single
actuatar or cylinder, a high positioning speed 8
usually an advantage. However, in a complax con-
trol system, it is generally desirable to operate all
powsar devices af the same speed in order {o avoid
‘nteraction between units and consequent
undesirable process conditions. If it Is necessary
to reduce the speed of operation, 0.040-inch {1.02
mm) speed condrol orifices (PL No. 53273271 are
available as an option from Bailey Controfs Lo
These orifices are installed directly into the output
sorts (01 and 02) of the Positioner ang have Ya-inch
NPT ports for connecting sturnbing from the
aciuator or cylinder, If these orifices are toe grmall,
thvey may be drilled out to obtain dasired spead con-
sral. Blank orifices (P No. 5327327-2) are also
available,

S,
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Bouiine Service

1. Cnce each year, check all air conneciions for
feakage, while under pressure, with soapsuds
solution,

2. Maintain a clean air supply (free of dirt, oil,
or maoisture) to ensure satisfaciory operation of
Positioner. If recommended filter is instalied in
supply line {refer to “Supply Pressure™), remove and
clean if necessary.

3. Whensver Positioner is out of service {or
when requirad), remove Positioner cutput vaives 01
and 02 as outlined under “"TROUBLESHOOTING”
and clean with gasoline and kerosene.

4. Periodically remove orifice and filter
assembly (refer to Figure 15 for locations) and
necessary, replace

chack orifice for deposiis, H
orifice and filler assembtly.

RELAY ASSY |

ORIFICE AND
FILTER ASSY

R A

A5G

FIGURE 15 — Replucing Orifice and Filter Assembly

5. Periodically remove three filter holders
{Figure 16, item &8) from manifold assambly (16)
and replace stainiess steel filters (10} for 8, 01, and
02 ports. Apply small amount of O-ring tubricant
(Bow Comning No. 4 or equivalent) to O-rings (273
before reassembling fiiter holders.

6. Once each year (or when required) check
adjustment and calibration of Positioner and
actuator or cylinder as oullined under
CALIBRATION,

s
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7 i Positicner is equipped with optional
integral  shutoff and gqualizing valve
(AP4TT T, clean valve assembiy and cavity i
each vear {or when required) with gasoline or
kerosene. Verify that supply pressure is shut off.
Disassemble by removing two screws (Figure 18,
Hem 47) through valve plate (18) and twisting valve
spool out of cavity by grasping handie {18) inspect
raised, molded seal surface on valve spool. i
necessary, replace valve by removing roll pin (46}
and handie (18) from valve shaft and inserting shaft
of new valve through valve plate (19, spring {20},
and into handle (18) securing with roll pin (46}
fubricate new or exisling valve spoo! with
minimum amount of Gring lubricant (Dow Coming
No. 55M or equivalent) and reassamble into cay-
ity. Replace screws (47},

Troubleshooting

o] s which s definilely traced 0
the Positioner, check supply pressure, input and
output conn &4 mechanical linkags

a0t f
adjustments before removing Trom senice.
It no obvicus defects are noted, refer 1o Fault
Cerrection Chart, Table 7. Locats applicabls
heading for typa of Positioner fault encounierad.
Proceduras for ohecking of replacing various com
sonents and assembliies are desoriped balow,

Replacing Orifice and Filter Assembiy

1, Reter to Figure 15 and unscrew orifice and
I3

7 install new assembly (Balley PL. No.
540004001} atter lubricating with a small ameunt
of Owring lubricant (Dow Corning No. 4 or
equivatent},

Replacing Relay Assembly

1. Refer to Figure 16 and remove six SCrews i
{items 45, 54, and 55 from top of manifold
assembly {16L

]
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2. Lift off manifold assembly {18}

3. Remove indicator flag (41) and cam (2 from
cam shaft (24),

Disconnect range spring (8) from cam
follower arm {113

NOTE: When the range spri
items 3,5, 8,7, and 58 will b
tham.,

{42} from plvot shaft and i
%

b, Hemove hairg
off cam follow arm {11

.me,».

8. Remove second hairpin (42) and Teflon
washer {44} above feedback arm (12

7. Hemove ‘“ﬁyee screws (48) which fasten ralay
assembly (27} to backplate {1).

8. Carefully 1ift out relay assembiy (21 and
attached feedback arm (12}

9. Disassembie feedback arm (12 from relay

assembly (21} by removing small hairpin (43) and
oller pin {23,

FAULT CORRECTION CHART

10, install new relay assembly, reverse
Sieps 1 ihm:sgf* 3.

11. Recalibrate Positioner for correct appiica-
tion as outlined under CALIBRATION.

Replacing Output Valve 01
1. Refer to Figure 17 and remove four bolis (19).

2. Remove small screw (20) from vane assembly

{24}

3. Carefully lift off signal housing assambly (1}
and vane assembly (24).

With 1-inch open-end wrench, unsorow
aluminum cap (12} from relay base (2). (Cap
assembled at factory with adjustabie ssalant on
threads.)

MOTE: Do not allow wrench to bear against nozzie
projecting from nozzie disc (11% while msar%wmg
cap. Nozzie disc (11) will fall free when cap (12)
comes out. Do not lose small rivet (13) set loosse iy
in nozzie opening, or the Corings.

TABLE?

Final drive slement at Cbstruction in orifice
one gnd of stroke and lgading o nozzie.
does not respond o

input change Helay (amplifien sso-

Afr lines in wrong
poris

tion lsaking internally

Heversed cam rotation

Chack orifice as outlined under BEPLACING
ORIFICE AND FILTER ASSEMBELY.

Heplace as outlined under REPLACING HELAY
AZSEMBLY.

Reverse lings connected to 01 and 02

Hemaove carn, turn over and reinstall,

Excessive alr con- Leakage af joints of
sumption {sxhaust manifold assembiy or
foud), relay assembly

Improper ssating of
outpul vaives.

Remove manifold and check O-rings.

Remove valves as outlined under REPLACING
QUTPUT VALVE 01 and REPLACING OUTPUT
VALVE 02. Clean valves and seats. Replace valves
it necessary.

B R T
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Bailey Comtrols

FAULT CORRECTION CHART

fieget output pressure level adjustment as out-
tined under CALIBRATION,

sdiust gain as described in CALIBRATION.

Tighten or corfect HNKags as netossary.

Relgy (pneumatic
amplifien) assembly

not operating corracty.

Raset outpul pressure level adjustment as out-
tined under CALIBRATION,

Bemove valves as outlined under REPLACING

OUTPUT VALVE 01 or REPLACING OUTPUT VALVE

§%2 Clean valves and seats. Replace valves if
a55arY,

feplace as outlined under REPLACING RELAY
ASSEMBLY.

Fing! drive slement

at m%z’;‘"ﬂdm travel stop
and will not respond
io input change.

Airlines In wrong ports
oFf cam reversad.

Signal diaphragm
leakage.

Check and correct

Raplace diaphragm.

Uprange zero shift
cannot be adjusted.

Signal dlaphragm
ieakage.

Check and replace

Full range cannoct be
obtained with adjust-
ment.

tncorrect range spring.

Signal digphragm
ieakags.

Bemove range soring and install correct spring
for range required.

Check and replace.
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5. Rermove valve {10}, valve spring (7, waa?‘ﬁ?ﬁ}
and G-ring (9 from ?e ay base. Examine O-ring and
repiace if nacessary.

6. Clean valve (10) using gasoline or kerosene
and visually inspect for damage to seating sur-

- faces. Examine valve seats inside of relay base {2}
for dirt. Clean if necessary.

7. Apply minimum amount of O-ring lubricant
(Dow Corning No. 4 or equivalent) to O-ring {01,
Assemble vaive spring (7), washer (8}, and O-ring (9}
on valve (10) and install this subassembly in refay
base {2).

8. Remove concentric O-rings {4, 5, and 6) from
top of relay base (2). Apply minimum amount of
O-ring tubricant (Dow Corning No. 4 or eguivalent)
te Crings (4, B, and 8} and reinstall in grooves at
top of relay base (2).

9. Apply adjustable seal (Loctite Sealant, such
as Vibra-Seal No. 503 or other water based Loctite)
to threads of cap (12). Install cap (12) through noz-
zle disc (11} into relay base {2). Torgue to 40
inch-pounds.

MOTE: When reassembling relay, make sure smal
rivet (13} is seated in nozzle of nozzie disc {11,
Align all components carefully. Torque small screw
. (20} in Step 2 to 9 inch-pounds and four bolis (19)
in Step 1 to 30 inch-pounds.

Beplacing Outpul Yalve 02

1. Refer to Figure 17 and remove, as a unit,
adjustable valve assembly (23! by removing thres
screws (215

MOTE: After rémoving subassembly described in
Step 1, visually chacl for measursl the gap between
bottom of valve and threaded end of captive adjust-
ment screw in cover. This same approximate gap
wHl be desired when reassembling adjustable valve
assembly (I3} and will assist in recalibrating ths
Positioner after final assembly is completed.

2. With a 3/8-inch wrench, back off captiv
adjustment screw in cover until adjustment zfawe
clears slots in cover and falls frea.

NOTE: The adjustment valve removed in Siep 2 is
detailed in Figure 18. 1t is available in assembied
kit form from Balley Controls, Ph No. 25828841,

3. Refer to Figure 18 to disassemble adjust-
ment valve. Push slotted washer (2) up stem of valve
{7) until washer (2) can be disengaged from vaive
seat (1) by turning 90°. Washer (2} will then fall free.
With valve (7) still assembled, strip O-ring (3),
washer {4), and spring (8} off stem of valve (7). Tiit
valve (7} and gently remove from valve seat {13

T TR, e 1 i e 1 @

R AR AR
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A {lean valve {7y using gasoling or kerosens
and visually inspect for darnage to seating syriage,
Examine seais engaged by valve {7 for dirt anc
ciean if necessary.

f%eez semble adjustment valve in rgverse
order of disassembly in Step 3. Examine O-ring {3
and rup ace if necessary, Apply minimum amound
of Owing lubricant (Dow Corning No. 4 or
equivalent) to existing or new Cwring (3).

ﬁ [+

~

6. Examine O-ring (B) and replace if necessary.
Apply minimum amount of O-ring lubricant Dow
Corning No. 4 or equivatent) to existing or new e
ring (8).

7. Refer to Figure 17. Reassemble adjustabie
valve assembly (23} as follows: Engage threads in
adjustment valve with threads on captive adiust-
ment screw in cover, With 3/8inch wrench, turn
captive adjustment screw to draw subassembiies
together whife guiding adjustment valve belween
siots in cover. Turn captive adjustment screw
until gap {see NOTE following Step 1) is attained.

8. Beassemble adiustable valve assembly (23}
to relay housing (3} with three screws (21). Make
sure index mark on cover of adjustable valve
assembly {23} is pointing to filter assembly (16} in
relay housing {3).

Replacing Signal Diaphragm Assembly

- 1. Referto Figure 17 and remove four bolts (19).

2. Remove smali screw (20) from vane assembly
(24).

3. Carefully lift off signal housing assembly (1).
4, Remove screw (25) and vane assembly (24).

5. Remove three screws and seal clamp from
inside of signal housing assembly.

&, Remove signal diaphragm asse
pushing down on stem assembly,

mbly by

MOTE: The signal d;a;ﬁ ragm assembly remaved in
Step & is available in assembled kit form from
Bailey Controls, PL No. Z5BZ6BAT.

7. To instail new signal diaphragm assembiy,
reverse Steps 1 through 6. Before assembiing new
signal diaphragm assembly, remove and discard
small screw and washer holding this assembly
together for shipment and replace with screw
removed in Siep 4.

Replacing Range Spring

1. Befer to Figure 16 and discenneci range
spring (8) from eyeboit (3) and spoot {9), using
needle nose pliers.

NOTE: When the range spring is disconnected,
items 3, 8, 8, 7, and 59 will be ioose. Do not icse
them.

2. Select new range spring according o input
signal range of Positioner as follows:

5327330-2 14 515 psig Red

B327330-3 11 3-27 psig White

3. Install range spring.

4. Readjust zero and range adjustments as
outlined under CALIBRATION.




PBg-12
Fage 29

Heplacemen! Parts

Figure 16 is a parts drawing of the Type AP4
Characterizable Prneumatic Fositioner, Figure 17 is
a parts drawing of the Positioner Relay Assembly.
Flaure 19, 20 and 21 are optional sguipment thai
can be ordered as accessories (o the Positioner,

These figures will normally apply to the unit fur
nished. However, there may be individuzsl dif-
ferences in specific assemblies due 1o

1. Design changes made since the printing of

this instruction section.

2. Special design of eguipment furnished to
make it suilable for special applications,

Therefore, when ordering individual partg,
assure correct replacement by specifying on the
order the compleie nomenclature, code number,
part number, and 5.0, number of squipment for
which parts ars desired.

ey
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SPECIAL HEX HD SEMS SCR,

1 540004681 BACKPLATE
P SEE TABLE CAM
3 18FTT3AN EYEBOLT
4 1963318A L) NAMEPLATE
3 197423A1 ADJ NUT
& 540007 2A1 SUPPORT
7 5400073A1 KNIFE EDGE
2 SEE TABLE HANGE SPRING
g 540006041 SPOOL
10 5400067A1 FILTER, 3 REQD
11 5400051A1 CAM FOLLOWER ARM
12 5400052A1 FEEDBACK ARM
13 5400060A1 VALVE, SHUTOFF
14 1951388A16 O-RING, 4 REQD
15 5400068A1 SPRING CLAMP
16 5400056A1 MANIFOLD ASBY
17 5400168A1 MANIFOLD GASKET
18 54000685A1 VALVE HANDLE, AP421001000
(SEE TABLE)
19 SEE TABLE VALVE PLATE
20 5400087 A1 SPRING WASHER, AP4 31031010,
(SEE TABLE)
21 5400050A3 RELAY ASSEMBLY
22 5311425A1 CAM ROLLER ABSY
23 B40007T1AN ROLLER PIN, 2 REGD
24 SEE TABLE CAM SHAFT
25 18734445 SMALL WASHER, 2 REQD
26 197777AS0 RETAINING RING, 2 REQD
27 5311428A19 O-RBING, 3 REQD
28 54000541 COVER
28 540007681 COVER GASKET
30 540005341 BOTTOM ENCLGEURE
31 5327445/ DRIVE ARM, AP4! 1100,
{SEE TABLE)
3z 1851631A206 G-RING, 4 REQD
33 18516314212 O-RING
34 1851831A214 O-RING
35 185163 1AQCT O-RING, 4 REQD
36 195104144 S0C HD PIPE PLUG, 4 REGQD

37 187227A1
APATTTIR00, {SEE TABLE)
38 1951560A8 CAPLUG
38 5AGDOTHAT VENT CAP
40 1845750A1 PULL PLUG, 4 REQD
41 S400065A 1 INDICATOR
432 265 ocumpsns TYPE G802 HAIRPIN, 2 REQD
43 078 ol TYPE 302 HAIRPIN, 8 REQD
44 85K TR0 081 PLAIN TEFLON WASHER, 2
REQD
45 128-37x1.250L  PAN HD STN STL SEMS EXT, 2
REQD
46 125x1.14250 STN STL ROLLPIN,
AP&TT 1007, (SEE TABLE)
47 138323150 PAN HD STN STL SEMS
EXT, 3 REQD
a8 190-32x.500L  PAN HD STN STL SEMS
EXT, 3 REQD
49 167120A28 ELASTIC STOP NUT
50 A28 LD, %812  STN STL CONE WASHER
0.0, x.061
THK %.081
HAT
&1 .190-32x.375 PAN HD STN STL SEMS £XT
52 138.32x.750L  PAM HD CD PL 8TL SEMS EXT
53 138.32x.438L PAM MD STN STL SEMS EXT. 6
REGD
54 138-20%1.750L.  PAN HD STH STL SEMS EXT. 2
REQD
55 180-32%.037L  CAPTIVE PAN §TN STL SCR,
4 REQD
55 SA00033A HOLDER, FILTER, 3 REQD
57 1G7ET5A YWASHER
58 100-32x 188L  HEX S0C HMDLS STN 8TL OVAL
PT SET SCR
59 199943 CABEL NOTICE
&0 160 L OCKWASHER
&1 18321441 BEARING, 2 BEQD
a2 1963652 LABEL, INDICATOR
53 1951560413 BUTTON PLUG

FIGURE I — ftem List
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SPARE PAWES KIT
PART NO. 15826840

B40003441

i YALVE BEAT
2 B400038A1 WABHER
3 185135847 O-RIMG
kY 4 19734420 WASHER
% 5 SEE6595C SERING
3 5 195125844 ORING
\ 7 532658041 YALVE
&
A2483
FIGURE 18 — Adjustable Valve Assermbly
1 S327236A1 TWAY VALVE
2 53268948472 AIRLINE CONNECTION ASBY
3 TOB1R0AS ELBOW CONNECTOR
4 19R727A2 BRASS NipRLE
5 1951T1AZ WEATHERHEAD TEE
g 1862583341 DESIGNATION PLATE
7 AS-32x.378 PAN HD CAD PL S5TL MACGH
SCR, 2 REQD
g NOOI0 CAD PL STL REG SPRING
EHWASH
e 190-32 CAD PL BTL HEX NUT, 2
REGD
B9S2

FIGURE 19 — Optional Bypass Valve Assembly for Single-Acting Digphragm Actuaiors, Pr No. 5326945-2
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i Y-t NPT BAASE PIPE PLUG
i 4408128 MALE ELBOW

3 E40017OAT AIRLINE

4 TGEEG0AY STREET ELBOW

g i MEGB STHEET TEE

g 194575041 PULL PLUG

7 MP2BO-1078 WARNING TAG

FIGURE 20 —

ngmmitter Conversion Ki, Pi. No. 258345-1.

Optionel Position Tr

R P




