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1.0 GENERAL DESCRIPTION

The Ronan Series X54-200 Frequency Input Two-
Wire Transmitter design utilizes state-of-the-art, micro-
powered, solid-state devices, holding the internal
current consumption to less than the zero span cur-
rent of 4 mA. The available options, such as integral
3'z- or 4V4-digit liguid crystal display (LCD) local
readout and various types of housings and mountings,
gstablish the Series X54-200 as one of the most
versatile transmitter lines on the market. The input/
output transformer-isolated transmitter provides very
accurate measurements, immune to ground loop
currents, while grounding both the signal source and
the output instrumentation or the power supply.

The transmitters are available in a selection of
housings, such as the explosion-proof NEMA Type 7,
which is suitable for Class |, Division 1, Groups B, C
and D locations (X54-240); NEMA Type 4, suitable for
weatherproof indocr/outdoar installation; or general
purpose enclosure. The general purposse, aluminum
extrusion housing is suitable for direct surface mount-
ing {X54-245) or rail mounting (X54-248). Front-
mounted, compression-type terminals allow convenient
sensor and output lead connections.

The transmitter, mounted in the explosion-proof
housing, is available with a 3%2- or 4%a-digit LCD
readout. The readout indicates frequency or engineer-
ing units scaled to customer requirements. Scaling of
the display can be altered by the use of range plugs
(DIP headers), which are available from Ronan and
are easily installed in the field.

The transmitter output current is jumper-selectable in
two ranges: 4-20 mA and 10-50 mA. The high
impedance of the output current stage enables the
transmitter to maintain its accuracy with wide DC
voltage variations in the output/power leads. The
operating voltage may vary from 12-80 VDC. To
determine the maximum loop resistance, use the
equation in section 2.0, '‘Specifications.”

2.0 SPECIFICATIONS

Specifications apply to an ambient temperature
of 25°C + 2°C unless otherwise stated. Specifications
are subject to change without notice.

Input:
Periodic wave form: pulse, triangle, sine. Amplituds:
50 mV 1o 200 V, peak to peak.

input Impedance: >300 K Ohms.

Span Adjustment: Front-accessible, multiturn, infinite
resolution potentiometer permits +10% deviation
from nominal span.

Zero Adjustment: Front-accessible, multiturn, infinite
resolution potentiometer permits +10% adjustment
from nominal zero.

Sensitivity Adjustment: Factory set to customer
requirements.

Input Open Circuit Response: Down-scale drive
standard.

Accuracy: Calibrated accuracy, including linearity,
+0.1% of gpan.

Isolation: Input and output circuits isolated from power
and each other by transformers.

Temperature Coefficient:

32°F to 158°F (0°C to 70°C).

Gain: <£0.01%/°F. .
Zero: + 005% of span/°C referred to the output.
Operating Ambient Temperature Range:

Two-wire transmitter; — 20°F to 175°F

{—25°C to BO°C).

Liquid crystal display: — 20°F to 175°F

{—25°C to 80°C).

Standard Output: 4-20 mA or 10-50 mA, jumper-
selectable.

Load Effect: <.05% change in output current for load
variation from short circuit to maximum resistance at
24 VDC.

Power Supply Range: 12-80 VDC (12-80 VDC for
10-50 mA.) .

Power Supply Effects: <+.01% of range fora £10V
change.

Maximum Loop Resistance Vs. Power Supply Voltage
{PSV):
For 4-20 mA range:

R loop maximum = PV-12V,
20 mA

For 10-50 mA range:

PsV—12v.
50 mA

Display Module: LCD digit size 0.35* (9 mmy); optimal
view angle 60°

Radio Frequency Effects: <.4 mV (referred to input),
+.2% of span (referred to output), when exposed to
5 W transmitter with frequency range of 20-460 mHz
at a distance of 1 m.

Terminals: Compression type; wire size 14 AWG
maximum; 10 A maximum; 300 V maximum.
Weight:

General purpose housing: 0.5 Ib. (.23 kg).
Explosion-proof housing: 4.2 |bs. {1.88 kg).

R loop maximum =



3.0 CIRCUIT OPERATION
3.1 General Circuit‘Operation (See Figure 1)

The basic two-wire transmitter consists of a DC-
DC power supply, input comparator A1, isclation
transformer T2, one-shot and filter, output current
amplifier A2, voltage-controlled current source g,
and output sensing resistor RA.

The power supply derives its operating voltage
from the drop across Vg. This voltage powers an
oscillator which drives T1 to provide the required
isolated operating voltages.

The input is shaped by A1 which provides a
sensitivity adjustment by changing VR. The signai
is passed through T2 for isolation and triggers a
one-shot. The output is averaged by the filter and
the DC output is applied to A2. Resistor RA
senses the output current and provides a
feedback to A2 to control the current source |g.

3.2 Detailed Circuit Description

(See Drawing X54-1016)

The input waveform is applied to comparator U3
through R6 and C4. C4 blocks any DC offset and
CR5 remaves the negative half of the signal. An
adjustable voltage, set by R19, detérmines the
sensitivity of the comparator. Input/output/power
isolation is obtained with T1. C15 allows only
pulses to pass through T1 and CR7 allows the
positive part of the pulse to trigger L1,

A one-shot consists of U4, U2, and their
associated components. Q3 and RE form a

current source to supply zener diode CRB.
Befare U1 is clocked, the Q output is high which
turns on Q4 and discharges C13. CRé and

R4 + R3 form a very accurate and stable current
source. When U1 is triggered, Q4 is turned off
and €13 begins to charge and the voltage at
U4-1 begins increasing. When the voltage equals
the voltage at U2-2, the output of U2 goes high
and resets U1. This resulis in a constant-width
pulse at U1-1.

U4 and its associated components form a three-
pole, low pass fiter and, along with Q1 and
sense resistor R12, the current output stage.
Since the output pulses are a constant width, the
output of the filter will be a DC voltage propor-
tional to the frequency of the pulses. The output
current develops a voltage across R12 which is
fed back to U4 to control the current through Q1.
The developed sense voltage is .1 to .5 volts. For
a 10 to 50 mA output, the "“10-50 mA”' jumper is
installed so the developed sense voltage is kept
at .1 t0 .5 volts. Q2 and R1 are used as a current
limit. When the output exceeds approximately 65
mA, Q2 begins to conduct and pull down the
input at U4-5 to prevent any further increase in
output current.

The two-wire operating voltage is applied to pins
V+ and V-—. Diode CR4 protects the circuitry
from a reversed power connection. The voltage
drop across zener diodes CR1 and CR2 is used
to provide power for the output circuitry and to
power oscillator U5, C19 and R28. The oscillator
drives T2 to provide the operating voltage for the
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input circuitry and a negative supply for the
output section.

3.3 Display Modules

3.3.1 3%2-Digit Display Module (See Drawing
X54-1001 and X54-1002): The X54 3z-digit
display module consists of two boards: the
X54-1001 display board and the X54-1002 inter-
face board. The display board contains the
analog to digital converter {(ADC) and the tiquid
crystal display (LCD). The interface board
contains the circuitry to change the offset and
gain and the decimal point drivers. The operating
voltages for both boards is derived from the 7-8
winding of T1 on the transmitter board.

The signal for the display is taken from across
R12 on the transmitter board. This signal is
applied to a divider consisting of RN1{2-13) and
RN1(1-14} on the interface board. The ratio of this
divider is determined by the desired read-out
range. RN1(7-8), CR2 and RN1{3-12), CR1 provide
a stable + 2.5 volts which, through
potentiometer R4, RN1{4-11) and RN1(6-9) or
RN1(5-10) provide the required offset to the
signal. Potentiometer R3 with R1 and R2 provide
an adjustable 1 volt reference for the ADC on
the display board. U1 inverts the backplane
signal from the LCD board and provides for the
display of one of two decimal points, if required.

The conditioned signal is then applied to the
input of the ADC{U1) on the display board. The
ADC uses the dual-slope conversion method to
give a stable and accurate display. With a 1 volt
reference, the display will be **1999" for a 1,999
volt input.

3.3.2 41%-Digit Display Module (See Drawing
X54-1012 and X54-1013): The X54 412-digit
display module consists of two boards: the
X54-1012 display board and the X54-1013 inter-
face board, The display board contains the
analog to digital converter (ADC) and the tiquid
crystal display (LCD). The interface board
contains the circuitry to change the offset and
gain and the decimal point drivers. The operating
voltages for both boards is derived from the 7-8
winding of T1 ¢on the transmitter board.

The signal for the display is taken from across
R26 on the transmitter. This signal is applied to a
divider consisting ¢f HDR1(7-8) and HDR1(6-8) on
the the interface board. The ratio of this divider
is determined by the desired read-out range.
HDR1(4-11), D2 and HDR1(2-13), D2 provide a
stable + 2.5 volts, which through potentiometer
R2, HDR(5-10) and HDR1(1-14) or HDR1(3-12),
provide the required offset to the signal.
Potentiometer B2 with R3 and R4 provide an
adjustable 1 volt reference for the ADC on the
display board. U1 inverts the backplane signal
from the LCD board and provides for the display
of one of three decimal points, if required.

The conditioned signal is then applied to the
input of the ADC(U1) on the display board. The
ADC uses the dual-slope conversion method to
give a stable and accurate display. With the
“2V" jumper installed and a 1 volt reference, the
display will be "19999” for a 1.9999 volt input.
With the 2V jumper net installed, “19999" will be
displayed for a 199.92 mV input.

4.0 CALIBRATION

The calibration of the X54-240 Series Frequency
Input Transmitters entails adjusting the zero and span
potentiometer for the correct output current when an
accurate frequency generator is connected to the
inputs.

4.1 Frequency Input-Model X54-210

An accurate frequency generator should be used
to provide the calibration input signal. Connect its
output directly to the transmitter's input terminals
{see Figure 2).

To measure the output current, an agcurate
milliammeter is connected in the output current
loop as shown in Figure 2.

To perform the calibration, begin by connecting a
jumper across the input terminals. Adjust the
front panel ZERC control to obtain an output
current of 4 mA {or 10 mA for a 10-50 mA
output). Remove the jumper and connect the
frequency generator, Set its output to the full-
scale frequency and amplitude of the input
range. Adjust the sensitivity control, R19, for a
square wave with a 50% duty cycle (observed at
U3-1). Adjust the front panel SPAN control to
obtain a 20 mA (or 50 mA) output. Repeat until
both zero and full-span outputs are correct.
Several mid-span values should also be checked
to verify proper operation of the transmitter.

4.2 3'2-Digit Display

The 3'%2-digit display module is calibrated
separately from the transmitter. Before the
display module is calibrated, the calibration of
the transmitter must be verified.

With the transmitter at the zero of its span,
adjust potentiometer R4 on the X54-1002 printed
circuit board for the zero of the display range
{not necessarily the same as the transmitter
range). Set the transmitter to full-span and adjust
potentiometer R3 for the correct display. Repeat
if necessary.

4.3 4V2-Digit Display

The 4Y2-digit display module is calibrated
separately from the transmitter. Before the
display modute is calibrated, the calibration of
the transmitter must be verified.



With the transmitter at the zero of its span,
adjust potentiometer R1 on the X54-1013 printed
circuit board for the zero of the display range
(not necessarily the same as the transmitter
range). Set the transmitter to full-span and adjust
potentiometer R2 for the correct display. Repeat
if necessary.

5.0 TROUBLESHOOTING / REPAIR

The Series X54 Frequency Input Two-Wire
Transmitters may be removed from their housings

TRANSMITTER
X54.240
IN ouT
+ - + -
FREQUENCY
GENERATCR 2 $ 9
MILLIAMMETER
N\ 1
EXTERNAL =

POWER T

without disconnecting any external wiring, allowing
easy access 1o all circuit components. Visually
inspect the boards for any obvious damage to the

component traces.

The troubleshooting procedure should be started
with a check of the loop voltage and the compliance
with the connections as shown in Figure 2.

When troubleshooting, always apply an input signal
that is within the operating range of the unit under

Figure 2: Input Circuit Connection for
Freguency Calibration

test and monitor the output signal. If power is
properly applied, trace the signal from the input
toward the output following the test sequence in

Table 1.

For additional support, refer to '‘Detailed Circuit
Description” in Section 3.2

Test Test Expected Test
Step Points TestValue Equipment Notes

5V power to Across 5VDC DC voltmeter

oscillator U1 CR1+ CR2

Oscillator U1 U1, pins 8, 9, 10 Square wave approx. Scope 5 V peak

output or 11 to pin 7 100 KHz

Input circuit " Cathode CR11 5vDC Scope Ripple should be uncbserved

power supply to ground 1 except for thin spikes. If
large ripple, suspect faulty
filter cap C18 or input circuit

Qutput circuit Anode CR10 to —~45VDC Scope Ripple shouid be unobserved

power supply output ground 2 except for thin spikes. If large
ripple, suspect faulty filter
cap C17

input comparator | U3, pin1to Square wave at same Scope Should be approx. 5 V peak

response ground t frequency of input

Madulator/ Across H24 Putses of same Scope Should be approx. 4 V peak

Demedulator frequency of input

response

One-shot U1, pin 1 to Pulse width shouid Scope Pulse width depends

Pulse Width ground 2 remain constant with on input span

varyng input frequency

Qutput amplifier Current loop In-range output current DC milliammeter Using ZERO and SPAN

response centrols, a full-scale reading
should be obtained

Table 1: Transmitter Test Sequen(ﬁe




PARTS LIST—3"2-DIGIT DISPLAY BOARD

Model X54-1001

Item Qty. D Part No. Description Vendor
1 1 P.C.B. X54-1001B L.C.D. Display Module Ronan
2 1 L.C.D. 33DSR0O2GHJ or 3v2-Digit L.C.D. Epson or
3937-363-020 Hamlin
3 1 U1 ICL7126CPL 3‘/2-Digit L.C.D. Driver Intersil or
Teledyne
4 1 0 D1LB40P-11 40 Pin IC Socket CA
5 1 R2 RNGS5C2373F Resistor, 1%, W, 237 K Mepco
6 1 R3 RCO7TGF245) Resistor, 5%, ¥4 W, 2.4 M Obm AB
[ 1 R4 RN55C7500F Resistor, 1%, 14W, 750 Ohm Mepco
8 1 c2 470R501M05 Capacitor, Mica 47 pF Sprague
9 2 c34 104R101K10 Capacitor, Poly, 0.1 uF Mepco
10 1 003 473R251K10 Capacitor, Poly, 0.047 uF Mepco
11 2 C1,5 685R350T20 Capacitor, Tantalum, 6.8 uF Sprague
12 1 P.C. Connector 10-89-2123 Dual Row Header Amp

Note: Ali components on compenent side except the L.C.D (L.C.D on circuit side). Insert L.C.D. so that it reads in the same
direction as 1.2-6 silkscreen on the P.CB. - .

PARTS LIST—3"2-DIGIT DISPLAY INTERFACE BOARD

Model X54-1002

item Qty. ID Part No. Description Vendor
1 1 P.C.B. X54-1002C X54 Interface Board Ronan
2 1 (8} 74C14N CMQOS, Hex Schmitt Trigger National
3 3 C123 104A101C20 Capacitor, Ceramic .1 zF Sprague
4 1 RN1 CA-141.82-105D 14 Pin Socket CA
5 2 Connector* 1716034 3 Pin Input Terminal Phonix
6 1 Header* 864189 Dual 5 Pin Connector Amp
7 1 Connector 10-89-2123 Dual 6 Pin Connector Molex
8 2 CR1,2 LM385Z-25 V Diode, Voltage Ref National
] 2 Rt.2 RN55C1652F Resistor, M.F. 1% 16.5 K Mepco
10 1 R3 88PR50OK Potentiometer, 50 K Beckman-
11 1 R4 89PR2M Potentiometer, 2 M Beckman
12 3 W1,2,3 CAS365P100230430 Line Plug, 3 Pin RNI
*NOTE: Items #5 and #6 are on circuit side. Other items are on component side.
PARTS LIST—TERMINAL CONNECTOR
Model X54-1003
ltem Gty. D Part No. Description Vendor
1 1 X54-1003B P.C. Board Ronan’
2 2 1716034 Connector Biock Phonix
3 1 6-910-11 Connector Pins Aries
4 1* #6 Screw
5 1* 22 Gage Wire, 4" Long, Green

*Note: Used only for X54-600. The lug is crimped on one end of the wire. The other end is soldered to pin 4 of the connector
block {on back of the board).



PARTS LIST—42-DIGIT DISPLAY BOARD

Model! X54-1013

Item Qty. ID Part No. Description Vendor
1 1 P.C.B. X54-1012A Printed Circuit Board Ronan
2 2 R1,3 RCC7GF104J Resistor, W, 5% 100 K AB
3 1 R2 RN55C1542F Resistor, M.F., 1% 15.4 K Mepco
4 1 R4 RN55C8062F Resistor, M.F., 1% 80.6 K Mepco
5 1 C5 104A101C20 Capacitor, Ceramic, 1/100 V Unitrode
6 2 G3.4 105R500K05 Capacitor, Polycarb 1/50 V ECI
7 1 C6 470R501M05 Capacitor, Mica 47 pF Arco
8 2 c1,2 224R350T20 Capacitar, Tant .22/35 V Sprague
9 1 U1 ICL7129ACPL 42-Digit AID Maxim
10 1 - 4201-363-020 4%-Digit LCD Hamlin
(Mount on Back of Board)
11 1 CA-8365P-230-430 Strip Line Plug, 3-Pin CA
12 1 CA-S365P-230-430 Strip Line Plug, 2-Pin CA
13 1 DP3-DP4 531220-2 Shunt
PARTS LIST—41,-DIGIT DISPLAY INTERFACE BOARD
Modet X54-1012
tem Qty. D Part No. Description Vendor
1 1 P.C.B. X54-1013A Printed Circuit Board Ronan
2 2 R3,4 RN55C1652F Resistor, M.F.,, 1% 16.5 K Mepco
3 2 c1,.2 104A101C20 Capacitor, Ceramic .1/100 V Unitrode
4 2 D12 LM385-2.5 V Diode, Voltage Reference National
5 1 R2 89PR50OK Potentioreter, 15 Turn 50 K Beckman
6 1 R1 89PR500K Potentiometer, 15 Turn 500 K Beckman
7 2 1716034 3 Pin Input Terminal Phonix
(Mount on Back)
8 1 J2 86418-7 8 Pin Socket Amp
{(Mount on Back)
9 1 J1 10-89-2123 12 Pin Plug Molex
10 2 HDR1,HDR2 CA-14L52-105D 14 Pin Socket CA
PARTS LIST—FREQUENCY INPUT TWO-WIRE TRANSMITTERS
Model X54-1016
Item Qty. D Part No. Description Vendor
1 1 P.CB. X54-1016A Printed Circuit Board Ronan
2 1 U1 CD4013B Dual D-Flip Flop National
3 2 uz,3 LTI017CN8 Dual Comparator Linear
. Tech.
4 1 u4 OP220FZ Dual Op Amp P.M.I.
5 1 us 74C14 Hex Schmitt Trigger National
6 1 R15 Jumper
7 1 R29 RCO7GF201J Resistor, 14 W, 5% 200 Chm AB
8 3 R22,23,24 RCO7GF103J Resistor, 4 W, 5% 10K AB
9 1 R6 RCO7GF273J Resistor, ¥4 W, 5% 27 K AB
10 1 R18 RCO7GF104J Resistor, 4 W, 5% 100 K AB




PARTS LIST—FREQUENCY INPUT TWO-WIRE TRANSMITTERS (CONT.)
Model X54-1016

Item Oty. D Part No. Description Vendor
11 1 R14 RCO7GF334J Resistor, 4 W, 5% 330 K AB
12 1 R16 NOT USED
13 1 R13 RNE5C16RIF Resistor, M.F. 1% 16.9 Mepco
14 1 R12 RN55C24R9F Resistor, M.F. 1% 24.9 Mepco
15 1 R1 RN5S5CBR19F Resistor, M.F. 1% 6.19 Mepco
16 1 R3 RNS55C3010F Resistor, M.F. 1% 301 Ohm Mepco
17 1 RS RN55C7151F Resistor, M.F. 1% 7.15K Mepco .
18 1 R9 RN55C1002F Resistor, M.F. 1% 10.0K Mepco
19 2 R26,27 RNS5S5C1102F Resistor, M.F. 1% 11.0 K Mepco
20 1 R28 RN55C7502F Resistor, M.F. 1% 75 K Mepco
21 1 R10 RN55C1003F Resistor, M.F. 1% 100 K Mepco
22 1 R8s RNS55C4993F Resistor, M.F. 1% 499 K Mepco
23 6 R7,11,17,20,21,25 RN55C1004F Resistor, M.F. 1% 1.0 M Mepco
24 2 CR10,11 1N270 Diode, Signal Fairchild
25 1 CR7 1N457A Diode, Signai Fairchild
26 1 CR4 1N4005 Diode, Rectifier Fairchild
27 1 CR5 1N4148 Diode, Signal Fairchild
28 1 CR3 1N5310 Current Source Fairchild
29 1 CRé LM385Z-1.2 Zener, 1.2V National
30 4 CR1,289 LM385Z-2.5 Zener, 25V National
31 7 g1,§,6,12,14 104A101C20 Capacitor, Ceramic 100 V .1 uF Sprague
0,21
32 3 C8,17,18 105R500C20 Capacitor, Ceramic 50 V 1 uF Sprague
a3 1 c10 184R300K05 Capacitor, Polycarb 30 V .18 uF Sprague
34 1 C4 474R500K05 Capacitor, Polycarb 50 V .47 uF Sprague
35 1 Cca 684R300K05 Capacitor, Polycarb 30 V .68 uF Sprague
36 1 C11 105R101K10 Capacitor, Polycarb 30 V 1 uF Sprague
37 1 C19 820R501M05 Capacitar, Mica 500 V, 82 pF Sprague
38 2 C7,18 331R501M05 Capacitor, Mica 500 V, 330 pF Sprague
39 1 Ci15 471R501MO5 Capacitor, Mica 500 V, 470 pF Sprague
40 2 C3,5 681R301M0O5 Capacitor, Mica 680 pF Sprague
41 1 Q3 2N5396 FET, N Channel Motorola
42 1 Q2 2NB715-5 Transistor, NPN Motorola
43 1 Q4 VNO106N3 FET, N Channel Motorola
44 1 Q1 VNO109N5 FET, N Channel Motarola
45 2 T,2 PE-2231X Transformer Pulse
48 1 R19 72PR50K Potentiometer, 50 K Beckman
47 1 R2 89PR200K Potentiometer, 200 K Beckman
48 1 J1 6-87729-0 Dual 6 Pin Connector Amp
49 1 wi CAS365P100- 2 Pin Strip Line Flug RIE
230-430
50 1 R3 Value Determined by Input Span
51 1 R4 Value Determined by Input Span
52 1 Ci13 Value Determined by Input Span




]
‘A3Y

£2Qarsx
'ON DNIMyHA

NYNOH

S31H3S ¥SX
AT18AISSY DINOELOTT
QNY T¥DINYHOIN

00-€0-2 LOO-06E B0ZYHaX £ Uld
1adwinp Jolsisay uonesuadwod Q) 2 uld
wyo §21°e 2 uld
1018180y doan 0} i ug
v EYTEEYT DIM-OM] ET 10)33UL0YD
iy [LAULTINE: T
adi] yndu)
JAYSEM LB 9F gl e - 2
18USEA A007 UI0D] 51U] OF -V Tz e
T aysem o0 udg gk i zlz| |- se]
SW408Id OH 1813 Hd . % X 229 Tz -Tv
| ‘swdelpas an tBid Hd kX259 Z |z Z |tz
SIH YSD 0L T
QH 1Bld Hd , "1 X 269 z| - -1
SW (o8ig Oe JIeS q
aH ued Hd , % X 269 gl -|zle] e
S SH UBd Hd . % X, 260 z |- Yoz
" SW {3818 OH UBd Hd . "% X 269 T 21 61
SN QH Ued Hd "% X 268 z|z e
ivedgpunoy M x Q0% | 0z6 | 2| - T
GIws "HH 180edg XoH , '), X 269 £626 | € EE-TH
7T jumoyg 1on-doy sseig) 1T
1olepy BUISNOH JOOIJ-UO)SOIdX oDaHIX |+ - Sl
{umous joN-dol pros) |
1aepy Suisnay Jooud-uoisodx3 QQHWX [ - [ ] -] -t L
UBUOH aleld 1980 A0 eavex | 1| -] -|-% et
ueuoy T T  aleg Bununoyy gavax |+ | L | - | -] &t
ueuoy 18UlBlEY Bundg veavsx | - |- e -] &
UBUOYH Buudg Bununow ped-NId 596X - ~te| - oL
uBLOY 18A0D WONKOF BUNLNOI 1BH-NIQ vavex | -] -1t {8 |
ueuoy ajelg BuLnopy 2221ng Bavax | - | - - |+ | 8
ueuon 1aA0) doy ZOpSX b e
ueuoy uoIsnIIx3 ziovax | v |- |- - [ 9-
ueuoy uosnIxg viovex | - [ e[ e[t s
UL K55y B0d 00lON | VELOLROOLPaX | L | - | | -1 7
usuoy Fesv god fedsia[weroratoovax | 1] | - [ -1 e
uBuOY "Assy @0d Bunsauuod BEOOL-PSX B S O S
UBLOY “ASSY §0d Isuwsuel | Aouanbaly GO0 L-tSX. RN B
UBLOY “ASSy 90d J9INWSURI] dLH IROLESX | L[ 6| L[ F |t
UeLOY "ASSY 90d JOIWSURSL /L 000kkSX | L[ L]t
By uanduaseg AStquIny ey & |z | 1 [wen
Anueng

Bullunow 8oeLINg Q07 INOYKAL

Bullunow [IeY-NIQ Q07T MOYRM
Bununop Busnon Joold-uoisaidxl GO IROUNM
Bununopy Buisnoy jooig-uoisoidxg g1 UM

==

AP-KE-KZ-HI-lETAVSX




£ LOOI-7EX
. . auvod Av14SIa
A3H ON SNIMvHA 1I010-34 8

DILYWIHOS
NYNOH |l
r———™—/1
|
cdd

B

[ —— |

a¥U08 IDYANILNT OL
HOLJ3INNOD Nid § THNO

_
i
f
_
_
_
_
I
f
_
_
| L5 iZ] g5 i |22
| _ 22 ¢y ey lEl 3
= £2 : 8l 5
_ 83 |, vz 5o = TE
| mv SO T o P EL 6o
| [4]] _Csmn;_ a2 NI Sl al
_ -HES) E.Ss 2 g mw [ £1
_ am _ lﬂl [ n“czv.m¢E 82| 5y oy M“ 32
1° £ [ G2
-NI 28
I v wm +NI el .M_m
_ _ T uwmu mm 3 b1
“ 43 _ i mm AR ISHANT o8 L
LA _ o I I ]
_ _ ' Se] S 92120 N 22
9-d 1531 N gls <
| a ] &2““ 2E|3p P 3 H
| | o] 55 s 2
| _ o070 AGH
_ _
| | =
| | oI
f | T
_ |
L

2922601

NOSd3
LIDIA 2-1
AVIdSIOA

£

KRR EEEEEEECERE!

10



£ 2001-FSX
AZY ON ONIMYHA aHVO8 IDVAHILNI LNdNI WNILWIL N1d 8
LI91J-3€
NvIod _E OIYWIHOS e :
_ B A o B
! 3 15 |
L34 ey B} ®l S| 9]
F————— 1
ATNO 300K AYSIA HLIM q3sn b _ _
"SOYAEYIOEDTW NI 32 S3NTvA §0LIDVAYD TWW "€ <] |
F————— q Mol AV SHOLSISIN TV U2 Lo
ﬁ ﬁ H3AYIH dI0 NId b1 ¥ SI INY 1 _ [
| | :3L0N } mA +] |
_ | <~ _ i
O 00— | )
@ e
_ | & a | |
_ | | ~ary _
_ _ PIobe |2 | |
_ @ _ £M 4.“ % A — _ _
_ la gl _ 21 £l _ ® o “
| | Ll o -<&1]
+
- | ¥ S
& 270 n i _ |
_ _ o8] = mo ™ = _ _
_ _ - i H ! _
ad
Bcases y | |
_ _ i SH _ _
_ w1 z &l
| Al o oA ] +NI
_ _ na | ® |
_ _ _ |
NS
_ <wo} |6 = I m_Ammwm !
_ [ Lo £8) 229 [ _
g @ ,ﬂ ﬁ S8EHT SBEWT _ _
_ g HOOS _ M
_ _ dd68 by _ _
4
! T3 _ .HHHW%» s . ME ® WPE _ |
| IE oL N N _ _
_ _ 1M N € ¢ _ _
A
R ey _ _
| _ _
ﬁ | _
i | |

O¥UO8 AWIdSIO OL
¥0LJIINNOD NIJ & WNO

NILLINSNUEL 01
HOLI3INN0D NId 9 WD

11



‘A3d

AR &
‘ON ONIMYHA

NvNod (i

asn
1I91I0 2/1 ¢

advog Avdsid —Cpua Fm-m T -n
LIDIg-t4v n“.u __ ] “
OILYWIHOS €d0 | ?/8¢d :
| ]
| ]
| 1
L <=3 !
]
g | 2do H
*0OT |
o L <¥7 !
(021410348 POIRUBHLD SBI NN} “ td0 "
BOVUYJOMDIM NI WY BBNTVA MOLIOVEYD T oz 2| se| sE \
“-— ucu.. !:lﬂ.ii “ rda €d0 2d0 ¥d0 ! I
‘g 0'd vELOT—rOK GBEN Y 1 "
1
1 ]
1 i
T ov] *<® b “
. L}
€950
zde Adzy 1 !
o2 LF [=1s EN B 1 1
1 1
3 T0s0[— i !
I 1
2 ar| €98 "o o8 m " n
v '¥3 " 1
5 S0 ¥3 v 2080 ” |
*d ‘b I 1
- S7]¥0 va vy 1No LNT o N |
€3 ok l |
5 =|s08 w0 va | )
€d0 ‘€3 "Ed R EE " "
5 ZE[ MY S § | 1
Y] _ .
9 eV
oF [ €0 €2 E CEEE 3L:] i 1
tE X .
T3 S|+ -+ ‘€0 €@ —930 e . \
oLl 1 1
2d0 ‘23 24 [ 1
EL B
+4353 sz \ 1
2q 1 1
T B 20 ‘29 '2v OZQQM_ . \
. 1dav | !
r —|29 28 527/ SSI0A == \ 1
| ]
o A RGCRERE 07 J3dfoe | 1
|~ U H 01 NI T + < ¥ ] I
0D TV &L | aNe 1
a¥ S [ %S "MOO¥ i !
. IH NI 1 <=2 1
- S50 7 N EE EY 1 +NI 1
1 L}
IONVY IH J3H <=
€ re 1 g3 !
- + 1 |
€2 . _ve |
b7 1 _ '
r il t <=3 '
az 5 2o | RA+ '
! ;
T <21 I
o 1

9N71d NId 8

12



0 cl0L vmx AYNIWG3L LNdNI NId-9
~ Fm——— s e e e B
, : QYVOE 30V4HIALNI ! 018 9/ '
A3Y ON ONIMYHA L91a-%¥ ! G @ @ G ﬁ " an1d NId-2t
OILVWIHDS T
NvNO i b ] e e ] AN
S [ (U ——a
“ o | “
1 - 1
i 1
(OITIII30E PEIMMIHLO SRA NN RILON " “
(FOOM) WOOYIH Mic PF MO ONNON Q f |
13¥308 NId-8 A nrd en v mne N P+ “
Nﬁ) BOVEYIOROIN NI J0Y E2NTPA MOLIDVAYD "G ! 1
SN0 NI Y EATIVA BOUSIEIM v 1 i
“ IIIIIIIII J_ KT W e cwoiersmd @ " “
2% B @D d TEIQE-FOX AFEDN 6 < E
“ EdO __ o “ e “
1 1 & 1 '
1 i 1 I
1 — 1 Et 2 “ _
m 2da “ @ “ E?Enﬂ “
b ! ry T ! !
1
“ e L " "
" | ¥ S
1 J 1 1
1 | 5 I 1
! . ). “ !
1 | 1 1
1 1 1 1
= 1 _
“ ang | “ +ﬁnu “
1 ! 1 1
“ “ v 3 3 h |
1 1 e B 1 1
1 | t 1
! ! | !
1 ! | i
1 ) 1 1
1 s s " 1 '
t +NT F ! 1
[ f 1 1
1 T 1 E
1 1 1 1
1 1 1 i
| 1 ¥ i
| “ F
| & i
" : w1 ;
1 I A_v 1
1 1 oT & |
“ 434 | o, ) “
1 | @ !
1 ! i
1 ! 1
] 1 1
1 i I
] 1 1
1 1 1
& " 1
| fa 1
\ ™ [ 1
| 1 1
_ “ “
" = , :

13




8 9L0L-vSX
A3H ‘ON ONIMvdd

NvNod |

HALLIWSNVHL 1NdNI
AJNIND3IHS

SAVAYA0NDIW NI 3aY SINWA 20LIDVAVD &
SHHO Nt 3y SIYIvA SOLSIST €
%1*"4°W 3V HO1SIS3H 2

FNVH INANT AE TINIWNELET SANTWA T
COATAIIELS ISIMAHLIO0 SSTIND 3LON

ZL
1 X1€22-3d
2= T 9 H —
S5 ¢ o ¢
H ane - -
oS n 7GBEW oA 3 ]
.|'m>| 640 AT @2aNt AR L T
AR {1 - o b
) e
* VIVN>+ 2A+ .— 224 118D 2l 8N EfF—
taint Ia+ £l z .
[ %1 HG.
a2
Adz28
1l
Li
61D
2A+
1
Teez
B2y
£
HIS Hd29
M B1d
1
e
TaA+ NS
3ct Sd
PBS== O@BI=¢
{ = = =] ED
1 ;
L ]
PEE x_ww_m BRTENT
e S0
e q.mm_Mzﬁ e 2 It AH_
- AAA
n 240 X1E22-3d 4 ° ’ i vy " 5
11 2 %5"Me2
—1°  cree s o
o a

14



0 ZIOYEX
, . INNOW 30V4HNS
A3 ON ONIMYHQ HILLINSNYHL JHIM-OML

ONIMYHJ INIMLNO
NYNOY |[]

?Emm@
U 9510

(Ww 6401 L} L .A.AEE or'se)
Ul OSE'Y uwogo L ™

|
| 7 | Fre |

NYds [ i
(ww fge6) ouaz @ o
Ul 889 £ m% % =\
O} = .
(ww 0z'92) [ |0} @ I = Afc,_cmmm.mma
woooe _H_ i @ ] »
L] o O =
) Q) s
NN ]

L,
I

Sa0B|d T
(wuw 96 '€}
‘W 8s)10

15




0
A3d

£10¥SX
‘ON ONIMYYQ

NvNOH |[i

INNOW Tivd NIg
HILLIWSNVHL JHIM-OML
ONIMYHA INITLNC

(ww 1g/g1)
IR ZARS

(wur g2 '+21)
UZLEY

(ww oz 92}

i 02 @ ﬁ

Y

N
oYX XewTe)

/!P Wed 2/29vNIC O3 18k

(ww op'52)
& wooot ™

;

NVdS ()

ozwnm._uq
o O
O IO =
O 1O ¢
QF 1O v
QO s
QIO e
NYNGH |[]

16



0/0 GLOPSXIP LOPSX
A3H ‘ON ONIMYHA
NYNOH |

ONISNOH JOOH-NQISOdX3
ONIMYHA INITLNO

(ww 50'61) (ww 5061
(9'z-123 01 abeo g dey) 4w 0sL0 (9z-1z301eben pdey | [T W08L0
(sooeld 2) S8ICH "L'd'N L-24 + {sa2®|d 2) S310H '1'd'N ¥L-24 I/ *
y= (ww 5o6L) _L (Ww so6h)
H ur g0 H Ul 0SL D
(W g2o2¥1) (Ww 29'2%1)
uzZigs W ZIg'S
DNISNOH
4004d-NOISOdX3
HNISNCH J004d AV1dSIO TVLSAHD
-NOISOTdX3 H1IM aIndIT HLIM
HIALLINSNVYUL HILLINSNYHL
JHIM-OML / J IYIM-OML | M J
(wwort) (ww oL )
. < ] 580%8|d 2 . . Sade|d &
Ul LEYD (ww 26 1) Ul 2E7D IJ (W 2623
S9I0H BIQ U ZLE0 S3I0H "elq ‘Ul Z1E0
(Ww $2°801) (unb v2°80L) —
ULy w g s
(W 56-28) (ww og'pL1) {Ww 55°28) :
- ¢ ul oS v (Ww ogviL)
U 0sz'E ao Ul 0sz's i fide
A
(wwoorgl) EE+ 1) 3TINAON
uglso {ww 0g'pLE) 30vd INOYd ol el (Ww 0gv1 1) AVIdSIO HLIM
€ woogy > TVIIW ANOS 9150 |l—— " goc'y ———™  MOONIM SSV19

17



. NOILOZNNOD ATddNS HIMOd ONY avO1
s 91o¥SX
, : - ¥GX 531H3S HALLIWGNY YL avol YILLIWSNVHL
A
L ON ONIMYHA HALLINSNYHL JHIM-OML d .
NYNOY _ WYHOVIA DONILIM ~ -0
2 - ; L
1 — ADD—LI M T AOLL
: I : T
0 o
+ + O 5 — _ “ "
av0l
AvI1dSIa HLIm AV1dSIO HLIm
1Nd1NO vw 'L NdNl yw LNdLNO YW ‘1NdNI ALH 3HIM £
awy 1NdLNO yw 1ndino vuw
ANdNI YW 1NdNI A1H 3HIm €
T p—
(NYNOM A8}
Ny (@ P
eeﬁ@f.. Hm_mmaoo._ ““If
ol IO | + -1
> M” \HTE_‘_«E % WrWIH WE&
‘oD
% 0} v | ane % M”[ “ans
(m] + -
a “ \wv L0dLNO 0 ” |¥ 1n4Lno
N e I
e ['lI\L
A¥I1dSIa HLIM AV IdSIA HLMm
1NdinNO YW *INdNI A AW ‘3TdNOIOWHIHL INdLNO YW'INdNI QLY 3HIM 2
{ )
am._.,...odmubﬂmzw aw Nl A - H:...._._.:o vu 1Nd1no vw
LhaLne 10N A AW L LnaLne 1NdNI AW ITdNOIOWHIHL 1NdNI ld JHIMm &
1 gy
1+ & I+ T e
Oooo .
‘A g
j. 2 ol JE - @
n m u “ Lot Tau NolLLoNDr a3y % M. Pl
Ol s @ ol Il s { +
ousz gy THE P I Y s A 10l = |w.5.:._..o
Nves el i il

18



| RONAN

RONAN ENGINEERING
COMPANY

P.O. Box 1275

21200 Oxnard Street
Woodland Hills,

California 91367 U.S.A.

{818) 883-5211 * Telex 698-490
FAX (818) 992-6435

XS4FRE/289

RONAN ENGINEERING RONAN ENGINEERING

LTD. U.K. LIMITED

1 Tilley Road 32 Bermondsey Read
Crowther District 3 Toronto, Ontario
Washington, Tyne and Wear Canada M4B125

United Kingdom, NE38-OEA {416} 752-0310 & Telex 63862

(091) 416-1689 ® Telex 537-746 FAX (418) 752-8072
FAX (091) 416-5856

RONAN ENGINEERING
{(AUST,) PTY. LTD.

Unit 10, 8 Leighton Place
Hornsby, N.S.W. 2077
Australia

(02) 477-7344 » Talex 73467
FAX (02) 477-6151

Printed in U.S.A.



