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GENERAL INFORMATION

GENERAL DESCRIPTION - INTEGRATED PROGRAMMABLE ELECTRONIC CONTROLLER
& HYDRONIC SUB-SYSTEM

The Sunkeeper |,P.E.C.H. subsystem is a completely assembled, piped,
wired and tested package. It is designed to be used in large residen-
tial and smal! commercial solar heating applications. The package
consists of three basic systems, a power panel! and programmable micro~
processor, a hydronic solar collection pumping system and a hydronic
heating hot water pumping system.

The package requires only fleld connection of piping, power and sensor
devices. |t may be programmed to collect solar energy from the user's
collector based on a number of user determined inputs such as solar
insolation, date, time of day, outdoor ambient conditions, etc. in
addition, it may be programmed to heat various zones of the user's
facility as determined by user installed 2one thermostats or to store
collected solar energy in user supplied storage tanks. Once user
supplied inputs are connected, sequence of operation, set-points, and
priorities may be changed at will without the need for field wiring
changes.

The user may, through the use of a compatible portable printer terminal,
have access to the controller either on site or remotely by telephone
modem. Access features include a 3Z hour programable interval history file
of user selected data, print-out of all ‘inputs and outbuts, location of
contro] sequence in program, anility to edit program and program print-out
In addition, the controller may be connected to a remote master computer
for data logging or master command, interrogation or program editing.

Built In Flexibility Control sequence easily changed or modified
L]

by plant electrician or maintenance personnel

No Software Costs User establishes his own control sequence and
| uses simplified commands to enter segquence
into Sunkesper - no initial or future software
expenses.

Lower Overall Costs No outside personnel required for installation,

programming, or operation.

More Efficient Uses less electrical power and is physically

smaller than hard wired relay controllers.

Page 1-3 -
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More Rellable

Future Expansion

Computer Compatability

Data Logging

.2

25 Year Calendar/Clock

CAPABILITIES

All solid state construction - no moving
parts that wear out or require alignment.
Control sequence easily adapts to accept
additional sensors or actuators as system
expands.

Permits communications between Sunkeeper
Control Unit and computer modems, printers
or displays.

Monitors system performance and control
operations and with printer terminal provides
hard copy print~out of history of events.
Accurate for 25 years, increments (seconds,
minutes, days, etc.) can be included as part

of user's contrel seguence.

A powerful, non-erasable master program is stored in the Sunkeeper Control

Unit's 8K of PROM memo
the user to enter his

memory. The combipati
provides the control f
lbeing monitored.

The master progra

ry. This factory supplied master control program aliows
particular control sequence programin the 16K of RAM
on of the master program and the user's control sequence

or both the Sunkeeper Control Unit and the energy system

m can perform the following basic mathematical operations:

Addition of analog input values
Subtraction of malog input values
Comparison of analog input values
Less than (=)
Greater than (=)
Equal to ( =)
Averaging of analog input values or % of "on''time of
digital output, input or bit values,

Page 1-4
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In addition the master program can also solve the logic of a series

of operations such as in the following statement:

If the value of A lessthe value of B is greater than C
do a task

'The user's control sequence is a specific logical operation that takes
into consideration al! the variables effecting his system (temperature,
time, switch settings, etc.). When certain conditiobs are met, the control
sequence uses tiz output lines to alter the operation of the system being
monitored. '

. The clock is the only major component of the Suhkeeper Controtl Unit
that is not controlled by either the master program or the user's control
sequence. This calendar/clock has a 25 year life spgn. The clock is extremely
accurate and provides discrete time increments of teﬁths of a second, seconds,
minutes, hours, time of day, week, month and year. The clock automatically
compensates for Leap Years and months having 31 days. [t never needs to be
adjusted as long as power is not lost for longer thén two conseéutive days.
But even then, it is easily reset and will continﬁe'to run with the same accuracy:
The clock Increments (seconds, hours, days, é}c.) can be used by the users control
sequence for time ciocking functions, step controll{ng functions, or to set time
delays between energizing or de~energizing a ser;es of items. (Refer to Sect. 3.5)

Another unique capability of the Sunkeeper Conﬁrol Unit is the ability
of the master program tc perform data logging operations. This data logging
feature permits the status of any combination of imputs or outputs {up to 16)
to be sampled at selectable intervals. Upon request by the user, the log

containing the averaged values of the monitored lines is printed out in a

format usable by plant engineers or maintenance personnel.

Page 1-5
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As the user constructs, debugs or edits his confro! sequence the master
program monitors the entries and, if incorrect procedﬁreﬁ are attempted,
prints out an error message that identifies the incgrreci action. The user
can also modify an existing control sequence without:actually first.destroying
the old sequence. This permits the user to eva]uateta.hew control seqguence
before making it permanent in his system.

* The Sunkeeper Control Unit also permits both_digiéél outputs and analog
inputs to be disabled from the operating system and ?ther values assigned to
these lines. By use of terminal unit. This disable feature-is especially useful
when checking out new equipment added to an existing system or'when servicing
or troubleshooting %_systém that is suspected of imp}oper opration. |

The Sunkeeper Control Unit has a complete computer-like interface with
provisions for selectable data transmission (baud) rates. This permits a
wide variety of interfacing equipment for input/ﬁutéut operations. (computers,
teletypewriters, CRTs, printers, etc.) o

The I.P.E.C.H., subsystem is designed to purip water and control Flow

through any or all of eight solar collectors or hot water heating zones. The

pumps ‘and zone control valves of the subsystem are wnred to the control panel.

-
v

The Sunkeeper controller in the panel may be programmed to turn these HOFF!

and "ON"', The Sunkeeper controller will accept up to 32 d|g|tal nnputs

{switch closures) and 32 analog inputs , The bas;c l.P.E.C. H.

subsystem requires the first 18 of a total qf 32 dlglta] outputs_ava;!able

are used to control the zone valves and pumps. ‘The remaihiﬁg”iﬁ-buipdté

LA
S e
PEYITAATE e e s s e e o

may be wired to control user determtned |tems such as relays, motortzed valves, _

¢
i
I
|

L e

alarms, etc. These outputs are in the form of SPDT SWltCh c!osures. -Any
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or all of the inputs may be used in programming to control all outputs.

Any 16 of the inputs or outputs may be data logged.

FEATURES

The rugged sol'd state construction of the Sunkeeper Control Unit allows
it to be installed in normal work areas. No special enclosure or environment
is required. Even occasonal water splashes or rain do not effect the controller

operation. Also, it not effected by high humidity, high or low temperatures

and it can operate in high dust levels. ’
The back up battery continues to power the calendar/clock and the RAM |

for up to two days if normal AC power is lost. During this battery powered

period the Sunkeeper can not perform any control operation, but the clock

.

. timing and user's control sequence is5 not lost. This prevents temporary

power losses from erasing the user's control sequence thus necessitating

having to reload the complete sequence. The mas£er ;ontrol sequence can

not be lost, damaged, or altered by extended power outages (less than 60
days) or even by incorrect programming or opefator a?tions. The indestruct-
able master control sequence can be changed or erased only at the Sunkeeper
factory.

All inputs (32 analog and 32 digital) and outputs {32 digital) lines
are optically isolated by the internal circuits. This isolation prevents
high voitage transient spikes from damaging the processing circuits.

The 32 digital inputs accept on/off conditions:that monitor the status
of motor starters, valves, switches, door closures, .alarms, thermostats,
and other interlocks. The 32 analog inputs can be ¢onnected to detectors
that monitor temperatures, pressures, light intensi%y flow rates, humidity

or other control variables. Thermistor sensors produce reading directly in

Page 1-7
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degrees Farenheit. No conversion Ts needed. The 32§digita} (on/off) outputs
can be used to start or stop mptors, open or close valves, and perform other
functions in the control scheme.

The Sunkeeper Control Unit has plug-in connectiéns for input and output
contrel wiring. This permits the unit to be disconnected quickly and easily
during initial hook-up and also for maintenance procedures.

Multiple Sunkeepers {up to 10 units) can be intérconnected utilizing the
standard ASCI| procedure to produce more complex systems and also to permit
a central communications station for all units. '

The 1.P.E.C.H., sub-assembly is a complete facto}y wired and tested package.
All components are mounted on a3 structural steel frame. The control panel
contains the Sunkeeper Controller, 4 triac relay boards, terminal strips,
convenience outlet, transformer, motar starters and Eircuit breakers. The
sub-system requires only field connections to user supplied power and solar
and heating zone piping. User supplied sensor and digital input wiring may
be connected to the terminal strips provided. In a&dition, user supplied
controls such as valves, relays and motor starters may be wired to the
terminal strips provided. User must supply control 'voltage power source

for these additional items.

Typical Sunkeeper Applications

While the Sunkeeper Control Unit can be configured in many applications,
most usages can be classified under one of the following four major applica~-
tion headings:

Energy Management Systems ]
Control & Monitoring Applications

Lighting Control .
Data Logging

£ Ry -

.
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1-5

SUBSYSTEM PERFORMANCE SPECIFICATIONS

SUBSYSTEH ENVIRORMENT

TEMPERATURE :
RELATIVE. HUMIBITY:
. PRIMARY POWER:

HYDRON I CS .

COLLECTOR CIRCULAT!ON SYSTEM

v
40° to 100°F
5 -~ 95% non-condensing
117 4 10%, single phase, two wire
60 Hz 30 anp ,elvnce

FLOW RATE:
MAX PRESSURE:
PRESSURE HEAD:

FLUID TEMPERATURE:
PUMP DUTY CYCLE:

INAY?
OF pOOR_QSi'GH -
ad B
15 gal./min:
30 PSi )
70 feet maximun . - T
- 240" r'
100%

UP TO EIGIT (8) ELECTRICALLY VALVED PORTS FOR ARRAY
CONTROL AT 3.3 Cv/VALVE

ZONE WATER SYSTEM

FLOW RATE:

HAX PRESSURE:
PRESSURE HEAD:
FLUID TEMPERATURE:
PUN: DUTY CYCLE:

hoogpM T - T .

30 PSH

30 Tt. max. :
250°F Max. - -
100%

UP TO EIGHT (8) LLECTRICALLY VALVED PCRTS FOR ZONE

CONTROL AT 4.1 Cv/VALVE

«

COLLECTOR PANEL KANIFOLD VALVE MODULE

MAX. PRESSURE:
VALVE ACTUATOR:

125 PSH
6 Watts @ 24VAC

VALVE ACTUATION TINE 10 Scconds -

HAX TEMPERATURE:
PIPE SIZE:

240°F .

3/4 tnch Cutput, 1 1/2 Inch Inlet

ZOWE MARIFOLD VALVE MODULE

HMAX. PRESSURL.
VALVE ACTUATOR:

125 PSI ) :
6 Watts @ 2hVAC

VALVE ACTUATION TIME 10 Seconds’

KAX. TCMPERATURE:
PIPL SI1ZE:

Page 1-9
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AUXILIARY ENERGY SOURCE CIRCULATOR PUMP

CONTROL IS AVAILABLE FOR UP TO 1 HP PUMP

PHYSICAL S1ZE

SIZE: 32" x B'x6' Heig
SUBSYSTEM WEIGHT: Appror:mately 900 pounds

DESIGN LIFE -

A S I S -] FOETY

: - DESIGN LIFE OF ALL SUBSYSTEM MODULES: 20 Years

CONTROLLER

POWER: H17VAC + 20%, 60 Hz, 25 Watts
SIZE:  24.0" X T6.0" X 4,757

ANALOG INPUTS

THERMISTOR: Potentiometric measurement with pull

up resistor (2K } to +6.2v
ANALOG: 0 to 6.2V., Zin > 3K )

MANUFACTURES: Fenwal; or Precon <
SWITCH JHPUTS ' '

.

RISING THRESHOLD: 9.2 -~ 15.5 Volts
FALLING THRESHOLD: 1.75 - 7.3 Volts
iNPUT IHPEDANCE: 1.5K

STATE DEFINITION: OPEH = GND = OFF
LED INDICATOR WITH EACH INPUT

DIGITAL OUTRUT

CURRENT CAPABILITY: 100 mA sink max.
VOLTAGE : Clamped to- bth ~0.3V
LED IRDICATOR WiTH EACH ou1pur -

voLrages (M.'NLABLE.Fom‘s:m_

+5, 18, 424, +12 Volts ﬂyaniab1e On Con chors ;é ¥ H;;;__.,___

@ 250 mn Mdh. “Each .

n
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2.1

2.2.

BRIGINAL py "

SECTION 11 iNSTALLATION l OF PooR QUALIY
- 'Y

UNPACKING AND- INSPECTION OF SUNKEEPER CONTROLLER

'
. The Sunkeeper Control Unit is shipped in a durable box that will protect
the unit from damage during normal handling. The Suﬁkeeper Controller is
shipped separately from the {.P.E.C.H. package and mist be field instalied

in the control panel.
NOTE _
It is recommended that the shipping carton and the shock resistant
foam packaging material be saved for use as a storage container or,
in the event the unit has to be returned to the factory, as a shipping
carton again. .

Each Sunkeeper is shipped with six standard ihput/output ribbon cables and

2 7th communications cable that is Speciflcal]y:configured to interface the
user's terminal (TTY, printer, CRT) to the Sunkeeper. Four of the ribbon
cables are terminateé at one end with a 25 pin femaleconnector and the other .
two cables have a male 25 pin connector at one epd.' These 6 ribbon;éabiesAhave
the other cable end wired to input/output terminals éo"that they can be connected
to the ‘lToad side of the control system. e '

Be sure to check the equipment and accessories .found in the

shipping box agains the Invoice or bill of materials to ensure
that the correct items were received.

After combletely unpacking, a thorough inspection of all items should
be made. In particular, check the Sunkesper for obvious damage to the cabinet

or for a cracked or broken display paral.

SITE REQUJREMENTS

The Sunkeeper operates in normal working environments. HNo special

conditions are required, unless the temperature or humidity exceeds the units

Page 2-3
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wide ranges of 4 to 190°F or 5 to 95% humidity.

Therefore, while the Sunkeeper performs the conérol functions cammonly
only found in delicate computers, it can be installed directiy in norma)
working areas. It's rugged, solid state construction can withstand the

typical contro! room conditlions because it is drip proof, vibration resistant,

and immune to electrical Ynoise' (static).

TR .~‘-.~‘ o I R Sl -c L AR R o R SR e el vl by l‘%_._ﬁ T hE a,v.&\: 1,
* Al RENE "3 VLT -v';"" PRRLaA “'?'.-‘ﬁ*.:swl --"c“- el :{1\' L -. ;.E-:s,_;'.»-é\-“
I e ’The Sunkeeper Is deslgned to be verticallv mounted so’ that fh%hﬁevenfrn»-&w

k
LI YT
e 0,

‘interface cables route out of the bottom of the unit' The only restrictlbn -

ow “on the physlcal placement of the unit Is that a normal air flow should be able
C ) TN PG /. RV MK 1'% S50 rc‘*“""""“w "“"M\" e A S
., topass tprough the unit. k*“he Sunkeeper isﬁi?cated in control panel N

vy .. LT "'; edrnilal S adikatile ‘ ". . .'.'1‘!.. )

. ll-,m

. ':. Y t’*’.-""m“ AT BT

\ -y
o l'i‘i" .

el N - St AL RTINS Iy - JACIRNINE e e

Do not mount or stack items directly above or below an installed
Sunkeeper Unit. These items may prevent the Sunkeeper from recelving
the alr flow normally used to cool the unit.

The Sunkeeper Control Unit requires a standard .three prong ground 115 VAC
power receptacle which has been provided in the control panel.

CAUT!ON

REFER TO SECTION 3 BEFORE PLUGGING IN POWER CORD  ARIGINAY PAGE B8
~ TR ATV

2,3 CONNECTION OF INPUTS AND QUTPUTS

The recommended configuration for input and output connections is shown jn
Dwg. 1054-000, The ribbon cables are routed from the jacks on the Sunkeeper
to one side of the terminal biock. Each individual wire in the cable is
separated, stripped, and attached to the corresponding terminal pumber on
the block.

Tables 2-1 through 2-3 1ist the signals assigned to the individual

wires in the ribbon cable connected to the input/output jacks.
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The customer load side wiring connects to the other side of the
terminal block, It islrecommended that 18 gauge wire se used for this
customer interface. This gauge Is sufficient for wire lengths up to
1000 feet.

All 32 digital inputs and 32 analog [nputs are préwired to terminal

strips. Refer to wiring dlagram Dwg. 1054 for identification of these

jtems.

The first 18 trial outputs have been factory wired to control the
zone valves and pumps. The balance of 14 trial outputs have been factory
wired to terminal strips in the control panel. For identification of

these ftems refer to wiring diagram Dwg. 1054-000.
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TABLE 2-1

ASSIGNMENT OF INPUT SIGNALS

Wire or Digital [nputs Digital Inputs Analog Inputs Analog inputs
Pin No. to Sunkeeper to Sunkeeper 'to Sunkeeper to Sunteeper
Connector JA Connector JB -Conhector JH Connector JJ
1 IN] 17 ' Al . Al7
2 IN2 _ INI8 : A2 Al8
3 IN3 * INI9 ‘ A3 Al9
i ING IN20 ' Ab A20
5 IN5 IN2! . A5 A21
6 ING IN22 Ab A22
7 IN7 IN23 ' A7 A23
8 IN8 N2k - A8 A2k
9 IN9 IN25 i A3 A25
10 INTG IN26 Al0 A26
i INT) IN27 - All A27
12 INI2 IN28 . a12 A28
13 INT3 1N29 Al3 A23
14 INTG IN30 - Alk A30
15 INIS 31 ‘ Al5 A31
16 INTG IN32 &16 . A32
17 +24V) +24\) : +24y +2hv
18 : +25Y +24y . "'%ZW :gﬁ“;
19 +24V +24y +24y
20 +ztnv,>\ See Note #24v}  See Note 24y p SEE NOTE S iany
21 +2hY +24y , +2hv +24v
22 +24y +24y) +24y +24y
23 GND Gnp | 77 - GND GND
24 GND GND , GND ) GND
25 GND | GND |, GND GND
NOTE: +24V and GND are not inputs but are available
at the designated connector pins for customer use.
TYPICAL CONNECTION CONF{GURATION
*Sunkeeper | Customers Equipment
Unit JA |
137 _JIN13 ‘e
T - L. Relay
20 +24V {5 ) T Contact
P4
Ribbon Cablef)r
L /L...o
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TABLE 2-2 |

ASSIGNMENT OF OUTPUT SIGNALS

Wire or Digital OQutputs _ Digital Outputs
Pin No. from Sunkeeper ‘ from Sunkeeper
Connectar JE . Connector JF
1 _ oum ' ouT17
2 . ouT2 . oUT18
3 QuT3 ouTHY
4 ouTh ’ QuT20
5 OuTsS . ouT21
' ) ouTé ouT22
7 ouT? ' ouT23
8 ouT8 . ouUT2%
9 ouT9 ouT25
10 ouT1O ) ouT26
11 OuTI \ ouT27
i2 ouTi12 ouT28
13 QUT13 ' 0uT29
1% ouTl4 . - QuT30
15 ouT1t5 ouT31
16 DUT16 ' ouT32
17 +5V 9 . +5Y
i8 +5Y +5V
1S +8v S +8V
20 +8v » See hote . +8v See lNote
21 +24y +24Vy
22 +24y ' +24y
23 GND . GND
24 GND ) . GND
25 GNDJ GND

NOTE: +5V, +8V, +24¥, and GND are not outputs but are availabie at the
designated connector pins for customer use.

TYPICAL CONNECT!ON CONFIGURATION

Sunkeeper | ¢ TCustomer Equipment
Unit i
P TS e _
47 b Relay Coil
22| | +2hv fe - i
J[._ *~ Ribbon Cable—>

CAUTION: The Sunkeeper can only supply a total of 250 ma. If requirements
exceed this limit, an external power supply must be used.

Page 2-6
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ASSIGNMENT OF INTERFACE SIGNALS

Wire or Signals at Master : Signals at Satellite
Pin No EIA Connector. EIA Connector
JC 'f ’ : JD
] Chassis Chassis
2 TDM (Output Or'ed) : TDF (tnput)
3 ROM_(Input) . RDF_(Output)
. &4 RTSM (Output Or'ed) RTSF (1nput)
5 TTSH (Input) ' CTSF (Output)
6 Not Used ) Not Used
7 Signal Gnd. Signal Gnd.
8 Not Used ' Not Used
9 Not tsed . “Not Used
10 Not Used Not Used
11 BS1 ! BS1
12 Not Used ; Not Used
13 Not Used Not Used
14 Not Used ) Not Used
i5 Not Used . Not Used
16 Not Used Not Used
17 Not Used ' . Not Used
18 BS2 . BS2
e .

L

NOTES: 1) Connector JC provides the interface.between the
Sunkeeper and the input/output terminal.

2) Connector JD is only used in multiple Sunkeeper
configurations. In this daisy-chain installation,
conpnector JD receives all signals applied to JC.
Outputs from JC to JC are OR'ED in the first
Sunkeeper and transmitted out JD.to connector JC
In the second controller, etc. '
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2.4

2.4.1

2.5
2.5.1

2.5.2

2.5.3

INSTALLATION CONNECTIONS

For installation dimensions of I.P.E.C.H. package refer to Dwg. 1061.
A total of 18 piping connections are required. They consist of 8 - 1'" male
copper heating system supply zone connections, 8 ~ 3?4“ male solar system
supply zone connections, 1 - 1 1/2" remale copper heéting system common return
connection and 1 - 1 1/2" female copper solar system:common return connection.
It is recommended that offsets in all these connectiéns be made to eliminate
excess loads being applied to the package piping due, to thermal expansion. |If
vibration transmission is a concern, flexible connectors are recommended.

]

FIELD WIRING

%' diameter hole has heen provided in the control panel to altlow for
electrical power connection. A 115V, 1 Phase, 60 Hz, 30 Amp service is required.
Each package contains a 1/2 HP and a 1 HP pump motorl Both motors may have
occasion to start simulataneously.

There are 32 digital inputs, 32 analog inputs and 14 digital outputs

available in the control panel. These items have been factory wired to terminal

strips. Refer to wiring diagram Dwg. 1054 for location and identification.

Some or all of .these items as determined by the user must be field wired.

All field wiring shal! comply with the National Electric Code and all

state and local codes.

Page 2-8
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SECTION 111 USER'S GUIDE -

ORIGINATL PAGL -
OF EOOR QUALITY,
3.1 LOCATION OF INDICATORS '

The locations of the front panel indicators are shown in Figure 3-1.
The description and function of these display panel jtems is given in

Table 3-1.

3.2 INITIAL START-UP PROCEDURES

These procedures are valid only for the first time a Sunkeeﬁer is
energized after receipt from tﬁe factory. To insura:a successful étart up,
the following procedures should be performed in the exact order presented:

1. Disconnect all input and output cables connected to the Sunkeeper.

2. if connected, disconnected interface cable }rom terminal to

Sunkeeper {at JD)

3. Plug Sunkepesr AC power cord into 115 VAC grounded cutlet.

4., The following front panel indicators shpuld illuminate:

a) Five power supply lights (11 through 15, Figure 3-1}

b) Timing (10, Figure 3-1) should blink on and off
at one second rate. e .

¢} RTS indicator (5, Figure 3-1) ’

5. If the correct indications are displayed p}oceed to Step 13. If
indications are not as listed above, perform step 6.

6. Unplug the AC power cord and check the {}né fuse (25, Figure 3-~1)

7. |If correct rated fuse installed wait approximately five minutes
then apply AC power again.

8. If the indications are still not correct, unplug the unit and
unscrew the six screws that secure the froﬁt display panel.

9. After removing the display panel, gently push down on each of the 8

integrated circuits, This action insures that these circuits

(the PROMS that contain the master control sequénce) are seated

i
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securely_in their sockets.

10. With the display panel removed, check to seé that the cabie
connector in the cable between the RAM and the main logic board
is mated correctly. | ;

11. Install the front panel, and plug in_the Sunkeeper.

12, If the correct indications do not appear, unplug the unit and

re-package the unit for return shipping to the factory.

NOTE

Refer to the Sales Agreement for complete shipping instructions.
13.. Connect the interface cable only for the terminal irto Jb.
The Sunkeeper 15 now ready to accept commands from the terminal and

to transmit data back to the terminal,

3.3 HOW TO ENTER COMMANDS

All communication between the Sunkeeper an& thé operatdr %stia a
tetetypewriterfor a CRT terminal. Commands and equipmgnt status are presented
in easy to understand English abbrev}ations.‘ No complex, computer=-like

: languages are used. *(Texas instruments silent 745 or equal)

-§ All commands are sent to the Sunkeeper by typing them on the‘terminal's
o keyboard. Responses from the Sunkeeper are presentéd on the video display or
typed out on paper. A!l‘commands to the Sunkeeper ére follwed by a *'Carriage
Return” (CR) which indicates to the Sunkeéper that the command is completed.
The unit does not process a command until the CR is entered (typed). As
characters of a command are typed by the operator, }hey are displayed at the

terminal. Whenever the Sunkeeper is ready to accept commands from the terminal,

it types the character "R'.

Most commands are a combination of capital letters and numbers. Only

capital letters are allowed in alpha~numeric commands.

... . Page3-2z i o




Letters are produced in the standérd typewriter metth of holding down the
SHIFT key while typing the letters. Remember to release the SHIFT key when
numbers are being entered!

Host commands consist of a series of numbers which are entered separately
by commas or. spaces (SPACE BAR presséd for each space}. if a series'bf“'
sequential numbers are to be entered, the first and last
number is entered, separated by a dash. For example; 5 - 8" is equivalent to
- Y5.6,7,8", Also the slash symbol (/) is interpreted.by the Sunkeeper as "all
numberg which apply". For example, in spenifying output lines, '/" has the
meaning 1-32 because there are 32 output.lines. .

Spaces between letters and numbers in a command:requise the SPACE BAR be
pressed to enter éhe correct command. ' |

If during entering a command an incorrect chara;terAié typed, it can be
erased by pressing the RUBOUT key one time for each incorrect character. Whole
words or even complete command lines can be erased using the RUBOUT key. All
data, back to the last CR, can be erased.ggd re-ente}ed wi thout éffecting the

Sunkeeper. ' . . i} -
‘No matter how incorrectly commands are e;tered,'the master control sequence

can not be damaged through improper terminal usage. Also, the master control

sequence can detect incorrectly entered command;hand notify the operator of

his mistake. If anything about a command is incorréct, the Sunkeeper types an

error message number followed by a question mark. 1able 3-2 conatins the list

of error message numbers and their meanings. Using - these descriptions you

can re-enter the command correctly and then continue communicating with the

Sunkeeper. . ,
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3.4 ADDRESSING SUNKEEPER UNITS

3.5

Each Sunkeeper Unit is assigned a unique four digit address code that

must be

used when initial communications with the unit are attempted. The

correct way to address a Sunkeeper is as follows:

& N

— . e —

This command in Eng]ish is entered in 5 steps: .

1.
2,
3.
4,
5.
6.

Press Shift Key

Type § {ampersand key)

Type N

Type four character address code
Release Shift Key

Press Carriage Return key (CR)

After the address code is entered the Sunkeeper s ready to accept

-

other commands.

All communications with a Sunkeeper unit must be preceded by its address

code in
7.

8.
SETTING

this form, or the unit will not accept any commands from the operator.
Type Z & to clear all programming. '

Re~enter code 9. Type Pu: should priét pull.
CALENDAR/CLOCK .

The foliowing procedures describe the steps required to set the internal

calendar/clock to the correct time and date. These procedures are applicable

for new installations and to reset the time after a power failure of longer

than ¢wg days.,

Type correct address code: (§ N four digit:code (cr))

Type Print Time command: TI (Shift, TI, unshift, CR}

The prfﬁtout will be seven, 3-~digit groups 'of letters on a line.
There should be a space between each group:of letters. (f this is

a new installation any combination of lettérs and numbers may appear

Page 3-4
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in these gruups.
b, Type Set Time command: ST (shift, ST, unshift, CR)

5. After the Sunkeeper is ready, it prints out "R" the following seven

g TR N

time increments can be entered with the correct values: Year, Month, &
.% Jate, Day of Week, Hour, Minute, Second. Réfer to Figure 3~2 and enier

these values.

. 6.' To set YEAR: Type 2 for 1977; 3 for 1978, etc. Even though ihere
are spaces for the year, only one number has to be typed. After
entering the code for the current year, pre;s the space bar one time.

7. To set MONTH: Type three digit code for the current month. Type
each letter as a capital and press the space bar one time after
entering the month code. |

8. To set DATE: Type the day of the month. Again only one or two
numbers are required even though three places are shown. Press the
space bar after entering the current daée. :

9. To set DAY OF WEEK: Type the thre€”digit code for the day of the
week. Enter the code in capital Ietgers and press the space bar
after typing the three letters.

i0. To set HOURS: The value for the hours is.a number from 0 to 23,

Use the code shown In Figure 3-2 to arrive at the correct value that
is to be entered. Again, only one or two numbers are required and
the space bar must be pressed after entering the code.

P 11. To set MINUTES: Enter the minute's value, Ifrom 0 to 59) then press

Page 3-5
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NOTE: REFER TO TABLE 3-1 FOR

IDENTIFICATION OF NUMBERED |TEMS

FIGURE 3-1

FROMT PANEL CONTROLS & INDICATORS
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TABLE 3-1- DRIGINALY PAGE 18

OE POOR qQu
FUNCTION OF DISPLAY PANEL INDICATORS QUALITY,

Fig., 3-1 NAME DESCRIPTION & FUNCTION
Ref. No. . '
1 Input Indicators These 32 LED iﬁdicators monitor the status

of the 32 Digital inputs. An LED is
illuminated when it's corresponding
input is on. ‘

2 Output Indicators These 32 LED indicators mcnitor the status
of the 32 digital outputs. Al LED is
illuminated whén it's corresponding output
is on. : -

3  RD Indicator An LED in the EIA circuit that illuminates
when the Sunkeéper is receiving data from
the inPut/output terminal,

4 CTS Indicator An LEﬁygn the ?IA circuit that illuminate

(Clear To Send) when the interface channel is apen and fhe
Sunkeeper can transmit data to the terminal.
5 RTS indicator An LED indicator in the EIA circuits that
(Request To Send) illuminates when the Sunkeeper requests
the communications channel between the
unit and the terminal. When the terminal
is ready to accept data it issues the
CTS signal to the Sunkeeper,
6 TD Indicator An LED indicator in the EIA circuits that
(Transmit Data) illuminates when the Sunkeeper is trans-

mitting data to the terminal.

Page 3-7 i
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TABLE 3-1
FUNCTION OF DISPLAY PANEL INDICATORS !

Fig. 3~1 NAME DESCRIPTION & FUNCTION

Ref. No.
7 Program Scanning This LED flickers on at the scanning rate
Indicater master control program. NOTE: In most

- instances this -rate is so fast that the

1ight does not extinguish.

8 Not Used For future expansion.

9 Timing Indicator An LED that turns ON and OFF to indicate

proper timing circuit operat®on.

10 Central Frocessor This LED is il]uminafed when central
processor is executing a program.

11 +24Y Indicator An LED that illuminates when the power
supply is provﬁding +24YDC.

12 +12VY Indicator An LED that i1Tuminates when the power
supply js provﬁding +12VDC.

13 +5V Indicator An LED that illuminates when the power
supply is providing +5VDC,

14 -5V Indicat r An LED that illuminates when the power
sunply is providing -5VDC.

15 -12V Indicator An LED that illuminates when the power

supply is proiiding ~12vDC.

'-:‘é 16 EIA Channel A 25 pin female connector that accepts the
~§§ Jack JC commur.ications interface cable from the
SN )

dg% input/output terminal, (See Table 2-3 for

4
I
,

a listing of the signals on each pin.)

Page 3-8
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Figq 3“‘]
Ref. No.

tﬁﬁ POO
FUNCTION OF DISPLAY PANEL INDICATORS

NAME

TABLE 3-1 ORIGINAT! FAGH |

RQ -

1}

DESCRIPTION & FUNCTION

17

18

19

20

21

22

EIA Channel
Jdack JD

Digital Outputs
Jack JE

Digital Outputs
Jack JF

Digital Inputs

- dJdack JA

Digital Inputs
Jack JB

Analog Inputs

Page 3-9
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A 25 pin male connector that extends the

communications bus when Sunkeeper's are
connected in a ﬁaisy-chain configuration
(See Table 2-3 for a listing of the
signals on each pin.)

A 25 pin female:connector that supplies
digitél outputs. 1 through 16. (See Table
2-2 for a listing of the signals on each
pin.) | |

A 25 pin fema]e;connector that supplies
digita) outputs 17 through 32. (See
Table 2-2 for a listing of the signals

on each pin.)

A 25 pin male connector that accepts
jnputs 1 through 16. (See Table 2-1 for
a listing of the signals on each pin.)

A 25 pin male connector that accepts
digital inputsjl? through 32. (See Table
2-1 for a 1isting of the signals on each
pin.)

A 25 pin male éonnector that accepts

analog inputs 1 through 16. (See Table

2-1 for a listing of the signals on each
4

} pin.} -!
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TABLE 3-1

FUNCTION OF DISPLAY PAMEL INDICATORS

Fig. 3-1 NAME
Ref. No.

DESCRIPTION & FUNCTION

23 Arnalog Inputs

24 Power Cord

25 Fuse

Page 3-10

A 25 pin male connector that accepts analog
inputs 17 through 32. (See Table 2-1 for
a listing of tﬁe signals on each pin.)

The AC power cord plugs into a grounded
115VAC, 60 Hz power source.

A 5 amp fuse tﬁat provides overvoltage

protection for.the Sunkeeper.

oy




CODE
TYPED

L?
21
31
47

67
17
ar
97
1o?
11?7
12?
LST
147
157
167
1712
187

A P 2 i o s o - T e T LA BN T AR T L S T T L T T D T R

TABLE 3-2

SUNKEEPER ERROR MESSAGE

DESCRIPTION OF ERROR

COMMAND MNAME NOT FOUND OR KOT YET .DONE
FFORCED TO TRANSFER TO NONEXISTENY LINE
REMOVED STCP FROM NONENISTEMT LINE
DID NOQT HAVE SLASH IN S$TOP
QUTPUTTED LINE # REFERS TO NDNEKISTEVT LN
ASKEC TR FIND NONEXISTENT LINE #
VALUE OUT CF RANGE [N COMMAND LINE
OPEN OF MEW LINE BUT NO LINE NUHMBER
LENE NUMBER NOT VALID
EGCIT COMMANE SPECIFIEC, BUT WOT IN EDIT
INPUT SETTINGS SPECIFIED IN X1 OR XZ MODE
X1 OR X2 ADLCRAESS IS FUR DIFFERENT DRUM
AX SPECIFIED WHEN NOT IN X1 UGR X2 MODE
UNRECOGNIZFABLE RELATIONAL IN ANALDG SPEC
INCORRELT VALUE IN ANALCG SPECIFICATICH
TOO MANY ANALOG SPECIFICATIUNS FOR BUFRER
ALPHA ARGUMENT NGT FOUND IN TABLE,
NUMERIC ARGUMENT > 65K

. BAD CELIMETER BETMEEN ARGUMENTS
BAL FIRST DIGIT OF LINE NUMBER
MULTIPLE XE ADDRESSES FOR SAME DRUM
NEW LINE REQUESTED, BUT MENORY FULL
CAN'T PUNCH wHILE STILL IN CDIT
FHYALID DRULM NUMBER

Page 3~11
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27z bEC 15 _ ., MW 25
~ S~ S~ 7 X 0-53 SE0ibs
YEAR MONTH DATE DAY OF WEEK HOURS
. 0  MIDNIGHT
JAN January - HON Honday 1AM

FE3 February - TUE  Tuesday 2 2
MAR March WED VWednesday 3 3

APR April THR  Thursday Ly 4
MAY May FRI  Friday 5 5
JUN June SAT Saturday 6 6
: JLY July SUN  Sunday 7 7
AUG Augﬁst 8§ 8
SEP September g 9
0CT October 10 10
NOV November 11 11,

DEC December 42 HNOON

, 13 1 FHM
o2
15 3
16 &
17 5
18 6
19 7
20 8
. 219
Page 3-12 22 10
‘ 23 1
. | .
FlQURE 3-2

FORMAT FOR SETTING CALENDAR/CLOCK




L ST 077 sep gy THU 11 .1e oo

[ ] AN

1877 September 15th Thursday 11:16 29 Seconds

FIGURE 3-3 .
TYPICAL CALENDAR/CLOCK PRINTOUT

e e e e, P39 3913 -
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NOTE

If the SECONDS value is not used in control sequences,

this can be left blank and the clock set up terminated

by a carriage return after setting MINUTES.

13. After entering all values, request a printegt of the clock
(refer to paragram 3.6 below) to insure that all codes were
entered correctly. If not, start the procedhre ali over again,
Remember that the values printed out witl re}lect the current time
and not necessarily the values you entered. * This is because the
ctock is now running and will continue to kéep the correct time.
Also, the format printed out will be 7 groups of three values
with zeros inserted in the appropriate places. A typical printout

is shown in Figure 3-3. This printout is for: 1977, September,

15th day, Thursday, 11:00, 16 minutes, 29 seconds.

3.6 CALENDAR/CLOCK PRINTOUT

3.7

To produce a printout of the calendar/clock time.type: TI! carriage return.

The correct time/date information is displayed as shown in Figure 3-3.

INITIAL. CHECK OUT

After entering the calendar/clock data in a newly installed Sunkeeper{See Sec.
X 3.%)
any valves, settings, or factory test program should be erased before entering
a new control sequence. To do this perform the following steps:

1. To see if there are any sequences stored inm memory. Type the Print

+

Program command: PU {carriage return).
a) The printout should be: PU CL

b) f not, type: Z& (carriage return)

Page 3-1h
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L ' ¢) Type: PU (Carriage Return)
d) Now the printout is: PU CL ,

e) [If'you entered Z§, the calendarkclock must bes reset again.

2. To display the analog inputs (the input cables should still be
disconnected) type PA space /(slash) carriage return.
a) The printout will list the first 24 analég inputs with a zero f

} ‘ next to each, and the last 8 with 255 ne%t to each.
* 3. To display the Digital Inputs (cables discopnected) tfpe:
Pl {carriage return). '
a} The printout will list any digital inpuf that is on. (There
should be none on, so nothing will print.)
4, To display the Digital Outputs (cables discoﬁnected) type:-
PP (carriage réturn} :
a) The printout will list any digital output that is on. (There
should be none on, so nothing will print.)
5. To display the status of Internal Memory Bi%s type: PB {carriage return)
a) The printout will list any bits that are on. °(There should be

none. }

o ———i -

The Sunkeeper is now cleared of any unwanted programming and ready to accept
the control sequence. Before writing and entering ;his sequence, it is
recommended thatVSection 4 be read to acquire a basic understanding of the
Sunkeeper's internal architect. This understanding will make it easier to
write a unique control sequence and structure it so:the max imum power and
flexibility of the Sunkeeper can be used to control.the system.

It is recommended that all inputs, outputs, anélogs and bits be disabled
before input and output cables are connected to the éunkeeper and before

any programmirtg is entered in the Sunkeeper,

Page 3-15
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A. To D:sab?e A1l lnputs ' _ ‘
Enter' Y| SPACE/(sIash) CARRIAGE RETURN__

B. To Dlsable All Outputs |
- . Enter: DD SPACE/(Slash) CARRIAGE. RETURN

€. To Disable Ai] Analogs
Enter: DA SPACE/(Slash) CARRIAGE RETURN

D. To Disabfe All Bits
Enter: DB SPACE/(Slash) CARRIAGE RETURN

o To verify‘ﬁhat all are disabled,
_fé Enter: PX CARRIAGE RETURN

;hé Sunkeeper should print out: o
M- 32

D1 1 ~ 32

DAT - 32

BB 1 =32 :

Sunkeeper is now ready to accept a program. The program may be initialized

and debugged without having any effect on or being effected by any outputs,
inputs, analogs or bits. When debugged, enable only those items (drivers,

analogs, jnputs or bits) used‘Ey the program. For more information on procedure

used to debug programs, refer to section 6.3 diagnostic commands..

Page 3~-16
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L THEQRY OF OPERATION

ORIGINATPAGH I
OF POOKR | UALITH
GENERAL | '

Before attempting to write a control sequence for:your application or
trying to enter a new sequence intoe a Sunkeeper, it isfrecommended that you have
a basic understanding of the basic. operation and strucéure of the Sunkeeper. By
better understanding the unit, you will be able to devfse sequences that are not

only both easier to write and enter but also you will greate sequences that can

be easily modified or updated after data logging the system's performance.

BASIC SUNKEEPER FUNCT!ON
~ The basie function of a Sunkeeper Control Unit Té';o turn external equipment

on or off at the proper time or in response to specifié conditions. The status
of the various inputs, the setting of the calendar/clock, and pre-established
rules or conditions are used by the Sunkeeper to make these control decisions.

While the.logic circuits required to perform fhesé functions are very complex,
they are easily represented as a series of mechanical sequence or timing drums
that are commonly found in traditional control ?pplications familiar to most
maintenance personnel.

Figure -1 is a simplified diagram of the contro. logic of the Sunkeeper.
The user's control sequence is represented by the 9 drums in the center of the
figure. These drums receive b ¢h analog and digital input status signals and
the setting of the internal clock. The drums can output to either the 32 memory
bits or the 32 output drivers that connect to the extérnal equipment. The complete
Sunkeeper operation is controlled by the Master Contrél Sequence whill allows the

drums to function as determined by the user's control,seguence.

DRUM THEORY . .

fach of the drums that make up the user's contro) sequence have locations
Page 4-1 = .
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ot logic lines in which the actual sequence of the spedific control program is
stored. Drums numbered 1 through 8 have 99 logic lines and drum 9 has ten

lines available, The lines are numbered 1000 -~ 1099 on drum 1, 2000 - 2059 on

e

drum 2, 3000 - 3099 on drum 3, and so forth until drum'9 where the ling numbers

are 000 - 9010.

. All drums ave capable of spinning or rotating as airected by either the Master
: fontrol Sequence or the actual user's control scquence;cn that drum. In this
;_ ‘ manner, a drum can spin in either direction, skip or jémp past unwanted logic
- lines, or stop at any specific line to process the logic on that line.
Only one line of a dfum is processed at an§ one time and the operaticn of
each drum is independent of the other drums. Some dru@s may be left idle and
not used in the control sequence. Also, of the 99 available logic lines on a
drum, not all have to be used before using another druﬁ. The availability of the

multiple drums permits the user's control tasks to be divided by unique functions

PR T - R

and each assigned to a separate drum. For example: Drum ! could be assigned all
the heating control; Drum 2, the air conditioning; Drum 3, the solar collection;
Drum 4, the time clocking, etc.
Because these drumr have independent action, theré is no direct way for one
5 drum to '"talk™ to ancther drum. To compensate for thié, a common series of 32
memory bits are able to be accessed by each drum. Every drum can set any one of

these memory bits and all drums can read the status of' the bits.

“! h.h EMERGEWCY DRUHM

Drum 9 is the Emergency Drum in the User's Control Sequence. This drum has

ten logic lines that function the same as the other lines. These 10 lines are

- -

used to respond *o an emergency condition in the user's equipment. When this
: drum determines that an emergency condition exits, it removes the controil of the
other 8 drums from the Mastetr Control Sequence or the sequence being performed =

Page 4-2
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and causes the drums to spin to logic lines that will rectify the emergency
conditions.

An example of an emergency condition might be insufficient water in an
electric water heater. An emergency conditon on Druml9 might be defined such
that if the "low water'" indication comes ON, the drum controlling the heater is
reset to a line which turns the heater OFF, and drives a digital output ON to
Tight a lamp or ring an alarm bell. Alternately, the emergency line might turn
ON a valve to add water to the heater, and continue doing so until the "low water"

indicator went OFF.

DRUM LOGIC LINES
The function of a drum logic line is to examine the status of inputs, outputs,
Memory Bits, or the clock and, after performing the required logic, turn on or off
output drivers or set or clear Memory Bits. To perforﬁ this function only one
line is processed at any one time,
Figure -2 shows a typical drum and a single logic line. The “pick-up point"
' .
allows the Master Control Sequence to process only one logic line at a time. Each
line is divided into the following three sections:
1. Line Action Command
2, Exit Condition #1
3. Exit Condition #2
The Line Action Command is the actual task performed by the line. It commands
output drivers to turn on or off, or sets or clears any of the 32 memory bits: Any
combination of output states or bit status can be commanded on a single logic linc.
When a drum stops at a line all lire action commands are performed before the.logic

checks the conditions that aliow the drum to turn to another logic line and process

" that Tine.

Page 4-3
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Exit Condition #1.establishes the conditions that must be satisfied before
the drum can rotate to the next line in the sequence. Included in the Exit

Condition can be any of the possible vériables inthe system: Inputs, outputs,

bits or clock. The Exit Condition examines the state of these variables in the

following fixed sequence:
1. Output Drivers (Cn/Off)

2, InpﬁtS'(Analog Comparison)
(Digital On/OfFfF)

3, Memory Bits (On/Off)

L. Analog Exit Specifications (real time}
(elapsed time)

5. Emergency.Conditions
Exit Condition #2 has the same conditions as Exit Condition #1.
Each_Iogic_liﬁe 5pecifies two sets of exit conditions for transferring
control to another line on the same drum. Again these line exit copditions

consist of lists of settings'or output drivers, digital inputs, timit points for

~analog inputs, memory .bits and time values. The Master Control Sequence checks

the exit conditions during esach cycle. |If one gf the two sets of exit conditions
is completely_Satisfied, control is transferred to the associated drum lines on

the next cycle. Sets of exit conditions are examined in the order in which they

‘are specified in the control program. if the first set is satisfied, control is

passed to its exit line, and the second set is not examined. If neither set of
exit conditions is satisfied, the same drum line is processed on the mext cycle.
If a drum line doss not “ave any exit conditions, the sequence remains on that

line until the drum is . zen off by an emergency or by operator intervention.

Each set of exit conditions is associated with the number of the line which

is to receive controi if the conditiens are met. This {ine number must be in the

same drum. |If the oj.erator specifies an exit line which is not in the same drum,
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OF ROOR, QUATITH, -
error messages are genérated, and the line is not accepted. 1t is possible
for both sets of exit conditions to transfer control the the same line. One
exception is‘made for line 0. Line 0 is not In any drum, but if an exit
condition specifies line 0, the Master Control Sequence interprets the specifi-
cation to mean that the exit is not taken. If the first exit condition specifies
line 0, the controller does not allow the exif, and does not examine the second

exlt condition.

An exit specification may contain many different conditions invelving many
different types of information. It is important to note thatALL conditions in
an exit specification MUST be satisfied before the exit is performed.

Qutput Drivers in Exit Conditions

The status of the 32 output drivers can be one of the conditions in an
exit condition. A sample specification using output drives (s:

FD 6,7
ob 1,5

This exit condition is satisfied if drivers 1 and 5 are ON and drivers 6 and 7

are QFF. .

Digital inputs In Exjit Conditions

Digital inputs have only two states, ON and OFF, and are numbered 1 through
32, The digital input portion of the exit condition is satisfied if all inputs
specified to be ON are ON, and all those specified to be OFF are OFF. Digital

inputs not mentioned in the exit specification are ignored. A sample digital -«

input exit specification is:

F1 22
nr 5,8

This exit specificatior is satisfied if digital inputs 5 and 8 are ON and digital

input 22 is OFF,
Page 4-5
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4,5,.3 Analog Inputs In Exit Conditions

h.5.4

Analog temperature inputs are automatically scaleé when they are read by
the Sunkeeper, therefore, trip points are specified in degrees Farenheit. Analog
inputs are numbered 1 through 32, and each analog input in the exit conditcion
is associated with a trip point. Analog exit conditions can be satisfied for
three reasons: 1) if the anaiog value exceeds the trip point, 2) if it is less
than the trip point, 3) if it is equal to the trip poiht. Analog inputs which are
hot mentioned do not participate in the exit condition; A sample analog input
specification is:

AX 22>15, 32>2, 12<50, 19=57," .20=5

This condition is satisfied if apalog input 22 is grea;er than 15, input 32 is
greater than 2, analog input 12 is less than 50, analog input 19 is equal to 57,
and input 20 is equal to 5.

Analog inputs can also he compared with one apothér. e specification for
a trip point based on the difference of two analog inpﬁts contains the names of the
two inputs which are to compared, foliowed by the trip point. A sample difference
specification is: . :

AX 15-23%180, 27-26350, 15-14<78, 1-2=3, 1-5=79

This specification is satisfied if analog 15 minus analcg 23 is greater than 180,
27 minus.ZB is greater than 90, 15 minus 14 is less than 78, 1 minus 2 is equal
to 3, and | minus 5 is equal to 79. The STU allows comparisons between analog
inputs regardless of type.

Memory Bits in Exit Conditions

The only function of the 32 Mcmory Bits is to allow communications between
drums. To accomplish this task thess bits must be uséd in exit specifications.
Because they have no direct externa! effects, Lhey are only useful in controlling

how drum exits are taken. Bits which are not iisted are ignored. A sample bit
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specification is:

FB 3, 24
os 7, 32,

This exit specification indicates that bits 7 and 32 must be ON, and bits 3 and

24 must be OFF.

4,5.5 Real Time in Exit Conditions

.

The Sunkeeper keeps track of the real time, and maintains special analog

variables which reflect the calendar and time of day. These variables are given

special names. These names may appear anywhere the Master Control Scquence would

expect to find an analog input number. The names and mecanings of the calendar

variables are listed below:

Hour of the day. Trip points for QUR are specified as a number from

QUR
0 to 23. j
DAY Day of the month. DAY ranges from 1 to 31, and is automaticaily 5
. corrected for the length of the month. DAY changes at midnight, and
remains constant until the following midnight. .
WKD Day of the week. WRD can have the yalues MON, TUE, WED, THU, FRI, SAT f
and SUN. MON is the smallest vatue, and SUN is the largest. These ?;
values may be used in ptace of numbers when comparing WKD to a trip ii
point. WKD changes at midnight and remains constant until the followidé
midnight.
MTH Month, MTH has tae values JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP ]
0CT, NOV, and DEC. JAN has the smallest value and DEC has the largost%A
3 . These names may be used as trip points for MTH. HTH Is corrected for -
é“ variations in the lengths of months. -
é?‘ 4,5.6 Elapsed Time In Exit Conditions :é

The intervals between events (clapsed time) can be used as a condition in

T T B e o a1 R (2 L S, < TR Pl T € ai P P U,
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an exit specification. There are five types of timers available to drums ' thru 8. Alff

timers are zeroed when control is tiransferred to a line of that drum. |[f the
timers are part of the exit condition for the line, the condition is satisfied
if the timer ya]ue exceeds its trip point. {Note that:the timers are cleared if
an emergency condition for a drum is activated, because the emergency.causes

a2 new line to receive control.)

. The five timers measure different amounts of time. The timer names and

their meanings are as follows:

TiD Time in Days. Counts from | to 256 days, and increments at
midnight.
TIH Time in Hours. Counts from 1 to 256 hours; and increments whenever

the system minute counter is reset from 59 to O.

TN Time in Minutes. Counts from ! to 256 minétes. It increments whenever
the system second counter is reset from 59, to 0.

TIS Time in Seconds. Counts from | to 256 seconds in seconds.

T.S Time in Tenths of Seconds. Counts from .1 to 25.06 seconds, in tenths

of seconds. ’
An example of a timer specification in an exit condition is:

AX TID » 4

This condition is satisfied when the timer value is greater than four, which
occurs when the drum has been on the same line during.five midnights. This
timer condition is always satisfied just after midnigﬁt. The interval spent
on the line could be as short as four days, .1 second, if the line were entered
just before midnight on the first day. Because all conditions in an exit
specification must be satisfied for the exit to be taken, if more than one

timer is contained in a specification, the condition ‘is satisfied when the lungest

timer times out.
Page 4-8
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Timers may’also_be specified to be less than the trip point, equal to the
trip point, or not equal f; the trip point. The specification
AX TID < 4

is true so Iong_és fewer than four midnights have occurred. It s unwise to
specify an interval fn seconds or in tenths of seconds to be precisely equal to
some trip point. The timer runs independentiy of the drum scanning prograr, and
drum scanning takes a variable amount of time depending on how many drums are
.scanned and how complicated the exit conditions are. Therefore, the tenths of
seconds timer may be incremented more than once between drum scans, thereby
missing the time specified In the ex!t condition, Therefore, should not be used
with tenths of seconds or seconds.

Emergencies in Exit Conditions

Emergency conditions contain a list of conditions to be satisfied, foliowed
by a 1ist of line numbers which are to receive control during the next control
ceycle. The specifications for an emergency condition follow exactly the same
rules as the line exit specifications. Any number of drum lines may be listed

for the emergency condition. Emergency conditjons are formal )ine numbers

numbered frem 9000 to 9010. The only difference is that emergency conditions have

only one test, cannot reference timers, cannot set outputs, and may list more

than one line which is to receive control.

4.6 SUNKEEPER BLOCK DIAGRAM

Flgurc 4-2 contalns the simplified block diagram of the Sunkeeper Control
Unit. The 32 digital inputs are connected to the unit through connectors JA and
JB. These inputs represent the logic state (ON/OFF) of the various switches,
relays, or other digital devices In the user's sytém. A1l digital input lines

ave protected from surqes an these Inputs. The status .. wea 1w

L
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of the digital input line is displayed on the front panel. An active (ON) input
line is indicated by aﬁ illuminated light that corresponds to the line number.
The 32 analog input lines are connected to the Sunkeeper through connectors JJ
and JH, These inputs are also fused for overvoltage conditions but their status
is not displayed on the front panel. Al} inputs are applied to the control I»>gic
block. This block conatins the following three main parts of the internal logic:

Master Control Sequence - This block of logic provides the overall control for the

operation of the drums and the Sunkeeper unit. The sequence is stored in non-
erasable PROMS which allows the user complete flexibility in writing, operating, or
editing his sequence with the confidence that the master sequence can not be altered.
This block communicates with the user through the computer interface at connector

JC.

User's Control Segquence - This is the block of logic where the drums were used to

explain the operation. The actual user's sequence is stored here. This block has
inputs from the digital and analog inputs, the clock, the internal Memory Bits and
the Master Control Sequence. Outputs from this block are the 32 digital drives at
connectors JE and JF. This block also sends or receives data through the computer
interface to other Sunkecpers connected to JD.
Memory ~ This block contains the memory locations required for storing the data
associated with normal Sunkeeper opcration. The memory data is available to both
the Master Control Sequence and the User's Sequence.

The status of the 32 digital outputs is displayed in the front panel lights.
An output that is ON has the light associated with it illuminated. The status of
all outputs is fed back to the Contrel Logic to be used in exit conditions, data

logging, or enable/disahle functions.
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k.7 OPERATIONAL STQUENCES

4.7.1

h.7.2

The flow diagrams In Figures 4-3 through 4-7 depict'the sequences performed
by the logic in both the Master Control Sequence and the User's Sequence.

Basic Operating Sequence

Figure 4-3 contains the flow of the overall Sunkeepgr operation. The circled
numbers next to the event blocks in Figure 4-3 reference the following paragraphs:
(1) The first thing the Sunkeeper does after being energized is perform the

Start Routine. .  This routine is only performed at initial start-up and

Is not exercised again during normal operation. A detailed flow of this

routine is shown in Figure 4-% and described in paragraph 4.7.2.

)

(2) After starting, .a test for an emergency condition is made. If no

emergency exits, the Master Control Sequence takes command and starts normal

operation.

(3) The Master Control Sequence provide the framework for the drum opcrations
which contain the actual User's Control Sequence. A detailed flow of this
routine is shown in Figure 4-5 and described in parégraph 4.7.3.

(4} A detected emergency condition causes the Master Control Sequence to perform

the Emergency Routine. A detailed flow of the emsrgancy routine is shown in

Fiqure 4.7 and described In paraaraph 4.7.5

) Start Routlne

The Inftialize Routine flow sequence is shown in nghre 4-k. The circled

numbers next to the event blocks in this figure reference the following paragraphs:

(1} Al nine drums spin and stop, positioning the pick up point at logic line

zero of each drum.

(2) All 32 digital output drivers are turned OFF.

(3} A1l 32 Memory Bits are cleared to zero.

Page #-19
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{4} The status of the 32 digital and analog inputs is read and these values

are stored in the RAM for use by the drums.
The Initialize Routine exits to the test for emergency conditions. Depending on
the results of the test, the Sunkecper either performs the Master Centrol Sequence
Routine or the Emergency Routine.

4.7.3 Master Control Sequence Routine

i Figure 4.5 shows the flow sequence for this routine. The circled numbers
next to the event blocks reference the following paragraphs:
{1) The Master Control Sequence starts by testing to see if the user assigned
part of his control sequence to Drum #1. If no, the sequence repeats the
test until it locates a drum that is used.

(2) Whenever a drum is used, the Master Control Sequence branches to the drum

routine for this drum then, when finished, returns to test to see If the

next drum is used. A detailed flow of the Drum Routine is shown in Figure 4-6
and described in paragraph 4.7.4,

{3,4)Another test is made for an emergency condition. if nonecxists the sequence conti -
nues, If an emergency is detected, the sequenre branches to the Emergency
Rautine.

(5) After servicing all drums, the status of all output lines Is read and stored in
momory locations.

% (6) Any editing changes made in the logic lines of the drum since the last svan are

now cntered,

This flaw represents one scan of the Master Control Scquence. Typically a scan tahes

e M gy e 1

about one second to complete, but the number of drums used and the logic required to
satisfy the exit specification of the lincs can change the scan time. The Sunkeeper
continues to perform the drum scanning rcutine under the control of the Master Contrul
Sequence until an emergency conditian accurs or the unit is turned off.
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h.7.% Drum Reutine

The typical routine for a drum Is shown in Fiqure -6, This routine is
performed once for each of the drums during a Master Control Seyucnce scan.

The circled numbers next to the event blocks in Figure §-6 reference the

following paragraphs:

(1) Upon entering a drum routine, the Master Control Scéuenco tesls to sce if
this is the first scan after start-up. If yes the drum performs the Line
Action Command. {If NO, the sequences advance to Step 2.

(2) Here a test is made to see if the Exit Spocificatioﬁ for the line previously
procassed on this drum was met. |f met, the drum sequence advance to step 3.
If not met, the sequence advances to step 5.

(3) If an oxit spec was met on the last scan, the drum ﬁp!ns and stops at the line
number detormined by that spec.

(&) The Line Actlion of this new logic 1ine is performed.

(5} The First Exit Spec Is oxamined.

(6) If ALL conditions of Exit Spec #1 are met the sequence is over for this
drum and on the NEXT scan of this drum the drum will spin to tha line specified

‘ .
in this First Exit Spec. [If all conditions are not met the scquence advances
to Step 7.

(7) The Second Exit Spec is examined.

(8) If ALL conditions are met, the sequence is over and on the hext scan the deum
wil] stop at the line specified In this oxit specificatlon. [If this spec is
not mat, the routine also terminates, but on the next scan, the drum does not
spin and Steps § through 8 of this drum routine ara‘repeated until one of the
exit speciflcaticns is met, .

After completing a routine on one drum the Master Control Sequence repeats the

routine on the noxt drum,
pﬂg(‘. I"' 2]
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h.7.5

4.8

Emergency Routine

The flow diagram for the Emergency Routine is shown in Figure 4-7. The
circled numbers next fo the event blocks in this figure fcfercnce the following
paragraphs:

(1) When the Master Control Sequence detects an emergency condition, this routine
overrides the sequence in progress and commands all:drums to spin and stcn at
pre-specified line locations that can respond to emergencies.

(25 After stopping, each drum (in order) performs its Line Actlon {sets outputs
or bits) as in a normal drum routine,

{(3) Depending on the type of emergency, the Master Control Sequence may allow
the emergency condition to be terminated through the exit specifications on

the new lines or it may wait for human !utervention before normal control

is returned to the Sunkeeper.

ENABLE/DISABLE FUNCTIOWAL OPERATION

After User's Control Sequence is Inaded into the drum section of the control
logic it is possible for the user to logically digconnecf the Sunkeeper from the
control system in order to modify certain sections of the nequence without effecting
the control system. \hen operating in this disconnected made, the drums ignore
the real scttings of the inputs,outouts and Hemory Afts,and the status of the output
drive does not change even though the Sunkeeper remains physically connected to the
control system.

Figure 4-~8 shows the familiar functional diagram of the drums that make up
the User's Control Sequence. The major differences between this diagram and the
one previously discussed are the Enahle/Dizable civcuits and the mask switches

located in the input, output, and memery bit paths.
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In normal operation, the Enable/Disable circuils are enabled for all lines
and the Mask switch is in the Normal position., This allows the drum sequences
to use the actual input and Memory Bit values in solving the logic lines.

in cartain Instances during setup or debugging procedures, the user may want
ta disable an input, output, or Memory Bit to rcmove this from his logic equations,
The Enable/Disable circuits permit any Individual line or bit to be blocked sc that
the drum sequence does not have access to the value of that line. After a line is
dléabled, the user can assign a yalye to this line by requesting a mask value from
the mask circuits. These new values can now be used by the drums.

NOTE
After the performance of a sequence that is u !ng disabled lines or
masked values, these user specified valucs must be removed before the

Sunkeeper can control the system in a normal manner,

DATA LOGGING

In data logging applications 16 user specified inputs or outputs are sampled
at a fixed rate. The user determines what lines are to be sampled and what the
L]
sampling interval Is to be used. Sampling intervals can be as short as one minute

to as fong as 256 minutes.

The Sunkeeper reads each selected narometer once a minute {this is the fisxeod
rate). |If a user selected a sampling Interval of 30 minutes, at the end of this
interval the Sunkeeper would have about 30 values for each parameter {the fixed
rate reads each parameter one a minute). This value Is stored in memory. The
Sunkeeper starts accumulating new values for the parameters and at the endof the
sampling interval (30 minutes) again throws out the highs and lows then averages
and places these new values in memory next to the first vslues.
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NOTE

For digital Inputs or outputs the percentage of ON time s the value
that Is stored in memory.

The Sunkeeper repeats the sampling sequence 32 times betfore the memory log
Is full after 16 hours. The log contains 32 averaging'intervals for the 16
parameters (each reading made up 30 averaged readings). if at the end of 32
samplings, the log is not cleare. (read out) the next values (from the 33
sampling) cause the values from the oldest sampling (first) are lost, This

is because there are only 32 locations available for storing the results of 1o

sampling sequences,
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5.1

5.2

SECTION 5

1
HOW TO WRITE A CONTROL SEQUENCEORIGINAJ:

OF PAGE 15

TPOOR QUAL
GENERAL

This section contains the basic guide lines thét are recommended for
first~time users attempting to write their own control sequences. While
these procedures are recommended they are in no way considered the only

way to approach a control problem and should provide the basis of many

acceptable metheods.

ESTABLISHING INITIAL PARAMETERS

-+ the time you have received your Supkeeper most of the basic control
parameters of your system should have been ldentifiéd. These include
the number of output drivers needed to control your external equipment and
the number and function of the various input monitoring signals.

The first recommended step in this guideline i§ to write (in English)

a simple control sequence for your particular system. Start with the first
event you want performed and then continue through the normal operation of
your system. The easiest place to start is &o list each function that is to
be controtled by the output drivers of the Sunkeeper. Number each major
control step, so you can make reference to them from other steps.

Avrer the first pass through the sequence, go back and examine each
control step to see if all conditions required for each step have been
included. Be sure to consider all possible inputs from sensors or wonitors
in the system, In addition to the inputs from the internal calendar/clock,

Don't be discouraged if you find the sequence being restructured as you
add conditions and combine or increase the steps. hlso, don't forget to
Include provisions for out-of-tolerance or emergency conditions as required
in ecach step.

Faze 5=
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5.3

After the}second pass, or when you are reasonably sure that the
basic sequence has been established, you can assign output line and drum
numbers to the Qarious control steps that control the operation of the
equipment in your system. Start with the first step of your sequence and
givé the first output used the name Drivér #1 and assign to an action

line on Drum #1 (See Fig. 4-2)

NOTE

Because the Sunkeeper has the capacity for 99 lines it is easy

to consider each output driver as having its own unique line.

Thus all operations effecting the status (ON/OFF) of a driver

come from a single drum. Two action lines minimum are required

for any driver or group of drivers. One line for "ON' the

other for ''OFF'".

Continue assigning driver and drum numbers until all steps in the
sequence have been examined. Groups of drivers having similar control

operating conditions should all be assigned to a single drum.
NOTE

Iver thouch the Sunkeeper has the capacity to handle up to 32
drivars, +au 2o not have to find uses for anvy ii-2 you donte

xqaufrc “or your sequence.
iDENTIFYING REQUIRED INPUTS

Go back through the sequence again and at each step establ ish whether
a time value is required as in Input condition to perform or complete the
step. There are two basic types of time values that can be used:
Real Time or Elapsed Time
Real. time can be the month, day, date, hour, or minute that an event is to
take place (e.g.; Tuesday, November 1, 1977 at 2:45 AM),
Elapsed time is measured intervals that occur between control events.

The elapsed time uses the outputs of the internal clock to increment to

Page 5-2

|
E
)
1
!
|
|

sy aboeitt




5.4

the desired count. These increments can be in tenths of seconds, seconds,

minutes, or hours. Any whole number from | to 256 can be preset as the

desired count.

USE OF INTERNAL MEMORY BITS
As you established you control sequence there are specific times when

certain output drivers can not be on when other drivers are also on. A

typical instance could occur if both the heaters and air conditioners handling

the same area are on at the same time or, in another instance, if a tank
was intentionally being drained and the driver that controlled the fill valve

allowed iiquid to flow into the tank. Because each driver is assigned to

a separate drum and the drums can not directly communicate with.each other,

the 32 internal memory bits are used to transmit specific status from one

drum to all other drums. These bits can be accessed (read, set, or cleared)

by all the drums and can be used to help prevent unwanted interaction between

driver functions. For example, in the above case of the heater and air

conditioner being on in the same room, as the heater is energized by it's

driver it could also set memory bit #5. Now a condition that would ailow

the air conditioner to energize could state that Bit #5 must be cleared

before the air conditioner could start.

With this knowledge of the operation of the memory bits, go back through
your sequence again and locate any possible conflicting conditions between

drivers. Use Form #1 (see next page for this simple form) as a guide and

assign each conflicting condition a hit number. Using Form #1 will insure

that you do not use the same bit number for more than one condition. Also

rememher that if you set a bit to acknawledge a certain condition, generally
it should be cleared before the conflicting condition is allowed to occur.

-
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PROGRAM:

DATE:

w
~
S

O Co~y chx.n.::-wto—-l

FORM #1

FUNCTION

MEMORY BIT
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5.5 WRITING THE CONTROL SEQUENCE {

Now you should be ready to write your control sequence in a manner
- that will allew you to enter it into the logic lines.in the drums without
too much rewriting or restructuring if you sequence,’

A few general items to remember as you proceed through this critical
part: ) .
1) Each driver or group of similar drivers should be assigned to a

- specific drum which can have up to 99 logic. lines. The total number
of logic lines Is ALL DRUMS can not exceed 120.
- 2). The 399 avaiiable lines on Drum #1 are designated 1000 to 1099, on

drum #3 line numbers are 3000 to 3099 and so forth for all druns.

3) On the first pass through your sequence use as many logic lines
as you think you need. You can always go back and combine lines
# later. The most important consideration séould be that all events |,
. and ‘conditions are covered rather than-trying to minimize the number
of lines used in the seguence.
A form similar to Form #2 is recommended when you are writing your final

control sequence.Thls-form quides you through al) possibilities for each

logic line. Using Form #2 requires you to answer the following six questions

i for each logic line:

L ) 1} Line Number: This is the reference number of the logic line. It

b g g e
'

e i o e = e
1

Ay e LT

consists of the drum number and the line number. On Drum #1 the

line numbers are prefixed with 10 then the line numbers from 00
ta 99. For example: 1037 is line 37 of Drum #1.

B : 2) Action Command: This is the command that actually controls the

+

status (ON/OFF) of the driver assigned to this drum. The Action
Command can alsc contain commands that change the status of any of

the 32 menory bits. Acceptable commands are:

Page 5-5 .

S

L v R o N



3)

k)

5)

6)

On Driver 0D X

Off Driver FD X

On Bits 0B X

Off Bits FB X
Note that if the logic line specified is liﬁe 00 of any dfmm the
drives associated Qith that drum should be set to the condition
{either on or off) that configures the equipment in the praper
state for initial start up. l

Exit to Line #: The line number entered here is the line on this

drum to which the drum spins and stops at if the first exit
condition is met. Any valid line on this drum is acceptabls,

Exit Condition #1: (If this specification is met): This is where

the conditions for leaving this logic line are listed. These conditions
are usually preceeded by either an EXIT ALL (XL) or an EXIT ANY (XA)
command are are listed in the following order:

Status of Bits

Status of Drivers ¢

Status of Digital Inputs

Analog Inputs Compared

Time (Real and Elapsed) Compared

Exit to Line #: The second 1ine number is entered here. This line

is accessed if the exit condition for the first line was not met
AND Exit Condition #2 are met.

Exit Condition #2 (if this specification is met): The conditions

for exiting to the second line are listed here. They have the same

format as listed in the first exit conditions above.

Pagc 5-6
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If you fiil out a copy of Form #2 for every logic line of each drum,
you wi 1l write your complete control sequence in the easiest and fastest
possible method.

Use the commands discussed in Section 6 to enter your sequence into the
Sunkeeper. After the complete sequence is loaded and the Sunkeeper is control-
ling your system, you can ;tilize the data logging function to monitor and
analyze the performance of your sequence and then you can use the Editing

Commands to alter your sequence for optimum performance.
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FORM #2

Line Number

Action Command

Exit to Line #

IF
This Specification is met

Exit Condition #1

OR

Exit to Line #

IF
This specification is met

Exit Condition #2




SAMPLE PROGRAM

Figure 5-1 shows a simple sample program using only ane
drum. The reader should test his or her understanding of
the SUNKEEPER by deducing the functions of this program and

then entering it into a SUNKEEPER and verifylng the understanding.
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orP
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ae
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apR

ae

or

1000
FD
N1

N2

1g01
X1

N2

1002
an
N1

N2
1003
Fn
N1

X2
2000
ap
N

N2
2001
FDn
N1

X2

3000

FB .

X1

N
a0at
0B
K1
X

1:5:8

o0y
1 s5

1003
a1 g

igo2

o1 8

AN TIS»30
100

FI §

1258

1QaQ
FI 8

aoanQ

i
1000

AX TIS»S
aqooQ

J=ds §
2009

AN TIMM LS
agaqg

3~y
2000

AN TIMM IS
oong

AN OUR> 14
ao0y

-
fad

0000
oovnQ

Figure 5-1
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6.2

SECTION 6 PF Paog
SUNKEEPER PROGRAMNING COMMANDS

GENERAL

This section deseribos the control commands thét are used with the
Sunkeepor Control Unft. Theso conmands are divided into the following
three groups:

1. Programming Commands
2, Diagnostic Commands
3. Print Commands

Dascriptions of the commands associated with éach group ara glven in
tha foilowing paragraphs. Commands are listed alphabetically by the
abbreviation for the commands. A typlcal example of each command {s gliven
to further explain tha function and use of the command In normal Sunkecper

operations.

PROGRAMMING COMMANDS
Programming commands are used to set up, the Sunkoepar for initlal
operation, enter the Actlon and Exit specifications of a control sequence
Into drum 1ines, or edit an exlsting sequence.
The Programming Commands are divided into the following four major
groups:? |
1. Initialize Commands
2. Action Conmands
3. Exit Commands

L, Editing Commands

Page 0-1



6.2.1

-

Initlallize Commands

The following eight commands are listed alphabetically with the full
command name printed in capital letters and the actual coumand that is
entered Into the Sunkeeper ls enclosed In parenthesis. If a command has

multiple arguments, an X Is included in the parenthesis with the abbreviation.

ATTENTION (&N)
The Attention command Is used as the flrst command sent to the Sunkeeper
prior to eptering any other commands. .

Usar Enters: &N .

Sunkeeper Action: Unit is now ready to accept'all other valid commands.

Next command sent is usuall§ the four digit address

code of the desired unit.

DISCONNECT (&G)

The Disconnect command is used to terminate communications with the
Sunkeeper, ‘

User Enters: &G

Sunkeeper Actlon: Unit is disconnected fram the /0 terminal and does

not respond to further commands.

RELOAD (RL X)
The Reload conmand has two functions:
1) User Enters: RL/

L]

Sunkeeper Actlon: The program tape is loaded.from the tope reader into

RAM. The paper tape must be mounted in the reader
priar to issuing this command,

Page 6-2
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Cilear Drum (ZMX)

User Enters: ZM3

Sunkeeper Action: All lines on Drum 3 are eraged. Any valld drum

number can be used.

RUN (RU)
The Run command is used to start the haster Control Sequence.

User Enters: RU

Sunkeeper Actlion: All drums spin and stop at line zero and commence

normal llne processing.

SET TIME {ST XXX XXX XXX XXX XXX XXX)
The Set Time command conflgures the calendar/clock for the current time.
The time values are entered in the Tfallowing order: vyear, month, date,
day of week, hour, minute. The compl!:te proce&ure for setting the clock
Is described in paragraph 3.5 and an example i$ given below:
User Enters: ST 2 JUL 15 FRI 14 18

Sunkeeper Action: Clock is set for 1977, July, 15, Friday, 2:18 PN

and will continue to run from this time.

CLEAR HISTORY FILE (2H)
The Clear History File command erases the data logging valves.
User Enters: ZH
Sunkeeper Action: All values stored in data {ogging section of

nemory are erased.

REINITIALIZE ENTIRE SYSTEM (28)

The Reinitialize Entire Systom command crases all user entercd commands

and settings. Page 6-3




|

User Enters: Z§& {

Sunkeeper Action: A}l memory locations are eraqed, cliock is not set,

only Master Control Sequence .is not effacted.

.

ZAP DRUM ' (ZM X)

The Zap Drum command. clears the all line agtion and exit conditions

Tfor the drum line specified.

»

User Enters: ZM 8

Sunkeeper Action: All user entered conditions en drum 8 are cleared.

This drum i¢ now blank.

6.2.2 Action Commands
The following four commands can be entered in the Action portion of the

fogic line. These commands either turn on or off the drivers that connect to

the external equipment or set or clear the Internal memory bits.

TURN OFF BIT (FB8 X)

This command causes the bits specified to reset to zero (off). Valid

terms for X are 1 through 32. Memory bit designatidns can be separated by

commas. Unspecified bits are not effected.

User Enters: FB 1,6,21,29

Sunkeeper Action: Internal Memory Bits 1, 6, 21 and 29 are reset to

zero when the line containing this Action Command is processed.

TURN OFF DRI¥ER (FD X)
This command causes the output driver lines specified to de-energize

{turn-off). Valid terms for X are 1 through 32. Unspecified lines are not

effected, Page L-b
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6.2.3

User Enters: FD 6,8,10 !

Sunkeeper Action: Output driver lines 6, 8, and 10 are turned off when

the line containing this Action Command is processed.

TURN ON BITS (0B X)
This command sets memory bits., Valid terms for X are | through 32.
User Enters: 08 2,k _ ‘

Sunkeeper Action: Memory bits 2 and 4 are set (turned on) when the

line containing the Action Gommand is processed.

TURN ON DRIVERS (0D X)
| This command turns on (energizes) the specified output driver lines.
Valid terms for X are 1 through 32.

User Enters: OD 7-13

Sunkeeper Action: OQutput lines 7 through 13 are energized when the tine

containing this Action Command is processed.

- ‘ '
Exit Commands (Refer to sample program section 6.5)

Each logic line has provisions for two Exit Conditions. These conditions
are established using combinations of the various analog or digital Exit

Commands listed below:

EXIT CONDITION ONE (X1)
This command specifies that all other commands or conditions in this

exit specification must be met before the line exits to a new line. This

)

command is considered as an "AND'" function.

Page 6-5



User Enters: X} ; OBY, &4 FD7-10

l
I

Sunkeeper Action: The exit condition containing this command is

satisfied only when Memory Bits | and & are on

and output drivers 7 through 10 are de-energized.

EXIT CONDITION TWO {X2)

3

This command specifies that all of the commands or specifications in

this Exit Specification shall be met for the line to exit to another line.

This command is considered as an "OR'" function, with respect to Exit Condition gne

User Enters: XZ : 0B6,3

Sunkeeper Actlion: The exit condition for this line is satisfied if

either bit 6 or bit 3 Is ON.

DIGITAL EXIT VALUES

The following six digital (ON/OFF} conditions‘can be included in Exit

Specifications for a logic line:

Digital !nput Lines On (01 X)
Digital input Lines Off (F! X)
Internal Memory Bits On (0B X)
Internal Memory Bits OFf (FB X}
Qutput Driver Lines On (0D X)

Qutput Driver Lines OFf (FD X)

ANALOG EXIT (AX Text)

-

This command specifies the analog exit conditions that must be met to

satisfy the 1ine. The text part of the command can consist of up to 4 analog

values. These numbers can be values from the analog input lines, clock

values, or set points, These numbers must be separated by one of the
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[ Y

; (Comma) |

£ (Less Than)

> (Greater Than)

= (Equal To)

~ (Minus)

The comma (,) is used to separate groups of comﬁands in the condition.

The greater than (>}, less fhan (<) and egqual to (=). designations specify
the relationship between ‘the value of the analog variable on the left and
the set point on the right. The logic in the Hasteﬁ Control performs the
indicated comparison and, if it s correct, this part of the exit condition
Is satisfied. The minus (-} designation seecif!es that the value of the
analog varfiable on the riﬁht is subtracted from the énalog variable on the
left. All negative results are indicated as a zero value. {Minus sign is

dash on keyboard of terminal unit).

The following Calendar/Clock values can be used in the Analog Exit

Command.
REAL TIME ’
Month of Year (MT) JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP,
OCT, NOV, DEC
Day of Month (DAY} 1 through 3i
; Day of Week (WKDj MON, TUE, WED, THR, Fhi, SAT, SUN
F Hour (OUR) 0 through 23 with 0 being midnight

ELAPSED TIME

Time in tenths of seconds (T.S) .1 to 25.6

Time in seconds (TIS) I to 256 . ?
Time in minutes (TiM) 1 to 256 |
Time in hours (TIH) ; 1 to 256 %

Page 6-7 !
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User Enters: AX 1»22, 2~-5<100, WKD=SUN, .

Sunkeeper Action: This specification is true ;nly on Sundays .
when the temperature on analog input lineone is greater
than 22 degress and the difference between the analog
values on input lines.z and:S is less than 100, degreesy
Noie:' the temperature scale is nonlinear, therefore,
the value of a difference dépands'bn.the temperatures

when the calculation is maQe.

6.2.4 Editing Commands

e

These commands are used to access the drum lines and spedify where

{Action or Exit portion of the iine} the commands are applied.

QPEN (0P X)
This command opens either a logic line or the'data logging line, When

X is any valid logic Iiné number this line is openéd. When D is entered

in place of a line number, the data logging«line is opened. As long as a line

is open, the Sunkeeper types E instead of R whenever-it is ready for the next

comménd. Changes to the line do not take effect until the line is CLOSED. If

OP is issued while another line is open, the other line is automatically

CL.OSED first. When.a line is first opened, the Action Command (specifying

the bit and driver settingé) may be modified using the On and OFf commands .
User Enters: OP 5002 |

~

Sunkeeper Action: Line 2 on Drum 5 is opened-and ready to accept

new or additional commands to the logic line,
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CLOSE {CL X)

This command terminates the editing mode for the current logic line.
Changes made to the line do not take effect until the line is closed with
this command. Until the line is closed, the origin?l text of the line can
be recovered by exiting from the editing mode using;the XX comm: ad, then
using the Open Command (OP) to open the ]ine‘again.f The Close command can
be issued while the Sunggeper is performfng normal ﬁperations. Therefore,
if new lines are added to the program while the Sunkeeper is running, the
new line should be added before any exiting lines are changed to refer to
these new lines, This Is because a new line can no; effect the control
sequence bécause no existing line can reference it.: The Close command
éhecks all lines to insure that none of them referehced lines that do not
exist, and does not close the present line if there:is a reference error.

User Enters: ¢CL 6015

Sunkeeper Action: Line 15 of drum 6 is removed from the editing mode.

FIRST EXIT LINE (X1 X)

This command sets line X as the first e;it for‘the line being edited.
Further changes to the line affect the first exit condition. Xl may only
be uséd during editing. Line 0 may be specified, in which case neither the
first nor the second exit will ever be examined, !f no line number is
specified at all, the exit line number is not changed, and future editing
change;ﬂare directed to the first exit specification,

User Enters: X1 5003

Sunkeeper Action: If the first exit condition, for this line is met,

drum 5 spins to line 3.
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SECOND EXIT LINE (X2 X)

This command sets a lineas the second exit for the line being edited.
Further changes to the line affect the second exit cbndition. X2 may only
be issued during editing, Line O may be specified, .in which case the

second exit will never be examined. I!f no line number is specified at all,

the exit line number is not changed, and future editing changes are directed

to the second exit specification.

User Enters: X2 8017 '

Sunkeeper Action: |If the first exit specifica{ion was not met and the
second was, drum 8 spins to.line 17.
N
EMERGENCY EXIT‘SPECEFICATION (XE X)

This command takes a 1ist of up to 300 line numbers specifying the lines
to which the drums are rotated if the emergency condition is satisfied. XE
may be issued only when editing an emergency liné of a data logging line,
When editing a data line, only the first number may.be specified, and it
establishes the number of minutes between daEa averaging.

1) User Enters: XE 1005, 2015, 3028, 7052 .

Sunkeeper Action: Drum ! spins to line 5

Drum 2 spins to line 15
Drum 3 spins to line 28

Drum 7 spins to line 52
All other drums do not rotate

2) User Enters: XE 15
Sunkeeper Action: The line this command was entered in will be data

fogged every 15 minutes.

TERMINATE EDIT WITHOUT CLOSING (XX)

This command leaves the editing mode without issuing a CLOSE command.
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Any changes to the line are discarded. This is useful when inappropriate

changes have been made to a line and it is desirable to return to the

tnitial state.

User Enters: XX

Sunkeeper Action: Original commands on line béing edited are retained

]

and any new editing commands are disregarded.

»

6.3 DIAGNOSTIC COMMANDS

Diagnostic commands are used to modify the operation of an existing
control sequence or to force a sequence t; perform‘with a given set of inputs.
Generaily, when operating in the diagnostic mode the drum lines are electricelly
disconnected from the external equipment and the logic receives inputs from
these user generated commands.

6.3.1 Alter Analog input Command

In certain instances, the value on an analog input line is replaced with

a known value regardless of the actual value of the input.

ALTER ANALOG (AA X Y)

This command permits a value (Y) to be inserted on analog input vejus X,
Any valid input value number can be specified for X and any vilue from 1 to
256 can be used in Y. In order for this value to persist in spite of efforts
by the thermistors to change it, the analog input @ust be DISABLED. AA does
not disable the input. The specified value is kept until the input is ENABLED
or until 1t is changed by another AA command. '

User Enters: AA 2007 126

Sunkeeper Action: The current value of lire 7 on drum-2 is replaced

with 126
Page 6-11
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6.3.2 Clear Commands

3

These commands clear or turn off the specified input, bits, or

drivers.

CLEAR BIT (CB X)

This command resets tﬁe specified memory bits.. The bits reset
immediately but may be altered by another line unless the drum containing
that line is disabled.

User Enters: CB 1, 7, 19

Sunkeeper Action: Memory bits 1, 7 and 19 are reset to zero.

CLEAR & DISABLE DRIVER (CH X)

This command both turns off and disableé the output drivers specified
by X, This command dées not affect the condition o% the drivers as seen by
the drum lines. This command is generally used to set hardware conditions
that are not to be changed.

User Enters: CH 7, 8, 25 .

Sunkeeper Action: Drivers 7, 8, 25 are disabled and turned off.

CLEAR INPUT {CI X}

This command causes the specified digital inputs to be seen as OFF
by the drums. |If these Inputs are not disabled, this command will only
persist for one scan then the input will assume ité-co~rect status.

User Enters: CI 4-8

Sunkeeper Action: Digigal input lins & throuéh 8 are off.

t
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6.3.3 Disable Commands

Disable, commands freeze the values of the specified inputs, outputs
or bits at the current status. Neither the external equipment nor the
program can alter the values of disabled items. OnIQ after being enabled
can these values change. The appropriate set and cléar commands for dis-
abled items only affect the way the drums process the data but does not have

any effect on the control system.

DISABLE ANALOG (DA X)

This command freezes the value of the_specified.analog input(s). Until
the input is Enabled, the value can be changed only by an Alter Analog
command.

User Enters: DA 5, 9, 24

Sunkeeper Action: Analog input lires 5, 9 and 24 are disabled,

DI.ABLE BIT (DB X)

This command prevents the specified memory bit(s} from changing except
in response to a SET BIT or CLEAR B!T command.

User Enters: DB 18, 27, 30

Sunkeeper Action: Memory bits 18, 27 and 30 are frozen at their current

state.

DISABLE DRIVER (DD X)

Tk's command disconnects the output drivers from the drum program and
leaves these outputs in their current state. SET aéd CLEAR do not affect
the hardware of DISABLED drivers, but the Sunkeeper. regards the SFT or CLEAR
as having taken place for purposes of testing the o;tput drivers.,

User Fnters: BD 5,8
yser inters

' o, -
Sunbeencr Action:  Output drivers 5 and 8 are Flsabtnd. Page 6-13
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6.3.4

DISABLE INPUT (DI X)

This conmand leaves digital Inputs in the state they are in at the time
of the DISABLE. SET and CLEAR commands may be used to change the state of
a DISABLED input.

User Enters: DI 1-5, 8

Sunkeeper Action: Digital inputs 1 through 5 and line 8 are disabled.

DISABLE DRUM (DM X)

This command prevents the specified drum from having any effect on
drivers or memory bits. The output and memory settings generated by the
disabled drum are saved and can be examinéﬁ using the print commands. Under
these circumstances, driver and memory settings generated by any drums are
saved for examination using the print commands.

User Enters: DM 1,6

Sunkeeper Action: Drums | and 6 are disabled,

Enable Commands

L

Enable commands remove the effect of Disable commands and allow the status
of the previously frozen inputs, bits, or drivers to change and reflect the
current state of the equipment. Whenever an input is Enabled, the hardware
sensor determines if current values and, on the next scan, this value is used
by the drums. When an output driver is Enabled, the drive status is not

changed until a drum line changes it.

ENABLE ANALOG (EA X)

This command enables the specified analog input lines.

User Znters: EA 5

Sunheeper Action: Analeg input five is enabled
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ENABLE BITS (EB X)

This command enables the specified memory bits.
User Enters: EB 7,9,30

Sunkeeper Action: Memory bits 7, 9, 30 are enabled

ENABLE DRIVERS (ED X)

This command enables the specified output driver lines.

User Enters: ED 4-6, 18

Sunkeeper Action: OQutput drivers &, 5, 6 and 18 are enabled

ENABLE INPUTS (E! X)

This command epables the specified digital input lines.

User Enters: EI 7,11

Sunkeeper Action: Digital input Tines 7 and 11 are enabled.

ENABLE ALL (EL)

This command remcves all disables, It 9oes not require that the items
be specified.

Yser Enters: EL

Sunkeeper Action: All disables are removed,

ENABLE DRUM (EM X)
This command enables the specified drums
User Enters: EM 5,8

Sunkegper Action: Drums 5 and 8 are enabled

]
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5.3.5

6.3.6

Set Commands

Set commands force an input, bit, or cutput to the on condition.

SET MEMCRY BIT (SB X)
This command sets the memory bits specified. The change takes place
immediately. This state may be changed by & drum, depending on the program

and whether or not the drum is Enabled.

SET & DISABLE OUTPUT DRIVER (SH X)
This command disables and sets (turns on) the specified output drivers.
The command does not affect the status of lhe drivers as seen by the drums.
User Enters: SH 1,.

Sunkeeper Action: Output driver lines | and 8 are disabled and appear

turned on to the drums.

SET INPUT (SI X)

This command sets (turns on)} the specifjed digital inputs. This set
value may be changed on the next scan if the input is not disabled.

User Enters: SI 8, 25

Sunkeeper Action: Digital input lines 8 and 25 are turned on (set).

Dium Commands
Pi-um commands effect the operation of the drums when in the diagnostic

mode.

ADVANCE DRUM LINE (AV X Y)

This command forces the line specified in X to exit to the Vine number

initiated in the first exit specification, if the value of Y is 1 or to the
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line in the second exit specification if Y is 2. This action does not require
that either exit condition be met.
User Enters: AV 2013 2

Sunkeeper Action: Drum 2 leaves line 13 and spins and stops at the line

number specified in the second exit condition of line 13. .

REMOVE DRUM LINE STOP (NS X)

This command remove; the stop condition from the specified line. |If /"
is entered for the iine, all stop conditions are removed. Although this
commznd indicates that a drum is nc longer inhibited from leaving the current
line, it does not necessarily follow that.the drum will leave the line. In
order for the drum to leave the.!ine, the exit conditions must be satisfied.
A stop condition does not prevent the operator from leaving the line by
using the Advance Drum Line (AV) or Rotate (RM)} commands.

User Enters: NS 1015, 6008

Sunkeeper Action: The stop condition on line 15 of drum 1 and line 8

of drum 6 are removed.
¢
ROTATE THE DRUM (RM X)

This command rotates the specified drum to the specified line. The
action command for this new line is not processed until the next coﬁtrol cycle.
All timers for the drum are cleared. The drum may, of course, be moved from
the specified line during the next cycle, depending on its exit specifications
and emergency conditions.

User Enters: RM 5028

Sunkeeper Action: Drum 5 spins and stops at line 28 but does not perform

the Action command until the next control scan.
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RESET OF LINE Z2ERO (RS)
This command causes all drums to be reset to line 0. This command
may be Issued whether the Sunkeeper is running or not.

User Enters: RS

Sunkeeper Action: All drums spin and stop at line zero.

STEP A DRUM LINE (SL X)

This command causes the Sunkeeper to process the Action Command for
line X. Inputs are not scanned, and the exit conditions for that line
are not examined. This may or may not affect the driver hardware, depending
on whether or not the drum er the drivers ;re ENABLED. The effect Is as if
the Sunkeeper had transferred to that line for one scan and then resumed

processing the line it was on at the time the command was issued.

User Enters: .SL 5051

Sunkeeper Action: The Action command for line 51 of drum3 is executed
and remains on that line for one scan then goes back
to the line it was processing when the SL command

was received.

STOP (SP X)

This command stops the drum specified in X. This drum is not examined
at all during the control cycles. A stopped drum may be restarted by rotating
it to the appropriate line using the RM command. An argument of '"/' stops
all drums and thereby halts the control program. This turns off the RUN
light. All outputs arc lcft as they were at the end of the cycle. SP / is

an extremely drastic command and is not recommended for normal use.

Page 6-~18




6.4 PRINT COMMANDS

The Print Commands allow the user to select the values and status of

the Sunkeeper during various operations.

PRINT ANALOG (PA X)

This command prints’the hardware value and the:drum value of one anaiog
input. |[If a numerlcal argument is supﬁiied, only the specified input is
printed. [If "/ is specified, all analog inputs are printed in a list. |If
the value of the analog input has been frozen by a DISABLE command, the first
value Is the value to which the input has ‘been frozen, and the second is the
hardware value. If the analog input is not disable&, the tw valﬁes are the

same.

PRINT THE BI!T MEMORY {(PB)
This command prints just “he memory bits that are ON (set) it presents
these bits as seen by the drums, which may er may not be the same as the actual

bit states depending on the status of the Disable command. PB / lists the

actual bit states.

PRINT DRIVERS (PD)

This command lists the output drivers which are ON, This information
duplicates the display lights for drivers which are not disabled. |If a
driver is disabled, the state printed is the state-the driver hardware would

assume if the driver were not disabled. PD / prints the state of the hardware.
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PRINT HISTORY FILE (PH)
This command prints the history data logged in' the system. The data

logger can handlé up to 16 variables. Up to 32 ave?ages are recorded in the

history storage.The history printout aives the beginning hour and minute at which

each sample was taken, the number of minutes between each average, and the

values of the 16 variablés} The time is also given;

.

PRINT DIGITAL INPUTS (PI}

This command lists the digital input lines whi;h are ON. This informa-
tion duplicates the indicator lights on the front panel for inputs which are
not Disabled. The value printed for Disagled inputs is the value to which

they were last SET, regardless of the state of the hardware. {f the hardware

state is desired, a ""/" argument to the print command should be given.

PRINT DRUM LINE (PL X)

This command prints the text of drum line X. ‘'If the line is being
edited at the time of the PL, the printed Itne is the state of the line before
it was edited. {f the PL command is not given a line number, the state of
the line as it would be if a CLOSE were to be given Is printed instead., This
allows the operator to verify the edited line before closing and inserting

the changes in the centrol sequence,

PRINT DRUH (PH X)
This command prints all the lines in drum X. This is a handy means of

reviewing the program for a specific drum. '/' indicates that all drums are

to be printed.




PRINT CURRENT DRUM POSITION (PP X)
i

This command prints the legic line of the specified drum that is

being processed at the time the PP command is received.

PUNGH THE PROGRAM (PU)
This comaand causes the Sunkeeper to punch the. users program from
its memory. This generates a program listing (if a teletype punch is

.

used).

v

PRINT DISABLED (PX)

. This command 1ists all inputs, bits, and output drivers that are

disabled.

PRINT TIME (T1)

This command causes the Sunkeeper to print the current value of its
clock. The print is in the form YY MM DD WKD HH MM $5. The clock is read
at the time the print starts, sothe printed walue is off by the amount of
time taken to do the printing.

6.5 SAMPLE PROGRAM
Refer to Figure 6-1 for a sample program that [llustrates format and use

of exit conditions.
Refer to Figure 6-2 for a sample print out of the history file and method

for identifying data.
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'SAMPLE . PROGRAM .

&N
Tl
Ti
P

PU
op

opP

opP

oP

op

opP

op

ap

(1D.CODE)

006 JUL 001 TUE 017 035 002 £D

1000
FD 1-5,7
X1 1001
01 3.5
X2 1006
01 4-5
1001
0b 4,7
X1 1003
AX 25290,TIS &4
X2 1002
AX T15>5
1002
X1 1004
AX 25<80,Ti5~4
X2 1005
AX TiS>5
1003
0D 1
Fb 2
X1 1005
AX Tis>h
X2 0000
1004
0D 2
FD 1
X1 1005
AX TiS-4
X2 0000
1005
FD 1-2
Xl 1001
AX TIS~4
X2 1000
Fi 5
1006
0D 4
X1 1008
AX 6 215,TI1S>4
X2 1007
AX Ti8=5
1007
XL 1009
AX 6 205,T1S~4
X2 1011
AX TiS=5

oP 1009
oD

X1

X2

0P 1010

FD

. A
X2

oP 1011

Wb

X1

X2

Figure 6-1
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1010
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0000
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1006
AX TI1S=4
1000
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5
1006
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SAMPLE HISTORY FILE 'f

&N ,
T17006 JUL 001 TUE 017 039 015
p )
oP D
E
PL
0P 10000

op &

AX 25-26-27=28-29-2-3-4~5-6~7-8-9=0 :

XE 0015 '
E (Note: Ist two columnhs on left are time. All others to the right
cL are data in order given above) ‘
P .
PH o . :
009 035 A00 085S Ded 054 295 &55 OF8 OFS OF2.078 115 113 101 07e Qoo Qoo
0N S0 Onn 0SS e ST 255 239 OF8 080 0SS0 S0 115 113 101 0Fe oog oo
L0 0SS Q0N 085 0sd N8l 255 255 081 082 0S2 082 115 113 101 OFs Qo oo
10 020 00N 085 Ded N2 255 255 084 NS 085,085 115 112 101 AFe k0 oon
OL0 035 000 Q&S Led 18R 255 £855 N87F 0SS 088 089 115 113 101 OFs Qo aan
010 0SS0 000 08 Q84 082 255 255 091 098 092092 115 113 101 oFs a0 Qo
011 005 00O 0SS 0ed D83 295 253 0194 095 009G 09 115 113 101 oFe Qo0 a0
N1l 420 000 0S5 ed D63 255 255 097 088 099 099 1195 113 101 OFs oo oo
o0l1 035 Q00 084 084 D82 255 255 100 102 1020102 115 112 101 OFe QUo Qoo
il 0S50 000 0S5 Ned NE2 255 2SS 105 1048 108 108 148 112 101 OFs oo oor
012 005 000 0&d D84 062 255 255 102 109 109 109 115 112 100 OFs 000 oo
012 Q20 000 085S 084 053 255 255 111 (12 112-113 119 112 100 9¥Fe Qoo 000
012 035 000 385 0ed 083 255 255 115 118 118 118 115 113 100 4¥s ono 0oc
012 NS0 000 0585 110 086 255 255 111 113 113 113 115 113 1040 103 000 o0
Q12 D05 009 0eS 116 AT 2395 255 111 113 112113 128 138 099 112 oo Oor
D12 020 000 08e 1id 088 255 255 107 102 103 108 13% 134 09 108 oo oo
013 03S 000 087 115 068 255 255 107 102 108 109 138 135 113 110 000 O0r
012 0SS0 000 0eS 116 0&eF 25% 255 111 112 112112 137 134 113 1132 000 001
D14 005 000 GES 114 DaT 255 255 113 144 114 114 138 137 115 115 0y ane
g NS0 000 e 115 088 2SS 259 114 115 115 115 137 13s 115 113 Qa0 ot
Old 035 OO0 Ss 107 088 255 259 114 115 115 115 137 126 115 115 0o o
Bld QS0 000 052 tod pes 255 259 114 115 115 115 137 138 113 11 nao oo
NS 00S O00 oS 14 08S 255 25% 1i4 115 115 115 137 128 115 115 000 onf
015 QS0 a0n neF 104 0eS 259 259 114 115 119 118 137 13& 115 {16 a0 0nd
S 035 N00 D8R 1ud 085 255 255 114 115 115 119 138 137 115 11 000 0o
D15 S0 000 0SS 105 083 25% 255 114 115 115115 138 138 115 1le GO 0
0is 005 D00 D87 104 pR3 255 2595 114 115 118 115 128 137 115 1is Q0 Qi
O1e 020 OO0 087 10% D8R 255 &5% 114 115 115 115 155 129 115 115 Qo0 o
i 035 000 I8F 105 ST 255 255 114 115 1.9 115 132 121 115 116 Q00 o
olée NS0 onn Oed ES el 255 259 114 115 119 11e 127 126 115 117 o0 Qq
LT 005 g0n S eI 059 299 2595 1is 118 119 112 127 126 114 119 BQD g?
017 080 000 N84 Nes PSS 255 299 114 119 115- 110 127 125 111 117 oo Qi

W QINAT PAGE B
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7.1

7.2

- not considered to be reliable and should not be used.

SECTION 7 !
MAINTENANCE & TROUBLESHOOTING .

GRIGHIAT PAGE 1B

. POOR UALITY,
MAINTENANCE PHILOSOPHY = ; Ra

The Sunkeeper Control.Unit requires no extraordinary maintenance

procedures. Typically the only care requires is such that would normally
be given to similar electronic equipment. The Sunkeeper's rugged construc- |
tion and use of all solid state components should provide many trouble~free

hours of contirol operation.

%ROUBLESHOOTING - '

The first step inAtrying to isolate troubles ih a system that is
controlled by a Sunkeeper is to find out whether the malfunction is in the
controlled equipment (sensors, relays, valves, etc.) or in the Sunkeeper.

Disconnect the input control wiring to the Suékeeper at input
connectors JA, JB, JJ and JH. Request that the anéiog_aﬁé'digital input

¢
valve be printed. All should read zero.

Insert an Analog input Tester into cornector JH and read the inputs ar

analog input pins 1 through 16. These should compare with the values supplied

- with the tester. Then insert the tester in connector JJ and read the values

for analog inputs 17 through 32,

if any of the readings are incorrect, the out~of-tolerance channel is

LITE )
If there are other or spare input channels available, the load
wiring normally connected to the defective channel should be
attached to a good spare input channel.
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7.3

7.b
7.4.1

7.4.2

1
!

To check the digital inputs, insert a Digital input Tester in
connectors JA and JB then read the values on lines i - 16 and 17 - 32
respectively,

Qutput drivers can be checked by monitoring the lines at the point
where they connect to the external equipment and observnng the front panel
status lights that :Eluminate to indicate a driver that is ON.

There are no repair procedures for a defective Sunkeeper Unit. The

unit should be shipped back to the factory for repair.

USE OF PHONE IN CENTER

Sunkeesper installations having a teI;phone mod?m on their input/Output
terminal can take advantage of a unique Sunkeeper diagnostic feature. By
calling the Sunkeeper Service Center and attaching the telephone handset
to the mode, the local Sunkeeper can be operated uﬁder the control of a
special diagnostic progrom run at the service center. This feature can

determine the operational status of the Sunkeeper and also help isolate

faults. - ‘

ﬁg&gﬁﬁ?@@ PAGE 15

HYDRONIC SYSTEM "MAINTENANCE 5T PooR QUALFTY

Circuit Setter Valves

These valves reqﬁire no maintenance. |f one should malfunction or leak,
remove it and replace with a new valve. The procedure for using these
valves is ;xplained in Appendix A-2,

Modumate Zone Control Valves

These valves reauire no maintenance: These valves are operated by a heat

o, .
motor. In the event of a failure, turn "OFF" power in the control panel,

Page 7-2
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7.4.3

remove wiring, remove motor and replace, See Appenaix A5 for valve cuts,

.

Gi iswold Constant Flow Controls

These items require no maintenance. In the event of failure, replace.

For ordering information refer to Appendix A-4,

7-4.% Pumps

7.4.5

The pumps require routine maintenance. Refer to Appendix A-3.

Isolation & Draining

Removal of any item in the hydronic system piping requires that the
[.P.E.C.H. package be isolated from the external piping systems. Valves

and drain plugs are provided for this purpose.

Page 7-3
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. '_ CAPPENDIX A C

COMMAND LIST

PROGRAMHING {EDIT) BIAGNOSTIE

. AX  ANALOG EXIT SPECIFICATION AA  ALTER ANALOG VALUE
" CL  CLOSE LIME BEING EDITED AV ADVANCE DRUM LINE
L FB  UBITS VHILH ARE OFF/TURN OFF BIT CB  CLEAR BIT
¥ FD  DRIVERS WHICH ARE OFF/TURN OFF DRIVER CH CLEAR & DISABLE QUTPUT DRIVER HARDWARE
s F!  [HPUTS WHICH £E OFF C: CLEAR IWPUT
0B  BITS WHICH ARE OM/SET BIT DA DISABLE AHALOG
: 0D  DRIVERS WHICH ARE ON/TURN ON DRIVER " DB DISABLE BIT
L 01  INPUTS WHICH ARE ON . DD  DISABLE DRIVER
T OP  OPEN A DRUM LINE FOR EDIT DI DISABLE INPUY
P PU  PUNCH THE PROGRAM DIt DISABLE DRUM
= RL  RELOAD THE DRUM LINES : EA  ENABLE ANALUG
RU  RUN THE PROGRAM EB  ENABLE BIT
. ST. SET TIME ED  ENABLE DRIVER
’ X1 FIRST EXIT SPECIFICATION , _ EI  ENABLE IHPUT
. X2  SECOND EXIT SPECIFICATION EL  ENABLE ALL
» XE  EMERGENCY EX1T SPECIFICATION EM  ENABLE DRUM
XX GET OUT OF EDIT WITHOUT CLOSING NS  REMOVE DRUM LINE STOP
“.w"  ZH  CLEAR HISTORY FILE RM  ROTATE THE DRUM
28  REINITIALIZE ENTIRE SYSTEM RS  RESET TO LINE ZERO
. 24 ZAP DRUH SB  SET MEMORY BIT
i o .SH  SET AND DISABLE OUTPUT DRIVER HARDWARE
. Y. PRINT . . S1  SET DIGITAL INPUTS )
. T ‘ o SL  STEP A DRUM LINE
PA * PRINT ANALOG 5P  STOP
- . PB  PRINT THE BIT MEMORY : TI  PRINT TIME
PD. PRINT DRIVERS
.. PH  PRINT HISTORY FILE -
Pi  PRINT DIGITAL INPUTS .
- _PL PRINT DRUM LINE
o ‘Pit  PRINT DRUM . - .
* PP PRINT CURREHT DRUM POSITION . : o .
: SKIGINAD PAGE IV ) '-_

* PU PUNCH THE PROGRAM
¢ "PX. PRINT DISABLED
T!  PRINT TIME

OF POOR QUALITY: -

]

s TIHE : .
" REAL TIHE InTERVAL Tiite
i " MTH  Honth of year (JAN,FEB,MAR,APR,MAY,JUN, TID  Elapsed time in days (I to 256)
: : JUL,AUG,SEP,0CT ,HOV,DEC) TI# Elapsed time in hours (1 to 256)
i HHD Day of week (MON,TUES,WED,THU,FRI,SAT,SUN) TIH  Elapsed time in minutes (1 to 256)
; © DAY Day of month (1 to 31) TIS Clapsed time in seconds {1 to 256) .
gf QUR  Hour of day {0 to 23) T.5. Elapsed time in 1/10 of seconds_(.} to 25.6.
% " DESCRIFTIONS OF ERROR MESSAGE CODES .

i‘; vee 1 COMMAND HAME HOT FOUND OR NOT YET DOMNE 13 AX SPECIF1ED WHEN MOT IN XI OR X2 MODE
S 2 FORCED TU TRANSFER TO HONEX1STENT LINE th  UNRECOCKIZEABLE RELATIONAL IN ﬂNALOQ SFEC
i R 3 REMOVED 5TOP FROM MOUGXISTENT LIHE 15 INCORRECT VALUE tH ANALOG SPECIFIGATIOY
: 4 DIN HOT HAVE SLASH IN STOP 16 TCO HANY ANALOG SPECIFICATIONS FOR BUFFER

; 5 OUTPUTYED LINE / RLFLRS TO MONEXISTENT LN 17  ALPHA ARGUMﬁNT NOT FOUMD N TABLE
# 6 ASKED TO FIND NOMEXISTENT LINE_# 18 NUKERIC ARGUMENT 65K
3 7 VALUE OUT OF RANGE [N COMMAND LIMNC 19 ° BAD DELIMETER BETMEEN ARGUMEHTS
i g OPEH OF NEW LINE BUT NHO LINE NUHBER 20 BAD FIRST-DIGIT OF LiNE ﬂUHBEB
i3 9 . LINE BUHMBER NOT VALID 21 IULTIPLE XE ADDRESSES FOR SAHE ORUN
o 10 EDIT COMMAND SPECIFIED, BUT HOT 1N EDIT 22 NEW LINE REQUESTED, BUT MEMORY FULL
i 11 INPUT SETTINGS SPECIFIED IR X1 OR X2 MODE 23 CAN'T PUubH WIILE STILL 1 EDIT
@ 12 X1 OR X2 ADDRESS 1S FOR DIFFERENT DRUM 20 IKVALID DRUM HUMBER

- l . ' N /'3 . ! ! *

F
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APPENDIX B

CIRCUIT SETTER VALVE OPERATION
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The Circuit Setter Valve Operation Bulletin A507 has been deleted
because it was copyrighted 196%, 1973 by International Telephone and
Telegraph Corporation, For information contact Bell & Gossett, Fluid
Handling Division - ITT, Moxton Grove, ML, 00083,
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FIGURE 1. EXAMPLE LALANCE PROBLIEM

iNOTEu:
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. Figure 1 is representative of a o scale'' piping lziyout and equipment
schedule as provided by a consultant's office. Figure 1 will be used as an ex-

ample to illustrate pre-set balance procedure.

TERMINAL UNIT SCHEDULE

3 ~Terminal] Mig. | MBH |GPM]| PR eyt
: - Onit | & No.| Capacity [Flow| Hd.| 7" i
=1 - —= B0 [T 6| 3-way

Tw2 - e 720 | 12' | 2-way

Tu3 - e 10| 3} 2-Wway

T4 - -- go | 4'f 'F&B

, FPUMP SCHEDULE
Ponn No. | Mg, No. | GPM Ft, Hd: [ HE
P=1 B&EG | e10_ 80

CONTROL VALVE SCHENULE

Valve | migl size | Type |Cv.
N e v ey ALY R ST T
vz | = |2-1720} 2-Way} 24
V-3 e 11740} 2-Wayf 6.7
ved | - | av | 3-way} 185

®Cv often not shown, but penexralized
head loss limitation is stated in speci-
fication. -
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FIGURE 2, PIPE S1ZING IDENTIFICATION/FLOW RATE

Tk et aRmic SR

PIPE SECTION FLOW DETERMINATION

Telmnmls T-1 (50 GPM) and T-2 (70 GPM) draw their required flow from the tee
located at "D'", Since (50 + 70) or 120 GPM lcaves "D", 120 GPiM must enter
through pipe scction B-D. l{

The tee located at "B'" must provide 120 GPM to B-D plus 10 GPM to T~ Z‘ section
A-B must then flow 130 GPM to "B, ETC,

Page B-6




gl Se R N

4
i £ T e |

ol
gy
3

——

b

"IDENTIFY PIPE SECTIONS AND PIPE SECTION FLOW RATES

STEP 1

Y

Pipe scctions are letter identified frorn "tee to tee' as shown on
AL PAGE B
SF POOR QUALIT Y

Pipe section flow rates are derived {from terminal unit flow rate

Figure 2,

needs and on the simple premise that water flow into a tee equals
water flow away from the tee. The procedure is shown on Figure
2,

The method* used for deterraining terminal unit flow rate need
should be established by the consulting firm; either in the speci-
fications or by corfirrmation letter to those concerned with balance.

n this case, a "bid acczpted" terminal unit schedule will be used.

It will be noted that the schedule shown on the plan illustrates the
terrninals used as a bacis for design; pipe sizing, etc. ... while
the specification may state alternative units which are '"bid accept-
able'’,

Should another manufacturer's terminal units be accepted, the ter-

minal unit schedule shown on the plans should be disrcpgarded and

replaced by 2 schedule illustrating the tevminals that will actually

be used,
¢

For this example, the terminal units schedule on the plans arc al-

so '"bid acccpted“ and form the basis {or the pipe section {low rates

. shown on Figure 2.

JRIGINAL! PAGE I§
OF POOR QUALITY

%Other methods; GPM by temperature difference and
GPM by unit size are shown in Examples 2 & 3,

Page B-7 -
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H _STEP2 DETERMINE ESTIMATE PIPE SECTION HEAD LOSS BY
' b TABULATED PROCEDURE AND 5H10W ON PLAN

The procecdure used for determining pipe section loss ({t. Hd.)
has been simplified by Bell & Gossett through use of Tables and

Charts., (See Section 2; Head Loss Estimation).

In order to establish basic pre-set balance procedure most guick-

ly, it will be assumed that pipe section head loss have been esti-

‘wi mated’ by simple preoced i 2s later shown and that these sectional

head losses appear as below:

- . PIPE SECTION FLOW RATE g::ilﬁg;;
A B 130 1. 9 _
B D 120 2. 2! |
D F 50 1. 2!
- C E 10 1. 0!
.I' E G 80 1,1t §
) G H 130 6. 6! :?
. F G (T)) 50 16. 9! 'E
D E (T2 70 34, 9 ’
B C (T3) ‘10 14, 4!
3 A H (T 80 6. 6
. H A (Eauip, Room) 210 10. &'

These ecstimaled head losses arc shown on the piping plan.,

*%*Pipe scction head loss estimation for this particular
example is shown in Scction 2; Head Loss Estimation;
Example 1.
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STEP 3 USING PIPING PLAN AS '"ROAD MAP'", FIND HIGHEST

HEAD LOSS CIRCUIT

Since the equiprnent room piping' (H—=-A) flows all the water de-
livercd to the terminal circuits, it is not part of the proportional
! & balance prehlem. The considerations pertaining to proportiénal
) balance start at the first junction take-off from the supply main

(in Figure 4 at A) and end at the last circuit return to the return

54“;1

main (in Figurc 4 at H).

The pipe plan is now used as a road map and all possible flow paths
frorm A to H through the various terminzi units are determined.

Pipe section head loss for eack possible circuit flow path are added.

The circuvit flow path that bas the highest head loss is found by comn-
parison. For this example, the circuit flow path {rom A—+I
through terminal T-2 has the highest head loss as shown in the com=-

@ . parison below:

CIf{CUIT A H Thru T-1 A H Thru T-2 A H Thru T-3 A H Thru T-41
Pipe HHead Pipe IHead Pipe Head Pipe Hecad
. Section Loss Scction Loss Se.ction Loss Section Loss
A-B 1.9 A-B 1. 9% A-B 1. 9! A-H (T4 6. 6!
B-D 22 B-D 2. 2! B-C(T3) 14, 4!
D- 1. 2! D-E(T,) |34. 9' C-E 1. 0!
F~-G(Tp) | 16. 9" E-G 1, 1t E-G i
G-H h, 6! G-H 6. 6! G-H 6. 6'
‘[ Total Required : " g
Circuit IIld, Loss “8.8 45.7 25. 0 6. 6 .
Highest Hd. Loss > 45, 7'

=g

Page B-11




STEP 2: READ 1.7' HEAD LOSS OPPOSITE
70 GPM FLLOW RATE

i .__ﬁ—
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INSYRUCTIONS i
1. SET RUQUIRED HIZD LOTS OPPOSITE GFLL F1.OVY i
2. REAU SETTING KIDICATUD BY HARLINE OPPOSITE DESIRED VALVE SIZE ’
*SCITING
e
- ~_..—-"/
-
\-—..—/
- — :
2 !
CIRCUIT seTren CIRCUIT SETTER |

VALVE BIZE VALVE €12¢

~RIGINAL PAGE IS
/~..._.._._.--—/ | ~* POOR QUALITY]
L STEP 1: SET RULE (SIDE 1) TO OPEN (0%)

| SETTING FOR 2V2" VALVE

FIGURE 5, FIND OPEN CIRCUIT SETTER. VALVE
HIEATD LOSS

lfil-.'
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é
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 STEP 3a

' !
FIND BALANCE GOVERNINC HEAD LOSS; ADD OPEN CIRCUIT

SETTER IIEAD LOSS TO (G UIEAD LOSS CIRCUTT

The highest head loss circuit (A==H thru T?) includes an open
circuit sctter valve (CS-2) in pipe section D-E, The head loss of
this valve must be added t» its cixcuit head loss to establish the

balance governing hecad loss,

The open circuit setter valve is contained in pipe section D-E;

which is abstracted from Figure 4 as below:

ORI QuALITY
Ve oF POOR
r__f_' €s-2
@'——\'J . wJ‘ ol A" r‘ .“-ﬂ Ql m-'“i .]:':E’mn“;m.‘mr{’:{}““' e e R .[
]

‘_ e \I”.ZV;‘ L L:“_M ‘ /’

YLl TOIDEI34.0" ©®

FIGURE 52,  SECTION D-]E ABSTRACTED FROM FIGURE 4,

The open circuit sctter valve is line-sized at 2-1/2'" and Thws 70
GPM. Figure 5 shows that for this cortdition,  the circuit setter

valve will cause ). 7' head Joss.,

Balance poverning head loss now becomes:

n

HIGIIEST CIRCUIT HEAD LOS5S (A—1II (hru Tl) 45, 7'
OPEN 2-1/2" CIRCUIT SETTER @ 70 GPM = 1.7

TOTAL BALANCE GOVERNING HEAD LOSS 47, 4

n

ot - /Page;B- 13
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STEP 1: SET FOR SCLECTION CONDITIONS:

VGPM@ 186" FOR CS-1

T l

\\LD LA LOS,\,
h’

\] ‘;CML Eﬂ f'm,.,,

INSTRUCYI

CINCUIT SEITENR
valvel $17L

FIGURE 6,

Gl L‘SG JNRS

NS

1. SET REOULED MEAD LOSS OFi 10SITE GPM FLOW
2. READ SLYTING ILiCATED BY KA MALIE OPPOSITE DTSIRED VALV'E SIZE.

-

MC |'~

HiL;

*SETVING
\ ¥ b
= v,

cineult SETTCR
VALVL 8K

STE:P 9. READ POSSIBLE SE LLECTIONS FCR

CONDITIOI\S 50 GPM 18.6°

1" @14°
u O 240
2‘/2" @ 36°
3" @AT°

SL‘LLCTION FOR CS-i; 2-1/2" LINE-SIZED

CIRCMT ! "'1"1"1'5!{ U@ 36 U5kD
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DETERMINE "PRE-SET" CIRCUIT HEAD LOSS REQUIREMENT

..—.—.A,_.., —
T rm—— 'r”vz*—nyr—,_.'.__
oa v

STERP 4  DE: ! ' CIR .
AND CIRCUTT SETTER SETTING KOUIVALENT
The piping layout shown in Figure 4 will be set in proportional flow
balance when cach separate flow=circuit path has cqual head loss at
its desi.gn flow rate. '
pﬂﬂlﬂm PAGE I8

R QUALITY |
In order to achieve this objective, circuit sctlter valves will be
pre-set' for the head loss diffcrence between that needed for the
"balance governing' circuit and the ''total reciuircd) head loss for
all other circuits. This can be tabulated as below:

CIRCUIT A-+H thru T, A==I1 thru T A—=H thru T3 A-=H thru Tg4
"Balance Governing" i i ’ X
Hoad Losa 47. 4 47, 4 47, 4 47. 4 |
Total Required Head i _ : ; ) v
Eene/ Clrentt -28.8 45,7 -25,0 6. 6 :i
Circuit Head Locs " . '
b o P
Circuit Setter Flow 50 GPM 70 GPM 10 GPM 80 GPM

s - arm——
Circuit Sctter No. Cs-1 cs-2 CS-3 CS-4 |

—

Civcuit Setiter Pre-set

18, 6' @ 50 GPM

1.7' @ 70 GPM

22.4' @10 GPM

40.9' @ 80 GE

The circuit setter valves ave sclected Tor the conditions shown in the

last tabulated line. The procedure for sclection is shown in Figure 6

for CS-1

While circuit setter valves will often be selec¢ted smallex lhém line=

size, for this example a iinc-size sclection is made as {ollows:

CIRCUIT SETTER NO. C¢5=1 CS-2 CS-3 CcS-4

VALVE SIZE 2-1/2" | 2-1/2v | 1-1/4v 3

SETTING 36° Open (0) 39° 45°
Page B-15
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PUMP MAINTENANCE
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The Series "60" In-line Centrifugal Pump Maintenance Instruction
Sheet S16946, Parts List and Performance Curves have been deleted
because they were copyrighted in 1967, 1974, 1975, and 1976 by International
Telephone and Telegraph Corporation. For information contact Bell &
Gossett, Fluid Handling Division - ITT, Morton Grove, I1l., 60053.
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» HEAD LOSS ESTIMATION
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2%750
cs-1 | i
®‘ ¢ @ :
2%750 - ‘;k-s'?ao :
F 2%'/s0 4 ' BID SELECTED
Y TERMINAL UNIT SCHEDULE
v.a cs.e l ' Terminal | Mig. MBH GPM t,
; Unit No. Hd.
©~ T2/70 ——gel-e | ® i PR !
2%770 | Leh | e 1 B
I T-3 - - 10 e
A | tor fo s | o]
‘ 37120 14710 *
V-3 cs-3 | |
O T-3/i0 © :
1 %4710 |
137130 1 A I
® 4°30/210 4'/2:?11 4" '
| RA, - - —
: i
* I } 37130
4" - 1 1“-3'780
Y 4* A #3'/130 Means:
P-l I 3" Pipe @ 130 GPM
3780 i For Pipe Section G-H
Cs-4 |
T-4/80 }—zoilef}
3780

FIGURE 1.
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EXAMPLE BALANCE PROBLEM
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HEAD LOSS ESTIMATION PROCEDURES

Pre-set balance procedures require that each pipe section be evaluated

in terms of its head loss. For purposes of evaluation, system piping sections can

be broken into three types:

s

1.

Distribution Pipe Sections

The distribution pipe sections are the supply and return pipe sec-
tions between the equipment room and the terminal unit pipe cir-
cuits. Distribution pipe sections are exemplified in Figure 1,
page 42, by pipe sections A-B, B-D, D-F, C-E, E-G and G-H.

"~ Distribution pipe sections usually contain only pipe length, elbows

and tees.

Terminal Sub-Circuit Pipe Section

The ""'sub=-circuit' contains the terminal unit and its control valve
(if used) together with shut-off valves, etc. and is exemplified in
Figure 1, page 42, by pipe sections B-C (thru T3}, D-E (Thru Tj),
F-G (thru T)) and A-H (thru T,).

[

Equipment Room Pipe Section

The equipment room pipe section flows total system flow rate and
is exemplified in Figure Figure 1, page 42, by section H-A (thru
boiler, etc.). Equipment room pipe section head loss is not nec-
essary for proportional pre-set balance, but is useful for final

flow estimation. ,

BRIGINAL pa 15

OF POOR QuaLsTY
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250

Distribution | Measured
43780 Pipe Section Length
A-B 30'
B-D 40"
® D-F 42'
OF C-E 50"
| E-G 60'
A G-H 132!
r
i

5
]
Rt B e o e e e Sl i i

kam ®3"/130 Means:
3" Pipe @ 130 GPM

w | For Pipe Section G-H
3780 |
Cs-4
= 5
3veo
FIGURE 2 DISTRIBUTION PIPE SECTIONS REPRESENTED BY
d | =4Sy =& 3 Sdvy P b

Distribution Pipe Section Head Loss Tabulation Form

Pipe Section A-8 |B8-0|D-F|CE |&£G|GH
Flow Rate l30i/20| 50| /0 | §0 |/30
Pipe Size ’ 3" 3" 2&. /&. 1 Y
Measured Length 30' [40'[42' 50'| 60'1132'

5 El or Thru Tee ZI' %8' 73&" %’ 32'

g S Side Tee nﬁ'

g é’ Valve

5 -] Other

:3‘ Other

Total Equivalent Length 96 | 64'1 60' 533,' 68'|/64"

Pipe & Fitting Head Loss (Table )] /97]22'| £2' |20'| #.1']| 6.6

WORKSHEET 1

Page C-6
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ORIGINAL PAGE

ESTIMATING DISTRIBUTION PIPE SECTION HEAD LOSS

Actual estimation of pipe section head loss is best explained by refer-
ence to the examples stated for use with the head loss estimation table (Table 1 -
page C-8), The examples used are for pipe sections A-B and B-D in Figure 2,
page C= 6. 7. |

Table 1 stated the relationships between pipe size, pipe flow and piping
head loss as affected by total equivalent pipe length (TEL). Since pipe size and
flow raie is known, the balance contractor need only establish TEL to determine
pipe section head lass,

TEL will be the sum of measured (scilled) pipe length plus the equiva-
lent fitting length as shown on Table 2, page C-9.

Reference to the examples stated for the head estimation tables illustrate
such procedural simplicity that tabulation forms (though shown in worksheet 1, page

C-6 are not needed, A Head loss results can be directly entered on the plans since

only a simple addition (measured plus fitting equivalent length) permits entry into
Table 1.

NOTES CONCERNING DISTRIBUTION PIPE SECTION HEAD LOSS

Distribution piping will commonly occur as between two tees; see sec-
tion B-D (Figure 2, 'pa.ge C-6). When estimating distribution piping fitting equiva-
leat length, howevef, only one tee is used for estimation (as at "B'' in pipe szction
B3-D). This is because the tee at "D'' will be included in the evaluation for pipe
section D-F, :

Ao Y

’ Page C‘?



A L L T oot s X e A 52 ATt b

TABLE ! FT, HEAD LOGS ESTIMATION TABLE TABLE ) _ FT, HEAD LOSS ESTIMATION TABLE
PIPE FT, PIPE LENGTH, FT,
| 12.5 | 10 8.3 7.1 6,25 ] 45 .2 3.8 3.6 3.3 2.9 7 2.6 R ] 2.4 .3 2 z.1 2z )
.2 25 20 16.6 | 143 | 125 10 8.1 8.3 7.7 .3 6.6 5.9 5.5 $.2 5 4.7 45 4.3 41 4 .2
i 3.5 | » 25 21.4 | 18.7 15 1.6 | 12.5 | 1.6 10,7 10 58 83 7.9 7.5 7.1 6.8 6.5 6.2 6 3¢
.4 50 40 33,3 | 28,6 | 25 20 18.2 | 16.6 | 153 14,3 133 7| 1| 1.5}) 10 9.5 9.0 8.7 8.3 ] 4
.5 62,5 | 50 4.6 | 5.7 | a2 25 22.7 | 208 | 19.2 1.9 | 16.6 1.7 | 18| 131 125 | 1.9 1.3 | 10.8 | 10.4 10 9
.6 7% 60 50 42.8 | .4 30 2.2 | o 23,2 21,4 | 20 1.6 | 166 | 15,7 | 15 1431 13,6 | 13 12,5 12 .6
5 87.5 | 70 58.3 | so 4.7 35 .8 | 29.1 | 26.9 25 23,3 20,5 ] 19.4 ] 1.4 1.5 ] 16.7] 15.9 ]| 15.2 | 146 14 bl
.8 100 a0 66.6 | 57.2 | %0 40 36.4 | 3.2 | 30.6 .6 | 266 23,4 2.2} 2 20 19 18,2 | 17.4 | 166 16 .8
.9 1z2.5 | % 75 6.3 | s6.2 “ 0.9 | 3.4 | 345 2.1 30 26,4 | 25 23,6 | 225 | 21.4) 20.7 19.5 | 18.7 18 .9
1.0 125 100 833 | 7.4 | 62.4 50 45.4 | 4.6 | 384 36,7 ] 333 29.4 ) 2.7 | 2.2 | 25 23.8 | 223 | 21.6 ]| 20.8 20 .0
L1 137.5 | 110 91.3 | 78.5 | 68,6 55 49.9 | 45.0 | 42.4 9.2 36.6 32.3| 0.4 | 2.9 21.5 | 26.2| 24.9 | 2381 229 | 22 1.1
1.2 S0 120 100 85.6 | 4.8 60 sh.4 | S0 46,4 47.8 | 40 5.2 | 13,2 n.4| % .6) 2.2 | 26 25 P L
1.3 162.5 | 130 108.3 | 92.8 | 811 &5 59 541 50 46,4 433 38,1 4.0 2.5 29.5 | 28.2 | 27 26 1.3
1.4 175 140 116.6 | 100 87.4 70 63.6 | 8.2 | 538 50 46.6 41 8.8 | 368 3% 33.4] 3.2 30.4 | 291 28 1.4
1.5 187.5 | 1%0 125 107.2 93.7 75 8.2 62.3 57.5 53. 6 50 43,9 | 4.6 39.4 37.5 5.7 4.1 3z.6 3.1 30 1.9
- L6 200 160 1333 | 1144 | 100 80 2.8 b6, 4 61,2 7.2 $3.3 46,8 | 44.4 b 3. 4 34.8 332 2 1.6 |4
s 2125 |70 14,6 | 120,85 |106.2 85 .3 1.6 | 65.1 60,7 56.6 50 4.2 | 446 42.5 40,41 38,7 3.9 35.3 34 1.7 | 2
51 .8 225 180 150 128.6 | 112.4 90 8.8 | 7% &7 64,3] 60 52,8 | s0 a.2) 45 42,4 40,9 39 37.% w s | =
ol 1.9 237.% (190 158.3 11357 | 1186 95 86.3 79 2.9 67.9 63.3 55.8 | S2.7 ) S0 47.5 45.21 431 4.1 39.5 38 L9 |
3 2.0 250 200 166.6 | 142.8 | 124.8 100 90,8 81.2 76.8 7.4 66. 6 58.8 | 55.5 52.4 50 47.6 | 454 43,2 4.6 40 20 |2
2.1 262.% j210 175 150 13 10% %5, 3 87.4 80.8 7% 70 61.7 58,7 55.1 £2.5 50 47,7 45. 4 457 a2 2.1 z
g§] 2.2 275 220 183, 3 | 1570 |i3n.2 110 100 9.6 | 848 78.6 | 73.3 64.6 .9 | 57.8 1 5% 52.4 | so AT.6 | 45.8 44 22 |8
z| 23 287.5 |23 19,3 | 164,10 143, 4 1s 104,3 | 95.8 | e8.8 B2 76. 6 67.5 | 63.6 | 60.3) S7.5 | 548 52,1 50 47.9 46 2.3
21 3.9 100 240 170.2 | 149.6 120 108,3 | 100 92,8 #5.6 | ®0 70.4 | 66,4 | 628 87,2 s4.4 | 52 $0 4 2.4 §
las n2.5 | 250 208.3 f178.4 | 155.9 125 13e | 1041 9%, 4 89.2 83.3 73.3 | 69.2 65.5 62.5 59.6 | 56.7 s4.2 | s2 50 .5 | e
2.6 32% 260 216.6 | 185.6 |162.2 130 118 i08.2 | 100 92.8 26.6 76.2 62 59 S6.4 | 541 52 2.6 | =
g 2.7 337.% 270 225 192.8 | 168.5 135 122.6 |112.3 | 1038 96, 4 90 79.1 67.5 64. 4 61.3 58,6 $6. 1 54 2.7 ;‘
el s 0 280 233.3 174.8 140 127.2 |116.4 | 107.6 | 100 933 L 70 66.8 1 636 60,4 $8.2 5 .8 | =~
2.9 362.5 | 290 241.6 |207.2 | 181,12 145 131.8 |120.5 | 110,53 | 1036 9. 6 84,9 725 | 69.1] 65.9] 63 60,2 58 2.9
3.0 375 300 250 2i4.4 | 187, 4 150 136, 4 |124.5 | 115 107.2 | 100 87.8 75 M.4] 60,2 65.2] 62.3 60 .0
3,2 400 320 2583 |228.8 160 145.6 [132,8 |122.4 | 1144 | 066 93.6 80 7371 12.8 67.4 | 6h. 4 ¢4 32
3.4 | 425 340 283.2 | 250 212, 4 170 154,6 |1410.2 [130.4 | 125 1132 100 85 s0.8| 77.3 | 78| 70.6 (] L4
L6 450 30 300 257.2 | 224.8 | 200 180 163.6 | 150 138 1286 | 120 105. 6 90 84.8 1 816 7% 7 72 L6
8 475 380 316 271.4 23,2 |21t 190 172, 6 | 158 145.8 | 1357 | 126.6 16 il 9.4| 86,3 82,2} 79 76 5.8
40 500 400 333 285.6 | 249.6 | 222 200 181.6 | 1664 (53,6 | 1428 | 1322 1nLé 100 95.2] 90.8 | sb.4| 832 80 4.0
| ) 42 525 420 50 300 262 232.4 | 210 190.6 | 174.8 | 1616 | 150 140 123, 4 108 100 5.3 90.8] 87.4 B4 4.2
4.4 | 950 440 366 H4.2 [ 2144 2406 | 220 200 183.2 |169.6 | 157.1 | 146.6 129.2 110 104.8 | 100 9%.2| 9.6 s 4.4
w 4.6 575 460 379 328.2 | 286.8 |2%54.6 | 230 208.6 |191.6 |177.6 | 164,21 | 1532 135 s 109.6 | 104.3 | 100 95.8 92z 4.6
o 4.8 600 430 400 342.4 | 289.2 | 265.6 | 240 217.6 | 200 185.6 | 170.2 | 160 140.8 120 114.4 | 108.8 | 10s 100 b 4.8
) 5.0 625 500 416 357 312 278 250 | 226.8 |208.2 |192.8 178, 5 166. 6 146.6 ] 139 131 125 119.2 1 113.4 | 108.4 ] 104.) 100 5.0
A d:‘.:";: fase. 8| 1o 1z 1.4 L6 1.8 2.0 22 2.4 2.6 28 %0 5z 34 .6 3.8 a0l az a4 “h 4.5 5.0 & Sy
] GPM GPM
(-]
il .- i 51 .55 6 .63 . 67 .7 74 76 .8 .84 .86 LBy .92 .95 .97 1 1,02 1.0% 1,67 1.1 18
1z .76 .86 .95 Lor| 2] 2 L27] 1,33 L4 1,46 1.52 1.59] 62 1. 68 1.75] 1.8 1.85 1.9 LYl 2 2.04 2,08 V2
34 1.62] 1.8% 2.2 2.4 25| 2.1 285 29| 31 3,22 3,3 A5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 44 3/4
] 31 35 3.9 4.3 4.55| 4.8 5.2 5.4 5.7 5.9 6.2 6.4 6.6 6.9 . 7.3 7.5 .7 7.9 8.1 23 84 i
1-1/4 6.6 7.2 8.2 a8 9.6 | 10.5 | 10.75] 11,2 | 1.8 | 12.5 i3 13,4 | 138 1.2 | 148 | 1% 15.5 16 16.4 ] 18,8 | 17.2 1.5 | 1-1/4
- 1-1/2 9.8 | 111 12.2 | 1.3 | 162 | 151 16 17 17.8 | 18.% 19.2 20 20.8 | 21,4 | 22 228 23 ca.2| 248 25.4| 26 26.5 | 1-1/2
2 el .2 19.2 | 21.5 | 24 26 28 29.8 | 3.8 | 33 34.5 % 1.5 19 40.5 42z 43 44 4 46 47 48 $0 51 2z 93,;
1 Rl B 38 a2 44 47 50 53 56 58 60 62.5 | &5 67 69 7 73 7% 7 7 85 82 -1zl 5g 2
L wl 3 55 63 69 75 80 85 90 95 100 105 10 14 1ns 122 126 128 132 136 139 142 146 150 3 B
yiLy 4 115 128 142 153 165 175 188 198 208 215 224 233 242 250 257 265 270 278 286 296 302 306 4 >
% 5 208 232 258 280 300 120 340 360 378 390 408 425 440 455 448 481 495 505 520 535 $50 560 5
g ‘ 6 335 380 420 450 450 520 350 SBO 610 640 £70 700 720 750 770 809 820 840 860 820 900 920 6
3 Q. 8 700 780 820 940 hooo flogo 130 |i2e0  pzeo 30 1370 1420 i"w 1530|1580 1630 1680 1730 |1760 1800|1850 1900 s
e " 10 1260 410 l1ss0  fi7oo0  [isio  fi9s0 2060  [2160  R290 390 2500 2600 |2700  |27%0 2850 2930 3000 3100 |32c0 3250 |3300 3400 10
{ a 12 Jeo00 p2so  [2500 700 2900  D3loo  [3300  [3400 k00 100 1900 4100|4200 4350 4500 4650 4800  |a9s0 [s100  [s250 |S400 5500 12
| ®R ~
} 5 s | .- - - .- .4 .43 .45 .48 5 .52 .55 .57 .59 .61 82 .65 .67 L68) L1 .12 74 15l e
i D \2 - - .64 .7 o 15 .8 .85 ) 950 Lo 1.0% roe| 1.1 LA 307 1.3 1.2 .28 L. .35} 1.38 1.4 1z
| . 3 5| s o | e | was| was| wize] alaz| ais | e | aes] wlzs| wiszl w9 | wies| 2o | zer| zus| zz| zas| a3 ) 2Za| zas| sl 7S
rgsal s 1.4 1.6 1L.75] L9 2,05 2.2 2.3 2.45| 2.55| 265 2.8 2.9 3,0 3.1 52 3.3 3.4 3.5 3.6 3.7 e 3.9 /4 Jpgi
=8 1 30 3.4 3.7 41 44 4.7 5.0 5.2 5.5 5.7 6.0 6.2 6.5 68 7.0 7.2 7.8 3 8.0 82 8.3 8.5 T b 5
E dE 1-1/4 5.2 5.9 6.5 7.0 7.5 8.0 8.5 9.0 95 10.0 10,5 1.0 1.5 1.2 | 1w.e | 12,1 1225 1 12.9] 13.3] 136 ] suns 1.0 | 1-1/4 7?5.,
220K 112 8.5 95| 1000 | 10,5 | 1.2 | 13.0 | 138 | 145 15.0 | 15.8 16,5 17.2 | 1s.0| 184} 190} 19.5]| 200 205 21,0 21.5| 220 22.5 | -1z
ﬂ g7 = 18,0 | 20,0 | 22.0 | 24.0 | 26,0 | 28,0 | 30.0 | 31,0 | 330 | 4.0 35,5 3.0 | 340 39.0 | 4.0 | 42.0] 430 o 45.0| 46.0] 470 48,0 s ’
1 2-1R 32.0 | 365 | 40.0 | 44.0 | 47.0 | 50.0 | S2.9 | %55 | s8.0 } 62.0 64,0 | 66,0 ¢2.0] 68,0 700 720| 74.0| 76,0 78.0| s0.0| s2.0 84.0| 2-172
! 51,0 | 7.0 | 63.0 | 70.0 | 740 | 79.0 | 83 88,0 | 930 | 97.0 | 100 106,0 | 110.0 | 116.0 | 120.0 | 124.0 | 128.0 | 130 132.0 | 135,0 | 139.0 | 142
i
|




R e KR Y e Y igav gy T bow B 2 oo saamaa et leg ool siiny _fhe s ei) RS b Srub b d S b (T8 - o il ey i Teud e o o dnm e et She a R e Lodme

R T T S TN ¥ ” - s

O ' O L Y

TABLE 2 EXAMPLE 1:
‘ Estimate friction loss from A to B given the following
FITTING EQUIVALENT LENGTH TABLE
L "' - (1) Pipe Size is 3",
+ (2) Flow is 130 GPM.
W’ Tee; Side ol & (3) Measured length (plan) = 30
Nominal Or Branch Flow Miter | Miter VALVES w (4) Tee @ "A'" is screwed and 3" side branch size; {
) Yoo Flow Thwe 1 0wt - z is side branch.
Pipe e - 3'|p5
Si L &_ GATE GLOBE PLUG 2
ol L\ SRt b 85 [ 1mocem sourion:
. — R TR T P H ] o M (1) Determine Fitting Equivalent Length
Srew | weig | U™ | e Weld"| Weid Al All All 3 (Bl °  TFrom Talie 2, Bcreéwed tee, side branch flow
= |1 ” 2 1 2zl » \” 1s 1 d(" equivalent length o8 lﬁ'. Do not include equival
: length for fitting @ "B".
|2 1 4 H 4 7] 12 2 1-1R = A\
p 3 -2 § 3 5 1 4 e 2 wl {1 — - * (2) Determine Total Equivalent Length (TEL)
ol Rl R LS i S ML T » 217 WA TEL = Measured Length + Fitting E. L. = 30
-1 | 4 2 8 + e | 1-1r 1-14 L 3 46"
r 5 -2 10 5 10 2 -1z 50 4 EXAMPLE 1 ¢ < et
21 | 6 3 12 6 2| 2ar 5 ) 5 DIAGRAM (3) Determine Friction Loss By Use of Table 1
;,U ] + 16 9 15 3 2-1r % 1 Enter Table 1 @ 3" L. P.S., Proceed to 130 GPN
o2 P 517 2 20 4 3 10 8 next greater (132). Proceed upward to TEL eq:
o . 5 o S48 - to or greater than 46' (47.5'). Read 1. 9' fricton
al? ' : . 0 (See Table 1).
1 & 9 3 0 ] 4 17 12
wle u 2 0 | . w0 16 ;
o i v 1o In |1 m | » EXAMPLE 2: 4
el e » - 3 ’ e » Estimate friction loss from B to D given: E
*Applies to Side Branch Flow (m Pipe Size is 3"
(2) Flow is 120 GPM /s
: (3) Measured Length = 40'
Mﬁ: (4) Pipe Section Includes Screwed Fittings as:
3 2 Els + 1 Flow Thru Tee
! Determine head loss for 3" pipe, 130 GPM when TEL =
1 : i
164" (Section G-H, Example Problem). SOLUTION:
SOLUTION: (1) Determine Fitting Equivalent Length from Table
i i each fitting = 8'E.L.; Fitting E.L. = 3x8
Enter Table 1 @ 3" pipe, proceed to 130 GPM (132), e | : :
proceeding upward it is found that 164' is not shown on Table. PEAMBLE 2 @ Hele rml;;l? -=D I:'tai Ezq‘;z'w:legzll..ength.
164' = 100'+ 64' SO: DIAGRAM
Head Loss @ 10?'. = 4, 0: i (3) Determine Friction Loss by use of Table 1.
Head Loss @ 64' (65) = 2.6 Enter @ 3" to 120 GPM (122) upward, to 64"

TOTAL HEAD LOSS 6. 6" TEL (64. 6); Read 2. 2' Friction Loss




i— —— -; BID SELECTED
| TERMINAL UNIT SCHEDULE
|
fomo | [T e [wen o | e
| T-1 = s 50 5
v T-2 .- ces 70 12!
I T=-3 - - 10 = by
® | T-4 .- --- 80 4
I
|
1""‘7"’ * VALVE C  SCHEDULE
| Valve No. (+] GPM
- TR <
I Vi 24 50
| v, 24 70
| Vi 4.8 10
' v, 185 210
* I zrmo‘
) Lsm #*3'"/130 Means:
14- A 3" Pipe @ 130 GPM
Pl | For Pipe Section G-H
#8780 l
Cs-4 |
o T-4/80 —ge
3780
FIGURE 3 TERMINAL OR SUB-CIRCUIT PIPE SECTIONS REPRESENTED

BY PIPE SECTIONS F-G (THRU T1), D-E (THRU T3), B-C

T3

= 4

Distribution Pipe Section Head Loss Tabulation Form

Pipe Section A-8 |B-D|D-F CE E‘G G-H FG D-E|B-C AH
Flow Rate /130|/20| 50| /0 | §0 |/30 S0\|\701/0 |50
g 3 |3 2w 3" | 3" |2 |24| 14| 3°
Measured Length 30 '142' | 50'| 60°| /32 50'| 50'| 64 |li0*

40
% Vs Vi Vs Vo

g El or Thru Tee 278’ / Z_’ ’/32'
Sa Side Tee /16" 4'Voa'V 7 Vie'
g% Valve o' va' Vi Vg
E é Other
E' Other
Total Equivalent Length 46 | 64°'| 60" |34 | 68" |/64') |74 | 76| 754 |/60k

Pipe & Fitting Head Loss (Table 1)} /@/|22'| £2'|,0'| #-1']| 6.€ 19'12.9'1 14| 2.6
Unit No. T |2 -3 | T-4

Terminal
Head Loss §\/2'13' | 4
Control Cy : );/ ’7 o
Yalve Head Loss 10|20\ 10| -

Total Head Loss with ControlValve

69'1349'1144'| 6.6'

WORKSHEET 2 ORIGINAI} PAGE IS

 Page C-10/ -
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TERMINAL SUB-CIRCUIT HEAD LOSS ESTIMATION

The terminal sub-circuits (Figure 3, page C-10differ from the distribu-
tion piping circuits in that they contain terminal units and fittings, Head loss

estimation is therefore broken into three parts:

1 Pipe and Fitting Head Loss
2. Control Valve Head Loss

3. Terminal Unit Head Loss

The total terminal or sub-circuit head loss is the summation of the head
losses described as illustrated in the calculation sheet under Worksheet 2, page C-10.
Pipe and fitting head loss procedures for the terminal circuit are exactly

the same as already described for the distribution pipe sections (see page C-2).

Control valve head loss determination procedures are based on "C'v“ des~
cription of valve capacity. While the procedure is simple, it does require separate

discussion. Cv head loss procedures are described on the next pages (pages C-12, 13),

Terminal unit head losses are usually based on '"Bid Selected' terminal
unit manufacturer's data, Notes concerning terminal unit head loss determinates
are described on the following pages.

Page C-~11
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CONTROL VALVE HEAD LOSS; Cv PROCEDURE

The temperature control contractor will provide valve C descriptions
to the balance contractor for each control valve in the piping system,

The terminal C

the valve flow rate that is required to

cause 1 PSI or 2, 3 ft.
valve,

head loss across the

used as the base for estimating head loss for other flow rates.

Scale 5 on the B&G System Syzer has been particularly arranged for

Cv head loss evaluation, To illustrate its use, the example problem will be

used. The problem states that the control valves used for T) and T, have a
(.'«v = 24, Flow rates are 50 GPM through T) and 70 GPM through T,

For this circumstance, the Cv mark on Scale 5 is set opposite 24 GPM,
Valve head loss is read opposite the specified flow rate as below in Figure 4,

SCALE NO. 5
4

S 4 orm RLOW

Cy = 24
READ 20' HEAD LOSS SET C, OPPOSITE
@ 70 GPM 24 GPM

READ 10° HEAD LOSS

| @ 50 GPM
FIGURE 4

% describes the valve flow-head loss relationship and means

Since head loss varies as the square of the flow change, the C. valve can be




TR YR € e

TERMINAL UNIT HEAD LOSS NOTES

The plans will generally contain "scheduled' terminal equipment capa-
city, flow rate and head loss. The scheduled equipment may or may not be used,
however, dependent on final bid selection. The terminal equipment schedule
finally used must be based on the equipment actually '""Bid Selected'. The "Bid
Selected" terminal equipment manufacturer should supply "certified' flow rate
and head loss information for use by the balance contractor.

The terminal manufacturer may only be able to provide a single certi-
fied point for some terminal units; head loss for a single flow rate point. Given
that required flow rate is different from that provided how can the new head loss
be determined for the required flow?

Scale 5 of the B&G System Syzer can be used again, To illustrate, the
terminal manufacturer states that a particular unit has 6' head loss at 4 GPM.
Required flow rate is only 3 GPM, The procedure for establishing the head loss
at 3 GPM is shown below as in Figure 5,

oMM ROW b SCALE NO. § 4 GPM FLOW

SET 6 OPPOSITE 4 GPM

READ 3 4" HEAD LOSS
FIGURE 5 OPPOSITE 3 GPM

page C-13
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EQUIPMENT ROOM HEAD LOSS

While equipment room head loss evaluation is not necessary for the pro-
portional '"'pre-set'' balance procedure, it is useful for evaluation of final pump
head requirement and for prediction of estimated flow rates through each terminal
(see page C-2).

Equipment room head loss determination is essentially the same as for

the terminal sub-circuit in that it is composed of several parts:

. Pipe and Fitting Head Loss
Control Valve Head Loss
Prime Equipment Head Loss (Boilers, Chillers, etc.)

oo

Specialty Equipment Head Loss (Strainers, Air Separators,
3-D, Checks, etc.)

Pipe and fitting head loss procedures are the same as described for dis-
tribution piping head losses. Equivalent length for equipment room strainers,

checks, etc, shown on the calculation chart.
Control valve head losses are the same as described on page C-10.

Head loss for boilers and chillers is available from the manufacturer,

Head loss for Bell & Gossett specialty equipment (Rolairtrol, 3-D and
Suction Strainer refer to B&G Product Catalog),

Page C-14
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—i BID SELECTED
| TERMINAL UNIT SCHEDULE
|
Terminal | Mig. | | Ft.
| Unit No. | MBH | OPM | g4
| T-1 e e 50 51
Y ma2 - - 70 12
| T-3 - —— 10 3
| | T-4 -- ——— 80 4!
|
|
+ VALVE c‘v SCHEDULE
: Valve No. Cv GPM
| v ‘24 50
| vz .24 70
| Vs 4.8 10
' v, 185 210
370t
#3'/130 Means: - Dmcm m m.
3" Pipe @ 130 GPM OOR O1
For Pipe Section G- 7 PAR QUAL"'Y]
Poo»  AGE f§
; ke

780 FIGURE 6
EQUIPMENT ROOM PIPE SECTION REPRESENTED BY H-A (THRU BOILER)

Distribution Pipe Section Head Loss Tabulation Form

Pipe Section A-8 |8-D|D-F|CE|EG|GH F-G|DE|BC|AH H-A
Flow Rate /30 20| 50110 §0 /30 50 70 | /0 :0 210
Pipe Size g 12x %1 3| 3" /s 2%: %' 3°
Measured Length 30' |40'|42' | 50| 60°| 132 50'| 50'| 64" |lio' 62'
5 El or Thru Tee Paa s Van' Ve Vaa2'| . Vis'|  VauPa2’ P25
$a Side Tee //6' voa VoaV Vie'| Vi
2 é Valve Vo' v2' Vi Vexl Va3
 H Other
g
(5] Other
Total Equivalent Length 96 | 64°'| 60' 1534 68" | /64" P4 | 76" | 754 [V6ak!|  Vots"
Pipe & Fitting Head Loss (Table )| /9/|22/| £2° | 20" | 11'| 6.6 19'|2.9'| 14| 2.6 28
Unit No. T |T2|T-3 | T-4 —
Terminal
Head Loss 5/2'13 | 4 =
Control Cv T? = ’y
VRive Head Loss 10" (20" 10" | - 3’
Total Head Loss with ControlValve 69 ﬁij' 4 ! 66' SR
. 3-D 15’
Rolairtrol /5 '
Boiler 2'
WORKSHEET 3 e L
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APPENDIX D

SPARE PARTS LIST

The following is a list of spare parts recommended for
the mechanical subsystem. These items are parts that would receive above
average use or are subject to wear. The possibility of their failure during
normal use is in our opinion greater than those parts not included. Since
the system pumps are normally stocked shelf items, they have not been included.
Failure of a major pump component wouid require a considerable period of down
time for removal, repair and replacement on line. It is therefore left to
the owners discretion whether to repair or replace the pump.

All parts listed below should be re-ordered upon their required use.

ITEH S_!Z_E MT_LT_!
Griswold Flow Control Device 3/h" 1
Gricwold Flow Control Device 1 2" 1
Modumate Control Valve 3/h" 1
Modumate Control Valve " 1
Bell & Gossett Pump Mechanical Seal - 1

Jenliing Ball Vaive:

Tefion Seul € 0-Ring Packing 3/h 1
Teflon Sexl & O-Ring Packing " 1
Triac Board Form A -- 1
Sunkeepzr Controller -- i
é;ﬁt@mm PAGH oy
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APPENDIX E

EQUIPMERT IHFCRMAT ION

Page E-1



The Zone Control Valve Instruction Sheet V01184, Rev 3 and
information bulletin A-412 have been deleted because they are copyrighted
in 1972 and 1975 by International Telephone and Telegraph Corporation.
For information contact Bell & Gossett, Fluid Handling Division - ITT,

Morton Grove, Ill., 60053.

Page E-2
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SPECIFICATIONS
FLOW CONTROL VALVE

BRISWELD SHORT FORM,
CONTHZLS

124 EAST DYER £0AD ' :
SANTA ANA, CALIF. 52707 m PAGE 13

Th1s specification has been prepared for the conveniénce of consulting
engineers for specifying Griswold Flow Conirol Valves on jobs where a
lengthy detailed description is not required.

- The Meter Kit (2.0) is an option which becomes a convenient tool for
verifying terminal flows where a quantity of flow controls are invoived.

1.0

2.0
2.1

AUTCMATIC FLOW CONTROiI. VALVES

Flow control valves shall be fectory calibrated, direct acting,
autonatic pressure compensating type. Each valve shall limit
flow rates to within 45 accuracy, regardless of system pressure
fluctuations, Valve control machanism shall consist of a tamper
proof, stainless stecl cartx1dg° assembly with open chambers and
unobstructed flow passagss. Cart.iuge assemuly shall include a
self-cleaning, spring-loaded moving cup gu1ded at two separate
points and shail utilize the fuil available differential pressure
to actuate without hysterisis or binding, Four differential pres-
sure ranges shall be asvailable with the minimum range requiring
less then 2 psid, Each valve %o be provided with a metal tag,
chain and stampad for system identiiication, "Pressure taps andd
quick disconnect vaives shall be provided with ferrous bodies.
A11 hydronic system Tiow contrel viives shall be of one manvvac-
turer, Flow control vaivas shall be manufactured by Giiswold
Conirols, Senta Ana, California, ; :

OPTIOHAL ACCESSORY

FLOW MEASURING INSTRUMENT

Furnish portable flow measuriwg apparatus, complete with carrying
case, pressure gauge, 3-way valve, hoses and cennections. Unit
to be compatible with automatic flow control valves to indicate
pressure differential to determine flcw rate through tha valve.
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ERISGW/ELD
CaONTROLS

124 EAST DYLR ROAD
SAKTA ANA, CALIF, 92707

SUBRITTAL BATA

GRISWOLE AUTOMATIC
PRESSURE-GERPENSATING
CORSTARNT-FLOW CORTROGL VALVES
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The Grisveold Constant-i-low Contiol Vaive

=

..-v-' b ’t’

__/-

The Grisweld constant-{low coatral valve is a unigue device. Tie
control racchanism i totally encluszd within the {luid system and
consists of just one moving partt a perforated, spring fozdded cup that
moves in responze 1o chonges in whe pressure dro, or ditferential)
acruss the vaive,

As the pressurs drop increxses {which wou'd normally insrease
tiow), ten cup raoves 1o close off a pertion of the ¢ en oni.ces.

As the pressure drop deercoses [which would normally decicase
flave), the: cuf inaves 40 expose sddiuonal wifice arees

The result i conttont flavy Cuaup's tie velva, indspentlont of the
pressure crop across the valve (vithin the ranc s defined below), The
acte ! flove sate is seq nt the fastory Ly the chaps and tize of the
coinaterdasigned anifice opandings tad the strength of the spring
mechanism,

Pressui c-Drop Control Racpe

When the spiing is fully expandad (0t a low pressure-dion level) or
fully compressed (at @ high pressu: =crap level), o futhar move-
ment Gf the cup is passible. Thaes vwo conditions therafore estahlish
the effective pressure-drop rance vathin wiich the valve con perfenin
its constant-tlov cantrol function,

Beyond these pppar end lovaer linits, the valve ects &5 a fixed-arifice
device. With pressure drops Lelow the miniinuim, the flow rate
decreases, With pressure dreps abave the maximum, the (low rate
increases. The actual flow rate undar these extrema conditions can
be dui~nnined by optional differcatial-pressure metering kKits and
convi:  -n charts supplied by Grisweold.

But in most applications, the valve is selected to operate within iis
constant-flow pressure-drop range,

Factary-Set Flow Rates

Since tha flow rate within the pressure-drop range is set at the
factory, the requircd fiow rate must be specified at the time that
the valve is ordured,

To accommodate a wide variety of system requirctnents, Griswold

ranging from 0.5 GPM to ¢ ore than 12,000 GPM. Flow accuraey is
within 5% over at leazt 95% of the pressure drop conirol range,

The charts on tha follow |hg pages indicate the types and sizes of
valves that are aveilobile, {Since in most cases the contiol mezhanism
is in the form of replaceatde ca =iic'acs, flow rate can be sdjusted in
the ficld by simple cartridge replacemant,) :

How to Sulost @ Griswold Valve

Grisweeld constant-flow valves are availab!2 in four bosic styles:

8} Laga size, fleng? mounted, in Lath gray and ductile izon.
L) Mediu size, with threaded ends, in gray iron,
¢} Medivn ond winiatwie sizes, with threaded or solventwi'd
ends, in FVC plastic,
d} Minizturl size, with threaded ar.d sweat-type cnds, in gray iran
audl wrouhit eopper,
The first stop in siceting a Griswold valva is to deterinin? tha mast
suitable style fo: the spplication,
With this sccomplished, the specific valve is sele=ied by followiing
thosa four casy steps:
Step 1 Pressure-Drop Control Nange
Dutermine the requited pressure-trop range by caleulcting the
maximum and minimum miessure drops that the valve will experi
ence in uparation. The iwaximum will typically occur when all other
circuits in the system are closed. The minirum will ozcur when al!
other circuits are open. Choose the pressure-drop control range (se
sclection tables) that mest closely matches these values,

Step 2 Size and Flaw Rate in GPM

Within this range, select the valve size that will provide the required
flow rate, Each valve size brackets a scrics of tactory-set flow raics,
determined by toking the Jowest GPLY for that size and adding the
GPM increment shown,  Culculate the GPM that will most closely
approximate the required rate.

Step 3 Mode! Number

The size and cantrol range will determine a Model Mumber, In tha
case of flanga-mounted valves, there is a choice of two Modal
Numbiers, depending on whether a gray or ductile iron housing is
required.

Step 4 Other Options
Make any other required dscisions, such as pipe or tubing size, where
there s a choice, and type of end fittings (0.9, threaded,

f

L valves are available with hundreds ot different flow rate settings, solvent-weld, or sweat type).
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(" WINIATURE VALVES, THREADED AND SWEAT-TYPE ENDS

R

| Pl
PRESSURE-DROP FACTORY—SET FLOW RATES 1 nNominau MODEL NO. MODEL NO.
CONTROL BANGE | MINIMUM START INCREMENTS MAXIAUM SIZE (THREADLD)  (SWEAT TYPE)
—_ 11014 50 GFM4 66 GPM 33 GPM 266 GPM 314° 3521 3551
o 3.00 GPM 233 GPM 66 GPM 11.33 GFM 1% - 1% 3531 3561
21032 75 GPM 1.00 GPM 5 GPM 40 GPM 3/4" as522 ass52
B 45 GPM | 50 GFM 10 GPM 170 GPM 1% - 1%" 3532 3562
41057 1.60 GPi 1.33 GPM $6 GPM 533 GPM 3/e" 3524 3554
0 600 GFM | 665 GPM 1.43 GPM 22 66 GFM 1% - 15" 3534 3564
- 010 128 1.50 GPM 20 GPM 1.0 GPM B0 GPM 3 3528 3550
= 90 GPM 10.0 GPI4 20 GPM 340 GPM | 1% -1%" 3538 3568
THREADED TYPE ENDS DIMENSIONS
. (INCIHES)
D
% A B c*
. SIZE (NPT) MAXIMUM MAXIMUM
kT3 34 -14 3.5 1.76
-2 112 =-1112 6.0 29
N * Add 1-1/2" for Schrader valve kil
SPECIFICATIONS
Pressurs/Tempcratere Reting 250 PSI/400°F

mmm PAGE I8

Internal Parts AISE Type 300 series pascivated stainless

steel, with AiS1 177 FH spring,

Rocdy Materi- 1 'Gray Iron ASTM A125-G1T Class 30

DIVIENSIZORE

(INCHES)
A B Cc
SIZC (.n.) MAXIAIUR MAXIMUM
a8 0.U78/0.C80 (1) 4.00 0.282
1112 120N .6915 12) 6.50 1.762
(1) Will accept 773 O, wbe or 2/4" tyna K, L & I copper tuba
(20 Wild gzce 2 1-5/8 (L0, whe or 1-1/2° type K, L & M coppor tubss

PR ey
CPRECHAICATIONS
PressureNerap: =i Nating
Internal Paoes

250 PSI/I00°F

AIS] type 360 series pasiivated stainless stecl,
with AISH12.7 P soning,

Fody Raterln Wiought ¢ L AT TIA 575463, Tye 122

INSTALLETION INSTHUSTIORS

a. No special instaliation techniques are required. Install
flows directional arrow in ditection of flow,

b. Clean lincs up strean. of valve of particles larger than
cpproximately 1/16G" diameter (cquivalent to 20 mesh
strainer).

c. Seal threaded-en valves with approved pipe com-
pound (dope). Terque on small valves shou'd not
exceed 75 ft, lbs,

. Assemble flance-meinted valves with studs provided
by Griswold und flanges and gaskets furnished by

installer. *

e
|.\J

‘...,,. T P ST gy -

MAIRTERARICE HISTRUCTICH

8. Griswold valves ara foctory assembied and te:ted.
They are tamper proof, non-field adjustable. Speci-
fied flows arc certified within 15%.

b, Those velves furniched with pressure fittings may be
chacked with suitabla gauge. If found to be operating
out of specified range, refer to conversion tables to
determine flow,

S A SN TR A SR A SR AR S s
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GRAY IROR VALVES, THREADER ENDS

[.s——n-——-ll

PRESSURE ~-DROP 5 FAGTONRY =8ET TLOW RATES MOMINAL MODEL
CONTROL BANGE PSI TATIVUM | INCHEMENTS TAARIFAUM SIZE NO.
14 2 GPM 60 GPM LA 3281
131020 62 2 GPM 180 GPM 3 3331
115 25 GPM 75 GPM 1% &2 32062
2 32 15 25 GPM 225 GPM a 3332
4 1 57 2333 333 GPM 100 GPM 1w a2 3204
0 10333 333 CPtd 300 GPM 3 3334
y 35 5 GPM 150 GPM % &2 3288
g to128 155 5 - GPM 450 GPM a ‘ 3318
+ Acd 3° tor Schrader vaive kit
CIMENSIO nNe
{INCHES)
1q/2" &2 A g *
£ (NPT} MAXIMUM HOMINAL
12 BED PXA]
g 8513 481
-~ §.3/8 10.00
— *
- ¥ SPECIF!C.—'&T!O‘.‘&S
Q" l\ Prezsure/ Temperature Naving 200 2511250
Internal Parts Phenolic spacors: ANS! Type 300 sorigs passivated
T Ill\l‘\lt‘t suuel, witi ALS! 1 7.7 P spring.
Body Gray-iron ASTM A126-61T Class 30
Body Tappings /A NPT

r ‘_““P —_— o .—-n:er-
htl"\.’d tLﬂ RIS oy
¢ : vl‘
GL&E“:‘S-‘.
v 8 L pa g
P{.\--\E‘ :‘\"t i."t';- b

‘p-\ Pgﬂvmgm i "- ‘
Luu'*l“ B ke e

Yo assure delivery ot ihe
informm'*n should bz applit

1. Wadel Numiser

2 Ho « Rate {To Neares
2, Siznand TYRC of End Fiting.®
A, fcaseoies (Sce &

5. Temperoiure s of Fiuid, e
G. Fluid, if other thar waish. Suecify:

a) Vissauly
b) Specific Craviy

e aosgnty Viine List).

pacific vulve requitsd, wie following

&GP "Lv' tnoremient).’
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- DROWZE
- GATE

: FIG. 1240, %"-3"
i FIG. 1241, with Drain Plug, Y2"-2"
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Taadng

Eyerir g maw

200 [bs. Non-Shock Cold Water

For Types I, L and M Copper Tubing
Solid Wedge

Inside Screw

Non-Rising Stem

Screw-In Bonnet

Safe prescure-temperature rating of solder-joint system depends not

only on valve, fitting und tubing strength, but also on composition of
solder used {or joints. .

Pressure-temperature ratings for selder joints made with typical com-

mercial colders can be found in Table A of ANSI B15.18—1972 and
Table | of MSS SP-73—1970.

P EENE -;’.‘:‘_‘;:‘fﬁ
FATERIALS LIST
PART SPECIFICATION

e e e

1 BARDWHEEL LOo.. RUT } Cadmium riated Steet

2

IOLLTIICAI0n FLAF

ftuminum

3 PEFECT-CRIP WHED

Mallezble lron

4 STt

ASTH 1334, /1127 676, Silicon Brass

5 FACKNG WUT

ASTH §52

6 CGUAND

7 PACRING

8 PACKING ROY

9 BORMEY

10_solio VFLsE
11 BODY

12 DRAI FLUG TPFLE

£, brente

241 univ, Brass 64

13 DRAIN PLUG TAP

0n Fig. 1231 only, Brass ifod_

VDRI P i SR

Ou Tin. 124 ealy, iTbher

DIMEMSIONY « IMTHLS

size| A Jan| 3 | ¢ | o |E
% | 1% 503 | g | 3| 1% |
Y2 | 2 3% | Oeh | A | 4%, | 2%
| 2 | 2% | B/8 | | AW | 2
T |9 3% [1ed| % |6 |3
1V | </ | 3% | 1379 | 1| Gie | 3%
1% |33 | A% | 1628 | 1% 7% | 3%
2 | 4% | A% | 2179 | 1% | &% | % |
252 | ATh 2629 | 1'a LR I -
3| 5 2125 | 1%, | 11% | 5%
DEAIN MUG
ON FIG. 1341
WEIGHTS-POLNMDS
SIZE Blwl %]y vefaiw] 2 12y Vi
fig. 1249 JJ10f 15124 33 46 ) 7.1 | 105 187 4———,'.\"0.1240 L =
Fig. 1241 1.1} 16 | 251 35[ 48 (73 . -t \ FIG. 1241 v+
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4250 SWP SCREWED END
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COMMERG

IPORTANT; i THE ChSE OF

; SERVICE PECOMTASHDATIONS: These ‘strainers offer
L complete protection 10 puinps, meters, Tups, valves and
- similar expensive sulematie equipreent. Instullation of &
gtratner helore any autematic equipment will insnre
repairs or ¥e-

d by the iutroduction of fereign

wrouble free service and aveid ttic costly
lacement S0 oilen cause
malier in pipe lines.
FEATURES: o nddition to all of the usual coramereial
applications these sirainers are i complele accorGance
willy Military specificutions. #351.1/7 ecrewed cnd con-
form with MiL-8-2653, Class A and #5%5%.1/2 strainers
with BuShip dwg. # 50005 1623511198,

CONZTRUSTION: AN sizes, 0 hoth types feiure & ma-
chined scat in the body, ‘which, combined with the ma-
chined seat in the ¢ap assures perfect sereen aligmment
and casy dis-nosembly, Al sizes
pasketsi Valve bronze need exclu

T SPECIFY YRR HID usg, CG

assembled with copper
sively for both types.

(WiTh

£352Y, 50
PPLR TUBLM

nished with Iy
aeeardance swith
9053 eirpincrs are
£5000-S1
conneciions, See

SCIEE

for commm“cia

{nickel-copper &
other perforations,

page 0

TFAY i SERV
WATER SERV

o #352-%
SOLRER FOIT 6R GuVER BRAZING

OR
SILVER S

WITHOUT PRE-INSEIRTED
olbER RINGS)

U\‘L ﬁ‘i-&iﬁl@? METARY SPECHICAL 163

2% JOINT STIARNERS

3%

I

L4

FIGHTS —— AI‘!’RO‘:’J;’-‘.‘\ATE

o OR PIPE

BLOWDFFS: Tor coms

023.84 1109
chart Letow

counertions,
Yilitary spees
h a
h plugged blowoil

neveial use Loth
T Wowoll
w appliceble
furnizshed wit
srpiners wit

types are fur-

unplugped. In
18-

Pint cap and

for blawolt giznes

Perforated brass sovecn
! applications an
fioy) lor Covernme

metals aod

PRESSURE DROP: See page 7

s normdly furnishad
1 per[oruird Mone!
nt spevifications. All
mesh available — se¢

ICE: %" Perforations.
ICE: Yio” Perforations.

_ PHATMSIONS AW W
SiE W » W W \" we | o e |3
"A" 2n 2" 3 KL~ AV: G 5% THe 8% 13

N A P 2% 358 4% 41% 5% T Th CU%

wgr % 1% 2%h e __ 3 W 4 ¥ 6% T4

o " % | W % Y 3 % % | 1
vegHt | ! 1 1) e 2% 4 6 0% 5% B | (
\’ Page E-8 '
: et et o R TP " o i B e
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- BREP? CHARTS

i)

Worif

Fromple: To ﬁh.m N srassucg drns

through 1-179%¢
suler chard gf 1z o, m)recd
horizentally 19 gt v onore (11747}
teay verbony fuenward for unbYr:s
(.4 G pounys),

et LU yp.r,

-:d
LHPLYING VRETS 2 rllvesults 21¢ hased
R on the use of .045 diam, throush Ve
m. pe.'fnrahm.,. Correction farlor for
2 of smalier perferalivns ave.itable
m :Pquest

ash dined perforated mets! screens: mul-

. Iy pressuie loss by 1,25,

DGRED SCREEHS: Tacse charts represent
2results of tests conducted with slrainers
‘ntaining clean screens. Vith scroens
% tlogg-9 pressure drop results ere
proximately double tose shuwn in charts,

UELLER STEA) SPEGIALTY
30 MESEROLE AVE.
~ BROBKLYN, N.Y. 11222

£l
*

Hated in UL 5,A,

E CF FLOW G.P.H,
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MUTLLER GLOBE TYPrZ

v e sty s csnaum

PRESSURE DXOP-PS|,

PRESSURLE B

i2DP CHANTS

URE BROP — FEZT. OF WATER .
SILENT CrifCit VALVE
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GALLONS GF \WVATER PER MINUTE

PRESSURE DROP —w FELY OF WATER
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FIG. 1222

HAIRGER ASSTMRLY
2" and 3" volves

MATENLY

FIG. 1222, %"-

300 Ibs. Non-Shock Cold Water
for Types K, L and M Copper Tubing

Regrinding Bronze Dise

i

(AR

9
3]'

R S e e L e Y e s

Safe pressure-tempercture rating of solder-joint system depends not
only on valve, fitling and tubing strength, but alse on composition of
soldar used for joints,

Pressure-temperature ratings for solder joints made with typical com-
mercial solders can be found in Table A of ANSI B16.18—1972 and
Tulide I of 1S5 §P-73—1970.

T

[0 ]

Py
Hda

o+ I.E.‘l ST
v BT ASPECIFICALION szE] o | s Jc e
1 CAP ASTi4 862, Bronze "5 | 0% | 503 | Ve [1% | 40
2 STOP FLUG AS1id 416, Brass Hod VB |2k T 08 | w15 ) ane
3 Sibr_MuGs ASTH 1116, Prass od Y (s | 8T8 | Bg | 17 | a0 |
4 HANGLE FIN ASTH BIG, leass Rod 1 43 11128 F w125, | die
5 HANGER ASTH BR1, ironze 1% 4% | 1.379 125 | 40°
__ 6 REFAINING RING | 35”2 only, Beryllwm Copper 1V | 5% |1.6290 | 1a | 294 | 40°
7 WASHLE 12" only, ASTT3 871, Alloy 464 brass 2~ (6% [2129 |13 3%, |40
8 HANGER KUT 244, ASTHA B16, Phospher Bronze Rod 7 | 1% 2629 | 1% | 455 | 40
3, Asrli 061, Bronze T 15% 13125 | 1%, | 4% | 40°
G HAHGER MUT PIR | 2% and 3°. Bronze Cotlct Pia
10 UISC 3a"- 3%, ASTM 13140, Alley 314, Bronze Rod
] 1".3“, hSTY BG!, Bronre
T1__Bo0Y ASTHA BG2, Bronze WEICIHTS-POUNDS .
: s size % [w J% 11 fviiw]2 12w]3
; Fig, 1222 5 1 6 101 ]17-126 136 (.66 [95 1141
g! L] )
U .,
{
t
4 -
t 4 ' v _ 79
i Page E-10 -
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° gy ¢ B ae s - e - L - mn W“




e

S I T e T T e L R Sy S T A o O TSN IO A, S TRAVRL R r o A Y
. . COMPACT PATTERN &
. E: @ [Fgf?i Fh‘q E’; M DB‘}}F: 400 Ibs. Non-Shock Cold Water, Oil, Gas s
» -l ¥ ! ] ‘| i . ! \1'
- \ ‘:‘“‘" *":'f ‘:.‘;“' s Fig. 1100-R, Buna N Seats %
~ BALH \L?ZQ\{L\{L: Fig. 1100-RE, Buna N Seats, Balancing Stop Plate Q
' S 3 T Fig. 1100-T, Teflon Seats
| FIGS. 1100-2, 1100-T, Solder Ends, 72 "l . Fig. 1100-TE, Teflon Seats, Balancing Stop Plate s
i — FIGS. 1100-RE, 1100-TC Solder Encls, Y2"-% i
; IV S e e ST RN CTI SN A p s My A Tl v S e e e P e s e Sy o A RSN AN T en A ERRe ORTs  h L S STITS Lo
Safe pressure-femperature rating of solder-joint system depends not
4 only on valve, fitting and tubing strength, but also en composition of
2 solder used for joints.
Ve ey Pressure-temperature rotings for solder joints made with fypical com-
P mercial solders can be found in Table A of ANSI 816.18—1972 and
3 / Table | ot MSS SP-73—1970.
=3 1
E\:g A YALVE SEAT PRESSURE - YEMAPERATURE RAVIHES
s G FIGS. 1100-1, 1100-RE .y 400 psi, 1007 F. ) 400 psi, 100" F.
T A, "t"“'” 1100-7, 1100-TE VERLON=1 100 psi, 400" £, UNANE=) 305 7 200° F.
. E 400 eyt ) (i
S e [l )
s k - ;"*-0—-- )
300 e = 00 5 5
I L‘_“% = —1-
:‘ ".')O ....._.:j._.\ '-..-.:’. B! - 3 b= .——) - )
< B ST § | s s e
=1 R BE R i SN e T T
4 i) S .‘"','.t
Wi ~ S AL
@ 1 =
) ) =
®‘ o* 160° 200° 300° 400°
TEMPEUATURE, °F.
| (
MATERIALS 115Y RIPAENSIONS-INCHES b
PART SPECIFICATION SEEd At s CFEDCE] F |
1_NANDLE Rustpreoted Steel ; i R T i ' o | G300 P
2_SIEN ASTii R-21 Atoy 485, Bronre L3 T 30 B O R IR £28_ 18
3 HAKDLE NUT Cadmiuin Plaled Steel Y% Ml 3% | 14 % l 154 ;,/i )
4 4 |CCKWASHLER Cadenum Plated Steel ST i:l." 1
' 5T ORING PACKING Fias. 1100-R, -, Buna 1 ae | | e | oy l e 1113
: | : Figs. 1100-T, -1, Viten Altop) il Bl Bl S i B (R0 L
c‘. . Teflon tbottain) ’_
e 6 SEAT Tig. TIO0W Funa :
Lt AL A T-POLUN
roman its_u.}_.s_-q Alloy 485, Bronze \JEI-GH " - OE'\DS q
o ASI1 753 Ry, 495, Bronsa_ AR EERE |
9600y ASTET 1 253 Alloy 455, Bronze Exh |5 J10] 13 :
: Page E-11 :
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Spectfications

Accuracy

Grade R Pressure and Vacium Gauge
specilications as established by US AL
Standard B40.1—1908,

Accuracy + 2% of theo total diaf range.

% and connections

137, 27, 21", 3%" and 4%" dial cizes. Al
sonneclions we male N.P.T, 1%" siza has %"
betiem or center back outiet. 2" and 2%"

sizes have 4" or %" bottom or center back
outlots. 3%" sizo has X" bottom cor center back
outlet. 44" sizo has %" bottom outiat,

Bourdon tube assambly

For Vacuun ond Pressures to €00 psi
T «, tip and socket are copper altoy,
Assemaly is soldared,

For ltiph Fiaasures, 1,000 to 5,000 ps?
Ni-Soan- C Lowden wha; aepper alloy tip
and sochet. Assembly is bruzed above
3,000 pei,

fMovaemesnt

Standard movemant is copper alloy construction,

Platas and roctor are hard Lioas stapings,
Goear teeth of sector tnd pinion are precision
machined (o give smodth poanter motion,

A quality bronze hairspring is mat:had by
toiquia (2 the prosswie ratig > of the insteymient.
Avitilable vwith cithar plain or bushed
Recalibrator movemants, (See solection chinite))

Diils are made of cteel, with vehie fithe
bacluround and black puinted matter,

¢ pattarns and canstruction

Plain Case, Slip Ring-—drawn steol, 1%, 27,
247, 34, 49,

Page E-12

Plain Clemfiont--drawn stegl, 1%,

Staduless Clearfront - drwen stainless steel, 27,

Flush Caso, Shap Ning --drawn steol,
2", 2%, 3u.

Oil-Filled Plain Case, Nonremovable iling—
phenolic, 2%",

Brass Case, Screwed Ring (Compressed Gas) —
drawn brass, 2%, 2%".

Lrawn steel cases ond rings are finished in
black semi-gloss enamel.

Drawn stainless steel cases have a brushed
stainless stect finish,

Drawn brass casos have a polished
brass finish,

Pheneolic Core Qil-Filled Gaugas-—special
construction features :

Neoprens plug acts as & safety valve, veniing
prassure botdup to provent blowout,

Snap-in, nontomovahle polypropylene
retzining ting.

Accuracy is L 3% full veale.

300 sevies stainless stent internal
constiugiion is aviilablo in bottomn
connuction in sclectad ranges.

2%" dial size only,

Cepnad luntinum diaf with black numisvels
on whiie backgroimnd.

Restricter screw is supplizd as standadd,

Glyeerin Liling damhens palsation anl

« VOration. Suitebli for use iom 30" jo
1H0°F, Othes tills avaitalsio on special order.

Brass Couga--special construation foaturas

Knurdod serowed ring,

Bevelud glass lons,

“USLE NO OIL” dial Tor 2l rangos.

Cubic foui of gas as woll as iessure
inticated en anges of 1,000 psi and above,

Reccssed safety blowout back o higli-
prescare models,

U.L. aproved Tor oxygen service on high-
pressure ranges of 1,000 psi and above.

All Standard Cangoes are supplied with plass
lens excoept fon Clemfront coses, which have a
maolded aceylic press-fit Lo,
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1 "‘arsh Stanc

3 ::.s'd G WSO czc,k\mmn Gmdﬂ (mn‘imu h) |
- _
& , W
; {' MIAL SIZE 2% €
CASE PATT_ERN Plain o
o CONNECTION LOCATION Bottain Conter Back L
1 CBNN[CT!BN SIZE b W b }’i”
; Recalibvas feoalibra- | Rocalibra-
MUOVEMENT TYPE Plain tor Plain_{ Plain | tor Bushed | Plain | Plain { 1or Bushed |
RESTRIGTOR { None | Yos Yes Nong | Nono | None [Nume | Yos |
- VACUUM | 30° llt Vacuum JA005 * 14306 | JAG0h Jd§_QS__H Jﬁ!l[_l_‘!-]{;mq_ﬁﬂ[_l'»ﬂ Ml'f{fl"v“_ e
. 30" Hy. x 30 pssu * JA12 | Jad2 14612 J4die M LA PR N LY A
30" liq x 60 psiy *laand | JAsY J*{GN J4B_lj * Jodia - T}
Y 30" Hy. xW0psig | * JJANG | JAN6 {46161 J4BI6 < losme | 56
: COMPOUND { 30" Hg, x 150 psin O LJAN8 | JA8  [J461R | J4B18 * JSIB | 5718
. 30" tig, x 200 nsm <TI0 | JAa * * B0 | 5720
g 30" Ha. x 300 rmu TN NS4 fJAbad | J4824 b LT YL IR LY 2
CPPER 30" Hy. x 480 p=ig v J4126 | JA3Z6 * * M Jijzé‘s e
ALLOY 0to 30 psig AL * JiG42 1  JaBA2 | JB042 J5442 :
R U.Hﬁ?EUN 0 to 50 psig ¢ . . * . MR T IR
b 0to GO pmu * 1 J4146 * JABAG | J4B40 | JG0%G | .dﬁ-!ih
0 o 100 psig g CACE A JAGAB [ J48A8 1 JG048 [J§4dR
. PRESSURE 0 to 160 gmq * ] J4s2 * JAH2T  JABE2 | Jh0B2 ! )h4he *
v 1o 280 1351 * J‘ﬂoﬁ * J§§§_f§ JARH Jﬁﬂa‘! 9404 *
0 to 200 rmig * [ JA1E8 | JA3S8 | J4PK3 | JABGE | J5008 Jidg |
| OtofCopsip__ | * 160 | M380_jgisc0l gaaoe  |Jsoco fgsem l + b
0 to 500 psit ©odnes Jd& . . . . . \
0 o BOO pt:!gL * * :!}1664 J&SB_{N_M,JSUM Jgd ot .
Dot 0‘!9 pmg . . . * JERT2! . * JO7i
010 1,500 psnL * * . R L T A R T e
OrANE Y wan [ 2.000 psig T : O T T R T
Spipg T | PRESSURE | 0 to 2,100 psig . . . . JAgB . ’ JH778
~ TURE - o e = e
010 4,000 psig ' * . * . *
(] to 6‘}30 m‘u" . . . . J,’SSZ‘ . . ; L
J‘hcunh this exact giuge i not avpitahie 03 2 stogk itom, your naaeds may bo filled inm\mlialut; by a vory samitor stoel gaune listed
mby, B, howewer, no staeh aauge con ba found to il your auantity noeds, contact Maish,
g sebechion of stoek itame sybjecy to chmme wilhowt notize, e
e Al g\\\
X bn i:.ll
S ""\\\ \
"x“; 'Gg 5
| 0 j
| ' ?ua-éf -
g N . .__"‘"'s_\\
. )
N ' ."‘.-" “ § A i \
‘ ) \ oo ’
t - : ¢
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Diat Ranges Sase Patierns
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: PLAIN CASE
'—"wu“f"'.".'.' T T e ””‘g‘:".?.." R Drawn steel construction .
Tupian ad T l et S Bottom connection—1 wr 27, 2%", 3%, 4%".
W ~_h“ o [ 5_'}!3. ] 1"y *—BT
CL .h .l“"h} t -
W tar 2Wslg L\"i‘- - .»p.i 1" Ha. -1 psi
W Heox 06 psiy oot -0 o] 1“ Bao - psi
""ll' ¥ }h0 el ‘ m ha_‘.—-i..p i ‘ 2 -2 st
30° . 2 A0 paig Loy Hp- Yhps | 1" Ha.--3psi A -ld—--
2 e 200 poig 15" Hi.-~20 35 5% 1ig.--7 psi
407 13, ¢ 30U psig 307 Wy~ 385 W g, Snsi
30" ‘i;l r&(d usij 30" W50 psi m" lig.— Spsi D
lll- h‘.«"'.t F d ond
|
30 pals 5psi 1 psi 1
Dlnsiy 10 pei 1 psi I
6% 5o ) 10 psi 1k —~1E
1050y 10 psi ? psi ‘ g 5
[ Aoy % i a1 .
0 paid 0 psi Spst sie | A | B l(scomytniom); £
g3 B el Spst ST ] Ve | LW -
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1.0 Introduction

1.1 Scupe and Purpose

The haz§rd analysis contained herein is intended to evalu-
ate the inherent safety of the Integrated Programmable Electronic
Controller and Hydronics Package (IPECHP), and to present a guali-
tative assessment of potential hazards in insgtallation, operation
and maintenance of the equipment., The hazard analysis includes
identification and categorization of potential hazards, and a des-
cription of the design, procedural and maintenance instructions,
and documentation used to assure dafe operation of the IPECHP.

1.2 Background and Approach

The IPECH?;"in'ité normal operational environmeht, pre~
sents no hazards to the occupants of the facility, since the com~-
ponents/subassemblies are locat?a in a locked cabinet in the utility
area.

The initial installation on-site is performed by licensed
electricians and plumbers, in accordance with approved safety codes.
It should also be pointed out that the busic level of complexity and
hazard potential of the electrical and hydronics subassemblies in no
greater than typical domestic hot-water heating systems, and there-
fore, presents no challenge to the state-of-the-art.

2.0 Safety Criteria

The intent of the operational concepts of the IPECHP is
to provide a completely safe controller and hydronics subsystem
that can be installed and maintained by suitably trained personnel
without any hazards to personnel, equipment, or structure.
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The definitions given below are derived from MIL-STD-882,
"System Safety Program for Systems and Associated Subsystems and
Equipment: Requirements for".

-

P
| Safety. Freedon from those conditions that can cause injury
i - or death to personnel, damage to or loss of egquipment or
i property.
? Systems. A composite, at any level of complexity, of opera- 3
Lo tional and support equipment, personnel, facilities, and soft- }
' ware which are used together as an entity and are capable of f
performing and/or supporting an operation role. :
Hazard. Any real or potential condition that can cause injury ?
} or death to personnel, or damage to or loss of equipment or i
property. ;
ORIGINAL FAGS 8
- 2.2 Hazard Level Categories OF POOR QUALITY
' These are qualitative measures of hazards stated in rela- ?
.- tive terms. MIL-STD-882 established and defines the following é
categories. The basis is that personnel error, environment, design ;
characterictics, procedural deficiencies, or subsystem/component :
failure or malfunction: ;
' - a, Category I - Negligible %
« « «» WwWill not resilt in personnel injury or system damage f
S b. Category II - Marginal
s v

« + » Can be counteracted or controlled without injury to
personnel or major system damage.
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c. Category ITI -~ Critical

« = . Wwill cause personnel injury or major damage, or
will require immediate corrective action for personnel

or system survival.

d. Category IV - Catastrophic

will cause death or sever injury to personnel,

or system loss.

3.0 Hazard Analysis

This analysis is presented in the narrative form rather

than as a matrix or "hazard tree" because of the preliminary nature

of the maintenance approach at this time. The basic design concepts

of the IPECHP will assure that no hazards exist to personnel occupy-
ing the facility during normal operation of the heating and hot-water

system.

3.1 Hazard ldentification

The potential hazards associated with the IPECHP can only
occur in the event of a malfunction of the protective devices in the
electrical and hydrinics subassemblies, or during maintenance activity
which requires personnel access to the IPECHP cabinet., These poten-

tial hazards would be identified as indicated below.

Personnel - electrical shock, burns, injury due to mechanical

malfunctions.

b. Equipment - damage or loss of function due to the compon- ;
ent failure. (Damage would require simultaneous compon- i
ent and protective device failure, in the case of the

electrical subassembly. i

ey

Structure - damage or loss of function due to major failure/

mal function of a component or subassembly.
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3.2 Source of Hazards

The possible sources of hazards under abnormal or mainten-
ance conditions are enumerated in the following paragraphs.

3.2.1 Hazards to Personnel

During maintenance, the components which operate directly
from the 115 wolt AC power source could present a personnel hazard.
These are the pump motors, relays, and the 115 volt/24 volt step- ‘
down transformers.

The piping and heat exchager associated with!the hydronics
subsystem internal to the IPECHP could reach a maximum temperature
of 240°F, which could result in severe burns. Additionally, the
piping could burst if external pressure regulating/safety controls
were to malfunction.

Mechanical hazards to personnel would be sharp edges on
cabinets, brackets, or the Controller Assembly enclosure, or heavy
subassemblies that are not provided with handles or other suitable
gripping means so that they could be inadvertently dropped during
maintenance actions.

EEEANAD PAGE I3
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3.2.2 Hazards to Equipment

Under abnormal conditions which could result from failure
of protective devices to operate, the IPECHP could suffer wiring
damage or burst pipes or leaking couplings/fittings in the hydronics
subassembly.

3.2.3 Hazards to Structure

The cabinet containinf the IPECHP subassemblies could suffer

permanent damage under highly abnormal conditions (i.e. component

damage) . However, because of its construction and the fact that it is




closed and locked during normal operation, there will be no damage
to the facility caused by failure of the IPECHP in the extreme and
very remote possibility of fire or explosion. Since the materials
in the IPECHP are non-flammable and no volatile fluids are used in
the system, the cause of a fire or explosion have to come from some

malfunction or environmental anomaly external to the IPECHP.

3.3 Level of Hazards

3.3.1 Severity of Personnel Hazards

Electrical shock to maintenance personnel could be a
critical to catastrophic hazard, depending on conditions of skin
resistance, etc. Similarly burns from the hydronics components/
assemblies could be minor or major (marginal to critical) depending
on the temperature of the part, and whether protective coverings
had been removed for inspection purposes.

3.3.2 Severity of Hazards to Equipment

Wiring damage and/or burst pipes/fittings could result in
system loss, and therefore are categorized as critical to catastro-
phic (major).

3.3.3 Severity of Hazards to Structure

Fire damage to the IPECHP cabinet could be classified as
critical to catastrophic, depending on the number of components in-
volved. Water damage from burst pipes would be considered negligible
or marginal.

G-6
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3.4 Flimination orx Control of Hazards

3. 4.1 Control of Hazards to Personnel

3.4.1.1 Manufacturing

L —— - g ¥ T

All internal wiring is connected, inapected and tested by

SKC peorsonnel prior to shipment to the installation point. UL listed

motors, relays, wiring and other associated parts connected to the
120 volt powerline will be used. The completed IPECHP assembly will
ba tested for dielectric withstanding voltage ("hipot") capability,
and leakage current, in compliance with UL standards. All of the
plumbing in the hydronics package is connected, inspected and tected
{(at 1.5 times the operating pressure) by a licensed steamfitter at
SKC prior to shipment.

Areas within the cabinet where voltages in excess of 30
volts AC (r.m.s.) are uscd are identified with high-voltage warning
labels, and are suitably covered to prevent accidental contact by
personnel. Similarly, the hydronics subassembly piping is covered
with ingulation and identified by high temperature warning labels.

A plastic shield is used to isolate the hydronics sub-
agsembly, located on the frame of the cabinet, from the controller
subassembly, located on the door of the cabinet. All mechanical
parts and enclosures have rounded corners and the edges of brackets
are rounded to avoid personnel injury.

There ia no overpressurizatiorn protection within the
IPECHP unit. However, the external heating system piping must be
designed to include suitable automatic pressure-relief valves, and
manual econtrol valves will be required at the input to the IFECHP
for use by maintenance personnel.

rw;.' PAGE 13
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3.4.1.2 Installation

Hydronic and electrical connections to the IPECHP unit
on-site mist be made by licensed personnel in accordance with local
building codes and the National Electric Code. Part of the install-
ation instructions call for assuring that the "green wire ground*
makes a good connection to the eclectrical ground of the facility.

A ground stud on the cabinet is used for this purpose, in addition
to the third wire in the power cable.

31.4.1.3 Maintenance

Maintenance operations will be performed by trained
personnel who are familiar with safety requirements accociated with
120 volt AC power and pressurized hydraulic systems. In addition,
the instruction manuals will include clearly emphasized warnings
whenever a potentially hazardous maintenance action is undertaken.
Normally, after any required tests are performed to isolate the
faulty component, all voltage to the unit wll be disconnected at the
facility electrical control box before the maintenance action is
continued.

3.4.2 Control of Hazards to Pguipment

3.4.2.1  Manufacturing

The electrical components are protected from potential
damage by the cabinet circuit breaker and individual branch fuses
for each major subassembly. The component insulation is designed
to be flame retardant and non-combustible. The hydronic subassembly
could use a number of fluids, but is mainly intended for use with

ordinary water, so that no toxic or flammable fluids will be present.

3.4.2.2  Installation

Comments are similar to personnel safety during installa-

tion. All operations will be performed by locensed personnel using
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the same skills required for connvction of ordinary domestic haatingg
and hot-water systems, 4

3.4.2.3 Maintenance

Potential hazards to equipment during maintenance activitiel
will be controlled by the inherent design provisions. Wiring harness
will allow removal of electrical parts and assemblies, such as relay?
motors, or the Controller Assembly without damade or the necessity “
awkwarad positioning of heavy parts. The hydronics assembly is E
similarly designed such that on~site maintenance will not damage the 3
equipment, provided that normal care is exercised.

3.43 Control of Hazards to Structure

Hazards to the SPECHP structure are controlled by the same i
precautions as apply to equipment hasards for the manufacturing, %
installation, and maintenance phases. The liklihood that a compon- 3
ent failure would also involve failure of a fuse and cirecuit breaker
{in series) to open the electrical circuit is so remote as to be
considered impossible.
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4.0 Bgﬁiﬁuq} Hazards

T T N L )

The only residual hazard potential in the prescent design
of the IPECHP is associated with overpressure in the hydronics
assembly during a maintenance action. However, it is expected that
there will be a pressure indicator and manual shutoff valves readily
accossible to the maintenance person in the event that the exteranal
automatic pressure-relief system is not functioning properly.

e
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5.1 Electrical Pailures

The only electrical failur modes, at the component level,
that could create a hazard would be partial short circuits in the
cabinet circuit breaker series leg, a fuse (next to impossible)

4
]
B

]

and an electrical part, so that excessive current would flow,
causing melting of wire insulation. The current would have to be 1
low enough so that the fuse or circuit breaker in the branch circuit i
of the main facility electrical box does not low, and yet high enough
to raise the temperature of the wire to the insulation melting point.
Again, this =~ even independently of the failure of the protective

devices in the IPECHP to operate -— is an extremely remote, if not
impossible, condition.

it o bl

PRV

5.2 Hydronics Failure

Failure of the piping or connzctions in the hydronics assem-
bly would involve cracking or rupture of the piping and/or connection.
The materials and processes used are rated at pressures over 10 tines

higher than the 60 p.s.i. used in this system, so that the likelihood
of a major hazard is extremely remote.

6.0 Safety Documentation

A safety file will be set up and maintained throughout
the duration of the program. It will contain copies of all proof
testing of electrical and hydronic assemblies, records of inspections
by follow-up services of Underwriters Laboratories and fire inspec-
tion personnel, and any safety reports tnat might be obtained from
field experience, together with corrective action taken.
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