ystems:
, Performance and
ISsioning Issues

Commissioning

Instructor:;

« David Sellers

* Senior Engineer

» Facility Dynamics Engineering
* October 23, 2017




Commissioning the Control System ...

. the first step in commissioning the controlled system

COMMISSIONING




Bottom Line

* Repeatable, Reliable, Robust Sequences need the
Support of Repeatable, Reliable, Robust Hardware

— Quick actuator speeds

— Quick response times

— Appropriate accuracy

— Hardware accessible and labeled

— Actuators fully functional over the full range of
command

— Failure modes are appropriate for the application
— Alarms are meaningful and verified

COMMISSIONING




Estimated System Reliability
for New Smoke Management System That Has Not Been
Commissioned
(ASHRAE Smoke Mangament Handbook Basis, Table 1.1)
120 12
- . 3
100 - [ 1
| 1._‘_‘-__ ] 1 3 ]
W 2 0 3
= | . | 3 3 9
S 80 l'.__ 0.8 4 5 18
E - % [ 5 5 54
= 60 06 § - m-Mean Life of Commissioned
= ] A [ r System, Months
2 "'. - S Reliabilty of New Uncommissioned
b . Lo System
I ] |
. |, Complexity, Cx,
- .. '.._II k [ ] [ ] [ ]
_ g - Reliability, and
: - o Persistence
0 1 2 3 4 5 6
System; HigherNumber= Increasing Complexity




Commissioning;aa a Successful
Control S

Control System Cx

Design Phase Cx
Shop Drawing Review ‘

Construction Observation | ﬁh
Verify Controls ‘ ’ gw

=

Verify Systems
A —

COMMISSIONING
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Design Review

|dentify and document the
design intent

Bring the integration
perspective to the project

Bring the field perspective to
the project

|dentify savings opportunities
that will be lost if not captured
during design

)
=
73
w
=]
4
[14]
=
S
]
7]
[1F]
=
o
2
=
©
w
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0

500 1,000 1,500 2,000 2,500 3,000
Velocity, fpom

3,500 4,000 4,500

Damper Pressure Drop
vs. Flow

Greenheck

——5tafic Loss SMD-203 (V groove
blade)

—m—Static Loss SMD-301 (fabricated
airfoil)

—i—Static Loss SMD-401 (extruded
aluminum airfail)




What Should You Expect to See

Key elements
— Points required for control
— Points required for Cx and operations/persistence

— Points coordinated with various divisions (self contained
equipment, fire alarm, metering, etc.)

— Trending and archiving requirements

— Set points (fixed and reset)

— Accuracy requirements

— Sensor |locations on a system diagram

— Valve and damper schedules

— Detailed sequences covering all contingencies

COMMISSIONING




What Should You Expect to See

Extras
Point names and numbers per Owners conventions
Alarm requirements
Logic diagrams
Network architecture

Floor plans with panels, sensors, and wiring runs
shown

Detalls

COMMISSIONING




Submittal Review

» Concepts are about to become
reality; good time to make sure
you are creating the right reality

— Point names

— Program logic

— Set points

— Alarms

— Remote access

— Sensor and actuator details
— Location

— Accuracy - See The Controls Integration

_ _ Meeting by Karl Stum and Norm

- Calibration Nelson; NCBC 2004 Proceedings;
— Speed Available at BCxA.org/BNCBC and
CACx.org
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Construction Observation

A great time to spot check
Important details that are crucial
to the success of your control

sequences

Sensor used by the
.J loop controlling the
tower fans and bypass
valves is on the wrong
side of the tee

COMMISSIONING




Construction Observation

A great time to spot check
Important details that are crucial
to the success of your control

sequences

Line sized control
.| valves here and in the
chilled water system
may make tight control
difficult

COMMISSIONING




caT 611 °F
H 55 °F
freeze protection Mormal releaf damper
0OE
Durant

Filter Cost Analysis
Filter |

Reset Interval Wher

Leconte Hall AHU-2

Return Fan VFD
start/ stop On
vid speed 88 %
Amps 151
vid fault Off

spt 24989 cfm
act 25018 cfm

714 °F
T,

Filters are Changed.

min ‘a

exh | 'w—

oozt of filters 2300.00| §

spt 32000 cfm

act 31989 cfm

0
%open

ter cost 2420.00 o
min

—'

fan efficiency 0.75
avg fan bhp
motor efficiency
vid efficiency
avg motor kW

motor kW-hrs ) )
outside air damper

avg mixed air temp
spt 53.0 *F
act 58.6 °F

zone temp 739 °
nominal clg setpt 74.0{ *

ol setpt 720 °

Jrpied until 800 PM

Supply Fan VFD

start / stop On

Lo Ty 82

spt 55.0 °F
act B5.7 °F

*= %+ o%open

chw vid speed
ult Off
Amps 29.7

>3




Verify Control Logic

A Good Starting Point for Commissioning the Control System

* \erifies the required software is installed and that it matches the
approved software
— Harder with some forms of software than others

See A Free Control Logic Development Resource

posted in November of 2010 on the Field Perspective

on Engineering blog for a logic diagram tool that lets
you do simulations COMMISSIONING




Verify Input/Output Details

— Calibration

— Visible and commandable
from the operator work station

— Accuracy/span/start-point
appropriate and meets project
specifications

— Accessible
— Labeled correctly
— Manual over-rides:
— Provided where appropriate

— Coordinated with other
over-rides

— Function

— Valves and dampers close
completely

— Safety interlocks
— Hardwired

— Function irrespective of
selector switch position

— Valves and dampers open
fully

— Failure positions (normally
open, normally closed, etc.)
are appropriate and meet
project specifications

— Network points are mapped
appropriately

— Points have required alarms

COMMISSIONING




Loops Have Been Tuned and Are Stable
Under All Load Conditions

» Loops stabilize at the new set point
in a reasonable time after and
upset

— Quarter decay ratio

— Tuned in Summer # Stable
next Fall and Winter

Systems can start and stop without
anxiety and achieve stable
operation in a reasonable time

P,I, and D gains are not at factory
defaults Increasing Time
| and D are only applied where e
appropriate

2
o
-8
&
=
w0
7]
[41]
L]
o
a,

lncreasing

T
P

COMMISSIONING




Critical parameters are accessible and adjustable
Operator access levels are appropriate

Graphics are accurate and sufficiently fast
Back-up methodology is in place

Alarm handling is appropriately managed

COMMISSIONING




R« .
., -

Power Falilure
Response

e

Control and Controllcd System

» Acceptable response on loss of
control power

* Acceptable recovery sequence upon
re-application of power

 Power source documented and verified
* Remember, power fajlures.can be:a= *=

»+¢ |ocdlize event

Image by C. Clark courtesy NOAA Photo Library,
NOAA Central Library; OAR/ERL/National Severe
Storms Laboratory (NSSL)




Verify
Communications

* Hi Hom -

| Me, I haven't saten dinner yet, but

J\ a couple of guyz from the clazs and

' I are heading out to a Tapas bar in
? a minute ...

«CLTCK »

Hanay...?
Henay...?

5 I zaid Tapas, not topless

e
-1

—— =9

7 N

Lo
| Clegr Communicatigh s

=3 —is i 1

M
| i =
1 —— o T | -l

k'

— With the system operating, a loss of communications with the network
does not result in damage to the system or loads it serves

— When communications are restored, the system reacts in an orderly
manner

COMMISSIONING




Points Required for Cx and Ongoing
Diagnostics are Available and Functional

Trending with appropriate sample times or change of
value limits

Archived

- Graph AH T -F
B3 Anomalies : Form [_ O] =] & Grap emps : Form

|DF'S 1 Basement Core 1
Euqip Key Applicable Devices Anomaly Date Range

Rpt
Entry Date Date Range $ Waste Tons Waste

I [0a0 | [10/1/37 1205.00 &k [11/30/57 11.06.00 PM| ¥

| 2/10/938 | 101497 -|12.»"I A7 | $430.74 20
|Lack of Econarnizer

Conzequence |Energ_l.J Wazte and 140

Airside economizer oppurtunities are being miszed due to either compaonent failure,
rmanual defeat, out of sequence mixing dampers, or a pressurized mixing plenurmn.
Al of the indicated wasted cost was when 04 was above 35°F,

Faozsible Cause:

Control parameters [zet points or modesz] are set to defeat the
economizer. Thiz iz zometimes done due to poor miking
conditions which cause nuizance freezestat ips.

Azzociated Resolution:

Cormect the zetting. If a poor mixing condition exists, at least é, é, ‘S& é: ;3: ;3: é: ﬁ’m‘i’ G& ,é:
A = [y L-H A bt & % Q A" LN % W 'bt & -4
ehable the economizer abowve 40°F. ﬂp@&é\&é‘&é‘;’é‘;é\;é‘;é\&é\ é\ é\ é\ PN @'Cv

FEFEEEFF
sl [0 Iil = —+—PRAT OAT —2MAT ——PHT
Record: 14 A 11k [ *l|k#] of 74 (Fikered)

—+—ClgT —*—DAT ——Stat
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Verify System Response Times

Johnson Controls: Metasys M-Series

Network architecture _ .
verification with out the IT ] opeermertss
department |

. BACnet/IP & 10 Mbps :rpiin;ig'l:‘zll;letwork
Specify what you know
— Trending sampling rates

Communication

and archiving for each point LONBus:LONFTT 10 @ 70ps - Primary Network

(Peerto-Peer)

- GraphIC update t|meS é ; Primary Control Units
— Command response times o

wilfoy (No 1/0)
+

— Change of value reporting
tl m e S N2 Bus: Proprietary @ 9,6kpbs (polling)

» Test for what you specified

Units

Secondary Network(s)
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Verify InputiOttput Detai[§

=

Calibration A R




PID Controller Tuning

Roots of the process are in
Optimum Settings for
Automatic Controllers

John G. Ziegler
Nathan B. Nichols
1940

Ziegler-Nichols Method

TRANSACTIONS OF THE ASM.E.

sasily determined point called the “ultimate mensitivity” (5),
above which any oscillation will increase o some maximum
s

terma of “amplitude ratio,” the relative ampl y
to that of the wave which preceded it. A controller et at the
uitimate sensitivity gives an oscillation with an amplitude ratio

i frcn
laore ittmte seaitivity)

yoiven
(aliiaate semaitiviey)

i/
(aibiamte sematiivisz)

o1 /iven
gwod svastiney)

P

than 1; and bolow the ultimate, an amplit
Amplitude Ratis Vervas Sensitivly. Fig,

of sensitivity adjustment on & typical apy

tion was started by & momentary change in valve posit

() and () were p

this case was 10 pai per in. Curve (s) was produced at & sensi-

tivity of 11 pai per in. (110 per cent of £.). Curves (d) to (A)

Curves

and 10 per cent of the
and 1 psi per

In Fig. 1 and succerding charts, each division is 0.1 in
min

Regardless of the ulticaate mensitivity
tion, the relationship between amplitude rati
given ma per cont of ultimate sensitivity, rem
ia Fig. 2. The ultimate sensitivity thus appears to be a good
common point for consderation of sensi
@ost control applicationa

Offset and Lood Charge. In eonsidering the curves of Fig

ty adjustmest o

the most desirable setting from a stsbility standpoint would be

(A), produced at quite & low sensitivity (10 per cent of ultimate)

It sbould be noted in passing, however, that as sonsitivity is re-
b ses

is undesirsble  The res
great deal lower than the uliis
of proportional response, e.g., that only one vak
nined when the pen is
any disturbance s the process requiring s sustained
, will caisse the pen to shift away from
the set point far enough Lo give the
The magnitude of this shift or “offsc with th
vity setting used and dircetly with the required change in

sriarvos Ramio Vemavs Bawsrrvirr

Orrser Vemsus Sawsrrovizy
(et of

Image courtesy Control Engineering Magazine
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It All Depends on the Lags

David W. St. Clair
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If You Don’t Commission Things Mother
Nature Will




Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

100% Outdoor Air with
Humidification
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

St. Louis, MO, January 29, 2008

100% Outdoor Air
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

Enthalpy Driven Change-
over to Minimum Outdoor
Air
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Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

Minimum Outdoor Air
with Humidification
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

Enthalpy Driven Change-
over to 100% Outdoor
Air, Humidification
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

Economizer Modulates
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008
80.00

70.00 A

Minimum Outdoor Air
with Preheat and
Humidification o]
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Consider a Day with an Extreme
Diurnal Swing and its Impact on the
Performance of Sensitive HVAC
Processes

Mother Nature Writes
Great Functional Tests

St. Louis, MO, January 29, 2008

Minimum Outdoor Air
with Preheat and
Humidification;
Freezestat trips if the
Preheat Process Fails

10.00 4

0.00 ——
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