PCT/US2010/046228

WO 2011/022696

1711

;

N
()
_ P
.
” _ TN A,
EERYN

e

¥ OVdD

NOBI JOAIDS




PCT/US2010/046228

WO 2011/022696

2/11

Z "bi

mu:ov_uwco
\\:w - ;

] :
Wmﬁhm “ |
i 3
H |
| " g
! -~
: LB
=
[
[
L
Jend mmm
4 R




WO 2011/022696 PCT/US2010/046228

3/11

z
Return air ’ £ P
temperature sensor 360 E ’7
7 ~d 380
o

z
c
\
&_ Cooling coit 310

320

Reheat coil 330

Humidifier 340

350

O i vsDh o«

~ 355
[ Discharge air
. temperafure sensor
% 370
2y
j g”
£
300 &
[
AR

Fig. 3



00¥ ¥ Ol

PCT/US2610/046228

4/11

T _1 lllllllllllllllllllllllllllllll T T T T
y |
I |
) | |
....... N Josuag ! "
|
N I I
: | _
R _ e |
| giosuwes | _ .ol v ,oo
SRR _ .......
| 1 losusg | [ JOSS820id | 4 !
J | i
. | | |
| zandu " m [
e : |
E— T : _ _
oS |z yun | |
z | N 20UaiBoy |
Z SMBlg * _ by 3nduy # I "
- : | .
— ysmas | | ! x i [
7 i 7 indw W h | € BOUBISIEY “
y
- | e |
Lt g i a1 sauessey | |
L aun ! \ !
Y I W | //{ g |
91 55800Id “ "
7 | *
i |
Vi . u

WO 2011/022696



WO 2011/022696 PCT/US2019/046228

5/11

Receive a first sensor vaiue
510~ Y Y1 (e.g.temperature)for

&

each of the sensors

A
Change one or more
operation levels of one or
more modules

520 7N

k4

530 T~ For each one of the sensors, measure a
second sensor value T2

A
Calculate a difference between each
540 —  corresponding first and second
sensor values

¥

For each sensor and changed operation level,
calcuiate an 38X matrix element using the
corresponding difference

550 —

560 7 .
\//f\ny operation Eevelé\\\ YES

. not changed yet?//"”
~— -
\"\_\\ /,/”-

NO

570 A Store transfer matrix

FIG. 5



WO 2011/0226%6 PCT/US2010/046228

6/11

610
TN Identify a sensor whose sensor value
is outside of desired range

h

ldentify actuators whose operation
level can be increased

620 —

¥

630 — System predicts amount that increasable actuator
can change the out-of-range sensor

¥

640 ———— | Select an actuator based on
the predicted change values

Y

650
~ T Increase operation level of

selected actuator

¥

660 — Prevent another increase until
timer expires or until equilibrium

4

670 ———— Update transfer function
matrix TM

FIG. 6



WO 2011/022696 PCT/US2010/046228

7711

M0 ==~ Identify modules that are

currently using energy

¥

For each module, estimate resulting sensor

values if an operation level is decreased by
a predetermined amount

720 ——

h 4
Identify modules whose change
730 ™ in operation level does not cause

out-of-range condition

.4
Decrease operation level of at

least one actuator satisfying
range condition

740 ———

FIG. 7



WO 20111022696

810
TN ldentify a module whose efficiency is less than a

8/11

”1

PCT/RIS2010/046228

threshold (e.g. one with lowest efficiency)

¥

820 ———u

Estimate the percent capacity of the module that would
remain on if an identified module were shut off

h 4

Determine a ioad from the estimated percent capacities

840

850 ——| Estimate the sensor temperatures if the

860

870

FIG. 8

— .

“Does estimated load - TEO

-

~.
e L
\ e
_ =

e e

S
l NG

“~._exceed load threshold?

identified module were stopped

7 \
7 S

7
-~ \

- R YES
\ Do any of the estimated™.__

2 sensor values exceed a P
S threshold? L

Y Stop the identified module




WO 2011/022696 PCE/US2010/646228

9/11

910 Initialize TM

Timer
running?

920

yes

i no

Out-of- 930

yes range
condition?
940
~
Determine which
operational a60
parameter to
change
950
"“\\ 4 §
Start 88 timer ~— 970
determine which
CRAC to stop
7 980

start S8 timer

FIG. 9 g,




WO 2011/022696 PCT/US26010/046228

10/11

U LU U PP

o jasal

Trﬁnal

4] ‘anjenlasad aded]

FIG. 10



PCT/US2010/046228

WO 2011/622696

1111

9LLL
L "Old HOLINOW
N
L18LL —
BLLL 8/L1L 1111
JOVAHILIN Ngioy
TYNMALXa MSIa gExI4 QHYOaATIH | HOd WIMIAS Rk
N F ry %
& 4 . s v .
g L r V V >
\ X 4
GlLL
viLL ELLL TLil LLLL
NI HOSSIO0Nd AHOWaN HITIOHLINOD
TYHLINID WILSAS o




