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[57] ABSTRACT

To anticipate potential failure of a temperature modification
device (e.g.. heating, ventilating and air conditioning equip-
ment used in a commercial building), an efficiency value
representing the ability of the temperature modification
device to change temperature in a predetermined zone is
repeatedly computed. When one of these values is
computed., it is used in determining whether the ability of the
temperature modification device to change temperature in
the predetermined zone has deteriorated over time. This is
done by comparing a current efficiency value with a previous
efficiency value. In response to a determined deterioration
exceeding a predetermined tolerance, a control signal for
initiating inspection of the temperature modification device
is communicated, thereby enabling the device to be serviced
in response to a detected operating condition of the device
and before actual failure of the device.
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2 TIMNG }—6 ’
\ /4 /
REMOTE
/22
OUTSIDE
ZONE DISPLAY I//B
TEMPERATURE 10
SENSOR ~
MEMORY
18
/ Taim
TABLE OF EFFICIENCY VALUES
‘E‘SLDEE HISTORICAL LOG
OPERATING LOG
TEMPERATURE
g WORKING SPACE
ZONE 20 ENERGY MANAGEMENT APPARATUS
)
HEAT cooL
LM 115
HVAC

001 GOOGLE EXHIBIT 1004



U.S. Patent Mar. 17, 1998

Sheet 1 of 20 5,729,474

2 TIMNG  }—6 9y
REMOTE
/,/22
OUTSIDE 8
ZONE DISPLAY +—
TEMPERATURE - 10
SENSOR 7
MEMORY
18
/ Taim
TABLE OF EFFICIENCY VALUES
';gﬁg HISTORICAL LOG
OPERATING LOG
TEMPERATURE - RKING SP
R WORKING SPACE
ZONE 20 ENERGY MANAGEMENT APPARATUS
A f
HEAT cooL
\\\\14 (;\~16 -
HVAC
\\\\12

002



U.S. Patent Mar. 17, 1998 Sheet 2 of 20 5,729,474
. A18
FIG 2B
2L 22pF LL; ME [59 573130 ATT| TR0 1220 T3 10
220F S {ExTAL A4 ZLALLIAS  9L5 o317 D3
g M 2 loru a1l 26 ATSITIAA ®lA; o018 D4
12 ) 131_Jrour ar2]23 AIATIAS _ 70ps  osfi9 D5
PrO_12C_INT1 ———LOdinT1 AORZS AL [ I8 —iar - o7l 2B0
NC=S7qHALT A 1o R8T 1A 26/h0  C52[50 WR
NC—GIREF  A80—a7l | [A10 23)A7,  WH32
NC—BOp a7 [AL AT LHATO ve
#5V———WAT  as HLE] | o—23A11 vss Y
NC—5ST  AS A12 —
RTC_64HZ_INT2 gqINT2 A4 17 2‘3‘ A13 281443
METER_INTO-—1<INTO A3 HE Ald 3iavd
MODEM_NMI—SqNMI A2 HLSAZ [ IALS Slipy5
+5V OdBUSR A1 e Al IALG 2
Al A16
5] 13 A0} |SRAMHIZ
NC~—BUSAC A0 Fp=—rt PREYH-24CSt
: 55203 24— |
== D4 F—03 | +5V-"{Vee O NC
14N
MEMORY MAP n2| 3252 12i6ND 2—2—NE
SRAM 04000H-07FFFH D0k—Ra~ s 23 4f=-NC
EPROM 08000H-O0BFFFH ROpes—we [as—55 1A [ 778255 CS3
SRAM 0CO00H-23FFFH WRp2S 2215 611259 CS3
EPROM 24000H-27FFFH TENDIpER NC - 55—>-1C 71—~ MODEM
SRAM 28000H-28FFFH DREQ1pEZ NC D 8[5;-8255_Cs!
EPROM 2CO00H-3FFFFH CKSpeg NC ME 9 ~8255_Cs2
EEPROM 40000H-5FFFFH CTTXSS1 T :g 5 ]? ﬁ’ggFLCYE
SRAM 60000H-7FF & e
g A N 2
+5V——241{yCCe 1S RXAT | 6 13 |~ PFO_12C-RST
v TxA1H48 NC 1861 14 12c cs
. CKAOf 55 NC | 10E—{G2 _15}-~RTC_RST 5
3 RXAOl= RXAO L NC. 17— m 100K Z
OND TXa0f43 Txa0 [a18TZ]  HZTNG BryWrs
— DCDO7 AL 31, -NCEE | 8
RTSOfy= R1SO | [AT2—¢] & [18 2 33
L | ME 71 5 (17 SRAMI0 CS1 )
msrET | - b I B RON
D > 9] NC
oN 8255-L INoT0] 207 %,

003




U.S. Patent Mar. 17, 1998 Sheet 3 of 20 5,729,474

FIG 24 AO__ 12 1300 AO_ 12 13 DO 10
A 11]a  oi[14 D1 AL 1), Qi4 D!
AZ_10ly, ol 15 D2 A2_10l,, g 15 D2
As_9lit 317 D3 AS_9lit ogl17 D3
A4 8iA% nal 18 D4 Ad 81A3 04 18 D4
A5 70ps  0ch19 D5 A5 70as  0s[19 D5
AT sl o2l D7 AT sl o7l2l 07
AB_ 2pg ool 30 RAM VCCIL A8 27lag ne [30— ne
9 26lag yerdd WR 28179 vppH-—NC
A0 23|a10 32 A0 2310 37

Vce Vece +5V
ATT 250517 o[ 16 ATT 250517 ySof16
A2 4y, Sl M2 4y, L
AT3 28,3 = NERVENE -~ =
ATd 3005 AT429)51y POMP— 3
ATS 31)y1c A5 3lye P
A6 2pe A6 2p1s R
s%%»;Loz oS 1 ROM_CEZ22) ¢
—e0-240E RD-240E +5V
HM628128 HNZ7CT01
AO 12 13 DO ol T2 Do
AL 1)y 4D 20400 Dol
A2 10 15_D2 2A1 Diks
M 8l83 o180 o e Lian2
-—-—-—-—c .,
22 AN o 3 82 WR_10dwR cs121—§9“3m5 W 10K
Af—— CSAL o _FOX
A—5la7 o072l D7 paw vee[17]  pp3 RAMIVEC™ |
AT 23870 W52 TWR 7 1.8y L
ATl 251p11 oo 6 B4HZRTC 100K
A2 4 gall
A12 — +5V +5V
AT3_ 78y, SRDY/ =
AT 31 3 g T EE_ROY | :
A15 31 ﬁ]g L LR 5HC74 " 1%2 .
Al6 2A‘.6 D Q NC D Q NC
EEPROM_CE ~24CE Sleik L ek 8
] 1

. ——28€1001 HCO8" | C- RS TR 6 4z INT2 3

i . = P01 \8 g g PFO_I2C_RST

¢ INT 2/ HC 14 PFO_12C_INT1 —

004



+5 DBZ5
3V 2l car T
t 10UF NC ~——770
16/U129 T i T
Rtt oad 1 PTXD TXD 20
T*AO —HT1 IN 1 oo 4 = r 2
NC —L3{R1IN + outh2— xe RXD pRxp NC—#r—=
R1S0 112 IN R TS NC—L
NC —E4R2 IN 7 7L°
! 12 out PcTS _CTs  NC——51—
2| cl+ R2 0UT F— NC rBro
?géF et R87 NC ——E___O
1 NC = -0
TE-—4 2. e L s
ces A4 Sep- oo 7 l 2 %TC% POCD___ 8.
o) e et v e
= 0107 T T 1 . NC—3to
AT METER = = o—o
s AA S e I
180 OHM |CONNECTOR] CTSO Ahz__NC NE:‘_—’I@
= R85 1 | 2CONN UTZ7=0¥c1489 ) 5 " 2 RN
10K |13 . DCD 0o Bl4 - —Jgro B
HC14 MC1489 .9 U127-B
3V U14-F RXA-B (U;o J_]-‘l‘f)
1 u127=¢ NC [ IDSR CONNOO6
4
HC14 §! S:g'—~9 2N RO10 Ut
Ut14-E RI Al R N 1| RAM VCC | oacer
10 : 1274 330 oM SRI7 o PA
SERIAL INTERFACE €009 5 10K Ry p+=—3{CONNECTION
METER_INTO . : 01UF 4
I —=| 1: +5V 4CONN

005

e SN

8661 ‘LT TBIN

07 JO ¥ 19934S

LY 6TL'S



U.S. Patent Mar. 17, 1998 Sheet 5 of 20 5,729,474

C53
AuF C481  C480
AV 1 11
N iy R
| o = =1 y7 _—o{oND i Tp
172 ]_ R116 XMIT OHK |5~
27,F == + 5V~ AAA +5%4—21{Vee  RING
B 2 100K 1 €56 [iTEST TIP r‘
' T-Jet 115 1acy
i:1:47pF LLE'L—@—XTU TXA1 32 e CHTB07
C487 = 5g T 1uf
2 = XTLO RXAF
c488 7T ©| Nc—LTJHDIS  RINGp=: o2 7| U146-A
82pF MODEM-~4HCS ~ AGCIN gi ~ o0 HC14
_—21 RD ~—Z4HRD RFILO[=5 = S$e
L WR-—24HWT  OHRLYp-£S 1
- R121, — 184yNT +5VARES L
- A—YHao TESTPS>— 2l 2l 2
100K A1_]_8_HA1 RAGCO ; C486 |C485|C484
3 AZ‘WHAZ RAGCI e R118 ::01 P
+5V\ JHC14  DO-gHHD0  RADCOFS S4.7K 11‘“00"‘1' 47, | 1000PF
UT46-8 DI—ZHHDI  RADCI |25 ) = = =
p2-—841HD2 Tsmozﬁ
MODEM_ NMI gi*ﬁiﬁz ngi TRzTT%l 55 2] 482 ZJ_ C483
p5-58lDs  Roro [ 48] IEIRG
D6~—HHD6 RRSTO% = =
D7-—4HD7  RRSTI |7
+5V-—121y5vD  TRSTO 12
T S0lpGND1  TRST) __Jsg
= 3q|DGND2 MODEO:gZ}
MODEM RST‘%QEQET %‘36’56 29 SRS 2% R120
MODEM_SLP—4&siEEp1 TADCI |29 oMM T ORM
. 36)5¢ 02 |385_nc v121
21c479 NC*—?gdSLEEP SPKR —%———Nc T3
ESWAE 1ZlpLENo TLKRLYpS8—NC TRANZORB
- U iDLENT
l +£v L———S%nwi
- NC ~—1SINVRSK
NC~—giNRCS NC | NC
N v 4]3 AL
TITA/A
NC —2-{TXA2 1XaH
"RC224ATE H3
sS| MODEM PHONE INPUT
=T — T J12 MOLEX

006



U.S. Patent Mar. 17, 1998 Sheet 6 of 20 5,729,474

I
= o %
i 2] 3 1T 2] 3
= =
22| A5 25 | 23
D0 -L{DB0 RESET PL-RESET %9 | 92 =38 | ¥{ 2
01 ~£ 0B L . 4
D2 ~ DB2 B kN
D3 11083 +5V | N
b4 31088 2 SDA 8] U109 U110
D5 —>{DB5  SDA |
D6 "‘11—%‘ DB6 L§_ éCC 1 IXSDA| 1
D7 ~£={DB7 3(C 2 XSCL| 2
|?'C'lNThﬁcIc:Ns‘.T B 828715 3
12C_CS ~—e |
clk-1t>cik  scL 3 sCL | i% _I 4
AR [A 20 —— 45y NC—
RD~—g RO VDD 5y — %
WR—= WR Vss 2L cag 21 ¢s0 ZCONN
PFO_I2C_RST ~4-d 1ACK T AUF T 1UF
PCD8584 1
12C INTERFACE — =
. ==

007



RAW_DC —

008

025 ; D24
t , l 1.2 132 IN400s 2| 1l c1oe
INAOOGJS €035~ C004 é' gy DB 1004 u151
Tmom Oluf 026 | AN
D22 L S 2 2
INA7 44 2[. CA.(S;;f ﬂ.c{m
— T SNty T o =)
+5 . +5V ? +5am < _[ T 33
N
NC—q-3 N—= s Ri7 5 R
IN3906 A “JE JL.! 1 3 )
4 CHIRGNG CRCUT " I A S AR T "
D19 R
LK
! T LM317 |57V ZQ%SHUTDOWN TR ‘Zvam Pri ?0
05 IN400 n Sfour Fro b 11 b — PF0
' 8.4V OLT R123 £ Ct OUTP—*
o NCRD 470 T"#ﬂ Buf™ C—%w ONCE mENc
CHARGER | BATTERY L —N——7qLowm %00 15cownovm
N o | B
SHUTDN 1Ko 21 TAP 1X3H
f Ro3 0 BooL. cor B0
e ansans B4 VETYRT
020 “ZX 1N4736 ‘ 3 SWo02 R76 RS
R96 o = == H0r =
RN 07 SWICH 1 co07 |4
2N3904 LOW_LN Il
1% 29 e —F T
S| B Nt A8 = &= : SUPPLY

JuAed ‘SN

8661 ‘LT B

0T JO L 194§

PLY'6TL'S



U.S. Patent Mar. 17, 1998 Sheet 8 of 20 5,729,474

+hanv =~ _[QAGZLASL[%{LMGSJMGJLMG7J5468J£469 N
130-S IP,LF,. | wT:;,,r,l AT ARTARYZE
ﬂs 4(5)6[78 910[ T
2 NC R101 .
; " 5,
4 1 2
5 SVV\"4 AN
6 3 Y4
7 SWVB 5’\/V\1
8 SIP-330 5IP-330
9 7YVVE TVVVE INO
5 R102 R104 INT
K TVVVg TVWAg N2
12 IN3
13 VYV TV | INg
14 INS -
AYAYAY, = — 0 T ~
15 5 5 VvV INb
T sw—sso6 3p_330° 1] >9-
7YV 7 a | -
+5any-=— J_c QL ‘L l ZL: ) 2] .<|7
130-S 47014711477 [ca73 [cardlcarsIcars camy
- i[-bafy ‘uﬂ ARTAREART AR
3lalsl6 (718 9%}2
NC
1
= R105
3 TVVVY N"fz NG
4 INIO
5 VYV 3:’/:/’84_[ N
3 IN12
AVAVAY e
7 5 5 VVVE IN13
3 3p-330° §1P~330 NS
g TVVVE 7VVVE IN1S
10 R106 R108 A
K VVVy VYV
12 X
i3 TV YV
14
15 5 Vg 5 Ve
T SIP-330 SIp-330
: A , 7VW,8 A/D CONVERTER
= T —]. —— L=  AND AMPLIFIER

009



U.S. Patent Mar. 17, 1998 Sheet 9 of 20 5,729,474
3 |G JHEADER TO SELECT ) L 1 51Ko 2
_%. BETWEEN CT'S & o §1|1K2“ 122014
% PULSEKW /SENSOR : 13
Lt / flczn4
b RN 258
TG 7] IN2 T R110
IN4 srel DS
e [ =
ING TH——
FIG. 26 < W7 2|N7 Lspgi24 00
IN8 R78
N10 BlNTo
'N‘g N2 eoc -
IN1 IN13 3300 +90nv
IN14 2] 00y 1
INTS T4 N is ,
A §R51
181 comp 3.3k
+Sony —2L{ EXPAND i
—3b! ApDA
3] ADDB 17 R85
—22 ADDC  Vec F——+5anv (48 ¢
_ 33 33 10Kn
ADDD 1
1 20 RS
OF  GND
52.3Ka
START ! REB §< 3.3Kn
| CLK TC274, | o 10Ka
U116-A 19 | 7K
ey | ] e ;
R 1 el FRS REF_ e
) QC g = ~ADCOBIT
- CLR Q0N 2] c493 2cyes v
[ 1T1000pF 1] 1% +5anv
L3kA QA B3 A/D CONVERTER AND
Nc-2| kB QB L—T:NC | AMPLIFIER (CONTINUED)
QC f=NC 1 :
¢k qo e O /. =11
= HC390 TP-1

010



U.S. Patent Mar. 17, 1998 Sheet 10 of 20 5,729,474
U150 8 R126 ~
7 LAl | g R1247
6 6 5
3 I and T 4W\'3
4 . AN
3 5 6 W
2 VWV | Ut46-E .
7 8 | 1 1 2
8CONN +]’>V — U146-D
| B 8 9 3andl
26| U149
, U14B%C
00 - 3450 V 4 DISCRETE_INPUT 0
01 —33]p7 ¢ PAI3  DISCRETE INPUT 1 K5 by
02 32 02 PA2 2 DISCRETE INPUT 2 U1463F
D3 gé 03 PA3 10 DISCRETE_INPUT 3 1L<13 7...81
D4 54104 PA4 - ~DISCRETE_INPUT 4
D5 ~55D5 PAS 2=~ DISCRETE_INPUT 5 -
D6 ~5{D6 PA6 8- DISCRETE_INPUT 6 =
07 <4 07 PA7 51—1 L-DISCRETE_INPUT 7 H1S
5 PBO [=o~DISCRETE_INPUT 8 1
RD~3=q RD PB1 |50~ DISCRETE_INPUT 9 5V —| _ POWER TO
WR—SWR PB2 | 5= DISCRETE_INPUT 10 DISCRETE INPUT
AQ—=—{AO PB3 [5>~DISCRETE_INPUT 11 | Nc —3{  BOARD
A1-—8—35 Al PB4 153~DISCRETE_INPUT 12 _|_ Xan
= RESET  PBS [~ DISCRETE_INPUT 13 —
e I ggg 5~ DISCRETE_INPUT 14
T L£9 . DISCRETE_INPUT 15
-2 PCOH £~ DISCRETE_INPUT 16 DISCRETE INPUT
3 PC1 [~==DISCRETE_INPUT 17
S PC2|—>~DISCRETE_INPUT 18 ,
PC3 %DISCRETE_INPUT g = T - ==L
PC4[-5=DISCRETE_INPUT 20
PCS [~ <~ DISCRETE_INPUT 21
PCE L~ DISCRETE_INPUT 22
oD PC7[HQ-DISCRETE_INPUT 23
71 8255 piseReTE INPUT 4 ——] H14 i DISCRETE_INPUT 5
— DISCRETE_INPUT 6 ~—3— = DISCRETE_INPUT 7
- DISCRETE_INPUT 8 «-;L —— DISCRETE_ INPUT 9
DISCRETE_INPUT 10~ 75~ DISCRETE_INPUT 11
DISCRETE_INPUT 123 5~ DISCRETE_INPUT 13
DISCRETE_INPUT 14— 75 DISCRETE_INPUT 15
DISCRETE_INPUT 16*7% £~ DISCRETE_INPUT 17
DISCRETE_INPUT 183 T2~ DISCRETE_INPUT 19
DISCRETE_INPUT 205 [18_0SCRETE_INPUT 21
DISCRETE_INPUT 22-—2hx10oH-24~DISCRETE_ INPUT 23

011




012

1\\
11
U010 LED1 LED2 LED3
AD_ > DAQ 23 g 14 remn 29 L3 12 cmn  2g / ? 12 cmn  2g ?2 ?
A6 1py 722 1 NC—-—;;ﬁMp 2f 2 L |he e 2ffl2 D) Inc Ao 2 H2d
21 g a2
A2 101n40 e - ]ﬁ1g 2e 3 f1819 2eﬁ ] f181? 23 ]
DO__12pg ¢ — Hodre— et 298] [ g ¢
L1y cHE ¢ 1 e 2 S eFr e Hte * bow
D213,  opl g 2 HOB i dg PR e 2 (O
3—‘1‘4"|D3 a 1g 2 £ 1c 2o 9 b 15 c 2a g b 15 e 2a 9
DL dpH2—tT- b 1314 2dpfNC 1o 2dpgNC Fyalib  20pfgNC
NC— o digl JA—LI1t a 16345 cme 19 a 1615 cmr g 1a  cm
v A PR 2
DSPLY=wr  dig2[3™— 75y |_DISPLAY DISPLAY DISPLAY
o1 rar
28 e giog|26 L5+
SS 1917 T+ | LED4 T1a
19y, j:gg 27 17+ 2cow  ope e
! T8+ 3 3
o84+ g &f oI ¢ L2474 uie
ICM7218D e 5|9 < 0 ne e \
a6 d com NC LT—qu 16CONN q
TL 7SEGLED LT4+g
9
C478 LTS5+
— . uf LT_T?
1 LT?+ 5
L ———
5V DISPLAY INTERFACE 17 +,1%
LT-14
= LT8+12
B —L I L : Fa{d LT-"_'
~

Jued ‘SN

8661 ‘LT TN

0T 30 1T 134§

PLY'6TL'S



U.S. Patent Mar. 17, 1998 Sheet 12 of 20 5,729,474
——T0 82C55 PPl SLEDOOS
U126 AT
+5.\Ll4_ VCC 0 1_] RED
" 1 “3>L < LEDOO6
6N 2 |
= 3 5 ~ RED
+ B S.LEDOO7
5 4
aalh ol RED
B 7 + LEDOOB
€3 21, 8 ? 3
4 20 0
D 9 RED
10123 « LEDOOY
M gy &
12 15 RED C008
18 3% ~LEDO10 1uf
—18061 14 S, |
19 17 T T 17
G2 15 RED
= 744 o~ LEDO11 =
N
ASY
H1
-%—‘NC vVVg
RED 51 OHM
4 SLEDO13
5 KB2 -4
6 RED
7__KB3 ~ LEDO14
8 Eﬂ
9 KBO
RED
10 KB1 SLEDO15
KEYPAD iy
IN SW00!1 102 -
4148
_ 1 —18 1.8k OHM
2 BT 5~ 100 2 +5V
| IN4148]1 5] 16 1.8k OHM \a
2 7 [4 15 1 ROO7 ,
IN4148 ALY
2 D3 1 |SWITCH 4 13008 2 LEDS, KEYBRD
IN4148 1.8k OHM DIP SWITCH
7 il
10— — X

013



DATA BUS +5V DATA BUS 45V
0 4 us er . 0 34 U142}g . L | 19,
D0 Vcc PAOFE— 0PTY D0 VCC PAO}E— OPTS  Wi=g Y1 W5~ Y5
DI 331n1 ““parkd 8; 33101 Pt ws 01.% -0pT1 05% ig;oms
Bg 3212 pa2lZ——v; 03 321p2  pa2H——15 W23t Y2 WEes |6
o2 gé D3 PA344T(;1 0: gé D3 PA3~£—O——-‘G5 G2~gf  [50PT2 GB-gi  |-OPT6
D4  PA4FAL 0P 5 5ei04  PAsi—opTe w3 POys wrdl iy
D> 29ins  ppslSd - w2 s pasked—we  o3dl  [Zoprs o7l [opry
D8 28ing  pagHiE—v2 05 Z8ipg  paghiB—ve  wald [va weld [Hvs
D7 27 37 D7 27 37 15 [i6 15 {i6
07 PTG g% 07 PATHg 8ST8 eI 0PTe 68X TR 0ps
PBOf— Fra
BD_2 45y pei 202 BD_5dpp  peIfl—~w8  SWITCH BRD 1 SWITCH BRD 2
WR 36 4 20 WR 36 ] 20 .
EORCT S A Y I T | VI ¢ A e CR
AL B pel—oprs  ALB A pagEZ—op7 0‘1_ ai -WDT
——————23 IRESET PRS W3 RESET pB5f5— W7 A0~{S0 Q2[3-MODEM_RST
J_3255—§J—5—ﬁ S PBOIE—1Y3 _I.st—sﬁiﬁ—ﬁ cS  PE6lLE— Y7 A1-2s1 Q3H-MODEM_SLP
= WER 25 RESET= 59 3 9 -
P87 G3 P87 G7 A2~=1S2 Q4ESBAT_TEST
PCOH4— kB0 PCOH4 - pFQ osf0— -
PC1[-2— KB PC12— R g6 sfrne |S
PC2f~=— k82 PC2[-—— BAT_GOOD LRQ7F=NC |
Pcs——-lg KB3 Pcsﬂ—*13 EE_RDY u15—)&2'ﬁ N
PC4b=S— 0PT4 PCA—>—= 12C_INT §
i i ohi
GND  PCT[o— G4 oND  pe7H— DCDo

7] 8255 7] 8255

PPl AND SHIFT REGISTER )
_‘E It ]~ — L J WR -

014

e SN

8661 ‘LI TNl

0T JO €1 1394S

vLY'6TL'S



U.S. Patent Mar. 17, 1998 Sheet 14 of 20 5,729,474

~
U117-A
o~ C66 HCOB
Lo | > i — 3
A : | ] = NC
) 1 2 9~ ﬁ
T|vV 14 = =
cC = =
7 Ut17-B
c6s, » | CND HCO8
A S 4——
=1 = [Vooftq £ Pwe
= C60 =
8 - Apf U117-D
§ - —1 " HCO8
e [ e
7 - L]
C64 ~ | OND =
Ay 3 U14-B
“——-—{ N T VCC 14 HC14
112 3 4
5 C489 NC
s }
14 Auf =
=1Vec o
0 )
- <
S |_GND ; =
C63 " GND
Apuf S
| v..l14
5
LIGND J—‘
< - +5V
POWER CONNECTIONS
C62
Auf - .
Jllt — I — — M
117

015



Ix 1 /S JONE 1_SWITCH_HEAT
== 1 1\/1 - -
4CONN ACONN V. 05 7
‘;h ZONE 1_PWR_HEAT | P ZONE 1_SWITCH_HEAT ‘é - ZONE 1_SWITCH_AIR
0 "ZONE 1_PWR_AIR 5 ZONE 1_SWITCH_AIR D4 &7 LUNt 1_SWIHCH_FAN
. "ZONE 1_PWR_FAN 7~ ZONE 1_SWITCH_FAN J‘WFL‘*—W":&M.-
] ZONE 1_PWR_OPT ZONE 1_SWITCH_OPT INA148  sp—1. N7 ZONE 1_SWITCH_OPT
Ut vz B R Uﬂ—@——ZONE 2_ SWITCH_HEAT
L—u-z—w»—l. 1 |
scom, oo, 2_SWITCH_AIR
3 ZONE 2_PWR_HEAT EZONE 2_SWITCH_HEAT 115 A 1\4 2_SWITCH_FAN
- ZONE 2_PWR_AIR ZONE 2_SWITCH_AIR
; ZONE 2_PWRFAN | [5-7ONE 2_SWITCH_FAN  IN4148 SIP—1.8§ I,@Z ZONE 2_SWITCH_OPT
ZONE 2_PWR_OPT - ZONE 2_SWITCH_OPT ny M 20 B 10NE 3_SWITCH_HEAT
V3 = ‘ Wt (/I 1 7 ZONE 3_SWITCH_AIR
— W 5,6
scom, iConN, T WO ZONE 3_SWITCH_FAN
. ZONE 3_PWR_HEAT ZONE 3_SWITCH_HEAT 77 7e™ RIS J0NE 3_SWITCH_OPT
: ZONE 3_PWR_AIR 5 ZONE 3_SWITCH_AR SIP-1.8€
1 ZONE 3_PWR_FAN 7~ ZONE 3_SWITCH_FAN (NTs R, a——ZONE 4_SWITCH_HEAT
ZONE 3_PWR_OPT ZONE 3_SWITCH_OPT = T
- - - 121823 ZONE 4_SWITCH_AIR
Us us r_1—15 031
l ] N o 1 ZONE 4_SWITCH_FAN
ﬂ' ]ULUZ B jlz £ 7
K ZONE 4_PWR_HEAT | }2—ZONE 4_SWITCH_HEAT © faggs o=
: ZONE 4_PWR_AIR 32— ZONE 4_SWITCH_AIR LT
1 ZONE 4_PWR_FAN »1—ZONE 4_SWITCH_FAN | peakal=lollalo]—
ZONE 4_PWR_OPT - ZONE 4_SWITCH_OPT =
u7 Us = -
+5v —4 U26 TRIAC BOARD-LEDS AND CONNECTORS NN RGEINS
P ’ = SRERERER
¢ ‘ e
—  2CONN 10—/ e=IJ 2 a2 =

016

JuRjed SN

8661 ‘LI “TeA

0T JO ST 199YS

pLY 6TL'S



Q POREEN MOCSOH 1_PWR_HTAT
2N22212 3 3
EI
2|° —%@ £ SWITCH_HEAT
u10 L
MOC3011 2 2 —ZONE 1_PWR_AIR
6 | R6 MAC15
z 3
2| 180 OHM ZONE 1_SWITCH_AIR
WAL —
SIP-56K SIP-180 U1t
Q11 3 2CREEN 4 | [ Moc3oti st~ ZONE 1_PWR_FAN
2N2222 ¥ p3s 16| ] 1R7 2MAC15

180 OHM L——*ZONE 1_SWITCH_FAN

— ZONE 1_PWR_OPT

515
L8 2

180 OHM 3L~ 7ONE 1_SWITCH_OPT
= TRIAC BOARD—TRIAC ZONE 1
I T il —] ]

017

ey ‘SN

8661 ‘LI “TeN

02 JO 91 1NYS

PLY 6TL'S



Q13 U13 ;
N 3 MOC301 . ZONE 2_PWR HEAT
1 1% 6 L
2% 4 = ZONE 2_SWITCH_HEAT
U14
MOC3011 MOGC T4 ZONE 2_PWR_AIR
1 6 R10 , MAC!
{ %@ L 1 R10 2 ?,3
—2 180 OHM ZONE 2_SWITCH_AIR
, RIS, l
W2 e=—AANAA ‘ +5V e—AdAAAE
cz»—%«/va 15V * 5\/\/\,8
OPTZ*—J\/\/\faﬂ +5Y +——A"AN—
SIP-56K S u15
MOC3011 71— ZONE 2_PWR_FAN
1 6 ] | R11MACTS
9l 4 180 OHM ZONE 2. SWITCH_FAN
U16 .
VOS0! 1 w7 ZONE 2_PWR_OPT
6 R12
qu/ l LER 21
4 180 OHM l——ZONE 2_SWITCH_OPT
— TRIAC BOARD-TRIAC ZONE 2
L I ]- el —

018

LCHLE 0

86 T ‘LI ‘TeN

0T JO LT 194§

LY 6TL‘S



u17 |
oaT 7 ZONE 3_PWR_HEAT
1 b R17
2l 4 180 OHM ZONE 3 SWITCH HEAT
U18 |
- Moc3011 0307 ZONE S_PWR_AR
1] 6 R18
. L] 1 Rg My ;
7, 180 OHM ZONE 3_SWITCH_AIR
R4O EE—
W3e—tAAnd
YS——S/\/\/\rA—J
Gs——iwv—7 g
oPT3e—AnE-
SIP-56K U19
MOC3011 g5 ZONE 3_PWR_FAN
1 6 ] | R19 MACTS
2 AN~ 3
2| 4 180 OHM ZONE 3_SWITCH_FAN
020321 MORoo1 55751 ZONE 3_PWR_OPT
b1 e v 180 OHM 3
2 2 4| ZONE 3_SWITCH_ OPT
= S TRIAC BOARD-TRIAC ZONE 3
L I — [

019

112313 o)

8661 ‘LI “TeIN

0T 3O 8T 19YS

PLY 6TL'S



R36
W e AL
TP SYVNL B

G4-—5’\/\/\/L
Ji 8

OPTA—“\/VVT
SIP-56K

GREEN U21 ) :
s 1B 2]
S
2] T4 180 OHM ZONE 4_SWITCH_HEAT
022 .
MOCS01 1 025?2 ZONE 4_PWR_AIR
o6 R24 . MAC
1 2
2. hVAAY 3
2l 180 OHM ZONE 4_SWITCH_AIR
+5v~—i7fvv\,—%—~
U23
MOC3011 G731 ZONE 4_PWR_FAN
MAC15
8 ] 1 R25 27
2
2| 4 180 OHM 3 ZONE 4_SWITCH_FAN
= U24
w222 |, e | L | R26 , MACIS
5, Y
b
2° AR 180 OHM 3 ZONE 4_SWITCH_OPT
= TRIAC BOARD-TRIAC ZONE 4
LI, e

020

JuAed ‘S

8661 ‘LT YA

0T JO 61 ¥924S

PLY'6TL'S



U.S. Patent Mar. 17, 1998

CHECK HVAC
TRENDS

ARE WE
RECOVERING 2

GET PROPER
ZONE BASE

4

GET POINTER TO
ACCUMULATED
TEMPERATURE DATA

1

GET NUMBER
OF DATA POINTS

‘ GET ELAPSED TIME |

FOR RECOVERY

|

4

‘ GET OUTSIDE l

TEMPERATURE

\
CALCULATE A

COOL: TsTARTTAIM
HEAT: TAM~—TSTART

Sheet 20 of 20 5,729,474

GET ADDR OF
PROPER ZONE’S DATA

|

WRITE ZONE NUMBER
FOR REFERENCE

) J

GET INDEX TO TABLE
(OUTSIDE TEMP)

1S
NEW #MIN/CF

<
CURRENT #MIN/°F
t?

WRITE NEW
AMIN,/OF

GENERATE AND
COMMUNICATE

A

"SET UP POINTER TO
PERFORMANCE

TRENDING TABLE

SIGNAL FOR
INITIATING
HVAC INSPECTION




5,729,474

1

METHOD OF ANTICIPATING POTENTIAL
HVAC FAILURE

BACKGROUND OF THE INVENTION

This inventionrelates generally toheating, ventilating and
air conditioning (HVAC) equipment and methods pertaining
to its use. More particularly, the invention relates to a
method of anticipating potential failure of a temperature
modification device, such as embodied in an HVAC system.

An HVAC system can be controlled by various types of
energy management apparatus. For example, in one conven-
tional residential system, an electromechanical thermostat
controls a heater gas valve or an air conditioner compressor
(depending on the selected mode) and a fan. In a more
elaborate system such as may be used in a commercial
building, a microprocessor-based controller operates the
HVAC equipment.

Regardless of the particular system, HVAC equipment is
typically operated until a failure occurs, then it is repaired.
This can be costly not only because of the repair needed for
the HVAC system. but also because of possible consequen-
tial costs which may result from the HVAC failure (e.g..
damage to other equipment, such as computers, due to loss
of cooling; overtime for repair services if failure occurs
other than during normal business hours).

Preferably preventive maintenance is performed on the
equipment; however, such maintenance is typically based on
a selected time period (e.g.. monthly, semi-annually,
annually) or on the operational time of the equipment. Such
maintenance is not, to our knowledge, based on an operating
characteristic of the equipment itself (other than mere time
of use). Thus, conventional preventive maintenance may not
detect or solve an incipient problem, and it will not prevent
a failure that arises wholly between maintenance episodes.

In view of the foregoing. there is the need for a method
by which the operational ability of an HVAC system can be
monitored and potential or incipient failures detected and
corrected before actual or more substantial failure occurs.

SUMMARY OF THE INVENTION

The present invention overcomes the above-noted and
other shortcomings of the prior art by providing a novel and
improved method of anticipating potential failure of a tem-
perature modification device. The preferred embodiment of
the present invention is designed to monitor the operation
and the effectiveness (efficiency) of an HVAC system. From
this, potential problems with HVAC equipment can be
anticipated before they actually occur. Corrective mainte-
nance initiating signals can then be generated before equip-
ment is damaged.

Steps of the method can be performed at any desired
frequency. For example, monitoring can occur each morning
when the HVAC system is operated to bring the temperature
for a controlled zone from its more energy conserving
nighttime level to its more comfortable daytime level.

The preferred embodiment of the present invention
employs the following parameters: 1) outside ambient
temperature(T,,,,). 2) inside starting temperature (T,,,,,), 3)
desired temperature setpoint (T ;,,), 4) HVAC recovery time
to change inside temperature from T,,,,, to T,,,.. and 5) the
best or most efficient performance of the HVAC system to
date. The method uses these parameters to determine the
heating or cooling rate based on the temperature differential
between the starting temperature (T,,,,,) and the desired
temperature setpoint (T,;,,) and the corresponding recovery
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time to go from the starting temperature to the setpoint
temperature. The method then logs this heating or cooling
rate relative to the outside ambient temperature. As the rate
of cooling or heating increases, thereby indicating a dete-
rioration in the efficiency of the cooling/heating ability of the
HVAC system, one or more signals for initiating corrective
action are generated. Data can be collected and plotted over
a period of time and made available for display or hard copy
printout. Historical readings can be made on a periodic
basis.

In accordance with the foregoing, the present invention
can be defined as a method of anticipating potential failure
within an HVAC system operated by a digital computer to
heat or cool a zone. This method comprises energizing the
HVAC system to provide a selected one of heated air or
cooled air to the zone. This energizing step includes: storing
in the digital computer a value, T,,,,, for a desired tempera-
ture setpoint; storing in the digital computer a value, T,,, .
of an actual temperature in the zone; deterruining a differ-
ence between the stored desired temperature setpoint value
and the stored actual temperature value and determining
whether the difference indicates the need for the selected one
of heated air or cooled air; and generating a control signal
for energizing the HVAC system in response to the differ-
ence indicating the need for the selected one of heated air or
cooled air so that heated air or cooled air is provided to the
zone for changing the temperature in the zone from T, , to
Taim'

The method also comprises the step of determining
whether the efficiency of the HVAC system changes over
time; this includes performing the following steps contem-
porancously at least once during each of a plurality of
predetermined periods of time during which the step of
energizing is repeatedly performed. These steps include:
determining the amount of time, At, it takes for the energized
HVAC system to change the actual temperature in the zone
from the respective T, , to the respective T, .; computing
an efficiency value, AT, ~T,,.l. for the HVAC system;
sensing an ambient temperature outside the zone and storing
a value, T,,,.. thereof in the digital computer; and comparing
a present computed efficiency value with a prior computed
efficiency value which was computed conteraporaneously
with sensing ambient temperature outside the zone at the
same value of T,, and which was stored in the digital
computer in relation to a marker identifying such same value
of T, The present computed efficiency value exceeding the
compared prior computed efficiency value represents a
decrease in efficiency of the HVAC system, whereas the
prior computed efficiency value exceeding the compared
present computed efficiency value represents an increase in
efficiency of the HVAC system.

This method of the present invention further comprises
the step of storing the present computed efficiency value in
the digital computer in place of the prior computed effi-
ciency value for the same value of T, in response to the
step of comparing indicating an increase in efficiency. This
method still further comprises generating and transmitting
from the digital computer a control signal for initiating
inspection of the HVAC system in response to the step of
comparing indicating a decrease in efficiency exceeding a
predetermined tolerance.

The invention can be more broadly defined as a method of
anticipating potential failure of a temperature modification
device, comprising steps of: repeatedly computing a value
for a parameter representing the ability of a temperature
modification device to change temperature in a predeter-
mined zone; deterruining if the ability of the temperature
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modification device to change temperature in the predeter-
mined zone deteriorates over time, including comparing a
current value with a previous value; and communicating a
control signal for initiating inspection of the temperature
modification device in response to a determined deteriora-
tion exceeding a predetermined tolerance.

Accordingly, a significant advantage of the present inven-
tion is that it can be used to anticipate potensial HVAC
failures, thereby preventing or reducing the likelihood of
inopportune down time and more serious damage to equip-
ment.

Therefore, from the foregoing, it is a general object of the
present invention to provide a novel and improved method
of anticipating potential failure of a temperature modifica-
tion device. Other and further objects, features and advan-
tages of the present invention will be readily apparent to
those skilled in the art when the following description of the
preferred embodiment is read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a system for performing the
method of the present invention.

FIGS. 2A-2R are schematic circuit diagrams for a spe-
cific implementation of the system represented in FIG. 1.

FIG. 3 is a flow diagram of a program for programing the
illustrated system to perform the method of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following copending United States patent applica-
tions are incorporated herein by reference: U.S. patent
application Ser. No. 08/349,180 filed Dec. 2, 1994 and
entitled “ENERGY UTILIZAT)ON CONTROLLER AND
CONTROL SYSTEM AND METHOD,” and U.S. patent
application Ser. No. 08/353.535 filed concurrently herewith
and entitled “TEMPERATURE CONTROL METHOD
AND APPARATUS.”

Referring to FIG. 1 of the present specification, the
preferred embodiment implementation of the present inven-
tion uses an energy management apparatus 2. The preferred
embodiment of this includes a microprocessor 4. The micro-
processor 4 operates under a fiming signal provided by a
timing circuit 6 which includes a crystal oscillator. The
microprocessor 4 has address. data and control buses con-
nected to peripherals which include a display 8 and memory
10. The memory 10 can be embodied in various and multiple
forms (e.g.. read only memory can be used to retain oper-
ating programs and predetermined values and random access
memory can provide transitory working memory space).
The foregoing elements can be implemented by any suitable
devices well-known in the art.

Although the physical components comprising the pre-
ferred embodiment energy management apparatus 2 are
conventional, the method of the present invention imple-
mented using this equipment is not. This method will be
explained subsequently. At present, it is noted that the
preferred embodiment uses information stored in memory
10. This includes a desired temperature value, T . for each
zone whose temperature is to be controlled by the energy
management apparatus 2. This information also includes a
table of efficiency values which are calculated and stored
during performance of the method as subsequently
described. A historical log can be created and maintained in
memory 10 by the present invention.
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Also represented in FIG. 1 is a temperature modification
device particularly identified as a heating, ventilating and air
conditioning (HVAC) system 12. The HVAC system 12
includes a heating subsystem 14 (including, for example, a
gas heater) and a cooling subsystem 16 (including, for
example, an air conditioner compressor) which typically
share a common fan of the HVAC system 12. The fluid (e.g.,
air or water) heated or cooled within the HVAC system 12
is provided to one or more respective zones, one of which is
represented in FIG. 1 as zone 18.

To monitor the effect of the treated medium used for
heating or cooling the air in the zone 18, there is a zone
temperature sensor 20 located inside the zone 18. This is a
conventional sensor, such as a National Semiconductor
LM234Z-3, in the preferred embodiment.

Another characteristic or parameter important to the pre-
ferred embodiment of the present invention is temperature
outside the zone 18. This is monitored by a conventional
temperature sensor 22 (e.g., National Semiconductor
LM234Z-3) located outside the zone 18 to measure the
ambient temperature adjacent the zone 18.

Still further, FIG. 1 shows that remote communications
can be conducted with the energy management apparatus 2.
A remote communication system 24 can be implemented in
any suitable manner, such as by a modem link to which a
personal computer is connected at the remote end. Bidirec-
tional communications can occur so that information can be
transferred either to or from the energy management appa-
ratus 2. Other communication systems can also be used (e.g.,
a paging data receiver system as disclosed in the aforemen-
tioned copending United States patent application entitled
“Energy Utilization Controller and Control System and
Method” incorporated herein by reference).

The physical implementation of the foregoing can be by
any suitable means known in the art. For example, the
energy management apparatus 2 can be an Excel Energy
Technologies. Ltd. XI'T-8000 energy management apparatus
and the temperature sensors can be implemented by the
aforementioned specific devices. A schematic circuit dia-
gram of relevant features of these embodiments is shown in
FIGS. 2A-2R. Elements in FIGS. 2A-2R corresponding to
those shown in FIG. 1 are identified by like reference
numerals. FIGS. 2A-2M show the main processing circuits
and FIGS. 2N-2R show the HVAC interface circuits.

As for the HVAC system 12 it can be implemented for
example by an existing system in a building where the
energy management apparatus 2 and the temperature sensors
are, or are to be, installed. The building. if it is a commercial
building, is typically defined. for purposes of heating and
cooling, as one or more of the zones 18 (e.g.. peripheral
zones having windows and interior zones such as hallways).

The foregoing examples are only illustrative and are not
to be taken as limiting the present invention.

The equipment described above with reference to FIGS.
1 and 2 is used to perform the method of the present
invention. This method is used for anticipating potential
failure of a temperature modification device (such as the
equipment of the HVAC system 12), preferably operated by
a digital computer (such as implemented in the energy
management apparatus 2) to heat or cool a zone (such as the
zone 18 and additional zones if desired). This method
comprises various steps explained as follows.

During the performance of the method. the HVAC system
12 is energized in conventional manner to provide a selected
one of heated air or cooled air for the respective zone 18.
This includes storing in the digital computer. which is
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defined in part by the microprocessor 4. the timing circuit 6
and memory 10, a value for a desired temperature setpoint.
The setpoint temperature is referred to herein as T,,,,,. Such
a setpoint is defined for each zone 18 wherein temperature
control is to be effected. This or these setpoints can be
preloaded into memory 10 or changed therein via operator
control through locally or remotely initiated commands
applied to the energy management apparatus 2 in known
manner (e.g., through keypad entry or remote link for an
XILT-8000 apparatus).

Energizing the HVAC system 12 in the preferred embodi-
ment also includes storing in the digital computer a value of
an actual temperature in the zone. This is performed by
monitoring and processing the output of the temperature
sensor 20, which can be performed in a conventional
manner, within the energy management apparatus 2 and
storing the value in memory 10.

Energizing the HVAC system 12 further includes deter-
mining a difference between the stored desired temperature
setpoint value and the stored actual temperature value. It
also includes determining whether the difference indicates
the need for the selected one of heated air or cooled air. This
occurs, of course, if the actual zone temperature is below
T,;m during a selected heating mode or if the actual zone
temperature is above T ,,, during a selected cooling mode.
This is performed using known computational and compari-
son techniques within the digital computer.

Energizing the HVAC system 12 still further includes
generating a control signal for energizing the HVAC system
in response to the computed difference indicating the need
for the selected one of heated air or cooled air. This signal
is generated in the illustrated embodiment by the micropro-
cessor 4 and output to the HVAC system 12 (in the particular
implementation of FIG. 2, the signal interconnection is made
via interfaces US and U142 and the 2 by 8 header connectors
H9 and H10 in FIG. 2L and H1 in FIG. 2N to operate the
triac circuits of FIGS. 20-2R connected to the HVAC
system 12). This is performed in known manner.

The foregoing steps are typically performed several times
during various time periods. For example, each day the
energy management system 2 will activate the HVAC sys-
tem 12 as a monitored zone temperature drifts from the
respective desired setpoint T,;,,. During each such period of
time the present invension determines whether the efficiency
of the HVAC equipment changes over time. It is through this
efficiency determination that incipient problems with the
HVAC system 12 can be detected and corrected whereby
total failure and possible consequential damage can be
avoided.

The efficiency determination is made in the preferred
embodiment of the present invention by performing the
following steps contemporaneously at least once during each
of a plurality of periods of time during which the above-
described step of energizing is repeatedly performed (e.g..
predetermined time periods such as daily, weekly, monthly,
etc.). A preferred time is in the morning in conjunction with
bringing a controlled zone’s temperature back to a desired
daytime level from a lower or higher nighttime level (which
levels are set by changing the operative T,,,,).

In making the efficiency determination, at least one ambi-
ent condition is sensed. Each such ambient condition is
preferably one that affects the rate at which the temperature
modification device of the HVAC system 12 can change the
controlled temperature. In the preferred embodiment, one
such condition is the ambient temperature sensed by the
temperature sensor 22 outside the zone 18 (e.g., the air
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temperature outside the building in which the zone 18 is
defined). The digital value derived in conventional manner
by the energy management apparatus 2 from the sensor 22
is stored in memory 10 in the digital computer. This value is
referred to herein as T, This is significant to an efficiency
evaluation because ambient temperature, such as outside a
building containing the zone 18, affects the rate at which
temperature changes within the zone 18 during activation of
the HVAC system 12 (e.g.. the hotter it is outside, the longer
it takes to cool inside per degree of inside temperature
change).

The efficiency determination also uses the sensed tem-
perature for the zone 18. This can be obtained from the
aforementioned sensing of this condition. or a separate
reading of the sensor 20 can be used. The particular sensed
value used is referred to herein as T,,,,.

Each efficiency determination is made with regard to the
particular T, obtained at the time of making the determi-
nation. This is so that comparisons can be made as to
determinations made at different times but under the same
external condition(s) (only the T, condition is used in the
preferred embodiment, but it is contemplated that other or
additional conditions can be used for defining the external
environment within which the efficiency determination is
made). For the particular condition or conditions, the effi-
ciency determination further includes deterraining an actual
rate at which the temperature modification device changes
the sensed temperature in the zone 18 from a first tempera-
ture value to a second temperature value. More specifically,
the amount of time, At. it takes for the energized HVAC
system 12 to change the actual temperature in the zone 18
from the respective T,,,,, to the respective T, is deter-
mined. This is obtained by the microprocessor 4 keeping
track of the time, as counted in response to the timing circuit
6, from when the microprocessor 4 starts to effect tempera-
ture change from T, until T,, is achieved. Then an
efficiency value is computed under control of the pro-
grammed microprocessor 4. The efficiency value is com-
puted by dividing At by the difference between the two
temperatures: AT T il

In the cooling mode this can be calculated as K pun=
CRJ(T,,..~T ). where:

K (muy=computed cooling rate used as the efficiency
value for the sensed outside ambient temperature T,
(minutes/° F.)

T,,.starting zone temperature from which temperature
change commences (° F)

=desired temperature setpoint to which temperature

aim
is to be changed (° F)

CR _=cooling recovery time in going from actual T,,, , to
actual sensed temperature equal to T,;,, (minutes).

In the heating mode this can be calculated as K, 7=

CR’;’ (Taim_ mn)c where:

Kunun=computed heating rate used as the efficiency
value for the sensed outside ambient temperature T,
(minutes/° F)

T ,../~starting zone temperature from which temperature
change commences (° F.)

T i,=desired temperature setpoint to which temperature
is to be changed (° F.)

CR,=heating recovery time in going from actual T, , to
actual sensed temperature equal to T,;,, (minutes).

After a first efficiency value has been calculated, it is

stored in the table of efficiency values retained in memory
10. The value is stored in correspondence with the value of

T
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the sensed at least one ambient condition. That is, in the
preferred embodiment the table is indexed by T,,,, so that the
calculated efficiency value is stored at the index correspond-
ing to the actually sensed T,

The foregoing steps are repeated at the next time at which
another efficiency evaluation is to be made (e.g.. the next
morning). Thus, this determines, for the then sensed at least
one ambient condition, a current actual rate at which the
temperature modification device changes the sensed tem-
perature. If the sensed ambient condition (i.e., T,,, in the
preferred embodiment) is different from previous
determinations, the efficiency value is stored in the table for
that ambient condition. If, however, the ambient condition is
the same as the ambient condition for a prior efficiency
calculation, then a comparison is made to determine whether
the efficiency of the HVAC system 12 has changed over time
(more, less or unchanged efficiency can be indicated).

The present computed efficiency value is compared with
a prior computed efficiency value which was computed
contemporaneously with sensing ambient temperature (in
the preferred embodiment) outside the zone at the same
value of T,,, and which was stored in the digital computer
in relation to a marker identifying such same value of T,,,..
If the present computed efficiency value exceeds the prior
computed efficiency value (i.e., the present value indicates it
is taking longer to effect a 1° F. temperature change), this
represents a decrease in efficiency of the HVAC equipment.
If, on the other hand. the prior computed efficiency value
exceeds the present computed efficiency value (thus repre-
senting a faster temperature change rate at the present
calculation time), this represents an increase in efficiency of
the HVAC equipment. Equal compared values represent
unchanged efficiency.

If more efficient operation of the temperature modification
device is indicated by the comparison, the present computed
efficiency value is stored in the digital computer in place of
the prior computed efficiency value for the same value of
T,.. In this way, there is maintained in the computer a table
of the actual rates representing the most efficient operation
of the temperature modification device over a period of time.
As previously mentioned. these actual rates are stored in the
table in conjunction with respective indexing markers rep-
resenting outside temperatures existing when the actual rates
were determined.

In the preferred embodiment, such table has three variable
data amrays representing: a first column of the outside
ambient temperature (T,,) indexing markers, a second
column of cooling rates determined for respective ones of
the T,,, markers, and a third column of heating rates
determined for respective ones of the T, markers. For
example. the start up table could include only the outside
ambient temperature (T,,,) vector at a given range of 135°
F. to —66°F. in 1° F. increments. The data arrays for heating
and cooling rates would preferably be initially assigned
zeros. As efficiency rates are calculated. they are assigned to
the corresponding outside ambient temperature and stored in
the table in the manner described above. If a table entry is
replaced by a later calculated efficiency value. the old rate
with date is stored in a historical log also maintained in
memory 10. This provides the ability to log optimum
performance for each outside ambient temperature variable
and yet maintain an archive of prior values.

If less efficient operation (by more than a predetermined
tolerance in the preferred embodiment) is indicated by the
aforementioned comparison, a control signal is generated for
initiating inspection of the temperature modification device.
This signal is generated and transmitted from the digital
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computer in the energy management apparatus 2. Transmis-
sion can occur locally, such as to the display 8, or it can
occur remotely, such as through the remote communication
network 24. The signal can be of any suitable format and
content. One example is an encoded signal causing a mes-
sage (e.g.. “recovery rate is exceeding the stored historical
data for identical cooling and heating conditions™) to be
displayed. As a result, the HVAC system 12 can be taken
offline at a convenient time, inspected and repaired, if
desired.

As mentioned, the signal is generated under control by the
programmed microprocessor 4 when the current efficiency
value adversely deviates from the stored value by a prede-
termined tolerance. This tolerance can be any desired value
(including zero). For example, the tolerance may be 5
percent; but whatever value is used, it is preferably change-
able such as by local entry or upload through the remote
communication network 24.

EXAMPLE

The following is an example illustrating how the present
invention functions and notifies of a possible HVAC perfor-
mance degradation.

On one morning, the computed recovery time is deter-
mined to be 60 minutes for a client’s HVAC system. The
conditions that generated this recovery time are: outside
ambient temperature of 30° F. (T,,,). inside starting tem-
perature of 60° F. (T,,,,) and a desired temperature setpoint
of 70° F. (T,;,,)- This calculates to a temperature change of
10° F. when T,;,, is reached. The resulting efficiency value
calculates to an average heating rate of 6 minutes per ° F. (60
minutes/70° F.—60° F.). If a month later, at identical ambient
conditions (here, T,,, equals 30° F. and with a 10° F.
recovery temperature change), the morning’s calculated
recovery time is 120 minutes, then the rate of heating is 12
minutes per ° F. (120 minutes/10° F.). If the predetermined
percent deviation or tolerance is 15 percent, then an inspec-
tion initiating control signal is generated and transmitted
since the deviation is 100 percent in this example.

The foregoing method can be implemented in the system
generally represented in FIG. 1. In FIG. 3 there is shown a
flow diagram for a particular computer program for the
specific implementation shown in FIG. 2. A program listing
for such a program is set forth at the end of this specification.

Thus, the present invention is well adapted to carry out the
objects and attain the ends and advantages mentioned above
as well as those inherent therein. While a preferred embodi-
ment of the invention has been described for the purpose of
this disclosure, changes in the construction and arrangement
of parts and the performance of steps can be made by those
skilled in the art, which changes are encompassed within the
spirit of this invention as defined by the appended claims.
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void CheckHVACTxends (char mode, char zone, unsigned char *deviation)
{ {1 deviation will be passed a zero for the ¥me being
extern int PERF_TREND(1]; /* starting address for trending table */
int *minperdegreePtr; /* landing address of table entry */
int ElapsedTime; /* holding var for above, nasty bank switching */
unsigned char NumDatePoints; /* holding variable */
char OutsideTemp; /* bolding var for above, naty bank switching */
char info[5]; /* teeny array for pbone homes edification */
unsigned char Delta; /* Tstart +— Taim depending on mode */
RGH_TEMPDATA *rhg_ptr;
RGH_TEMPDATUM *data_ ptr;
RGH_START_REC  *start_data_ptr;
extern const RGH_TEMPDATA * const rgh_zones_heat(RGH_NUM_ZONES|;
extern const RGH_TEMPDATA * const rgh__zoues_coolRGH_NUM_ZONES];
{/ Test recovery flag
if(!BIT((zone), RRECOVERING))
return;
RESET((char *) &RECOVERING, (zone));
zone —=1;
/* minperdegreePtr, elapsedtimePtr, and outsidetempPtr are all
addresses in bank 1. . .so get that processing done first */
/* Get address of HEAT/COOLdataX for zone */
if (1mode)
gh"m = rgh_zones_cool[zone];
[
rgh_ptr = rgh_rones__heat{zone];
start_data_ptr = (RGH_START_REC *)*(rgh__ptr—>data[rgh__ptr—>next_index—1]);
date__ptr = (RGH_TEMPDATUM *)start_data__ptr;
/* Fetch the number of collected date points */
NumDataPoints = rgh_ptr—>total__points;
* Fetch total elapsed time for recovery */
ElapsedTime = data_ ptr—>nm__time;
/* Fetch outside temperature */
OutsideTemp = data__ptr—>rum__kime;
/* Get ternperature difference from start to end */
if (lmode)  /* cool mode, Delta = Tstart — Taim */
Delta = data__ptr—>start — data__ptr—>aim;
else /* heat mode, Delta = Taim — Tstart */
Delta = data__ptr—>aim — dasa__ptr—>start;
/* Now write to the HVAC Trending Table */
/* The rest of the memory that needs to be accessed is in bank 3 */
/* BANK_SWITCH__3( ); This location was changed to bank 1 */
1* set up local pointer to point to beginning of trending table */
minperdegreePtr = PERF__TREND;
/* get address of proper zones area */
minperdegreePtr = minperdegreePtr + TRENDING_ZONE_DATA_SIZE * zone;
/* write 20ne number to table */
*minperdegreePtr = zone + 1;
/* increment pointer */
minperdegreePtr++;
/* get address of proper outside temperature */
minperdegreePtr += UPPER_TEMP_ TABLE_LIMIT — OutsideTemp;
/* if the new time is better, or we haven’t been there yet, replace */
if ((ElapsedTime/Delta < *minperdegreePtr) || !(*minperdegreePtr))
{

*minperdegreePtr = ElpasedTime/Delta;
/* No need to do this BANK_SWITCH__1( ); ¥

}
/* otherwise, phone home */
else if (ElapsedTime/Delta > *minperdegreePtr * (1 + *deviation))

{

/* BANK_SWITCH_ 1( ); */

infofO} = zone + 1;

info[1] = *minperdegreePtr; // This int goes into infor{1] & infor [2}
info[3] = ElapsedTime/Delte;

issue (HVAC_TREND,info);

}

}
void HVACTrendlInit(void)

{
/! initialize performance tranding table
memset(PERF_TREND,0x00,TRENDING_ DATA_SIZE * 2);
A
* Contains the structure for accessig the data values
* used by reghelp.c for keeping heat/cool run values.
»

»
*
#ifndef REGHELP._H

026
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11
-continued
#define REGHELP_H
#define RGH_NUM__SAMPLES  (32)
#define RGH_NUM__ZONES ®)
#define RGH_COOL_MODE ©)

#define RGH_HEAT_MODE
#define RGHL_NUM_DIMS
#define RGH_BUFF__SPACE

1)
@)

typedef struct rgh__start_rec
{
char outside;
char start;
char bhour;
char min;
unsigned int est__mins;
} RGH_START_REC;
typedef struct rgh__tempdaturn
{
char outside;
char start;
char aim;
char padding;
unsigned int Tun_time;
} RGH_TEMFPDATUM;
typedef struct rgh_tempdata
{
unsigned char total _points;
unsigned char next_index;
RGH_TEMPDATUM datal RGH_NUM__SAMPLES];
} RGH_TEMPDATA;
Hendif

coust RGH_TEMPDATA * const rgh_zones_heatfRGH_NUM_ZONES] =
{
(RGH_TEMPDATA *)@HEATDATAA,
(RGH_TEMPDATA *)2HEATDATAB,
(RGH_TEMPDATA *)&HEATDATAC,
(RGH_TEMPDATA *)2HEATDATAD,
(RGH_TEMPDATA *)RHEATDATAE,
(RGH_TEMPDATA *)2HEATDATAF,
(RGH_TEMPDATA *)2HEATDATAG,
(RGH_TEMPDATA *)&HEATDATAH

13
const RGH_TEMPDATA * const rgh_zones_ cool[RGH_NUM_ZONES] =

{
(RGH_TEMPDATA *)&COOLDATAA,
(RGH_TEMPDATA *)&COOLDATAB,
(RGH_TEMPDATA *)&COOLDATAC,
(RGH_TEMPDATA *)&COOLDATAD,
(RGH_TEMPDATA *)&COOLDATAE,
(RGH_TEMPDATA *)&COOLDATAF,
(RGH_TEMPDATA *)&COOLDATAG,
(RGH_TEMPDATA *)&COOLDATAH

(Oxe4) /* Matches space allocated in 8zmemloc.s01 */

What is claimed is:
1. A method of anticipating potential failure of a tempera-
ture modification device, comprising steps of:

repeatedly computing a value for a parameter representing
the ability of a temperature modification device to
change temperature in a predeterinined zone;

determining if the ability of the temperature modification
device to change temperature in the predetermined
zone deteriorates over time,

including comparing a current said value with a previous
said value; and

communicating a control signal for initiating inspection of
the temperature modification device in response to a
determined deterioration exceeding a predetermined
tolerance;

wherein said step of repeatedly computing includes divid-
ing a measured time for the temperature modification
device to change temperature in the zone from a first
temperature to a second temperature by the difference
between the first and second temperatures.

2. A method of anticipating potential failure of a tempera-

ture modification device, comprising steps of:

55

60

65
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repeatedly computing a value for a parameter representing
the ability of a temperature modification device to
change temperature in a predetermined zone;

detarmining if the ability of the temperature modification
device to change temperature in the predetermined
zone deteriorates over time, including comparing a
current said value with a previous said value;

communicating a control signal for initiating inspection of
the temperature modification device in response to a
determined deterioration exceeding a predetermined
tolerance; and

storing, within a table defined in a memory of a digital
computer, respective ones of said value which represent
the best ability of the temperature modification device
to change temperature in the zone at each of a plurality
of temperature values which represent different ambi-
ent conditions outside the zone, wherein said stored
values define the previous values used in said step of
comparing.

3. A method of anticipating potential failure of a tempera-

ture modification device, comprising steps of:
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(a) sensing at least one ambient condition that affects a
rate at which a temperature modification device can
change a temperature controlled by the temperature
modification device;

(b) sensing the temperature controlled by the temperature
modification device;

(c) determining, for a sensed at least one ambient
condition, an actual rate at which the temperature
modification device changes the sensed temperature
from a first temperature to a second temperature;

(d) storing in a computer memory the determined actual
rate and the corresponding sensed at least one ambient
condition;

(e) repeating said steps (a), (b) and (c) after said step (d)
and determinipg, for the same sensed at least one
ambient condition, a current actual rate at which the
temperature modification device changes the sensed
temperature;

(f) comparing the current actual rate with the stored actual
rate for the same at least one ambient condition to
determine if the current actual rate indicates more
efficient operation or less efficient operation of the
temperature modification device;

(g) storing the current actual rate in place of the previ-
ously stored actual rate if said step (f) indicates more
efficient operation of the temperature modification
device; and

(h) generating a control signal for initiating inspection of
the temperature modification device if said step (f)
indicates less efficient operation, by more than a pre-
determined tolerance, of the temperature modification
device.

4. A method as defined in claim 3, wherein the sensed at
least one ambient condition includes temperature outside a
zone in which the temperature modification device controls
temperature.

5. A method as defined in claim 3, wherein said step (c)
includes dividing a measured time for the temperature
modification device to change temperature from the first
temperature to the second temperature by the difference
between the first and second temperatures.

6. A method as defined in claim 3, wherein said step (g)
includes maintaining in a computer a table of the actual rates
representing the most efficient operation of the temperature
modification device over a period of time, wherein the actual
rates are stored in the table in conjunction with respective
values representing outside temperatures existing when the
actual rates were determined.

7. A method of anticipating potential failure within an
HVAC system operated by a digital computer to heat or cool
a zone, comprising steps of:

energizing an HVAC system to provide a selected one of
heated air or cooled air to a zone, including:
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storing in a digital computer a value, T,;,,. for a desired
temperature setpoint;
storing in the digital computer a value. T,,, .. of an
actual temperature in the zone;
determining a difference between the stored desired
temperature setpoint value and the stored actual
temperature value and determining whether the dif-
ference indicates the need for the selected one of
heated air or cooled air; and
generating a control signal for energizing the HVAC
system in response to the difference indicating the
need for the selected one of heated air or cooled air
so that heated air or cooled air is provided to the zone
for changing the temperature in the zone from T,
t0 T
determining whether the efficiency of the HVAC system
changes over time, including performing the following
steps contemporaneously at least once during each of a
plurality of predetermined periods of time during which
said step of energizing is repeatedly performed:
determining the amount of time, At, it takes for the
energized HVAC system to change the actual tempera-
ture in the zone from the respective T, to the
respective T,;,.;
computing an efficiency value, AUIT,,, ~T,;.l, for the
HVAC system;
sensing an ambient temperature outside the zone and
storing a value, T,,, thereof in the digital computer;
and

comparing a present computed efficiency value with a
prior computed efficiency value which was computed
contemporaneously with sensing ambient temperature
outside the zone at the same value of T, and which
was stored in the digital computer in relation to a
marker identifying said same value of T,,,,, wherein the
present computed efficiency value exceeding the prior
computed efficiency value represents a decrease in
efficiency of the HVAC system and wherein the prior
computed efficiency value exceeding the present com-
puted efficiency value represents an increase in effi-
ciency of the HVAC system;

storing the present computed efficiency value in the
digital computer in place of the prior computed effi-
ciency value for the same value of T,,, in response to
said step of comparing indicating an increase in effi-
ciency; and

generating and transmitting from the digital computer a
control signal for initiating inspection of the HVAC
system in response to said step of comparing indicating
a decrease in efficiency exceeding a predetermined
tolerance.
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PATENTNO. : 5,729,474 Page 1 of 2

DATED : March 17, 1998

INVENTOR(S) : Paul N. Hildebrand, et al

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 6, line 42, change "=" to -- - --.

Line 7 of the computer program listing on the patent page
containing columns 9 and 10, change "naty" to --nasty--.

Line 27 of the computer program listing on the patent
page containing columns 9 and 10, change the second
occurrence of "*" to --&--.

Line 34 of the computer program listing on the patent
page containing columns 9 and 10, change "run__time" to
~-outside--.

Line 56 of the computer program listing on the patent
page containing columns 9 and 10, change Y“Elpased" to
--Elapsed--.
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(patent claim 1).
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