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8804

+($7(5/
$,5 &21',7,21(5
$1' 9(17,/$7,21

&217(176 8843<33348:

*(1(5$/ ,1)250$7,21 61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6DIHW\ 3UHFDXWLRQV 61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

6(59,&( 63(&,),&$7,216 71 1 1 1 1 1 1 1 1 1 1 1 1 1

/8%5,&$176 71 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

6($/$17 81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

63(&,$/ 722/ 81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

7528%/(6+227,1* 81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2109(+,&/( 6(59,&( ;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6LJKW *ODVV 5HIULJHUDQW /HYHO 7HVW ;1 1 1 1 1 1 1 1 1 1

0DJQHWLF &OXWFK 7HVW ;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5HFHLYHU 'ULHU 7HVW ;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

'XDO 3UHVVXUH 6ZLWFK &KHFN <1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

&RPSUHVVRU 'ULYH %HOW $GMXVWPHQW <1 1 1 1 1 1 1 1 1 1

&KDUJLQJ 431 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3HUIRUPDQFH 7HVW 481 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5HIULJHUDQW /HDN 5HSDLU 491 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

&RPSUHVVRU 1RLVH 4:1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3RZHU 5HOD\ &RQWLQXLW\ &KHFN 4:1 1 1 1 1 1 1 1 1 1 1 1

,GOH0XS 2SHUDWLRQ &KHFN 4<1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

&217,18(' 21 1(;7 3$*(

:$51,1*6 5(*$5',1* 6(59,&,1* 2) 6833/(0(17$/ 5(675$,17 6<67(0 +656, (48,33(' 9(+,&/(6

:$51,1*$

+4, ,PSURSHU VHUYLFH RU PDLQWHQDQFH RI DQ\ FRPSRQHQW RI WKH 656/ RU DQ\ 6560UHODWHG FRPSRQHQW/ FDQ OHDG WR SHUVRQDO
LQMXU\ RU GHDWK WR VHUYLFH SHUVRQQHO +IURP LQDGYHUWHQW ILULQJ RI WKH DLU EDJ, RU WR WKH GULYHU +IURP UHQGHULQJ WKH 656
LQRSHUDWLYH,1

+5, 6HUYLFH RU PDLQWHQDQFH RI DQ\ 656 FRPSRQHQW RU 6560UHODWHG FRPSRQHQW PXVW EH SHUIRUPHG RQO\ DW DQ DXWKRUL]HG
0,768%,6+, GHDOHU1

+6, 0,768%,6+, GHDOHU SHUVRQQHO PXVW WKRURXJKO\ UHYLHZ WKLV PDQXDO/ DQG HVSHFLDOO\ LWV *5283 85% ï 6XSSOHPHQWDO
5HVWUDLQW 6\VWHP +656,EHIRUH EHJLQQLQJ DQ\ VHUYLFH RUPDLQWHQDQFH RI DQ\ FRPSRQHQW RI WKH 656RU DQ\6560UHODWHG
FRPSRQHQW1

127(
7KH 656 LQFOXGHV WKH IROORZLQJ FRPSRQHQWV= LPSDFW VHQVRUV/ 6560(&8 XQLW/ 656 ZDUQLQJ ODPS/ DLU EDJ PRGXOH/ FORFN VSULQJ DQG
LQWHUFRQQHFWLQJ ZLULQJ1 2WKHU 6560UHODWHG FRPSRQHQWV +WKDW PD\ KDYH WR EH UHPRYHG2LQVWDOOHG LQ FRQQHFWLRQ ZLWK 656 VHUYLFH RU
PDLQWHQDQFH, DUH LQGLFDWHG LQ WKH WDEOH RI FRQWHQWV E\ DQ DVWHULVN +-,1



8805

9DFXXP $FWXDWRU &KHFN ?7'8! 541 1 1 1 1 1 1 1 1 1 1

,GOH0XS 6ROHQRLG 9DOYH &KHFN ?7'8! 551 1 1 1 1 1

+($7(5 &21752/ $66(0%/< $1' $2&
6:,7&+ 561 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+($7(5 81,7 $1' +($7(5 &25(- 591 1 1

%/2:(5 $66(0%/< $1'
5(6,6725 5;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(9$325$725 ?9(+,&/(6 :,7+
$2&! 631 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5($5 +($7(5 81,7 651 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

&2035(6625 $1' 7(16,21
38//(<- 671 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

&21'(16(5 $1' &21'(16(5 )$1
02725 6<1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5()5,*(5$17 /,1( 741 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(1*,1( &22/$17 7(03(5$785(
6:,7&+ ?7'8! 761 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

,'/(083 6<67(0 ?7'8! 781 1 1 1 1 1 1 1 1 1 1 1 1 1

2876,'( $,5 7(03(5$785( 6(1625
?9*:! 791 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

9(17,/$7256 7:1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



ï *HQHUDO ,QIRUPDWLRQ
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8806

*(1(5$/ ,1)250$7,21 88533343638

7KH KHDWHU V\VWHP XVHV D WZR0ZD\0IORZ IXOO0DLU0PL[
V\VWHP WKDW IHDWXUHV KLJK SHUIRUPDQFH DQG ORZ
RSHUDWLQJ QRLVH/ DQG LQFOXGHV DQ LQGHSHQGHQW VLGH
IDFH DLU EORZLQJ IXQFWLRQ1 7KH $2& V\VWHP LV

EDVLFDOO\ WKH VDPH DV WKH FRQYHQWLRQDO V\VWHP/
EXW D QHZ UHIULJHUDQW V\VWHP KDV EHHQ DGRSWHG
DV D UHVSRQVH WR UHVWULFWLRQV RQ WKH XVH RI
FKORURIOXRURFDUERQV1

,WHPV 6SHFLILFDWLRQV

+HDWHU XQLW 7\SH 7ZR0ZD\0IORZ IXOO0DLU0PL[ V\VWHP

+HDWHU FRQWURO DVVHPEO\ 'LDO W\SH

&RPSUHVVRU 0RGHO 6FUROO W\SH ?06& 438&!

'XDO SUHVVXUH VZLWFK +LJK0SUHVVXUH VZLWFK 21o 2))= 5/<75/ 2))o 21= 5/687
N3D

/RZ0SUHVVXUH VZLWFK 21o 2))= 4<9/ 2))o 21= 554

5HIULJHUDQW DQG TXDQWLW\ J 50467D ++)&0467D,/ $SSUR[1 933 ï 983

6$)(7< 35(&$87,216
%HFDXVH 50467D UHIULJHUDQW LV D K\GURIOXRURFDUERQ
++)&, ZKLFK FRQWDLQV K\GURJHQ DWRPV LQ SODFH RI
FKORULQH DWRPV/ LW ZLOO QRW FDXVH GDPDJH WR WKH
R]RQH OD\HU1
5HIULJHUDQW 50467D LV WUDQVSDUHQW DQG FRORXUOHVV
LQ ERWK WKH OLTXLG DQG YDSRXU VWDWH1 6LQFH LW KDV
D ERLOLQJ SRLQW RI ï5<1;E&/ DW DWPRVSKHULF SUHVVXUH/
LW ZLOO EH D YDSRXU DW DOO QRUPDO WHPSHUDWXUHV DQG
SUHVVXUHV1 7KH YDSRXU LV KHDYLHU WKDQ DLU/
QRQ0IODPPDEOH/ DQG QRQH[SORVLYH1 7KH IROORZLQJ
SUHFDXWLRQV PXVW EH REVHUYHG ZKHQ KDQGOLQJ
50467D1

&DXWLRQ
:HDU VDIHW\ JRJJOHV ZKHQ VHUYLFLQJ WKH
UHIULJHUDWLRQ V\VWHP1

50467D HYDSRUDWHV VR UDSLGO\ DW QRUPDO
DWPRVSKHULF SUHVVXUHV DQG WHPSHUDWXUHV WKDW LW
WHQGV WR IUHH]H DQ\WKLQJ LW FRQWDFWV1 )RU WKLV UHDVRQ/
H[WUHPH FDUH PXVW EH WDNHQ WR SUHYHQW DQ\ OLTXLG
UHIULJHUDQW IURP FRQWDFWLQJ WKH VNLQ DQG HVSHFLDOO\
WKH H\HV1 $OZD\V ZHDU VDIHW\ JRJJOHV ZKHQ
VHUYLFLQJ WKH UHIULJHUDWLRQ SDUW RI WKH $2& V\VWHP1
.HHS D ERWWOH RI VWHULOH PLQHUDO RLO KDQG\ ZKHQ
ZRUNLQJ RQ WKH UHIULJHUDWLRQ V\VWHP1 6KRXOG DQ\
OLTXLG UHIULJHUDQW JHW LQWR WKH H\HV/ XVH D IHZ GURSV
RI PLQHUDO RLO WR ZDVK WKHP RXW1 50467D LV UDSLGO\
DEVRUEHG E\ WKH RLO1 1H[W VSODVK WKH H\HV ZLWK
SOHQW\ RI FROG ZDWHU1 &DOO \RXU GRFWRU LPPHGLDWHO\
HYHQ WKRXJK LUULWDWLRQ KDV FHDVHG DIWHU WUHDWPHQW1



*HQHUDO ,QIRUPDWLRQ26HUYLFH 6SHFLILFDWLRQV2
/XEULFDQWV

+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 ï8807

&DXWLRQ
'R QRW KHDW 50467D DERYH 73E&

,Q PRVW LQVWDQFHV/ PRGHUDWH KHDW LV UHTXLUHG WR
EULQJ WKH SUHVVXUH RI WKH UHIULJHUDQW LQ LWV FRQWDLQHU
DERYH WKH SUHVVXUH RI WKH V\VWHP ZKHQ FKDUJLQJ
RU DGGLQJ UHIULJHUDQW1
$ EXFNHW RU ODUJH SDQ RI KRW ZDWHU QRW RYHU 73E&
LV DOO WKH KHDW UHTXLUHG IRU WKLV SXUSRVH1 'R QRW
KHDW WKH UHIULJHUDQW FRQWDLQHU ZLWK D EORZ WRUFK
RU DQ\ RWKHU PHDQV WKDW ZRXOG UDLVH WHPSHUDWXUH
DQG SUHVVXUH DERYH WKLV WHPSHUDWXUH1 'R QRW ZHOG
RU VWHDP FOHDQ RQ RU QHDU WKH V\VWHP FRPSRQHQWV
RU UHIULJHUDQW OLQHV1

&DXWLRQ
.HHS 50467D FRQWDLQHUV XSULJKW ZKHQ FKDUJLQJ
WKH V\VWHP1

:KHQPHWHULQJ 50467D LQWR WKH UHIULJHUDWLRQ V\VWHP
NHHS WKH VXSSO\ WDQN RU FDQV LQ DQ XSULJKW SRVLWLRQ1
,I WKH UHIULJHUDQW FRQWDLQHU LV RQ LWV VLGH RU XSVLGH
GRZQ/ OLTXLG UHIULJHUDQW ZLOO HQWHU WKH V\VWHP DQG
GDPDJH WKH FRPSUHVVRU1

&DXWLRQ
41 7KH OHDN GHWHFWRU IRU 50467D VKRXOG EH XVHG

WR FKHFN IRU UHIULJHUDQW JDV OHDNV1
51 'RQRW DOORZ OLTXLG UHIULJHUDQW WR WRXFKEULJKW

PHWDO1

5HIULJHUDQW ZLOO WDUQLVK EULJKW PHWDO DQG FKURPH
VXUIDFHV/ DQG LQ FRPELQDWLRQ ZLWK PRLVWXUH FDQ
VHYHUHO\ FRUURGH DOO PHWDO VXUIDFHV1

6(59,&( 63(&,),&$7,216 88533363658

,WHPV 6WDQGDUG YDOXH

,GOH VSHHG U2PLQ 9*: :33r433

7'8 :83r83

,GOH XS VSHHG U2PLQ 9*: :KHQ ORZ ORDG RQ $2&
+2XWVLGH DLU WHPSHUDWXUH VHQVRU= 21,

:83r433

:KHQ KLJK ORDG RQ $2&
+2XWVLGH DLU WHPSHUDWXUH VHQVRU=2)),

<33r433

7'8 <83r83

5HVLVWRU ?/1+1 GULYH YHKLFOHV! : /2= 5133/ 0/= 4143/ 0+= 319;

5HVLVWRU ?51+1 GULYH YHKLFOHV! : /2= 517;/ 0/= 414:/ 0+= 315;

5HDU KHDWHU UHVLVWRU : 61<

$LU JDS +0DJQHWLF FOXWFK, PP 316 ï 318

(QJLQH FRRODQW WHPSHUD0 21 +FRQWLQXLW\, 43; RU OHVV
WXUH VZLWFK +IRU $2& FXW0RII,
?7'8! &E 2)) +QR FRQWLQXLW\, 448 RU PRUH

(QJLQH FRRODQW WHPSHUD0 21 +FRQWLQXLW\, 435 RU PRUH
WXUH VZLWFK +IRU FRQGHQVHU
IDQ, ?7'8! &E 2)) +QR FRQWLQXLW\, <: RU OHVV

/8%5,&$176 8853337355<

,WHPV 6SHFLILHG OXEULFDQWV 4XDQWLW\

(DFK FRQQHFWLRQ RI UHIULJHUDQW OLQH 681 3$* 89 $V UHTXLUHG

&RPSUHVVRU UHIULJHUDQW XQLW OXEULFDQW P/ 681 3$* 89 4:3



ï 6HDODQW26SHFLDO 7RRO27URXEOHVKRRWLQJ
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8808

6($/$17 8853338337;

,WHP 6SHFLILHG VHDODQW 5HPDUN

(QJLQH FRRODQW WHPSHUDWXUH VZLWFK WKUHDGHG
SDUW

60 1XW /RFNLQJ 3DUW 1R1 74:4 RU HTXLYDOHQW 'U\LQJ VHDODQW

63(&,$/ 722/ 8843339334:

7RRO 1XPEHU 1DPH 8VH

0%<<3:;7 2UQDPHQW UHPRYHU 0HWHU EH]HO DVVHPEO\ UHPRYDO

7528%/(6+227,1* 885333:36:5

7528%/(6+227,1* 352&('85(6

&DXWLRQ
)RU YHKLFOHV ZLWK 9*: HQJLQH/ ZKHQ WKH $2& LV ZRUNLQJ XQGHU ORZ ORDGV +ZKHQ RXWVLGH WHPSHUDWXUH
LV ORZ,/ FRQGHQVHU IDQ PD\ QRW RSHUDWH GXH WR WKH $2& FRQGHQVHU FRQWURO IXQFWLRQ1 'LVFRQQHFW
WKH EDWWHU\ +ï, FDEOH DQG UHFRQQHFW LW/ DQG WKHQ FKHFN WKH WURXEOH V\PSWRP GXULQJ WKH LQLWLDO FKHFN
WKDW LV SHUIRUPHG IRU ILYH PLQXWHV DIWHU WKH EDWWHU\ +ï, FDEOH KDV EHHQ UHFRQQHFWHG1

7URXEOH V\PSWRP 3UREOHP FDXVH 5HPHG\ 5HIHUHQFH
SDJH

:KHQ WKH LJQLWLRQ $2& FRPSUHVVRU UHOD\ LV GHIHFWLYH 5HSODFH $2& FRPSUHVVRU UHOD\ 8804;
VZLWFK LV ´21µ/
WKH $2& GRHV QRW 0DJQHWLF FOXWFK LV GHIHFWLYH 5HSODFH WKH $2& FRPSUHVVRU 880;/ 69
RSHUDWH1

5HIULJHUDQW OHDN RU RYHUILOOLQJ RI UHIULJHUDQW 5HSOHQLVK WKH UHIULJHUDQW/ UH0
SDLU WKH OHDN RU WDNHRXW VRPHRI
WKH UHIULJHUDQW

880;/ 49

'XDO SUHVVXUH VZLWFK LV GHIHFWLYH 5HSODFH WKH GXDO SUHVVXUH
VZLWFK

880</ 74

$2& VZLWFK LV GHIHFWLYH 5HSODFH WKH $2& VZLWFK 88056/ 58

%ORZHU VZLWFK LV GHIHFWLYH 5HSODFH WKH EORZHU VZLWFK 88056/ 58

7KHUPRVWDW LV GHIHFWLYH 5HSODFH WKH 7KHUPRVWDW 88064

$XWRPDWLF FRPSUHVVRU FRQWUROOHU LV GHIHFWLYH 5HSODFH WKH DXWRPDWLF
FRPSUHVVRU FRQWUROOHU

88064

(QJLQH FRRODQW WHPSHUDWXUH VZLWFK +IRU $2&
FXW0RII, LV GHIHFWLYH ?7'8!

5HSODFH WKH HQJLQH FRRODQW
WHPSHUDWXUH VZLWFK

88076/ 77

(QJLQH0(&8 LV GHIHFWLYH ?7'8! 5HSODFH WKH HQJLQH0(&8 ï



ï 7URXEOHVKRRWLQJ
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,218809

7URXEOH V\PSWRP 5HIHUHQFH
SDJH

5HPHG\3UREOHP FDXVH

:KHQ WKH $2& LV
RSHUDWLQJ/ WHP0

5HIULJHUDQW OHDN 5HSOHQLVK WKH UHIULJHUDQW DQG
UHSDLU WKH OHDN

88049

SHUDWXUH LQVLGH
WKH SDVVHQJHU
FRPSDUWPHQW

'XDO SUHVVXUH VZLWFK LV GHIHFWLYH 5HSODFH WKH GXDO SUHVVXUH
VZLWFK

880</ 74

GRHVQ·W GHFUHDVH
+FRRO DLU LV QRW 7KHUPRVWDW LV GHIHFWLYH 5HSODFH WKH 7KHUPRVWDW 88064+FRRO DLU LV QRW
HPLWWHG,1 $XWRPDWLF FRPSUHVVRU FRQWUROOHU LV GHIHFWLYH 5HSODFH WKH DXWRPDLF

FRPSUHVVRU FRQWUROOHU
88064

%ORZHU IDQ DQG %ORZHU UHOD\ LV GHIHFWLYH 5HSODFH WKH EORZHU UHOD\ 8804:
PRWRU GRHVQ·W
WXUQ %ORZHU IDQ DQG PRWRU LV GHIHFWLYH 5HSODFH WKH EORZHU IDQ DQG

PRWRU
8805;/ 5<

%ORZHU UHVLVWRU LV GHIHFWLYH 5HSODFH WKH EORZHU UHVLVWRU 8805;/ 5<

%ORZHU VZLWFK LV GHIHFWLYH 5HSODFH WKH EORZHU VZLWFK 88056/ 58

%ORZHU IDQ DQG
PRWRU GRHVQ·W

6KRUW FLUFXLW RI WKH KDUQHVV EHWZHHQ WKHEORZHU
IDQ DQG PRWRU DQG WKH EORZHU VZLWFK

5HSDLU WKH KDUQHVV ï

VWRS WXUQLQJ1
%ORZHU VZLWFK LV GHIHFWLYH 5HSODFH WKH EORZHU VZLWFK 88056/ 58

%ORZHU UHOD\ LV GHIHFWLYH 5HSODFH WKH EORZHU UHOD\ 8804

:KHQ WKH $2& LV
RSHUDWLQJ FRQ0

&RQGHQVHU IDQ PRWRU LV GHIHFWLYH 5HSODFH WKH FRQGHQVHU IDQ
PRWRU

8806</ 73

GHQVHU IDQ GRHV
QRW WXUQ1 &RQGHQVHU IDQ UHOD\ LV GHIHFWLYH 5HSODFH WKH FRQGHQVHU IDQ

UHOD\
8804;

$XWRPDWLF FRPSUHVVRU FRQWUROOHU LV GHIHFWLYH
?9*:!

5HSODFH WKH DXWRPDWLF
FRPSUHVVRU FRQWUROOHU

88064

,163(&7,21 $7 7+( $8720$7,& &2035(66250&21752//(5 7(50,1$/
885343633;<

?9*:!

7HUPLQDO
1R1

1DPH RI VLJQDO &RQGLWLRQ 7HUPLQDO YROWDJH

4 ,*5 SRZHU VXSSO\ ,JQLWLRQ VZLWFK 21 6\VWHP YROWDJH

5 $2& VZLWFK LQSXW $2& VZLWFK 2)) RU
%ORZHU VZLWFK 2))

39

$2& VZLWFK 21
,JQLWLRQ VZLWFK 21
%ORZHU VZLWFK 21

6\VWHP YROWDJH

7 $LU FRQGLWLRQLQJ RXWSXW $2& FRPSUHVVRU UHOD\ 2)) 39

$2& FRPSUHVVRU UHOD\ 21 6\VWHP YROWDJH

; (DUWK $W DOO WLPH &RQWLQXLW\



ï 7URXEOHVKRRWLQJ
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 880:

7HUPLQDO
1R1

7HUPLQDO YROWDJH&RQGLWLRQ1DPH RI VLJQDO

< (DUWK $W DOO WLPH &RQWLQXLW\

47 $LU WKHUPR VHQVRU SRZHU VXSSO\ $W DOO WLPH 71; ² 8159

48 $LU WKHUPR VHQVRU LQSXW 6HQVRU WHPSHUDWXUH 58q& +7N:, 516 ² 51<9

49 2XWVLGH DLU WHPSHUDWXUH VHQVRU SRZHU
VXSSO\

$W DOO WLPH 71; ï 8159

4: 2XWVLGH DLU WHPSHUDWXUH VHQVRU LQSXW 6HQVRU WHPSHUDWXUH 58q& +7N:, 516 ² 51<9

4; %DFNXS SRZHU VXSSO\ $W DOO WLPH 6\VWHP YROWDJH

4< 2XWVLGH DLU WHPSHUDWXUH RXWSXW 6HQVRU WHPSHUDWXUH 48q& RU PRUH 6\VWHP YROWDJH

6HQVRU WHPSHUDWXUH 4;q& RU OHVV 59 RU PRUH

?7'8!

7HUPLQDO
1R1

1DPH RI VLJQDO &RQGLWLRQ 7HUPLQDO YROWDJH

4 $LU FRQGLWLRQLQJ RXWSXW $2& FRPSUHVVRU UHOD\ 2)) 39

$2& FRPSUHVVRU UHOD\ 21 6\VWHP YROWDJH

5 $2& VZLWFK LQSXW $2& VZLWFK 2)) RU
%ORZHU VZLWFK 2))

39

$2& VZLWFK 21
,JQLWLRQ VZLWFK 21
%ORZHU VZLWFK 21

6\VWHP YROWDJH

6 (DUWK $W DOO WLPH 39



ï 7URXEOHVKRRWLQJ
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21880;

2109(+,&/( 6(59,&( 88533;733<9

6,*+7 */$66 5()5,*(5$17 /(9(/ 7(67
7KH VLJKW JODVV LV D UHIULJHUDQW OHYHO LQGLFDWRU1 7R FKHFN WKH
UHIULJHUDQW OHYHO/ FOHDQ WKH VLJKW JODVV DQG VWDUW WKH YHKLFOH
HQJLQH1 3XVK WKH $2& EXWWRQ WR RSHUDWH WKH FRPSUHVVRU/ SODFH
WKH EORZHU VZLWFK WR KLJK DQG PRYH WKH WHPSHUDWXUH FRQWURO
OHYHU WR PD[ FRRO1 $IWHU RSHUDWLQJ IRU D IHZ PLQXWHV LQ WKLV
PDQQHU/ FKHFN WKH VLJKW JODVV1
41 ,I WKH VLJKW JODVV LV FOHDU/ WKH PDJQHWLF FOXWFK LV HQJDJHG/

WKH FRPSUHVVRUGLVFKDUJH OLQH LV ZDUPDQG WKH FRPSUHVVRU
LQOHW OLQH LV FRRO> WKH V\VWHP KDV D IXOO FKDUJH1

51 ,I WKH VLJKW JODVV LV FOHDU/ WKH PDJQHWLF FOXWFK LV HQJDJHG
DQG WKHUH LV QR VLJQLILFDQW WHPSHUDWXUH GLIIHUHQFH EHWZHHQ
FRPSUHVVRU LQOHW DQG GLVFKDUJH OLQHV> WKH V\VWHP KDV
ORVW VRPH UHIULJHUDQW1

61 ,I WKH VLJKW JODVV VKRZV IRDP RU EXEEOHV/ WKH V\VWHP
FRXOG EH ORZ RQ FKDUJH1 7KH V\VWHP KDV WR EH UHFKDUJHG
ZLWK UHIULJHUDQW1

0$*1(7,& &/87&+ 7(67 88533;835;3

41 'LVFRQQHFW WKH PDJQHWLF FOXWFK FRQQHFWRU WR WKH PDJQHWLF
FOXWFK1

51 &RQQHFW EDWWHU\ +., YROWDJH GLUHFWO\ WR WKH FRQQHFWRU IRU
WKH PDJQHWLF FOXWFK1

61 ,I WKH PDJQHWLF FOXWFK LV QRUPDO/ WKHUH ZLOO EH ´FOLFNµ1 ,I
WKH SXOOH\ DQG DUPDWXUH GR QRW PDNH FRQWDFW +¶FOLFN·,/
WKHUH LV D PDOIXQFWLRQ1

5(&(,9(5 '5,(5 7(67 88533;9346<

2SHUDWH WKH XQLW DQG FKHFN WKH SLSLQJ WHPSHUDWXUH E\ WRXFKLQJ
WKH UHFHLYHU GULHU RXWOHW DQG LQOHW1
,I WKHUH LV D GLIIHUHQFH LQ WKH WHPSHUDWXUHV/ WKH UHFHLYHU
DVVHPEO\ LV UHVWULFWHG1
5HSODFH WKH UHFHLYHU DVVHPEO\1

6LJKW JODVV

0DJQHWLF FOXWFK
FRQQHFWRU



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
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'8$/ 35(6685( 6:,7&+ &+(&. 8853437355;

41 5HPRYH WKH GXDO SUHVVXUH VZLWFK FRQQHFWRU DQG FRQQHFW
WKH KLJK2ORZ0SUHVVXUH VLGH WHUPLQDOV ORFDWHG RQ WKH
KDUQHVV VLGH DV VKRZQ LQ WKH LOOXVWUDWLRQ1

51 ,QVWDOO D JDXJH PDQLIROG WR WKH KLJK0SUHVVXUH VLGH VHUYLFH
YDOYH RI WKH UHIULJHUDQW OLQH1 +5HIHU WR 3HUIRUPDQFH 7HVW1,

61 :KHQ WKH KLJK2ORZ0SUHVVXUH VLGHV RI WKH GXDO SUHVVXUH
VZLWFK DUH DW RSHUDWLRQ SUHVVXUH +21, DQG WKHUH LV
FRQWLQXLW\ EHWZHHQ WKH UHVSHFWLYH WHUPLQDOV/ WKHQ WKH
FRQGLWLRQ LV QRUPDO1 ,I WKHUH LV QR FRQWLQXLW\/ UHSODFH WKH
VZLWFK1

,WHPV 6ZLWFK SRVLWLRQ

2))o 21 21o 2))

/RZ0SUHVVXUH
VLGH N3D

554 4<9

+LJK0SUHVVXUH
VLGH N3D

5/687 5/<75

&2035(6625 '5,9( %(/7 $'-8670(17
88533433588

5HIHU WR *5283 44 ï 2Q0YHKLFOH 6HUYLFH1

+LJK2/RZ0
SUHVVXUH VLGH

/2:035(6685(
6,'(

+,*+035(6685(
6,'(

21

2))

21

2))
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&+$5*,1* 8853345359;

41 :LWK WKH KDQGOHV WXUQHG EDFN DOO WKH ZD\ +YDOYH FORVHG,/
LQVWDOO WKH DGDSWRU YDOYH WR WKH ORZ0SUHVVXUH VLGH RI WKH
JDXJH PDQLIROG1

51 &RQQHFW WKH FKDUJLQJ KRVH +EOXH, WR WKH DGDSWRU YDOYH1
61 &RQQHFW WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, WR WKH FKDUJLQJ

KRVH +EOXH,1
71 &RQQHFW WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, WR WKH

ORZ0SUHVVXUH VHUYLFH YDOYH1

127(
7KH ORZ0SUHVVXUH VHUYLFH YDOYH VKRXOG EH FRQQHFWHG WR
WKH VXFWLRQ KRVH1

&DXWLRQ
+4, 8VH WRROV WKDW DUH VXLWHG WR 50467D1
+5, 7R LQVWDOO WKH TXLFN MRLQW/ SUHVV VHFWLRQ ´$µ ILUPO\

DJDLQVW WKH VHUYLFH YDOYH XQWLO D FOLFN LV KHDUG1
:KHQ FRQQHFWLQJ/ UXQ \RXU KDQG DORQJ WKH KRVH
ZKLOH SUHVVLQJ WR HQVXUH WKDW WKHUH DUH QR EHQGV
LQ WKH KRVH1

81 &ORVH WKH KLJK DQG ORZ0SUHVVXUH YDOYHV RI WKH JDXJH
PDQLIROG1

91 ,QVWDOO WKH YDFXXP SXPS DGDSWRU WR WKH YDFXXP SXPS1
:1 &RQQHFW WKH YDFXXP SXPS SOXJ WR WKH YDFXXP SXPS

DGDSWRU1
;1 &RQQHFW WKH FKDUJLQJ KRVH +\HOORZ, WR WKH 50467D

FRQQHFWLRQ SRUW RI WKH YDFXXP SXPS DGDSWRU1
<1 7LJKWHQ WKH DGDSWRU YDOYH KDQGOH +YDOYH RSHQ,1
431 2SHQ WKH ORZ0SUHVVXUH YDOYH RI WKH JDXJH PDQLIROG1
441 7XUQ WKH SRZHU VZLWFK RI WKH YDFXXP SXPS WR WKH 21

SRVLWLRQ1

127(
(YHQ LI WKH YDFXXP SXPS SRZHU VZLWFK LV WXUQHG 21/
WKH YDFXXP SXPS ZLOO QRW RSHUDWH EHFDXVH RI WKH SRZHU
VXSSO\ FRQQHFWLRQ LQ VWHS +:,1

/RZ0SUHVVXUH
YDOYH

+LJK0SUHVVXUH
VLGH

*DXJH PDQLIROG

$GDSWHU
YDOYH

&KDUJLQJ KRVH
+\HOORZ,

&KDUJLQJ KRVH
+EOXH,

5045
FRQQHFWLRQ
SRUW

6ZLWFK 50467D
FRQQHFWLRQ
SRUW

9DFXXP
SXPS
DGDSWRU

9DFXXP
SXPS

3RZHU VXSSO\
SOXJ

6ZLWFK

4XLFN
MRLQW +IRU
ORZ
SUHVVXUH,

/RZ0SUHVVXUH
VHUYLFH YDOYH

6OHHYH

$
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451 7XUQ WKH YDFXXP SXPS DGDSWRU VZLWFK WR WKH 50467D
VLGH WR VWDUW WKH YDFXXP SXPS1

&DXWLRQ
'R QRW RSHUDWH WKH FRPSUHVVRU IRU HYDFXDWLRQ1

461 (YDFXDWH WR D YDFXXP UHDGLQJ RI 433 N3D RU KLJKHU +WDNHV
DSSUR[1 43 PLQXWHV,1

471 7XUQ WKH YDFXXP SXPS DGDSWRU VZLWFK 2)) DQG DOORZ
WR VWDQG LW IRU 8 PLQXWHV1

&DXWLRQ
'R QRW RSHUDWH WKH FRPSUHVVRU LQ WKH YDFXXP
FRQGLWLRQ> GDPDJH PD\ RFFXU1

481 &DUU\ RXW D OHDN WHVW1 +*RRG LI WKH QHJDWLYH SUHVVXUH
GRHV QRW GURS1,

&DXWLRQ
,I WKH QHJDWLYH SUHVVXUH GURSV/ LQFUHDVH WKH WLJKWQHVV
RI WKH FRQQHFWLRQV/ DQG WKHQ UHSHDW WKH HYDFXDWLRQ
SURFHGXUH IURP VWHS +45,1

491 :LWK WKH KDQGOH WXUQHG EDFN DOO WKH ZD\ +YDOYH RSHQ,/
LQVWDOO WKH FKDUJLQJ YDOYH WR WKH VHUYLFH YDQ1

4:1 7XUQ WKH KDQGOH RI WKH DGDSWRU YDOYH EDFN DOO WKH ZD\
+YDOYH FORVHG,/ UHPRYH LW IURP WKH JDXJH PDQLIROG DQG
LQVWDOO WKH VHUYLFH FDQ1

4;1 7LJKWHQ WKH KDQGOH RI WKH FKDUJLQJ YDOYH +YDOYH FORVHG,
WR SXQFWXUH WKH VHUYLFH FDQ1

/RZ0SUHVVXUH
VHUYLFH YDOYH 9DFXXP SXPS

$GDSWRU YDOYH

9DOYH RSHQ

9DOYH FORVH

&KDUJH YDOYH

6HUYLFH FDQ
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4<1 7XUQ WKH KDQGOH RI WKH FKDUJLQJ YDOYH EDFN +YDOYH RSHQ,
DQG WLJKWHQ WKH KDQGOH RI WKH DGDSWRU YDOYH +YDOYH RSHQ,
WR FKDUJH WKH V\VWHP ZLWK UHIULJHUDQW1

&DXWLRQ
,I WKH VHUYLFH FDQ LV LQYHUWHG/ OLTXLG UHIULJHUDQW PD\
EH GUDZQ LQWR WKH FRPSUHVVRU GDPDJLQJ LW E\ OLTXLG
FRPSUHVVLRQ1 .HHS WKH VHUYLFH FDQ XSULJKW WR HQVXUH
WKDW UHIULJHUDQW LV FKDUJHG LQ JDV VWDWH1

531 ,I WKH UHIULJHUDQW LV QRW GUDZQ LQ/ WXUQ WKH KDQGOH RI WKH
DGDSWRU YDOYH EDFN DOO WKH ZD\ +YDOYH FORVHG,1

541 &KHFN IRU JDV OHDNV XVLQJ D OHDN GHWHFWRU1
,I D JDV OHDN LV GHWHFWHG/ UH0WLJKWHQ WKH FRQQHFWLRQV/ DQG
WKHQ UHSHDW WKH FKDUJLQJ SURFHGXUH IURP HYDFXDWLRQ LQ
VWHS +45,1

&DXWLRQ
7KH OHDN GHWHFWRU IRU 50467D VKRXOG EH XVHG1

551 6WDUW WKH HQJLQH1
561 2SHUDWH WKH $2& DQG VHW WR WKH ORZHVW WHPSHUDWXUH +0$;1

&22/,1
571 )L[ WKH HQJLQH VSHHG DW 4/833 U2PLQ1
581 7LJKWHQ WKH KDQGOH RI WKH DGDSWRU YDOYH +YDOYH RSHQ,

WR FKDUJH WKH UHTXLUHG YROXPH RI UHIULJHUDQW1

&DXWLRQ
,I WKH VHUYLFH FDQ LV LQYHUWHG/ OLTXLG UHIULJHUDQW PD\
EH GUDZQ LQWR WKH FRPSUHVVRU GDPDJLQJ LW E\ OLTXLG
FRPSUHVVLRQ1 .HHS WKH VHUYLFH FDQ XSULJKW WR HQVXUH
WKDW UHIULJHUDQW LV FKDUJHG LQ JDV VWDWH1

591 $IWHU FKDUJLQJ ZLWK UHIULJHUDQW/ WXUQ WKH KDQGOH RI WKH
DGDSWRU YDOYH EDFN DOO WKH ZD\ +YDOYH FORVHG,1

5:1 7LJKWHQ WKH FKDUJLQJ YDOYH KDQGOH +YDOYH FORVHG,1
5HPRYH WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, IURP WKH
ORZ0SUHVVXUH VHUYLFH YDOYH1

127(
,I WKH VHUYLFH FDQ LV QRW HPSWLHG FRPSOHWHO\/ NHHS WKH
KDQGOHV RI WKH FKDUJLQJ YDOYH DQG DGDSWRU YDOYH FORVHG
IRU WKH QH[W FKDUJLQJ1

&KDUJLQJ YDOYH

6HUYLFH FDQ
+5HIULJHUDQW FRQWDLQHU,

/RZ0SUHVVXUH
VHUYLFH YDOYH
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&255(&7,1* /2: 5()5,*(5$17 /(9(/ ,1 &$6(
7+( 6(59,&( &$1 ,6 86('1
41 ,QVWDOO WKH FKDUJH YDOYH ZLWK WKH KDQGOH WXUQHG DOO WKH

ZD\ EDFN +YDOYH RSHQ, WR WKH VHUYLFH FDQ1
51 ,QVWDOO WKH DGDSWRU YDOYH ZLWK WKH KDQGOH WXUQHG DOO WKH

ZD\ EDFN +YDOYH FORVH, WR WKH FKDUJLQJ YDOYH1
61 &RQQHFW WKH FKDUJLQJ KRVH +EOXH, WR WKH DGDSWRU YDOYH1
71 &RQQHFW WKH FKDUJLQJ KRVH +EOXH, WR WKH TXLFN MRLQW +IRU

ORZ0SUHVVXUH,1
81 7LJKWHQ WKH KDQGOH RI WKH FKDUJH YDOYH +YDOYH FORVH,/

DQG SLHUFH WKH VHUYLFH FDQ1
91 7XUQ WKH KDQGOH RI WKH DGDSWRU YDOYH WR EOHHG WKH DLU1

:1 ,QVWDOO WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, WR WKH ORZ0SUHVVXUH
VHUYLFH YDOYH1

127(
7KH ORZ0SUHVVXUH VHUYLFH YDOYH VKRXOG EH FRQQHFWHG WR
WKH VXFWLRQ KRVH1

;1 6WDUW WKH HQJLQH1
<1 2SHUDWH WKH DLU FRQGLWLRQHU DQG VHW DW WKH ORZHVW

WHPSHUDWXUH +0$;1 &22/,1
431 )L[ WKH HQJLQH VSHHG DW 4/833 U2PLQ1
441 7LJKWHQ WKH KDQGOH RI WKH DGDSWRU YDOYH +YDOYH RSHQ,/

DQG UHSOHQLVK UHIULJHUDQW ZKLOH FKHFNLQJ WKH TXDQWLW\
WKURXJK WKH VLJKW JODVV1

&DXWLRQ
,I WKH VHUYLFH FDQ LV LQYHUWHG/ OLTXLG UHIULJHUDQW PD\
EH GUDZ LQWR WKH FRPSUHVVRU GDPDJLQJ LW E\ OLTXLG
FRPSUHVVLRQ1 .HHS WKH VHUYLFH FDQ XSULJKW WR HQVXUH
WKDW UHIULJHUDQW LV FKDQJHG LQ JDV VWDWH1

451 $IWHU UHSOHQLVKLQJ LV FRPSOHWHG/ WXUQ WKH KDQGOH RI WKH
DGDSWRU YDOYH DOO WKH ZD\ EDFN +YDOYH FORVH,/ DQG UHPRYH
WKH TXLFN MRLQW1

127(
:KHQ WKHUH LV UHPDLQGHU RI UHIULJHUDQW LQ WKH VHUYLFH FDQ/
NHHS LW IRU QH[W XVH ZLWK WKH FKDUJH YDOXH DQG WKH YDOYH
RI WKH DGDSWRU YDOYH EHLQJ FORVHG1

9DOYH RSHQ

9DOYH FORVH

6HUYLFH FDQ
+5HIULJHUDQW
FRQWDLQHU,

&KDUJH YDOYH

$GDSWRU YDOYH

&KDUJLQJ KRVH +EOXH,

4XLFN MRLQW +IRU ORZ0SUHVVXUH,

4XLFN MRLQW
+IRU ORZ0SUHVVXUH,

/RZ0SUHVVXUH
VHUYLFH YDOYH

&KDUJLQJ YDOYH

6HUYLFH FDQ
+5HIULJHUDQW FRQWDLQHU,

/RZ0SUHVVXUH
VHUYLFH YDOYH
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',6&+$5*,1* 6<67(0
41 5XQ WKH HQJLQH DW DQ HQJLQH VSHHG RI 4/533ï4/833 U2PLQ

IRU DSSUR[LPDWHO\ 8 PLQXWHV ZLWK WKH $2& RSHUDWLQJ WR
UHWXUQ WR WKH RLO1

127(
5HWXUQLQJ WKH RLO ZLOO EH PRUH HIIHFWLYH LI LW LV GRQH ZKLOH
GULYLQJ1

51 6WRS WKH HQJLQH1
61 &RQQHFW WKH FKDUJLQJ KRVH +EOXH, WR WKH DGDSWRU YDOYH

ZLWK LWV KDQGOH WXUQHG EDFN DOO WKH ZD\ +YDOYH FORVHG,1
71 &RQQHFW WKH TXLFN MRLQW WR WKH FKDUJLQJ KRVH +EOXH,1
81 ,QVWDOO WKH TXLFN MRLQW WR WKH ORZ0SUHVVXUH VHUYLFH YDOYH1

127(
7KH ORZ0SUHVVXUH VHUYLFH YDOYH VKRXOG EH FRQQHFWHG WR
WKH VXFWLRQ KRVH1

&DXWLRQ
7R FRQQHFW WKH TXLFN MRLQW/ SUHVV VHFWLRQ ´$µ ILUPO\
DJDLQVW WKH VHUYLFH YDOYH XQWLO D FOLFN LV KHDUG1
:KHQ FRQQHFWLQJ/ UXQ \RXU KDQG DORQJ WKH KRVH ZKLOH
SUHVVLQJ WR HQVXUH WKDW WKHUH DUH QR EHQGV LQ WKH
KRVH1

91 3ODFH WKH DGDSWRU YDOYH LQVLGH WKH FRQWDLQHU DQG GLVFKDUJH
WKH UHIULJHUDQW E\ RSHQLQJ WKH KDQGOH JUDGXDOO\ VR WKDW
RLO GRHV QRW JXVK RXW1

127(
$Q\ RLO UHPDLQLQJ LQ WKH FRQWDLQHU VKRXOG EH UHWXUQHG
WR WKH $2& V\VWHP1

5(),//,1* 2) 2,/ ,1 7+( $2& 6<67(0
7RR OLWWOH RLO ZLOO SURYLGH LQDGHTXDWH FRPSUHVVRU OXEULFDWLRQ
DQG FDXVH D FRPSUHVVRU IDLOXUH1 7RR PXFK RLO ZLOO LQFUHDVH
GLVFKDUJH DLU WHPSHUDWXUH1
:KHQ D FRPSUHVVRU LV LQVWDOOHG DW WKH IDFWRU\/ LW FRQWDLQV
4;3P/ RI UHIULJHUDQW RLO1:KLOH WKH $2& V\VWHP LV LQ RSHUDWLRQ/
WKH RLO LV FDUULHG WKURXJK WKH HQWLUH V\VWHP E\ WKH UHIULJHUDQW1
6RPH RI WKLV RLO ZLOO EH WUDSSHG DQG UHWDLQHG LQ YDULRXV SDUWV
RI WKH V\VWHP1
:KHQ WKH IROORZLQJ V\VWHP FRPSRQHQWV DUH FKDQJHG/ LW LV
QHFHVVDU\ WR DGG RLO WR WKH V\VWHP WR UHSODFH WKH RLO EHLQJ
UHPRYHG ZLWK WKH FRPSRQHQW1

&RPSUHVVRU RLO= 681 3$* 89

4XDQWLW\
&RQGHQVHU= 53 P/
(YDSRUDWRU= :3 P/
6XFWLRQ KRVH= 43 P/
5HFHLYHU= 43 P/

6OHHYH

&KDUJLQJ KRVH +EOXH,

4XLFN MRLQW

/RZ0SUHVVXUH
VHUYLFH YDOYH

2LO

$GDSWRU YDOYH

$
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41 7KH YHKLFOHV WR EH WHVWHG VKRXOG EH LQ D SODFH WKDW LV
QRW LQ GLUHFW VXQOLJKW1

51 &ORVH WKH KLJK DQG ORZ0SUHVVXUH YDOYH RI WKH JDXJH
PDQLIROG1

61 &RQQHFW WKH FKDUJLQJ KRVH +EOXH, WR WKH ORZ0SUHVVXUH
YDOYH DQG FRQQHFW WKH FKDUJLQJ KRVH +UHG, WR WKH
KLJK0SUHVVXUH YDOYH RI WKH JDXJH PDQLIROG1

71 ,QVWDOO WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, WR WKH FKDUJLQJ
KRVH +EOXH,/ DQG FRQQHFW WKH TXLFN MRLQW +IRU KLJK0SUHVVXUH,
WR WKH FKDUJLQJ KRVH +UHG,1

81 &RQQHFW WKH TXLFN MRLQW +IRU ORZ0SUHVVXUH, WR WKH
ORZ0SUHVVXUH VHUYLFH YDOYH DQG FRQQHFW WKH TXLFN MRLQW
+IRU KLJK0SUHVVXUH, WR WKH KLJK0SUHVVXUH VHUYLFH YDOYH1

127(
7KH KLJK0SUHVVXUH VHUYLFH YDOYH LV RQ GLVFKDUJH KRVH
DQG WKH ORZ0SUHVVXUH VHUYLFH YDOYH LV RQ WKH VXFWLRQ KRVH1

&DXWLRQ
7R FRQQHFW WKH TXLFN MRLQW/ SUHVV VHFWLRQ ´$µ ILUPO\
DJDLQVW WKH VHUYLFH YDOYH XQWLO D FOLFN LV KHDUG1
:KHQ FRQQHFWLQJ/ UXQ \RXU KDQG DORQJ WKH KRVH ZKLOH
SUHVVLQJ WR HQVXUH WKDW WKHUH DUH QR EHQGV LQ WKH
KRVH1

91 6WDUW WKH HQJLQH1
:1 6HW WKH FRQWUROV WR WKH $2& DV IROORZV=

$2& VZLWFK= $2& ï 21 SRVLWLRQ
0RGH VHOHFWLRQ= )DFH SRVLWLRQ
7HPSHUDWXUH FRQWURO= 0D[1 FRROLQJ SRVLWLRQ
$LU VHOHFWLRQ= 5HFLUFXODWLRQ SRVLWLRQ
%ORZHU VZLWFK= +, +)DVW, SRVLWLRQ

;1 $GMXVW HQJLQH VSHHG WR 4/333 U2PLQ ZLWK $2& FOXWFK
HQJDJHG1

<1 (QJLQH VKRXOG EH ZDUPHG XS ZLWK GRRUV DQG ZLQGRZV
FORVHG1

431 ,QVHUW D WKHUPRPHWHU LQ WKH FHQWHU DLU RXWOHW DQG RSHUDWH
WKH HQJLQH IRU 53 PLQXWHV1

441 1RWH WKH GLVFKDUJH DLU WHPSHUDWXUH1

127(
,I WKH FOXWFK F\FOHV/ WDNH WKH UHDGLQJ EHIRUH WKH FOXWFK
GLVHQJDJHV1

/RZ0SUHVVXUH YDOYH +LJK0SUHVVXUH YDOYH

*DXJH PDQLIROG

&KDUJLQJ
KRVH +UHG,

&KDUJLQJ
KRVH +EOXH,

$GDSWRU
YDOYH +IRU ORZ
SUHVVXUH,

6OHHYH

$GDSWRU YDOYH
+IRU KLJK SUHVVXUH,

/RZ0
SUHVVXUH
VHUYLFH
YDOYH

+LJK0
SUHVVXUH
VHUYLFH
YDOYH

$

7KHUPRPHWHU
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3HUIRUPDQFH 7HPSHUDWXUH &KDUW

*DUDJH DPELHQW WHPSHUDWXUH E& 53 58 68 73

'LVFKDUJH DLU WHPSHUDWXUH E& 718 ï 918 813 ï :13 :15 ï <15 ;18 ï 4318

&RPSUHVVRU KLJK SUHVVXUH N3D ;63 ï 4/463 4/333 ï 4/633 4/533 ï 4/833 4/883 ï 4/;83

&RPSUHVVRU ORZ SUHVVXUH N3D <8 ï 4<8 438 ï 538 458 ï 558 478 ï 578

5()5,*(5$17 /($. 5(3$,5 88533483453

/267 &+$5*(
,I WKH V\VWHP KDV ORVW DOO FKDUJH GXH WR D OHDN=
41 (YDFXDWH WKH V\VWHP1 +6HH SURFHGXUH1,
51 &KDUJH WKH V\VWHP ZLWK DSSUR[LPDWHO\ RQH

SRXQG RI UHIULJHUDQW1
61 &KHFN IRU OHDNV1
71 'LVFKDUJH WKH V\VWHP1
81 5HSDLU OHDNV1
91 5HSODFH UHFHLYHU GULHU1

&DXWLRQ
5HSODFHPHQW ILOWHU0GULHU XQLWV PXVW EH
VHDOHG ZKLOH LQ VWRUDJH1 7KH GULHU XVHG LQ
WKHVH XQLWV ZLOO VDWXUDWH ZDWHU TXLFNO\ XSRQ
H[SRVXUH WR WKH DWPRVSKHUH1 :KHQ
LQVWDOOLQJ D GULHU/ KDYH DOO WRROV DQG VXSSOLHV
UHDG\ IRU TXLFN UHDVVHPEO\ WR DYRLG NHHSLQJ
WKH V\VWHP RSHQ DQ\ ORQJHU WKDQ QHFHVVDU\1

:1 (YDFXDWH DQG FKDUJH V\VWHP1

/2: &+$5*(
,I WKH V\VWHP KDV QRW ORVW DOO RI LWV UHIULJHUDQW FKDUJH>
ORFDWH DQG UHSDLU DOO OHDNV1 ,I LW LV QHFHVVDU\ WR
LQFUHDVH WKH V\VWHP SUHVVXUH WR ILQG WKH OHDN
+EHFDXVH RI DQ HVSHFLDOO\ ORZ FKDUJH, DGG
UHIULJHUDQW1 ,I LW LV SRVVLEOH WR UHSDLU WKH OHDN ZLWKRXW
GLVFKDUJLQJ WKH UHIULJHUDQW V\VWHP/ XVH WKH
SURFHGXUH IRU FRUUHFWLQJ ORZ UHIULJHUDQW OHYHO1

+$1'/,1* 78%,1* $1' ),77,1*6
.LQNV LQ WKH UHIULJHUDQW WXELQJ RU VKDUS EHQGV LQ
WKH UHIULJHUDQW KRVH OLQHV ZLOO JUHDWO\ UHGXFH WKH
FDSDFLW\ RI WKH HQWLUH V\VWHP1 +LJK SUHVVXUHV DUH
SURGXFHG LQ WKH V\VWHP ZKHQ LW LV RSHUDWLQJ1
([WUHPH FDUH PXVW EH H[HUFLVHG WR PDNH VXUH WKDW
DOO FRQQHFWLRQV DUH SUHVVXUH WLJKW1 'LUW DQG PRLVWXUH
FDQ HQWHU WKH V\VWHP ZKHQ LW LV RSHQHG IRU UHSDLU
RU UHSODFHPHQW RI OLQHV RU FRPSRQHQWV1 7KH
IROORZLQJ SUHFDXWLRQV PXVW EH REVHUYHG1 7KH
V\VWHP PXVW EH FRPSOHWHO\ GLVFKDUJHG EHIRUH
RSHQLQJ DQ\ ILWWLQJ RI FRQQHFWLRQ LQ WKH UHIULJHUDWLRQ
V\VWHP1 2SHQ ILWWLQJV ZLWK FDXWLRQ HYHQ DIWHU WKH
V\VWHP KDV EHHQ GLVFKDUJHG1 ,I DQ\ SUHVVXUH LV
QRWLFHG DV D ILWWLQJ LV ORRVHQHG/ DOORZ WUDSSHG
SUHVVXUH WR EOHHG RII YHU\ VORZO\1
1HYHU DWWHPSW WR UHEHQG IRUPHG OLQHV WR ILW1 8VH
WKH FRUUHFW OLQH IRU WKH LQVWDOODWLRQ \RX DUH VHUYLFLQJ1
$ JRRG UXOH IRU WKH IOH[LEOH KRVH OLQHV LV NHHS WKH
UDGLXV RI DOO EHQGV DW OHDVW 43 WLPHV WKH GLDPHWHU
RI WKH KRVH1
6KDUSHU EHQGV ZLOO UHGXFH WKH IORZ RI UHIULJHUDQW1
7KH IOH[LEOH KRVH OLQHV VKRXOG EH URXWHG VR WKDW
WKH\ DUH DW OHDVW ;3 PP IURP WKH H[KDXVW PDQLIROG1
,W LV JRRG SUDFWLFH WR LQVSHFW DOO IOH[LEOH KRVH OLQHV
DW OHDVW RQFH D \HDU WR PDNH VXUH WKH\ DUH LQ JRRG
FRQGLWLRQ DQG SURSHUO\ URXWHG1
8QLILHG SOXPELQJ FRQQHFWLRQV ZLWK 20ULQJV/ WKHVH
20ULQJV DUH QRW UHXVDEOH1



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8804:

&2035(6625 12,6( 88533;:3489

<RX PXVW ILUVW NQRZ WKH FRQGLWLRQV ZKHQ WKH QRLVH
RFFXUV1 7KHVH FRQGLWLRQV DUH= ZHDWKHU/ YHKLFOH
VSHHG/ LQ JHDU RU QHXWUDO/ HQJLQH WHPSHUDWXUH RU
DQ\ RWKHU VSHFLDO FRQGLWLRQV1
1RLVHV WKDW GHYHORS GXULQJ $2& RSHUDWLRQ FDQ RIWHQ
EH PLVOHDGLQJ1 )RU H[DPSOH= ZKDW VRXQGV OLNH D
IDLOHG IURQW EHDULQJ RU FRQQHFWLQJ URG/ PD\ EH
FDXVHG E\ ORRVH EROWV/ QXWV/ PRXQWLQJ EUDFNHWV/
RU D ORRVH FOXWFK DVVHPEO\1 9HULI\ DFFHVVRU\ GULYH
EHOW WHQVLRQ +SRZHU VWHHULQJ RU DOWHUQDWRU,1
,PSURSHU DFFHVVRU\ GULYH EHOW WHQVLRQ FDQ FDXVH
D PLVOHDGLQJ QRLVH ZKHQ WKH FRPSUHVVRU LV
HQJDJHG DQG OLWWOH RU QR QRLVH ZKHQ WKH FRPSUHVVRU
LV GLVHQJDJHG1
'ULYH EHOWV DUH VSHHG0VHQVLWLYH1 7KDW LV/ DW GLIIHUHQW
HQJLQH VSHHGV/ DQG GHSHQGLQJ XSRQ EHOW WHQVLRQ/
EHOWV FDQ GHYHORS XQXVXDO QRLVHV WKDW DUH RIWHQ
PLVWDNHQ IRU PHFKDQLFDO SUREOHPV ZLWKLQ WKH
FRPSUHVVRU1

$'-8670(17
41 6HOHFW D TXLHW DUHD IRU WHVWLQJ1 'XSOLFDWH

FRQGLWLRQV DV PXFK DV SRVVLEOH1 6ZLWFK
FRPSUHVVRU RQ DQG RII VHYHUDO WLPHV WR FOHDUO\
LGHQWLI\ FRPSUHVVRU QRLVH1 7R GXSOLFDWH KLJK
DPELHQW FRQGLWLRQV +KLJK KHDG SUHVVXUH,/
UHVWULFW DLU IORZ WKURXJK FRQGHQVHU1 ,QVWDOO
PDQLIROG JDXJH VHW WR PDNH VXUH GLVFKDUJH
SUHVVXUH GRHVQ·W H[FHHG 5/3:3 N3D1

51 7LJKWHQ DOO FRPSUHVVRU PRXQWLQJ EROWV/ FOXWFK
PRXQWLQJ EROW/ DQG FRPSUHVVRU GULYH EHOW1
&KHFN WR DVVXUH FOXWFK FRLO LV WLJKW +QR URWDWLRQ
RU ZREEOH,1

61 &KHFN UHIULJHUDQW KRVHV IRU UXEELQJ RU
LQWHUIHUHQFH WKDW FDQ FDXVH XQXVXDO QRLVHV1

71 &KHFN UHIULJHUDQW FKDUJH1 +6HH ´&KDUJLQJ
6\VWHPµ1,

81 5HFKHFN FRPSUHVVRU QRLVH DV LQ 6WHS 41
91 ,I QRLVH VWLOO H[LVWV/ ORRVHQ FRPSUHVVRUPRXQWLQJ

EROWV DQG UHWRUTXH1 5HSHDW 6WHS 41
:1 ,I QRLVH FRQWLQXHV/ UHSODFH FRPSUHVVRU DQG

UHSHDW 6WHS 41

32:(5 5(/$< &217,18,7< &+(&. 88533;;35;<

%/2:(5 5(/$<

%DWWHU\ YROWDJH 7HUPLQDO 1R1

4 6 7 8

3RZHU LV QRW VXSSOLHG

3RZHU LV VXSSOLHG

%ORZHU UHOD\



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,218804;

5($5 +($7(5 5(/$<

%DWWHU\ YROWDJH 7HUPLQDO 1R1

4 5 6 7

3RZHU LV QRW VXSSOLHG

3RZHU LV VXSSOLHG

$2& &2035(6625 5(/$</ &21'(16(5 )$1 5(/$</
&21'(16(5 )$1 &21752/ 5(/$<

%DWWHU\ YROWDJH 7HUPLQDO 1R1

4 5 6 7

3RZHU LV QRW VXSSOLHG

3RZHU LV VXSSOLHG

5HDU KHDWHU UHOD\

&RQGHQVRU IDQ FRQWURO UHOD\

&RQGHQVHU IDQ UHOD\

$2& FRPSUHVVRU
UHOD\



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8804<

,'/(083 23(5$7,21 &+(&. 88533493654

?9*:!
41 %HIRUH LQVSHFWLRQ DQG DGMXVWPHQW/ VHW YHKLFOH LQ WKH

IROORZLQJ FRQGLWLRQ=
- (QJLQH FRRODQW WHPSHUDWXUH= ;3 ï <3E&
- /LJKWV/ HOHFWULF FRROLQJ IDQ DQG DFFHVVRULHV= 6HW WR

2))
- 7UDQVPLVVLRQ= 1HXWUDO
- 6WHHULQJ ZKHHO= 6WUDLJKW IRUZDUG

51 &KHFN ZKHWKHU RU QRW WKH LGOLQJ VSHHG LV WKH VWDQGDUG
YDOXH1

6WDQGDUG YDOXH= :33 r 433 U2PLQ

127(
7KHUH LV QR QHFHVVLW\ WR PDNH DQ DGMXVWPHQW/ EHFDXVH
WKH LGOLQJ VSHHG LV DXWRPDWLFDOO\ DGMXVWHG E\ WKH ,6&
V\VWHP1 ,I/ KRZHYHU/ WKHUH RFFXUV D GHYLDWLRQ IURP WKH
VWDQGDUG YDOXH IRU VRPH UDVRQ/ FKHFN WKH ,6& V\VWHP1
+5HIHU WR *5283 46$ ï 2Q0YHKLFOH 6HUYLFH1,

61 :KHQ WKH $2& LV UXQQLQJ DIWHU WXUQLQJ WKH $2& VZLWFK
WR 21/ DQG WKH EORZHU VZLWFK WR WKH 0+ RU +, SRVLWLRQ/
FKHFN WR EH VXUH WKDW WKH LGOH VSHHG LV DW WKH VWDQGDUG
YDOXH1

6WDQGDUG YDOXH=
:KHQ ORZ ORDG RQ DLU FRQGLWLRQHU +2XWVLGH DLU
WHPSHUDWXUH VHQVRU= 21,= :83 r 433 U2PLQ
:KHQ KLJK ORDG RQ DLU FRQGLWLRQHU +2XWVLGH DLU
WHPSUHDWXUH VHQVRU= 2)),= <33 r 433 U2PLQ

127(
:KHWKHU D ORZ ORDG RU D KLJK ORDG LV DSSOLHG WR WKH DLU
FRQGLWLRQHU LV GHWHUPLQHG E\ WKH RXWVLGH DLU WHPSHUDWXUH
VLJQDO WKDW LV VHQW WR WKH HQJLQH0(&8 IURP WKH DXWRPDWLF
FRPSUHVVRU0(&81



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188053

?7'8!
41 %HIRUH LQVSHFWLRQ DQG DGMXVWPHQW/ VHW YHKLFOH LQ WKH

IROORZLQJ FRQGLWLRQ=
- (QJLQH FRRODQW WHPSHUDWXUH= ;3 ï <3 E&
- /DPSV/ HOHFWULF FRROLQJ IDQ DQG DFFHVVRULHV= 6HW WR

2))
- 7UDQVPLVVLRQ= 1HXWUDO
- 6WHHULQJ ZKHHO= 6WUDLJKW IRUZDUG

51 &KHFN ZKHWKHU RU QRW WKH LGOLQJ VSHHG LV WKH VWDQGDUG
YDOXH1

6WDQGDUG YDOXH= :83 r 83 U2PLQ

61 ,I WKHUH LV D GHYLDWLRQ RI WKH LGOLQJ VSHHG IURP WKH VWDQGDUG
YDOXH/ DGMXVW WKH LGOLQJ VSHHG1 +5HIHU WR *5283 44%
ï 2Q0YHKLFOH 6HUYLFH1,

71 &KHFN WR EH VXUH WKDW WKH LGOLQJ VSHHG EHFRPHV WKH
VWDQGDUG YDOXH ZKHQ WKH $2& VZLWFK LV VZLWFKHG 21 DQG
WKH $2& LV DFWLYDWHG1

6WDQGDUG YDOXH= <83 r 83 U2PLQ

81 ,I WKHUH LV D GHYLDWLRQ RI WKH LGOLQJ VSHHG IURP WKH VWDQGDUG
YDOXH/ DGMXVW WKH LGOLQJ VSHHG E\ WKH IROORZLQJ WKH
SURFHGXUHV1
+4, /RRVHQ QXWV +$, DQG +%,1
+5, $GMXVW/ E\ XVLQJ WKH DGMXVWHU/ VR WKDW WKH HQG RI WKH

YDFXXP DFWXDWRU·V URG LV DW WKH SRVLWLRQ LQGLFDWHG
LQ WKH LOOXVWUDWLRQ1

+6, 6HFXUHO\ WLJKWHQ QXWV +$, DQG +%,1
+7, $IWHU DFWLYDWLQJ WKH YDFXXP DFWXDWRU/ FKHFN WR EH

VXUH WKDW WKH URG DQG WKH OHYHU GR QRW FRQWDFW ZKHQ
WKH DFWLYDWLRQ LV FDQFHOOHG1

+8, 5HPRYH WKH FDS DQG ORRVHQ WKH QXW IRU KROGLQJ1
+9, $GMXVW WR WKH VSHFLILHG U2PLQ E\ WXUQLQJ WKH DGMXVWLQJ

VFUHZ1
+:, 6HFXUHO\ WLJKWHQ WKH KROGLQJ QXW/ DQG WKHQ DWWDFK WKH

FDS1

)XHO0LQMHFWLRQ
OHYHU

$GMXVWLQJ
VFUHZ

5RG $GMXVWHU

$
%

&DS

$SSUR[1 4 PP
+ROGLQJ QXW



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88054

9$&880 $&78$725 &+(&. ?7'8! 88533;<3393

41 3XOO RII WKH YDFXXP KRVH +\HOORZ VWULSH, FRQQHFWHG WR
WKH YDFXXP DFWXDWRU1

51 &RQQHFW D PDQXDO YDFXXP SXPS WR WKH QLSSOH RI WKH
YDFXXP DFWXDWRU1

61 &KHFN WR EH VXUH WKDW WKH YDFXXP DFWXDWRU URG VWDUWV
WR FRQWDFW ZKHQ ; N3D RI QHJDWLYH SUHVVXUH LV DSSOLHG/
DQG WKDW WKH URG FRQWUDFWV WR LWV IXOO VWURNH ZKHQ 45 N3D
RI QHJDWLYH SUHVVXUH LV DSSOLHG1

71 'LVFRQQHFW WKH PDQXDO YDFXXP SXPS IURP WKH YDFXXP
DFWXDWRU/ DQG FRQQHFW WKH YDFXXP KRVH +\HOORZ VWULSH,
WR WKH YDFXXP DFWXDWRU1

81 6WDUW WKH HQJLQH DQG OHW LW UXQ DW LGOH1 7KHQ FRYHU WKH
HQG RI WKH YDFXXP KRVH +\HOORZ VWULSH, ZLWK D ILQJHU DQG
FKHFN WKH QHJDWLYH SUHVVXUH ZKHQ WKH $2& VZLWFK LV WXUQHG
RQ DQG RII1

$2& VZLWFK 1HJDWLYH SUHVVXUH DW KRVH
HQG

2)) 1R

21 <HV

&DXWLRQ
%H FDUHIXO/ ZKHQ FRQQHFWLQJ WKH YDFXXP KRVH QRW
WR GDPDJH LW1

9DFXXP KRVH
+\HOORZ VWULSH,

9DFXXP DFWXDWRU



ï 2Q0YHKLFOH 6HUYLFH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188055

,'/(083 62/(12,' 9$/9( &+(&. ?7'8!
8853445336;

41 'LVFRQQHFW WKH YDFXXP KRVHV +ZKLWH VWULSHV/ \HOORZ
VWULSHV, IURP WKH VROHQRLG YDOYH1

51 'LVFRQQHFW WKH KDUQHVV FRQQHFWRU1

61 &RQQHFW D PDQXDO YDFXXP SXPS WR WKH QLSSOH $1

71 &KHFN DLU0WLJKWQHVV E\ DSSO\LQJ D YDFXXP ZLWK YROWDJH
DSSOLHG GLUHFWO\ IURP WKH EDWWHU\ WR WKH VROHQRLG YDOYH
WHUPLQDO DQG ZLWKRXW DSSO\LQJ YROWDJH1

%DWWHU\ YROWDJH 1LSSOH % 9DFXXP
FRQGLWLRQ

$SSOLHG 2SHQ 9DFXXP OHDNV
IURP QLSSOH %

%ORFNHG ZLWK
ILQJHU -4

9DFXXP LV
PDLQWDLQHG

1RW DSSOLHG 2SHQ 9DFXXP LV

%ORFNHG ZLWK
ILQJHU -5

PDLQWDLQHG

127(
,Q FDVH RI PDUN -4/ D YDFXXP FDQ EH IHOW EXW LQ FDVH
RI PDUN -5/ D YDFXXP FDQ QRW EH IHOW1

81 0HDVXUH WKH UHVLVWDQFH RI WKH VROHQRLG YDOYH1

6WDQGDUG YDOXH= $SSUR[1 73 :

91 :KHQ GLVFRQQHFWLQJ WKH YDFXXP KRVH/ DOZD\V PDNH D
PDUN VR WKDW WKH KRVH FDQ EH UHFRQQHFWHG DW RULJLQDO
SRVLWLRQ1

9DFXXP KRVH
+ZKLWH VWULSHV,

9DFXXP KRVH
+\HOORZ VWULSHV,

,GOH0XS VROHQRLG
YDOYH

1LSSOH $

1LSSOH %

1LSSOH $ 1LSSOH
%



ï+HDWHU &RQWURO $VVHPEO\ DQG $2&6ZLWFK
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88056

+($7(5 &21752/ $66(0%/< $1' $2& 6:,7&+ 88533573464

5(029$/ $1' ,167$//$7,21

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- )RRW 'XFW 5HPRYDO DQG ,QVWDOODWLRQ +5HIHU WR

318807:1,
- 'ULYHU 6LGH 8QGHU &RYHU RU .QHH 3URWHFWRU/ 0HWHU

%H]HO $VVHPEO\/ *ORYH %R[ $VVHPEO\/ &HQWHU
8QGHU &RYHU 5HPRYDO DQG ,QVWDOODWLRQ +5HIHU WR
*5283 85$ ² ,QVWUXPHQW 3DQHO1,

+&RQWDFW VXUIDFH,

5

6
7

8
4

9

8

+&RQWDFW VXUIDFH,

5HPRYDO VWHSV
41 $2& VZLWFK
51 +HDWHU FRQWURO EH]HO
61 5HDU KHDWHU LQGLFDWRU

?9HKLFOHV ZLWK UHDU KHDWHU!

ò$* 71 +HDWHU FRQWURO DVVHPEO\
81 .QRE
91 %ORZHU VZLWFK



ï+HDWHU &RQWURO $VVHPEO\ DQG $2&6ZLWFK
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188057

,167$//$7,21 6(59,&( 32,17
ò$*+($7(5 &21752/ $66(0%/< ,167$//$7,21
41 )ROORZ WKH VWHSV EHORZ WR LQVWDOO WKH DLU RXWOHW FKDQJHRYHU

GDPSHU OLQN FDEOH1
+4, 6HW WKH DLU RXWOHW FKDQJHRYHU FRQWURO NQRE RQ WKH

KHDWHU FRQWURO DVVHPEO\ WR WKH GHIURVWHU SRVLWLRQ1
+5, 6HW WKH DLU RXWOHW FKDQJHRYHU GDPSHU OLQN RI WKH KHDWHU

XQLW WR WKH GHIURVWHU SRVLWLRQ DV VKRZQ LQ WKH
LOOXVWUDWLRQ/ DQG WKHQ FRQQHFW WKH FDEOH WR WKH OLQN
SLQ1

+6, 3XVK WKH RXWHU FDEOH LQ WKH GLUHFWLRQ RI WKH DUURZ
VR WKDW WKHUH LV QR ORRVHQHVV/ DQG WKHQ VHFXUH LW
ZLWK FOLS1

51 )ROORZ WKH VWHSV EHORZ WR LQVWDO WKH DLU PL[ GDPSHU OHYHU
FDEOH1
+4, 6HW WKH WHPSHUDWXUH FRQWURO NQRE RQ WKH KHDWHU FRQWURO

DVVHPEO\ WR WKH PD[1 KRW SRVLWLRQ1
+5, 6HW WKH DLU PL[ GDPSHU OHYHU RI WKH KHDWHU XQLW WR

WKH PD[1 KRW SRVLWLRQ DV VKRZQ LQ WKH LOOXVWUDWLRQ/
DQG WKHQ FRQQHFW WKH FDEOH WR WKH OHYHU SLQ1

+6, 3XVK WKH RXWHU FDEOH LQ WKH GLUHFWLRQ RI WKH DUURZ
VR WKDW WKHUH LV QR ORRVHQHVV/ DQG WKHQ VHFXUH LW
ZLWK FOLS1

61 )ROORZ WKH VWHSV EHORZ WR LQVWDOO WKH LQVLGH2RXWVLGH DLU
FKDQJHRYHU GDPSHU OLQN FDEOH1
+4, 6HW WKH LQVLGH2RXWVLGH DLU FKDQJHRYHU FRQWURO NQRE

RQ WKH KHDWHU FRQWURO DVVHPEO\ WR WKH LQVLGH
UHFLUFXODWLRQ SRVLWLRQ1

+5, 6HW WKH LQVLGH2RXWVLGH DLU FKDQJHRYHU GDPSHU OLQN
RI WKH EORZHU DVVHPEO\ WR WKH LQVLGH UHFLUFXODWLRQ
SRVLWLRQ DV VKRZQ LQ WKH LOOXVWUDWLRQ/ DQG WKHQ FRQQHFW
WKH FDEOH WR WKH OLQN SLQ1

+6, 3XVK WKH RXWHU FDEOH LQ WKH GLUHFWLRQ RI WKH DUURZ
VR WKDW WKHUH LV QR ORRVHQHVV/ DQG WKHQ VHFXUH LW
ZLWK FOLS1

71 $IWHU LQVWDOODWLRQ/ HQVXUH WKDW HDFK GDPSHU RSHUDWHV
VPRRWKO\ E\ RSHUDWLQJ WKH KHDWHU FRQWURO DVVHPEO\ NQRE1

?/1+1GULYH YHKLFOHV!

?51+1 GULYH YHKLFOHV!

$LU RXWOHW FKDQJH0
RYHU GDPSHU OLQN

/LQN SLQ

'HIURVWHU SRVLWLRQ
)DFH SRVLWLRQ

$LU RXWOHW FKDQJH0
RYHU GDPSHU OLQN

)DFH SRVLWLRQ
'HIURVWHU SRVLWLRQ

/LQN SLQ

0D[1 FRRO SRVLWLRQ

$LU PL[ GDPSHU
OHYHU

/HYHU SLQ

0D[1 KRW SRVLWLRQ

?/1+1 GULYH YHKLFOHV!

?51+1 GULYH YHKLFOHV!

,QVLGH2RXWVLGH DLU
FKDQJHRYHU
GDPSHU OLQN

2XWVLGH DLU
LQGXFWLRQ SRVLWLRQ

,QVLGH UHFLUFXODWLRQ
SRVLWLRQ

/LQN SLQ

,QVLGH2RXWVLGH DLU
FKDQJHRYHU GDPSHU OLQN

,QVLGH UHFLUFXODWLRQ
SRVLWLRQ

/LQN SLQ

2XWVLGH DLU
LQGXFWLRQ SRVLWLRQ



ï+HDWHU &RQWURO $VVHPEO\ DQG $2&6ZLWFK
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88058

,163(&7,21 885335533:7

$2& 6:,7&+ &217,18,7< &+(&.

6ZLWFK 7HUPLQDO 1R1
SRVLWLRQ 4 7 ,1' 8 6 ,// 9

2))

21

%/2:(5 6:,7&+ &217,18,7< &+(&. 88533<333<4

6ZLWFK 7HUPLQDO 1R1
SRVLWLRQ 4 5 6 8 9 : ;

2))

/2

0/

0+

+,

2))

21



ï +HDWHU 8QLW DQG +HDWHU &RUH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188059

+($7(5 81,7 $1' +($7(5 &25( 884334<3636

5(029$/ $1' ,167$//$7,21

&DXWLRQ= 656
:KHQ UHPRYLQJ DQG LQVWDOOLQJ WKH KHDWHU XQLW IURP YHKLFOHV HTXLSSHG ZLWK 656/ GR QRW OHW LW EXPS
DJDLQVW WKH 6560(&8 RU WKH FRPSRQHQWV1

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 5HIULJHUDQW 'LVFKDUJLQJ DQG &KDUJLQJ ?9HKLFOHV

ZLWK $2&! +5HIHU WR 31 88043/ 471,
- (QJLQH &RRODQW 'UDLQLQJ DQG 5HILOOLQJ +5HIHU WR

*5283 47 ï 2Q0YHKLFOH 6HUYLFH1,
- ,QVWUXPHQW 3DQHO 5HPRYDO DQG ,QVWDOODWLRQ

+5HIHU WR *5283 85$1,
- -RLQW 'XFW 5HPRYDO DQG ,QVWDOODWLRQ

?9HKLFOHV ZLWKRXW $2&! +5HIHU WR 318805;1,

&RPSUHVVRU RLO= 681 3$* 89

3LSLQJ
FRQQHFWLRQ4

5

6

8

9

:

;

<

8

7

5HPRYDO VWHSV
41 &HQWHU UHLQIRUFHPHQW
51 &HQWHU YHQWLODWLRQ GXFW
61 'UDLQ KRVH ?9HKLFOHV ZLWK $2&!

*$ò 71 6XFWLRQ SLSH RU KRVH DQG OLTXLG
SLSH FRQQHFWLRQ ?9HKLFOHV ZLWK
$2&!

81 20ULQJ
91 +HDWHU KRVH FRQQHFWLRQ

ò$* :1 (YDSRUDWRU ?9HKLFOHV ZLWK $2&!
;1 +HDWHU XQLW
<1 +HDWHU FRUH



ï +HDWHU 8QLW DQG +HDWHU &RUH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8805:

5(029$/ 6(59,&( 32,17
*$ò68&7,21 3,3( 25 +26(/ /,48,' 3,3(

',6&211(&7,21
3OXJ WKH GLVFRQQHFWHG KRVH DQG WKH HYDSRUDWRU QLSSOH QRW
WR OHW IRUHLJQ PDWWHU JHW LQWR WKHP1

&DXWLRQ
6HDO WKH KRVHV FRPSOHWHO\/ RWKHUZLVH WKH FRPSUHVVRU
RLO DQG UHFHLYHU ZLOO DEVRUE ZDWHU YDSRXU HDVLO\1

,167$//$7,21 6(59,&( 32,17
ò$*(9$325$725 ,167$//$7,21
:KHQ UHSODFLQJ WKH HYDSRUDWRU/ UHILOO ZLWK D VSHFLILHG DPRXQW
RI FRPSUHVVRU RLO DQG LQVWDOO LW +WR WKH YHKLFOH,1

&RPSUHVVRU RLO= 681 3$* 89
4XDQWLW\= :3 P/



ï %ORZHU $VVHPEO\ DQG 5HVLVWRU
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,218805;

%/2:(5 $66(0%/< $1' 5(6,6725 884335;3647

5(029$/ $1' ,167$//$7,21

4

7

9 :

?9HKLFOH ZLWK $2&!

?9HKLFOH ZLWKRXW $2&!

6

8

4

5

5HVLVWRU/ EORZHU IDQ DQG PRWRU
UHPRYDO VWHSV
- 8QGHU FRYHU DQG JORYH ER[ DVVHPEO\

+5HIHU WR *5283 85$ ² ,QVWUXPHQW
3DQHO1,

41 5HVLVWRU
51 %ORZHU IDQ DQG PRWRU

%ORZHU FDVH UHPRYDO VWHSV
- ,QVWUXPHQW SDQHO

+5HIHU WR *5283 85$1,
- *ORYH ER[ IUDPH RU FHQWHU IUDPH %

+5HIHU WR *5283 85$ ² ,QVWUXPHQW
3DQHO1,

61 -RLQW GXFW ?9HKLFOHV ZLWKRXW $2&!
71 &RYHU ?/1+1 GULYH YHKLFOHV/ 9HKLFOHV

ZLWK $2&!
81 (YDSRUDWRU ?9HKLFOHV ZLWK $2&!

+5HIHU WR 31880631,
ò$* 91 ,QVLGH2RXWVLGH DLU FKDQJHRYHU GDPSHU

FDEOH FRQQHFWLRQ
:1 %ORZHU FDVH DVVHPEO\



ï %ORZHU $VVHPEO\ DQG 5HVLVWRU
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8805<

,167$//$7,21 6(59,&( 32,17
ò$* ,16,'(22876,'( $,5 &+$1*(29(5 '$03(5

&$%/( ,167$//$7,21
41 6HW WKH LQVLGH2RXWVLGH DLU FKDQJHRYHU FRQWURO NQRE RQ

WKH KHDWHU FRQWURO DVVHPEO\ WR WKH LQVLGH UHFLUFXODWLRQ
SRVLWLRQ1

51 6HW WKH LQVLGH2RXWVLGH DLU FKDQJHRYHU GDPSHU OLQN RI WKH
EORZHU DVVHPEO\ WR WKH LQVLGH UHFLUFXODWLRQ SRVLWLRQ DV
VKRZQ LQ WKH LOOXVWUDWLRQ/ DQG WKHQ FRQQHFW WKH FDEOH WR
WKH OLQN SLQ1

61 3XVK WKH RXWHU FDEOH LQ WKH GLUHFWLRQ RI WKH DUURZ VR
WKDW WKHUH LV QR ORRVHQHVV/ DQG WKHQ VHFXUH LW ZLWK FOLS1

,163(&7,21 884335<344<

%/2:(5 )$1 $1' 02725 &+(&.
:KHQ EDWWHU\ YROWDJH LV DSSOLHG EHWZHHQ WKH WHUPLQDOV/ FKHFN
WKDW WKH PRWRU RSHUDWHV1 $OVR/ FKHFN WKDW WKHUH LV QR DEQRUPDO
QRLVH1

5(6,6725 &+(&.
8VH D FLUFXLW WHVWHU WR PHDVXUH WKH UHVLVWDQFH EHWZHHQ WKH
WHUPLQDOV DV LQGLFDWHG EHORZ1 &KHFN WKDW WKH PHDVXUHG YDOXH
LV DW WKH VWDQGDUG YDOXH1

6WDQGDUG YDOXH=
?/1+1 GULYH YHKLFOHV!

0HDVXUHPHQW WHUPLQDO 6WDQGDUG YDOXH :

%HWZHHQ WHUPLQDOV 6 DQG 5 +/2, 5133

%HWZHHQ WHUPLQDOV 6 DQG 7 +0/, 4143

%HWZHHQ WHUPLQDOV 6 DQG 4 +0+, 319;

?51+1 GULYH YHKLFOHV!

0HDVXUHPHQW WHUPLQDO 6WDQGDUG YDOXH :

%HWZHHQ WHUPLQDOV 6 DQG 5 +/2, 517;

%HWZHHQ WHUPLQDOV 6 DQG 7 +0/, 414:

%HWZHHQ WHUPLQDOV 6 DQG 4 +0+, 315;

?/1+1 GULYH YHKLFOHV! ,QVLGH2RXWVLGH DLU
FKDQJHRYHU
GDPSHU OLQN

/LQN SLQ

2XWVLGH DLU
LQGXFWLRQ SRVLWLRQ

,QVLGH UHFLUFXODWLRQ
SRVLWLRQ

?51+1 GULYH YHKLFOHV!
,QVLGH2RXWVLGH DLU
FKDQJHRYHU GDPSHU OLQN

/LQN SLQ

,QVLGH UHFLUFXODWLRQ
SRVLWLRQ

2XWVLGH DLU
LQGXFWLRQ SRVLWLRQ



ï (YDSRUDWRU ?9HKLFOHV ZLWK $2&!
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188063

(9$325$725 ?9(+,&/(6 :,7+ $2&! 885336935:4

5(029$/ $1' ,167$//$7,21

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 5HIULJHUDQW 'LVFKDUJLQJ DQG &KDUJLQJ +5HIHU WR 31

88043/ 471,
- 8QGHU &RYHU/ *ORYH %R[ $VVHPEO\ 5HPRYDO DQG

,QVWDOODWLRQ +5HIHU WR*5283 85$ï ,QVWUXPHQW3DQHO1,

&RPSUHVVRU RLO= 681 3$* 89

3LSLQJFRQQHFWLRQ

4

5
6

7

8

9

6

5HPRYDO VWHSV
*$ò 41 6XFWLRQ SLSH RU KRVH FRQQHFWLRQ
*$ò 51 /LTXLG SLSH FRQQHFWLRQ

61 20ULQJ
71 'UDLQ KRVH

- *ORYH ER[ IUDPH RU FHQWHU IUDPH %
+5HIHU WR *5283 85$ ï ,QVWUXPHQW
3DQHO1,

81 &RYHU ?/1+1 GULYH YHKLFOHV!
ò$* 91 (YDSRUDWRU

5(029$/ 6(59,&( 32,17
*$ò68&7,21 3,3( 25 +26(/ /,48,' 3,3(

',6&211(&7,21
3OXJ WKH GLVFRQQHFWHG KRVH DQG WKH HYDSRUDWRU QLSSOH QRW
WR OHW IRUHLJQ PDWWHU JHW LQWR WKHP1

&DXWLRQ
6HDO WKH KRVHV FRPSOHWHO\/ RWKHUZLVH WKH FRPSUHVVRU
RLO DQG UHFHLYHU ZLOO DEVRUE ZDWHU YDSRXU HDVLO\1



ï (YDSRUDWRU ?9HKLFOHV ZLWK $2&!
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88064

,167$//$7,21 6(59,&( 32,17
ò$*(9$325$725 ,167$//$7,21
:KHQ UHSODFLQJ WKH HYDSRUDWRU/ UHILOO LW ZLWK D VSHFLILHG DPRXQW
RI FRPSUHVVRU RLO DQG LQVWDOO LW +WR WKH YHKLFOH,1

&RPSUHVVRU RLO= 681 3$* 89
4XDQWLW\= :3 P/

',6$66(0%/< $1' 5($66(0%/< 885336;3548

&RPSUHVVRU RLO= 681 3$* 89

?7'8! ?9*:!

4

8

7

9
:

43

<

<

5

6

43

43

44

4

9

;

'LVDVVHPEO\ VWHSV
41 $XWRPDWLF FRPSUHVVRU FRQWUROOHU
51 &RYHU ?/1+1 GULYH YHKLFOHV!
61 &OLS
71 (YDSRUDWRU FRYHU +XSSHU,
81 /LQLQJ/ XSSHU
91 7KHUPRVWDW

:1 (YDSRUDWRU FRYHU +ORZHU,
;1 /LQLQJ/ ORZHU
<1 ([SDQVLRQ YDOYH
431 20ULQJ
441 (YDSRUDWRU



ï 5HDU +HDWHU 8QLW
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188065

5($5 +($7+(5 81,7 884337:3358

5(029$/ $1' ,167$//$7,21

4

8

7

9

:

5

6

5HDU KHDWHU XQLW VZLWFK UHPRYDO
VWHSV
41 .QRE
51 5HDU KHDWHU FRQWURO SDQHO DVVHPEO\
61 5HDU KHDWHU VZLWFK
)DQ PRWRU DVVHPEO\ UHPRYDO VWHSV
- 5HDU IORRU FRQVROH +5HIHU WR *5283

85$ ï )ORRU &RQVROH1,

71 5HVLVWRU
- 'UDLQLQJ DQG VXSSO\LQJ RI FRRODQW

+5HIHU WR *5283 47 ï 2Q0YHKLFOH
6HUYLFH1,

81 5HDU KHDWHU KRVH FRQQHFWLRQ
91 5HDU KHDWHU FRUH DVVHPEO\
:1 5HDU EORZHU PRWRU DVVHPEO\



ï 5HDU +HDWHU 8QLW
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21

\HOORZ

RUDQJH

88066

,163(&7,21 884337;335;

5($5 +($7(5 6:,7&+ &217,18,7< &+(&.

/HYHO 7HUPLQDO 1R1
SRVLWLRQ 4 5 7 ,1' 8 6 ,// 9

2))

/2

+,

5($5 %/2:(5 02725 ,163(&7,21
&KHFN WKDW WKH PRWRU URWDWHV ZKHQ WKH EDWWHU\ YROWDJH LV
DSSOLHG EHWZHHQ WKH WHUPLQDOV1 0DNH VXUH WKDW WKHUH LV QR
DEQRWPDO QRLVH IURP WKH PRWRU DW WKLV WLPH1

%DWWHU\ FRQQHFWLRQ WHUPLQDO 0RWRU RSUHDWLRQ ++,,

4 5 6 7

5RWDWHV ++,,

5RWDWHV +/2,

5(6,6725 &+(&.
8VH DQ RKPPHWHU WR FKHFN WKH UHVLVWDQFH YHWZHHQ WHUPLQDOV
QXPEHU 6 DQG QXPEHU 71
&KHFN WKDW WKH PHDVXUHG YDOXH LV DW WKH VWDQGDUG YDOXH1

6WDQGDUG YDOXH= 61< :

2))
/2
+,



ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188067

&2035(6625 $1' 7(16,21 38//(< 88533743773

5(029$/ $1' ,167$//$7,21
&DXWLRQ= 656
:KHQ UHPRYLQJ DQG LQVWDOOLQJ WKH FRPSUHVVRU IURP YHKLFOHV HTXLSSHG ZLWK 656/ GR QRW OHW LW EXPS
DJDLQVW WKH IURQW LPSDFW VHQVRU +/1+1,1

3UH0UHPRYDO 2SHUDWLRQ
- 5HIULJHUDQW 'LVFKDUJLQJ +5HIHU WR 31 880471,
- %DWWHU\ 5HPRYDO

3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 'ULYH %HOW 7HQVLRQ $GMXVWPHQW

+5HIHU WR *5283 44 ï 2Q0YHKLFOH 6HUYLFH1,
- %DWWHU\ ,QVWDOODWLRQ
- 5HIULJHUDQW &KDUJLQJ +5HIHU WR 31 880431,

+RVH FRQQHFWLRQ

?9*:!

5

9

6

8

7
;

?7'8!

4

9

;

:

20ULQJ

:

&RPSUHVVRU RLO= 681 3$* 89

5HPRYDO VWHSV
*$ò 41 'ULYH EHOW
*%ò 51 6XFWLRQ KRVH FRQQHFWLRQ
*%ò 61 'LVFKDUJH KRVH FRQQHFWLRQ
*&ò ò$* 71 &RPSUHVVRU

81 5HIULJHUDQW0WHPSHUDWXUH VZLWFK
91 7HQVLRQ SXOOH\
:1 &RPSUHVVRU EUDFNHW
;1 7HQVLRQ SXOOH\ EUDFNHW DVVHPEO\



ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88068

5(029$/ 6(59,&( 32,176
*$ò'5,9( %(/7 5(029$/
41 /RRVHQ WKH QXW ´$µ IRU KROGLQJ1
51 /RRVHQ WKH EROW ´%µ IRU DGMXVWPHQW1
61 5HPRYH WKH GULYH EHOW1

*%ò68&7,21 +26(/ ',6&+$5*( +26(
',6&211(&7,21

3OXJ WKH GLVFRQQHFWHG KRVH DQG WKH FRPSUHVVRU QLSSOH QRW
WR OHW IRUHLJQ PDWWHU JHW LQWR WKHP1

&DXWLRQ
6HDO WKH KRVHV FRPSOHWHO\/ RWKHUZLVH WKH FRPSUHVVRU
RLO DQG UHFHLYHU ZLOO DEVRUE ZDWHU YDSRXU HDVLO\1

*&ò&2035(6625 5(029$/
:KHQ GRLQJ WKLV ZRUN/ EH FDUHIXO QRW WR VSLOO WKH FRPSUHVVRU
RLO1

,167$//$7,21 6(59,&( 32,17
ò$*&2035(6625 ,167$//$7,21
,I D QHZ FRPSUHVVRU LV LQVWDOOHG/ ILUVW DGMXVW WKH DPRXQW RI
RLO DFFRUGLQJ WR WKH SURFHGXUHV GHVFULEHG EHORZ/ DQG WKHQ
LQVWDOO WKH FRPSUHVVRU1
41 0HDVXUH WKH DPRXQW +; P/, RI RLO ZLWKLQ WKH UHPRYHG

FRPSUHVVRU1
51 'UDLQ +IURP WKH QHZ FRPSUHVVRU, WKH DPRXQW RI RLO

FDOFXODWHG DFFRUGLQJ WR WKH IROORZLQJ IRUPXOD/ DQG WKHQ
LQVWDOO WKH QHZ FRPSUHVVRU1
1HZ FRPSUHVVRU RLO DPRXQW
4:3 P/ ï ; P/  < P/
127(
+4, < P/ LQGLFDWHV WKH DPRXQW RI RLO LQ WKH UHIULJHUDQW

OLQH/ WKH FRQGHQVHU/ WKH HYDSRUDWRU HWF1
+5, :KHQ UHSODFLQJ WKH IROORZLQJ SDUWV DW WKH VDPH WLPHV

DV WKH FRPSUHVVRU/ VXEWUDFW WKH UDWHG RLO DPRXQW RI
WKH HDFK SDUW IURP < P/ DQG GLVFKDUJH IURP WKH
QHZ FRPSUHVVRU1

4XDQWLW\
(YDSRUDWRU= :3 P/
&RQGHQVHU= 53 P/
6XFWLRQ KRVH= 43 P/
5HFHLYHU= 43 P/

?9*:!

?7'8!

$

%

$

%



ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188069

,163(&7,21 88533<6346:

5()5,*(5$1707(03(5$785( 6:,7&+ 6,03/(
&+(&.
:KHQ WKH $2& LV RII/ FKHFN WKDW WKHUH LV FRQWLQXLW\ EHWZHHQ
WKH UHIULJHUDQW0WHPSHUDWXUH VZLWFK WHUPLQDOV1 ,I QR/ UHSODFH
WKH FRPSUHVVRU DVVHPEO\1

&2035(6625 0$*1(7,& &/87&+ 23(5$7,21
,163(&7,21 88533;835<:

&RQQHFW WKH EDWWHU\ +., WHUPLQDO WR WKH FRPSUHVVRU PDJQHWLF
FOXWFK FRQQHFWRU WHUPLQDO 6/ DQG JURXQG WKH EDWWHU\ +ï, WHUPLQDO
WR WKH ERG\ RI WKH FRPSUHVVRU1 7KH FRQGLWLRQ LV QRUPDO LI
WKH VRXQG RI WKH PDJQHWLF FOXWFK +FOLFN, FDQ EH KHDUG1

0$*1(7,& &/87&+ 8853379366<

',6$66(0%/< $1' 5($66(0%/<

4

6

5
7

9

:

;
8

'LVDVVHPEO\ VWHSV
41 %ROW
51 3XOOH\

ò(* - $LU JDS DGMXVWPHQW
*$ò ò'* 61 1XW

ò&* 71 $UPDWXUH SODWH

81 6KLPV
ò%* 91 6QDS ULQJ

:1 5RWRU
ò$* ;1 &OXWFK FRLO

5HIULJHUDQW0
WHPSHUDWXUH
VZLWFK WHUPLQDOV

0DJQHWLF FOXWFK FRQQHFWRU



ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8806:

',6$66(0%/< 6(59,&( 32,17
*$ò187 5(029$/
8VH VSHFLDO WRROV WR KROG WKH PDJQHWLF FOXWFK/ DQG UHPRYH
WKH QXW1

5($66(0%/< 6(59,&( 32,176
ò$*&/87&+ &2,/ ,167$//$7,21
:KHQ LQVWDOOLQJ WKH FOXWFK FRLO WR WKH $2& FRPSUHVVRU ERG\/
LQVWDOO VR WKDW WKH SLQ KROH RI WKH $2& FRPSUHVVRU ERG\ DQG
WKH FOXWFK FRLO SURMHFWLRQ DUH DOLJQHG1

ò%*61$3 5,1* ,167$//$7,21
,QVWDOO WKH VQDS ULQJ VR WKDW WKH WDSHUHG VXUIDFH LV WR WKH
RXWVLGH1

ò&*$50$785( 3/$7( ,167$//$7,21
$OLJQ WKH VHUUDWLRQ SURWUXVLRQ RQ WKH FUDQNVKDIW ZLWK WKH QRWFK
RQ WKH DUPDWXUH DQG LQVWDOO1

ò'*187 ,167$//$7,21
8VH VSHFLDO WRROV WR KROG WKH PDJQHWLF FOXWFK/ DQG WLJKWHQ
WKH QXW LQ WKH VDPH PDQQHU DV IRU UHPRYDO1

0%<<469:

0%<<46;9

&OXWFK FRLO
SURMHFWLRQ

&RPSUHVVRU
ERG\ SLQ KROH

6QDS0ULQJ
5RWRU )LHOG FRUH

7DSHUHG SDUW

$UPDWXUH
SODWH

6HUUDWLRQ
QRWFK

6HUUDWLRQ SURWUXVLRQ

&UDQNVKDIW

0%<<469:

0%<<46;9



ï &RPSUHVVRU DQG 7HQVLRQ 3XOOH\
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,218806;

ò(* $,5 *$3 $'-8670(17
&KHFN ZKHWKHU RU QRW WKH DLU JDS RI WKH FOXWFK LV ZLWKLQ WKH
VWDQGDUG YDOXH1

6WDQGDUG YDOXH= 316 ï 318 PP

127(
,I WKHUH LV D GHYLDWLRQ RI WKH DLU JDS IURP WKH VWDQGDUG YDOXH/
PDNH WKH QHFHVVDU\ DGMXVWPHQW E\ DGMXVWLQJ WKH QXPEHU RI
VKLPV1

7KLFNQHVV JDXJH



ï &RQGHQVHU DQG &RQGHQVHU )DQ 0RWRU
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 8806<

&21'(16(5 $1' &21'(16(5 )$1 02725 885339:3683

5(029$/ $1' ,167$//$7,21

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 5DGLDWRU *ULOOH 5HPRYDO DQG ,QVWDOODWLRQ

+5HIHU WR *5283 84 ï *ULOOH/ 0RXOGLQJ DQG *DUQLVK1,
- )URQW %XPSHU 5HPRYDO DQG ,QVWDOODWLRQ

+5HIHU WR *5283 84 ï )URQW %XPSHU1,

- +RRG /DWFK 5HPRYDO DQG ,QVWDOODWLRQ
+5HIHU WR *5283 75 ï +RRG1,

- (QJLQH 2LO &RROHU 5HPRYDO DQG ,QVWDOODWLRQ
?7'8! +5HIHU WR *5283 451,

9

4

;

3LSLQJ FRQQHFWLRQ

&RPSUHVVRU RLO=
681 3$* 89

7

20ULQJ

8 6

5 :

&RQGHQVHU IDQ PRWRU UHPRYDO
VWHSV
41 +RRG ORFN VWD\
51 &RQGHQVHU IDQ PRWRU DQG VKURXG

DVVHPEO\
61 &RQGHQVHU IDQ
71 &RQGHQVHU IDQ PRWRU
81 6KURXG

&RQGHQVHU UHPRYDO VWHSV
- 5HIULJHUDQW 'LVFKDUJLQJ DQG &KDUJLQJ

+5HIHU WR 31880431,
41 +RRG ORFN VWD\
51 &RQGHQVHU IDQ PRWRU DQG VKURXG

DVVHPEO\
91 &DEOH SURWHFWRU

*$ò :1 'LVFKDUJH KRVH/ OLTXLG SLSH $ DQG
FRQGHQVHU FRQQHFWLRQ

ò$* ;1 &RQGHQVHU



ï &RQGHQVHU DQG &RQGHQVHU )DQ 0RWRU
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188073

5(029$/ 6(59,&( 32,176
*$ò /,48,' 3,3( $2',6&+$5*( +26(

',6&211(&7,21
3OXJ WKH GLVFRQQHFWHG SLSH/ KRVH DQG WKH FRQGHQVHU QLSSOH
QRW WR OHW IRUHLJQ PDWWHU JHW LQWR WKHP1

&DXWLRQ
6HDO WKH KRVHV FRPSOHWHO\/ RWKHUZLVH WKH FRPSUHVVRU
RLO DQG UHFHLYHU ZLOO DEVRUE ZDWHU YDSRXU HDVLO\1

,167$//$7,21 6(59,&( 32,17
ò$*&21'(16(5 ,167$//$7,21
:KHQ UHSODFLQJ WKH FRQGHQVHU/ UHILOO LW ZLWK D VSHFLILHG DPRXQW
RI FRPSUHVVRU RLO DQG LQVWDOO LW1 +WR WKH YHKLFOH,1

&RPSUHVVRU RLO= 681 3$* 89
4XDQWLW\= 53 P/

,163(&7,21 885339;34<6

&21'(16(5 )$1 02725 &+(&.
&KHFN WR EH VXUH WKDW WKH FRQGHQVHU IDQ PRWRU RSHUDWHV
ZKHQ EDWWHU\ YROWDJH LV DSSOLHG WR WHUPLQDO 4 DQG WHUPLQDO
5 HDUWKHG1



ï 5HIULJHUDQW /LQH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 88074

5()5,*(5$17 /,1( 8853397369;

5(029$/ $1' ,167$//$7,21

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 5HIULJHUDQW 'LVFKDUJLQJ DQG &KDUJLQJ +5HIHU WR 31

88043/ 471,
- 5DGLDWRU *ULOO 5HPRYDO DQG ,QVWDOODWLRQ +5HIHU WR

*5283 84 ï *ULOOH/ 0RXOGLQJ DQG *DUQLVK1,
- )URQW %XPSHU 5HPRYDO DQG ,QVWDOODWLRQ +5HIHU WR

*5283 84 ï )URQW %XPSHU1,

- %DWWHU\ 5HPRYDO DQG ,QVWDOODWLRQ
- :LQGVKLHOG :DVKHU 7DQN 5HPRYDO DQG ,QVWDOODWLRQ

+5HIHU WR*5283 84ï:LQGVKLHOG:LSHU DQG:DVKHU1,

?/1+1 GULYH YHKLFOHV!

&RPSUHVVRU RLO=
681 3$* 89

3LSLQJ FRQQHFWLRQ

20ULQJ

4

5

6

9

:

;

<

44

45

43

8

:

:

:

:

:

:

:

:

7

5HPRYDO VWHSV
*$ò ò$* 41 6XFWLRQ KRVH
*$ò 51 6XFWLRQ SLSH $
*$ò 61 /LTXLG SLSH $
*$ò 71 'LVFKDUJH KRVH

81 /LTXLG SLSH %
91 /LTXLG SLSH &

:1 20ULQJ
;1 &UDPS EUDFNHW
<1 6XFWLRQ SLSH EUDFNHW

*$ò ò$* 431 5HFHLYHU DVVHPEO\
441 'XDO SUHVVXUH VZLWFK
451 5HFHLYHU EUDFNHW



ï 5HIULJHUDQW /LQH
+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,2188075

?51+1 GULYH YHKLFOHV!

5

6

7

8

9

:

;

4

8

8

8 8

8

&RPSUHVVRU RLO=
681 3$* 89

3LSLQJ FRQQHFWLRQ

20ULQJ

5HPRYDO VWHSV
*$ò ò$* 41 6XFWLRQ KRVH
*$ò 51 /LTXLG SLSH $
*$ò 61 'LVFKDUJH KRVH

71 /LTXLG SLSH %

81 20ULQJ
*$ò ò$* 91 5HFHLYHU DVVHPEO\

:1 'XDO SUHVVXUH VZLWFK
;1 5HFHLYHU EUDFNHW

5(029$/ 6(59,&( 32,17
*$ò+26(23,3(25(&(,9(5 $66(0%/<

',6&211(&7,21
3OXJ WKH GLVFRQQHFWHG KRVH/ WKH UHFHLYHU/ WKH HYDSRUDWRU DQG
WKH FRPSUHVVRU QLSSOH QRW WR OHW IRUHLJQ PDWWHU JHW LQWR WKHP1

&DXWLRQ
6HDO WKH KRVHV FRPSOHWHO\/ RWKHUZLVH WKH FRPSUHVVRU
RLO DQG UHFHLYHU ZLOO DEVRUE ZDWHU YDSRXU HDVLO\1



5HIULJHUDQW /LQH2(QJLQH &RRODQW 7HPSHUDWXUH
6ZLWFK ?7'8!

+($7(5/ $,5 &21',7,21(5
$1' 9(17,/$7,21 ï 88076

,167$//$7,21 6(59,&( 32,17
ò$*68&7,21 +26(25(&(,9(5 $66(0%/<

,167$//$7,21
:KHQ UHSODFLQJ WKH VXFWLRQ KRVH RU UHFHLYHU DVVHPEO\/ UHILOO
WKHP ZLWK D VSHFLILHG DPRXQW RI FRPSUHVVRU RLO/ DQG WKHQ
LQVWDOO WKHP1

&RPSUHVVRU RLO= 681 3$* 89

4XDQWLW\=
6XFWLRQ KRVH= 43 P/
5HFHLYHU DVVHPEO\= 43 P/

(1*,1( &22/$17 7(03(5$785( 6:,7&+ ?7'8! 88533:633<9

5(029$/ $1' ,167$//$7,21

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- &RRODQW 5HILOOLQJ +5HIHU WR *5283 47 ï 2Q0YHKLFOH

6HUYLFH1,
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SERVICE BULLETIN
QUALITY INFORMATION ANALYSIS

OVERSEAS SERVICE DEPT. MITSUBISHI MOTORS CORPORATION

SERVICE BULLETIN No.:  MSB-99E55-001

Date: 1999-07-30 <Model> <M/Y>
Subject: CHANGE IN RESISTANCE VALUE OF

RESISTOR
(EC) PAJERO
SPORT

99-10

Group: HEATER, A/C &
VENTILATION

Draft No.:  99SY121514 (EC) MONTERO
SPORT

INFORMATION OVERSEAS
SERVICE
DEPT

T.NITTA  - VICE GENERAL MANAGER
QUALITY INFORMATION ANALYSIS

1. Description:

In order to modify the air flow characteristics of the blower fan, the standard resistance value of
the resistor has been changed from 0.68 • to 0.37 • between terminals 3 and 1.

2. Applicable Manuals:

Manual Pub. No. Language Page(s)
’99 PAJERO SPORT PWJE9812 (English) 55-29
Workshop Manual chassis PWJF9814 (French)

PWJG9815 (German)
’99 MONTERO SPORT
Workshop Manual chassis

PWJS9813 (Spanish)

3. Effective Date:

From the middle of February 1999.
Effective model: WM5436 and up
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INSTALLATION SERVICE POINT
�A�INSIDE/OUTSIDE AIR CHANGEOVER DAMPER CABLE

INSTALLATION
1. Set the inside/outside air changeover control knob on the

heater control assembly to the inside recirculation position.
2. Set the inside/outside air changeover damper link of the

blower assembly to the inside recirculation position as
shown in the illustration, and then connect the cable to the
link pin.

3. Push the outer cable in the direction of the arrow so that
there is no looseness, and then secure it with clip.

INSPECTION
BLOWER FAN AND MOTOR CHECK

When battery voltage is applied between the terminals, check
that the motor operates. Also, check that there is no abnormal
noise.

RESISTOR CHECK
Use a circuit tester to measure the resistance between the
terminals as indicated below. Check that the measured value is
at the standard value.

Standard value:
<L.H. drive vehicles>

<R.H. drive vehicles>

55-29
HEATER, AIR CONDITIONER
AND VENTILATION - Blower Assembly and Resistor

Inside/outside air
changeover
damper link

Link pin

20V0141

<L.H. drive vehicles>

Inside recirculation position Outside air
induction position

Link pin

Inside/outside air
changeover damper
link

Outside air
induction position Inside recirculation position

20V0027
00005072

20V0025

20V0030

55100290119

Measurement terminal �������� ��	
� �

Between terminals 3 and 2 (LO) 2.00

Between terminals 3 and 4 (ML) 1.10

Between terminals 3 and 1 (MH) 0.68

0.68 <Up to the beginning of February 1999>
0.37 <From the middle of February 1999>

Measurement terminal �������� ��	
� �

Between terminals 3 and 2 (LO) 2.48

Between terminals 3 and 4 (ML) 1.17

Between terminals 3 and 1 (MH) 0.28

<New>

<Old>

<R.H. drive vehicles>



HEATER, AIR CONDITIONER AND VENTILATION - General/Troubleshooting 55-1

GROUP 55

HEATER, AIR CONDITIONER AND VENTILATION
GENERAL
OUTLINE OF CHANGE
D Inspection at the automatic compressor-controller terminal has been changed due to the changes

on the automatic compressor-controller. <6G7>

TROUBLESHOOTING
INSPECTION AT THE AUTOMATIC COMPRESSOR-CONTROLLER TERMINAL
<6G7>

Terminal
No.

Name of signal Condition Terminal voltage

1 A/C switch input A/C switch OFF or Blower switch OFF 0 V

A/C switch ON
Ignition switch ON
Blower switch ON

System voltage

2 Air conditioning output A/C compressor relay OFF 0 V

A/C compressor relay ON System voltage

3 Outside air temperature output Sensor temperature 15 _C or more System voltage

Sensor temperature 18 _C or more 2 V or more

4 Earth At all time Continuity
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SERVICE BULLETIN
QUALITY INFORMATION ANALYSIS

OVERSEAS SERVICE DEPT. MITSUBISHI MOTORS CORPORATION

SERVICE BULLETIN No.: MSB-01E55-501

Date: 2001-04-23 <Model> <M/Y>
Subject: CORRECTION TO DESCRIPTION

CONCERNING AUTOMATIC COMPRESSOR-
CONTROLLER

01-10

Group: HEATER, A/C &
VENTILATION

Draft No.: 00SY103020

CORRECTION INTERNATIONAL
CAR
ADMINISTRATION
OFFICE

T.MASAKI-MANAGER
TECHNICAL SERVICE PLANNING

(EC)MONTERO
SPORT/PAJERO
SPORT
(K80W,K90W)

1. Description:

This Service Bulletin informs you that correction has been made of the descriptions in the table
“INSPECTION AT THE AUTOMATIC COMPRESSOR-CONTROLLER TERMINAL”.

2. Applicable Manuals:

Manual Pub. No. Language Page(s)
2001 PAJERO SPORT
Workshop Manual chassis

PWJE9812-B (English)

2001 MONTERO SPORT
Workshop Manual chassis

PWJS9813-B (Spanish)

55-1

PWJT9818R-B (French)2001 PAJERO SPORT
Workshop Manual chassis PWJT9818R-B (German)

55-1 (CD-ROM)
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GROUP 55

HEATER, AIR CONDITIONER AND VENTILATION
GENERAL

OUTLINE OF CHANGE
• Inspection at the automatic compressor-controller terminal has been changed due to the changes on the

automatic compressor-controller. <6G7>

TROUBLESHOOTING
INSPECTION AT THE AUTOMATIC COMPRESSOR-CONTROLLER TERMINAL
<6G7>

Terminal No. Name of signal Condition Terminal voltage
A/C switch OFF or Blower switch OFF 0 V1 A/C switch input
A/C switch ON
Ignition switch ON
Blower switch ON

System voltage

A/C compressor relay OFF 0 V2 Air conditioning output
A/C compressor relay ON System Voltage
Sensor temperature 15 °C or more System Voltage3 Outside air temperature output
Sensor temperature 18 °C or more 2 V or more

4 Earth At all time Continuity
<Incorrect>

<Correct>
Air thermo sensor detection
temperature: 5°C or less

System voltage3 Output ECU to engine-ECU

Air thermo sensor detection
temperature: 7°C or more

0V

3. Details:
HEATER, AIR CONDITIONER AND VENTILATION - General/Troubleshooting 55-1

Y0111AA



55B-1

AUTOMATIC AIR
CONDITIONER

CONTENTS

GENERAL 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Outline of Changes 2. . . . . . . . . . . . . . . . . . . . . . . . . . .

SERVICE SPECIFICATIONS 2. . . . . . . . . . . . . . . . .

SPECIAL TOOLS 2. . . . . . . . . . . . . . . . . . . . . . . . . . .

TROUBLESHOOTING 3. . . . . . . . . . . . . . . . . . . . . . .

ON-VEHICLE SERVICE 20. . . . . . . . . . . . . . . . . . . .
Blower High Speed Relay Continuity Check 20. . .

Idle-up Inspection <4D56> 20. . . . . . . . . . . . . . . . . . .

AUTOMATIC AIR CONDITIONer control panel
ASSEMBLY (A/C-ECU) 21. . . . . . . . . . . . . . . . . . . . .

MOTOR 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HEATER UNIT 25. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EVAPORATOR 27. . . . . . . . . . . . . . . . . . . . . . . . . . . .

PHOTO SENSOR 28. . . . . . . . . . . . . . . . . . . . . . . . . .

AMBIENCE TEMPERATURE SENSOR 29. . . . . . .
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GENERAL
OUTLINE OF CHANGES
The following service procedures have been added as an automatic A/C has been equipped as
standard. Other service procedures are the same as before.

SERVICE SPECIFICATIONS
Item Typical value

Air mixing damper control potentiometer resistance kΩ MAX HOT Around 0.18g p p

MAX COOL Around 4.82

Mode selection damper control potentiometer resistance
kΩ

DEF position Around 0.18p p
kΩ FACE position Around 4.82

SPECIAL TOOLS
Tool Number Name Use

MB991502 MUT-II sub-
assembly

Automatic air conditioner inspection

MB991529 Diagnosis code
check harness

Automatic air conditioner inspection when
using voltmeter

A

B

C

D

MB991223
A: MB991219
B: MB991220
C: MB991221
D: MB991222

Harness set
A: Check harness
B: LED harness
C: LED harness

adapter
D: Probe

Checking continuity and measuring voltage at
harness or connector
A: For checking connector pin contact pressure
B: For checking the power supply circuit
C: For checking the power supply circuit
D: For connecting commercial tester
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TROUBLESHOOTING
DIAGNOSIS TROUBLESHOOTING FLOW
Refer to ’99 PAJERO SPORT Workshop Manual. (Pub. No. PWJE9812) GROUP 00 - How to Use
Troubleshooting/Inspection Service Points.

DIAGNOSIS FUNCTION
METHOD OF READING DIAGNOSIS CODES
METHOD OF ERASING DIAGNOSIS CODES
Connect the MUT-II to the 16-pin diagnosis connector.
[Refer to ’99 PAJERO SPORT Workshop Manual. (Pub. No. PWJE9812) GROUP 00 - How to Use
Troubleshooting/Inspection Service Points.]

INSPECTION CHART FOR DIAGNOSIS CODES
Code No. Diagnosis item Reference

page

11 Inside air temperature sensor system (open circuit) 55B-3

12 Inside air temperature sensor system (short circuit) 55B-3

13 Ambient temperature sensor system (open circuit) 55B-4

14 Ambient temperature sensor system (short circuit) 55B-4

15 Heater water temperature sensor system (open circuit) 55B-4

16 Heater water temperature sensor system (short circuit) 55B-4

21 Air thermo sensor system (open circuit) 55B-5

22 Air thermo sensor system (short circuit) 55B-5

31 Potentiometer system for the air mixing damper 55B-5

32 Potentiometer system for the mode selection damper 55B-6

41 Air mixing damper control motor drive system 55B-6

42 Mode selection damper control motor drive system 55B-7

INSPECTION PROCEDURE FOR DIAGNOSIS CODES
Code No.11, 12 Inside air temperature sensor system Probable cause
Code No.11 is set when the inside air temperature circuit inside the A/C-ECU is
open. Meanwhile, code No.12 is set when it is short.

Malfunction of the A/C-ECU

Replace the automatic A/C control panel assembly (A/C-ECU).
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Code No.13, 14 Ambient temperature sensor system Probable cause
Code No.13 is set when the ambient temperature sensor circuit is open.
Meanwhile, code No.14 is set when it is short.

D Malfunction of the ambient temperature sensor
D Malfunction of connector or harness
D Malfunction of the A/C-ECU

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Check the harness wire between the ambient temperature
sensor and the A/C-ECU.

NG
Repair

OK

Check the trouble symptoms.

OK

Check the following connectors: A-117, D-14, C-93
NG

Repair

Check the Ambient temperature sensor (Refer to P.55B-29).
NG

Replace

Code No.15, 16 Heater water temperature sensor
system

Probable cause

Code No.15 is output when the heater water temperature sensor circuit is open.
Code No.16 is output when that circuit is short.

D Malfunction of the heater water temperature sensor
D Malfunction of connector or harness
D Malfunction of the A/C-ECU

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Check the harness wire between the heater water temperature
sensor and the A/C-ECU.

NG Repair

OK

Check the trouble symptoms.

OK

Check the following connectors: C-93, C-103 NG Repair

Check the heater water temperature sensor
(Refer to P.55B-25).

NG
Replace
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Code No.21, 22 Air thermo sensor system Probable cause
Code No.21 is set when the air thermo sensor circuit is open. Meanwhile, code
No.22 is set when it is short.

D Malfunction of the air thermo sensor
D Malfunction of connector or harness
D Malfunction of the A/C-ECU

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Check the harness wire between the air thermo sensor and
the A/C-ECU.

NG
Repair

OK

Check the trouble symptoms.

OK

Check the following connectors: C-95, C-93 NG
Repair

Check the air thermo sensor.
NG

Replace

Code No.31 Potentiometer system for the air mixing
damper

Probable cause

This diagnosis code is set when the potentiometer for the air mix damper does
not send any signal to the A/C-ECU due to short or open circuit.

D Malfunction of the potentiometer system for the air
mix damper

D Malfunction of connector or harness
D Malfunction of the A/C-ECU

NG

Repair

NG

Repair

NG

Check the harness wire between the air mixing damper control
potentiometer and the A/C-ECU, and repair if necessary.

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Repair

OK

Replace the automatic
A/C control panel
assembly (A/C-ECU).

OK

Check the trouble
symptoms.

OK

Measure at A/C-ECU connector C-111.
D Connect the connector.
D Ignition switch: ON
D Air mix damper position: MAX HOT position
D Voltage between terminal 5 and body earth

OK: 4.7 - 5.0 V

NG
Check the following connectors: C-102, C-93

NG

Check the harness wire between the air mixing damper control
potentiometer and the A/C-ECU.

OK

Check the trouble
symptoms.

OK

Measure at air mixing damper control potentiometer connector
C-102.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
D Voltage between terminal 6 and body earth

OK: 5V
D Continuity between terminal 2 and body earth

OK: Continuity

NG
Check the following connectors: C-102, C-93

Check the potentiometer system for the air mixing damper
(Refer to P.55B-24).

NG
Replace
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Code No.32 Potentiometer system for the mode
selection damper

Probable cause

This diagnosis code is set when the potentiometer for the mode selection does
not send any signal to the A/C-ECU due to open or short circuit.

D Malfunction of the potentiometer for the mode
selection damper

D Malfunction of connector or harness
D Malfunction of the A/C-ECU

NG

Repair

NG

Repair

NG

Check the harness wire between the mode selection damper
control potentiometer and the A/C-ECU, and repair if
necessary.

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Repair

OK

Replace the automatic
A/C control panel
assembly (A/C-ECU).

OK

Check the trouble
symptoms.

OK

Measure at A/C-ECU connector C-93.
D Connect the connector.
D Ignition switch: ON
D Mode selection damper position: DEF position
D Voltage between terminal 6 and body earth

OK: 4.8 - 5.2 V

NG
Check the following connectors: C-104, C-93

NG

Check the harness wire between the mode selection damper
control potentiometer and the A/C-ECU.

OK

Check the trouble
symptoms.

OK

Measure at air outlet changeover damper motor connector
C-104.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
D Voltage between terminal 2 and body earth

OK: 5V
D Continuity between terminal 6 and body earth

OK: Continuity

NG
Check the following connectors: C-104, C-93

Check the potentiometer for the mode selection damper
(Refer to P.55B-23).

NG
Replace

Code 41 Air mixing damper control motor drive system Probable cause
This code is output when the air mixing damper control motor could not turn as
far as the set aperture.

D Air mixing damper control motor fault
D Connector or harness fault
D A/C-ECU fault

OK

Replace the automatic air conditioner control panel assembly
(A/C-ECU).

NG

Check the harness between the air mixing damper control
motor and A/C-ECU, and repair if necessary.

NG
Repair

OK

Check the trouble symptoms.

OK

Check the following connector: C-102
NG

Repair

Check the air mixing damper control motor
(Refer to P.55B-24).

NG
Replace
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Code 42 Mode selection damper control motor drive
system

Probable cause

This code is output when the mode selection damper control motor could not
turn as far as the set aperture.

D Mode selection damper control motor fault
D Connector or harness fault
D A/C-ECU fault

OK

Replace the automatic air conditioner control panel assembly
(A/C-ECU).

NG

Check the harness between the mode selection damper
control motor and the A/C-ECU.

NG

Repair

OK

Check the trouble symptoms.

OK

Check the following connector: C-104 NG
Repair

Check the mode selection damper control motor
(Refer to P. 55B-23).

NG
Replace

INSPECTION CHART FOR TROUBLE SYMPTOMS
Trouble symptom Inspection

procedure No.
Reference
page

Communication with MUT-II is not possible. 1 55B-8

The air conditioner does not operate at all. 2 55B-9

The air conditioner display does not appear on the display. 3 55B-9

A/C outlet air temperature can not be set. 4 55B-10

The blower motor does not operate. 5 55B-11

The blower motor does not operate at high speed. 6 55B-12

The blower air volume can not be changed. 7 55B-13

Air outlet vent cannot be changed. 8 55B-14

Outside/Inside air changeover is not possible. 9 55B-14

The condenser fan motor does not operate <4G64>. 10 55B-15

The condenser fan motor does not operate <4D56>. 11 55B-16
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INSPECTION PROCEDURES FOR TROUBLE SYMPTOMS
Inspection procedure 1

Communication with the MUT-II is not possible. Probable cause
If communication with all other systems is not possible, there is a high possibility
that there is a malfunction of the diagnosis line. If only the A/C system can not
communicate with the MUT-II, the diagnosis line between the diagnosis
connector and the A/C-ECU may be defective.

D Malfunction of harness or connector
D Malfunction of the A/C-ECU

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NO Check the diagnosis line between the diagnosis connector and
the A/C-ECU, and repair if necessary.

YES
NO

INSPECTION PROCEDURE FOR TROUBLE SYMPTOM 2
(Refer to P.55B-9.)

YES
NG

Repair

OK

NG

Check the harness wire between the A/C-ECU and diagnosis
connector.

NG
Repair

Check the trouble symptoms.

Check the following connectors: C-93, C-12, C-63

Is the air conditioner operating?

Is communication between MUT-II and other system is
possible?
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Inspection procedure 2

The air conditioner does not operate at all. Probable cause
The power supply system (including earth) for the A/C-ECU may be defective. In
addition, the A/C-ECU may be inoperative due to a defective harness (such as
short).

D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

Repair

NG

Check the harness wire between the A/C-ECU and the ignition
switch (IG2), and repair if necessary.

NG

Repair

NG

Check the harness wire between the A/C-ECU and the
ignition switch (ACC), and repair if necessary.

NG

Repair

NG

Check the harness wire between the A/C-ECU and fusible link
(6), and repair if necessary.

NG

Repair

NG

Check the harness wire between the A/C-ECU and body
earth, and repair if necessary.

OK

Replace the automatic
A/C control panel
assembly (A/C-ECU).

NG

Repair

Check circuit, where the A/C-ECU terminal voltage is
abnormal.

OK

Check at the A/C-ECU terminals (Refer to P.55B-18).

OK

Check the trouble symptoms.

Check the following connectors: C-94, D-19, D-26

(4) NG

OK

Check the trouble
symptoms.

Check the following connectors:
C-93, C-11, D-27, D-21, A-25X

(3) NG OK

Check the trouble
symptoms.

Check the following connectors: C-112, C-79, C-88
(2) NG

OK

Check the trouble
symptoms.

Measure at A/C-ECU connector C-93, C-94.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
(1) Voltage between terminal 12 and body earth

OK: System voltage
(2) Voltage between terminal 36 and body earth

OK: System voltage
(3) Voltage between terminal 3 and body earth

OK: System voltage
(4) Continuity between terminal 35 and body earth

OK: Continuity

(1) NG
Check the following connectors: C-93, C-99, D-26, D-28

Inspection procedure 3
The air conditioner display does not appear on the
display.

Probable cause

Check the harness wires between the A/C-ECU and the center display, and
repair if necessary.

D Malfunction of harness or connector
D Malfunction of the A/C-ECU

YES

Replace the automatic A/C control panel assembly (A/C-ECU).

Refer to inspection procedure 2. (P.54B-9).
NODoes the A/C operate normally?
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Inspection procedure 4

A/C outlet air temperature can not be set. Probable cause
If the air outlet temperature can not be changed after a A/C temperature is set,
sensor(s) or the air mixing damper may be defective.

D Malfunction of the inside air temperature sensor
D Malfunction of the ambient temperature sensor
D Malfunction of the heater water temperature sensor
D Malfunction of the photo sensor
D Malfunction of the air mixing damper control motor
D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

NG

Repair

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

OK

MUT-II Data list
31 Potentiometer for air mixing control damper

NG
Check the air mixing damper potentiometer system
(Refer to P.55B-5, Code No.31).

NG

Check the harness wire between the photo sensor and the
A/C-ECU.

OK

Check the trouble
symptoms.

OK

Check the following connectors: C-93, C-101

OK

MUT-II Data list
25 Photo sensor

NG
Check the photo sensor (Automatic air conditioner).
(Refer to P.55B-28.)

OK

MUT-II Data list
15 Heater water temperature sensor

NG
Check the heater water temperature sensor system.
(Refer to P.55B-4, Code Nos.15, 16.)

OK

MUT-II Data list
13 Ambient temperature sensor

NG
Check the ambient temperature sensor system.
(Refer to P.55B-4, Code Nos.13, 14.)

NO

MUT-II Data list
11 Inside air temperature sensor

NG
Replace the automatic A/C control panel assembly (A/C-ECU).

MUT-II Self-Diag Code
Are diagnosis codes displayed?

YES
Inspection chart for diagnosis codes (Refer to P.55B-3).

NG

Repair

OK

Replace the automatic A/C control panel
assembly (A/C-ECU).

NG

Check the harness wire between the air mixing damper control
potentiometer and the A/C-ECU.

NG
Repair

OK

Check the trouble symptoms.

OK

Check the following connectors: C-93, C-102
NG

Repair

Check the air mixing damper control potentiometer (Refer to
P.55B-24).

NG
Replace

OK

Replace
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Inspection procedure 5

The blower motor does not operate. Probable cause
If no air comes out of the blower even though the blower switch is on, the
cause is probably a malfunction of the front blower relay circuit.

D Malfunction of the front blower relay
D Malfunction of the blower motor
D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

Repair

NG

Repair
NG

Check the harness wire between the blower relay and the
ignition switch (IG2), and repair if necessary.

NG

Check the harness wire between the blower relay and the
earth, and repair if necessary.

NG

Repair
NG

Check the harness wire between the blower relay and fusible
link (8), and repair if necessary.

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Repair

Check the trouble symptoms.

OK

Check the trouble symptoms.

OK

Measure at blower motor connector C-22.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
D Voltage between terminal 1 and body earth

OK: System voltage

Check the following connector: A-24

OK

Check the trouble symptoms.

Check the following connectors: A-24, C-71, D-21, D-28

(2) NG

OK

Check the trouble symptoms.

Measure at blower relay connector A-24.
D Disconnect the connector, and measure at the J/B side.
D Ignition switch: ON
(1) Continuity between terminal 1 and body earth

OK: Continuity
(2) Voltage between terminal 3 and body earth

OK: System voltage
(3) Voltage between terminal 5 and body earth

OK: System voltage

(1) NG
Check the following connector: A-24

OK

OK

Check the blower motor. NG
Replace

OK

Check the blower relay.
NG

Replace

MUT-II Actuator Test
01, 02, 03, 04 Blower motor

OK Replace the automatic A/C control panel assembly (A/C-ECU).

(3) NG

Check the following connectors: C-22, C-16, A-24X

Check the trouble symptoms.

OK

Check the harness wire between the blower relay and fusible
link (8), and repair if necessary.

NG

Repair

NG

Check the following connector: C-22

OK

NG

NG
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Inspection procedure 6

The blower motor does not operate at high speed. Probable cause
If the blower motor does not operate at high speed when the temperature is set
to 17 or 32, the blower high speed relay circuit system may be defective.

D Malfunction of the blower high speed relay
D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

Repair

NG

Repair
NG

Check the harness wire between the blower high speed relay
and the earth, and repair if necessary.

NG

Check the harness wire between the blower high speed relay
and the blower motor, and repair if necessary.

NG

Repair

NG

Check the harness wire between the blower high speed relay
and ignition switch (IG2), and repair if necessary.

Replace the automatic A/C control panel assembly (A/C-ECU).

NO

Check the trouble symptoms.

OK

Check the trouble symptoms.

OK

Disconnect the A/C-ECU connector C-93.
D Ignition switch: ON
Does the blower motor operate when A/C-ECU connector
terminal 12 is earthed?

Check the following connector: C-99

OK

Check the trouble symptoms.

Check the following connectors: C-99, C-22

(2) NG

OK

Check the trouble symptoms.

Measure at front blower high speed relay connector C-99.
D Disconnect the connector, and measure at the harness

side.
D Ignition switch: ON
(1) Continuity between terminal 1 and body earth

OK: Continuity
(2) Voltage between terminal 3 and body earth

OK: System voltage
(3) Voltage between terminal 4 and body earth

OK: System voltage

(1) NG
Check the following connector: C-99

OK

OK

Check the blower motor. NG
Replace

OK

Check the blower high speed relay (Refer to P.55B-20.)
NG

Replace

MUT-II Actuator Test
01, 02, 03, 04 Blower motor

OK
Replace the automatic A/C control panel assembly (A/C-ECU).

(3) NG

Check the following connectors: C-93, C-99

Check the trouble symptoms.

OK

Check the harness wire between the blower high speed relay
and A/C-ECU, and repair if necessary.

NG

Repair

NG
YES

NG



AUTOMATIC AIR CONDITIONER - Troubleshooting 55B-13

Inspection procedure 7

The blower air volume can not be changed. Probable cause
If the air volume can not be controlled, the power transistor circuit may be
defective.

D Malfunction of the power transistor
D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

Repair

NG

Repair

NG

Replace the power transistor.

NG

Repair

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

OK

Check the trouble symptoms.

Measure at power transistor connector C-100.
D Blower switch: ON
D Ignition switch: ON
(1) Voltage between terminal 1 and body earth

OK: Approximately 7V
(2) Voltage between terminal 2 and body earth

OK: Approximately 1.3V

Check the following connectors: C-100, C-93

(1) NG

OK

Check the trouble symptoms.

Measure at power transistor connector C-100.
D Blower switch: ON
(1) Continuity between terminal 1 and body earth

OK: Continuity
D Ignition switch: ON
(2) Voltage between terminal 2 and body earth

OK: System voltage - 2V
(3) Voltage between terminal 4 and body earth

OK: Approximately 1.3V

(3) NG
Check the following connectors: C-100, D-19, D-26

OK

MUT-II Actuator Test
01, 02, 03, 04 Blower motor

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

(2) NG

OK NG

Repair

OK

Check the following connectors: C-100, C-93

Check the trouble symptoms.

NG

Check the harness wire between the power transistor and the
earth, and repair if necessary.

OK

Check the following connector: C-100

Check the trouble symptoms.

OK
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Inspection procedure 8

Air outlet vent cannot be changed. Probable cause
When the air outlet vents cannot be changed even if the changeover switch is
operated, the mode selection damper control circuit may be defective.

D Malfunction of the mode selection damper control
motor

D Malfunction of the mode selection damper control
potentiometer

D Malfunction of harness or connector
D Malfunction of the A/C-ECU

Replace the automatic A/C control panel assembly (A/C-ECU).

OK

MUT-II actuator list
08, 09, 10 mode selection damper control motor

NG
Check the mode selection damper control motor drive system
(Refer to P.55B-7, Code No.42).

NG

NO

YESMUT-II diagnosis code
Is either No.32 or No.42 output? Diagnosis code chart (Refer to P.55B-3.)

MUT-II service data
32 mode selection damper control potentiometer

Check the mode selection damper control potentiometer
system (Refer to P.55B-6, code 32).

NO

Inspection procedure 9

Outside/inside air changeover is not possible. Probable cause
When inside air cannot be changed to outside air or vice versa even if its
changeover switch is on, the outside/inside air selection damper control system
may be defective.

D Malfunction of the outside/inside air selection
damper control motor

D Malfunction of harness or connector
D Malfunction of the A/C-ECU

NG

Repair

NG

NG

Repair

OK

Replace the automatic A/C control panel assembly (A/C-ECU).

NG

Check the harness wire between the outside/inside air
selection damper control motor and the A/C-ECU.

NG
Repair

OK

Check the trouble
symptoms.

OK

Check the following connectors: C-96, C-94

OK

Check the trouble
symptoms.

OK

Measure at outside/inside air selection damper control motor
C-96.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
D Voltage between terminal 1 and body earth

OK: System voltage

NG
Check the following connector: C-96

NG

Check the outside/inside air selection damper control motor
(Refer to GROUP 55B-23).

NG
Replace

MUT-II Actuator Test
13, 14 outside/inside air selection damper control motor

OK
Replace the automatic A/C control panel assembly (A/C-ECU).

Replace



AUTOMATIC AIR CONDITIONER - Troubleshooting 55B-15

Inspection procedure 10

The condenser fan motor does not operate <4G64>. Probable cause
If the condenser fan does not operate, the condenser fan relay or motor may be
defective.

D Malfunction of the condenser fan relay
D Malfunction of the condenser fan motor
D Malfunction of harness or connector

NG

NG

Check the harness wire between the condenser fan relay and
the A/C switch, and repair if necessary.

NG

Repair

Check the harness wire between the condenser fan motor
relay and condenser fan motor, and repair if necessary.

Repair

Check the harness wire between the condenser fan relay and
earth, and repair if necessary.

NG

Repair

Repair

OK

Check the trouble symptoms.

OK

Measure at condenser fan motor connector A-93.
D Disconnect the connector and measure at the harness

side.
D Voltage between terminal 2 and body earth

OK: System voltage

NG

OK

Check the trouble symptoms.

Check the following connectors: A-27X, A-85

(2) NG

OK

Check the trouble symptoms.

OK

Measure at condenser fan relay connector A-27X.
D Disconnect the connector, and measure at the harness

side.
(1) Voltage between terminal 4 and body earth (A/C switch:

ON)
OK: System voltage

(2) Voltage between terminal 2 and body earth, terminal 2 and
body earth
OK: Continuity

(3) Terminal 1 is earthed.
OK: The condenser fan motor operates.

(1) NG
Check the following connectors: A-27X, A-85, C-81, C-82,
D-14, C-93

OK

Check the condenser fan motor.
NG

Replace

Check the condenser fan relay. NG Replace

(3) NG

Check the following connectors: A-93, A-85

OK NG

Check the trouble symptoms.

NG

Check the harness wire between the condenser fan motor and
fusible link (7), and repair if necessary.

Check the following connectors: A-27X, A-93, A-85
NG

NG
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Inspection procedure 11

The condenser fan motor does not operate <4D56>. Probable cause
If the condenser fan motor does not operate, the condenser fan relay or motor
may be defective.

D Malfunction of the condenser fan relay
D Malfunction of the condenser fan motor
D Malfunction of harness or connector

OK

NG

Check the harness wire between the condenser fan relay and
the Ignition switch (IG2), and repair if necessary.

YES

Check the harness wire between the condenser fan motor
relay and condenser fan motor, and repair if necessary.

OK

NG

Check the harness wire between the condenser fan relay and
earth, and repair if necessary.

NO

Repair

Check the trouble symptoms.

Measure at condenser fan motor connector A-93.
D Disconnect the connector and measure at the harness

side.
D Voltage between terminal 2 and body earth

OK: System voltage

OK

Check the trouble symptoms.

Check the following connectors: A-27X, A-85, C-47, C-49,
D-14, C-93

(2) NG

Check the trouble symptoms.

OK

Measure at condenser fan relay connector A-27X.
D Disconnect the connector, and measure at the harness

side.
(1) Voltage between terminal 4 and body earth (Ignition switch:

ON, A/C switch: ON)
OK: System voltage

(2) Voltage between terminal 3 and body earth
OK: Continuity

(3) Terminal 1 is earthed.
OK: The condenser fan motor operates.

(1) NG

OK

Check the condenser fan motor.
NG

Replace

Check the condenser fan relay. NG Replace

(3) NG
Check the following connectors: A-27X, A-85

NG

Check the trouble symptoms.

NG

Check the harness wire between the condenser fan relay and
engine-ECU, and repair if necessary.

Check the following connectors: A-93, A-85
NG

Measure at engine-ECU connector C-106.
D Disconnect the connector and measure at the harness

side.
D Ignition switch: ON
D Terminal 7 is earthed.

OK: The condenser fan motor operates.

Check the engine-ECU terminal voltage.
(Refer to GROUP 13G - Troubleshooting)

OK

Check the following connectors: A-27X, A-85, C-106

NG

Repair

Repair

OK

NG

OK

Check the trouble symptoms.

NG

Check the harness wire between the condenser fan motor and
fusible link (7), and repair if necessary.

Check the following connectors: A-27X, A-93, A-85
OK

NG
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DATA LIST REFERENCE TABLE
Item No. Check item Inspection contents

11 Inside air temperature sensor Ignition switch: ON Inside air temperature and tempera-
ture displayed on the MUT-II are
identical.

13 Ambient temperature sensor Ignition switch: ON Outside air temperature and tem-
perature displayed on the MUT-II
are identical.

15 Heater water temperature
sensor

Ignition switch: ON Heater core surface temperature
and temperature displayed on the
MUT-II are identical.

21 Air thermo sensor Ignition switch: ON Evaporator outlet temperature and
temperature displayed on the MUT-
II are identical.

25 Photo sensor Ignition switch: ON Amount of incident light is propor-
tional to voltage displayed on the
MUT-II.

31 Potentiometer for the air
mixing damper control

Ignition switch: ON
Damper position: MAX HOT

Opening angle: Approximately
100%

Ignition switch: ON
Damper position: MAX COOL

Opening angle: Approximately 0%

32 Potentiometer for the mode
selection damper control

Ignition switch: ON
Damper position: FACE

Opening angle: Approximately 0%

Ignition switch: ON
Damper position: FOOT

Opening angle: Approximately 50%

Ignition switch: ON
Damper position: FOOT/DEF

Opening angle: Approximately 75%

Ignition switch: ON
Damper position: DEF

Opening angle: Approximately
100%

ACTUATOR TEST TABLE
Item No. Check item Drive Contents

01 Blower motor Stopped

02 Low speed

03 Medium speed

04 High speed

05 Air mixing damper control motor Opening angle: Approximately 0%

06

g p

Opening angle: Approximately 50%

07 Opening angle: Approximately 100%

08 Mode selection damper control motor FACE

09

p

FOOT

10 DEF

11 Compressor ON/OFF OFF

12

p

ON

13 Outside/inside air selection damper control motor Outside air

14

p

Inside air
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CHECK AT A/C-ECU TERMINALS

Termi-
nal No.

Check item Check conditions Normal condition

1 Power transistor collector output When blower switch OFF position System voltagep

When blower switch LO position Approximately 7V

When blower switch HI position Faint voltage (0.5 V)

2 Power transistor base output When blower switch OFF position 0 Vp

When blower switch LO position Approximately 1.3V

When blower switch HI position Approximately 2.5V

3 Backup power supply At all times System voltage

4 Input from heater water temperature
sensor

When sensor temperature: 25_C (4 kΩ) 2.3 - 2.9 V

5 Input to air mixing damper control
potentiometer

When the damper is moving to the
MAX. HOT position

4.7 - 5.0 V

6 Input to mode selection damper control
potentiometer

When the damper flap is moving to the
DEF position

4.8 - 5.2 V

7 Input from ambient temperature sensor When sensor temperature: 25_C (4 kΩ) 2.3 - 2.9 V

8 Input from air thermo sensor Sensor temperature: 25_C (4 kΩ) 2.3 - 2.9 V

9 Photo sensor ( - ) Illuminance 1000 lux 5.0 - 7.6 mV( )

Illuminance 100 lux 0.5 - 0.76 mV

10 Sensor power supply At all times 4.8 - 5.2 V

12 Blower high speed relay Blower switch: HI 1.5V or lowerg p y

Blower switch: except HI System voltage

13 Earth At all times Continuity

16 Power supply to ignition switch (IG2) Ignition switch: ON System voltage

17 Diagnosis output Ignition switch: ON A voltmeter needle
fluctuates between 0
and 12 V.

18 Diagnosis control output Ignition switch: ON System voltage - 2V

19 Photo sensor (+) At all times 0 V

20 Earth to potentiometer At all times 0 V

21 Mode selection damper control motor
(FACE)

When the damper flap is moving to the
FACE position.

10 V
( )

When the damper flap is moving to the
DEF position.

Faint voltage (0.5 V)

22 Air mixing damper control motor
(MAX COOL)

When the damper flap is moving to the
MAX COOL position.

10 V
( )

When the damper flap is moving to the
MAX HOT position.

Faint voltage (0.5 V)
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Termi-
nal No.

Normal conditionCheck conditionsCheck item

23 Outside/inside air selection damper
control motor
(O t id )

When the damper flap is moving to the
outside position.

10 V

(Outside) When the damper flap is moving to the
inside position.

Faint voltage (0.5 V)

24 Mode selection damper control motor
(DEF)

When the damper flap is moving to the
DEF position.

10 V
( )

When the damper flap is moving to the
FACE position.

Faint voltage (0.5 V)

25 Air mixing damper control motor
(MAX HOT)

When the damper flap is moving to the
MAX HOT position.

10 V
( )

When the damper flap is moving to the
MAX COOL position.

Faint voltage (0.5 V)

26 Outside/inside air selection damper
control motor
(I id )

When the damper flap is moving to the
inside position.

10 V

(Inside) When the damper flap is moving to the
outside position.

Faint voltage (0.5 V)

29 Illumination earth At all times Continuity

30 Power supply to illumination Lighting switch: ON System voltage

34 A/C output When the A/C is OFF 0 Vp

When the A/C is ON System voltage

35 Earth At all times Continuity
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ON-VEHICLE SERVICE
BLOWER HIGH SPEED RELAY CONTINUITY
CHECK

Battery voltage Terminal No.y g

2 4 1 3

Power is not supplied

Power is supplied

IDLE-UP INSPECTION <4D56>
(1) Before the check, set the following conditions.

D Engine cooling water temperature: 80 - 90_C
D Lamps, electric cooling fan, accessories operations:

OFF
D Transmission: N range

(2) Confirm that the idling speed is set to the typical value.

Standard value: 750 ± 30 r/min
NOTE
The idling speed does not need adjusting as it is
automatically controlled by the ISC system.

(3) Check that the idling speed conforms with the standard
value when the A/C switch is turned ON and the air
conditioning operates.

Standard value: 850 ± 50 r/min

Blower high speed relay

Blower motor



Automatic Air Conditioner Control Panel
Assembly (A/C-ECU)AUTOMATIC AIR CONDITIONER - 55B-21

AUTOMATIC AIR CONDITIONER CONTROL PANEL ASSEMBLY
(A/C-ECU)
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operations
D Driver Side Under Cover, Meter Bezel Assembly, Glove Box Assembly, Center Under Cover Removal and Installation

(Refer to GROUP 52A - Instrument Panel.)*

1

2

3

Removal steps
1. Aspirator hose
2. Heater control bezel

3. Automatic air conditioner control pan-
el assembly (A/C-ECU)

NOTE:
*: Refer to the 2000 PAJERO SPORT Workshop Manual (Pub. No. PWJE9812-A)



AUTOMATIC AIR CONDITIONER - Motor55B-22

MOTOR
REMOVAL AND INSTALLATION

1

3

4

2

Power transistor removal steps
D Glove box assembly (Refer to GROUP

52A.)*
1. Power transistor
Outside/inside air selection damper
control motor removal steps
D Glove box assembly (Refer to GROUP

52A.)*
2. Outside/inside air selection damper

control motor
Mode selection damper control
motor removal steps
D Driver side under cover (Refer to

GROUP 52A.)*
3. Mode selection damper control motor

Air mixing damper control motor
removal steps
D Front floor console, Glove box

assembly (Refer to GROUP 52A.)*
D Driver side under cover (Refer to

GROUP 52A.)*
D Meter bezel assembly (Refer to

GROUP 52A.)*
D Center reinforcement A (Refer to

GROUP 52A.)*
4. Air mixing damper control motor

NOTE:
*: Refer to the 2000 PAJERO SPORT Workshop Manual (Pub. No. PWJE9812-A)



AUTOMATIC AIR CONDITIONER - Motor 55B-23

INSPECTION
OUTSIDE/INSIDE AIR SELECTION DAMPER CONTROL
MOTOR CHECK

Battery connection terminal lever
operation

Operating the lever

1 2
Turn to outside air side
Turn to cabin air side

Caution
When the lever is in the inside air position or outside
air position, no power is supplied.

MODE SELECTION DAMPER CONTROL MOTOR
CHECK

Battery connection terminal Lever operation
1 3

p

Turn to DEF. side.
Turn to FACE side.

NOTE
When the lever is in the FACE position or DEF position,
no power is supplied.

POTENTIOMETER CHECK
When measuring the resistance between connector terminals
nos. 2 and 5, and between terminals 5 and 6 under the same
conditions as the mode selection damper control motor check,
confirm that the resistance gradually fluctuates within the
standard value range.

Standard value: 0.18 - 4.82 kΩ

Inside air

Out-
side air

Lever

DEF
position

FACE
position

Lever



AUTOMATIC AIR CONDITIONER - Motor55B-24

AIR MIXING DAMPER CONTROL MOTOR CHECK
Battery connection terminal Lever operation
1 3

p

Turn to COOL side.
Turn to HOT side.

NOTE
When the lever is in the MAX HOT position or MAX COOL
position, no power is supplied.

Potentiometer Check
When measuring the resistance between connector terminals
nos. 2 and 5, and between terminals 5 and 6 under the same
conditions as the air mixing damper motor check, confirm
that the resistance gradually fluctuates within the standard
value range.

Standard value: 0.18 - 4.82 kΩ

MAX COOL
position

MAX HOT
position

Lever



AUTOMATIC AIR CONDITIONER - Heater Unit 55B-25

HEATER UNIT
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operation
D Refrigerant Discharging and Charging
D Engine Coolant Draining and Refilling
D Instrument Panel Removal and Installation
D Joint Duct Removal and Installation

Caution: SRS
When removing and installing the heater unit
from vehicles equipped with SRS, do not let it
bump against the SRS diagnostic unit or the
components.
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Removal steps
1. Center reinforcement
2. Center ventilation duct
3. Drain hose

AA" 4. Liquid pipe B and suction pipe con-
nection

5. O-ring
6. Heater hose connection
7. Evaporator

8. Heater unit
9. Mode selection damper control motor
10. Air mixing damper control motor
11. Aspirator
12. Heater core

AB" "AA 13. Heater water temperature sensor clip
14. Heater water temperature sensor
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REMOVAL SERVICE POINTS
AA"LIQUID PIPE B/SUCTION PIPE DISCONNECTION
To prevent the entry of dust or other foreign bodies, plug
the dismantled pipes and nipples.
AB"CLIP/HEATER WATER TEMPERATURE SENSOR

REMOVAL
Remove the clip from the side of the heater unit and lift the
heater water temperature sensor out of the heater unit.

INSTALLATION SERVICE POINTS
"AAHEATER WATER TEMPERATURE SENSOR/CLIP

INSTALLATION
Insert the heater water temperature sensor into the mounting
hole on the side of the heater unit and secure the sensor
with the clip.

NOTE
As the compressor oil and receiver are highly moisture
absorbent, use a non-porous material to plug the hoses and
nipples.

INSPECTION
HEATER WATER TEMPERATURE SENSOR CHECK
Measure the resistance between the sensor terminals under
at least two different temperatures. The resistance values
should generally match those in the graph.

Resistance
(kΩ)

Temperature (_C)
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EVAPORATOR
DISASSEMBLY AND REASSEMBLY

Compressor oil: ZXL 100PG
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Disassembly steps
1. Clip
2. Evaporator cover (upper)
3. Lining, upper
4. Thermostat
5. Evaporator cover (lower)

6. Lining, lower
7. Expansion valve
8. O-ring
9. Evaporator

INSPECTION
AIR THERMO SENSOR CHECK
Measure the resistance between the sensor terminals under
at least two different temperatures. The resistance values
should generally match those in the graph.

NOTE
The temperature at the check should not exceed the range
in the graph.

Resistance
(kΩ)

Temperature (_C)
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PHOTO SENSOR
REMOVAL AND INSTALLATION

D Instrument Panel Removal and Installation (Refer to GROUP 52A.)*

1
2

Removal steps
1. Defroster nozzle
2. Photo sensor

NOTE:
*: Refer to the 2000 PAJERO SPORT Workshop Manual (Pub. No. PWJE9812-A)

INSPECTION
PHOTO SENSOR CHECK
When the full automatic air conditioner is operating, cover
the insolation sensor photo-sensor with your hand. If the
blower speed drops, it is normal. If the blower speed does
not drop, replace the photo sensor.
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AMBIENCE TEMPERATURE SENSOR
REMOVAL AND INSTALLATION

D Front Bumper (Refer to GROUP 51.)*

Ambience temperature sensor

NOTE:
*: Refer to the 2000 PAJERO SPORT Workshop Manual (Pub. No. PWJE9812-A)

INSPECTION
AMBIENCE TEMPERATURE SENSOR CHECK
Measure the resistance between the sensor terminals under
at least two different temperatures. The resistance values
should generally match those in the graph.

Resistance
(kΩ)

Temperature (_C)
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