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4804

,17$.( $1'
(;+$867

&217(176 4843<333644

6(59,&( 63(&,),&$7,216 51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

63(&,$/ 722/ 51 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

2109(+,&/( 6(59,&( 51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
,QWDNH 0DQLIROG 9DFXXP &KHFN ?9*:! 51 1 1 1 1 1 1 1 1

7XUERFKDUJHU 6XSHUFKDUJLQJ &KHFN ?7'8! 51 1 1 1 1

:DVWH *DWH $FWXDWRU &KHFN ?7'8! 61 1 1 1 1 1 1 1 1 1

3RZHU 5HOD\ &KHFN 61 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 &/($1(5 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 1 1

,17(5&22/(5 $1' ,17(5&22/(5
)$10(&8 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 1 1 1

,17$.( 0$1,)2/' ?9*:! ;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

785%2&+$5*(5 $1' (;+$867
0$1,)2/' ?7'8! 451 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

785%2&+$5*(5 481 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(;+$867 0$1,)2/' ?9*:! 4;1 1 1 1 1 1 1 1 1 1 1 1 1

(;+$867 3,3( $1' 0$,1 08))/(5 4<1 1 1 1



,17$.( $1' (;+$867 ï
6HUYLFH 6SHFLILFDWLRQV2
6SHFLDO 7RRO22Q0YHKLFOH 6HUYLFH4805

6(59,&( 63(&,),&$7,216 4843336345;

,WHPV 6WDQGDUG YDOXH /LPLW

:DVWH JDWH DFWXDWRU DFWLYDWLRQ SUHVVXUH N3D $SSUR[1 ;6 ï

,QWDNH DLU WHPSHUDWXUH VZLWFK E& 2)) +QR FRQWLQXLW\, 88 RU OHVV ï

21 +FRQWLQXLW\, 8: RU PRUH ï

0DQLIROG GLVWRUWLRQ RI WKH LQVWDOODWLRQ VXUIDFH PP 3148 RU OHVV 3153

63(&,$/ 722/ 484333934:5

7RRO 1XPEHU 1DPH 8VH

0'<<;::3 2[\JHQ VHQVRU
ZUHQFK

5HPRYDO2,QVWDOODWLRQ RI R[\JHQ VHQVRU
?9*:!

2109(+,&/( 6(59,&( 484334;3569

,17$.( 0$1,)2/' 9$&880 &+(&. ?9*:!
5HIHU WR *5283 44$ ï 2Q0YHKLFOH 6HUYLFH

785%2&+$5*(5 683(5&+$5*,1* &+(&.
?7'8! 48433433435

&DXWLRQ
&RQGXFW WKH GULYLQJ WHVW LQ D ORFDWLRQ ZKHUH GULYLQJ DW
IXOO DFFHOHUDWLRQ FDQ EH GRQH ZLWK VDIHW\1 7ZR SHUVRQ
VKRXOG EH LQ WKH YHKLFOH ZKHQ WKH WHVW LV FRQGXFWHG> WKH
SHUVRQ LQ WKH SDVVHQJHU VHDW VKRXOG UHDG WKH LQGLFDWLRQV
VKRZQ E\ WKH SUHVVXUH PHWHU1

41 5HPRYH WKH ERRVW FRPSHQVDWRU KRVH IURP WKH IXHO
LQMHFWLRQ SXPS/ DQG LQVWDOO D SUHVVXUH JDXJH DV VKRZQ
LQ WKH LOOXVWUDWLRQ1

51 'ULYH DW IXOO0WKURWWOH DFFHOHUDWLRQ LQ VHFRQG JHDU DQG WKHQ
PHDVXUH WKH VXSHUFKDUJLQJ ZKHQ WKH HQJLQH VSHHG LQ
DERXW 6/333 U2PLQ1

61 :KHQ WKH LQGLFDWHG VXSHUFKDUJLQJ GRHV QRW EHFRPH
SRVLWLYH SUHVVXUH/ FKHFN WKH IROORZLQJ LWHPV1
- 0DOIXQFWLRQ RI WKH ZDVWH JDWH DFWXDWRU1
- /HDNDJH RI VXSHUFKDUJLQJ SUHVVXUH1
- 0DOIXQFWLRQ RI WKH WXUERFKDUJHU1

71 :KHQ WKH LQGLFDWHG VXSHUFKDUJLQJ LV ;7 N3D RU PRUH/
VXSHUFKDUJLQJ FRQWURO PD\ EH IDXOW\/ WKHUHIRUH FKHFN WKH
IROORZLQJV1
- 'LVFRQQHFWLRQ RU FUDFNV RI WKH ZDVWH JDWH DFWXDWRU

UXEEHU KRVH1
- 0DOIXQFWLRQ RI WKH ZDVWH JDWH DFWXDWRU1
- 0DOIXQFWLRQ RI WKH ZDVWH JDWH YDOYH1



,17$.( $1' (;+$867 ï 2Q0YHKLFOH 6HUYLFH 4806

:$67( *$7( $&78$725 &+(&. ?7'8!
484334533:;

41 &RQQHFW D PDQXDO SXPS +SUHVVXUH0DSSOLFDWLRQ W\SH, WR
QLSSOH1

51 :KLOH JUDGXDOO\ DSSO\LQJ SUHVVXUH/ FKHFN WKH SUHVVXUH
WKDW EHJLQV WR DFWLYDWH +DSSUR[1 4 PP VWURNH, WKH ZDVWH
JDWH DFWXDWRU URG1

6WDQGDUG YDOXH= $SSUR[1 ;6 N3D

&DXWLRQ
,Q RUGHU WR DYRLG GDPDJH WR WKH GLDSKUDJP/ GR QRW
DSSO\ D SUHVVXUH RI <4 N3D RU KLJKHU1

61 ,I WKHUH LV D VLJQLILFDQW GHYLDWLRQ IURP WKH VWDQGDUG YDOXH/
FKHFN WKH DFWXDWRU RU WKH ZDVWH JDWH YDOYH= UHSODFH LI
QHFHVVDU\1

32:(5 5(/$< &+(&. 48433953344

,17(5&22/(5 )$1 02725 5(/$< &217,18,7< &+(&.

%DWWHU\ YROWDJH 7HUPLQDO 1R1

4 6 7 8

3RZHU LV QRW VXSSOLHG

3RZHU LV VXSSOLHG



,17$.( $1' (;+$867 ï $LU &OHDQHU4807

$,5 &/($1(5 48433543459

5(029$/ $1' ,167$//$7,21
?9*:!

?7'8!

;1; 1P

9

5

76

<
43

4

7 1P

;1; 1P

;1; 1P

44

7 1P

;1; 1P

;1; 1P

7 1P

;

:

44

8

5

4

?9HKLFOHV ZLWKRXW SUH0FOHDQHU!

46

;1; 1P

45 47

?9HKLFOHV ZLWK SUH0FOHDQHU!

?9HKLFOHV ZLWK SUH0FOHDQHU!

:
46

47

;1; 1P

;1; 1P

5 1P

7 1P

<

5HPRYDO VWHSV
41 %UHDWKHU KRVH FRQQHFWLRQ
51 $LU LQWDNH KRVH
61 5HVRQDWRU

?9*:09HKLFOHV ZLWK SUH0FOHDQHU!
71 5HVRQDWRU ?9*:!
81 $LU IURZ VHQVRU DVVHPEO\ ?9*:!
91 $LU LQWDNH KRVH ?7'89!
:1 $LU FOHDQHU FRYHU
;1 %ROW ?7'8!

<1 $LU FOHDQHU HOHPHQW
431 $LU GXFW

?9*:09HKLFOHV ZLWKRXW SUH0FOHDQHU!
441 $LU GXFW

?9*:09HKLFOHV ZLWK SUH0FOHDQHU!
451 3UH0FOHDQHU DVVHPEO\

?9*:09HKLFOHV ZLWK SUH0FOHDQHU!
461 $LU FOHDQHU ERG\
471 $LU FOHDQHU EUDFNHW



,17$.( $1' (;+$867 ï ,QWHUFRROHU DQG ,QWHUFRROHU )DQ0(&8 4808

,17(5&22/(5 $1' ,17(5&22/(5 )$10(&8 484337533:<

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

< 1P

6

5

4

9

<

:

7

8

< 1P

< 1P

,QWHUFRROHU IDQ0(&8 UHPRYDO VWHSV
41 6FXII SODWH
51 &RZO VLGH WULP
61 ,QWHUFRROHU IDQ0(&8

,QWHUFRROHU UHPRYDO VWHSV
71 ,QWDNH DLU WHPSHUDWXUH VZLWFK

FRQQHFWRU
81 ,QWHUFRROHU IDQ PRWRU FRQQHFWRU
91 $LU KRVH % FRQQHFWLRQ +,QWDNH

PDQLIROG VLGH,
:1 $LU KRVH $05 FRQQHFWLRQ +7XUERFKDU0

JHU VLGH,
;1 ,QWHUFRROHU DQG EUDFNHW DVVHPEO\



,17$.( $1' (;+$867 ï ,QWHUFRROHU DQG ,QWHUFRROHU )DQ0(&84809

',6$66(0%/< $1' 5($66(0%/< 48433993353

< 1P

9 1P

9 1P

8

5

<

;

:

43

7
9

6

< 1P4

< 1P

'LVDVVHPEO\ VWHSV
41 $LU KRVH $05
51 %ODQFK WXEH
61 %ODQFK WXEH EUDFNHW
71 ,QWHUFRROHU FRYHU
81 $LU KRVH $04

91 $LU KRVH %
:1 ,QWDNH DLU WHPSHUDWXUH VZLWFK
;1 ,QWHUFRROHU EUDFNHW
<1 )DQ DQG PRWRU DVVHPEO\
431 ,QWHUFRROHU

,163(&7,21 4843376335:

- &KHFN WKH LQWHUFRROHU ILQV IRU EHQGLQJ GDPDJH RU IRUHLJQ
PDWWHU1

- &KHFN WKH LQWHUFRROHU KRVHV IRU FUDFNLQJ/ GDPDJH RU ZHDU1



,17$.( $1' (;+$867 ï ,QWHUFRROHU DQG ,QWHUFRROHU )DQ0(&8 480:

,17$.( $,5 7(03(5$785( 6:,7&+ &+(&.
48433963347

41 ,PPHUVH WKH LQWDNH DLU WHPSHUDWXUH VZLWFK LQ WKH KRW ZDWHU
VKRZQ LQ WKH ILJXUH1

51 :KHQ FKDQJLQJ WKH ZDWHU WHPSHUDWXUH/ FKHFN IRU
FRQWLQXLW\ EHWZHHQ WKH WHUPLQDOV ZLWK WKH FLUFXLW WHVWHU1

6WDQGDUG YDOXH=

7HPSHUDWXUH &RQWLQXLW\

/HVV WKDQ 88 E&
+7HPSHUDWXUH DW SRLQW $,

2)) +1R FRQWLQXLW\,

0RUH WKDQ 8: E&
+7HPSHUDWXUH DW SRLQW %,

21 +&RQWLQXLW\,

21

2))
:DWHU
WHPSHUDWXUH

%

$



,17$.( $1' (;+$867 ï ,QWDNH 0DQLIROG ?9*:!480;

,17$.( 0$1,)2/' ?9*:! 48433633996

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

3UH0UHPRYDO 2SHUDWLRQ
- )XHO 'LVFKDUJH 3UHYHQWLRQ +5HIHU WR *5283 46$

ï 2Q0YHKLFOH 6HUYLFH1,
- 7KURWWOH %RG\ 5HPRYDO +5HIHU WR *5283 46$ ï

7KURWWOH %RG\1,

3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- 7KURWWOH %RG\ LQVWDOODWLRQ +5HIHU WR *5283 46$

ï 7KURWWOH %RG\1,

< 1P

4: ï 531P

4: ï 531P

43 ï 451P
43 ï 451P

4; 1P

55 1P4; 1P

< 1P

4; 1P

4; 1P

4; 1P

57 1P

68 1P

4

8

5

<

;

:

43

7

9

6

45
44

49

4;

4<

4:

48

46

47

5HPRYDO VWHSV
41 ,JQLWLRQ FRLOV
51 %UDNH ERRVWHU YDFXXP KRVH

FRQQHFWLRQ
61 3&9 KRVH FRQQHFWLRQ
71 &UDQNVKDIW SRVLWLRQ VHQVRU DQG

FDP SRVLWLRQ VHQVRU FRQQHFWRU
81 $FFHOHUDWRU FDEOH EUDFNHW
91 ,JQLWLRQ SRZHU WUDQVLVWRU
:1 :DWHU RXWOHW ILWWLQJ EUDFNHW
;1 :DWHU SXPS VWD\
<1 9DFXXP KRVH FRQQHFWLRQ

431 )XHO SLSH FRQQHFWLRQ
441 6ROHQRLG YDOYH DQG YDFXXP KRVH

DVVHPEO\
451 (*5 YDOYH
461 (*5 SLSH FRQQHFWLRQ
471 6XUJH WDQN VWD\
481 7KURWWOH FDEOH FRQQHFWLRQ
491 $LU LQWDNH ILWWLQJ
4:1 $LU LQWDNH ILWWLQJ JDVNHW
4;1 8SSHU LQWDNH PDQLIROG

ò'* 4<1 6XUJH WDQN JDVNHW



,17$.( $1' (;+$867 ï ,QWDNH 0DQLIROG ?9*:! 480<

< 1P

20ULQJ

(QJLQH RLO

53

54

55

56

57

58

59

55

57 53

56

5456

45 1P

8 1P

53 ï 56 1P

ò&* 531 +LJK0SUHVVXUH IXHO KRVH
ò&* 541 )XHO SUHVVXUH UHJXODWRU

551 ,QMHFWRU FRQQHFWRU
*$ò 561 ,QMHFWRU DQG GHOLYHU\ SLSH DVVHPEO\

571 :DWHU KRVH FRQQHFWLRQ
ò%* 581 ,QWDNH PDQLIROG
ò$* 591 ,QWDNH PDQLIROG JDVNHW

5(029$/ 6(59,&( 32,17
*$ò ,1-(&725 $1' '(/,9(5< 3,3( $66(0%/<

5(029$/
5HPRYH WKH IXHO UDLO +ZLWK WKH LQMHFWRUV DWWDFKHG WR LW1,

&DXWLRQ
&DUH PXVW EH WDNHQ ZKHQ UHPRYLQJ WKH IXHO UDLO QRW WR
GURS WKH LQMHFWRU1



,17$.( $1' (;+$867 ï ,QWDNH 0DQLIROG ?9*:!48043

,167$//$7,21 6(59,&( 32,176
ò$* ,17$.( 0$1,)2/' *$6.(7 ,167$//$7,21
,QVWDOO WKH JDVNHW ZLWK WKH SURWUXVLRQV LQ WKH SRVLWLRQ LOOXVWUDWHG1

ò%* ,17$.( 0$1,)2/' ,167$//$7,21
7LJKWHQ WKH QXWV E\ WKH IROORZLQJ SURFHGXUH1

2UGHU 0RXQWLQJ 1XWV 7LJKWHQLQJ 7RUTXH

4 5LJKW0EDQN QXWV : 1P

5 /HIW0EDQN QXWV 53ï56 1P

6 5LJKW0EDQN QXWV 53ï56 1P

7 /HIW0EDQN QXWV 53ï56 1P

8 5LJKW0EDQN QXWV 53ï56 1P

ò&* )8(/ 35(6685( 5(*8/$7252+,*+035(6685(
)8(/ +26( ,167$//$7,21

:KHQ FRQQHFWLQJ WKH IXHO SUHVVXUH UHJXODWRU DQG WKH KLJK0
SUHVVXUH IXHO KRVH WR WKH IXHO UDLO/ DSSO\ D VPDOO DPRXQW RI
QHZ HQJLQH RLO WR WKH 20ULQJ1 7KHQ LQVHUW WKH KLJK0SUHVVXUH
IXHO KRVH/ EHLQJ FDUHIXO QRW WR GDPDJH WKH 20ULQJ1

&DXWLRQ
%H FDUHIXO QRW WR OHW DQ\ HQJLQH RLO JHW LQWR WKH IXHO UDLO1

ò'*685*( 7$1. *$6.(7 ,167$//$7,21
,QVWDOO WKH JDVNHW ZLWK WKH SURWUXVLRQ LQ WKH SRVLWLRQ LOOXVWUDWHG1

3URWUXVLRQ )URQW

3URWUXVLRQ

5LJKW EDQN /HIW EDQN

)URQW

,QWDNH PDQLIROG

)XHO SUHVVXUH
UHJXODWRU

)XHO UDLO

+LJK0SUHVVXUH
IXHO KRVH

)XHO UDLO

3URWUXVLRQ
)URQW



,17$.( $1' (;+$867 ï ,QWDNH 0DQLIROG ?9*:! 48044

,163(&7,21 484336:336<

&KHFN WKH IROORZLQJ SRLQWV> UHSODFH WKH SDUW LI D SUREOHP LV
IRXQG1

,17$.( 0$1,)2/' &+(&.
41 &KHFN IRU GDPDJH RU FUDFNLQJ RI DQ\ SDUW1
51 &ORJJLQJ RI WKH QHJDWLYH SUHVVXUH +YDFXXP, RXWOHW SRUW/

RU FORJJLQJ RI WKH JDV SDVVDJHV1
61 &KHFN GHIOHFWLRQ RI LQVWDOODWLRQ VXUIDFH ZLWK VWUDLJKW HGJH

DQG IHHOHU JDXJH1

6WDQGDUG YDOXH= 3148 PP RU OHVV

/LPLW= 3153 PP



,17$.( $1' (;+$867 ï
7XUERFKDUJHU DQG ([KDXVW
0DQLIROG ?7'8!48045

785%2&+$5*(5 $1' (;+$867 0$1,)2/' ?7'8! 48433783394

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

3UH0UHPRYDO DQG 3RVW0LQVWDOODWLRQ 2SHUDWLRQ
- (QJLQH &RRODQW 'UDLQLQJ DQG 6XSSO\LQJ
- $LU &OHDQHU &RYHU DQG $LU ,QWDNH +RVH 5HPRYDO DQG

,QVWDOODWLRQ +5HIHU WR 31 48071,

- ,QWHUFRROHU 5HPRYDO DQG ,QVWDOODWLRQ +5HIHU WR 31 48081,

76 1P

< 1P

9

4; 1P

4< 1P

< 1P

4: 1P
75 1P

63 1P

7

5

8

46

45

44

:

4

6

<

< 1P

;

4; 1P

47

4; 1P

58 1P

43

48

< 1P

5HPRYDO VWHSV
41 )URQW H[KDXVW SLSH FRQQHFWLRQ
51 %RRVW KRVH
61 :DVWH JDWH DFWXDWRU
71 9DFXXP KRVH
81 (*5 YDOYH
91 (*5 SLSH
:1 +HDW SURWHFWRU $
;1 ,QWDNH PDQLIROG

<1 +HDW SURWHFWRU
431 :DWHU SLSH %
441 :DWHU SLSH $
451 2LO SLSH
461 2LO UHWXUQ KRVH FRQQHFWLRQ
471 ([KDXVW PDQLIROG DQG WXUERFKDUJHU

DVVHPEO\
481 ,QWDNH DQG H[KDXVW PDQLIROG JDVNHW



,17$.( $1' (;+$867 ï
7XUERFKDUJHU DQG ([KDXVW
0DQLIROG ?7'8! 48046

93 1P

4:

< 1P

93 1P

45 ï 48 1P

55

4<

54

49

53
56

4;

491 ([KDXVW ILWWLQJ
4:1 ([KDXVW ILWWLQJ JDVNHW
4;1 2LO0UHWXUQ SLSH
4<1 2LO0UHWXUQ SLSH JDVNHW
531 ([KDXVW PDQLIROG
541 7XUERFKDUJHU JDVNHW

ò$* 551 7XUERFKDUJHU DVVHPEO\
561 +HDW SURWHFWRU

,167$//$7,21 6(59,&( 32,17
ò$* 785%2&+$5*(5 $66(0%/< ,167$//$7,21
41 &OHDQ WKH DOLJQPHQW VXUIDFHV VKRZQ LQ WKH LOOXVWUDWLRQ1
51 6XSSO\ FOHDQ HQJLQH RLO IURP WKH RLO SLSH PRXQWLQJ KROH

RI WKH WXUERFKDUJHU DVVHPEO\1

&DXWLRQ
:KHQ FOHDQLQJ/ WDNH FDUH WKDW QR IRUHLJQ PDWHULDO JHWV
LQWR WKH HQJLQH FRRODQW RU RLO SDVVDJHV KROH1



,17$.( $1' (;+$867 ï
7XUERFKDUJHU DQG ([KDXVW
0DQLIROG ?7'8!48047

,163(&7,21 4843397334:

785%2&+$5*(5 $66(0%/< &+(&.
- 9LVXDOO\ FKHFN WKH WXUELQH ZKHHO DQG WKH FRPSUHVVRU

ZKHHO IRU FUDFNLQJ RU RWKHU GDPDJH1
- &KHFN ZKHWKHU WKH WXUELQH ZKHHO DQG WKH FRPSUHVVRU

ZKHHO FDQ EH HDVLO\ WXUQHG E\ KDQG1
- &KHFN IRU RLO OHDNDJH IURP WKH WXUERFKDUJHU DVVHPEO\1
- &KHFN ZKHWKHU RU QRW WKH ZDVWH JDWH YDOYH UHPDLQV RSHQ1

,I DQ\ SUREOHP LV IRXQG/ UHSODFH WKH SDUW DIWHU GLVDVVHPEO\1

2,/ 3,3( $1' 2,/ 5(7851 3,3( &+(&. 48433983343

&KHFN WKH RLO SLSH DQG RLO UHWXUQ SLSH IRU FORJJLQJ/ EHQGLQJ/
RU RWKHU GDPDJH1 ,I WKHUH LV FORJJLQJ/ FOHDQ LW1

(;+$867 0$1,)2/' &+(&. 4843367343;

'DPDJH RU FUDFNLQJ RI DQ\ SDUW1

&RPSUHVVRU
ZKHHO



,17$.( $1' (;+$867 ï 7XUERFKDUJHU 48048

785%2&+$5*(5 4843393336<

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

5

8 1P

9

8

7

6

4

'LVDVVHPEO\ VWHSV
ò(* 41 &RXSOLQJ
ò'* 51 7XUELQH KRXVLQJ

*$ò ò&* 61 6QDS ULQJ
*%ò ò%* 71 7XUELQH ZKHHO DVVHPEO\

81 &RPSUHVVRU FRYHU
ò$* 91 20ULQJ

',6$66(0%/< 6(59,&( 32,176
*$ò61$3 5,1* 5(029$/
/D\ WKH XQLW ZLWK WKH FRPSUHVVRU FRYHU VLGH IDFLQJ GRZQ
DQG XVLQJ VQDS ULQJ SOLHUV/ UHPRYH WKH FRPSUHVVRU FRYHU
DWWDFKLQJ VQDS ULQJ1

&DXWLRQ
:KHQ UHPRYLQJ WKH VQDS ULQJ/ KROG LW ZLWK ILQJHUV WR
SUHYHQW LW IURP VSULQJLQJ DZD\1

6QDS ULQJ



,17$.( $1' (;+$867 ï 7XUERFKDUJHU48049

*%ò 785%,1( :+((/ $66(0%/< 5(029$/
5HPRYH WKH WXUELQH ZKHHO DVVHPEO\/ VWULNLQJ WKH
FLUFXPIHUHQFH RI WKH FRPSUHVVRU FRYHU ZLWK D SODVWLF KDPPHU1
7KH WXUELQH ZKHHO DVVHPEO\ PD\ EH D OLWWOH KDUG WR UHPRYH
GXH WR DQ 20ULQJ SXW RQ WKH RXWHU FLUFXPIHUHQFH1

&/($1,1*
41 8VH D FOHDQ FOHDQLQJ RLO FRPPHUFLDOO\ DYDLODEOH1 'R QRW

XVH FRUURVLYH FOHDQLQJ RLOV DV WKH\ FRXOG GDPDJH WR VRPH
SDUWV1

51 8VH D SODVWLF VFUDSHU RU KDUG EUXVK WR FOHDQ DOXPLQXP
SDUWV1

5($66(0%/< 6(59,&( 32,176
ò$*205,1* ,167$//$7,21
$SSO\ D OLJKW FRDW RI HQJLQH RLO WR D QHZ 20ULQJ DQG ILW LQ
WKH WXUELQH ZKHHO DVVHPEO\ JURRYH1

&DXWLRQ
:KHQ LQVWDOOLQJ WKH 20ULQJ/ XVH FDUH QRW WR GDPDJH LW1
$ GDPDJHG 20ULQJ FDXVHV RLO OHDNV1

ò%* 785%,1( :+((/ $66(0%/<
41 $SSO\ D OLJKW FRDW RI HQJLQH RLO WR WKH SHULSKHU\ RI WKH

20ULQJ1
51 ,QVWDOO WKH WXUELQHZKHHO DVVHPEO\ WR WKH FRPSUHVVRU FRYHU

LQ UHODWLRQ WR WKH GRZHO SLQ1

&DXWLRQ
8VH FDUH QRW WR GDPDJH WKH EODGHV RI WXUELQH ZKHHO
DQG FRPSUHVVRU ZKHHO1

ò&*61$3 5,1* ,167$//$7,21
/D\ WKH DVVHPEO\ ZLWK WKH FRPSUHVVRU FRYHU IDFLQJ GRZQ
DQG ILW WKH VQDS ULQJ1

&DXWLRQ
)LW WKH VQDS ULQJ ZLWK LWV FKDPIHUHG VLGH IDFLQJ XS1

7XUELQH
ZKHHO DV0
VHPEO\

20ULQJ

'RZHO SLQ KROH

'RZHO SLQ

6QDS ULQJ
&KDPIHUHG
HGJH

7XUELQH ZKHHO
DVVHPEO\

&RPSUHVVRU
FRYHU



,17$.( $1' (;+$867 ï 7XUERFKDUJHU 4804:

ò'* 785%,1( +286,1* ,167$//$7,21
,QVWDOO WKH WXUELQH KRXVLQJ LQ UHODWLRQ WR WKH GRZHO SLQ1

&DXWLRQ
8VH FDUH QRW WR GDPDJH WKH EODGHV RI WXUELQH ZKHHO1

ò(* &283/,1* ,167$//$7,21
,QVWDOO WKH FRXSOLQJ DQG WLJKWHQ WR VSHFLILHG WRUTXH1

,163(&7,21 4843394334;

785%,1( +286,1*
41 &KHFN WKH KRXVLQJ IRU WUDFHV RI FRQWDFW ZLWK WKH WXUELQH

ZKHHO/ FUDFNV GXH WR RYHUKHDWLQJ/ SLWFKLQJ/ GHIRUPDWLRQ
DQG RWKHU GDPDJH1 5HSODFH ZLWK D QHZ WXUELQH KRXVLQJ
LI FUDFNHG1

51 2SHUDWH WKH ZDVWH JDWH YDOYH OHYHU PDQXDOO\ WR FKHFN
WKDW WKH JDWH FDQ EH RSHUDWHG DQG FORVHG VPRRWKO\1

&2035(6625 &29(5
&KHFN WKH FRPSUHVVRU FRYHU IRU WUDFHV RI FRQWDFW ZLWK WKH
FRPSUHVVRU ZKHHO DQG RWKHU GDPDJH1

785%,1( :+((/ $66(0%/<
41 &KHFN WKH WXUELQH DQG FRPSUHVVRU ZKHHO EODGHV IRU EHQG/

EXUU/ GDPDJH/ FRUURVLRQ DQG WUDFHV RI FRQWDFW RQ WKH
EDFN VLGH DQG UHSODFH LI GHIHFWLYH1

51 &KHFN WKH RLO SDVVDJH RI WKH WXUELQH ZKHHO DVVHPEO\
IRU GHSRVLW DQG FORJJLQJ1

61 ,Q WKH FDVH RI ZDWHU FRROHG W\SH/ FKHFN DOVR WKH ZDWHU
SDVVDJH IRU GHSRVLW DQG FORJJLQJ1

71 &KHFN WKH WXUELQH ZKHHO DQG FRPSUHVVRU ZKHHO IRU OLJKW
DQG VPRRWK WXUQLQJ1

2,/ 3,3(22,/ 5(7851 3,3(
&RUUHFW RU UHSODFH WKH RLO SLSH DQG RLO UHWXUQ SLSH LI FORJJHG/
FROODSVHG/ GHIRUPHG RU RWKHUZLVH GDPDJHG1

'RZHU SLQ KROH

'RZHU SLQ

&RXSOLQJ

7UDFHV IRU
FRQWDFW

&RPSUHVVRU
ZKHHO

2LO SDVVDJH

7XUELQH ZKHHO

:DWHU SDVVDJH
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- )URQW ([KDXVW 3LSH 5HPRYDO DQG ,QVWDOODWLRQ

+5HIHU WR 314804<1,
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+5HIHU WR 3148071,
- %DWWHU\ DQG %DWWHU\ 7UD\ 5HPRYDO DQG ,QVWDOODWLRQ
- (QJLQH 2LO 'LSVWLFN *XLGH 5HPRYDO DQG ,QVWDOODWLRQ

4; 1P

4

5

6

:

7

8

9

77 1P

77 1P

8< 1P

45 ï 48 1P

45 ï 48 1P

5HPRYDO VWHSV
41 +HDW SURWHFWRU +51+1,
51 ([KDXVW PDQLIROG +51+1,
61 ([KDXVW PDQLIROG JDVNHW +51+1,
71 (*5 SLSH

81 +HDW SURWHFWRU +/1+1,
91 ([KDXVW PDQLIROG +/1+1,
:1 ([KDXVW PDQLIROG JDVNHW +/1+1,

,163(&7,21 48433673493

&KHFN WKH IROORZLQJ SRLQWV> UHSODFH WKH SDUW LI D SUREOHP LV
IRXQG1
(;+$867 0$1,)2/' &+(&.
41 &KHFN IRU GDPDJH RU FUDFNLQJ RI DQ\ SDUW1
51 8VLQJ D VWUDLJKW HGJH DQG D IHHOHU JDXJH/ FKHFN IRU

GLVWRUWLRQ RI WKH F\OLQGHU KHDG LQVWDOODWLRQ VXUIDFH1

6WDQGDUG YDOXH= 3148 PP RU OHVV

/LPLW= 3153 PP
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4:
?9*:!

77 1P
46 1P

48

43

46

43

:

9

5

7 8 6

4

;

49

47

46

46 1P

?7'8!

46 1P

8 7 46 1P

7< 1P

7< 1P

46 1P
58 1P

7< 1P
58 1P

58 1P

7< 1P

4:

46 1P

48

:
:

5

7 8 6

4

;

49

4746 1P

46 1P

8 7
46 1P

7< 1P

46 1P58 1P

7< 1P
7< 1P 44

58 1P
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4:1 )URQW IORRU KHDW SURWHFWRU $
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INTAKE AND EXHAUST - General/Special Tool/Exhaust Pipe and Main Muffler <6G7> 15-1

GROUP 15

INTAKE AND EXHAUST
GENERAL
OUTLINE OF CHANGE
D The following service procedures have been added due to the addition of vehicles with 6G7 <A/T>.

The other service procedures are the same as before.

SPECIAL TOOL

Tool Number Name Use

MD998770 Oxygen sensor
wrench

Removal/Installation of oxygen sensor

EXHAUST PIPE AND MAIN MUFFLER <6G7>
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operation
Under Cover and Skid Plate Removal and Installation

25 Nm

1

13 Nm
49 Nm

49 Nm

25 Nm

25 Nm

49 Nm

2

34

5

6

78

9

10

44 Nm

49 Nm

Catalytic converter

Center exhaust pipe removal steps
1. Main muffler
2. Center exhaust pipe
3. Hanger
4. Protector

Front exhaust pipe removal steps
AA" "AA 5. Oxygen sensor

6. Compression spring
7. Seal ring
8. Front exhaust pipe (R.H.)
9. Front exhaust pipe (L.H.)
10. Exhaust bracket
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REMOVAL SERVICE POINT
AA"OXYGEN SENSOR REMOVAL
Use special tool to remove the oxygen sensor.

INSTALLATION SERVICE POINT
"AAOXYGEN SENSOR INSTALLATION
Use special tool to install the oxygen sensor.

MD998770
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GROUP 15

INTAKE AND EXHAUST
GENERAL
OUTLINE OF CHANGE
Due to the addition of the front catalytic converter and the change on the catalytic converter, the removal
and installation procedure of the exhaust pipe and main muffler has been established. Other service
procedures are the same as before. <6G7>

EXHAUST PIPE AND MAIN MUFFLER <6G7>
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operation
Skid Plate Removal and Installation

1
13 Nm

49 Nm

25 Nm

2

3

4

5 6

78

9
10

49 Nm

Catalytic converter
5

6

13 Nm

13 Nm

13 Nm

Tail pipe removal steps
1. Tail pipe
3. Gasket
4. Hanger

Main muffler removal steps
2. Main muffler
3. Gasket
5. Hanger
6. Protector

Center exhaust pipe removal steps
7. Center exhaust pipe
8. Gasket
9. Hanger
10. Protector



NOTES
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GENERAL
OUTLINE OF CHANGES
With the modification below by additional emission regulation step III compatible 4D56 engine, the service
procedure of the part that is different from previous service procedure has been established.

D The turbocharger has been changed to a Variable Geometry (VG) type. As the variable geometry
turbocharger cannot be disassembled, the service procedure for the variable geometry turbocharger
is not described.

D A catalytic converter has been added.

GENERAL INFORMATION
The variable geometry solenoid valve is duty controlled to control the variable nozzle opening angle of the
variable geometry turbocharger. This allows to obtain the characteristic of boost pressure corresponding to
the engine operation status.

<At starting - driving at low speed>

Nozzle vane fully closed

Vacuum pressure
increased (rod
activated)

Turbin wheel

To vacuum
pump

Variable geometry
solenoid valve

Variable geometry
control pressure sensor

Variable geometry actuator

Vacuum pressure
decreased (rod
deactivated)

Stopper bolt

Stopper bolt

<Driving at high speed>

Nozzle vane fully opened

Turbin wheel

To vacuum
pump

Variablegeometryactuator

Variablegeometrycontrol
pressure sensor

Variable geometry
solenoid valve

Exhaust gas

Exhaust gas

Nozzle turned
to the direction
of the shaft

Nozzle turned to
thedirectionof the
circumference of
a circle
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At starting and driving at low speed, the duty control
value of the variable geometry solenoid valve is
increased to apply the vacuum pressure of the
vacuum pump to the variable geometry actuator.
Applying the vacuum pressure to the variable
geometry actuator pulls the actuator rod so that
it can move towards the direction of closing the
variable nozzle of the variable geometry
turbocharger. As closing the nozzle reduces the
exhaust gas mass, the speed of exhaust gas flow
will be increased and efficiency will be improved.
Since the characteristic of boost pressure becomes
a low speed type, boost pressure will suddenly
rise from low speed.
At driving at high speed, the duty control value
of the variable geometry solenoid valve is
decreased to reduce the vacuum pressure from
the vacuum pump so that the actuator rod can
return to the deactivated status and move towards
the direction of opening the nozzle of the variable
geometry turbocharger.

Opening the nozzle allows the characteristic of
boost pressure to become a high speed type so
that the appropriate boost pressure can be
maintained.
Therefore, boost pressure can be controlled by
appropriate duty control of the variable geometry
solenoid valve. The engine-ECU calculates the
correct boost pressure based on the engine speed
and fuel injection amount. Furthermore, the duty
control of the variable geometry solenoid valve is
given feedback of the signals from the variable
geometry control pressure sensor and the boost
pressure sensor so that the variable nozzle opening
angle of the variable geometry turbocharger can
be quickly adjusted to obtain the desired boost
pressure.

SERVICE SPECIFICATIONS

Items Standard Value

Variable geometry actuator activation vacuum
(Approximately 1 mm stroke) kPa

Approximately 10.5 - 12.5

Variable geometry solenoid valve coil resistance
(at 20°C) Ω

29 - 35

ON-VEHICLE SERVICE
TURBOCHARGER SUPERCHARGING CHECK

Caution
Conduct the driving test in a location where driving at
full acceleration can be done with safety. Two person
should be in the vehicle when the test is conducted; the
person in the passenger seat should read the indications
shown by the MUT-II.

1. Set the vehicle to the pre-inspection condition.
2. Turn the ignition switch to “LOCK” (OFF) position, and

connect the diagnosis connector to the MUT-II.
3. Use the data list function named ”Item No. 04” boost

pressure sensor of the MUT-II to check the supercharging
pressure when the engine speed increases to
approximately 3,000 r/min or more by driving at full
acceleration in 2nd.

MUT-II
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4. When the indicated supercharger does not become
positive pressure, check the following items.
D Malfunction of the boost pressure sensor
D Leakage of supercharging pressure
D Malfunction of the turbocharger

5. When the indicated supercharger is 133 kPa or more,
supercharging control may be faulty, therefore check the
followings.
D Malfunction of the variable geometry actuator
D Malfunction of the variable nozzle
D Malfunction of the variable geometry solenoid valve
D Malfunction of the boost pressure sensor
D Malfunction of the variable geometry control pressure

sensor

SUPERCHARGING PRESSURE CONTROL
SYSTEM CHECK
1. Set the vehicle to the pre-inspection condition.
2. Turn the ignition switch to “LOCK” (OFF) position, and

connect the diagnosis connector to the MUT-II.
3. Start the engine, and let it run at idle.
4. Select the actuator testing function named “Item No. 35

or No. 36” of theMUT-II to check that the variable geometry
actuator vacuum and the supercharging pressure increase
when the variable geometry solenoid valve is activated.

Variable geometry
solenoid valve
condition

Variable geometry
actuator vacuum

Supercharging
pressure

OFF 0 kPa Approximately -1
kPa

ON Approximately 80
kPa

Approximately 3
kPa

NOTE
(1) If the variable geometry actuator vacuum is not in a normal

condition, the variable geometry actuator, variable
geometry solenoid valve, variable geometry control
pressure sensor, vacuum pump or hose may be faulty.

(2) If the variable geometry actuator vacuum is in a normal
condition but the supercharging pressure is not in a normal
condition, the variable geometry turbocharger nozzle,
boost pressure sensor, or hose may be faulty.

Caution
Be careful not to forcibly activate the variable geometry
solenoid valve to the fullest degree when running at a
high speed. Too much supercharging pressure could
damage the engine or the turbocharger.

MUT-II
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VARIABLE GEOMETRY ACTUATOR CHECK
1. Connect the hand vacuum pump to nipple.
2. While gradually applying vacuum, check the vacuum that

begins to active (approximately 1 mm stroke) the variable
geometry actuator rod.

Standard value: Approximately 10.5 - 12.5 kPa

Caution
In order to avoid damage to the diaphragm, do not
apply a vacuum of 59 kPa or higher.

3. If there is a significant deviation from the standard value,
check the actuator or the variable nozzle: replace if
necessary.

VARIABLE GEOMETRY SOLENOID VALVE
CHECK

NOTE
When disconnecting the vacuum hose, always make a mark
so that it can be reconnected at original position.

1. Disconnect the vacuum hose (black, red stripe) from the
solenoid valve.

2. Disconnect the harness connector.
3. Connect a hand vacuum pump to the nipple to which

the red striped vacuum hose was connected.
4. Check airtightness by applying a vacuum with voltage

applied directly from the battery to the variable geometry
solenoid valve and without applying voltage.

Battery voltage Nipple condition Normal condition

Applied Both nipples are
opened.

Vacuum leaks.

Nipple A is closed. Vacuum is maintained.

Not applied Both nipples are
opened.

Vacuum leaks.

Nipple C is closed. Vacuum is maintained.

5. Measure the resistance between the terminals of the
solenoid valve.

Standard value: 29 - 35 Ω (at 20°C)

Variable geometry
actuator

Battery

B

C

A
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Intercooler <4D56-Step III>/Intake and Exhaust
Manifold and Turbocharger <4D56-Step III>15-6

INTERCOOLER <4D56-Step III>
With additional air temperature sensor by adopting electronic-controlled injection pump, the air temperature
switch of the intercooler is not adopted. The service procedure is same as previous service procedure
except for the air temperature sensor.
On new models, the engine-ECU controls the intercooler fan. Due to this change, the intercooler fan-ECU
has been discontinued.

INTAKE AND EXHAUST MANIFOLD AND TURBOCHARGER
<4D56-Step III>
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operation
D Intercooler Removal and Installation (Refer to P.15-2.)
D Air Cleaner Cover and Air Intake Hose Removal and

Installation

D EGRValve and EGR Cooler Removal and Installation
(Refer to GROUP 17.)

6

4

2

10

12
11

13

8

24 ± 4 N·m
14 ± 1 N·m

18 ± 2 N·m

18

18 ± 2 N·m

14
9.0 ± 1.0 N·m

17 ± 2 N·m

20 ± 4 N·m

18 ± 2 N·m

14 ± 1 N·m 42 ± 7 N·m

14 ± 1 N·m

15

16

17

19

22

21
25

23

24

12 ± 1 N·m

49 ± 10 N·m

26

27

29

28

18 ± 2 N·m

31

30

5

7
9

5.0 ± 1.0 N·m

13

14 ± 1 N·m

20

11 ± 1 N·m

32

33

35

34

9.0 ± 1.0 N·m
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Turbocharger <4D56-Step III> 15-7

Removal steps
1. Brake master cylinder heat protec-

tor
2. Air temperature sensor connector
3. Throttle solenoid valve connector
4. VGT solenoid valve connector
5. Vacuum hose connection
6. Solenoid valve assembly
7. VG control pressure sensor con-

nector
8. Vacuum hose connection
9. VG control pressure sensor
10. Air temperature sensor
11. Gasket
12. Air intake fitting
13. Gasket
14. Throttle body assembly
15. Gasket
16. Earth cable connection
17. Engine hanger
18. Turbocharger upper heat protector

19. Oil pipe assembly
20. Gasket
21. Vacuum hose connection
22. Intake manifold
23. Exhaust manifold heat protector
24. Water pipe A and water hose as-

sembly
25. Gasket
26. Water pipe B connection
27. Gasket
28. VG actuator
29. Turbocharger lower heat protector
30. Front exhaust pipe connection
31. Gasket
32. Oil return hose connection
33. Exhaust manifold and turbocharger

assembly
34. Intake and exhaust manifold gasket
35. Oil return hose

37

38

39

36

40

59 ± 10 N·m

9.0 ± 1.0 N·m

36. Oil return pipe
37. Oil return pipe gasket
38. Exhaust manifold

39. Turbocharger gasket
"AA 40. Turbocharger assembly

INSTALLATION SERVICE POINT
"AATURBOCHARGER ASSEMBLY INSTALLATION
1. Clean the alignment surfaces shown in the illustration.
2. Supply clean engine oil from the oil pipe mounting hole

of the turbocharger assembly.

Caution
When cleaning, take care that no foreign material gets
into the engine coolant or oil passages hole.
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EXHAUST PIPE AND MAIN MUFFLER <4D56-Step III>
REMOVAL AND INSTALLATION

Pre-removal and Post-installation Operation
D Front Under Cover Removal and Installation

9

11
12

10

6 2

1

4

3

49 ± 10 N·m 78

5

4
13 ± 2 N·m

25 ± 4 N·m

13 ± 2 N·m

13 ± 2 N·m

49 ± 10 N·m
49 ± 10 N·m

25 ± 4 N·m

13 ± 2 N·m

13 ± 2 N·m

49 ± 10 N·m

Main muffler removal steps
1. Tail pipe
2. Hanger
3. Main muffler
4. Hanger
5. Protector
Center exhaust pipe removal steps
6. Center exhaust pipe
7. Hanger
8. Protector
9. Catalytic converter

Front exhaust pipe removal steps
10. Front exhaust pipe
11. Hanger
12. Protector
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