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As the retired Director of Product Support for Hartzell Engine 
Technologies, I’ve been involved in the troubleshooting 
and maintenance of turbocharger systems for 45+ years in a 
manufacturing, maintenance and/or training capacity. In the 
early 1980’s through the mid 1990’s, Allied Signal/Garrett 
AirResearch published an Aircraft Turbocharger and Control 
Reference with Troubleshooting Guide which was invaluable in 
helping to understand the turbocharger and its related systems. 
When the turbocharger product line was acquired by Kelly 
Aerospace in the late 1990’s/early 2000’s, they updated the 
troubleshooting guide. In 2010, Hartzell Engine Technologies 
was formed after purchasing the turbocharging product 
line assets from Kelly Aerospace. We now take our turn at 
updating this historical document for use in the field, both by  
maintenance professionals, aircraft owners and pilots operating 
turbocharged aircraft.

In this latest Troubleshooting Guide, we have included newer 
turbocharged aircraft models along with adding additional detail 
to some existing legacy systems. In addition, we’ve also added 
additional sections covering subjects like; turbocharger cool 
down, storage/shelf life, TBO/ICA and basic warranty, all of 
which provide additional guidance for our turbocharged aircraft 
operators. 

As Mike Rogers, from our Approved Turbo Components 
Recommended Service Facility (RSF) stated; “Thank you for the 
update on the Aircraft Turbocharger and Control Reference with 

Welcome
!

.F. .o. .r.e. .w. . .o. .r. .d. . . . . . . . . . . . . . . . . . . . . .  
 
 

!"#$%&'#()&*$+,-'&)-#.$"#(#)-$/#('&)-0$0,*#*1$',$2&('3#**$
4-5)-#$ !#+"$ 624!7$ '8(9,+"&(5#(0:$ (#*)#;$ <&*<#0:$
'8(9,+"&(5#($ +,-'(,**#(0$ &-.$ #="&80'$ 91/&00$ <&*<#0$
6>&0'#5&'#07?$ %&-8;&+'8(#.$ 91$ 24!@$ ABCC$ D#*%&$
2)5">&1:$ E,-'5,%#(1:$ F*&9&%&:$ GHICJ$ KLDLFL$ !")0$
%&'#()&*$)0$&//*)+&9*#$',$24!$/(,.8+'0$,-*1L$

!
!"#$ 010'#%0$ 58).#$ &-.$ '(,89*#0",,')-5$ )-;,(%&'),-$
/(#0#-'#.$ &(#$ ;,($ 80#$ ,-*1$ ',$ &).$ /(,/#(*1$ M8&*);)#.$
/#(0,-0$)-$'"#$%&)-'#-&-+#$,;$'"#$#M8)/%#-'$+,<#(#.$)-$
'")0$ /89*)+&'),-$ &-.$ )-$ -,$>&1$>"&'0,#<#($ (#/*&+#0$ ,($
+"&-5#0$ '"#$ &//(,/()&'#$ &)(;(&%#$ ,($ #-5)-#$
%&-8;&+'8(#(N0$ 0#(<)+#$ /89*)+&'),-0L$ F)(;(&%#$ &-.$
#-5)-#$ &//*)+&'),-0$ *)0'#.$ ;,($ 24!$ /(,.8+'0$ &(#$
;8(-)0"#.$0,*#*1$&0$&$"#*/;8*$(#;#(#-+#:$&-.$&(#$9&0#.$,-$
)-;,(%&'),-$&<&)*&9*#$',$24!$&'$'"#$')%#$,;$/89*)+&'),-L$
F+'8&*$ 24!$ /(,.8+'0$ &//*)+&'),-0$ %80'$ +,-;,(%$ ',$
&)(+(&;'$#M8)/%#-'$*)0'0$/89*)0"#.$91$'"#$&)(;(&%#$&-.O,($
#-5)-#$ %&-8;&+'8(#(0$ 8-.#($ &**$ &//*)+&9*#$ P#.#(&*$
F<)&'),-$ F.%)-)0'(&'),-$ (#58*&'),-0L$ 24!$ %&Q#0$ -,$
(#/(#0#-'&'),-$ ,($ >&((&-'1$ &0$ ',$ '"#$ &++8(&+1$ &-.$
+,((#+'-#00$ ,;$ '"#$ &)(;(&%#$ &-.$ #-5)-#$ &//*)+&'),-0$
*)0'#.$;,($24!$/(,.8+'0L$24!$(#0#(<#0$'"#$()5"'$',$%&Q#$
+"&-5#0$)-$'")0$/89*)+&'),-$&'$&-1$')%#:$>)'",8'$-,')+#L$
$

*
*
*
*
$

!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.( 8/&/#/7$/( 9*":/( "(



Aircraft  Turbochargers, Valves & Controls
Troubleshooting Reference Guidei i

Troubleshooting Guide. Approved Turbo Components and I 
have been using this guide for over 40 years and have found it to 
be of tremendous value for mechanics in the field to understand 
how all the different turbo system components operate. It has 
been such a valuable tool in the aircraft turbocharger industry 
that it is required reading for any new employees at ATC. Thanks 
again and keep up the good work.”

We thank everyone for their continued interest in this publication 
and in support of our HET products. We hope you will find this 
latest 2024 Turbocharger Troubleshooting Reference Guide 
even more complete and useful than ever before! 

Regards,

Timothy Gauntt
Director of Product Support (Ret.)
Hartzell Engine Technologies
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Figure 1 - Aircraft Turbochargers System Schematic 
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/(#008(#$(&'"#($'"&-$.#+Q$/(#008(#$&'$-#&($',$
;8**T'"(,''*#$ 0#'')-50$ ;,($ +*)%9$ &-.$ +(8)0#$
/,>#(L$ !")0$ /#(%)'0$ *,>#($ '8(9,+"&(5#($
0/##.0:$*#00$9&+QT/(#008(#:$%,(#$/,>#($&-.$
#+,-,%1L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
!

<(A( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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FIXED ABSOLUTE PRESSURE / PRESSURE 
RATIO SYSTEM: 

Installation Features: 

!"5"'''()*+,-.' /)00.1' (E,F-A=1,<)G' 2!$7'
6$!?7' 6$&?'

!
!

Component Operation: 

!"#$ ;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ "1.(&8*)+&**1$
(#58*&'#0$'"#$>&0'#5&'#$,/#-)-5$;,($")5"$#-5)-#$/,>#($
0#'')-50$;(,%$0#&T*#<#*$',$&*')'8.#L$!"#$+,-'(,**#($0#-0#0$
.#+Q$ /(#008(#:$ +,%/&(#0$ )'$ ',$ &$ (#;#(#-+#$ &90,*8'#$
/(#008(#:$ &-.$ &.g80'0$ '"#$ >&0'#5&'#$ 98''#(;*1$
6+,-'(,**)-5$ '8(9,+"&(5#($ 0/##.7$ ',$ %&)-'&)-$ 0#&T*#<#*$
",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$

!
!"#$/(#008(#$(&'),$+,-'(,**#($)0$.#0)5-#.$',$,<#(().#$'"#$
;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ .8()-5$ ")5"T&*')'8.#$
+(8)0)-5$ ',$ /(#<#-'$ '8(9,+"&(5#($ ,<#(0/##.$ &-.$ *,>#($
'"#$/&('T'"(,''*#$+()')+&*$/,>#($/,)-'$,;$'"#$#-5)-#L$!"#$
+,-'(,**#($ 0#-0#0$ .#+Q$ &-.$ &%9)#-'$ /(#008(#0$ &-.$
+,%/&(#0$'"#%$',$&$(#;#(#-+#.$&90,*8'#$/(#008(#L$R"#-$
'"#$(&'),$,;$,8'*#'$',$&%9)#-'$/(#008(#$#=+##.0$&$/(#0#'$
/(,/,('),-:$ '"#$ +,-'(,**#($ ,/#-0$ '"#$ >&0'#5&'#$ &-.$
*,>#(0$'8(9,+"&(5#($,8'/8'L$

*
*
*
*
*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( <(C(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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DUAL ABSOLUTE / RATE CONTROL SYSTEM: 

Installation Features: 

!"55'%'53'()*+,-.'/)00.1'(&$5'
!"55'%'53'()*+,-.'/)00.1'!3H'
!"55'%'53'()*+,-.'/)00.1'(&!$'

!
Component Operation: 

!"#$(&'#O&90,*8'#$.8&*$+,-'(,**#($/#(;,(%0$'"#$;8-+'),-0$
,;$ 9,'"$ '"#$ (&'#$ +,-'(,**#($ &-.$ '"#$ &90,*8'#$ /(#008(#$
+,-'(,**#(L$ `,%/,-#-'0$ 0#(<)-5$ '"#$ 0#/&(&'#$ ;8-+'),-0$
&(#$ ",80#.$ )-$ &$ +,%%,-$ 9,.1$ &-.$ +&/)**&(1$ &00#%9*1$
>)'"$0"&(#.$0#-0)-5$&-.$"1.(&8*)+$/,('0L$

!
!"#$;)=#.$&90,*8'#$/(#008(#$+,-'(,**#($/,('),-$,;$'"#$.8&*$
+,-'(,**#($"1.(&8*)+&**1$(#58*&'#0$'"#$>&0'#5&'#$,/#-)-5$
;,($")5"$#-5)-#$/,>#($0#'')-50$;(,%$0#&T*#<#*$',$&*')'8.#L$
!"#$ +,-'(,**#($ 0#-0#0$ .#+Q$ /(#008(#:$ +,%/&(#0$ )'$ ',$ &$
(#;#(#-+#$ &90,*8'#$ /(#008(#:$ &-.$ &.g80'0$ '"#$ >&0'#5&'#$
98''#(;*1$ 6+,-'(,**)-5$ '8(9,+"&(5#($ 0/##.7$ ',$ %&)-'&)-$
0#&T*#<#*$",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$

!
!"#$(&'#$+,-'(,**#($/,('),-$,;$ '"#$.8&*$+,-'(,**#($0#-0#0$
.#+Q$/(#008(#$ &-.$&+'0$ ',$/(#<#-'$ #=+#00)<#$ )-+(#&0#$ )-$
'"#$ '8(9,+"&(5#($ .)0+"&(5#$ &)($ /(#008(#L$ !"80:$ >"#-$ &$
',,$ (&/).$ '"(,''*#$ &.<&-+#$ +&80#0$ &-$ #=+#00)<#$ (&'#$ ,;$
+"&-5#$ )-$ .#+Q$ /(#008(#:$ '"#$ +,-'(,**#($ ,<#(().#0$ '"#$
&90,*8'#$ /(#008(#$ +,-'(,*0$ &-.$ ,/#-0$ '"#$ >&0'#5&'#$
98''#(;*1$ &-.$ 0*,>0$ '"#$ +,%/(#00,(:$ *,>#()-5$ .#+Q$
/(#008(#$&-.$/(#<#-')-5$,<#(9,,0'L$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( =(>(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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_;$ ;)''#.:$&$/(#008(#$(#*)#;$<&*<#:$0#'$0*)5"'*1$)-$#=+#00$,;$
%&=)%8%$.#+Q$/(#008(#:$)0$/(,<).#.$',$/(#<#-'$.&%&5)-5$
,<#(9,,0'$)-$'"#$#<#-'$,;$&$010'#%$%&*;8-+'),-L$
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DUAL ABSOLUTE / RATE CONTROL SYSTEM 
WITH PRESSURE RATIO CONTROL: 

Installation Features: 
 

!"5H%55'()*+,-.'/)00.1'6!!'
!"5#%53'()*+,-.'/)00.1'6$!7'6$&7'6!!?'
!"55%53'()*+,-.'/)00.1'2&$'

!
Component Operation: 

!"#$(&'#O&90,*8'#$.8&*$+,-'(,**#($/#(;,(%0$'"#$;8-+'),-0$
,;$ 9,'"$ '"#$ (&'#$ +,-'(,**#($ &-.$ '"#$ &90,*8'#$ /(#008(#$
+,-'(,**#(L$ `,%/,-#-'0$ 0#(<)-5$ '"#$ 0#/&(&'#$ ;8-+'),-0$
&(#$",80#.$ )-$&$+,%%,-$9,.1$&-.$+&/)**&(1$&00#%9*1$
>)'"$0"&(#.$0#-0)-5$&-.$"1.(&8*)+$/,('0L$

!
!"#$ ;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ /,('),-$ ,;$ '"#$
.8&*$ +,-'(,**#($ "1.(&8*)+&**1$ (#58*&'#0$ '"#$ >&0'#5&'#$
,/#-)-5$;,($")5"$#-5)-#$/,>#($0#'')-50$ ;(,%$0#&T*#<#*$
',$ &*')'8.#L$ !"#$ +,-'(,**#($ 0#-0#0$ .#+Q$ /(#008(#:$
+,%/&(#0$)'$',$&$(#;#(#-+#$&90,*8'#$/(#008(#$&-.$&.g80'0$
'"#$>&0'#5&'#$98''#(;*1$6+,-'(,**)-5$'8(9,+"&(5#($0/##.7$
',$%&)-'&)-$0#&T*#<#*$",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$

!
!"#$(&'#$+,-'(,**#($/,('),-$,;$'"#$.8&*$+,-'(,**#($0#-0#0$
.#+Q$/(#008(#$&-.$&+'0$',$/(#<#-'$#=+#00)<#$)-+(#&0#$)-$
'"#$ '8(9,+"&(5#($ .)0+"&(5#$ &)($ /(#008(#L$!"80:$>"#-$ &$
',,$ (&/).$ '"(,''*#$ &.<&-+#$ +&80#0$ &-$ #='(#%#$ (&'#$ ,;$
+"&-5#$)-$.#+Q$/(#008(#:$'"#$+,-'(,**#($,<#(().#0$'"#$

*
*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( =(B(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ &-.$ ,/#-0$ '"#$
>&0'#5&'#$98''#(;*1$&-.$0*,>0$'"#$+,%/(#00,(:$*,>#()-5$
.#+Q$/(#008(#$&-.$/(#<#-')-5$,<#(9,,0'L$

!
!"#$/(#008(#$(&'),$+,-'(,**#($)0$.#0)5-#.$',$,<#(().#$'"#$
;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ .8()-5$ ")5"T&*')'8.#$
+(8)0)-5$ ',$ /(#<#-'$ '8(9,+"&(5#($ ,<#(0/##.$ &-.$ *,>#($
'"#$ /&('$ '"(,''*#$ +()')+&*$ /,)-'$ ,;$ '"#$ #-5)-#L$ !"#$
+,-'(,**#($ 0#-0#0$ .#+Q$ &-.$ &%9)#-'$ /(#008(#0$ &-.$
+,%/&(#0$'"#%$',$&$(#;#(#-+#.$&90,*8'#$/(#008(#L$R"#-$
'"#$(&'),$,;$,8'*#'$',$&%9)#-'$/(#008(#0$#=+##.0$&$/(#T0#'$
/(,/,('),-:$ '"#$ +,-'(,**#($ ,/#-0$ '"#$ >&0'#5&'#$ &-.$
*,>#(0$'8(9,+"&(5#($,8'/8'L$

!
_;$;)''#.:$&$/(#008(#$(#*)#;$<&*<#:$0#'$0*)5"'*1$)-$#=+#00$,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
!

=(E( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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DUAL ABSOLUTE / PRESSURE RATIO 
CONTROL SYSTEM: 

Installation Features: 
 

!"#2%I#H'()*+,-.'/)00.1'(2!$'
!"3$%J>'()*+,-.'/)00.1'22H'
!"#2%#H'")G+4,*!/)00.1'(E,F-'26$'
!"#$%#&'()*+,-.'/)00.1'6$!C'
!"#$%#3'()*+,-.'/)00.1'6$&C'

Component Operation: 

!"#$ (&'),O&90,*8'#$ .8&*$ +,-'(,**#($ /#(;,(%0$ '"#$
;8-+'),-0$ ,;$ 9,'"$ '"#$ /(#008(#$ (&'),$ +,-'(,**#($ &-.$ '"#$
&90,*8'#$ /(#008(#$ +,-'(,**#(L$ `,%/,-#-'0$ 0#(<)-5$ '"#$
0#/&(&'#$ ;8-+'),-0$ &(#$ ",80#.$ )-$ &$ +,%%,-$ 9,.1$
&00#%9*1:$ >)'"$ 0"&(#.$ /(#008(#$ 0#-0)-5$ &-.$ "1.(&8*)+$
/,('0L$

!
!"#$ ;)=#.$ &90,*8'#$ /(#008(#$ +,-'(,**#($ /,('),-$ ,;$ '"#$
.8&*$ +,-'(,**#($ "1.(&8*)+&**1$ (#58*&'#0$ '"#$ >&0'#5&'#$
,/#-)-5$;,($")5"$#-5)-#$/,>#($0#'')-50$ ;(,%$0#&T*#<#*$
',$ &*')'8.#L$ !"#$ +,-'(,**#($ 0#-0#0$ .#+Q$ /(#008(#:$
+,%/&(#0$)'$',$&$(#;#(#-+#$&90,*8'#$/(#008(#$&-.$&.g80'0$
'"#$>&0'#5&'#$98''#(;*1$6+,-'(,**)-5$'8(9,+"&(5#($0/##.7$
',$%&)-'&)-$0#&T*#<#*$",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$

!
!"#$ /(#008(#$ (&'),$ +,-'(,**#($ /,('),-$ ,;$ '"#$ .8&*$
+,-'(,**#($ )0$ .#0)5-#.$ ',$ ,<#(().#$ '"#$ ;)=#.$ &90,*8'#$
/(#008(#$ +,-'(,**#($ .8()-5$ ")5"$ &*')'8.#$ +(8)0)-5$ ',$
/(#<#-'$ '8(9,+"&(5#( $,<#(0/##.$&-.$ *,>#( $ '"# $
/&( ' $

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( >(<(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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'"(,''*#$ +()')+&*$ /,)-'$ ,;$ '"#$ #-5)-#L$ !"#$ +,-'(,**#($
0#-0#0$ '"#$ .#+Q$ &-.$ &%9)#-'$ /(#008(#0$ &-.$ +,%/&(#0$
'"#%$',$&$(#;#(#-+#.$&90,*8'#$/(#008(#L$R"#-$'"#$(&'),$
,;$ ,8'*#'$ ',$ &%9)#-'$ /(#008(#$ #=+##.0$ &$ /(#0#'$
/(,/,('),-:$ '"#$ +,-'(,**#($ ,/#-0$ '"#$ >&0'#5&'#$ &-.$
*,>#(0$'8(9,+"&(5#($,8'/8'L$

_;$;)''#.:$&$/(#008(#$(#*)#;$<&*<#:$0#'$0*)5"'*1$)-$#=+#00$,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

!
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!

>(=( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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DENSITY CONTROL SYSTEM (FIXED WING): 

Installation Features: 
 

4;>),'?@+)A'
?),-0>1+;1K)'(,;.;G1G'(/'
L19)'&H$' M).)<1G)'
4;>),'4?2!'N1O1P-'1.G'/=;)Q+1;.'

!
!
!
!

Component Operation: 

!"#$.#-0)'1$+,-'(,**#($0#-0#0$9,'"$'"#$'#%/#(&'8(#$&-.$
/(#008(#$ 6'"#(#;,(#$ .#-0)'17$ ,;$ '"#$ +,%/(#00,($
.)0+"&(5#L$ R"#-$ .#-0)'1$ ,;$ '"#$ &)($ (#&+"#0$ &$ /(#T0#'$
*#<#*:$ '"#$ .#-0)'1$ +,-'(,**#($ %,.8*&'#0$ '"#$ >&0'#5&'#:$
(&)0)-5$ ,($ *,>#()-5$ '"#$ +,%/(#00,($ ,8'/8'$ /(#008(#$ ',$
'"#$/(,/#($*#<#*$;,($>).#T,/#-$'"(,''*#$,/#(&'),-L$

!
!"#$ .);;#(#-')&*$ +,-'(,**#($ )0$ .#0)5-#.$ ',$ Q##/$ .#+Q$
/(#008(#$ ;(,%$ #=+##.)-5$ %&-);,*.$ /(#008(#$ 91$ %,(#$
'"&-$&$0/#+);)#.$&%,8-'$.8()-5$/&('$ '"(,''*#$,/#(&'),-L$
R"#-$.#+Q$/(#008(#$#=+##.0$%&-);,*.$/(#008(#$91$%,(#$
'"&-$ &$ /(#T.#'#(%)-#.$ <&*8#:$ '"#$ +,-'(,**#($ ,/#-0$ '"#$
>&0'#5&'#:$(#.8+)-5$'8(9,+"&(5#($,8'/8'L$

!
_;$;)''#.:$&$/(#008(#T(#*)#;$<&*<#:$0#'$0*)5"'*1$)-$#=+#00$,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( >(@(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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>(A( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(

Fi
gu

re
 7 

- D
en

sit
y  C

on
tr

ol
 S

ys
te

m
 (F

ix
ed

 W
in

g)
 Sc

he
m

at
ic 



Aircraft  Turbochargers, Valves & Controls
Troubleshooting Reference Guide 31
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!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( >(B(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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"#$%!&'()!$*+)*+$,*'--.!-)/+!0-'*12!
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>(E( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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DENSITY CONTROL SYSTEM 
(ROTARY WING): 

Installation Features: 
 

!"5!%#H' C)KK' 6#R2C' S)K;A->+),'
8;1T'S;KK),' 8L%6' S)K;A->+),'

!
!
!
!

Component Operation: 

!"#$.#-0)'1$+,-'(,**#($0#-0#0$9,'"$'"#$'#%/#(&'8(#$&-.$
/(#008(#$ 6'"#(#;,(#$ .#-0)'17$ ,;$ '"#$ +,%/(#00,($
.)0+"&(5#L$ R"#-$ .#-0)'1$ ,;$ '"#$ &)($ (#&+"#0$ &$ /(#T0#'$
*#<#*:$ '"#$ .#-0)'1$ +,-'(,**#($ %,.8*&'#0$ '"#$ >&0'#5&'#:$
(&)0)-5$ ,($ *,>#()-5$ '"#$ +,%/(#00,($ ,8'/8'$ /(#008(#$ ',$
'"#$/(,/#($*#<#*$;,($>).#T,/#-$'"(,''*#$,/#(&'),-L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( >(C(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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?(D( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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!
!

"#$%!&'()!$*+)*+$,*'--.!-)/+!0-'*12!
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!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( ?(<(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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"#$%!&'()!$*+)*+$,*'--.!-)/+!0-'*12!
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VARIABLE ABSOLUTE PRESSURE SYSTEM 
(SINGLE ENGINE, WITHOUT COVER): 

Installation Features: 
 

!"5#%#$'U--.):' UE0+1.<'
!

!"3H%J>'()*+,-.'/)00.1'(&!$M'

()*+,-.'/)00.1'4&!$M'

U--.):' &H&'

Component Operation: 

!"#$ <&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ 6.)(#+'T$
0#-0)-5:$ >)'",8'$ +,<#(7$ >,(Q0$ %8+"$ *)Q#$ '"#$ -,-T$
<&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ )-$ '"&'$ )'$ 0#-0#0$
.#+Q$ /(#008(#:$ +,%/&(#0$ )'$ ',$ &$ (#;#(#-+#$ &90,*8'#$
/(#008(#:$ &-.$ &.g80'0$ '"#$ >&0'#5&'#$ 98''#(;*1$
6+,-'(,**)-5$ '8(9,+"&(5#($ 0/##.7$ ',$ %&)-'&)-$ 0#&T*#<#*$
",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$_'$.);;#(0$;(,%$'"#$-,-T$
<&()&9*#$<#(0),-:$",>#<#(:$)-$'"&'$)'$)0$.)(#+'*1$*)-Q#.$',$
'"#$#-5)-#$ '"(,''*#:$ &-.$ '"(,85"$&$ 010'#%$,;$+&%0$&-.$
;,**,>#(0:$ &.g80'0$ )'0#*;$ ',$ <&(1)-5$ /,>#($ 0#'')-50:$
&+")#<)-5$ '"#$ ,/')%8%$ .#+Q$ /(#008(#$ ;,($ &$ 5)<#-$
'"(,''*#$%,<#%#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( ?(>(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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F$0,-)+$<#-'8():$);$)-0'&**#.:$)0$)-+,(/,(&'#.$',$/(,<).#$&$
+,-0'&-'$ 0,8(+#$ ,;$ +,%/(#00#.$ &)($ ',$ '"#$ +&9)-$
/(#008()3&'),-$010'#%L$_-$'"#$`#00-&$!AIC]:$'")0$&)($ )0$
9*#.$,<#(9,&(.L$

F-$ )-'#(+,,*#($ )0$ )-+,(/,(&'#.$ )-$ '"#$ `#00-&$ !AIC]:$
UAIC]$&-.$E,,-#1$AYA$',$+,,*$+,%/(#00,($.)0+"&(5#$
&)($&-.$)-+(#&0#$+1*)-.#($+"&(5#$.#-0)'1L$

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

?(?( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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!
!
!
!
!
!
!
!
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!
!
!
!
!

"#$%!&'()!$*+)*+$,*'--.!-)/+!0-'*12!
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?(A( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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VARIABLE ABSOLUTE PRESSURE SYSTEM 
(TWIN ENGINE, WITHOUT COVER): 

Installation Features: 
 

?KK'L:A-T;.<'V.<;.)'8:0+)T0'WV*A)>+'4;>),'U-P1O)X'
?KK'''/-.+;.).+1K'''V.<;.)'''8:0+)T0'WV*A)>+'()*+,-.'
/)00.1'89:T10+),X'
()*+,-.'/)00.1'89:T10+),'
4;>),'U-P1O)'
M-A9Y)KK'/-TT1.G),'#$$'

!
!
!
!
!
!
!

Component Operation: 

!"#$ <&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ 6.)(#+'T$
0#-0)-5:$ >)'",8'$ +,<#(7$ >,(Q0$ %8+"$ *)Q#$ '"#$ -,-T$
<&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ )-$ '"&'$ )'$ 0#-0#0$
.#+Q$ /(#008(#:$ +,%/&(#0$ )'$ ',$ &$ (#;#(#-+#$ &90,*8'#$
/(#008(#:$ &-.$ &.g80'0$ '"#$ >&0'#5&'#$ 98''#(;*1$
6+,-'(,**)-5$ '8(9,+"&(5#($ 0/##.7$ ',$ %&)-'&)-$ 0#&T*#<#*$
",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$_'$.);;#(0$;(,%$'"#$-,-T$
<&()&9*#$<#(0),-:$",>#<#(:$)-$'"&'$)'$)0$.)(#+'*1$*)-Q#.$',$
'"#$#-5)-#$ '"(,''*#:$ &-.$ '"(,85"$&$ 010'#%$,;$+&%0$&-.$
;,**,>#(0:$ &. g8 0 ' 0 $ ) ' 0 # * ; $ ' , $ <& (1 )-5 $ /,>#( $
0 # ' ' ) -50 :$

*
*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( ?(B(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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&+")#<)-5$ '"#$ ,/')%8%$ .#+Q$ /(#008(#$ ;,($ &$ 5)<#-$
'"(,''*#$%,<#%#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

!
F$0,-)+$<#-'8():$);$)-0'&**#.:$)0$)-+,(/,(&'#.$',$/(,<).#$
&$ +,-0'&-'$ 0,8(+#$ ,;$ +,%/(#00#.$ &)($ ',$ '"#$ +&9)-$
/(#008()3&'),-$010'#%L$

!
F-$)-'#(+,,*#(:$);$;)''#.:$)0$&..#.$',$+,,*$'"#$+,%/(#00,($
,8';*,>$&-.$)-+(#&0#$+1*)-.#($+"&(5#$&)($.#-0)'1L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
!

?(E( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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&

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( ?(C(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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VARIABLE ABSOLUTE PRESSURE SYSTEM 
(WITH COVER): 

Installation Features: 
 

()*+,-.'C))A=A,1Q+'C-.1.@1'
()*+,-.'/)00.1'89:T10+),'

!
!
!

Component Operation: 

!"#$ <&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ 6(#%,'#$
0#-0)-5$>)'"$ +,<#(7$>,(Q0$%8+"$ *)Q#$ '"#$-,-T<&()&9*#$
/(#008(#$ +,-'(,**#($ )-$ '"&'$ )'$ 0#-0#0$ .#+Q$ /(#008(#:$
+,%/&(#0$)'$',$&$(#;#(#-+#$&90,*8'#$/(#008(#:$&-.$&.g80'0$
'"#$>&0'#5&'#$98''#(;*1$6+,-'(,**)-5$'8(9,+"&(5#($0/##.7$
',$%&)-'&)-$0#&T*#<#*$",(0#/,>#($&'$<&(1)-5$&*')'8.#0L$_'$
.);;#(0$;(,%$'"#$-,-T<&()&9*#$<#(0),-:$",>#<#(:$)-$'"&'$)'$
)0$ .)(#+'*1$ *)-Q#.$ ',$ '"#$ #-5)-#$ '"(,''*#:$ &-.$ '"(,85"$ &$
010'#%$,;$+&%0$&-.$;,**,>#(0:$&.g80'0$)'0#*;$',$<&(1)-5$
/,>#($ 0#'')-50:$ &+")#<)-5$ '"#$ ,/')%8%$ .#+Q$ /(#008(#$
;,($&$5)<#-$'"(,''*#$%,<#%#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#$ 6>"#-$ 80#.7:$ 0#'$ 0*)5"'*1$ )-$
#=+#00$ ,;$ %&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$
/(#<#-'$ .&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

*
*
*
*
*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( @(>(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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VARIABLE ABSOLUTE CONTROL SYSTEM 
WITH RATE CONTROL: 

Installation Features: 
 

()*+,-.'/)00.1'22#'
!
!

Component Operation: 

!"#$<&()&9*#$&90,*8'#$/(#008(#$+,-'(,**#($6.)(#+'$0#-0)-5:$
>)'",8'$ +,<#(7$ >,(Q0$ %8+"$ *)Q#$ '"#$ -,-T<&()&9*#$
&90,*8'#$ /(#008(#$ +,-'(,**#($ )-$ '"&'$ )'$ 0#-0#0$ .#+Q$
/(#008(#:$ +,%/&(#0$ )'$ ',$ &$ (#;#(#-+#$ &90,*8'#$ /(#008(#:$
&-.$ &.g80'0$ '"#$ >&0'#5&'#$ 98''#(;*1$ 6+,-'(,**)-5$
'8(9,+"&(5#($0/##.7$',$%&)-'&)-$0#&T*#<#*$",(0#/,>#($&'$
<&(1)-5$ &*')'8.#0L$ _'$ .);;#(0$ ;(,%$ '"#$ -,-T<&()&9*#$
<#(0),-:$ ",>#<#(:$ )-$ '"&'$ )'$ )0$ .)(#+'*1$ *)-Q#.$ ',$ '"#$
#-5)-#$ '"(,''*#:$ &-.$ '"(,85"$ &$ 010'#%$ ,;$ +&%0$ &-.$
;,**,>#(0:$ &.g80'0$ )'0#*;$ ',$ <&(1)-5$ /,>#($ 0#'')-50:$
&+")#<)-5$'"#$,/')%8%$.#+Q$/(#008(#$;,($&$5)<#-$'"(,''*#$
%,<#%#-'L$

!
!"#$ (&'#$ +,-'(,**#($ 0#-0#0$ .#+Q$ /(#008(#$ &-.$ &+'0$ ',$
/(#<#-'$#=+#00)<#$)-+(#&0#$)-$'"#$'8(9,+"&(5#($.)0+"&(5#$
&)($ /(#008(#L$ !"80:$ >"#-$ &$ ',,T(&/).$ '"(,''*#$ &.<&-+#$
+&80#0$&-$#='(#%#$ (&'#$,;$+"&-5#$ )-$.#+Q$/(#008(#:$ '"#$
+,-'(,**#($ ,<#(().#0$ '"#$ ;)=#.$ &90,*8'#$ /(#008(#$
+,-'(,**#($ &-.$ ,/#-0$ '"#$>&0'#5&'#$ 98''#(;*1$ &-.$ 0*,>0$
'"#$+,%/(#00,(:$ *,>#()-5$.#+Q$/(#008(#$&-.$/(#<#-')-5$
,<#(9,,0'L$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( 5 B(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
@(E( )#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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VARIABLE ABSOLUTE PRESSURE SYSTEM 
WITH POPPET-TYPE WASTEGATE: 

Installation Features: 
!"#5%J>'()*+,-.'C))A=A,1Q+'C1,-.'
M-A9Y)KK'/-TT1.G),'53H'

!
!

Component Operation: 
!"#$ <&()&9*#$ &90,*8'#$ /(#008(#$ +,-'(,**#($ 6.)(#+'$
0#-0)-5:$ >)'",8'$ +,<#(7$ >,(Q0$ %8+"$ *)Q#$ '"#$ -,-T$
<&()&9*#$ /(#008(#$ +,-'(,**#($ )-$ '"&'$ )'$ 0#-0#0$ .#+Q$
/(#008(#:$ +,%/&(#0$ )'$ ',$&$ (#;#(#-+#$&90,*8'#$/(#008(#:$
&-.$ &.g80'0$ '"#$ >&0'#5&'#$ 98''#(;*1$ 6+,-'(,**)-5$
'8(9,+"&(5#($0/##.7$',$%&)-'&)-$0#&T*#<#*$",(0#/,>#($&'$
<&(1)-5$ &*')'8.#0L$ _'$ .);;#(0$ ;(,%$ '"#$ -,-T<&()&9*#$
<#(0),-:$ ",>#<#(:$ )-$ '"&'$ )'$ )0$ .)(#+'*1$ *)-Q#.$ ',$ '"#$
#-5)-#$ '"(,''*#:$ &-.$ '"(,85"$ &$ 010'#%$ ,;$ +&%0$ &-.$
;,**,>#(0:$ &.g80'0$ )'0#*;$ ',$ <&(1)-5$ /,>#($ 0#'')-50:$
&+")#<)-5$ '"#$ ,/')%8%$ .#+Q$ /(#008(#$ ;,($ &$ 5)<#-$
'"(,''*#$%,<#%#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

!
F$ 0,-)+$ <#-'8():$ );$ ;)''#.:$ )0$ )-+,(/,(&'#.$ ',$ /(,<).#$ &$
+,-0'&-'$ 0,8(+#$ ,;$ +,%/(#00#.$ &)($ ',$ '"#$ +&9)-$
/(#008()3&'),-$010'#%L$

*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( A(<(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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A(=( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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SLOPED CONTROL SYSTEM: 

Installation Features: 

()*+,-.'/)00.1'(!3&(7'(&$57'(2$2'1.G'!"3&%I36'
()*+,-.'/)00.1'4&!$'L1.A1;,'Z['\'Z[4'
4;>),'U1K;FE'\'U1K;FE'/-.O),0;-.'
4;>),'81,1+-<1'(/'
/;,,E0'D)0;<.'8M&&('
/;,,E0'D)0;<.'8M&&'Y;+='(?('/-.O),0;-.'

!
!

Component Operation: 

!"#$ 0*,/#.$ +,-'(,**#($ )0$ .#0)5-#.$ ',$%&)-'&)-$ '"#$ (&'#.$
.#+Q$ /(#008(#$ &'$>).#$ ,/#-$ '"(,''*#:$ &-.$ ',$%&)-'&)-$ &$
(#.8+#.$ .#+Q$ /(#008(#$ &'$ /&('T'"(,''*#$ 0#'')-50L$ !"#$
+,-'(,**#($ 0#-0#0$ 9,'"$ .#+Q$ &-.$%&-);,*.$ /(#008(#$ &-.$
%,-)',(0$ '"#$ .);;#(#-')&*$ 9#'>##-$ '"#%L$ _;$ #)'"#($ '"#$
.#+Q$ /(#008(#$ ,($ .);;#(#-')&*$ /(#008(#$ ()0#0$ &9,<#$ /(#T$
.#'#(%)-#.$ <&*8#0$ ;,($ &$ 5)<#-$ '"(,''*#$ 0#'')-5:$ '"#$
+,-'(,**#($,/#-0$'"#$#="&80'$91/&00$<&*<#:$'"80$*,>#()-5$
+,%/(#00,($0/##.$&-.$,8'/8'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ .#+Q$ /(#008(#:$ )0$ )-0'&**#.$ ',$ /(#<#-'$
.&%&5)-5$ ,<#(9,,0'$ )-$ '"#$ #<#-'$ ,;$ &$ 010'#%$
%&*;8-+'),-L$

!
F$0,-)+$<#-'8():$);$)-0'&**#.:$)0$)-+,(/,(&'#.$',$/(,<).#$&$
+,-0'&-'$ 0,8(+#$ ,;$ +,%/(#00#.$ &)($ ',$ '"#$ +&9)-$
/(#008()3&'),-$010'#%L$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( A(@(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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A(E( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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PRESSURE RELIEF VALVE CONTROL 
SYSTEM: 

Installation Features: 

V.0+,-T'
U--.):'&2!'
4;>),'?,,-Y7'D19-+1'1.G'8).)A1'
()*+,-.'/)00.1'?<'SE09:'
?K)*1.G),'?;,A,1Q+'WC)KK1.A1X'

!
!
!

Component Operation: 

`,-')-8,80$%&-&5#%#-'$,;$'"(,''*#$(#M8)(#.$',$
%&)-'&)-$%&-);,*.$/(#008(#$.8()-5$+*)%9$&-.$.#0+#-'L$

!
U(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$%&-);,*.$ /(#008(#:$ )0$ /(,<).#.$ ',$ /(#<#-'$
.&%&5)-5$,<#(9,,0'$)-$#<#-'$,;$/)*,'$#((,(L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( A(C(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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B(D( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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MANUAL WASTEGATE CONTROL SYSTEM 
WITH PRESSURE RELIEF VALVE: 

Installation Features: 

()*+,-.'/)00.1'(E,F-'89:K1.)'
4;>),'L1.A)'1.G'81,1+-<1'

!
!
!
!
!

Component Operation: 

_-$ '")0$ )-0'&**&'),-:$ '"#$ >&0'#5&'#$ )0$ .)(#+'*1$ &-.O,($
/(,/,('),-&**1$ *)-Q#.$ ',$ '"#$ '"(,''*#L$ _'$ (#M8)(#0$
+,-')-8#.$'"(,''*#$%&-&5#%#-'$',$%&)-'&)-$'"#$.#0)(#.$
%&-);,*.$/(#008(#$.8()-5$+*)%9$&-.$.#0+#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ %&-);,*.$ /(#008(#:$ )0$ )-0'&**#.$ ',$ /(#<#-'$
.&%&5)-5$,<#(9,,0'$)-$'"#$#<#-'$,;$010'#%$%&*;8-+'),-L$

*
*
*
*
*
*
*
*
*
*
*
*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( B(>(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(

MANUAL WASTEGATE CONTROL SYSTEM 
WITH PRESSURE RELIEF VALVE: 

Installation Features: 

()*+,-.'/)00.1'(E,F-'89:K1.)'
4;>),'L1.A)'1.G'81,1+-<1'

!
!
!
!
!

Component Operation: 

_-$ '")0$ )-0'&**&'),-:$ '"#$ >&0'#5&'#$ )0$ .)(#+'*1$ &-.O,($
/(,/,('),-&**1$ *)-Q#.$ ',$ '"#$ '"(,''*#L$ _'$ (#M8)(#0$
+,-')-8#.$'"(,''*#$%&-&5#%#-'$',$%&)-'&)-$'"#$.#0)(#.$
%&-);,*.$/(#008(#$.8()-5$+*)%9$&-.$.#0+#-'L$

!
F$ /(#008(#$ (#*)#;$ <&*<#:$ 0#'$ 0*)5"'*1$ )-$ #=+#00$ ,;$
%&=)%8%$ %&-);,*.$ /(#008(#:$ )0$ )-0'&**#.$ ',$ /(#<#-'$
.&%&5)-5$,<#(9,,0'$)-$'"#$#<#-'$,;$010'#%$%&*;8-+'),-L$

*
*
*
*
*
*
*
*
*
*
*
*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( B(>(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
B(?( )#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Introduction to %#.T.r. .o. .u. .b. .l.e. .s. .h. .o. .o. . .t.i.n. .g. . . . . . . . . . .  
!,,$,;'#-:$)-$'"#$#<#-'$,;$%&*;8-+'),-$,;$&$'8(9,+"&(5#.$
#-5)-#:$ '"#$ '8(9,+"&(5#($ )0$ )%%#.)&'#*1$ &008%#.$ ',$9#$
&'$;&8*':$&-.$)0$(#/*&+#.L$F'$')%#0:$'"#$(#/*&+#%#-'$8-)'$
0,,-$;&)*0:$/(,%/')-5$&-$)-<#0')5&'),-$)-',$'"#$(#&*$+&80#$
,;$ '"#$ )-)')&*$ ;&)*8(#L$D8+"$&$0#M8#-+#$,;$#<#-'0$ )0$9,'"$
;(80'(&')-5$&-.$ #=/#-0)<#L$

!
2&('3#**$4-5)-#$!#+"0N$624!7$0'()-5#-'$M8&*)'1$+,-'(,*0$
%&Q#$ )'$ 8-*)Q#*1$ '"&'$ &$ '8(9,+"&(5#($ *#&<#0$ '"#$ ;&+',(1$
)-+,((#+'*1$ &00#%9*#.$ ,($ -,'$ 8/$ ',$ 0/#+);)+&'),-0L$ F$
h;&8*'1i$'8(9,+"&(5#($>,8*.$,/#(&'#$9&.*1$&*%,0'$;(,%$
'"#$ %,%#-'$ ,;$ )-0'&**&'),-L$ d8'$ &$ '8(9,+"&(5#($ >")+"$
"&0$,/#(&'#.$08++#00;8**1$;,($&$/#(),.$,;$')%#$&-.$'"#-$
;&)*0:$ &*%,0'$ )-<&()&9*1$ ;&)*0$ .8#$ ',$ &$ .#;)+)#-+1$ )-$ '"#$
,/#(&'),-$ ,;$ '"#$ &00,+)&'#.$ #-5)-#$ 010'#%0L$ j#&(0$ ,;$
&+'8&*$ #=/#()#-+#$>)'"$ 0#(<)+#$ ;&)*8(#0$ .#%,-0'(&'#$ '"#$
%&g,($ +&80#$ ,;$ '8(9,+"&(5#($ ;&)*8(#0$ ',$ 9#$ ;&8*'1$
*89()+&'),-$010'#%0L$ $F9-,(%&*$>#&($)-$'"#$9#&()-50$,($
0#&*0$(#08*'0$;(,%$&9(&0)<#0$)-$'"#$,)*:$,($&-$)-08;;)+)#-'$
08//*1$,;$,)*L$a'"#($010'#%0:$08+"$&0$;8#*$&-.$ )5-)'),-:$
+&-$ &*0,$ /*&1$ &$ /&('$ )-$ +&80)-5$ #-5)-#$ /#(;,(%&-+#$
)008#0$)-$>")+"$$$'8(9,+"&(5#($$$010'#%$%&*;8-+'),-$)0$
,()5)-&**1$080/#+'#.L$

!
!"#$ ,<#(&**$ ,9g#+')<#$ ,;$ '(,89*#0",,')-5$ )0$ ',$ ;)-.$ '"#$
(,,'$ +&80#$ ,;$ '(,89*#$ &-.$ '&Q#$ +,((#+')<#$ &+'),-$ ',$
/(#<#-'$&$(#+8((#-+#L$

*

(

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( B(C(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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!,$#-&9*#$#;;#+')<#$(#/&)(0:$'")0$,9g#+')<#$%80'$9#$Q#/'$)-$
%)-.$ >")*#$ .#'#(%)-)-5$ );$ &-1'")-5$ $ $ )0$ &+'8&**1$ >(,-5$
>)'"$'"#$'8(9,+"&(5#($010'#%$+,%/,-#-'0L$4<#-$/#(;#+'*1$
,/#(&'),-&*$ '8(9,+"&(5#($ 010'#%$ +,%/,-#-'0$ +&--,'$
+,%/#-0&'#$ ;,($ )-+,((#+'$ #-5)-#$ ,/#(&')-5$ /(,+#.8(#0:$
.#;)+)#-+)#0$)-$'"#$#-5)-#$,)*$08//*1:$,)*$.(&)-:$)5-)'),-:$&)($
)-.8+'),-:$ ;8#*:$ #="&80'$ 010'#%0$ ,($ ;,($ .&%&5#.$ #-5)-#$
)-'#(-&*$+,%/,-#-'0L$

CAUTION: !8(9,+"&(5#(0$,/#(&'#$&'$")5"$0/##.$
&-.$ ")5"$ '#%/#(&'8(#0L$ `&8'),-$ 0",8*.$ 9#$
80#.$&'$&**$')%#0$>"#-$,/#(&')-5$'8(9,+"&(5#(0$
',$&<,).$)-g8(1$&-.$.&%&5#$91$Q##/)-5$;)-5#(0$
&-.$ ;,(#)5-$ ,9g#+'0$ &>&1$ ;(,%$ ,/#-)-50$ &-.$
&<,).)-5$+,-'&+'$>)'"$)'0$",'$08(;&+#0$&-.$,'"#($
",'$+,--#+')-5$/&('0L$

!
TROUBLESHOOTING PROCEDURES: 

F-$)%/,('&-'$(8*#$,;$'8(9,+"&(5#($010'#%$'(,89*#0",,')-5$
)0$ ',$ ;)-.$ '"#$ (,,'$ +&80#$ ,;$ #-5)-#$ %&*;8-+'),-0$ 9#;,(#$
(#%,<)-5$ ,($ .)0&00#%9*)-5$ '"#$ '8(9,+"&(5#($ 010'#%$
+,%/,-#-'0@$ )L#L:$ ',$ *#&<#$ &**$ '8(9,+"&(5#($ 010'#%$
+,%/,-#-'0$ )-'&+'L$ P,($ )-0'&-+#:$ );$ '"#(#$ &(#$ *,,0#$
+,--#+'),-0$ &;;#+')-5$ 010'#%$ ,8'/8':$ '")0$ +&-$ ,-*1$ 9#$
.)0+,<#(#.$);$'"#$+,--#+'),-0$&(#$+"#+Q#.$;,($*,,0#-#00$,($
*#&Q&5#$9#;,(#$'"#1$&(#$(#%,<#.L$

!

SEQUENCE OF OPERATIONS: 
!"#$ 0#M8#-+#$ ,;$ ,/#(&'),-0$ ;,($ '(,89*#0",,')-5:$
/(#0+()9#.$)-$'")0$%&-8&*:$+&-$9#$08%%&()3#.$&0$;,**,>0@$

$
!

E(D(
!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(

! 
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&L" V)0'$'"#$#-5)-#$01%/',%$>")+"$0##%0$',$9#$(#*&'#.$
',$'8(9,+"&(5#(T08//*)#.$&)($&-.$);$&//*)+&9*#:$'"#$
0/#+);)+$;*)5"'$+,-.)'),-0$)-$>")+"$'"#$)008#$,++8(0f$
08+"$&0$&*')'8.#:$#-5)-#$(/%:$%&-);,*.$/(#008(#:$&-.$
;8#*$;*,>L$

!
9L" `&((1$,8'$'"#$010'#%&')+$hU(#T!(,89*#0",,')-5$

_-0/#+'),-i$9#*,>$>")+"$%&1$+,((#+'$'"#$)008#$
>)'",8'$;8('"#($'(,89*#0",,')-5L$

!
+L" _;$ '"#$ '(,89*#$ /#(0)0'0:$ +,-08*'$ '"#$ '#='$ &-.O,($ '"#$

'(,89*#0",,')-5$+"&('$;,($'"#$0/#+);)+$#-5)-#$'(,89*#:$
-&((,>$ .,>-$ '"#$ /,00)9*#$ +&80#0$ &-.$ &//*1$ '"#$
0/#+);)#.$(#%#.1$,($(#%#.)#0L$

!
.L" _;$'"#$h(#%#.1i$,;$'"#$+"&('$)-$0'#/$S+S$&9,<#$)0$

',$+,-08*'$'"#$'(,89*#0",,')-5$+"&('$;,($&$
0/#+);)+$'8(9,+"&(5#($010'#%$+,%/,-#-'$+,-.)'),-:$
/(,+##.$',$'"&'$+"&('$&-.$+,-')-8#$',$'(&+#$'"#$
+&80#607$&-.$&//*1$'"#$(#%#.1$,($(#%#.)#0L$
P,($)-0'&-+#:$'(,89*#0",,')-5$'"#$hE&-);,*.$
U(#008(#$V,>i$'(,89*#$%&1$#*)%)-&'#$,'"#($
/,00)9*#$+&80#0$#=+#/'$h!8(9,+"&(5#($a8'/8'$V,>$
,($a/#(&'#0$D*855)0"*1Li$P,**,>)-5$'"#$
'(,89*#0",,')-5$/(,+#.8(#$;,($'")0$'(,89*#$%&1$
&+M8)'$'"#$'8(9,+"&(5#($)'0#*;$,;$&-1$.#;)+)#-+1$98'$
*#&.$',$'"#$+,-+*80),-$'"&'$'"#$h4="&80'$d1/&00$
c&*<#$P&)*0$',$`*,0#$,($a/#(&'#0$D*855)0"*1:i$&-.$
*#&.$'"#$'(,89*#0",,')-5$%#+"&-)+$',$'"#$
'(,89*#0",,')-5$+"&('$;,($'"&'$+,%/,-#-'$
%&*;8-+'),-L$!"#$'(,89*#0",,')-5$+"&('$;,($91/&00$
<&*<#$;&)*8(#$',$+*,0#$%&1$*#&.$',$'"#$.)0+,<#(1$,;$&$
+*,55#.$)-*#'$/,('$,();)+#$,($)'$%&1$+,-+*8.#$'"&'$'"#$
+,%%&-.$',$+*,0#$-#<#($(#&+"#0$'"#$91/&00$<&*<#$
;(,%$ '"#$ +,-'(,**#(L$$$_-$ '")0$ "1/,'"#')+&*$ +&0#:$ '"#$

*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( E(<(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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h`,-'(,**#($P&)*0$',$`*,0#$a)*$P*,>i$'(,89*#0",,')-5$
+"&('$%&1$"#*/$.)0+,<#($&$*#&Q$)-$&$0#-0)-5$*)-#$',$'"#$
+,-'(,**#($ ,($ ;,(#)5-$ /&(')+*#0$ )-$ '"#$ ,)*$ )-$ '"#$
+,-'(,**#(:$ ",*.)-5$ ,/#-$ &-$ )-'#(-&*$ /,//#'$ <&*<#L$
D)%/*#$ ;*80")-5$ ,;$ '"#$ +,-'(,**#($ %&1$ 9#$ '"#$ ,-*1$
(#%#.1$(#M8)(#.$#=+#/'$;,($;)-.)-5$'"#$0,8(+#$,;$ '"#$
;,(#)5-$/&(')+*#0L$

!
LISTING ENGINE TROUBLES: 

!"#$;,**,>)-5$)0$&$*)0'$,;$#-5)-#$'(,89*#0$,($01%/',%0$,;$
%&*;8-+'),-0:$(#*&'#.$',$'"#$08//*1)-5$,;$&)($',$'"#$#-5)-#$
91$ '"#$ '8(9,+"&(5#(L$ P,($ #&+"$ 01%/',%$ '"#(#$ )0$ &$
'(,89*#0",,')-5$ +"&('$ &-.$ &$ >()''#-$ '(,89*#0",,')-5$
/(,+#.8(#L$P,($#=&%/*#@$

!
&L" E&-);,*.$/(#008(#$ *,>$,($ ;*8+'8&')-5$,($ '"#$

&)(+(&;'$+&--,'$(#&+"$+()')+&*$&*')'8.#L$
!

9L" a)*$*#&Q&5#$)-',$#-5)-#$)-'&Q#$&)($,($ #="&80'L$
!

+L" 4-5)-#$,<#(9,,0'L$
!

.L" `&9)-$*,0#0$/(#008(#$&'$&*')'8.#$&-.$/&(')&*$ /,>#(L$
!

PRE-TROUBLESHOOTING INSPECTION: 

!"#$/(#T'(,89*#0",,')-5$)-0/#+'),-$.#0+()9#.$9#*,>:$&-.$
08%%&()3#.$ )-$ !&9*#$ Ib:$ +,-0')'8'#0$ &$ '",(,85"$ <)08&*$
)-0/#+'),-$ +&/&9*#$ ,;$ .#'#+')-5$ &-.$ #*)%)-&')-5$ %&-1$
/,00)9*#$+&80#0$,;$/#(;,(%&-+#$)008#0L$ 4=&%)-#$

*
*
!

E(=( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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#&+"$.)0+,--#+'#.:$(#%,<#.$,($(#/*&+#%#-'$/&('$/(),($',$
(#)-0'&**&'),-$ ;,($+*#&-*)-#00$&-.$ ',$/(#<#-'$ '"#$#-'(1$,;$
.&%&5)-5$;,(#)5-$%&''#($)-',$'"#$010'#%L$

`,-08*'$#-5)-#$%&-8;&+'8(#($%&)-'#-&-+#$
NOTE: /89*)+&'),-0$;,($/(,+#.8(#0$>")+"$80#$&-$
$$ $$$,8'0).#$ 0,8(+#$ ,;$ &)($ /(#008(#$ &-.$ 0,&/$

0,*8'),-$ ',$ .#'#+'$ *#&Q0$ )-$ '"#$ &)($ )-.8+'),-$
010'#%$&-.$#="&80'$010'#%L$

&L" R)'"$'"#$#-5)-#$0"8'$.,>-:$#='#(-&**1$)-0/#+'$&**$
+,%/,-#-'0$,;$'"#$&)($)-.8+'),-$010'#%$;,($ *,,0#$
+,--#+'),-0:$+8'0:$+(&+Q0:$/8-+'8(#0$&-.$+,((,0),-$,($
,'"#($#<).#-+#$,;$.#'#(),(&'),-$'"&'$+,8*.$/#(%)'$&)($
*#&Q&5#$&-.$'"#$)-5#0'),-$,;$.&%&5)-5$;,(#)5-$
%&''#(L$ !"#$+,%/,-#-'0$)-+*8.#$'"#$#-5)-#$&)($
+*#&-#(:$.8+')-5$&-.$&*'#(-&'#$&)($ <&*<#$
;(,%$'"#$&)($+*#&-#($',$'"#$'8(9,+"&(5#($
+,%/(#00,($)-*#':$.8+')-5$;(,%$'"#$+,%/(#00,($
,8'*#'$',$'"#$#-5)-#$)-'&Q#$%&-);,*.:$&-.$'"#$)-'&Q#$
%&-);,*.L$!)5"'#-$*,,0#$+,--#+'),-0$&-.$(#/&)($,($
(#/*&+#$/&('0:$ &0$ -##.#.:$ /#($ #-5)-#$
%&-8;&+'8(#($%&)-'#-&-+#$/89*)+&'),-0L$

!
9L" _-0/#+'$'"#$&)($+*#&-#($;,($&$+*,55#.$#*#%#-'$&-.$

0#(<)+#$/#($%&-8;&+'8(#($)-0'(8+'),-0L$
!

+L" `"#+Q$'"#$#-5)-#$+(&-Q+&0#$9(#&'"#($;,($(#0'()+'),-0$
',$&)($;*,>$&-.$(#%,<#$&-1$(#0'()+'),-L$

!
.L" _-0/#+'$'"#$#="&80'$010'#%$;,($*#&Q&5#:$#0/#+)&**1$&'$

'"#$#="&80'$%&-);,*.$+,--#+'),-$',$'"#$'8(9,+"&(5#($
'8(9)-#$ )-*#'$ &-.$ &'$ '"#$ #-5)-#$ #="&80'$ %&-);,*.$
5&0Q#'L$ !)5"'#-$ +,--#+'),-0$ &0$ -##.#.:$ &-.$ (#/*&+#$
.&%&5#.$+,%/,-#-'0$)-$&++,(.&-+#$>)'"$'"#$#-5)-#$
%&-8;&+'8(#($%&)-'#-&-+#$/89*)+&'),-0L$

!
!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( E(>(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Table !"- Summary of Pre-Troubleshooting Inspection 

System / Location: Problem to be Found & Corrected: 
!"#$"%&'()"*%$+,+)-.$ !"#$/-01+2$/**+-$(*%%-()"*%+2$&0.03-2$

&-)-#"*#0)"*%4$

5%3"%-$0"#$(/-0%-#$ 6/*33"%34$

6#0%1(0+-$7#-0)8-#$ 9-+)#"()"*%4$

5:80'+)$+,+)-.$ ;-01+2$-+<-("0//,$0)$-:80'+)$.0%"=*/&$
(*%%-()"*%+$)*$)'#7*(80#3-#$0%&$)*$-%3"%-$
>30+1-)?4$

@'#7*(80#3-#$*"/$ A"/$/-01+2$/**+-$(*%%-()"*%+2$70&$30+1-)+2$
="))"%3+2$(8-(1$B0/B-+4$

C,<0++$B0/B-$0%&$
(*%)#*//-#$*"/$/"%-+2$
+-%+"%3$/"%-+2$0%&$
)8-"#$7#0(1-)+$

;-01+2$B"7#0)"*%+4$

C,<0++$B0/B-$0()'0)*#$ A"/$/-0103-$&'-$)*$)D"+)-&$*#$&0.03-&$
<"+)*%$<0(1"%3$&'-$)*$(,/"%&-#$+(*#"%3$*#$
&"#)4$

6*%)#*//-#$ 04' A"/$/-0103-$<0+)$+-0/$*=$"%)-#%0/$ <*<<-)4$
74'!"#$/-01+$0)$0%,$</0(-$"%$+"3%0/$ /"%-+4$
(4' A"/$<#-++'#-$B0#"0)"*%+4$

5:)-#"*#$*=$7,<0++$
B0/B-$*#$(*%)#*//-#$

!(('.'/0)-&$&-7#"+$*%$(**/"%3$="%+$*=$
<*<<-)E),<-$7,<0++$B0/B-2$*#$*%$/"%103-$*=$
7'))-#=/,E),<-2$*#$*%$0%,$-:)-#%0/$(*%)#*//-#$
/"%103-4$

@'#7*(80#3-#$ F")8$-%3"%-$#'%%"%32$+8#"//$D8"%-$07*B-$
%*#.0/$D8"%-$E$+8')$-%3"%-$&*D%$0%&$
(8-(1$)'#7*(80#3-#$7-0#"%3$(/-0#0%(-4$

6*.<#-++*#$D8--/$*#$
)'#7"%-$D8--/$

G%&"(0)"*%$*=$+-0/$/-0103-2$D8--/$&0.03-$*#$
#'77"%32$7"%&"%3$*#$&#033"%34$>H*#$0%,$*=$)8-+-$
&-=-()+2$(8-(1$)'#7*(80#3-#$7-0#"%3$(/-0#0%(-$
0%&$)#*'7/-+8**)$0+$0<</"(07/-4$H*#$=*#-"3%$
*7I-()$&0.03-2$0/+*$(/-0%$0%&$#-<0"#$0"#$+,+)-.$

$ *#$-:80'+)$+,+)-.4?$

 
E(?( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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!
NOTE: 

4="&80'$5&0$*#&Q&5#$%&1$9#$)-.)+&'#.$91$
0'(#&Q0$,;$#="&80'$.#/,0)'0$&'$g,)-'0:$&-.$91$

$$ $$$"#&'$.&%&5#$,($0+,(+")-5$,;$'"#$ -&+#**#L$
!

#L! `"#+Q$ ;,($ ,)*$ *#&Q&5#$ &'$ '"#$ +,--#+'),-0$ ',$ '"#$
'8(9,+"&(5#($ ,)*$ )-*#'$ &-.$ .(&)-$ /,('0$ &-.$ ')5"'#-$
+,--#+'),-0$ ,($ (#/*&+#$ 5&0Q#'0:$ ;)'')-50:$ #'+L:$ &0$
-##.#.L$ _-0/#+'$ ;,($ ;&8*'1$ +"#+Q$ <&*<#0$>")+"$ +&-$
&**,>$ ,)*$ ',$ .(&)-$ )-',$ '"#$ '8(9,+"&(5#($ +#-'#($
",80)-5$&;'#($0"8'.,>-:$*#&.)-5$',$'8(9,+"&(5#($0#&*$
*#&Q&5#L$

!
;L! `"#+Q$'"#$,)*$08//*1$&-.$.(&)-$*)-#0$',$&-.$;(,%$'"#$

#="&80'$91/&00$<&*<#$&-.$+,-'(,**#(607$&-.$&-1$&)($
/(#008(#$0#-0)-5$*)-#0$;,($*#&Q&5#$,($<)9(&'),-L$
!)5"'#-$ +,--#+'),-0$ &-.$ %,8-')-5$ 9(&+Q#'$
&''&+"%#-'0$&0$-##.#.L$F*0,$*,,Q$;,($*)-#$.&%&5#$
>")+"$%)5"'$+&80#$(#0'()+'),-:$&-.$(#/&)($,($(#/*&+#$
&0$-##.#.L$

!
5L! `"#+Q$'"#$,)*$.(&)-$*)-#$;(,%$'"#$&+'8&',($.(&)-$/,('$

,;$'"#$#="&80'$91/&00$<&*<#$;,($%,(#$'"&-$0*)5"'$
*#&Q&5#L$!#%/,(&()*1$.)0+,--#+'$'"#$*)-#$);$
-#+#00&(1L$_;$'"#(#$)0$%,(#$'"&-$(#0).8&*$,)*:$'"#$
&+'8&',($0",8*.$9#$.)0&00#%9*#.$ &-.$
+"#+Q#.$;,($+1*)-.#($>&**$0+,()-5L$_;$'"#(#$)0$-,$
0+,()-5:$(#/*&+#$'"#$&+'8&',($/)0',-$/&+Q)-5$)-$
&++,(.&-+#$>)'"$'"#$%&-8;&+'8(#(N0$)-0'(8+'),-0$
;,($'"#$0/#+);)+$<&*<#L$_;$'"#(#$)0$0+,()-5:$
,<#("&8*$ ,($ (#/*&+#$ '"#$ #="&80'$91/&00$<&*<#L$

!
"L! `"#+Q$;,($,)*$*#&Q&5#$;(,%$'"#$+,-'(,**#(607$/&0'$'"#$

0#&*$ ,;$ '"#$ +,-'(,**#($ )-'#(-&*$ /,//#'L$ D)5-);)+&-'$
*#&Q&5#$ )0$ +&80#$ ;,($ ,<#("&8*$ ,($ (#/*&+#%#-'$ ,;$ &$
+,-'(,**#(L$D8+"$*#&Q&5#$%&1$9#$.#'#+'#.$&'$&$

*
!

!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.( 8/&/#/7$/( 9*":/( E(@(
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+,%/(#00,($ ,8'*#'$ 0#-0)-5$ *)-#$ ',$ '"#$ +,-'(,**#(:$ &'$ &$
*,>T/(#008(#$ 0#-0)-5$ /,('$ ,($ ;,($ &$ .8+'T%,8-'#.$
+,-'(,**#($>)'",8'$&$+,<#(:$91$(#%,<)-5$'"#$+,-'(,**#($
&-.$)-0/#+')-5$'"#$9#**,>0$&(#&L$

!
)L! _;$'"#$'8(9,+"&(5#($010'#%$)-+*8.#0$&-$&90,*8'#$

/(#008(#$(#*)#;$<&*<#:$80#$&$-,-T+&80')+$
+*#&-)-5$0 , * < # - ' $&-.$ +,%/(#00#.$ &)($ ',$
(#%,<#$ &-1$ &++8%8*&'),-$,;$.#9()0$>")+"$%&1$
'#-.$',$(#0'()+'$9#**,>0$$$,($ <&*<#$%, ' ),- L$ $ `"#+Q$
'"#$9,*'0$&-.$,T()-5$,-$'"#$%,8-')-5$;*&-5#$&-.$
')5"'#-$,($(#/*&+#$&0$-##.#.L$

!
))L! K0#$&-$)-.80'(1$0'&-.&(.:$-,-T+&80')+$+*#&-)-5$

0,*<#-'$&-.$+,%/(#00#.$&)($',$(#%,<#$&-1$
&++8%8*&'#.$.#9()0$;(,%$'"#$+,,*)-5$;)-0$,;$&$
/,//#'T'1/#$#="&80'$91/&00$<&*<#$,($;(,%$'"#$
*)-Q&5#$,;$&$98''#(;*1T'1/#$#="&80'$91/&00$<&*<#L$
`*#&-$'"#$.#9()0$;(,%$&-1$+,-'(,**#($#='#(-&*$
*)-Q&5#:$>)'",8'$0,*<#-':$',$&<,).$*,00$,;$*89()+&-'$
;(,%$0#*;T*89()+&')-5$9#&()-50L$

*
!

WARNING: a/#(&'),-$ ,;$ '"#$ '8(9,+"&(5#($
>)'",8'$&**$-,(%&**1$ )-0'&**#.$ )-*#'$.8+'0$&-.$
;)*'#(0$ +,--#+'#.$ +&-$ (#08*'$ )-$ )-g8(1$ ',$
/#(0,--#*$ &-.$ .&%&5#$ ',$ #M8)/%#-'$ ;(,%$
;,(#)5-$,9g#+'0$#-'#()-5$'"#$'8(9,+"&(5#(L$

!
CAUTION: a/#(&'),-$ ,;$ '"#$ #-5)-#$ &'$ &-1$
0/##.$ ;&0'#($ '"&-$ ).*#$ )%%#.)&'#*1$&;'#($ 0'&('T$
8/$ +&-$ (#08*'$ )-$ h,)*$ *&5i$ ;&)*8(#$ ,;$
'8(9,+"&(5#($ 9#&()-50:$ #0/#+)&**1$ )-$ +,*.$
>#&'"#($ ,($ &;'#($ &$ /(,*,-5#.$ )-,/#(&')<#$
/#(),.0$,;$')%#L$

*
!

E(A( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(

! 

! 
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QL! _;$;#&0)9*#:$,/#(&'#$'"#$#-5)-#$&'$&$*,>$/&(')&*T/,>#($
0#'')-5$&-.$*)0'#-$;,($8-808&*$'8(9,+"&(5#($-,)0#0L$_;$
&$0"()**$>")-#$)0$"#&(.$&9,<#$'"#$-,(%&*$'8(9)-#$
>")-#:$)-.)+&')-5$)%%)-#-'$'8(9,+"&(5#($9#&()-5$
;&)*8(#:$0"8'$.,>-$)%%# . ) & ' # * 1 L$ P,($08+"$&$
'8(9,+"&(5#(:$/#(;,(%$'"#$hd#&()-5$`*#&(&-+#$
_-0/#+'),-i$;,8-.$)-$`"&/'#($A$,;$'"#$*&'#0'$(#<)0),-$
,;$'"#$24!$F)(+(&;'$!8(9,+"&(5#($a<#("&8*$E&-8&*$
UO\$XCCHCCTCCCCL$_;$'"#$'8(9,+"&(5#($;&)*0$',$/&00$
'")0$)-0/#+'),-:$.#'#(%)-#$'"#$+&80#$,;$>#&($91$
/#(;,(%)-5$'"#$'(,89*#0",,')-5$/(,+#.8(#$;,($'"#$
+,-.)'),-:$h!8(9,+"&(5#($D"&;'$d#&()-50:$e,8(-&*0$
,($d#&()-5$d,(#0$R,(-iL$a<#("&8*$,($(#/*&+#$'"#$
'8(9,+"&(5#(L$

!
*L! ]#%,<#$'"#$&)($.8+'$;(,%$'"#$'8(9,+"&(5#($

+,%/(#00,($)-*#'$&-.$)-0/#+'$'"#$+,%/(#00,($>"##*$
&-.$+,%/(#00,($",80)-5$;,($.&%&5#$',$>"##*$
9*&.#0$)-.)+&')-5$(899)-5$,-$'"#$+,%/(#00,($
",80)-5:$#(,0),-$91$)-5#0'),-$,;$.)('$&-.$0&-.$,($
)%/&+'$>)'"$;,(#)5-$,9g#+'0L$F*0,$*,,Q$;,($&$"#&<1$
98)*.8/$,;$,)*$&-.$.)(':$)-.)+&')-5$0#&*$*#&Q&5#L$
]#%,<#$&-1$ ;,(#)5-$ %&''#(L$ [(&0/)-5$'"#$0"&;'$
#-.0:$(,'&'#$'"#$>"##*$91$"&-.$>")*#$/(#00)-5$'"#$
(,'&')-5$&00#%9*1$',>&(.$'"#$'8(9)-#$#-.$,;$'"#$
'8(9,+"&(5#(L$],+Q$'"#$0"&;'$8/$&-.$.,>-L$$!"#(#$
0",8*.$9#$-,$9)-.)-5:$(899)-5$,($,'"#($)-'#(;#(#-+#$
>)'"$;(##$(,'&'),-L$_;$-,-#$,;$ '"#$&9,<#$.#;#+'0$)0$
;,8-.:$0#+8(#*1$(#+,--#+'$'"#$&)($.8+'$',$'"#$
+,%/(#00,($)-*#'L$

!
%L! ^)0+,--#+'$'"#$#="&80'$.8+')-5$;(,%$'"#$'8(9)-#$

,8'*#'$&-.$#=&%)-#$'"#$'8(9)-#$>"##*$9*&.#0$;,($
.&%&5#L$$[(&0/)-5$'"#$0"&;'$#-.:$(,'&'#$'"#$>"##*$91$
"&-.$>")*#$/(#00)-5$'"#$(,'&')-5$&00#%9*1$',>&(.$
'"#$+,%/(#00,($#-.$,;$'"#$'8(9,+"&(5#($

*
!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( E(B(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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>")*#$ (,+Q)-5$ '"#$ 0"&;'$ 8/$ &-.$ .,>-L$V,,Q$ ;,($ ,)*$
&(,8-.$'"#$'8(9)-#$>"##*$&-.$)'0$",80)-5$)-.)+&')<#$
,;$ 0#&*$ *#&Q&5#L$ `"#+Q$ ;,($ #<).#-+#$ ,;$ '"#$ >"##*$
(899)-5$,-$'"#$",80)-5L$]#%,<#$&-1$;,(#)5-$%&''#(L$
_;$ -,-#$ ,;$ '"#$ &9,<#$ .#;#+'0$ )0$ ;,8-.:$ 0#+8(#*1$
(#+,--#+'$'"#$#="&80'$.8+'$',$'"#$'8(9)-#$,8'*#'L$

!
-L! _;$&-1$*)0'#.$+,-.)'),-0$>#(#$;,8-.$)-$0'#/0$6*7$&-.$

6%7$&9,<#:$0##$'"#$'(,89*#0",,')-5$/(,+#.8(#0$;,($
'"#$+,-.)'),-0$,;$h!8(9,+"&(5#($D#&*$V#&Q&5#$&'$
`,%/(#00,($4-.:i$,($h!8(9,+"&(5#($D#&*$V#&Q&5#$
&'$!8(9)-#$4-.:i$,($h!8(9,+"&(5#($],'&')-5$
F00#%9*1$d)-.)-5$ ,($^(&55)-5Li$ F*0,$
/#(;,(%$'"#$hd#&()-5$`*#&(&-+#$_-0/#+'),-i$;,8-.$
)-$`"&/'#($A$,;$'"#$*&'#0'$(#<)0),-$,;$'"#$24!$
F)(+(&;'$!8(9,+"&(5#($a<#("&8*$E&-8&*$UO\$
XCCHCCTCCCCL$ $ _;$'"#$9#&()-50$.,$-,'$/&00$'")0$
)-0/#+'),-:$.#'#(%)-#$'"#$+&80#$,;$>#&($91$
/#(;,(%)-5$ '"#$ '(,89*#0",,')-5$ /(,+#.8(#$
h!8(9,+"&(5#($D"&;'$d#&()-50:$e,8(-&*0$,($d#&()-5$
d,(#0$R,(-:i$&0$.#0+()9#.$9#*,>L$a<#("&8*$,($
(#/*&+#$'"#$'8(9,+"&(5#(L$

!
,L! _;$ '"#$ +,%/(#00,($ >"##*$ ,($ '8(9)-#$ >"##*$ "&0$

08;;#(#.$ ;,(#)5-$,9g#+'$.&%&5#:$+*#&-$,($ (#/&)($ '"#$
&)($ )-.8+'),-$ 010'#%$ ,($ #-5)-#$ #="&80'$ 010'#%$ &0$
-##.#.$ 9#;,(#$ )-0'&**)-5$ &$ (#/*&+#%#-'$ ,($
,<#("&8*#.$'8(9,+"&(5#(L$

!
/L! _;$'"#(#$>&0$'8(9,+"&(5#($0#&*$*#&Q&5#:$'(,89*#T$

0",,'$'"#$+,-.)'),-$h!8(9,+"&(5#($D#&*$V#&Q&5#$&'$
`,%/(#00,($4-.:i$,($h!8(9,+"&(5#($ D#&*$
V#&Q&5#$&'$!8(9)-#$4-.:i$&0$&//*)+&9*#L$

*
*
!

E(E( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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TROUBLESHOOTING ENGINE SYMPTOMS: 

4&+"$ ,;$ '"#$ #-5)-#$ '(,89*#0$ -&%#.$ 8-.#($ hV)0')-5$
4-5)-#$!(,89*#0i$ &9,<#$"&0$ &$ '(,89*#0",,')-5$ +"&('$ ',$
%&'+":$ &-.$ )0$ ;8('"#($#=/*&)-#.$9#*,>L$\#)'"#($ '"#$ '#='$
-,($ '"#$ +"&('0$ 0",8*.$ 9#$ (#5&(.#.$ &0$ +,<#()-5$ #<#(1$
/,00)9*#$+&80#L$$]&'"#(:$'")0$)-;,(%&'),-$$$)0$$$/()%&()*1$
(#/(#0#-'&')<#$ ,;$ '"#$ &//(,&+"$ ',$ 9#$ #%/*,1#.$ )-$
'(,89*#0",,')-5$ &$ '8(9,+"&(5#.$ #-5)-#$ %&*;8-+'),-L$
!",0#$ '(,89*#0",,')-5$ ,/#(&'),-0$ >")+"$ +&-$ 9#$
/#(;,(%#.$ %,0'$ M8)+Q*1$ &-.$ #&0)*1$ 0",8*.$ 9#$
&++,%/*)0"$ ;)(0'L$ ]#%,<&*$ ,($ .)0&00#%9*1$ 0",8*.$ 9#$
/,0'/,-#.$ 8-')*$ &**$ )-T/*&+#$ )-0/#+'),-0$ "&<#$ 9##-$
/#(;,(%#.L$ !&9*#$ IJ$ )0$ &$ 08%%&(1$ ,;$ '(,89*#0",,')-5$
/(,+#.8(#$ -,'#0$ >")+"$ &(#$ (#;#((#.$ ',$ )-$ '"#$
'(,89*#0",,')-5$+"&('0$&0$08//*#%#-'&(1$)-;,(%&'),-L$

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
!

(
!"#$#%&'()*#+,$-%#./#01(2%34/0(5( 6,7'#,30( E(C(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Table #"- Troubleshooting Procedure Notes 
"#! !$%-D$)'#7*(80#3-#$.0,$+.*1-$=*#$0$+8*#)$<-#"*&$*=$<-#80<+$JK$."%')-+2$

'%)"/$=0()*#,$*"/$(*0)"%3+$0#-$ (*%+'.-&4$

$#! 68-(1$=*#$*"/$/-0103-$<0+)$)8-$+-0/$*=$)8-$(*%)#*//-#$"%)-#%0/$<*<<-)$0)$0$
(*.<#-++*#$*')/-)$0"#$+-%+"%3$/"%-$)*$)8-$(*%)#*//-#2$*)8-#$0"#E$+-%+"%3$/"%-+$
*#$<*#)+$*#2$=*#$0$&'()E.*'%)-&$(*%)#*//-#$D")8*')$0$(*B-#2$ 7,$ #-.*B"%3$
)8-$ (*%)#*//-#$ 0%&$ "%+<-()"%3$ )8-$ 7-//*D+$ 0#-04$

%#! 5:0."%-$-%3"%-$*<-#0)"%3$0%&$.0"%)-%0%(-$<#*(-&'#-+$)*$&-)-()$
&-<0#)'#-+$$$=#*.$$$0((-<)-&$$$<#0()"(-+$ 0%&$+ ) 0 % & 0 # & + 4$ 9-B"-D$)8-$
0<</"(07/-$<*#)"*%+$*=$)8-$0"#=#0.-L-%3"%-$.0%'=0()'#-#$.0"%)-%0%(-$
<'7/"(0)"*%+2$!HMLNAO$0%&$)8-$/0)-+)$#-B"+"*%$*=$P!NQ$QC$KRJ$
S@'#7*(80#3-#$Q,+)-.$A<-#0)"*%0/$@-+)+T4$

&#! G%+<-()$)8-$"%)-#"*#$*=$)8-$)'#7*(80#3-#$(-%)-#$8*'+"%3$7,$#-.*B"%3$)8-$*"/$
&#0"%$0%&$/**1"%3$"%$)8#*'38$)8-$*"/$&#0"%$*<-%"%34$F8-%$0$+*=)$
(*%)0."%0)"*%$>+/'&3-?$*#$80#&$(*%)0."%0)"*%$>(*1"%32$#'+)?$(*%&")"*%$
-:"+)+2$)8-+-$(*%)0."%0%)+$7'"/&$'<$8-0B"/,$*%$)8-$+80=)$7-)D--%$)8-$
7-0#"%3$I*'#%0/+2$*%$)8-$D0//+$*=$)8-$8*'+"%3$=#*.$)8-$*"/$&#0"%$*<-%"%3$
70(1$)*$)8-$)'#7"%-$-%&$0%&$*%$)8-$)'#7"%-E-%&$<"+)*%$#"%3$+-0/4$

'#! U-)-()$ 07%*#.0/$ D-0#$ "%$ )8-$ )'#7*(80#3-#$ +80=)$ 7-0#"%3+2$ I*'#%0/+2$ *#$
7-0#"%3$7*#-+$7,$<-#=*#."%3$)8-$SC-0#"%3$6/-0#0%(-$G%+<-()"*%T$=*'%&$"%$
680<)-#$ R$ *=$ )8-$ /0)-+)$ #-B"+"*%$ *=$ )8-$ O5@$ !"#(#0=)$ @'#7*(80#3-#$
AB-#80'/$M0%'0/$NLV$WKKXKKEKKKK4$

(#! F")8$)8-$0"#$"%/-)$0%&$-:80'+)$*')/-)$&'()"%3$+-<0#0)-&$=#*.$)8-$
)'#7*(80#3-#2$/**1$=*#$7/0&-$&0.03-$)*$)8-$(*.<#-++*#$D8--/$*#$)'#7"%-$
D8--/4$5:0."%-$)8-$*')-#$7/0&-$)"<$-&3-+$=*#$-B"&-%(-$*=$#'77"%3$*%$
0&I0(-%)$8*'+"%3$+'#=0(-+4$Y+-$0$/"38)$)*$+--$)8-$)'#7"%-$D8--/$7/0&-$)"<+$
=#*.$)8-$8*'+"%3$*')/-)4$5:-#)"%3$'%"=*#.$<#-++'#-$*%$-0(8$D8--/2$#*)0)-$
)8-$D8--/+$7,$80%&$D8"/-$<#-++"%3$)8-$#*)0)"%3$0++-.7/,$0:"0//,$)*D0#&$
-0(8$-%&$0%&$#0&"0//,$'<$0%&$&*D%4$@8-#-$+8*'/&$7-$%*$7"%&"%32$ #'77"%32$
*#$*)8-#$ "%)-#=-#-%(-$D")8$ =#--$ #*)0)"*%4$

)#! @8*#*'38/,$(/-0%$0%&$"%+<-()$)8-$0"#$"%&'()"*%$0%&$"%)01-$+,+)-.$
=*//*D"%3$(*.<#-++*#$D8--/$&0.03-$7,$=*#-"3%$*7I-()$".<0()4$G=$D8--/$
<"-(-+$0#-$."++"%32$7*#*+(*<-$)8-$-%3"%-$(,/"%&-#+4$Z-#"=,$%*$#-+"&'0/$
HAU$(0%$7-$&#0D%$"%)*$)8-$#-</0(-.-%)$)'#7*(80#3-#$*#$-%3"%-4$

*#! F8-%-B-#$*"/$(*%)0."%0)"*%$"+$"%&"(0)-&$*#$+'+<-()-&2$O0#)[-//$5%3"%-$
@-(8$#-(*..-%&+$0$)8*#*'38$=/'+8"%3$*=$)8-$*"/$+,+)-.$<-#$)8-$-%3"%-$
.0%'=0()'#-#\+$.0"%)-%0%(-$<'7/"(0)"*%+4!

!
*
!

C(D( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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Manifold Pressure Low or Fluctuating or 
Aircraft Cannot Reach Critical Altitude 
(See Figure 17): 

F-1$ ,;$ '"#$ 01%/',%0$ *)0'#.$ "#(#$ +&-$ )-.)+&'#$ '"&'$ -,'$
#-,85"$ +,%/(#00#.$ &)($ )0$ +,-0)0'#-'*1$ (#&+")-5$ '"#$
#-5)-#$ ;(,%$ '"#$ '8(9,+"&(5#($ ',$ %&)-'&)-$ (#M8)(#.$
%&-);,*.$ /(#008(#L$ D,%#$ ,;$ '"#$ /,00)9*#$ +&80#0$ &-.$
(#%#.)#0$&(#$&0$;,**,>0@$

&L! V,,0#$ +,--#+'),-0$ ,($ ,'"#($ *#&Q&5#$ )-$ '"#$ #="&80'$
010'#%$>,8*.$ (#.8+#$ '"#$ #-#(51$&<&)*&9*#$ ',$.()<#$
'"#$ '8(9)-#$ >")+"$ '8(-0$ '"#$ +,%/(#00,($ >"##*L$
V#&Q&5#$)-$'"#$&)($)-.8+'),-$010'#%$.,>-0'(#&%$,;$
'"#$ +,%/(#00,($ >,8*.$ (#.8+#$ '"#$ %&00$ ,;$ &)($
&+'8&**1$5#'')-5$ ',$ '"#$ +,%980'),-$ +"&%9#(L$4)'"#($
,;$'"#0#$'1/#0$,;$*#&Q&5#$0",8*.$"&<#$9##-$.#'#+'#.$
)-$ +&((1)-5$ ,8'$ '"#$ hU(#T!(,89*#0",,')-5$
_-0/#+'),-i$/(,+#.8(#L$

9L! ]#0'()+'),-0$)-$'"#$&)($.8+')-5$,($)-$'"#$#="&80'$
010'#%:$#)'"#($8/0'(#&%$,($.,>-0'(#&%$,;$'"#$
'8(9,+"&(5#(:$>,8*.$&;;#+'$'"#$+,%/(#00),-$&-.$
;*,>$$$,;$$$&)($$$',$' " # $# - 5 ) - # L$ !"#$hU(#T$
!(,89*#0",,')-5$_-0/#+'),-i$/(,+#.8(#$)-+*8.#0$&$
+"#+Q$,;$'"#$&)($+*#&-#($; , ( $(#0'()+'),-L$F0$'"#$
'(,89*#0",,')-5$+"&('$)-.)+&'#0:$'"#$&)($.8+'0$
9#'>##-$'"#$&)($+*#&-#($&-.$'"#$+,%/(#00,($&-.$
9#'>##-$'"#$+,%/(#00,($&-.$'"#$#-5)-#$)-'&Q#$
%&-);,*.$&0$>#**$&0$'"#$#="&80'$010'#%$.,>-0'(#&%$
,;$'"#$'8(9,+"&(5#($%80'$9#$#=&%)-#.$;,($
(#0'()+'),-0L$]#%,<#$&-1$(#0'()+'),-0$&-.$(#/&)($,($
(#/*&+#$$$.&%&5#.$$$/&('0$&0$-##.#.L$ `,((#+'$&-1$

*
&

C(=(
!"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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(#0'()+'),-0$)-$'"#$#-5)-#$)-'&Q#$,($#="&80'$%&-);,*.$
/#($ '"#$ #-5)-#$ %&-8;&+'8(#($ %&)-'#-&-+#$
/89*)+&'),-0L$

!
+L! E&-);,*.$/(#008(#$>)**$ -,'$ (#&+"$ (#M8)(#.$ *#<#*0$ );$

'"#$ 010'#%$ )-+*8.#0$ &$ /(#008(#$ (#*)#;$ <&*<#$ >")+"$
,/#-0$&'$',,$*,>$&$/(#008(#L$D##$'"#$'(,89*#0",,')-5$
/(,+#.8(#$;,($'")0$+,-.)'),-L$

!
.L! E&*;8-+'),-0$)-$'"#$#-5)-#$)5-)'),-$,($;8#*$010'#%$

+&-$&*0,$&;;#+'$'"#$#;;)+)#-+1$,;$'"#$&)(T;8#*$
+,%980'),-L$ `,((#+'$'"#%$/#($'"#$#-5)-#$
%&-8;&+'8(#($%&)-'#-&-+#$/89*)+&'),-L$

!
#L! _;$'"#$'(,89*#0",,')-5$/(,+#.8(#$#*)%)-&'#0$'"#$,'"#($

/,00)9*#$+&80#0:$)'$%&1$9#$'"&'$'"#$'8(9,+"&(5#($)0$
-,'$08//*1)-5$&$08;;)+)#-'$%&00$,;$&)($;,($0,%#$
(#&0,-$,'"#($'"&-$;(,%$'"#$+&80#0$&*(#&.1$
#*)%)-&'#.L$$D##$ '"#$ '(,89*#0",,')-5$
/(,+#.8(#$ ;,($ $ h!8(9,+"&(5#($a8'/8'$V,>$,($
a/#(&'#0$D*855)0"*1i$>")+"$#=&%)-#0$+&80#0$>")+"$
)-+*8.#$/,00)9*#$)008#0$)-$'"#$'8(9,+"&(5#($010'#%$
&0$>#**$&0$,'"#($0,8(+#0$,;$'(,89*#L$

Oil Leakage (See Figure 18): 
!"#$!8(9,+"&(5#($ 010'#%$%&1$9#$ &$ /,00)9*#$ 0,8(+#$,;$
,)*$ *#&Q0$ 9#+&80#$ )'$ )0$ /&('$ ,;$ &-.$ +,--#+'#.$ ',$ '"#$
#-5)-#$ *89()+&')-5$ 010'#%L$a)*$ *89()+&'#0$ &-.$ +,,*0$ '"#$
'8(9,+"&(5#($ .)(#+'*1$ &-.$ /(,<).#0$ ;,($ &+'8&'),-$ &-.$
+,-'(,*$ ,;$ '"#$ #="&80'$ 91/&00$ <&*<#$ &-.$ +,-'(,**#(607L$
hU(#T!(,89*#0",,')-5$ _-0/#+'),-i$ )-+*8.#0$ +"#+Q0$ ;,($
,)*$ *#&Q&5#$ &'$ ,)*$ 08//*1$ &-.$ .(&)-$ *)-#$ +,--#+'),-0:$ &$
+*,55#.$&)($+*#&-#(:$*,,0#$+,--#+'),-0$,-$'"#$.8+'$;(,%$
'"#$+,%/(#00,($',$'"#$)-'&Q#$%&-);,*.$&-.$*#&Q&5#$&'$'"#$
)-'&Q#$%&-);,*.L$$

$
!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( C(>(

)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Figure 18 - Troubleshooting - Oil Leakage 
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!")0$ "#*/0$ #*)%)-&'#$ 0#<#(&*$ /,00)9*#$ )008#0$>")+"$ +&-$
+,-'()98'#$ ',$ ,)*$ *#&Q&5#$ ;(,%$ '8(9,+"&(5#($ 010'#%$
+,%/,-#-'0L$ D,%#$,'"#($/,00)9*#$ +&80#0$ &-.$ (#%#.)#0$
&(#$&0$;,**,>0@$

&L! _;$'"#$#-5)-#$).*#0$',,$0*,>*1:$'"#$'8(9,+"&(5#($%&1$
-,'$'8(-:$&**,>)-5$,)*$',$*#&Q$/&0'$'"#$+,%/(#00,($
0#&*$.8()-5$*,>$EU$/(#008(#$&'$).*#$&-.$&//#&($&0$
9*8#$0%,Q#$)-$'"#$ #="&80'L$_-+(#&0#$).*#$0/##.$$$
0*)5"'*1$$$',$ 0',/$0%,Q ) -5 L$F$-#>$'8(9,+"&(5#($
%&1$0%,Q#$;,($$$/#("&/0$GC$%)-8'#0$8-')*$;&+',(1$
,)*$+,&')-50$&(#$+,-08%#.L$

9L! _;$'"#$>(,-5$'1/#$,($<)0+,0)'1$,;$,)*$,($8-&8'",()3#.$
,)*$ &..)')<#0$ &(#$ 9#)-5$ 80#.$ )-$ '"#$ #-5)-#$
*89()+&'),-$ 010'#%:$ 0#(<)+#$ '"#$ 010'#%$ /#($ '"#$
#-5)-#$%&-8;&+'8(#($%&)-'#-&-+#$/89*)+&'),-0L$

+L! _;$'"#$#-5)-#$+(&-Q+&0#$)0$)%/(,/#(*1$<#-'#.:$+,((#+'$
/#($#-5)-#$%&-8;&+'8(#($%&)-'#-&-+#$/89*)+&'),-0L$

.L! !"#$hU(#T!(,89*#0",,')-5$_-0/#+'),-i$/(,+#.8(#$
+"#+Q0$;,($&)($+*#&-#($(#0'()+'),-$>")+"$+&-$+&80#$,)*$
',$9#$.(&>-$/&0'$'"#$'8(9,+"&(5#($0#&*$&'$'"#$
+,%/(#00,($#-.L$]#%,<#$&-1$(#0'()+'),-$)-$'"#$.8+'$
9#'>##-$'"#$&)($+*#&-#($&-.$'"#$'8(9,+"&(5#($&-.$
(#/*&+#$.&%&5#.$/&('0$&0$-##.#.L$

#L! ]#0'()+'),-0$)-$,)*$.(&)-&5#$%&1$(&)0#$'"#$,)*$*#<#*$)-$
'"#$'8(9,+"&(5#($+#-'#($",80)-5$&-.$+&80#$0#&*$
*#&Q&5#L$ F0$'"#$'(,89*#0",,')-5$+"&('$0855#0'0:$
+"#+Q$;,($&$(#0'()+'),-$,($&$;&8*'1$+"#+Q$<&*<#$)-$'"#$
'8(9,+"&(5#($$$,)*$.(&)-$* ) - # L$ ]#%,<#$08+"$
(#0'()+'),-0$,($(#/*&+#$.&%&5#.$/&('0$&0$ -##.#.L$

*
*
*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( C(@(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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;L! _;$ '"#(#$ )0$ '8(9,+"&(5#($ 0#&*$ *#&Q&5#$ &'$ #)'"#($ '"#$
'8(9)-#$ #-.$ ,($ +,%/(#00,($ #-.$ #<#-$ &;'#($ ,'"#($
/,00)9*#$+&80#0$%#-'),-#.$)-$0'#/0$&:$9:$&-.$+$"&<#$
9##-$ #*)%)-&'#.:$ 0##$ '"#$ '(,89*#0",,')-5$ +"&('$ ;,($
'"#$0#&*$*#&Q&5#$+,-.)'),-L$

!
5L! _;$&$+,-'(,**#($)0$.)0+,<#(#.$',$9#$+,-0'&-'*1$*#&Q)-5$

,)*$/&0'$ '"#$0#&*$,;$ '"#$)-'#(-&*$/,//#':$,<#("&8*$,($
(#/*&+#$ '"#$ +,-'(,**#(L$ ^#'#+'$ 08+"$ *#&Q&5#$ &'$ &$
+,%/(#00,($,8'*#'$0#-0)-5$*)-#$',$'"#$+,-'(,**#(:$&'$&$
*,>T/(#008(#$ 0#-0)-5$ /,('$ ,(:$ ;,($ &$ .8+'T%,8-'#.$
+,-'(,**#($ >)'",8'$ &$ +,<#(:$ 91$ (#%,<)-5$ '"#$
+,-'(,**#($&-.$)-0/#+')-5$'"#$9#**,>0$ &(#&L$

!
"L! a)*$ )-$ '"#$ #="&80'$ 010'#%$ 8/0'(#&%$ ,;$ '"#$

'8(9,+"&(5#($ )-.)+&'#0$ &-$ #-5)-#$%&*;8-+'),-$ 08+"$
&0$/(,9*#%0$>)'"$ ()-50:$/)0',-0:$,($<&*<#0L$`,((#+'$
'"#0#$ +,-.)'),-0$ /#($ '"#$ #-5)-#$ %&-8;&+'8(#($
%&)-'#-&-+#$/89*)+&'),-0L$

!
!
Engine Overboost (See Figure 19): 

a<#(9,,0'$ ,($ #=+#00)<#$%&-);,*.$/(#008(#$ +&-$ (#08*'$ );$
'"#$+,-'(,*$010'#%$%&*;8-+'),-0$&-.$+,-')-8#0$8-')*$'"#$
/)*,'$ '&Q#0$ +,((#+')<#$ &+'),-$ ,($ '"#$ %&*;8-+'),-$ )0$
,<#(+,%#L$

!

WARNING: _;$'"#$#-5)-#$)0$Q-,>-$',$"&<#$
#=/#()#-+#.$&-$,<#(9,,0'$ +,-.)'),-:$ +,-08*'$
#-5)-#$ %&-8;&+'8(#(N0$ )-0'(8+'),-0$ ;,($
)-0/#+'),-607$ (#M8)(#.$9#;,(#$#-5)-#$%&1$9#$
,/#(&'#.$&5&)-L$

*
*
$

C(A( !"#$#%&'()*#+,$-%#./#01(2%34/0(5(6,7'#,30(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(

! 
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&L! D,%#$#-5)-#0$)-+*8.#$&$/(#008(#$(#*)#;$<&*<#$)-$'"#$
'8(9,+"&(5#($ 010'#%:$ /(#0#'$ ',$ +(&+Q$ ,/#-$ >"#-$
+,%/(#00,($ .)0+"&(5#$ /(#008(#$ (#&+"#0$ &$ <&*8#$
0*)5"'*1$ &9,<#$ '"#$ (&'#.$ %&-);,*.$ /(#008(#L$ _;$ '")0$
(#*)#;$<&*<#$;&)*0$ ',$,/#-:$,<#(9,,0'$+&-$,++8(L$D##$
'"#$'(,89*#0",,')-5$+"&('$;,($hU(#008(#$]#*)#;$c&*<#$
P&)*0$',$a/#-Li$

9L! _-$ 0,%#$ 010'#%0:$ &$ 0&;#58&(.$ &5&)-0'$ ,<#(9,,0'$ )0$
'"#$ (&'#$ +,-'(,**#($ ,($ '"#$ (&'#$ 0#+'),-$ ,;$ &$
(&'#O&90,*8'#$ .8&*$ +,-'(,**#(:$ >")+"$ ,/#-0$ '"#$
#="&80'$91/&00$<&*<#$>"#-$'"#(#$)0$&-$#=+#00)<#$(&'#$
,;$ )-+(#&0#$ )-$ +,%/(#00,($ .)0+"&(5#$ /(#008(#$ &0$
.8()-5$ &$ ',,T(&/).$ '"(,''*#$ &.<&-+#L$ _;$ '"#$ #="&80'$
91/&00$<&*<#$"&0$;&)*#.$',$,/#-:$'"#$'(,89*#0",,')-5$
+"&('$ h4="&80'$ d1/&00$ c&*<#$ P&)*0$ ',$ a/#-i$ %&1$
/,00)9*1$ /,)-'$ '"#$ >&1$ ',$ &$ %&*;8-+'),-)-5$ (&'#$
+,-'(,**#(L$

!
Cabin Loses Pressure at Altitude and Partial 
Power (See Figure 20): 

_;$'"#$&)(+(&;'$+&9)-$*,0#0$/(#008(#$&'$&*')'8.#$98'$
%&-);,*.$/(#008(#$)0$&.#M8&'#:$'"#-$'"#$&)(+(&;'$+,-'(,*0$
;,($ +&9)-$ /(#008(#$ %&1$ "&<#$ %&*;8-+'),-#.$ &-.$ %&1$
(#M8)(#$ (#/&)($ /#($ '"#$ %&-8;&+'8(#(N0$ )-0'(8+'),-0L$
_-08;;)+)#-'$ +&9)-$ /(#008(#$ &'$ /&(')&*$ /,>#(:$ ",>#<#(:$
+&-$)-.)+&'#$'"&'$'"#$'8(9,+"&(5#($%&1$-,'$9#$08//*1)-5$
&)($&'$08;;)+)#-'$/(#008(#$ ;,($ '"#$+&9)-$/(#008(#$010'#%L$
!"#$ '(,89*#0",,')-5$ +"&('$ h!8(9,+"&(5#($ a8'/8'$ V,>$
,($ a/#(&'#0$ D*855)0"*1i$ "#*/0$ ',$ /)-/,)-'$ /,00)9*#$
+&80#0$&-.$(#%#.)#0$;,($'")0$+,-.)'),-L$a-#$08+"$+&80#$
%&1$ 9#$ &-$ #="&80'$ 91/&00$ <&*<#$ >")+"$ ;&)*0$ ',$ +*,0#$
/(,/#(*1$9#+&80#$)'0$+,-'(,**#($)0$,8'$,;$ &.g80'%#-'L$

*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( C(B(
)#,*+3/0-,,'"7.(8/&/#/7$/(9*":/(
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Figure 19 - Troubleshooting - Engine Overboost 
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Figure 20 - Troubleshooting - Cabin Loses Pressure at Altitude 
and Partial Power 
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TROUBLESHOOTING TURBOCHARGER 
SYMPTOMS: 

Turbocharger Output Low or Operates 
Sluggishly (See Figure 21): 

!"#$ +,-.)'),-$ ,;$ h!8(9,+"&(5#($ a8'/8'$ V,>$ ,($
a/#(&'#0$D*855)0"*1i$)0$*)0'#.$&0$&$/,00)9*#$+&80#$)-$'>,$
#-5)-#$ '(,89*#0",,')-5$ /(,+#.8(#0:$ #&+"$ ,;$ >")+"$
)-+*8.#0$ hU(#T!(,89*#0",,')-5$ _-0/#+'),-0i$ 0,$ '"&'$ &$
-8%9#($,;$/,00)9*#$+&80#0$,;$'8(9,+"&(5#($)-08;;)+)#-+1$
%&1$ 9#$ )-<#0')5&'#.$ &-.$ #*)%)-&'#.L$ !"#0#$ +&80#0$
)-+*8.#@$ *,,0#$ +,--#+'),-0$ ,($ ,'"#($ *#&Q0$ )-$ '"#$ &)($
)-.8+'),-$ ,($ #-5)-#$ #="&80'$ 010'#%0f$ (#0'()+'),-$ )-$ '"#$
&)($ +*#&-#(f$ ,90#(<&9*#$ .&%&5#$ ',:$ ,($ ;,(#)5-$ %&'#()&*$
*,.5#.$ )-:$ '"#$+,%/(#00,($>"##*$,($ '8(9)-#$>"##*f$ &-.$
.)0+#(-)9*#$ 9)-.)-5$ ,($ .(&55)-5$ ,;$ '"#$ '8(9,+"&(5#($
(,'&')-5$ &00#%9*1L$a'"#($ /,00)9*#$ +&80#0$ &-.$ (#%#.)#0$
&(#$&0$;,**,>0@$

!
&L! !8(9,+"&(5#($,8'/8'$%&1$9#$*,>$9#+&80#$'"#$

#="&80'$91/&00$<&*<#$;&)*0$',$+*,0#$&-.$)-0'#&.$
&**,>0$',,$%8+"$,;$'"#$#="&80'$5&0$',$91/&00$'"#$
'8(9)-#L$ 4&(*1$.#'#+'),-$,;$'")0$+,-.)'),-$&-.$
'(,89*#0",,')-5$8-.#($h4="&80'$d1/&00$c&*<#$P&)*0$
',$`*,0#$,($a/#(&'#0$D*855)0"*1i$+&-$0&<#$%8+"$
'(,89*#0",,')-5$')%#$&-.$#;;,('L$

!
9L! ]#0'()+'),-0$ )-$ '"#$ &)($ .8+')-5$ 9#'>##-$ '"#$ &)($

+*#&-#($ &-.$ '"#$ '8(9,+"&(5#($ >,8*.$ (#.8+#$ '"#$
<,*8%#$,;$&)($#-'#()-5$'"#$+,%/(#00,($&-.$

*
*

!"#$#%&'()*#+,$-%#./#01(2%34/0( 5( 6,7'#,30( C(C(
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Figure 21 - Troubleshooting - Turbocharger Output Low or 
Operates Sluggishly 
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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Turbocharger Rotating Assembly Binding or 
Dragging (See Figure 22): 
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Figure 22 - Troubleshooting - Turbocharger Rotating Assembly 
Binding or Dragging 
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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!
Turbocharger Shaft Bearings, Journals or 
Bearing Bores Worn (See Figure 23): 
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Figure 23 - Troubleshooting - Turbocharger Shaft Bearings, 
Journals or Bearing Bores Worn 
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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Turbocharger Seal Leakage at Compressor End 
(See Figure 24): 
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Figure 24 - Troubleshooting - Turbocharger Seal Leakage, 
Leakage at Compressor End 
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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Turbocharger Seal Leakage at Turbine End 
(See Figure 25): 
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Figure 25 - Turbocharger Seal Leakage at Turbine End 
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5L! _;$ '"#$ '8(9,+"&(5#($ 0"&;'$ 9#&()-50:$ g,8(-&*0:$ ,($
9#&()-50$ 9,(#0$ &(#$ >,(-$ 6',$ '"#$ #='#-'$ ,;$ '"#$ -,'$
/&00)-5$'"#$hd#&()-5$`*#&(&-+#$_-0/#+'),-i$;,8-.$)-$
`"&/'#($A$,;$'"#$*&'#0'$(#<)0),-$,;$'"#$24!$F)(+(&;'$
!8(9,+"&(5#($a<#("&8*$E&-8&*$UO\$XCCHCCTCCCC:$
.#'#(%)-#$'"#$+&80#$,;$>#&($91$'(,89*#0",,')-5$'")0$
+,-.)'),-$ 9#;,(#$ ,<#("&8*)-5$ ,($ (#/*&+)-5$ '"#$
'8(9,+"&(5#(L$
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"L! _;$ '"#(#$ )0$ &-$ #-5)-#$ %&*;8-+'),-$ 08+"$ &0$ /)0',-$

9*,>$ 91$ ,($ ',,$ ")5"$ )-'#(-&*$ +(&-Q+&0#$ /(#008(#:$
+,((#+'$ '"#$ +,-.)'),-$ /#($ '"#$ #-5)-#$ %&-8;&+'8(#($
%&)-'#-&-+#$/89*)+&'),-0L$

!
TROUBLESHOOTING VALVE AND 
CONTROLLER: 

Pressure Relief Valve Does Not Open 
(See Figure 26): 

_;$ '"#$ &90,*8'#$ /(#008(#$ (#*)#;$ <&*<#$ )-$ &$ '8(9,+"&(5#($
010'#%$.,#0$-,'$,/#-$',$/(#<#-'$,<#(9,,0':$ )'$%80'$9#$
(#%,<#.$ &-.$ .)0&00#%9*#.L$ _;$ '#0')-5$ ,;$ '"#$ <&*<#$
6`"&/'#($A$,;$'"#$*&'#0'$(#<)0),-$,;$24!$F)(+(&;'$c&*<#0$
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*
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Figure 26 - Troubleshooting - Pressure Relief Valve Does Not 
Open 
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Figure 27 - Troubleshooting - Pressure Relief Valve Opens at 
Too Low a Pressure 
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Pressure Relieve Valve Opens at Too Low a 
Pressure (See Figure 27): 
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9*,>-:$(#/*&+#$)'L$

!
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!
!

Exhaust Bypass Valve Does Not Close or 
Operates Sluggishly (See Figure 28): 

F-$#="&80'$91/&00$<&*<#$-,(%&**1$0'&10$,/#-$8-')*$,)*$
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Figure 28 - Troubleshooting - Exhaust Bypass Valve Does Not 
Close or Operates Sluggishly 
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!
Exhaust Bypass Valve Does Not Open 
(See Figure 29): 

_;$ &-$ #="&80'$ <&*<#$ >")+"$ )0$ -,(%&**1$ ,/#-$ .,#0$ -,'$
,/#-:$ '")0$ )0$ .8#$ ',$ #)'"#($ &$ "1.(&8*)+$ /(,9*#%$ >")+"$
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&(#$&0$ ;,**,>0@$
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Figure 29 - Troubleshooting - Exhaust Bypass Valve Does Not 
Open 
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&-.$ '"#$ #-5)-#$ +(&-Q+&0#$ >")+"$ )0$ 08//,0#.$ ',$
(#*)#<#$,)*$/(#008(#$',$,/#-$'"#$91/&00$.,#0$-,'$.,$
0,:$ 0##$ '"#$ '(,89*#0",,')-5$ /(,+#.8(#:$ h`,-'(,**#($
P&)*0$',$a/#-$a)*$P*,>Li$

!
Controller Does Not Close Oil Flow or Operates 
Sluggishly (See Figure 30): 

4&+"$ +,-'(,**#($ )0$ .#0)5-#.$ 0,$ '"&'$ )'0$ )-'#(-&*$ /,//#'$
<&*<#$)0$-#&(*1$+*,0#.$>)'")-$>"&'$)'$0#-0#0$&0$h-,(%&*i$
+,-.)'),-0L$!")0$/&(')&**1$+*,0#0$,;;$,)*$;*,>$'"(,85"$'"#$
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+(&-Q+&0#L$D,%#$,;$'"#$/,00)9*#$+&80#0$,;$+,-'(,**#($-,'$
+*,0)-5$,;;$,)*$;*,>$+,-0)0'#-'*1$&(#$&0$;,**,>0@$
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Figure 30 - Troubleshooting - Controller Does Not Close Oil 
Flow or Operates Sluggishly 
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E&-8&*$ UO\$ XCCBBBTCCCC7$ 0",>0$ '"&'$ '"#$
+,-'(,**#($)0$,8'$,;$+&*)9(&'),-:$(#+&*)9(&'#$,($(#/*&+#$
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;*80")-5$&*,-#$.,#0$-,'$+8(#$'"#$'(,89*#:$,<#("&8*$,($
(#/*&+#$'"#$+,-'(,**#(L$
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5L! _;$ '"#(#$ )0$ ,'"#($ )-'#(-&*$ .&%&5#$ ',$ '"#$ +,-'(,**#(:$

08+"$&0$&$',(-$.)&/"(&5%$,($9(,Q#-$0/()-5:$,<#("&8*$
,($(#/*&+#$'"#$+,-'(,**#(L$

!
Controller Does Not Open Oil Flow 
(See Figure 31): 

4&+"$ +,-'(,**#($ )0$ .#0)5-#.$ 0,$ '"&'$ )'0$ )-'#(-&*$ /,//#'$
<&*<#$)0$-,(%&**1$+*,0#.$8-')*$)'$0#-0#0$'",0#$+,-.)'),-0$
)-$ >")+"$ )'$ )0$ ',$ ,/#-$ &-.$ /#(%)'$ ,)*$ ;*,>$ ;(,%$ '"#$
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!

9L! _;$ '"#(#$ )0$ &$ (#0'()+'),-$ )-$ '"#$ ,)*$ *)-#$ ;(,%$ '"#$
+,-'(,**#($9&+Q$',$'"#$#-5)-#$+(&-Q+&0#$,($,)*$08%/:$
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!
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+,-'(,**#(:$)-0/#+'$'"#$*)-#$;,($*#&Q0$,($(#0'()+'),-0$
&-.$(#/&)($,($(#/*&+#$'"#$*)-#$&0$-##.#.L$_;$/(#0#-':$
+"#+Q$;,($'#&(0$,($",*#0$)-$'"#$.)&/"(&5%L$$_;$;,8-.:$
(#/&)($ ,($ (#/*&+#$ '"#$ +,-'(,**#(L$
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/,//#'$)0$0'8+Q$+*,0#.$,($'"#$+,-'(,**#($)0$,'"#(>)0#$
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Figure 31 - Troubleshooting - Controller Does Not Open Oil Flow 
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Figure 17 - Troubleshooting - Manifold Pressure Low or 
Fluctuating or Aircraft Cannot Reach Critical Altitude 
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&+,%(4$',#',%',..'+-$'(5%3%(.+V'F-,%+'+$%1'&+,%(4$'"5//':$'3,#&5)$%$)'(&'
&+,%(4$'2*'+,':2+'#,+'$K3$$)5#4'+"$#+0L.,2%'MRSN'3(/$#)(%'1,#+-&;'W,#4'
+$%1'&+,%(4$'"5//':$'3,#&5)$%$)'(&'&+,%(4$'2*'+,':2+'#,+'$K3$$)5#4'+"$/8$'
MQRN'3(/$#)(%'0$(%&;'=-$%$'5&'(')5..$%$#+'1$+-,)'.,%'$(3-'+0*$',.'
&+,%(4$;'

F-,%+'+$%19'5.',#'+-$'&-$/.9'%$?25%$&',#/0'+-(+'+-$'2#5+':$'7$*+'5#'5+&'
,%545#(/'*(37(45#4;'X.'2#5+'5&',#'+-$'(5%3%(.+'M,%'2#1,2#+$)'$#45#$N9'#,'
())5+5,#(/'(3+5,#',+-$%'+-(#'+-(+'%$?25%$)'.,%'+-$'+2%:,3-(%4$%'5&'#$$)$);'

W,#4'+$%19'5.',#'+-$'&-$/.9'%$?25%$&'+-(+'+-$'3,#+%,//$%':$'%$1,8$)'
.%,1'+-$':,K'(#)'+-$'3,%%,&5,#'5#-5:5+58$'*/(&+53':(4'(&',%545#(//0'
*(37(4$);'A5*$',%'/54-+/0'&*%(0',2+&5)$'(#)'(//',*$#5#4&'"5+-'
*%$&$%8(+58$',5/;'\$3(*'(//',*$#5#4&'(#)'"%(*'+54-+/0'"5+-'('"(K$)'+0*$'
*(*$%;'X.'3,#)$#&(+5,#'5&'.,2#)'5#'+-$'*/(&+53':(49')5&3(%)'+-$':(4;'C/(3$'
:(37'5#+,',%545#(/'&-5**5#4'3,#+(5#$%'(#)'&+,%$'5#'('3,,/')%0'$#85%,#1$#+;'X.'5+'
5&'(#+535*(+$)',%')$+$%15#$)'+-(+'+-$'(5%3%(.+'M,%'2#1,2#+$)'$#45#$N'"5//':$'
5#'('/,#4'+$%1'&+,%(4$'&5+2(+5,#9'(&'&,,#'(&'*%(3+53(:/$9'/5:$%(//0'"5*$',%'
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4>>7:')6:&0!B#:1+,!
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1(#2.(3+2%5#4'3-(#4$&9'1,)5.53(+5,#&9'3212/(+58$'0$(%&',.'1(5#+$#(#3$9'
(#)J,%'3,#8$%&5,#9'5+'3(#':$')5..532/+'+,'%$3,11$#)'('+2%:,3-(%4$%'&0&+$1'
3,1*,#$#+':(&$)',#'1(7$J1,)$/'(/,#$;'F,'*/$(&$',#/0'2&$'+-5&'),321$#+'
,%'(#0'>**/53(+5,#'B25)$'*2:/5&-$)'>F'>'BbX[<'!`Wc;'A-$#'5#'),2:+9'
3,#+(3+'D(%+6$//'<#45#$'=$3-'.,%'3,#.5%1(+5,#;'X#&+(//(+5,#',.'+-$'"%,#4'
+2%:,3-(%4$%'&0&+$1'3,1*,#$#+'"5//'8,5)'+-$'.(3+,%0'"(%%(#+0;'D(%+6$//'
<#45#$'=$3-'"5//'#,+'"(%%(#+0'('+2%:,3-(%4$%'&0&+$1'3,1*,#$#+'"-$#'5+'5&'
5#&+(//$)'5#3,%%$3+/0',%'5&'2&$)'5#'(#'5#(**%,*%5(+$'(**/53(+5,#;'
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"-$#'+-$'>**/53(+5,#'B25)$'5#)53(+$&'#,'.5+;'E(#0',/)$%'(5%3%(.+'-(8$':$$#'
3,#8$%+$)'(#)'2*4%()$);'_,#.5%1'+-$'(5%3%(.+J$#45#$'1(7$J1,)$/':$.,%$'
)$+$%15#5#4'"-$+-$%'(#'>$%,.,%3$'&,/2+5,#'5&',%'5&'#,+'(**/53(:/$;'
!
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!%545#(/'<?25*1$#+'M!<N'1(#2.(3+2%$%'5#&+(//(+5,#&'(&'.(3+,%0'&+(#)(%)'
$?25*1$#+;'P(3+,%0',%'(.+$%L1(%7$+'5#&+(//$)',*+5,#&'1(0'(..$3+'+-$'
(**/53(:5/5+0',.'+-$'*%51(%0'%$3,11$#)(+5,#;'X+'5&'51*$%(+58$'+-(+'+-$'
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!
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&+(+2&'+,'H2&$)I'$8$#'5.'5+'5&'('6$%,L+51$'3/(&&5.53(+5,#;'X#&+(//5#4'+-$'
3,1*,#$#+'"5//'/$(8$'H"5+#$&&I'1(%7&'$85)$#+',.'5#&+(//(+5,#;'
!
P5#(//09',2%'(**/53(+5,#'(#)'+%,2:/$&-,,+5#4'425)$&'(%$'.,%'%$.$%$#3$9'(%$'#,+'
3,1*%$-$#&58$'(#)'+-$%$'1(0':$',15&&5,#&'(#)'8(%5(#3$&;'A$O8$'),#$',2%'
:$&+'+,'5#3/2)$'+-$'1(@,%5+0',.'4$#$%(/'(85(+5,#'(5%3%(.+'1,)$/&;'X.'0,2'3(##,+'
.5#)'"-(+'0,2'(%$'/,,75#4'.,%'M,%'"-(+'0,2'(%$'/,,75#4'.,%'5&'#,+'"-$%$'0,2'
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!
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