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DEPARTMENT OF THE NAVY
NAVAL AIR SYSTEMS COMMAND
RADM WILLIAM A. MOFFETT BUILDING
47123 BUSE ROAD, BLDG 2272
PATUXENT RIVER, MD 20670-1547

01 APRIL 2008

LETTER OF PROMULGATION

1. TheNava Air Training and Operating Procedures Standardization (NATOPS) Programisapos-
itive approach toward improving combat readiness and achieving asubstantial reduction in the air-
craft mishap rate. Standardization, based on professiona knowledge and experience, provides the
basisfor development of an efficient and sound operationa procedure. The standardization program
isnot planned to stifleindividual initiative, but rather to aid the commanding officer in increasing
the unit’'s combat potential without reducing command prestige or responsibility.

2. Thismanua standardizes ground and flight procedures but does not include tactical doctrine.
Compliance with the stipulated manual requirements and proceduresis mandatory except as autho-
rized herein. In order to remain effective, NATOPS must be dynamic and stimul ate rather than sup-
pressindividual thinking. Sinceaviation isacontinuing, progressive profession, it is both desirable
and necessary that new ideas and new techniques be expeditiously evaluated and incorporated if
proven to be sound. To thisend, commanding officersof aviation units are authorized to modify pro-
cedures contained herein, in accordance with the waiver provisions established by OPNAVINST
3710.7, for the purpose of assessing new ideas prior to initiating recommendations for permanent
changes. Thismanual is prepared and kept current by the usersin order to achieve maximum readi-
ness and safety in the most efficient and economical manner. Should conflict exist between thetrain-
ing and operating proceduresfound in thismanual and thosefound in other publications, thismanual
will govern.

3. Checklistsand other pertinent extractsfrom this publication necessary to normal operationsand
training should be made and carried for use in nava aircraft.

By direction of
Commander, Nava Air Systems Command

3/(4 blank) ORIGINAL
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INTERIM CHANGE SUMMARY

The following Interim Changes have been cancelled or previously incorporated into this manual.

INTERIM
CHANGE
NUMBER(S)

REMARKS/PURPOSE

1 thru 63

Previously Incorporated

The following Interim Changes have been incorporated into this Change/Revision.

INTERIM
CHANGE
NUMBER(S) REMARKS/PURPOSE
64 Misc. H-60 Common Changes
65 Misc. Changes
66 Fuel Prime Checklist Procedure
67 Changes to Practice Autorotative Approach

Interim Changes Outstanding — To be maintained by the custodian of this manual.

INTERIM
CHANGE ORIGINATOR/DATE PAGES
NUMBER (or DATE/TIME GROUP) | AFFECTED REMARKS/PURPOSE
68 202000Z MAR 09 3-17, 7-1, Tiedown Requirements
7-21, 7-32,
7-57, 8-15,
10-13, 10-33
69 2620037 AUG 09 10-67 Revised Auto RPM Correct Chart (and re-issue
of IC-68 for the Conference Revision Release).
70 052000z OCT 09 2-33/34, New Operational Warnings & Engine Diaphragm
7-21/32, Coupling Caution, correction of Autorotation RPM
8-38, 9-13/ 14/] Correction Chart.
15/27/28,

10-16/19/67

5/(6 blank)
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P 052000Z COCT 09
FROM COVNAVAI RSYSCOM PATUXENT RI VER MDY/ / 4. 0P/ /
TO ALL SEAHAWK HELI COPTER ACTI VI TI ES
| NFO COWNAVAI RSYSCOM PATUXENT RI VER MY/ 4.0P/4.1/4.1.1.2/5.0F/5.1//
PEOASWASM PATUXENT RI VER MY / PMA299/ /
COWAVAI RFOR SAN DI EGO CA// NA55/ N3C3/ N421L/ /
COWNAVAI RFORES SAN DI EGO CA// N42/ N52/ N421D1/ /
COWAVSAFECEN NORFOLK VA//11//
COWNAVSURFLANT NORFCLK VA// N42/ N420//
COWAVSURFPAC SAN DI EGO CA// N42/ |/
FLTREADCENSQUTHEAST JACKSONVI LLE FL//3.3.3//
HMX ONE QUANTI CO VA/ / C148-11//
MBG Df GENADM N/ COVNAVAI RSYSCOM 4. 0P/ /
SUBJ/ SH 60B Al RCRAFT NATOPS PUBLI CATI ONS | NTERI M CHANGE/ /
REF/ A/ DESC: DOC/ COVNAVAI RFOR/ 25SEP2009/ /
REF/ B/ DESC. DOC/ COVNAVAI RSYSCOM 03SEP2009/ /
REF/ C/ DESC: NA Al- H60BB- NFM 000/ COMNAVAI RSYSCOM 01APR2008/ /
REF/ D/ DESC: NA Al- H60BB- NFM 500/ COVNAVAI RSYSCOM 01APR2008/ /
REF/ E/ DESC: NA Al- H60BB- NFM 700/ COVNAVAI RSYSCOM 01APR2008/ /
NARR/ REF A | S SH 60B COG COMVAND CONCURRENCE.
REF B IS AI RS NATOPS- 2009- 134 & 173.
REF C | S SH 60B NATOPS FLI GHT MANUAL ( NFM .
REF D IS SH 60B NATOPS PI LOTS POCKET CHECKLI ST (PPCL).
REF E IS SH 60B NATOPS FUNCTI ONAL CHECKFLI GHT CHECKLI ST (FCFCL).//
GENTEXT/ REMARKS/ 1. THI S MESSACE | S | SSUED | N RESPONSE TO REFS A
AND B. TH' S MESSAGE | SSUES | NTERI M CHANGE (1 C) NUMBER 70 TO REF C,
I C NUMBER 64 TO REF D, AND | C NUMBER 23 TO REF E.
2. SUMVARY.
A. THI'S MESSAGE | NCORPORATES NEW OPERATI ONAL WARNI NGS AND

ENG NE DI APHRAGM COUPLI NG CAUTIONS IN REFS C AND E. THI S MESSACE

ALSO MAKES TYPOGRAPHI C (REFS C AND D) AND RPM CHART (REF C)
CORRECTI ONS | NADVERTENTLY RELEASED W TH THE LAST I C.

B. REPLACEMENT PAGES CONTAI NI NG THESE CHANGES FOR DOWNLOADI NG
AND | NSERTI ON | NTO REFS C, D, AND E WLL BE ATTACHED TO THI S
| NTERI M CHANGE MESSAGE WHEN | T |'S POSTED ON THE NATEC AND
Al RAWORTHI NESS WEBSI TES ( SEE LAST PARA BELOW .

3. THESE CHANGES | MPACT THE FOLLOW NG NATOPS CHECK LISTS. THE

REPLACEMENT PAGE PACKAGE | NCLUDES THE FOLLOW NG PAGES:

A. REF C (SH 60B NFM -000) 5/(6 BLANK), [2-33/B4] [7-21 22,
7-31/32,] 8-37[38,][9- 13 TO 16, 10- 15[ 16, |[10- 19 20,
AND[Z0- 67/ 68.

B. REF D (SH 60B PPCL-500) PAGES B/ (C BLANK), 29 AND 30.

C. REF E (SH 60B FCFCL-700) PAGES B/ (C BLANK), 1-23 TO 28.

4. PO NTS OF CONTACT:

A. SH 60B NATOPS PROGRAM MANAGER: LT JAKE HAFF, HSL- 40,

TEL DSN 270- 6332, OR COMM (904) 270- 6332 x222,
EMAI L: JAKE. L. HAFF1@AVY. M L.

B. NAVAI R POCS:

(1) MARTY SCANLON, NATOPS | C COORDI NATOR, TEL DSN 757- 6045
OR COWM (301) 757-6045, EMAIL: MARTI N. SCANLON@NAVY. M L

(2) LCDR WADE HARRI'S, AIR-4.1.1.2, IN-SERVICE H 60 CLASS DESK,

DSN 757- 5343 OR (301) 757- 5343,
EMAI L: BENJAM N. W HARRI S@VAVY. M L.

(3) LCDR BEN KELSEY, 4.0P NATOPS OFFI CER, DSN 995- 2502,
COM 301- 995- 2505, EMAI L: BEN. KELSEY@AVY. M L.

NAVAI R 052000Z OCT 09 Page 1 of 2 Al- HG0BB- NFM- 000 1 C 70

Al- HGOBB- NFM 500 | C 64
Al- HGOBB- NFM 700 | C 23



(4) Al RWORTHI NESS GLOBAL CUSTOVER SUPPORT TEAM
(301) 757-0187, ENAIL Al RAORTH NESS@NAVY. M L.

5. OTHER REMARKS:

A

D.
BT
#0001
NNNN

THIS MESSAGE W LL BE POSTED ON THE Al RAORTHI NESS VEBSI TE,
HTTPS: Al RAORTHI NESS. NAVAI R. NAVY. ML WTHI N 48 HOURS OF
RELEASE. | NTERI M CHANGES MAY BE FOUND IN TWO PLACES ON

THE WEBSI TE:

(1) I'N THE NATOPS LI BRARY SORTED BY Al RCRAFT PLATFORM AND TMVS.
(2) IN AIRS, SEARCH BY AIRS NUMBER FOUND | N REF B ABOVE.

THIS MESSAGE W LL ADDI TI ONALLY BE POSTED ON THE NATEC

VWEBSI TE, WAWV MYNATEC. NAVY. M L. |F THE | C MESSAGE | NCLUDES
REPLACEMENT PAGES, THEY WLL BE PLACED W TH N THE MANUAL AND
REPLACED PAGES DELETED. | F UNABLE TO VIEW TH S MESSAGE ON El THER
THE Al RMORTHI NESS OR NATEC WEBSI TES, | NFORM THE NATOPS GLOBAL
CUSTOMER SUPPORT TEAM AT (301) 342-3276, DSN 342-3276, OR BY
EVAI L AT NATOPS@NAVY. M L.

I NFORVATI ON REGARDI NG THE Al RACRTHI NESS PROCESS, | NCLUDI NG

A LI STING OF ALL CURRENT | NTERI M FLI GHT CLEARANCES, NATOPS
AND NATI P PRODUCTS | SSUED BY NAVAI R 4. 0P, CAN BE FOUND AT OUR
WEBSI TE: HTTPS: ( SLASH) ( SLASH) Al RAWORTHI NESS. NAVAI R. NAVY. M L.
EPONER FOLDER | D 876128, TRACKI NG NUMBER 35443.//

BEN KELSEY, NATOPS OFFI CER, 4.0P, 10/05/2009

NAVAI R 052000Z OCT 09 Page 2 of 2 Al- HG0BB- NFM- 000 1 C 70
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P 262003Z AUG 09

FROM COVNAVAI RSYSCOM PATUXENT RI VER MDY/ / 4. 0P/ /

TO ALL SEAHAWK HELI COPTER ACTI VI TI ES

| NFO COWNAVAI RSYSCOM PATUXENT RI VER MY/ 4.0P/4.1/4.1.1.2/5.0F/5.1//
PEOASWASM PATUXENT RI VER MY / PMA299/ /

COWAVAI RFOR SAN DI EGO CA// NA55/ N3C3/ N421L/ /

COWNAVAI RFORES SAN DI EGO CA// N42/ N52/ N421D1/ /
COWAVSAFECEN NORFOLK VA//11//

COWNAVSURFLANT NORFCLK VA// N42/ N420//

COWAVSURFPAC SAN DI EGO CA// N42/ |/

FLTREADCENSQUTHEAST JACKSONVI LLE FL//3.3.3//

HMX ONE QUANTI CO VA/ / C148-11//

MBG Df GENADM N/ COVNAVAI RSYSCOM 4. 0P/ /

SUBJ/ SH 60B Al RCRAFT NATOPS PUBLI CATI ONS | NTERI M CHANGE/ /
REF/ A/ DESC: DOC/ COVNAVAI RFOR/ 08JUN2009/ /

REF/ B/ DESC. DOC/ COVNAVAI RSYSCOM 28APR2009/ /

REF/ C/ DESC: DOC/ COVNAVAI RSYSCOM 17MAR2009/ /

REF/ D/ DESC. DOC/ COVNAVAI RSYSCOM 05SEP2008/ /

REF/ E/ DESC: NA Al- H60BB- NFM 000/ COVNAVAI RSYSCOM 01APR2008/ /
REF/ F/ DESC. NA Al- H60BB- NFM 500/ COVNAVAI RSYSCOM 01APR2008/ /
REF/ G/ DESC. NA Al- H60BB- NFM 700/ COVNAVAI RSYSCOM 01APR2008/ /
REF/ H DESC: NA Al- H60BB- NFM 800/ COMNAVAI RSYSCOM 01APR2008/ /
NARR/ REF A | S SH 60B COG COMVAND CONCURRENCE.

REF B | S Al RS NATOPS- 2009- 059.

REF C I S Al RS NATOPS- 2009- 051.

REF D IS AI RS NATOPS- 2008- 136.

REF E IS SH 60B NATOPS FLI GHT MANUAL ( NFM .

REF F IS SH 60B NATOPS PI LOTS POCKET CHECKLI ST (PPCL).

REF G IS SH 60B NATOPS FUNCTI ONAL CHECKFLI GHT CHECKLI ST (FCFCL).
REF H IS SH 60B NATOPS Al RCREW POCKET CHECKLI ST (APCL).//

GENTEXT/ REMARKS/ 1. THI'S MESSAGE | S | SSUED | N RESPONSE TO REFS A, B, C,
AND D. THI'S MESSAGE | SSUES | NTERI M CHANGE (1 C) NUMBER 69 TO REF E, |
NUMBER 63 TO REF F, | C NUMBER 22 TO REF G, AND | C NUMBER 11 TO REF H.
2. SUWMVARY.

A. THI S MESSAGE ADDRESSES CHANGES TO THE AUTOROTATI ON RPM
CORRECTI ON CHART I N REFS E AND G, AND TO THE SONOBUOY
LOADOUT QUI CK M X TABLE I N REF H.

B. THI S MESSAGE ALSO RE-| SSUES THE TI EDOAN REQUI REMENTS | C
CONTENT RELEASED VI A DTG 202002Z MAR 2009 TO THE POST
CONFERENCE REVI SI ON PUBLI CATI ONS.

C. REPLACEMENT PAGES CONTAI NI NG THESE CHANGES FOR DOMLOADI NG
AND | NSERTI ON | NTO REFS E THROUGH H W LL BE ATTACHED TO
THI'S | NTERI M CHANGE MESSAGE WHEN | T IS POSTED ON THE NATEC AND
NATOPS WEBSI TES (SEE LAST PARA BELOW .

3. THESE CHANGES | MPACT THE FOLLON NG NATOPS CHECK LI STS. THE

REPLACEMENT PAGE PACKAGE | NCLUDES THE FOLLOW NG PAGES:

A. REF E (SH 60B NFM -000) PAGES 5/ (6 BLANK), [3-17) 18, [7-1] 2,
7-21/22, 7-31/32, [7-57) 58, [8-15/[16], [10-13] 14, [10-33F 34, 10- 67,
AND 10- 68.

REF F (SH 60B PPCL -500) PAGES B/ (C BLANK), 11, 12, 29, 30,
33, 34, 45, 46, 223, AND 224.

REF G (SH 60B FCFCL -700) PAGES TITLE, A, B/ (C BLANK),

1-19/ 20, 1-45/46, 1-89/(1-90 BLANK), 2-4/5, AND 2-12.

REF H (SH 60B APCL -800) PAGES B/ (C BLANK) AND 69 THROUGH 70B.
TO ENSURE THE PDF PAGES PRI NT TO SCALE: SELECT PRI NT

w

mo O

NAVAI R 262003Z AUG 09 Page 1 of 2 Al- Ho0BB- NFM 000 | C 69
Al- HGOBB- NFM 500 | C 63
Al- HGOBB- NFM 700 | C 22
Al- H60BB- NFM- 800 1 C 11



AND VI EW NG PRI NT SETUP W NDOW ENSURE "NONE" | S
SELECTED IN THE PAGE SCALI NG DROPDOWN.

4. PO NTS OF CONTACT:

A

B.

SH 60B NATOPS PROGRAM MANAGER LT JAKE HAFF, HSL-40, TEL DSN
960- 6332, OR COWM (904) 270- 6332 X222, MAI L: JAKE. L. HAFF1L@AVY. M L.
NAVAI R PCCS:
(1) MARTY SCANLON, NATOPS | C COORDI NATOR, TEL DSN 757- 6045
OR COWM (301) 757-6045, EMAIL: MARTI N. SCANLON@NAVY. M L
(2) LCDR WADE HARRI'S, AIR-4.1.1.2, |N SERVICE H 60 CLASS DESK,
DSN757- 53430R(301) 757- 5343, EMAI L: BENJAM N. W HARRI S@VAVY. M L.
(3) KRISTIN SWFT, 4.0P NATOPS CH EF ENG NEER TEL DSN 995- 4193
OR COWM (301) 995-4193, EMAIL: KRI STI N. SW FT@AVY. M L.
(4) LCDR BEN KELSEY, 4.0P NATOPS OFFI CER, DSN 995- 2502,
COM 301- 995- 2505, EMAI L: BEN. KELSEY@AVY. M L.
(5) Al RWORTHI NESS GLOBAL CUSTOVER SUPPORT TEAM (301) 757- 0187,
EMAI L Al RAORTHI NESS@NAVY. M L.

5. OTHER RENARKS:

A

D.
BT
#0001
NNNN

THI'S MESSAGE W LL BE POSTED ON THE Al RAORTHI NESS VEBSI TE,
HTTPS: Al RWORTHI NESS. NAVAI R. NAVY. ML WTH N 48 HOURS OF

RELEASE. | NTERI M CHANGES MAY BE FOUND | N TWO PLACES ON

THE WVEBSI TE:

(1) IN THE NATOPS LI BRARY SORTED BY Al RCRAFT PLATFORM AND

TNS.

(2) IN AIRS, SEARCH BY AIRS NUMBER FOUND | N REF B ABOVE.

THI S MESSAGE W LL ADDI TI ONALLY BE POSTED ON THE NATEC

VEBSI TE, WAWV MYNATEC. NAVY. M L. IF THE | C MESSAGE | NCLUDES
REPLACEMENT PAGES, THEY WLL BE PLACED W TH N THE MANUAL AND
REPLACED PAGES DELETED. |F UNABLE TO VIEW TH S MESSAGE ON El THER
THE Al RMORTHI NESS OR NATEC WEBSI TES, | NFORM THE NATOPS GLOBAL
CUSTOMER SUPPORT TEAM AT (301) 342-3276, DSN 342-3276, OR BY
EVAI L AT NATOPS@NAVY. M L.

I NFORVATI ON REGARDI NG THE Al RAORTHI NESS PROCESS, | NCLUDI NG

A LI STING OF ALL CURRENT | NTERI M FLI GHT CLEARANCES, NATOPS

AND NATI P PRODUCTS | SSUED BY NAVAI R 4. 0P, CAN BE FOUND AT

OUR VEBSI TE: HTTPS: ( SLASH) ( SLASH) Al RAWORTHI NESS. NAVAI R. NAVY. M L.
EPONER FOLDER | D 847995, TRACKI NG NUMBER 32776.//

Ben Kel sey, NATOPS Officer, 4.0P, 08/27/2009
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Summary of Applicable Technical Directives

Information relating to the following recent technical directives has been incorporated into this manual.

CHANGE DATE INC.
NUMBER DESCRIPTION IN MANUAL VISUAL IDENTIFICATION
AYC 1345 MISSION FLEXIBILITY KIT, 20 Dec 2005

Incorporation of; (RAMEC CHPT

33-03).

Information relating to the following applicable technical directives will be incorporated in a future change.

CHANGE
NUMBER

DESCRIPTION

DATE INC.
IN MANUAL

VISUAL IDENTIFICATION

7/(8 blank)
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RECORD OF CHANGES

Record entry and page count verification for each printed change and erratum:

Change No. and Date of Change

Date of Entry

Page Count Verified by
(Signature)

9/(10 blank)

ORIGINAL
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LIST OF EFFECTIVE PAGES

Effective Page Numbers Effective Page Numbers
Pages Pages
Original 1 (Reverse Blank) Original 65 (Reverse Blank)
Original |3 (Reverse Blank) Original ~ |13-1 thru 13-3 (Reverse Blank)
Original  [5 (Reverse Blank) Original  |14-1 thru 14-9 (Reverse Blank)
Original |7 (Reverse Blank) Original 67 (Reverse Blank)
Original 9 (Reverse Blank) Original 15-1 thru 15-44
Orfg!nal 11 (Reverse Blank) Original 16-1 thru 16-24
Original 13 thru 41 (Reverse Blank) Original 69 (Reverse Blank)
Original 43 thru 53 (Reverse Blank) Original 17-1 (Reverse Blank)
Original 55 (Reverse Blank) Or'g'nal 18-1 (Reverse Blank)
igi - Vi
Original 1-1 thru 1-14
Original 2.1 thru 2-144 Original 71 (Reverse Blank)
Original 3-1 thru 3-20 Original 19-1 thru 19-8
Original  |4-1 thru 4-17 (Reverse Blank) Original 173 (Reverse Blank)
Original 57 (Reverse Blank) Original 20-1 thru 20-29 (Reverse Blank)
Original  |5-1 thru 5-7 (Reverse Blank) Original |75 (Reverse Blank)
Original |59 (Reverse Blank) Original ~ |21-1 (Reverse Blank)
Original 6-1 thru 6-10 Original 22-1 thru 22-11 (Reverse Blank)
Original 7-1 thru 7-95 (Reverse Blank) Original 23-1 thru 23-6
Original 8-1 thru 8-38 Original 24-1 thru 24-2
Original  [9-1 thru 9-63 (Reverse Blank) Original  |25-1 thru 25-5 (Reverse Blank)
Original - 110-1 thru 10-68 Original  [26-1 thru 26-2
gr!g!na: ii ;Ri"erlsf ZB(')a”k) Original ~ |27-1 thru 27-8
-1t - -

r!gfna u Original 28-1 thru 28-25 (Reverse Blank)
Original 63 (Reverse Blank) Original Index-1 thru Index-37 (R
Original  |[12-1 thru 12-101 (Reverse figinal | Index1 thru Index-37 (Reverse

Blank) Blank)

11/(12 blank)
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NATOPS Flight Manual
SH-60B

CONTENTS
Page
No.
PART | — THE AIRCRAFT
CHAPTER 1 — GENERAL DESCRIPTION
11 THE HELICOPTER . .. o e e 1-1
12 DIMENSIONS .. 1-1
13 THEENGINES . . .. e 1-4
14 GENERAL ARRANGEMENT . ... e 1-4
141 EXterior Arrangement . .. ... ... 1-4
142 INterior Arangement . . ... ...t e e 1-5
15 MISSION OVERVIEW . . e e 1-5
151 Primary MiSSIONS .. ...t 1-8
152 SECONAArY MISSIONS . . . .ottt et e e e 1-8
CHAPTER 2 — SYSTEMS
21 POWERPLANT SYSTEMSAND RELATED SYSTEMS . ........... ...t 2-1
211 ENgiNe .. 2-1
212 Engine Control System ... ... 2-6
213 Engine Electrical System . ... 2-10
214 Engine Operation SUMMAEIY . . .. ..ottt e e 2-13
215 Engine Oil System . . ... 2-13
216 Oil Temperature and Pressure Monitoring System ... ... 2-15
217 Engine Start System . ... .. 2-15
218 Engineand Inlet Anti-lce System ... ... 2-16
219 Engine Parameter SENSING . . . . ..o et 2-19
2.1.10 ENgine INSIIUMENtS . . . ... o 2-20
2.2 ROTOR SY STEMS .o 2-23
221 Main ROtOr SyStemM . ... 2-23
222 Tall ROIOr SYStamM . .o 2-27
223 Rotor Brake System . ... . 2-28

13 ORIGINAL
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2.3

231
232
233
234
235
2.3.6
2.3.7
2.3.8
239

24

24.1
24.2
24.3
24.4
245
2.4.6

2.5

251
252
253
254
255

2.6

26.1
2.6.2
2.6.3
264
2.6.5
2.6.6

2.7
27.1
2.7.2

2.8

281
2.8.2
283
284

ORIGINAL

Page
No.
TRANSMISSION SYSTEM ..o e e 2-30
Main TranNSMISSION . .. ..ottt et e e e e e e e e e e 2-30
Intermediate GearboxX . ... ... . 2-33
Tall GearbOX . .o 2-33
Main Transmission Lubrication System . ... 2-33
TransSMISSION GaUGES . . . . .. vttt ettt e e e e 2-33
Transmission Chip Detector System . ... 2-34
Intermediate and Tail Gearbox Chip/Temperature Systems . ...................... 2-34
Chip-Detector Caution Lights Self-Test . ... 2-34
Main Gearbox Vibrations .. ......... .. 2-34
FUEL SY STEM . . e e e e 2-36
Main Fuel Supply Operation . . ...t 2-36
Main Tanks Fuel Quantity System . ... 2-39
FUEl DUMD Sy St . e 2-39
Single-Point Pressure Refueling System . . ... ..o 2-40
Auxiliary FUEl System . ... .o 2-45
Externa Tank JEttiSON .. .. ..ot 2-47
AUXILIARY POWERUNIT SYSTEM . ... 2-47
APU L 2-47
APU ACCESSOMIES . . o oottt ettt e e e e e e e e e e e e e 2-47
APU CONtrolS ... 2-47
APU Control and Monitoring . . .......oui e 2-47
APU Start System . ... 2-49
ELECTRICAL SYSTEM .. e 2-49
AC Electrical System . ... 2-49
AC BUS TIE S S oM . . .ottt e e e 2-54
DCEleCtrical System .. ... 2-54
DC BUS TIE Sy S oM . . .ottt e e e e e 2-55
Circuit Breaker Panels . . .. ... 2-56
Utility and Test Receptacles . ... ..o e 2-65
LIGHTING ..o e e e 2-65
EXterior LIghting . . ... ..ot 2-65
INterior Lighting . ... ..ot 2-66
HYDRAULIC SYSTEMS .. e 2-68
HydraulicPumpModules . ... .. . 2-73
Transfer MOAUIES . . . . . oo 2-74
Primary Servo Shutoff . ... ... 2-75
Hydraulic Leak-Detection/Isolation (LDI) System . ..., 2-75
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29

291
29.2
293
294

2.10
2101
2.10.2

211
2111
211.2

212

2121
212.2
2123

2.13
2131
2.13.2

214

2.15
2151

2.16

217
217.1
2.17.2

2.18

2.18.1
2.18.2
2.18.3
2184
2.185
2.18.6

2.19

2191
2.19.2
2193

FLIGHT CONTROL SYSTEM
Mechanical Control System
Flight Control Servo Systems
Automatic Flight Control System (AFCYS)
Stability Augmentation System

LANDINGGEAR ...t
MainLandingGear .....................
Tall LandingGear ......................

RAST SYSTEM ... .. ..
RAST Control Pandl Indicators
ManRASTProbe......................

FLIGHT INSTRUMENTS
Pitot StaticSystem .....................
Radar Altimeter, AN/APN-194
Miscellaneous Flight Instruments

WARNING, CAUTION, AND ADVISORIES

Master Warning System

Caution/Advisory Light System
FIRE-DETECTION SYSTEM

ENGINE/APU FIRE-EXTINGUISHING SYSTEM
Fire-Extinguishing System, Impact Switch Operation

ENTRANCE AND EGRESS

ENVIRONMENTAL CONTROL SYSTEM
ECSControl Panel .....................
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LIST OF ABBREVIATIONS/ACRONYMS

A
A/A. Air-to-air.

A/C. Aircraft.
AC. Alternating current.
ACIP. Armament control-indicator panel.

ACP. Audio converter processor.

ACRT. Armament controller receiver-transmitter.

ACS. Air capable ship.
ADB. Aircraft discrepancy book.
ADF. Automatic direction finder.

ADHEELS. Advanced helicopter
emergency egress lighting system.

ADIZ. Air defense identification zone.

ADS. Anayzer detection set.

AF.  Adaptability/flexibility.

AFCS. Automatic flight control system.
AGB. Accessory gear box.

AGCA. Attitude gyroscope control assembly.
AGL. Aboveground level.

AH SDC. Armed helo signal data converter.
AHS. Armed helo system.

Al.  Attitude indicator.

ANI. Assistant NATOPS Instructor.
AOA. Angleof attack.
AOP. Avionics operational program.
APU. Auxiliary power unit.

ARA. Armament relay assembly.
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AS. Assertiveness.

ASDC. Armament signal data converter.
ASE. Aircraft survivability equipment.
ASST. Anti-ship surveillance and targeting.
ASuUW. Anti-surface warfare.

ASW. Anti-submarine warfare.

ATABS. Automated track and balance set.
ATF. Aircraft torque factor.

ATO. Airbornetactical officer.

AVT. Automatic video tracker.

B
BARALT. Barometric atimeter.

BDHI. Bearing-distance-heading indicator.
BHA. Battle hit assessment.

BIDS. Bridgeindication display system.
BIM®. Blade Inspection Method.

BIT. Built-in-test.

BITE. Built-in test equipment.

BRC. Baserecovery course.

BRKE. Brake.

BRU. Bomb rack unit.

C
C2W. Command and control warfare.
C3. Command, control and communications.
CAD. Cartridge activated device.
CAL. Confined arealanding.

CASEVAC. Casualty evacuation.
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CATCC. Carier air traffic control center.
CATM. Captiveair training missile.
CB. Circuit bresker.

CCA. Carier controlled approach.
CCM. Counter-countermeasures.
CCR. Closed-circuit refueling.

CDU. Central display unit.

CFIT. Controlled flight into terrain.
cg. Center of gravity.

CHAL. Challenge.

CHAL CC. Challenge correct code.
CHAN. Channel.

CIC. Combat information center.
CIG. Missilecloud ceiling.

CM. Communication.

COMREL. Communications relay.
COMSEC. Communications security.
CONREP. Connected replenishment.
CPU. Central processing unit.

CRM. Crew resource management.
CRP. Contingency range power.
CRRC. Combat rubber raiding craft.
CSAR. Combat search and rescue.
CSCG. Communication system control group.

D
DA. Density atitude.

DAFCS. Digital automatic flight control system.

DAME. Distance azimuth measuring equipment.
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DC. Direct current.

DFG. Directional finding group, ARA-50.
DECR. Decrease.

DECU. Digita €electrical control unit.
DESU. Digita electronic sequence unit.
DLQ. Deck landing qualification.

DM. Decision making.

DME. Distance measuring equipment.
DNA. Designated Naval Aviator.

DSP. Droop stop pounding.

E
ECA. Electronic control amplifier.

ECS. Environmental control system.
ECU. Electrical control unit.

EHE. Estimated horizontal error.

ELT. Emergency locator transmitter.
ELVA. Emergency low visibility approach.
EMCON. Emissions control.

EMI. Electromagnetic interference.

EOD. Explosive ordnance disposal.

EOT. Element-on-time; Blade de-ice system.
ESM. Electronic support measures.

ESP. Enhanced survivabhility package.
ESU. Electronic sequence unit; APU.
ETF. Enginetorgue factor.

EW. Electronic warfare.

F
FCP. Functional Checkflight Pilot.

FD. Freedeck.
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FDD. Flight deck director. HFS. Hellfire system.
FHS. FLIR hellfire system. HIFR. Helicopter in-flight refueling.
FLIR. Forward-looking infrared. HIGE. Hover in ground effect.

FMCP. Fuel management control panel. HIT.  Hedlth indicator test.

FOD. Foreign object damage. HMU. Hydromechanical unit.

_ _ HOGE. Hover out of ground effect.
FOV. Field of view.

HRS. Horizon reference system.
fpm. Feet per minute.
HTW. Helicopter threat warning.

fps. Feet per second.
|

FRS. Fleet replacement squadron. IAS. Indicated air speed.
FSIl.  Fuel systemicing inhibitor. IB. Interconnecting box.
FTP. Fly-to-point. ICS. Intercommunication system.
G IDECU. Improved digital electrical control unit.
GCA. Ground controlled approach. IFF. Identification friend or foe.
GCU. Generator control unit. IFOBRL. In-flight operable bomb rack lock.

GPS. Globa positioning system. IFR. Instrument flight rules.

GRP. Grid reference point. IGE. In ground effect.

H IGV. Inlet guide vanes.

H2P. Helicopter Second Pilot. IHEELS. Individua helicopter emergency egress
lighting system.

HABD.  Helicopter air breathing device. IMC. Instrument meteorological conditions.

HAC. Helicopter aircraft commander. INCR. Increase.

HARS. Heading attitude reference system. IPL. Initial program load.

HATS. Hover attack torpedo shot. IPS. Inlet particle separator.
HCU. Hand control unit. IRCM. Infrared countermeasures.

HCO. Helicopter control officer. IRP.  Intermediate range power.

HEELS. Helicopter emergency egress lighting ISD. Integrated self-defense.
system. ISO. Instructor Sensor Operator.

HF. High frequency. ITO. Instrument takeoff.
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JETT. Jettison.
JSO. Journeyman Sensor Operator.

K
KGS. Khnots ground speed.

KIAS. Knotsindicated airspeed.

L
LD. Leadership.

LDI. Leak detection/isolation.

LDS. Loaddemand spindle.

LEP. Laser eye protection.
LHEP. Left hand extended pylon.
LPU.

Life preserver unit.

LRD. Laser range-finder and designator.

LSE. Landing signalman, enlisted.
LSO. Landing safety officer.
LTCH. Latch.

LTE. Lossof tal rotor effectiveness.
LVDT. Linear variable displacement transducer.

LZ. Landing zone.

MA. Mission analysis.
MAD. Magnetic anomaly detector.
MAF. Maintenance action form.
MAP. Missed approach point.
MAR. Mission avionics rack.

MARS. Mobileaircrew restraint system.

MEDEVAC. Medica evacuation.
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MLA. Misslelauncher assembly.

MLM. Marinelocation marker (smoke marker).
MPD. Multipurpose display.

MR. Main rotor.

MRC. Maintenance requirement card.

MSO. Master Sensor Operator.

MTMU. Magnetic tape memory unit.

MWS. Missile warning system.

N

NATIP. Naval Aviation Technical
Information Product.

NATOPS. Nava Air Training and
Operating Procedures Standardization.

NAVAIDS. Navigation aids.

Ng. Gasgenerator turbine speed.

NHC. NATO high capacity.

NI.  NATOPS Instructor.

NOE. Nap of the earth.

NOTAM. Notice to airman.

Np. Power turbine speed.

N;. Main rotor speed.

NSFS. Naval surfacefire support.

NSIU. Navigation switching interface unit.
NS-TL. Nose-tail.

NSV. Non synchronous vibrations.

NSW. Naval specia warfare.

NTRP. Nava Technical Reference Procedures.

NTTP. Navy Tactics, Techniques, and Procedures.

NVD. Night vision device.
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OAT. Outside air temperature.

ODV. Overspeed drain valve.
OEIl. Oneengineinoperative.
OFT. Operational flight trainer.
OGE. Out of ground effect.
OLS. Optical landing system.
OOD. Officer of the deck.

ORIDE. Override.

ORM. Operational risk management.

ORT. Operational readiness test.
OTH. Over the horizon.
OTPI. On-top position indicator.

P

P3. Compressor discharge pressure.
PA. Pressure dtitude.

PAC. Pilot at the controls.

PAS. Power available spindle.
PBA. Pitch bias actuator.

PCL. Power control lever.

PCR. Pitch change rod.

PDB. Power distribution box.

PDI. Pressuredifferential indicator.
PDU. Pilot display unit.

PIC. Pilot in command.

PIM. Pulseinterval modulation.
PIO. Pilot induced oscillations.

PNAC. Pilot not at the controls.
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PPH. Pounds per hour.

PPS. Precise positioning system.
PQM. Pilot Qualified in Model.
PRF. Pulse repetition frequency.
PRI. Pulserepetition interval.

PTT. Pushto talk.

RA. Recovery assist.
RADALT. Radar altimeter.

RAST. Recovery assist, secure and
traverse system.

RAWS. Radar atimeter warning system.
RDP. Radar data processor.

RF. Radio frequency.

RLQ. RAST landing qualification.
RNS. Radar navigation system.

RSC. Remote switching console.

RSD. Rapid securing device.

R/T. Receiver/transmitter.

RTR. Rotor.

S
SA. Spectrum analyzer.

SAC. Standard airborne computer.
SAD. Safe/arm device.

SAR. Search and rescue.

SAS. Stability augmentation system.
SCA. Sef-contained approach.
SDC. Signal data converter.

SDLM. Standard depot level maintenance.
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SGSI. Stabilized glide slope indicator.
SIF.  Selective identification feature.
SLC. Sonobuoy launch container.
SLEP. Servicelife extension program.

SO. Sensor operator.

SPIE. Specia purpose insertion extraction.

SPS. Standard precisioning system.
SRT. Standard rate turn.

STR. Specification torque ratio.
SUS. Signa underwater sound.
SUW. Surface warfare.

T

To. Compressor inlet temperature.
TAS. Trueair speed.

TDI. Transient droop improvment.
TERF. Terrain flight.

TFO. Temporary flight orders.

TGT. Turbine gastemperature.

TGT REF. Turbine gas temperature reference.

TGW. Tail guide winch.

THP. Tape handling package.
TR. Torqueratio.

TRQ. Torque.

TRQ ADJ. Torque adjusted.
TRQ MEAS. Torque measured.
TRVS. Traverse.

TST. Test.
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TTV. Target torque value.

TU. Turret unit (infrared laser
receiver-transmitter-converter).

U
UL. Unlock.

USW. Underseawarfare.

Vv
VATS. Vibration analysistesting system.

VCR. Video cassette recorder.

Vd. Doppler-measured drift velocity, lateral.
VERTREP. Vertical replenishment.

VG. Variable geometry.

V. Doppler-measured velocity in the direction of
aircraft heading, longitudinal.

VIDS. Vertical instrument display system.

VIDS/MAF. Visud discrepancy system/maintenance
action form

VLA. Vertical launch assembly; visual landing aid.
VMC. Visual meteorological conditions.

VNT. Vent.

VSI. Vertical speed indicator.

VSR. Voltage sensor relay.

Vz. Doppler-measured vertical velocity.

W
WCA. Warning/caution/advisory.

WST. Weapon system trainer.

WPN. Weapon.

WPS. Waveguide pressurization system.
WOW. Weight-on-wheels.

X
XFD. Crossfeed.
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PREFACE

SCOPE

This NATOPS manual is issued by the authority of the Chief of Naval Operations and under the direction of
Commander, Naval Air Systems Command in conjunction with the Naval Air Training and Operating Procedures
Standardization (NATOPS) program. It provides the best available operating instructions for most circumstances,
but no manual isasubstitute for sound judgment. Operational necessity may require modification of the procedures
contained herein. Read thismanual from cover to cover. It’syour responsibility to have acomplete knowledge of its
contents.

APPLICABLE PUBLICATIONS
The following applicable publications complement this manual:

NTRP 3-22.2-SH60B (NATIP)

NTRP 3-22.4-SH60B (NATIP)

NTTP 3-22.5-ASW (ASW Tactical Pocket Guide)

NAVAIR A1-H60BB-NFM-500 (Pilot’s Pocket Checklist)
NAVAIR A1-H60BB-NFM-700 (Functional Checkflight Checklist)
NAVAIR A1-H60BB-NFM-800 (Aircrew Pocket Checklist)

HOW TO GET COPIES

Additional copiesof thismanual and changesthereto may be procured through thelocal supply system from NAVICP
Philadelphia via DAAS in accordance with NAVSUP P-409 (MILSTRIP/MILSTRAP), or a requisition can be
submitted to Naval Supply Systems Command via the Nava Logistics Library (NLL) website,
www.nll.navsup.navy.mil. This publication is also available to view and download from the NATEC website,
www.hatec.navy.mil.

AUTOMATIC DISTRIBUTION (with Updates)

This publication and changes to it are automatically sent to activities that are established on the Automatic
Distribution Requirements List (ADRL) maintained by Naval Air Technical Data and Engineering Service
Command (NATEC), in San Diego, CA. If thereis continuing need for this publication, each activity’s Centra
Technical Publication Librarian must coordinate with the NATOPS Model Manager of this publication to ensure
appropriate numbers of this and associated derivative manuas are included in the automatic mailing of updates to
this publication.

Note

Activities not coordinating with the NATOPS Model Manager unit for
more than 12 months may be dropped from distribution.

UPDATING THE MANUAL

To ensure that the manual contains the latest procedures and information, NATOPS review conferences are held in
accordance with the current OPNAVINST 3710.7 series.
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CHANGE RECOMMENDATIONS

Recommended changes to this manual or other NATOPS publications may be submitted by anyone in accordance
with OPNAVINST 3710.7 series.

Change recommendations of any nature, (URGENT/PRIORITY/ROUTINE) should be submitted directly to the
Model Manager via the NATOPS website (https://natops.navair.navy.mil) and the AIRS (Airworthiness Issue
Resolution System) database. The AIRS isan application that allows the Model Manager and the NATOPS Office,
Naval Air Systems Command (NAVAIR) AIR-4.0P to track al change recommendations with regardsto NATOPS
products. The Model Manager will be automatically notified viaemail when anew recommendation is submitted.
A classified side of the website is available to submit classified information viathe SIPRNET.

The address of the Model Manager of this aircraft/publication is:

Commanding Officer

ATTN: SH-60B NATOPS Model Manager
HSL-40

P.O. Box 280118

Jacksonville, FL 32228-0118

Commercial 904-270-6322 x222
DSN 960-6332 x222

YOUR RESPONSIBILITY

NATOPS manuals are kept current through an active manual change program. Any corrections, additions, or
constructive suggestions for improvement of its contents should be submitted by urgent, priority or routine change
recommendations, as appropriate.

NATOPS FLIGHT MANUAL INTERIM CHANGES

Interim changes are changes or corrections to NATOPS manuals promulgated by CNO or COMNAVAIRSY SCOM.
Interim changes are issued either as printed pages, or as anaval message. The Interim Change Summary page is
provided asarecord of all interim changes. Upon receipt of achange or revision, the custodian of the manual should
check the updated Interim Change Summary to ascertain that al outstanding interim changes have been either
incorporated or canceled; those not incorporated shall be recorded as outstanding in the section provided.

CHANGE SYMBOLS

Revisedtextisindicated by ablack vertical linein either margin of thepage, likethe oneprinted next to thisparagraph.
The change symbol shows where there has been a change. The change might be material added or information
restated. A change symbol in the margin by the chapter number and title indicates a new or completely revised
chapter.
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WARNINGS, CAUTIONS, AND NOTES
The following definitions apply to WARNINGs, CAUTIONSs, and Notes found throughout the manual .

‘ WARNING I

An operating procedure, practice, or condition, etc., that may result in
injury or desth, if not carefully observed or followed.

CAUTION

An operating procedure, practice, or condition, etc., that may result in
damage to equipment, if not carefully observed or followed.

Note

An operating procedure, practice, or condition, etc., that is essential to
emphasize.

WORDING

The concept of word usage and intended meaning adhered to in preparing this manual is as follows:

1. “Shall” has been used only when application of aprocedure is mandatory.

Eal S AN

ol

“Should” has been used only when application of a procedure is recommended.
“May” and “need not” have been used only when application of a procedure is optional.

“Will” has been used only to indicate futurity, never to indicate any degree of requirement for application of
aprocedure.

“Land immediately” is self-explanatory.

6. “Land as soon as possible” means land at the first site at which a safe landing can be made.

7. “Land as soon as practical” means extended flight is not recommended. The landing and duration of flightis

at the discretion of the pilot in command.

Note
This manual shall be carried in the aircraft at al times.
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CHAPTER 1

General Description

1.1 THE HELICOPTER

The SH-60B (SEAHAWK) is a single main rotor, twin-engine helicopter, manufactured by United Technologies
Corporation, Sikorsky Aircraft Division. The helicopter has a 20° tractor type canted tail rotor, a controllable
stabilator, conventional fixed landing gear, an external cargo hook, arescue hoist, and bomb racks for carrying and
launching external stores. In addition, it is equipped with a flight-rated auxiliary power unit, a sonobuoy launch
system, an anti-icesystem, afire-extinguishing system, an environmental control system, an automaticflight control
system (AFCS), a single-point pressure refueling system, a helicopter in-flight refueling (HIFR) system, and the
necessary avionics and instrumentation for instrument flight and mission accomplishment. The helicopter designis
compatible with ships equipped with arecovery, assist, securing and traversing (RAST) system, and the main rotor
blades and tail pylon can be folded for storage. In addition, the helicopter can operate from non-RAST equipped
combatants and a variety of other naval ships.

1.2 DIMENSIONS

The overdl aircraft dimensions and clearances (Figure 1-1 and Figure 1-2) are:

Folded length (rotor/tail pylon) . ... .. ... 40ft, 11in
Folded length (rotor/tail pylon) (FHSequipped) . ... e 42 ft, 10in
Rotor folded length (pylon flight position) . ........... . e 53ft, 3in
Length overall (rotorsturning) . . . ... ..ottt e e et e 64 ft, 10in
Fusalage length . ... 50ft,0in
Helght . .o 17ft,0in
Fusalage Width . ... .. e 7ft,9in
Folded Width ... ... 10ft, 7in
Unfolded width (FHS equipped) . ... ..o e 13ft,0in
MaiN TOtOr QIAMEEr . . .ttt e e e e e e 53ft, 8in
Tall TOtOr dIaMIEEr . . ottt e e e e e e 11 ft, 0in
Ground ClEAIaNCE . . . . ..o e e 11.2in
Ground clearance (FHS equIipped) . . . . . ..o ot 11in
Ground totall rotor ClEArANCE . ... oottt e e e e e e 6 ft,8in
TUMNING FAAIUS . . . oo e e e e e e e 41 ft, 7in
ClearanCe for 1800 . . ..ottt 84 ft,0in
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NOTE
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1.3 THE ENGINES

The helicopter is equipped with two T700-GE-401C engines. The T700-GE-401C (Figure 2-1) is afront-drive
turboshaft engine, manufactured by the General Electric Company, Aircraft Engine Group. Some of the features of
theengineincludeanintegral inlet particleseparator and self-contained systemsincorporating modular construction.
At sealevel and 59 °F (15 °C), the T700-GE-401C shaft horsepower ratings are:

Contingency: 2 1/2 MINUEEDUIELION . . . . . . oottt e e e e e 1,940
Intermediate: 30 MINULE DUIALION . .. oottt e et e e e e e e et st it 1,800
Max Continuous: NO LMt . . . ..ot e e e e e e e e e e e e 1,662

1.4 GENERAL ARRANGEMENT

The following subsections describe the exterior and interior arrangements of the aircraft.

1.4.1 Exterior Arrangement

The exterior arrangement of the aircraft is shownin Figure 1-3. Also shown are thelocations of the aircraft antennas.
There are two data link antennas. one forward and one aft on the underside of the aircraft. The search radar antenna
is also located on the underside of the aircraft. Other antennas (UHF/VHF, HF, radar atimeter, TACAN, ESM,
sonobuoy receivers, Doppler, ADF, IFF, and GPS) are located at various points on the helicopter (Figure 1-3).

Theleft inboard, |eft outboard, and right weapon pylons accommodate BRU-14/A weapon/storesracks. Fittingsfor
torpedo parachute release lanyards are located on the fusel age aft of each weapon pylon. Effective on BuNo 162349
and subsequent, the left and right inboard pylons have wiring and tubing provisions for auxiliary fud tanks. All
pylonshavewiring provisionsto accommodatetheMk 50torpedo. A FLIR turret may be mounted on the right hand
pylon or nose mounted bracket. Theleft outboard weapon pylon can accommodate an M 299 L auncher and up to four
AGM-114 Hdllfire missiles, or M36E1 CATMs.

The magnetic anomaly detector (MAD) towed body and reeling machine are mounted on a faired structure that
extends from the forward tail-cone transition section on the right side of the aircraft. It is positioned above and aft
of the right weapon pylon.

The sonobuoy launcher islocated on theleft side of theaircraft, abovetheleft weapon pylon. The sonobuoy launcher
is loaded from ground level outside the aircraft. Sonobuoys are pneumatically launched laterally to the left of the
arcraft.

Theairborne RAST system main probe and external cargo hook are on the bottom fuselage centerline, just aft of the
main rotor centerline.

Fuel service connections, for both gravity and pressurerefueling, arelocated on the left side of the aircraft, aft of the
weapon pylons. Dua -engine waterwash is manifol ded from asingle-point selector valve connector on the left side
of theaircraft above the window of the sensor operator (SO). A connector to service the sonobuoy launcher nitrogen
bottle is located next to the waterwash connector.

Thelong strokes of both main and tail wheel oleosare designed to dissipate high-sink-rate landing energy. Axleand
high-point tiedowns are provided at each main gear. Fuselage attachments are provided above the tail gear for
connection to the RAST tail-guide winch system alowing aircraft maneuvering and straightening aboard ship and
for tail pylon tiedown.
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1.4.2 Interior Arrangement .

Figure 1-4 showsthe cockpit and cabin arrangement. Hinged doors on each side of the cockpit provide normal access
to and from that station. A sliding door on the right side of the fuselage provides access to and from the cabin. The
primary emergency escape routes are:

1. Pilot, right-hand jettisonable window.

2. ATO, left-hand jettisonable window.

3. SO, left-hand jettisonable window.

4. Instructor/passenger, jettisonable cabin door window.

The SO console (Figure 1-4) islocated in the cabin, aswell as provisions for aremovable instructor/passenger sest,
a passenger seat, and alitter.

Figure 1-5 shows a diagram of the pilot compartment. The ATO station is located on the left side of the aircraft
cockpit. It is equipped with, or offers access to, a full complement of aircraft flight controls and instruments.
Figure 1-8 illustrates the pilot and ATO instrument panel.

The overhead console (Figure 1-6), located abovethe pilot and ATO stations, contains aircraft system control panels
involving circuit breakers, console/instrument light controls, external light controls, fire-extinguisher controls,
enginecontrols, and several miscellaneous controls. Thelower console (Figure 1-7) islocated inthe cockpit between
the pilot and ATO stations. It contains the ATO avionics, AFCS, and communications controls. The lower consoleis
accessible by either the ATO or the pilot.

The ATO keyset (Figure 1-7) is located on the lower console. The multipurpose display (MPD) is located on the
instrument panel between the ATO flight instrument panel and a caution/advisory panel (Figure 1-8).

The collective on the ATO side telescopes to alow improved cockpit ingress and egress. In addition, locations are
provided in the cabin for two fire extinguishers, two first aid kits, two canteens, a crash ax, amap case, and abackup
messenger Kit.

The cabin is arranged with the SO station on the left, facing forward (Figure 1-4). Most of the components of the
avionicssystem arephysically located in the SO consol erack, situated aft of the ATO seat, and inthe missionavionics
rack (MAR), situated aft of the pilot seat. Figure 1-9 shows the location of the individual panels on the SO console
and the SO keyset. The SO console contai nsthe necessary controlsand indicatorsfor the SO to perform themissions
of surface warfare (SUW) and undersea warfare (USW).

Totheright of the SO station seat is aseat which accommodates an instructor or apassenger. The primary passenger
sedt isin the instructor seat position during single passenger flights. The hoist controls and hover-trim panel are
located adjacent to the cabin door. The cargo hook hatch is located forward of the RAST probe housing.

1.5 MISSION OVERVIEW

LAMPS isthe acronym for light airborne multipurpose system. The SH-60B helicopter is configured specifically
in responseto the LAMPS requirement of theU.S. Navy. The LAMPS MK 111 system hasbeen designed to the Navy
seacontrol mission. Infulfilling themission, LAMPS MK 111 will encounter athreat that has many dimensions. The
threat encompasses a hostile submarine fleet and missile-equipped surface ships. The system extendsthe search and
attack capabilities of LAMPS MK 111 configured destroyer, frigate, and cruiser platforms, deploying helicopters
directly from these ships.

Theprimary missionsof theLAMPSMK |11 arethose of SUW and USW. Aircraft prior to BuNo 162349 are capable
of theantiship surveillance and targeting (ASST) and USW rolesonly. Effectivewith BuNo 162349 and subsequent,
LAMPSMK 111 Block | aircraft equipped with the FLIR Hellfire system can be used in traditional SUW attack roles.
Secondary missions include search and rescue (SAR), medical evacuation (MEDEVAC), vertical replenishment
(VERTREP), nava surface fire support (NSFS), and communications relay (COMREL). Each of the primary and
secondary missions will be discussed in the following subsections.
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1.5.1 Primary Missions

InaUSW mission, the aircraft is deployed from the parent ship to classify, localize, and possibly attack a suspected
threat that has been detected by the shipboard towed-array sonar, hull-mounted sonar, or by other internal or external
sources.

When used in an SUW mission, the aircraft provides a mobile, elevated platform for observing, identifying, and
localizing threat platforms beyond the parent shipboard radar and/or € ectronic support measure (ESM) horizon. When
asuspected threat is detected, classification and targeting data are provided to the parent ship viathe data link for
surface-to-surface weapon engagement. Hellfire missile equipped aircraft may conduct independent or coordinated
attack, dependent upon the threat and tactical scenario. Refer to NTRP 3-22.4-SH60B for further explanation of
USW and SUW missions.

1.5.2 Secondary Missions

Inthe VERTREP mission, the aircraft is ableto transfer material and personnel between ships, or between ship and
| shore. Refer to Chapter 9.

In the SAR mission, the aircraft is designed to search for and locate a particular target/object/ship or plane and to
rescue personnel using the rescue hoist. Refer to SAR Manual (NWP 3-50 Series), JCS 3-50, SAR TACAID
| A1-SARBA-TAC-000. Refer to Chapter 9.

Inthe MEDEVAC mission, the aircraft providesfor the medical evacuation of ambulatory and litterbound patients.

Inthe COMREL mission, the aircraft serves asareceiver and transmitter relay station for over-the-horizon (OTH)
communications between units. Refer to Chapter 15.

IntheNSFSmission, theaircraft providesaplatform for spotting and controlling naval gunfirefrom either the parent
ship or other units. Refer to NTTP 3-22.5-ASW.
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CHAPTER 2

Systems

2.1 POWERPLANT SYSTEMS AND RELATED SYSTEMS

2.1.1 Engine

The T700-GE-401C engine (Figure 2-1) is a front-drive, turboshaft engine. It consists of five sections: inlet,
compressor, combustor, turbine, and exhaust. The engineincorporates an integral waterwash manifold, inlet particle
separator (1PS), atop-mounted accessory section, an engine-driven fuel boost pump, a hydro-mechanical control
unit (HMU), an improved digital electronic control unit (DECU), a self-contained lubrication system, engine
condition monitoring and diagnostics provisions.

2.1.1.1 Inlet Section

Theinlet section includestheinlet cowling, swirl frame, front frame, main frame, accessory section, and scrol| case.
The waterwash manifold is an integral part of the swirl frame, which aims a series of jets into the compressor inlet
area.

2.1.1.2 Inlet Air Flow

Ambient air first passes through theinlet cowling, theinside of which can be heated with fifth stage bleed air viathe
inlet anti-ice valve, to prevent ice from forming on the engineinlet. Theinlet fairing is also perforated with small
dlits, to alow fifth stage bleed air to hest the exposed inlet surface for anti-icing purposes. Next, the intake airflow
passes through the swirl vanes, which impart rotation to the airflow. The swirl vanes are hollow to permit passage
of fifth stage bleed air viathe engine anti-ice valve for anti-icing purposes.

2.1.1.3 Inlet Particle Separator

The Inlet Particle Separator (1PS) (Figure 2-2) prevents foreign particles from entering the compressor. Therotation
of the airflow, imparted by the swirl vanes, causesthe particlesto bethrown outward into the collection scroll. Prior
to being dumped overboard through the blower assembly, the IPS discharge airflow passes over the scroll vanes,
which are contained in the collection scroll.

Clean air, free of foreign particles, then passes through the de-swirl vanes, which remove the rotation imparted by
the IPS, providing smooth airflow to the compressor.

2.1.1.4 Compressor Section
The compressor section consists of afive-stage axia and a single-stage centrifuga rotor/stator assembly.

2.1.1.5 Combustion Section

The combustion section consists of aflow-through, annular combustion chamber, two igniters, and 12 fuel injectors
that receive fuel viathe Overspeed and Drain Valve (ODV), supplying atomized fuel for combustion.

2.1.1.6 Gas-Generator Turbine

TheNg turbinedrivesthe compressor and accessory gearbox (AGB). Itisatwo-stage, air-cool ed, high-performance
axial design.
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Figure 2-2. Inlet Particle Separator Airflow

2.1.1.7 Power Turbine

The Ny, turbine has two stages that turn the power turbine drive shaft. The shaft is coaxia, turning inside the
gas-generator turbinedrive shaft. It extends through the front of the enginewhereit connectsto the high speed shaft,
whichinturn connectsto theinput module. The power turbineis comprised of the power turbinerotors, power turbine
drive shaft, power turbine case, and exhaust frame. Turbine Gas Temperature (TGT) is sensed between the
gas-generator and power turbine.

2.1.1.8 Engine Airflow

Approximately 30 percent of thetotal airflow through the engineisused for the combustion process. The remainder
is utilized for the following:

1. Compressor inlet temperature (T2) air.
2. Compressor discharge pressure (P3) air.
3. Combustor and turbine cooling.

4. Engine oil seal pressurization.

2.1.1.9 Main Frame and Accessory Section

The main frame contains the oil tank, oil level sight gauge, and accessory gearbox (AGB) supports. The accessory
section mountsto the rear of the main frame at the 12 o’ clock position, above the scroll case. The AGB is driven by
arotor viaaradial drive shaft from the Ng turbine drive shaft. Therear face provides drive pads for the engine starter,
HMU, IPS blower, and overspeed and drain valve (ODV). The front face provides drive pads for the alternator and
engine-driven fuel boost pump. Mounting cavities are provided for the lube and scavenge pump and chip detector.
Face-ported pads are supplied for the oil cooler, fud filter, and oil filter. Cored passagesin the AGB housing convey
fuel and oil between components.
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2.1.2 Engine Control System

The engine control system (Figure 2-3) includes all control units necessary for the proper and complete control of
the engine to maintain a constant Np/N,. The major components are the hydromechanica control unit (HMU),
overspeed and drain valve (ODV), digital eectronic control unit (DECU), an engine-driven alternator, and a series
of fuel flow control valves. Basic system operation is governed through the interaction of the DECU and HMU. In
general, the HMU provides gas-generator control whilethe DECU trimsthe HMU to satisfy the requirements of the
power turbine load and reduce pilot workload. The engine control system functions automatically, with no action
required of the pilot after starting.

2.1.2.1 Engine Control Quadrant

The engine control quadrant (Figure 2-4) consists of two power control levers (PCL), two fuel selectors levers, two
engine T-handles, and arotor brake interlock. A starter button islocated on each PCL. The PCL has four positions
(OFF-IDLE-FLY-LOCKOUT).

Withthe PCL inthe OFF position, the Power Available Spindle (PAS) mechanically shutsoff fuel at the shutoff valve,
within the HMU. Once the PCL is moved to theidle position, the HMU automatically controls start sequence fuel
flow allowing theengineto achieve self-sustaining combustion. Placingthe PCL intheFLY detent setsthemaximum
level of power that could be supplied, if demanded. If the PCL is momentarily advanced to LOCKOUT and then
retarded, the PCL is used to manually control Np and Ng. TGT limiting, N governing, and load sharing functions
aredeactivated and must bemanually controlled. The Ny overspeed protection systemisretainedwhenin LOCKOUT
viaadirect link betweenthe DECU and ODV. To return to automatic engine control, the PCL must bemovedto IDLE,
then returned to FLY.

A solenoid on the quadrant activates amechanical locking device to prevent the PCL s from being advanced above
IDLE withtherotor brakeon. If therotor brakeisrel eased, the solenoid energizes, and unlocksthe PCLs. Anoverride
tab is provided on the quadrant, should the solenoid fail. Thisalows the PCLsto be advanced above ground idle by
pulling down on the override tab.

2.1.2.2 Load Demand System

With the PCL in FLY, the HMU responds to collective position, through a load demand spindle (LDS) to
automatically control engine speed and to provide required power. When the PCL ismoved to LOCKOUT and then
to some intermediate position, the engine will still vary power in response to collective position.

2.1.2.3 Engine Fuel System
The engine fuel system consists of the engine-driven fuel boost pump, fuel filter, HMU, and ODV.

2.1.2.4 Engine-Driven Fuel Boost Pump
The engine-driven fuel boost pump mounted on the forward side of the AGB is designed to:

1. Providereliablesuction feed from theaircraft fuel tank to the engine minimizing vulnerability and fire hazard
in the event of damaged fuel lines.

2. Provide discharge pressure to satisfy the minimum inlet pressure requirement of the HMU or high-pressure
fuel pump.
2.1.2.5 Engine Fuel Filter

Theenginefud filter providesfiltration of solid particulate matter, but does not filter water. Fuel entersthefilter inlet
ports from the engine-driven fuel boost pump and is then routed to the HMU high-pressure fuel pump.

When apressuredifferential acrossthefuel filter issensed, theimpending bypass pressuredifferential indicator (PDI)
extends. The impending bypass PDI cannot be reset until thefilter element and bowl are removed and theindicator
isreset internally. Theelectrical bypass switch is activated by a pressure signal as the bypass valve opens. Oncethe
filter is bypassed, the #1/#2 FUEL FLTR BY PASS caution will appear.
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2.1.2.6 Hydromechanical Control Unit

The Hydromechanical Control Unit (HMU), mounted on the aft center of the AGB, receivesfiltered fuel through a
cored passage. It contains a high-pressure fuel pump, Ng governor, metering valve, linear variable displacement
transducer (LVDT), torque motor servo, variable geometry vane servo, vapor vent, and shutoff valve.

The fuel enters the high-pressure engine-driven pump in the HMU, which provides high pressure fuel for efficient
engine operation. The fuel leaves the pump and passes through the metering valve and shutoff valve, and is then
directed through an external line to the oil-to-fuel heat exchanger. Some fuel is tapped off to operate various servos
in the HMU for the following:

1. Positioning a metering valve to assure proper flow to the engine.
2. Positioning a servo piston that actuates the variable geometry vane servo and start bleed valve.
3. Amplifying various signals (T2, P3, Ng) which influence fuel flow and variable geometry servo position.

2.1.2.7 Inputs to the HMU

TheHMU respondsto two mechanical linkagesfrom the cockpit and oneel ectrical signal. Thefirst mechanical input
from the LDS directly coordinates Ng speeds to the approximate power required by the rotor system based on
collective position. The second mechanical input isthrough the PCL. The position of the PCL manipulatesthe PAS
at theHMU setting the desired power setting. A third inputisin theform of an electrical signal fromthe DECU which
actuates the torque motor servo in the HMU to precisely trim Ng speed for power turbine control and load sharing.

HMU receives cockpit inputs from the collective viathe LDS and the PCL viathe PAS. The HMU responds to the
PCL for:

1. Fud shutoff.
2. Setting engine start fuel flow with automatic acceleration to ground idle.
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3. Setting permissible Ng up to maximum.
4. Fuel priming.
5. DECU override capability (LOCKOUT).

The HMU also responds to T2, P3, and Ng. These inputs aid the HMU in controlling variable stator vanes and
anti-ice/start bleed val ve position during engine start and normal operation, reducing the chance of compressor stall.

2.1.2.8 HMU Operation

The HMU operates as a conventiona gas-generator power control when thereis no input to the torque motor from
the DECU. TheHMU providesfuel scheduling for minimum flow, maximum flow, and variable stator vane control.
Maximum and minimum metering valve stops provide absolute fuel flow limits.

The HMU fuel metering system controls fuel flow to the engine during all operating conditions. Fuel enters the
high-pressure engine-driven fuel pump inthe HMU, which provides adequate high pressure fuel for efficient engine
operation. After fuel leaves the high pressure fuel pump, it is routed to the metering valve. The metering valve
schedulesenginefuel flow commensurateto current power demand and istrimmed to therequired level by thetorque
motor servo in response to DECU signals. The HMU, viathe LV DT, then provides afeedback signal to the DECU
to null thetorque motor servoinput, stabilizing metering val vemovement and preventing engineoscillation/hunting.
Excess fuel isrouted back to the pump inlet.

A nonadjustable topping setting controls maximum Ng during cold ambient operation and maximum TGT in the
event of an electrical control systemfailure. If the Ng servo within the Ng governor reaches aposition, corresponding
to an overspeed, a spring-loaded ball valve ports fuel pressure causing the minimum pressure valve to secure flow
to the engine. The Ng overspeed valveis set to trip at 110 percent +2 percent Ng.

ThePASsetsamaximumavailableNg. PlacingthePCL in FLY allowsNgtoreachasettingthat providesintermediate
power. Collective movement adjusts available Ng to a power level approximately equal to the rotor load demand
power. The actua level of engine power in FLY is normally more than required by the helicopter. This scheduleis
intentionally placed at a higher-than-required power level for two reasons:

1. Fail-safeto high power. The torque motor, when energized, is designed to reduce the schedul e to the desired
power level. Therefore, lossof torquemotor electrical current causesthe schedul etoreturntothe highest power
level. A schedulethat is biased high due to engine electrical failure does not cause power limiting and can be
manually retarded to amore desirable level using the PCL. With all engine protection functionsin the HMU
operational, neither engine damage nor stall can occur during or following loss of electrical signal to thetorque
motor.

2. Power available with one engine inoperative (OEI). In the event of a failure of one engine, the remaining
engine's gas generator can increase power sufficiently up toitslimit (contingency power) to carry the load at
the given LDS setting. A load demand signal isintroduced to the HMU through the LDS. When the LDS s
reduced from its maximum setting by adjusting the collective, the Ng is reset from the PAS setting to provide
immediate and accurate gas generator response. This new Ng setting is trimmed by the DECU to satisfy the
Np governing and load sharing functions.

The HMU provides:

1. Rapid engine transient response through coll ective compensation.
2. Automatic fuel scheduling for engine start.

3. Ng overspeed protection. The HMU mechanically limits Ng to 110 percent +2. If the Ng servo, within the Ng
governor, reaches aposition corresponding to an overspeed acentrifugal valve securesfuel flow to theengine.
Once the overspeed condition has passed, the valve re-opens, alowing normal operation to resume oncethe
engineis primed and restarted.

4. Ng governing. The HMU receives T2, P3, and Ng inputs from their respective sensors, which are used to
schedule fuel for minimum flow, maximum flow, and variable geometry vane control.
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5. Acceleration limiting. The Ng governor ensures any PCL motion will result in safe engine operation and will
not cause engine damage. Except for intentional shutoff of the PCL, an inadvertent shutdown will not occur
during PCL motion.

6. Flameout and compressor stall protection. The HMU adjusts variable-geometry vane position and opensthe
anti-ice/start bleed valve to prevent compressor instability.

2.1.2.9 Overspeed and Drain Valve

When the PCL isadvanced to | DLE during engine start, the shutoff valvein the HM U opens and alows metered fuel
to flow to the Overspeed and Drain Valve (ODV) inlet. The ODV has four main functions:

1. Provides main fuel flow to the 12 fuel injectors during engine start and operation.

2. Purgesthemain fuel manifold overboard, after engine shutdown, through a shutoff and drain valveto prevent
coking of the fuel injectors.

3. Trapsfud upstream, which keepsthe fuel/oil heat exchanger full, so that system priming isnot required prior
to the next start.

4. Returnsfuel back tothe HMU if the N overspeed is energized or if the DECU hot start preventer is activated.
2.1.3 Engine Electrical System

2.1.3.1 Alternator

All essential engine electrical functions are powered by the alternator. The engine contains separate windings
providing AC power to the Ignitor assembly, DECU, and Ng signal to the VIDS.

2.1.3.2 Digital Electronic Control Unit

The Digita Electronic Control Unit (DECU) resets the HMU within acceptable engine limits to maintain Ny
governing while automatically limiting TGT.

TheDECU ismounted bel ow the compressor casing. Theforward face of the DECU projectsinto the collection scroll
case of the IPS whereit is cooled by scavenge airflow. Four connectors provide for interconnection with the other
engine control components, airframe systems, and the diagnostic equipment. The control parameters of the DECU
are:

1. Np sensing (governing).
2. Np overspeed and torque sensing (load sharing, cockpit torque indication, and N, overspeed protection).
3. TGT monitoring (temperature-limiting circuit).
The DECU receives the following inputs from the cockpit:
1. ENGINE SPD TRIM switch.
2. CONTGCY PWR switch.
3. ENG OVERSPEED TEST A and B buttons.
The DECU receives the following input signals from the helicopter:
1. Torque from the other DECU.
2. Np demand.
3. 400-Hz backup power.
4. HMU (LVDT).
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The DECU sends the following signals to the cockpit:

1
2.
3.
4,

Torque.

Np.

TGT.

Contingency power.

2.1.3.3 DECU Operation
During normal operations, the DECU performs the following functions:

1

Np Governing - The Nj, sensor located on the |eft side of the power turbine section provides an Np signal to
the DECU. Actua Npis compared to areference Np to compute aspeed error input signal for usein electrical
control computation.

Np Overspeed Protection - The N, overspeed system is composed of redundant circuits, whichrely on asignal
from the N, overspeed and torque sensor located on theright side of the power turbine section. The overspeed
system is actuated at 120 percent Np. When N, exceeds 120 percent, asigna is sent from the DECU to the
ODV, diverting fuel to theinlet of the HMU, causing engine flameout.

‘ WARNING I

A popped NO. 1ENG OVSPor NO. 2ENG OV SPcircuit breaker shall not
be reset in flight. Resetting apopped NO. 1 or NO. 2 ENG OV SP circuit
breaker may initiate an engineoverspeed signal and resultin enginefailure.

TGT Limiting - Measured TGT is compared to afixed reference. When temperature is above the reference,
a signal is generated to reduce fuel flow. When TGT approaches 851 °C, the DECU prevents any further
increase in fuel flow to the engine. The intermediate range power (IRP) limiter will prevent this at
839 °C %10 °C. If power demand is increased further, Np/N; will droop below 100 percent; N, governing
will be sacrificed to protect the engine against over temperature.

Engine Load Sharing - Torque signals are compared between the two engines via the respective DECUs. A
torqueerror signal isgenerated if oneenginetorqueislessthan the other. Thetorque matching system operates
by increasing power on the lower torque engine, while not directly affecting the higher torque engine.

Engine Speed Trim - An ENG SPD TRIM switch, located on the upper console, with positions INCR and
DECR, controlstheN, of both enginessimultaneously. Thereisnoindividual enginetrim capability. TheENG
SPD TRIM switch supplies areference electrical signd to the DECUs for controlling N, as required between
96 percent and 101 percent Np,

Contingency Power - The TGT limit can be increased by placing the CONTGCY PWR switch on the
collective to the ON position. Thissends asignal to the DECU to allow TGT to increase to 903 °C however;
the maximum contingency range power (CRP) limiter will prevent further increase in fuel flow to the engine
at 891 °C +10 °C. The #1/#2 ENG CONT PWR ON advisories indicate that contingency power has been
selected. Placingthe CONTGCY PWR switchtothe ON position automatical ly deactivatesthe Environmental
Control System (ECYS).

Np Overspeed Test - Thetest modeis activated by the ENG OVERSPEED TEST A and B buttons. When both
switches are actuated, the N, overspeed limit is re-referenced to 96 percent Np. If power turbine speed
decreases when either switch is pressed individually, the opposite test switch may be faulty.

DECU LOCKOUT operation capability - After being moved momentarily to LOCKOUT, the PCL is used
to manualy control Ng and Np. As aresult, engine power is no longer controlled by the DECU; it is set by
PAS and LDS positions only. With the PCL in LOCKOUT the torque motor servo is disabled therefore
deactivating TGT limiting, N governing, and load sharing. The N, overspeed protection system is retained
when in LOCKOUT. To regain automatic engine control, the PCL must be moved to IDLE then returned to
FLY.
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9.

Cockpit Signals - Provides Np, TGT, and torque signals to SDC for cockpit display.

10. Hot Start Prevention - Detects ahot start when TGT exceeds 900 °C with Ng below 60 percent and N below

11.

12.

13.

14.

15.

50 percent and automatically stops fuel flow by tripping the ODV. Fuel flow is restored when TGT either
decreasesto 300 °C or after 25 seconds, whichever occursfirst. Hot start prevention can bedisabled by pressing
and holding the ENG OV SP TEST A or B button for the duration of the start sequence. A self-test of the
hot-start prevention system is performed while conducting a normal N, overspeed system test.

Fault Diagnostic System - The DECU incorporates signa validation for selected input signals within the
electrica control system. Signals are continuously validated when the engine is operating. If a failure has
occurred, the failed component or related circuit will be identified by a pre-selected fault code. It is possible
to have more than one fault code detected and each code should be treated as an individual fault. Fault codes
will bedisplayed numerically ontheenginetorqueindicator. Codes are displayed starting with the lowest code
(4 seconds on and 2 seconds off), rotating through al codes, and then repeating the cycle. They can be
suppressed/recalled by depressing either one of the ENG OV SP TEST buttons. Once the problem has been
corrected, the codes will be cleared and may be verified after operating the engine at FLY. The fault codes
displayed for approximately one minute when the following conditions are met:

a Ng less than 20 percent.

b. Ny less than 35 percent.

c. Other engineis shutdown.

d. Aircraft 400 Hz power is available.

Note

If fault codesarenot suppressed, DAFCS ground checksand bladefold will
be inoperative.

400-Hz airframe backup power capability - DECU functions receive 400-Hz AC power from the aircraft
electrical system in the event of an alternator failure. A failure of either power supply by itself will have no
impact on the DECU’s ability to control the engine.

Transient Droop Improvement (TDI) - The TDI system isdesigned to initiate power turbine accel eration early
by using anticipator signals from the TDI N, sensor located on the left accessory module and a collective
position sensor in the mixing unit. Circuitsin the DECU increasefuel flow to the engine viathe HMU torque
motor servo at |ow torque settingswhen coll ectivedemand i sincreased rapidly or intheevent of rapid N, decay.

Auto Ignition System - When an N overspeed condition is reached and during the N, Overspeed Test, the
overspeed valve located in the ODV is opened to reroute fuel flow to the HMU inlet. When N, drops below
120 percent, the auto ignition system closes the overspeed valve and turns on the igniters for 5 seconds to
relight the engine. The N, overspeed/auto-ignition system will continue cycling until Np/N; is controlled. A
yaw kick may be experienced each time engine relights.

Ng Decay Rate Relight Feature - The auto-ignition system also includes an Ng-decay rate relight feature. If
anengineflamesout for any reason and exceeds aspecified Ng decel eration rate, the auto-ignition system will
turn on the igniters for five secondsin an attempt to relight the engine. The Ng-decay rate relight featureis
disabled below 62 percent Ng.

2.1.3.4 Ignition System

TheAC poweredignition systemincludesanignition exciter unit, mounted ontheright sideof theenginemainframe,
and two igniter plugs. The ENGINE IGNITION switch, |abeled OFF/NORM, is located on the upper console and
serves both engines. When in the NORM position and either starter button depressed, the ignition system operates.
Ignition is automatically shut off after the engine start motor is disengaged at starter dropout speed. In the OFF
position, the system is de-energized, but engine motoring capability remains. Electrical power to theignition exciter
assembly is supplied by the engine-driven aternator during engine start or whenever the auto-ignition feature is
activated.
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2.1.4 Engine Operation Summary

2.1.4.1 Starting and Ground Idle

After engaging the starter, the shutoff valve in the HMU is opened by advancing the PCL to IDLE. Fuel is
automatically scheduled by the HMU to afixed flow at light-off and then an acceleration fuel flow as afunction of
Ng, P3, and T2 toidle. Inidle, fud flow is scheduled automatically. Power turbine speed is not governed with the
PCL in IDLE since the engine will not produce enough power to drive the power turbine to 100 percent.

2.1.4.2 Takeoff and Climb

Before takeoff, the PCL is advanced from IDLE to the FLY detent. This allows the rotor head to accelerate to 100
percent Np/N,. Ng will increase asthe PCL is advanced and will stabilize oncethe N governing speed of 100 percent
is reached.

As collective pitch is increased, the LDS rotates within the HMU, demanding an increase in Ng to maintain 100
percent Np/Ny. The DECUs adjust fuel flow to match torques and trim Np/N; to 100 percent. As Ng increases, the
HMU schedul e closes the anti-ice/start bleed valve, and the variable stator vanes open to increase arflow through
the combustor and turbine. If collectivepitch isincreased significantly, TGT may approach thelimiting value. When
this occurs, the DECU prevents any further increase in fuel flow to the engine. If the power required is increased
further, Np/N; will droop below 100 percent; N governing will be sacrificed to protect the engine against
overtemperature.

2.1.4.3 Cruise and Descent

When collective pitchisreduced, the LDSwill reducefuel flow and Ng. The variable stator vaneswill closeslightly
to optimizefuel consumption and preservestall margin. Upon entering adescent, the same sequence of eventsreduces
Ng to the point that the anti-ice/start bleed valve may begin to open. If the collective is fully lowered (e.g.,
autorotation power-off descent), both engine torque indications drop to zero by intervention of freewheeling units
intheinput modules. Oncethe engines are uncoupled from therotor, N, isfreeto accelerate above 100 percent. Both
engines continue to govern Ny at 100 percent, ready to pick up the rotor load when collective is increased.

2.1.4.4 Summary

The engine control system functions automatically, with no action required of the pilot after starting. The systemis
functionaly split between the HMU and DECU; the HMU provides functions essential to safe engine operation,
while the DECU performs a fine trim to reduce pilot workload.

2.1.5 Engine Oil System

Theengineoil system (Figure 2-5) isasalf-contained, pressurized, recircul ating, dry-sump system. It consists of the
following systems and components:

1. QOil supply and scavenge system.

Qil filter and condition monitoring system.
Oil Tank.

Air/oil cooler (scroll vanes).

Fuel/oil cooler.

Chip detector.

Pressure and temperature indicators.

2.1.5.1 Oil Tank

N o g~ e

Thefiller port islocated on the right side of the engine (Figure 2-1). The oil level isindicated by a sight gauge on
each side of thetank. Dueto the design of thefiller port, over-servicing is not possible. The scavenge pump returns
oil from the sumps and AGB to the oil tank.
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2.1.5.2 Oil Supply and Scavenge System

Qil ispicked up by suction created through the pressure element of the pump. It isthen pressurized and flowsthrough
the ail filter into the passages in the AGB and the six main sump bearings. The engineis designed with two sets of
oil jetsto provide each main bearing with oil for [ubrication and cooling. Thisredundancy providesfor abrief period
of operation following amalfunction or damage that totally interrupts the normal supply of oil. Scavenge oil flows
through the pump inlet, electrical chip detector, fuel/oil cooler, the main frame, scroll vanes, and into the oil tank.
If the oil pressure drops below limits, a caution, marked #1 or #2 ENGINE OIL PRESS will illuminate.

2.1.5.3 Oil Filter

Oil isdischarged from the oil pump and routed to adisposablefilter element. Asthe pressure differentia acrossthe
filter increases, the impending bypass PDI will pop out, providing avisua indication that the filter e ement needs
to be replaced. If the pressure differentia continues to increase, the oil filter bypass sensor switch will activate the
#1/#2 OIL FLTR BYPASS caution, indicating an oil filter bypass. When operating with a partialy clogged filter,
the high-pressure differentia across the filter will cause the bypass valve to open and the caution to appear. The
impending bypass PDI hasathermal |ockout below 38 °C to prevent theindicator from popping during cold-weather
starting.

2.1.5.4 Qil Cooler

Scavengeoil iscooled beforeit returnsto thetank by afuel/oil cooler mounted ontheforward face of the AGB (Figure
2-5). Asoil from the chip detector passes through the oil cooler, it is cooled by transferring heat from the oil to fuel.

After passing through the oil cooler, oil entersthetop of the mainframe, where it flows through the scroll vanesthat
function as an air/ail cooler. This further cools the oil and heats the vanes for full-time anti-icing.

2.1.5.5 Engine Chip Detector

The chip detector consists of ahousing with anintegral magnet and € ectrical connector. Thedetector attractsferrous
metal particles at a primary chip-detecting gap. Chips are detected when this gap isbridged. A signal isthen sent to
the cockpit to illuminate the CHIP #1 ENGINE or CHIP #2 ENGINE caution.

2.1.6 Oil Temperature and Pressure Monitoring System

Engine oil system pressure and temperature sensors are mounted on the | eft forward face of the AGB. These sensors
provideasignal totheVIDSfor oil pressureand temperatureindications. The#1/#2 ENGINE OIL PRESS and #1/#2
ENGINE OIL TEMP cautions are activated by the VIDS.

2.1.7 Engine Start System

Thepneumatic start system (Figure2-6) usesan air turbineenginestart motor for enginestarting. System components
consist of an engine starter, start valve, check valves, controls, and ducting. One of two pneumatic sources may be
selected as the source of air for engine starts: APU or engine crossbleed air.

The AIR SOURCE ECS/START switch is athree-position toggle switch that selects the source of air pressure for
engine start and ECS operation. When the start button is pressed, air from the selected source isdirected through the
start valve to the engine starter. The #1/#2 ENGINE STARTER advisory will go on. The anti-ice/start bleed valve
remains open to reduce backpressure and prevent compressor stall until Ng reaches approximately 90 to 94 percent
(OAT-dependent). The #1/#2 ENG ANTI-ICE ON advisory will remain until the anti-ice/start bleed valve is
energized closed.

Astheenginealternator beginsto turn, it supplieselectrical power to theignition exciter. Ignitionwill continueuntil
starter dropout occurs (52 to 65 percent Ng). Once the starter drops out, the #1/#2 ENGINE STARTER advisory will
disappear. If the starter fails to drop out automatically, it may be disengaged by pulling down on the PCL, pulling
the circuit breaker or removing the air source. A malfunctioning starter may be overridden by manually holding in
the starter button until Ng reaches 52 to 65 percent Ng.
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2.1.7.1 Engine Start, APU

The APU provides bleed air and electrical power for engine starting. The APU will provide pneumatic power for
engine start regardless of AIR SOURCE ECS/START switch position.

2.1.7.2 Engine Start, Crossbleed

Crossbleed engine starts are used when it is desired to start the other engine with the bleed air from the operating
engine. The AIR SOURCE ECS/START switch must be placed to ENG and the operating engine must be a a
minimum of 94 percent Ng or maximum Ng that canbe safely attained. Pressing the starter button will simultaneously
open the start valve on the engine not operating and the crossbleed valve on the operating engine.

2.1.8 Engine and Inlet Anti-Ice System

Theengineand inlet anti-ice system (Figure 2-7). preventsice buildup on the components of theengineinlet section.
The system consists of the engine anti-ice start/bleed valve, mounted to the bottom of the compressor section, an
inlet anti-ice valve and an inlet thermal switch, contained in the engine inlet cowling.

Hot air flow for anti-icing is distributed through two solenoid operated air valves. Both valves are held closed
electrically and controlled by the ENGINE ANTI-ICE and DE-ICE MASTER switcheson the upper console. When
theengineinlet anti-ice valveis de-energized (valve open), bleed air isrouted to aseparate modulating valvein the
engineinlet. When the DEICE MASTER switchisinthe AUTO position, both solenoid valves are controlled by the
ice detector.

There are three ways to anti-ice the engine:

1. Ventbleedair into theengineswirl vanesand engineinlet guidevanes (IGV) by theengine anti-ice/start bleed
valve.
2. Vent bleed air into the airframe engine inlet by the engine inlet anti-ice valve.

3. Continuously pump engine oil through the scroll vanes.

2.1.8.1 Engine Anti-lce/Start Bleed Valve

The engine anti-ice/start bleed val ve provides 5th stage bleed air to the engine with anti-ice selected ON, and opens
during engine starts. The valve remains open bel ow approximately 90 percent N, to prevent compressor instability
during starts. Above approximately 90 percent Ng, the anti-ice/start bleed valve closes, unless anti-ice is selected
on, or theaircraft experiencesaloss of e ectrical power. Thetemporary hang up of theenginevariablegeometry (VG)
system at the anti-ice/start bleed valve may cause engine flameouts at low collective settings. The VG system is
activated by fuel pressurefromthe HMU. To release the VG system quickly from any temporary hang-up condition
whilethe collectiveisfull down, the HM U will schedule maximum fuel flow to the VG actuator creating adiversion
from the scheduled fuel flow to the engine. During these minimum fuel flow regimes, such asautorotations and quick
stops, this diversion may be sufficient to flame out an engine.

A malfunctioning anti-ice/start bleed valve isindicated by any of the following:

1. Hlumination of the ENG ANTI-ICE ON advisory light with above 90 percent Ng or above 94 percent Ng if
OAT is 15° or gresater.

2. Noillumination of the ENG ANTI-ICE ON advisory light when Ng drops below approximately 88 percent
Ng. (Ng may vary on asliding scale depending on OAT).

3. Noillumination of the ENG ANTI-ICE ON advisory light when the ENG ANTI-ICE switchis selected ON.
4. Norisein TGT when ENG ANTI-ICE switch is selected ON.

Note
With ENG ANTI-ICE ON, max torque available is reduced up to 18

percent per engine.
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Figure 2-6. Engine Start Pneumatic/Electrical System, Block Diagram

2.1.8.2 Engine Inlet Anti-Ice Valve

Theengineinlet anti-ice valveis a solenoid-actuated, modulating valve located in the engineinlet cowling. Bleed
air isrouted from the compressor, through the solenoid-actuated inlet anti-icevalve, then routed to theinlet cowling
and inlet fairing.

Theinlet thermal switch, mounted inside theengineinlet cowling, sensestheair temperatureinsidethe cowling. The
NO. 1 or NO. 2 ENG INLET ANTI-ICE advisory will illuminate when bleed air heats the engine inlet to
approximately 93 °C; however, full inlet anti-ice capability may not be available above4 °C and will not beavailable
above 13 °C. Theinlet thermal switch doesnot haveany input into or control over theinlet anti-icevalveor theFreon
bellows.

WiththeNO. 1and NO. 2 ENGINE ANTI-1CE switches OFF, the solenoid isenergized and thevalveis closed. With
the NO. 1 and NO. 2 ENGINE ANTI-ICE switches ON, the engine inlet anti-ice valve is variably open based on
OAT. Withthe NO. 1 and NO. 2 ENGINE ANTI-ICE switches OFF, the DE-ICE MASTER switchin AUTO, and
iceis detected, the engineinlet anti-ice valve is variably open based on OAT.
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Though the engineinlet anti-ice vave may be de-energized open, the release of fifth stage compressor bleed air into
theengineinlet cowling and inlet fairing is ultimately controlled by the Freon-filled bellows, which reacts only to
the ambient temperature. The bellows operates as follows:

1. Lessthan4°C,thevaveisopenandtheENGINLET ANTI-ICE ON advisoriesappear wheninlet temperature
reaches 93 °C.

2. Between 4 °C and 13 °C, the valve is controlled by atemperature compensating Freon-filled bellows. The
bellows begin closing the valve when the OAT reaches 4 °C and should be completely closed by 13 °C.

3. Above 13 °C, thevalveis closed and the ENG INLET ANTI-ICE ON advisories will extinguish when inlet
cowling temperature drops below 93 °C.

‘ WARNING I

IHlumination of the ENG INLET ANTI-ICE ON light when OAT isabove
13 °Cisanindication of afaulty engine inlet anti-ice modulating valve.
The resultant loss of power could be a maximum of 49 percent when the
engine anti-ice system is activated.

2.1.8.3 Engine Oil Circulation Through the Engine Scroll Vanes

An additional method of engine anti-ice protection is provided by the continual circulation of hot engine oil through
the engine scroll vanes. The primary function of this circulation isto cool the hot engine oil providing anti-icing of
themain frame. Theair heated by the scroll vanesis vented overboard through the IPS and does not provide anti-ice
protection to the air entering the compressor section of the engine.

2.1.9 Engine Parameter Sensing

2.1.9.1 Ny and Torque Sensing

Two Np sensors are located on the top of the exhaust frame. The power turbine shaft is equipped with two pairs of
teeth, which induce electrical pulsesin the Ny sensors. These teeth permit measurement of thetorsion or twist of the
shaft, whichis proportional to output torque, by producing apulse of electrical current each time ashaft or reference
tooth passes. The sensors are identical and interchangeable, but serve different functions. The left sensor provides
an Np signal to the DECU (used by the N governing circuitry) and the cockpit vertical instrument. The right sensor
feeds the torque computation circuit and the N, overspeed protection system. The electrical signal, which is
conditioned in the DECU, providesaDC voltage proportional to thetorquefor cockpit indication and use by various
engine subsystems.

2.1.9.2 Ng Sensing
The alternator supplies an Ng signal to the VIDS in the cockpit.

2.1.9.3 N, Sensing

Two sensors are located in the exhaust frame. One sensor provides the Np-governing and tachometer signal to the
ECU. The other sensor feeds the torque computation circuit and the N, overspeed protection system.

2.1.9.4 TGT Sensing

The thermocouple harness consists of seven thermocouples for measuring TGT. The thermocouples are joined in
paralle and provide an average output that is provided to the DECU. The signal isrelayed to the TGT VIDS from
the DECU.

The T700-GE-401C engine TGT signd is biased — 71 °C when the engine dternator is operating (above
approximately 28 percent Ng). The bias allowsthe higher rated T700-GE-401C TGT to be displayed on the VIDS.
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2.1.10 Engine Instruments

2.1.10.1 Vertical Instrument Display System

The VIDS consists of aCDU and two Pilot Display Units (PDU) located on the instrument panel (Figure 1-8). The
system furnishesall of the engineinstrument readoutsin the cockpit, including engine oil temperature and pressure,
TGT, Np, Ng, and torque. In addition, the system supplies instrument readouts for fuel quantity, transmission oil
temperature and pressure, and N, which arediscussed in applicabl e sections. Thesereadings are shown by ascending
and descending columns of multicolored lights (red, yellow, and green) measured against vertical scales. If thegauge
containsred or yellow lights below the green lights, these lights will extinguish when the system indication reaches
the lower green range segment. If the gauge contains yellow or red lights above the green range, the green as well
asthe yellow or red lights will stay illuminated when operating above the green range.

The CDU and PDUs contain photocells which automatically adjust the lighting of the indicators around avariable
level set by the pilot with respect to ambient light level. If any of the three photocells should fail, the lights on the
vertical scales of the PDUs and CDU will go out.

Note

The DIM knob on the CDU has amanual detent which will allow the pilot
to set the lighting level to half intensity.

Two SDCs(Figure 2-8) takeinformation fromtheNO. 1 and NO. 2 engines, Ny, transmission, and fuel quantity. The
NO. 1 SDC receives:

1. NO. 1 enginesensor signals(oil pressure, oil temperature, turbine gas temperature, gas generator tachometer,
torque, power turbine tachometer)

NO. 1 fuel quantity sensor signal
Main rotor speed sensor signal

A WD

NO. 2 engine power turbine tachometer signal
5. NO. 2 engine torque sensor signal.
The NO. 2 SDC receives:

1. NO. 2 engine sensor signals (oil pressure, oil temperature, turbine gas temperature, gas generator tachometer,
torque, power turbine tachometer)

NO. 2 fuel quantity sensor signal

Main rotor speed sensor signal

NO. 1 engine power turbine tachometer signal
NO. 1 engine torque sensor signal

o g &~ WD

Main transmission oil temperature sensor signal
7. Main transmission oil pressure sensor signal.

Within each SDC, the associated sensor signals, except for NO. 1 and NO. 2 fud quantity, main transmission oil
temperature, and main transmission oil pressure, are conditioned to acommon digital format for multiplexing. The
fuel quantity and main transmission sensor signalsare conditioned and multiplexed withinthe CDU. After the sensor
signals have been conditioned and multiplexed, the sensor data is routed to latching circuitsin the CDU and PDU.
Thelatching circuitsretain thelast signal datauntil it istimeto update. During update (twice per second), thelatches
activatelamp driversthat energize miniaturelampson the edge of thedisplay modules. Light from thelampsiscarried
to the display panel face by fiber optic strips, giving visua analog and digital displays corresponding to the level of
the sensed parameter. If either SDC fails, the applicable CHAN light on the CDU will illuminate, the pilot or ATO
PDU will fail, and the corresponding instruments on the CDU will fail.
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Both SDCs receive Np and torque information from both engines as well as N;; therefore, if the NO. 1 SDC fails,
thepilot PDU will have Ny, Np, and torquefor both engines. The SDC receives DC power fromtheNO. 1 and NO. 2
DC primary busesthrough circuit breakers marked NO. 1 and NO. 2 DC INST on the ATO circuit breaker panel and
AC power fromtheNO. 1and NO. 2 AC primary busesthrough circuit breakersmarked NO. 1and NO. 2 ACINST
on the center and the corner circuit breaker panels, respectively.

The following are the controls for the CDU and PDUs (located on the CDU):

1. LAMPTEST. When pressed, all lightson the CDU and the overspeed lights on the PDUswill illuminate, the
digital readouts will display 888, and the 1 CHAN 2 failure lights will illuminate. When released, al lights
and digits return to original readings.

2. DIM. This knob is used to control the intensity of the vertical scales and digits on the CDU and PDUs. It
contains an override switch at the extreme clockwise end of the control range, allowing the pilot to manually
set the CDU and PDUs to half intensity if the auto dim system fails.

3. DIGITS. TheDIGITS Control switch, marked ON and OFF, isused to turn on or off the CDU and PDU digita
readouts.

4. 1 CHAN 2. If afailureis detected in either SDC, the corresponding SDC CHAN 1 or 2 fail light will light.
2.1.10.1.1 Central Display Unit

The CDU contains 12 analog displays, 5 digital displays, and 2 failurelights. The CDU receives signal and power
inputs from both the NO. 1 and the NO. 2 SDC. The multiplexed data signals applied from the SDC to the CDU
contain engine oil temperature, engine oil pressure, TGT, and Ng information and are displayed on the CDU gauge.
These parameters are displayed on the CDU analog scales. The TGT and Ng information is aso displayed on CDU
digital readouts. NO. 1 and NO. 2 fuel quantity signals from the NO. 1 and NO. 2 SDC, respectively, and main
transmission oil temperature and pressure signalsfrom the NO. 2 SDC are conditioned and multiplexed by the CDU
for display on analog scales. In addition, total fuel quantity information is displayed on adigital readout. The fuel
guantity and transmission temperature and pressure gauges are discussed in applicable sections.

1. EngineOil System Gauges. Engine oil temperature and pressure gauges are provided for each engine. Theoil
temperature gauge scalesare nonlinear and read from -50 to 180 °C. Index marks definethe normal operating
range. The oil pressure gauge scales are nonlinear and read from 12 to 170 psi. Index marksdefinethe normal
operating range.

a. EngineOil Temperature Gauge. The CDU displaysoil temperaturefor both engines under theheading ENG
OIL TEMP. The engine oil temperature gauge receives signals from the oil temperature sensor mounted
on the front of the AGB.

b. Engine Oil Pressure Gauge. The CDU displays oil pressure for both engines under the heading ENG OIL
PRESS. The engine oil pressure gauge receives signals from the oil pressure transmitter mounted on the
front of the AGB.

Note

Theengineoil caution lightsaretriggered by the VIDS oil gauge positions.
Therefore, caution light and gauge indication cannot be used as secondary
indications to each other.

2. Turbine Gas Temperature Gauge. The CDU displays turbine gas temperature for both engines under the
heading TGT. Thetwo TGT nonlinear gaugesindicatetheturbine gastemperature of each engineand read from
0to 950°C. Thereisanindex at 925 °C. At the bottom of each TGT gaugeisadigital readout for each engine.
The TGT gauge receives signals from athermocoupl e assembly located at the power-turbine inlet section of
the engine.

3. GasGenerator, Turbine-Speed Gauge. The CDU displays gasgenerator, turbine-speed for both engines under
the heading Ng SPEED. The gauges are nonlinear and read from 0 to 110 percent. Index marks define the
normal operating range. At the bottom of each Ng gauge, thereis adigital readout for each engine. The gas
generator, turbine-speed gauge receives signals from the alternator mounted on the front of the AGB.
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Note

The#1 and #2 ENG OUT warning lights, located on the master warning
panels, are tripped by the Ng VIDS indication automatically when Ng
indication decreases below 55 percent.

The CDU failure lights, CHAN 1 and CHAN 2, are part of the VIDS fault detection circuit. A failure of any SDC
or CDU processing circuit, CDU or PDU display driver module, or SDC |ogic power supply will cause theassociated
display channel to turn off or switch to theremaining SDC and will light the associated CHAN failure light. Failure
of alamp power supply withinan SDC will cause every second display light onthe CDU aswell asall display lights
on the corresponding PDU to go off.

Power to operatethe CDU isprovided fromtheNO. 1 and NO. 2 DC primary busesthrough circuit breakers, marked
NO. 1 and NO. 2 DC INST; NO. 1 and NO. 2 AC primary buses through the SDCs.

2.1.10.1.2 Pilot Display Units

Two PDUs, eachidentical andinterchangeable, containindicatorsthat display enginepower turbinespeed (Np), rotor
speed (N;), and torque readings (TRQ) for each engine (Figure 1-8).

Each unit contains five analog displays, two digital displays, three RTR OVERSPEED indicator lights, a TEST
switch, and aphotocell. Instrument readings are shown by ascending and descending columns of multicolored lights
with tracking arrows al ong the anal og scalesfrom 96 to 112 percent on the percent rpmindicator and O to 10 percent
on the percent TRQ indicator. The tracking arrows for each display go on one at atimeto coincidewith analog scale
indication. Asonetracking arrow lights, theother goesoff. The percent rpm display contains bottom segment turnoff,
which turns off lower red and yellow lights. When the lowest green segment isreached, al red and yellow segments
below the normal rangewill go off. Three RTR OV ERSPEED lightsgo on from | eft to right when rotor speed isover
127 percent, 137 percent, and 142 percent, respectively. Thelights are latched on and remain on even if rotor speed
fallsbelow the specified overspeed limits. Thelatch mechanism, located in the nosebay, isnot affected by power loss
or power interruption. The TEST switch on each display unit is used to check all vertical scale lamps and digital
readouts on the associated unit. The photocells on the PDUs are used for automatic light level adjustment. ThePDUs
are powered by the NO. 1 and NO. 2 SDCs.

2.2 ROTOR SYSTEMS

Theaircraft is configured with a single four-bladed main rotor and a 20° canted, four-bladed tractor tail rotor. The
fully articulated main rotor head incorporates elastomeric bearings. The tail rotor is a hingeless crossbeam rotor of
composite construction. An automatic el ectrically actuated main rotor blade fold is incorporated.

2.2.1 Main Rotor System

Thefully articulated main rotor system consists of four subsystems: main rotor blades, hub, flight controls, and the
bifilar vibration absorber. The four main rotor blades attach to hinged spindles and are retained by elastomeric
bearings contained in a one-piece titanium hub. The elastomeric bearings are laminated rubber and stainless steel
and enable the bladesto flap, lead, and lag, and also permit the blade to move about its axis for pitch changes. Two
bearings are used per blade.

Themainrotor vibration absorber ismounted ontop of thehub and consistsof afour-arm platewith attached weights.
Main rotor dampers are installed between each of the main rotor spindle modules and the hub to restrain lead and
lag motions of the main rotor blades during rotation and to absorb rotor head starting |oads. Each damper is supplied
with pressurized hydraulic fluid from areservoir mounted inside the main rotor shaft. The reservoir has indicators
to monitor the fluid level and nitrogen precharge pressure.
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Rotor control is provided by flight control hydraulic servos tilting the swashplate assembly, which moves control
rodsattached to each spindle. When therotor isnot turning, the bladesand spindlesrest on hub-mounted droop stops.
Upper restraints called antiflapping stops limit flapping motion at low rotor rpm. Both stops engage asthe rotor dows
down during engine shutdown. When the main rotor is rotating above 35 percent, centrifugal force pulls the
antiflapping assemblies outward and holds them in that position to permit flapping and coning of the blades. When
themain rotor head isrotating between 55 percent and 60 percent N, centrifugal force pullsthe droop stops out and
permits increased vertical movement of the blade.

2.2.1.1 Main Rotor Head

The main rotor head (Figure 2-9) transmits the movements of the flight controlsto the four main rotor blades. The
main rotor head is supported by themain rotor shaft extension. Thelower pressureplate, in conjunction with themain
shaft nut, secures the shaft extension to the main shaft. The lower pressure plate also provides attachment for the
SCiSSOrs.

1. Swashplate. The swashplate has stationary and rotating discs separated by abearing. It transmitsflight control
movement to the main rotor head through the four pitch control rods. The swashplateis permitted to slide on
themainrotor shaft around the Teflon-coated unibal | and tiltin any direction following the motion of theflight
controls.

2. Pitch Control Rods. Four pitch control rods extend from therotating swashplateto the blade pitch horn oneach
spindle. The pitch control rods transmit al movement of the flight controls from the swashplate to the main
rotor blades. Each rod is ground adjustable for blade tracking.

3. Bifilar Vibration Absorber. This unit absorbs vibrations and stresses. The bifilar vibration absorber is a
cross-shaped aluminum forging. A tungsten weight pivots on two points at the end of each arm. The bifilar
is bolted to the main rotor hub.

2.2.1.2 Main Rotor Blade

Four main rotor blades areinstalled on the main rotor head. Each blade has a pressurized titanium spar, honeycomb
core, fiberglass graphite skin, nickel and titanium abrasion strips, electrothermal deicing mats, and a removable
swept-back blade tip cap. The 20° swept tips provide both sound attenuation and increased rotor blade efficiency.
An electrothermal blanket is bonded into the |eading edge for de-ice protection. A pressure indicator and servicing
valve areinstaled at the inboard end of the blade. A titanium cuff provides the attachment of the blade to the rotor
head. The spar of the main rotor blade is pressurized with nitrogen. If the blade is damaged, impairing the structural
integrity of the spar or if a seal should leak, nitrogen will escape. The pressure will drop below the minimum and
cause the Blade Inspection Method (BIM®) pressure indicator (Figure 2-10) to show ablack or unsafe indication.
The nickel and titanium abrasion strips bonded to the leading edge of the spar extend the useful life of the blades.
Each blade is statically and dynamically balanced. This permits replacement of individual blades. Balance strips
painted around the blade locate the hoisting points.
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Figure 2-9. Main Rotor Hub Assembly
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2.2.1.2.1 Pressure Indicator

The BIM® indicator (Figure 2-10) isinstalled in the back wall of the spar at the root of the blade. A color change
indicatesan unserviceableblade. Theindicator comparesareferencepressurebuilt into theindicator with thepressure
in the blade spar. When the pressure in the blade spar is within the required service limits, three white stripes are
visible. If the pressure in the blade spar drops below the minimum permissible service pressure, the indicator will
show three black stripes. A manual test lever isinstaled on each BIM® indicator to provide a maintenance check.

‘ WARNING I

If black isvisibleon theindicator, it may be an indication of blade damage
that isaflight hazard. The cause of the black indication shall bedetermined
prior to flight.

2.2.1.2.2 Blade Retention

Each rotor blade is connected to the rotor head spindle outboard of the blade-fold hinge and is attached by means
of a bolted flange. The blade retention assembly provides means of attachment to the rotor hub, which alows
interchangeability of the rotor blades. The retention assembly does not have to be removed to service or maintain
the main rotor hub.
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Figure 2-10. BIM® Indicator
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2.2.1.2.3 Main Rotor rpm-Indicating System

The N, gauge is located on each PDU on the instrument panel and indicates the speed at which the main rotor is
turning. Three red warning lights on top of each PDU indicate varying degrees of rotor overspeed. The left light
illuminates at 127 percent N, the middle at 137 percent N,, and the right light at 142 percent N,. Once the lights
illuminate, they will remain on and must be manually reset on deck. Main rotor rpm is sensed in the right-hand
accessory module of the main transmission and transmits asignal to each PDU which indicates speed in percent Ny.
The N, gauge is powered by the NO. 1 and NO. 2 DC primary buses through circuit breakers, marked NO. 1 and
NO. 2 DC INST. Both circuit breakers are located on the ATO circuit breaker panel.

2.2.2 Tail Rotor System

A bearingless crossbeam tail rotor blade system provides antitorque action and directional control. The blades are
of graphite and fibergl ass construction. Bladeflap and pitch-change motion are provided by deflection of theflexible
graphite fiber spar, eliminating all bearings and lubrication. The spar is a continuous member running from thetip
of one blade to the tip of the opposite blade. Electrothermal blankets are bonded into the blade-leading edge for
deicing. Thetail rotor head and blades areinstalled on theright side of thetail pylon, canted 20° upward. In addition
to providing directional control and antitorque reaction, the tail rotor provides 2.5 percent of the total lifting force
in ahover. With acomplete tail rotor control failure, acentering spring in the tail rotor control system will provide
apreset spring-loaded position for thetail rotor, equivalent to the antitorque requirements for amidposition collective

power setting.
2.2.2.1 Tail Rotor Quadrant

Thetail rotor quadrant (Figure 2-11), mounted on thetail gearbox, transmitstail rotor cable movementsinto thetail
rotor servo. Two spring cylinders are connected to the quadrant. In the event a cable is broken, the spring tension
allows the quadrant to operate normally. If afailure of acable should occur, the quadrant then controls the opposite
direction against spring tension and the related microswitch mounted on the quadrant will light the TAIL ROTOR
QUADRANT light on the caution panel. The caution system for thetail rotor quadrant is powered by the NO. 1DC
primary busthrough acircuit breaker marked TAIL ROTOR SERVO WARN and located on the ATO circuit breaker
panel.

P RN
¥ LUMOERS SHe b Foiz

Figure 2-11. Tail Rotor Quadrant
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2.2.2.2 Tail Rotor Head

The head consists of two titanium plates. Theinboard plate forms ahub that is attached to the gearbox output shaft
and retained by ashaft nut. The hub plates absorb axial thrust loads and bending moments and transmit torque to the
rotor blades. Theblade sparsare clamped directly between the platesby retaining bolts. Thepitch-control crossbeams
are attached to a pitch-change actuating shaft, extending out from the center of the tail gearbox.

2.2.2.3 Tail Rotor Blades

The blades are built around two graphite composite spars, running from tip-to-tip and crossing each other at the
center to form the four blades. The two spars areinterchangeable and may be replaced individually. The blade spars
are covered with cross-ply fiberglass to form the airfoil shape. Polyurethane and nickel abrasion strips are bonded
to the leading edge of the blades. Blade-pitch changes are made by twisting the spar.

2.2.3 Rotor Brake System

Therotor brake system (Figure 2-12) is designed to hold the rotor during engine starting and with both engines at
IDLE andto providerotor shutdown. The system consistsof areservoir, master cylinder, gauge, relief valveassembly,
accumulator, pressure switch, rotor brake advisory light, brake assembly, and disc. When the rotor brakeis applied,
therotor brake interlock in the engine control quadrant preventsthe ENG POWER CONT leversfrom being moved
forward of the IDLE detent with the rotor brake on.

When the rotor brake lever is moved toward the apply position, pressureis built up in the lines and applied to the brake
assembly. At the same time, pressure is gpplied to the rotor brake accumulator and a pressure switch (minimum 6 ps)
to turn on the ROTOR BRAKE advisory light and set the ground IDLE quadrant lock. Back pressurein the accumulator
is held by a spring as long as the rotor brake lever is in the applied position. For limited interna pressure lesks, the
accumulator spring pressure will maintain the gpplied pressure to the brake pucks until the brake is released by returning
the rotor brake lever to the off position, venting pressure back to the master cylinder reservoir. The rotor brake should
not be applied with enging(s) operating and rotor head turning. The brake disc is mounted on the tail drive shaft output
of the main gearbox. Teeth on the disc are utilized in the positioning cycle of the blade-fold system. The rotor brake
advisory light system is powered by the DC essentid bus through a circuit bresker marked ROTOR BRAKE on the
overhead console circuit breaker pand.

2.2.3.1 Rotor Brake Master Cylinder

Therotor brake master cylinder, on theright side of the overhead consol e (Figure 2-12), provides pressureto therotor
brake assembly. With the master cylinder in the detent position (rotor brake lever off), the system is vented back to
the reservoir. The hand pump reservoir serves as the rotor brake reservoir. A T-shaped rotor brake lever lock pinis
provided to prevent inadvertent rel ease once the brake has been applied. To set the pin, after the rotor brake lever is
forward, rotate the pin 90° and push the pin inward until it seatsinto ahole on thelever arm. To release the pin, pull
and rotate 90°. The lever arm is then free to release the pressure on the system.
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Figure 2-12. Rotor Brake System, Block Diagram
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2.2.3.2 Main Rotor Gust Lock

A gust lock isprovided as part of the blade indexing unit which is used in conjunction with the automatic main rotor
blade-fold sequence.

The primary purpose of the gust lock gear isto index the main rotor head during blade-fold sequences. A secondary
purposeisto lock therotor disk in the spread indexed position. Should the rotor brake hydraulic pressure bleed off
in ablade spread condition Figure 2-41, the gust lock may be engaged manually to act asalock to hold therotor head
in place. Thisis done by means of the GUST LOCK switch on the miscellaneous switch panel. The GUST LOCK
caution light indicates when the gust lock feature of the blade indexing motor has been engaged. The light will
illuminate automatically during the blade-fold sequence or whenever the gust lock switch is actuated to the engaged
position. The gust lock feature receives power from the DC essential and NO. 2 DC primary buses through circuit
breakers marked RTR HD INDEX ENGAGE, on the overhead circuit breaker panel, and BLADE FOLD CONTR,

on the SO circuit breaker pandl.
CAUTION [

Should the rotor brake hydraulic pressure bleed off in a blades folded
condition, the gust lock will not prevent the rotor brake disc from turning.

2.3 TRANSMISSION SYSTEM

The primary function of the transmission system isto take the combined power from thetwo engines, reducetherpm,
and transfer it to the main and tail rotors. The secondary function is to provide adrive for electrical and hydraulic
power generation. The powertrain (Figure 2-13) consists of the main transmission modul es, drive shaft, an oil cooler,
an intermediate gearbox, and atail gearbox. Thetail drive shaft consists of six sectionsjoined by Thomas couplings,
with adisconnect coupling at the fold hinge. Thomas couplings between sections eliminate the need for universa
joints. The shafts are ballistically tolerant and are suspended at four points in viscous-damped bearings. The oil
cooler driveisanintegral part of thetail rotor drive shaft system. The intermediate gearbox, located at the base of
the pylon, changes angle of drive and reduces tail drive shaft speed. The tail gearbox changes the angle of drive,
reduces shaft rpm, and supports and drivesthetail rotor. Theintermediate and tail gearbox components are designed
to be capabl e of approximately 60 minutes of operation without oil. All other transmission components are designed
to be capable of approximately 30 minutes of operation without oil.

2.3.1 Main Transmission

The main gearbox drives and supports the main rotor. The main gearbox is of modular design and has a built-in
3° forward tilt.

The main transmission consists of five modules: two accessory modules, two input modules, and a main module.
Theleft-hand input and accessory modules areidentical to the right-hand modules and areinterchangeable. A rotor
brakeis mounted on thetail takeoff, which providesthe capability of stopping the rotor system. Therotor brakedisc
is toothed to provide the means for positioning the main rotor head for blade folding. The main gearbox is pressure
lubricated and has oil pressure, oil temperature, low pressure warning, high temperature warning, and chip detector
indicating systems incorporated.

2.3.1.1 Input Module

The input modules are mounted on the left and right front of the main module and support the front of the engines.
They each contain an input bevel-pinion and gear, and a freewheel unit. The freewheeling unit allows engine
disengagement during autorotations. In the case of an inoperative engine, the freewheeling unit allows the accessory
modul eto continueto bedriven by themain transmission. Theinput modul e providesthefirst gear reduction between
engine and main module.
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Figure 2-13. Powertrain (Sheet 1 of 2)
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2.3.1.2 Diaphragm Coupling and Engine Output Shaft

The engine output shaft provides drive from the engine to the input module via the diaphragm couplirfd. The
diaphragm coupling is designed to allow for slight angular or axial misalignment of the engine output shafturing

operation.
CAUTION t

If an abnormal or loud whining noise is heard during engine startup, shut
down engine immediately due to impending diaphragm coupling failure.
Maintenance action is required prior to subsequent engine start.

2.3.1.3 Accessory Module

One accessory module is mounted on the forward section of each input module. Each accessory module provides
mounting and drive for an AC electrical generator and a hydraulic pump package. A rotor speed sensor is mounted
on the right accessory module and supplies rotor speed information to the VIDS. In aircraft with the helicopter
emergency egress lighting system (HEELS) system, a left-hand sensor is incorporated which prevides N
information to this system. Additionally, the low oilggsure sensor is mounted thie left accessory module. The
accessory modules are always driven by the main transmission.

2.3.2 Intermediate Gearbox

Mounted at the base of the tail pylon is the splash-lubricated, intermediate gearbox (Figure 2-13). It transmits torque
and reduces shaft speed from the main gearbox to the tail gearbox.

2.3.3 Tail Gearbox
The splash-lubricated tail gearbox (Figure 2-13) is located at the top of the tail pylon and transmits torque to the talil

rotor head. The gearbox mounts the tail rotor, changes the angle of drive, and provides gear reduction. It also enables
pitch changes of the tail rotor blades through the flight control system.

2.3.4 Main Transmission Lubrication System

The transmission incorporates an integral wet sump lubrication system (Figure 2-13) that provides cooled, filtered
oil to all bearings and gears. Oil is supplied to the hydraulic pump drive shaft and the AC generators for cooling and
lubrication. Oil under pressure is supplied through internally cored oil lines, except for the pressure and return lines
in and out of the oil cooler. The lubrication system includes two lubrication pumps that are combination pressure and
scavenge types operating in parallel. Pressure-regulating and bypass valves protect the lubrication system by
returning excess high-pressure oil back to the inlet side of the pump. A two-stage oil filter and various strainers in
the sump prevent contamination. The oil filter has a visual impending bypass indicator (red button) that protrudes
when the first-stage filter becomes contaminated. When the button pops, the filter element must be replaced to reset.
Athermal lockout prevents button popping when oil is cold and thick. The oil cooler uses a blower driven by the tail
rotor drive shaft to cool oil before it enters the various modules. The oil cooler has a thermostatic bypass valve that
directs oil flow around the oil cooler when the oil temperature is below approximatelZ 5dr if the oil cooler
becomes clogged. Other warning and monitoring systems on the main transmission are MAIN XMSN OIL TEMP
and PRESS caution lights and XMSN TEMP and PRESS oil gauges. An oil pressure sensor on the left accessory
module, the farthest point from the pumps, causes the MAIN XMSN OIL PRESS caution light to illuminate when
pressure drops to 1# psi. The transmission oil temperature warning system is triggered by an oil temperature
sensor atthe oil cooler input to the main module, located near the tail takeoff drive shaft flange. A caution lightmarked
MAIN XMSN OIL TEMP goes on when transmission oil temperature reache<42C. Temperature for the gauge

is sensed between the sump and the pump. Pressure readings for the gauge are taken at the main module manifold
Electrical power for the warning systems, except chip detection, isfromthe NO. 2 DC primary bus through the MAIN
XMSN circuit breaker on the ATO circuit breaker panel.

2.3.5 Transmission Gauges

The main transmission gauge is located on the CDU as part of the VIDS system and is divided into oil temperature
and pressure. The temperature gaiggaonlinear and reads from -50 to 17G. An index defines the normal
operating range. The pressure gauge is nonlinear and reads from 0 to 190 psi. An index defines the normal operating
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range. The transmission gauges are powered by the NO. 1 and NO. 2 DC primary buses through circuit breakers,
marked NO. 1 and NO. 2 DC INST and located on the ATO circuit breaker panel, and by the NO. 1 and NO. 2 AC
primary buses through circuit breakers marked NO. 1 AC INST and NO. 2 AC INST and located on the center and
corner circuit breaker panels, respectively.

2.3.6 Transmission Chip Detector System

The transmission chip detector system (Figure 2-14) consists of fuzz-suppression chip detectors and caution lights,
marked INPUT LH CHIP, INPUT RH CHIP, ACCESS LH CHIP, ACCESS RH CHIP, and CHIP MAIN MDL
SUMP. Five chip detectors provide warning of chips in afifne areas of the main transmission system. Detectors

in each module are wired, in parallel, to constantly monitor for metal contamination. Each chip detector can be
removed for visual inspection without a loss of oil. A fuzz burnoff feature eliminates false warning due to fuzz and
small particles. When a chip is detected and will not burn off, the metal particle triggers the detection system, and
a caution light will illuminate. The fuzz burnoff feature will beactivated when the gearbox oil temperature is above
140°C to prevent electrical arcing with oil vapor in the gearbox; however, magnetic detection will remain in the main,
input, and accessory modules. The main module sump chip detector will turn on the CHIP MAIN MDL SUMP
caution light to warn of chips in the main module. The magnetic plugs of the chip detector system will attract ferrous
metal chips at any of the detector locations. Should the chip be washed away from the detector, the light will
extinguish. The chip detector for the main module sump rests in the lowest point of the oil system and incorporates
a 30-second time delay circuit. The accessory module @kiectors are located at the lowest point on the modules
themselves, whereas the input module chip detectors are located on the bottom of the main module adjacent to the
input modules. The system is powered by the DC essential bus through a circuit breaker on the overhead console
circuit breaker panel, marked CHIP DETR.

2.3.7 Intermediate and Tail Gearbox Chip/Temperature Systems

The intermediate and tail gearboxes contain identical chip/temperature sensors that indicate when the gearbox
temperature is too high or a chip is present (Figure 2-14). The chip detectors incorporate a fuzz burnoff feature that
eliminates false warning due to fuzz and small particles. The fuzz burnoff feature wikdmtivhted when the
gearbox oil temperature light is lighted; however, magnetic detection will remain to light the caution light. When

a chip is detected and will not burn off, a caution indicator on the caution/advisory panel will light, indicating CHIP
INT XMSN or CHIP TAIL XMSN. The oil temperature sensor is a bimetal strip that reacts to temperatures. When
the oil temperature reaches 140, a switch closes to turn on a caution light in the cockpit, marked INT XMSN OIL
TEMP or TAIL XMSN OIL TEMP. Power to operate the chip system is provided from the DC essential bus through

a circuit breaker marked CHIP DETR. Power to operate the oil temperature system is from the NO. 2 DC primary
bus through a circuit breaker marked MAIN XMSN and located on the ATO circuit breaker panel.

2.3.8 Chip-Detector Caution Lights Self-Test

Allthe transmission modules and the intermediate gearbox and tail rotor gearbox chip detectors have self-test circuits
for the caution lights. The test circuit is activated when the caution/advisory panel BRT/DIM, TEST is released after
the caution/advisory panel test sequence. The self-test checks for both short and open circuit faults. If a short or open
circuit is present, the appropriate chip caution light will flash at approximately 2 flashes per second for a total of
16 flashes, and the master caution light will remain illuminated. If there is no fault when the test switch is released,
only the master caution capsule will flash.

Note

The self-test checks circuitry up through the fuzz burnoff module and does
not check the ability of the detector to detect chips or if a detector is
installed.

2.3.9 Main Gearbox Vibrations

The main gearbox contains many possible sources of high-frequency vibrations, such as the various gearbox-
mounted accessories, the accessory gear train, oil-cooler blower, and the input-bevel gear and freewheeling units.
These vibrations are generally heard rather than felt. Combinations of these high-frequency vibrations in extreme
cases could result in the pilot sensing low- or medium-frequency vibrations. These would be detected as vibrations
which are affected only by variation in main rotor speed and may be just as apparent in aground run asin flight. There
are also numerous gear clash sounds that occur under various conditioas¢epeality of which can only be
determined by experience or measurements with instrumentation.
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Figure 2-14. Powertrain Chip Detector System
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24 FUEL SYSTEM

The fuel supply system (Figure 2-15 prior to BuNo 162349, Figure 2-16 BuNo 162349 and subsequent) is a
crashworthy, suction-type system consisting of two internal main cells interconnected to form a single tank, afuel
line network, firewall-mounted selector valves, prime/boost pump, engine-driven boost pumps, and engine fuel
filters. Theleft internal cell has provisionsfor single-point refuel/defuel, gravity refuel, and the helicopter in-flight
refueling (HIFR) system. It also containstwo high-level shutoffs, two check valves, sump drain, and vent. Theright
internal cell contains two check valves, asump drain, avent, an APU fuel line, and the fud jettison system. Tota
system capacity (usable) is590 gallonsinternal. Additionally, BuNo 162349 and subsequent incorporatean auxiliary
fuel system capable of supporting two externa auxiliary fuel tanks containing a total of 240 gallons of fue
(120 gallons in each auxiliary tank).

2.4.1 Main Fuel Supply Operation

The prime/boost pump primes &l fuel lines if primeis lost and aso acts as an APU boost for APU starts and
operations. A selector valve, driven by acablefrom thefuel selector lever, permitstheoperation of either enginefrom
either cell. All lines are routed in the most direct manner and include self-sealing breakaway valves that stop fuel
flow in the event of fuel system damage. Fuel from both cellsis drawn by suction to the engine-driven boost pump,
then pumped through the engine fud filter to the HMU high-pressure pump.

The engine fuel pressure warning system for each engine consists of a pressure switch that illuminates the caution
lights, marked #1 or#2 FUEL PRESS, when fuel pressure drops below 8to 10 psi from the respective
engine-driven boost pump. Thisvisually indicates a possible malfunction in the engine-driven fuel boost pump or
an air leak in the fuel system.

The engine fuel-filter bypass warning system for each engine consists of an electrical switch, impending bypass
popout button (located on thefilter), and caution lights. Once the filter goes into bypass, the caution lights, marked
#1 or #2 FUEL FLTR BYPASS, will light.

Note

Thefue filters are not sensitive to water contamination. Water-contamin-
ated fuel may cause fluctuations/surges in one or both engines with no
associated FUEL PRESS or FUEL FLTR BYPASS caution light.

The#1 and #2 FUEL FLTR BYPASS and the#1 and #2 FUEL PRESS caution lights are powered by the NO. 1 and
NO. 2 primary DC buses, respectively, through circuit breakers marked NO. 1 ENG and NO. 2 ENG WARN LTS
located on the ATO circuit bresker pandl.

2.4.1.1 Fuel Selector Levers

There are two ENG FUEL SY S levers, one for each engine, located outboard of the ENG POWER CONT levers
(Figure 1-6). The fuel selector levers manually position the fuel selector valvesto any one of three positions: OFF,
DIR, or XFD. Thefuel sdlectorsare connected tothefuel selector valveswith low-friction, flexible push-pull cables.
With the selectors at OFF, thefuel selector valves are closed, allowing no fuel to the engines. When the selectorsare
moved forward to DIR, the fuel selector valves are opened, providing fuel flow for each engine from itsindividua
cell. Moving the selector to XFD provides fuel to the engine from the opposite cell through the crossfeed system.
A check valve in each crossfeed line prevents air from the fuel line of an inoperative engine from crossing to the
operating one. When either fire emergency control T-handle, located outboard of the fuel selector levers, is pulled
aft, the respective fuel selector lever will be mechanicaly placed in the OFF position.
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2.4.1.2 Engine/APU Boost/Fuel Prime System

The APU boost and engine prime system consists of asuction linelocated in theright fuel cell, a prime/boost pump
(which is externally mounted on the tank), APU fuel shutoff valve, two engine fuel prime shutoff valves, and a
selector switch located on the overhead console (Figure 1-6). The FUEL PUMP selector switch is athree-position
switch, marked APU BOOST, OFF, and FUEL PRIME. Activation of the switch illuminates the PRIME BOOST
PUMP ON advisory light. The FUEL PRIME position allows fuel to enter all fuel lines before engine start. Power
to operate the prime-boost pump is from the battery bus through a circuit bresker marked FUEL PRIME BOOST
and located on the center console circuit breaker panel.

2.4.1.2.1 Fuel Prime System Operation

Placing the APU BOOST/FUEL PRIME switch to APU BOOST opensthe APU fuel shutoff valve and activatesthe
fud prime/boost pump. Placing the APU BOOST/FUEL PRIME switch to FUEL PRIME opens both engine prime
shutoff valves and allows individual priming of the engines with the PCL in lockout.

2.4.2 Main Tanks Fuel Quantity System

The fuel quantity system (Figure 2-17) consists of afuel probe mounted in each fudl cell and afuel quantity signal
conditioner. The system interconnects two SDCs to the VIDS CDU.

2.4.2.1 Fuel Low Level Warning System

Thefuel low level warning system consists of adual-channel, low-level warning conditioner; two fuel cell-sensing
units; and associated caution lights. Each cell-sensing unit isplaced at approximately the 200 to 225 pound fuel level.
Aslong asthe sensing unit iscovered with fuel, the warning conditioner will keep the#1 and #2 FUEL LOW caution
lightsoff. Asfuel isconsumed and itslevel dropsbelow the 200 to 225 pound level, thefuel cell-sensing units sense
thelack of fuel and signal the conditioner of alow fud state. Theselightswill continueto illuminate and extinguish
aslong asfud continues to wash on and off the sensors. This system is compl etely independent of the fuel quantity
system. The conditioner then applies power to the appropriate FUEL L OW caution and MASTER CAUTION lights.
Power to operate the fuel low level system warning is from the NO. 1 DC primary bus through a circuit breaker
marked FUEL LOW WARN and located on the ATO circuit breaker panel.

2.4.3 Fuel Dump System

A fuel dump system (Figure 2-15 prior to BuNo 162349, Figure 2-16 BuNo 162349 and subsequent) is installed to
allow for emergency rapid dumping of fuel at approximately 836 pounds per minute, but can exceed 1,000 pounds
per minute. The system consists of a FUEL DUMP switch mounted on the lower console EMER panel and a
standpipe and dump port in the right main fuel cell. Aircraft prior to BuNo 162349 have a dump valve and a
pump/motor assembly inthetransition section. Aircraft BuNo 162349 and subsequent haveamaintank shutoff valve,
an overboard dump shutoff valve, two transfer/dump pumps/motors, and Fuel Management Control Panel logic to
control required valves. Power to operatethefuel dump system isfrom the DC essential busthrough acircuit breaker
marked FUEL DUMP CONTR, the NO. 1 AC primary bus through a circuit breaker marked FUEL DUMP PUMP,
and, for BuNo 162349 and subsequent, the NO. 2 AC primary bus through acircuit breaker marked FUEL DUMP
PUMP.

Thecircuit breakersarel ocated on the overhead circuit breaker panel and the center circuit breaker panel, respectively,
and, for BuNo 162349 and subsequent, the corner circuit breaker panel.

‘ WARNING I

After dumping, observe the fuel readout to ensure dumping has ceased.

Note

Fuel can be dumped when the helicopter is on the ground. The fuel dump
system is not protected by the weight-on-wheels (WOW) switch.
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2.4.3.1 System Operation

Placing the FUEL DUMP switch to the DUMP position opens the valve and closes the contacts in the pump/motor
relay, operating the pump/motor. Fuel will dump out of both cellsdown to thelevel of the cell interconnect. Fuel will
then continue to dump out of theright cell to thelevel of the standpipe. After total dump, approximately 270 pounds
will remain in the left cell and 140 poundsin the right cell (prior to BuNo 162349). Fuel quantity remaining after
dump can vary depending on aircraft pitch attitude.

2.4.3.2 System Operation (with FMCP)

With the FMCP MASTER and MODE switches set to TRANSFER and MANUAL OVERRIDE, placing the FUEL
DUMP switch on the emergency control pand (Figure 1-7) to the DUMP position signals the FM CP, bypassing al
of the FM CP operating modes. The FUEL DUMP indicator light onthe FMCPilluminates, theauxiliary tank valves
open, both transfer/shutoff valves close, the main tank bypass shutoff val ve closes, the overboard dump valve opens,
and both fuel transfer/dump pumps begin running. When the auxiliary tanks are empty, each auxiliary tank valve
closes and the main tank dump valve opens.

Thefuel transfer/dump pumps continue running and fuel will dump out of both main cells down to thelevel of the
interconnect (approximately 270 poundsin each cell). Fuel will then continueto dump out of theright cell to thelevel
of thelow level sensor (approximately 210 pounds) when thedump signal isinterrupted at the FMCP (BuNo 162349
and subsequent). Thefuel quantity remainingintheright cell after dump could belower at noseup attitudes associated
with lower airspeeds. When the dump signal isinterrupted, the main tank dump vave closes, the main tank bypass
shutoff valve opens, and both fuel transfer/dump pumps stop. Placing the FUEL DUMP switch to OFF closes the
overboard dump valve and restores FM CP control functions.

Note

® Regardless of FMCP switch positions or whether auxiliary tanks are
installed, selecting Fuel Dump on the Emergency Control Panel will enable
emergency dumping from the main tank. FM CP switches need only be set
to TRANSFER and MANUAL OVERRIDE if pilots desire to dump fuel
from the auxiliary tanks. With no auxiliary tanks installed, fuel may be
dumped from themain tank with the FMCPinany configuration, including
STOP FLOW.

® [or aircraft operating without a functiond FMCP, refer to
paragraph 2.4.3.1.

2.4.4 Single-Point Pressure Refueling System

Thesingle-point pressurerefueing system isused to pressurerefuel thefuel tankson theground. Thefuel tanks may
be serviced without electrical power. Onaircraft BuNo 162349 and subsequent, without power appliedto theaircraft,
all tank valves are open and fudl enters all tanks randomly until the main tank high level sensor is reached and the
mechanical shutoff float valve closes. During refueling with el ectrical power on, al auxiliary tank shutoff valvesare
closed and themain fuel tank isfilled first. Whenthe FMCPis signaed that the main tank isfilled, the right inboard
auxiliary and left inboard auxiliary tanks, if sensed as installed, are then filled by the same process in order.

CAUTION !

During single-point pressure refueling, if theright cell fillsfaster than the
left cell, monitor the fuel quantity gauges closely. If the differencein cell
guantitiespersists, stop refueling beforetheright cell isfull (approximately
1,700 pounds).
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Note

Fuel quantity indicators are not operable without AC eectrical power and
fuel quantity must be visually checked.

2.4.4.1 Pressure Refueling Panel

The pressurerefueling panel (Figure 1-3, index NO. 34), located on theleft side of the aft fuselage, providesasingle
point for refueling and defueling. The pressure refueling panel contains a connecting adapter, pressure gauge, and
two manually operated precheck valves. Aircraft prior to BuNo 162349 have two jet sensorsin theleft fuel cell that
will activate their respective shutoff valves when fuel in the cell immerses them. Either or both shutoff valves will
in turn signal the pressure refuel/defuel valve to interrupt normal fueling.

The two high-level sensorsin theleft cell will cause fuel flow to be reduced to 5 gallons per minute when the cells
are becoming full. When the precheck valves are pressed, jet sensor immersion is simulated and fuel flow is
interrupted to indicate that the system is operating properly. Aircraft BuNo 162349 and subsequent incorporate two
high-level float sensorsin thetop of the tank that will stop fuel flow when the main tank is full. When the precheck
valves are pressed, fuel isredirected to raise the floats, which then stops the fuel flow to indicate that the system is
operating properly. In adl aircraft, the high-level sensors can also be tested during aHIFR from inside the aircraft.
Pressurethat may have built up in the tank, dueto aclogged or malfunctioning vent, will register on thetank interna
pressure gauge. Specific instructionsfor conducting apressure refueling precheck are on adecal below the pressure
refueling adapter and in the servicing chapter (Chapter 3).

2.4.4.2 Gravity Refueling

Gravity fueling portsare avail ablefor the main and external auxiliary fuel tanks. Tanks may be gravity fueled in any
order.

2.4.4.3 Suction Defuel

All tanks can be suction defuel ed from the pressure refueling port, except the 270 poundsin the right main cell below
the tank interconnect, which must be suction defueled through the cell sump drain valve.

2.4.4.4 HIFR Refueling System

TheHIFR system (Figure 2-18) consi stsof aWigginsquick-disconnect pressure-refuelingfitting, apressure-refuel -
ing precheck switch, and a five-element (fuse) GO/NO-GO canister to pressure refuel the main fuel tanks. The
Wigginsfitting is located above the right-hand fuel cell just forward of the GO/NO-GO canister. The GO/NO-GO
canister ismounted abovetheright fuel tank and permitsonly acceptablefuel to pass. Thee ementsarewater sensitive
and will shut off fuel flow at a 20 psi differential pressure. Flow is reduced to an extremely low level if the fuel is
contaminated with water and particul ate matter above a predetermined level.

Note

If the helicopter must be fueled when the quality of the fuel isin question,
it should be refueled through the HIFR fitting. The HIFR filter is capable
of removing both water and particul ate matter from fuel.

Fuel spillageiscollected in adrip pan located on top of the fuel tank and then drains overboard. The precheck panel
contains a ground connector and a precheck switch. When the switch is moved to PRECHECK, 28 Vdc power is
applied through the switch to the pressure refuel precheck valve in the refueling line to shut off fudl flow to the
high-level sensor, testing the complete refueling system. Power to operate the precheck system isfrom the NO. 1
DC primary bus through acircuit breaker marked HIFR TEST and located on the SO circuit breaker panel.
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Some aircraft are modified to include a HIFR extension hose and a differentia pressure gauge. The extenson hose is
stowed on top of the fud cell and held in place with aretaining clip. For HIFR, the extension hose is connected to the
HIFR connection, routed, and secured to a foldaway support bracket located aft of the personnd door below the rescue
hoist control pand. The refuding hoseis then connected to the extension hose Wiggins fitting at the support bracket. A
grounding jack is located on the foldaway support bracket. The differentid pressure gauge shows HIFR GO/NO-GO
canister input and output pressure differentia. A drain vave can be manualy activated to clear the HIFR system of fud.

If the left tank vent valve should malfunction and remain stuck in the closed position during HIFR, uneven filling
of the main tank cells may occur. Once the fud level has risen above the interconnect opening (approximately
600 pounds total), trapped air in the left cell will slow the rate at which the left cell fills with fuel to the point that
thelevel will not risewhiletheright cell will continueto fill normally. If thefuel level remains below the high level
shutoff sensor located in the left cell, the fuel flow will not stop. The fuel level in theright cell will riseto alevel
that will forcethevent valveto close, resulting in an overpressure condition and possible cell rupture. See Chapter 8,
for HIFR procedure.

CAUTION

;

During HIFR, if theright cell fillsfaster than theleft cell, monitor the fuel
guantity gauges closdly. If the difference in cell quantities persists, stop
refueling before the right cell isfull (approximately 1,700 pounds).

2.4.5 Auxiliary Fuel System

The auxiliary fuel system is comprised of two auxiliary tank locations, a fud management system, and fud quantity
display information. Management is provided through the FMCP (Figure 2-16 and Figure 2-17). The FMCP receives
the sensor switch signal and provides logic to the control valves and pumps to control auxiliary fuel system functions.

2.45.1 Fuel Management Control Panel

Thefuel management control panel (FM CP) functionsare softwarecontrolled. The FM CP panel marked FUEL MGT
is on the center console (Figure 1-7). The MASTER switch is athree-position switch marked TRANSFER, STOP
FLOW, and REFUEL. At T

TRANSFER, the FMCP control 1ogic enablesthe MODE switch and transfer operation. At STOP FLOW, power is
removed fromall FM CP switches, control logicisdisabled, and auxiliary fuel system control isstopped, which closes
all auxiliary tank shutoff valves. At REFUEL, when refueling with electrical power on, the aircraft the sequencing
logicturnsoff all FM CP switchesexcept precheck switches, al auxiliary tank shutoff valvesare closed until themain
internal tank isfilled, and the auxiliary tank shutoff valves open one at atimeto selectively fill the auxiliary tanks.
The fudl system fill sequenceis main tank, right inboard auxiliary tank, and left inboard auxiliary tank.

The MODE switch isatwo-position switch marked AUTO and MANUAL OVRD. At AUTO, thefuel management
logicis not initiated until the main fuel tank fuel level depletesto 2,700 to 2,580 pounds. If two auxiliary tanks are
installed, thesecond tank will transfer after themain tank fuel level again dropsenough to accommodate thecomplete
auxiliary tank. Whenin MANUAL OVRD, auxiliary tank fuel isimmediately transferred to the main tank until the
highlevel sensorisreached, or until theauxiliary tanksareempty. Fuel tank transfer sequenceisleft inboard auxiliary
tank then right auxiliary tank.

The PRECHECK switchismarked A, MAIN, and B and is spring loaded to the center (MAIN) position. The center
position provides power to the precheck valvesin themain fuel tank. When moved to A or B, power to therespective
precheck vaveisinterrupted and fuel flow during refueling isimmediately stopped, and fuel flow indication of the
FMCP FLOW lights will go out.

Note

A mafunctioning FMCP (with electrical power applied) can cause
activation of precheck valves preventing the ability to pressure refuel or
HIFR. TheFUEL MGMT circuit breakersonthe ATO circuit breaker panel
must be pulled to secure the precheck valvesto alow fueling.
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Three fud flow indicators/sdlectors are marked L INBD FLOW, FUEL DUMP, and R INBD FLOW. The FUEL
DUMP indicator lights when the EMER PNL FUEL DUMP switch is activated. The auxiliary tank indicators are
split. L INBD and R INBD show at all times. FLOW lights independently when fuel is sensed flowing into or out
of respectiveauxiliary fuel tank. TheL INBD and R INBD selector switch functionisamomentary pushbuttonwhich
when pressed, and MANUAL OVRD is selected, will initiate appropriate circuits to transfer fuel from an auxiliary
tank to themain tank. When fuel level inthe main tank reachesthe high level shutoff, all manua transfer commands
are stopped. When aselected auxiliary tank is emptied before themain tank high level shutoff isreached, thetransfer
circuits will shut off in 10 seconds.

Power to operate the FMCP is from the NO. 1 and NO. 2 DC primary buses through two circuit breakers marked
FUEL MGMT and located on the ATO circuit breaker panel.

2.4.5.2 Fuel Transfer System

Thefuel transfer systemiscontrolled by the FM CP. It providesautomatic or manual transfer of fuel from theauxiliary
fud tanksto the main fuel cells. Dua transfer/dump pumps suck fuel from the auxiliary fuel tanks through shutoff
valvesand deliver thefuel to themain tank. Pressure switches are provided as sensorsto enablethe FM CP to monitor
fuel system operation. Fuel transfer is approximately 285 pounds per minute. When one pump failsto transfer fuel,
and the second pump successfully transfers fuel, the PUMP/VALVE FAIL caution light illuminates. The FMCP
receives fud quantity statusfrom main and auxiliary systemsto properly schedulefuel transfer from auxiliary tanks

to the main tank.
CAUTION !

e Duringtransfer of auxiliary fuel, if theright cell fillsfaster thantheleft cell,
monitor thefuel quantity gaugesclosdly. If differencein cell quantitiesper-
sists, stop transferring fuel before the right cell is full (approximately
1,700 pounds).

® Do not initiate unmonitored manua transfer to the main tanks from
auxiliary tanks until main tanks are below 3,200 pounds for an external
auxiliary tank transfer. During manual auxiliary tank transfer, the main tank
high level sensor (float valves) should prevent overflow of the main fuel
tanks.

2.4.5.3 Manual Fuel Transfer Check

When main fuel tank capacity has decreased approximately 300 pounds, check the manual fuel transfer system to
ensureproper transfer. Two short manual transferswill exerciseboth dual transfer pumpsand transfer valvesto ensure
proper transfer.

2.4.5.4 Auxiliary Fuel Tanks

Each inboard weapons pylon is configured to accept a120 gallon drop tank. Thefuel level of each auxiliary fuel tank
is internally monitored by a single gauge probe. Each probe provides a fuel quantity signal to the FMCP and the
auxiliary fuel quantity indicator. Each auxiliary tank contains alow-level thermistor sensor which is exposed only
when the tank is empty and then sends a signal to the FMCP. Each external auxiliary tank contains an overflow
thermistor sensor which sendsasignal tothe FM CPif fuel issensed intheexternal tank vent line. Whenfuel issensed,
asignal is sent to illuminate the EXT FUEL OVERFLOW caution light. Power to operate the auxiliary fuel tanks
isfrom the NO. 2 DC primary bus through two circuit breakers marked FUEL LH INBD and FUEL RH INBD and
located on the SO circuit breaker panel.

Theauxiliary fuel quantity indicator marked AUX FUEL ison the pilot instrument panel (Figure 1-8). Thewindow
marked LBS provides adigital reading of the fuel quantity for the auxiliary tank or tanks selected with the selector
switch. A selector switchmarked L INBD-R INBD-TOTAL selectsthefuel quantity intheleft or right auxiliary tank
or thetotal quantity of thetwo tanks. Power to operate the auxiliary fuel quantity indicator system isfrom theNO. 2
DC primary bus through acircuit breaker marked FUEL MGMT and located on the ATO circuit breaker panel.
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Any combination of auxiliary tanks can beinstalled or removed from the aircraft. The software logic of the FMCP
sensesif an auxiliary tank gauge and low-level switch signal is absent. The FM CP commands automatically bypass
an absent auxiliary tank station and go to the next occupied tank station.

A PUMP/VALVE FAIL cautionlight illuminatesto show failure of any element(s) of thedual transfer/shutoff valves
or dud transfer pumps. Normally, only asingle valve and pump of the dual pump/valve system functions when fuel
transfer is activated. Each valve and pump activates alternately with the other valve and pump to spread the use on
the equipment. When a valve or pump fails and fud flow is stopped, the PUMP/VALVE FAIL caution light will
illuminate after approximately 40 seconds and the alternate valve will open. After an additional 40 seconds, if fuel
flow has not begun, the alternate pump will start. After an additional 40 seconds, if fuel flow has still not started, the
AUX FUEL XFER FAULT caution light illuminates to show total failure of the auxiliary fuel transfer system. The
pressure sensor initiating the PUMP/VALVE FAIL light latches open and the light will not go out until the fault is
repaired. An AUX FUEL XFER FAULT cautionlight illuminateswhen atransfer command in the FM CPfor transfer
to the main tank is received and auxiliary fuel transfer is not activated within approximately 120 seconds.

2.4.6 External Tank Jettison

The emergency panel marked EMER PNL (Figure 1-7) has acenter switch marked ALL STORES SONO under the
heading JETTISON. With weight-off-wheels, activating the switch will electrically fireall BRU-14 squib circuits,
and all pylon external auxiliary bomb racks will release their stores.

2.5 AUXILIARY POWER UNIT SYSTEM

The APU system provides pneumatic power for starting the engines and operating the environmental control system
(ECYS). It incorporates a generator for ground and emergency in-flight electrical operations.

2.5.1 APU

The APU (Figure 2-19) is a gas turbine engine consisting of a power section, a reduction gearbox, appropriate
controls, and accessories. The APU accessory gear box provides a mounting pad for the hydraulic starter and an
output driver for the APU fuel assembly, oil pump, and air-cooled AC generator. The APU is lubricated by a
self-contained oil system. Fuel consumption is 150 pounds per hour.

2.5.2 APU Accessories

APU system accessories include a prime/boost pump, hydraulic accumulator (with hand pump), hydraulic starter,
and AC generator. The prime/boost pump is used to prime the engine or APU fuel lines and provides fuel under
pressure to the APU during starting and operations at pressure altitudes at or above 8,000 feet. The hydraulic
accumulator provides the hydraulic pressure for driving the APU starter. The minimum accumulator pressure
required for starting the APU is approximately 2,650 psi. It can be recharged by using the accumulator hand pump.
With AC power available, the accumulator is charged by the backup hydraulic pump.

2.5.3 APU Controls

The APU CONTR switch, located on the upper console. ON opens the APU airframe fud shutoff valve and sends
astart signal to the APU electronic sequence unit (ESU) or digital e ectronic sequence unit (DESU). OFF removes
electrical power from the system closing the airframe fuel shutoff valve.

2.5.4 APU Control and Monitoring

The APU is controlled and monitored by the ESU/DESU. If a start sequence fails or a monitored parameter is
exceeded during operation (withthe exception of APU OIL TEMPHI), the ESU/DESU will automatically shut down
the APU.

The ESU/DESU displays APU faults using built-in-test (BIT) indicators. The BIT indicators are capable of
displaying start sequence or operation status and specific reasons for APU shutdown. To maintain BIT codes after
failure, DC power isrequired and the APU CONTR switch must remain in the ON position. Four caution/advisories
(APU ON, APU FAIL, APU OIL TEMPHI, and APU ACCUM LOW) provide monitoring of APU operation. APU
FAIL indicatesthe APU hasfailed dueto high Ng, low Ng, high TGT, low TGT, low oil pressure, or start sequence
failure. APU OIL TEMP HI indicatesthe APU has reached the maximum oil temperaturefor continuous operation.
The DESU for the Turbomach APU has the added capability to control APU overtemps by regulating the main fuel
valve and start bypass valve.

2-47 ORIGINAL



A1-H60BB-NFM-000

COMBUSTION SECTION

GAS GENERATOR

ENCLOSURE

- JR\$ : ‘@ *—___BLEED-AR
@ V. PORT
GENERATOR—"" g \ AIR INLET

OIL LEVEL

SIGHT GLASS
OIL FILLER Note
PORT P
Turbo Mach 400 includes an extended
dipstick.

TURBO MACH AUXILIARY POWER UNIT

COMBUSTION PRIMARY FUEL
IGNITION UNIT SECTION NOZZLE ASSEMBLY

APU
STARTER

/

SECONDARY

FUEL
NOZZLE
ASSEMBLY
OIL FILL CAP
FUEL CONTROL
UPPER COVER
FILLTO
APU GENERATOR O - SPILL PLUG
/ M \ \ FUEL CONTROL
APUWIRING LOWER COVER
HARNESS ASSEMBLY GEARBOX  MAGNETIC

AsSEmBLY  PRAIN PLUG

GARRETT AUXILIARY POWER UNIT

LSI 017-0854-0

Figure 2-19. Auxiliary Power Units

ORIGINAL 2-48



A1-H60BB-NFM-000

2.5.5 APU Start System

With the FUEL PUMP switch in the APU BOOST position, pressurized fuel is supplied from the right fuel tank by
the prime/boost pump. Thefuel control governsand metersfuel flow to the APU power section, permitting automatic
starting under all ambient conditionsand constant speed operation oncethe APU has accelerated toitsnormal speed.

Placing the APU CONTR switch to ON initiates the start sequence. The ESU/DESU sends asignal to open the APU
start valve, releasing the hydraulic accumulator chargeto the starter. Asthe accumulator pressure drops below 2,650
psi, the APU ACCUM LOW advisory appears, indicating that the accumulator pressure is low. The APU ON
advisory appearswhen the APU ison and operating normally. Placing the APU GENERATOR switch to ON makes
electrical power available. If the backup pump is cycled ON then to the OFF or AUTO position, it will remain on
for one cycle of 90 seconds (180 seconds with winterization kit installed). Once the accumulator is recharged, the
APU ACCUM LOW advisory will extinguish.

If the APU does not start and the APU ACCUM LOW advisory is not illuminated, a start may be attempted by
simultaneously movingthe APU CONTR switchto ON and actuating the manual START/OVERRIDE lever |ocated
on the accumul ator manifold. APU accumulator pressure will be dumped to the starter to turn the compressor until
the APU has reached a self-sustaining speed.

2.6 ELECTRICAL SYSTEM

The primary source of electrical power for the SH-60B is alternating current (AC). There are three AC sources for
the aircraft. The primary sources are the two transmission-driven main generators. The secondary source is the
APU-driven generator. External AC power can also be connected to the helicopter. DC electrical power is obtained
by two converters which convert AC power to DC power and reduce the voltage. A battery isinstalled for use in
starting the APU and asasecondary sourceof DC power. AC and DC power aredistributed to individual components
by means of a bus distribution system.

2.6.1 AC Electrical System

The primary AC electrical power is supplied by two oil-cooled 30/45 kVA, 115 Vac, 3 phase, 400 Hz brushless
generators, driven by the transmission through the accessory modules. The generators sharetheir oil supply with the
accessory modules, input modules, and main transmission. A secondary electrical power source is supplied by an
air-cooled, 20/30 kVA, 115 Vac, 3 phase, 400 Hz brushless generator mounted on and driven by the APU. The
generatorsare controlled by generator control units (GCUs). The GCUsregul ate generator output and protect against
overvoltage, undervoltage, underfrequency on the ground, and feeder fault for detection of open or short circuited
feeder lines. Inflight, the generatorswill remain online until N, decreasesto approximately 80 percent. A minimum
of 97 percent N, isrequired for the GCU to connect the NO. 1 and NO. 2 generators to the AC distribution system.
The external power receptacle, which may be used to supply external AC power to the electrical system, islocated
on theright side of the aircraft, forward of the cabin door near the main mount. External power is monitored by the
external power monitor panel located in the right-hand junction box. The external power source is monitored for
phase rotation, overvoltage, undervoltage, underfrequency, and overfrequency to determine if the source is

acceptable.

There arefive busesin the AC eectrical distribution system: the NO. 1 and NO. 2 AC primary buses (NO. /2 AC
PRI BUS), the AC essential bus (AC ESNTL BUS), the AC secondary bus (AC SEC BUS), and the AC monitor bus
(AC MON BUS). AC bus distribution loads areillustrated in (Figure 2-20). With both main generators operating,
the NO. 1 generator powers the NO. 1 AC primary, AC essential, and AC secondary buses, while the NO. 2 AC
generator powersthe NO. 2 AC primary and the AC monitor bus. If the APU generator is selected while both main
generators are operating, the APU generator will not be connected to the AC bus distribution system.

Should either main generator fail, automatic bus switching compensates by limiting the AC load to the available
generator output. If combined current demand exceeds the capability of the operating generator(s), the buses are
redistributed to available generators so that major bus loads can be managed as follows:

1. The backup hydraulic pump isthe magjor load for the NO. 1 AC primary bus and has the highest priority.

2. The mission avionics system is the mgjor load on the AC secondary bus and is the next priority. Tail rotor
de-ice power is aso supplied from this bus.

2-49 ORIGINAL



TVNIDIHO

0S-¢

(€ 10 T 1BBUS ‘OV) Weibeiq %00|g WeiSAS [eousg "0z-z 8inbiH

Yy T T
by Pl

L LT RIN LY Y
RN

SH= A
Pl o' “ret

11Tel u Cdw's Pt 00
LETIE I T

LR L L

o ErAam =
=AM IDTAAEEE]
W L\Jmld £

M =
Lyl Frm

L LR SR

1 EE |DUEEF pr
-Hur

Th TN Ak,

L2 WL LILD IS B s
R g g e e

i

CAJIKILVRAFI

]
v klual AT
i
v ——
AL LA T
H-uJIH-1

bk Lk

Fiffleu v e o'k
n - n

AT HIRT FaHLL

Ca1 P
£ e ST

E[altnPY P AR

<auTide bamiL

e

|—“:m|

LmLyL T LY
LIRS, i

ar e e

-

e mig m gaE
— mah. maralm b

- e
—

e

PR,

SmrLE

TRl
L ETaT moaEwn

fam

- e e
-

FICTH

At -

Nomie nkan -
[TRFTI E

- LA |
LmPerT
HLH!

IR L]
fulflordll
L =R
— T RSTI
— e -

NEICE TS
mef bk wal e
— unt s
T — oM I
—_— g
N rrow i AP
O YT
— i
Furil -
L T
ML LI
Calouk
e =ral e

- naw
=n's 7P wW R

Tl 1k HE

4 Mph WSRO

—Taiaa

000-WAN-d909H-TV



A1-H60BB-NFM-000

1T 3HEET !

M ¢AC FATF J% AC
Sy RSHIL BF: SURHFLY
APS: SMPTH

# R/ ME WT
AT Al

LI AOHIt

ATASONT IMC

8 L= 11

CONy FACELRA & ucHO
LUOMYEHTEER JIGPLAY
FUEL CLMAF FLYAF
INTAF BN MRER

]

|~| |-\.| ||_\.I-\.||~|_\.|| ~|_|

-

ZTRSHFFT 1

.H'.

.H'.

'H.|'.\.|'

|. |-_|~|‘.\. |-\.|~|_|.\.

.

||'.\.|||| -

LH-HT S AT0 FLT

LH-HTS UWA K5

LH:HT % ulR LSS0

WY AR SFT

M1 AL RS

o | GONeER™ER POWYER
hZ | R oS

BTAB SN

TR AM -

‘WINCEHELD ‘MIPEAS

AL ESSRTL LG SUFRLY

5

.-'|."|.

B

'

BA¥T CHAR -
CHFTA APCHAOR

FUEL DIMAF BLIMF &

ik R IH

LIGHTS AMTCOLL

IIEHETE NOW FIT

LIGHTS FP_I FL1

HE 2 ACING

K. 2 G0My ERTEA NOWER
WO 3 RHG COAEF !

PITOT WINDSHIELD ANTI-ICE

RIZHMT FIIQIT HEA TER!

s

BLADLE FOLOWCTR -
ALONERAXY FAGK
BLOWMER: =1LaT

A AOAE P!

Pk s

FYLAN FOLO GGRE '
MRS ISEM

REEL MMACH LALIMC -
RE=5Z JE HQIGT POVWER '
ETR ' IWEES MOTOR *
UTiL RECT Sedlilm -
FLIR

FLIF'HFS +=+

LENTER
L LHCE
BALKEER
PAMNEL

CORHER
CIFGUIT
HREASEH,
FENEL

RRHENE
OMERATON
TCIARGUT
BREAWEA
PlLHEL

HEELS -
LEFT TS HERTER: - LENZOF:
- CFERLT A
L FRagk BLOAET SIBFIRT
W 4 A CH Aus » HIFAHFE
MamuEL

HO 180 CN EHUG A
FEMG PLOVYEM

EA&CH A PRI WCT0RS QR

ALL &ECAL[T CTAFPLO WITII TIHC FLIN
N1 IRGEMSY K|T [FICK| AMS THE
FLI3 HELLFIPE 5Y5TEM IFHaS)

ERRLEN CY gt P

Figure 2-20. Electrical System Block Diagram (AC, Sheet 2)
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3. Themainrotor de-ice systemistheonly system powered from the AC monitor busand hasthe lowest priority
of the major current drawing components. AC bus distribution during normal and degraded modes is
illustrated in Figure 2-21.

Cockpit switches for control of the generators and external power are located in the center overhead console. The
GENERATORS, APU, NO. 1, andNO. 2 switchesarethree-position switches, labeled ON, RESET OFF, and TEST.
The ON position energizes the generator and permits connection of the generator AC output to the distribution
system. The RESET OFF position deenergizes the generator and permits generator recycling if the generator was
disabled or disconnected from the distribution system. The TEST position permits testing of the AC output of the
generator without connecting it to the distribution system. If generator output isnormal, the generator caution light
will not beilluminated. The EXT PWR switch is athree-position switch, labeled ON, OFF, and RESET. The ON
position permits connection of external AC power to the distribution system. The OFF position disconnects externa
AC power from the distribution system. The RESET position permits recycling if the AC external source was
unacceptable. External power will automatically be dropped from the aircraft distribution system when either main
generator or the APU generator is brought on line. Mission systems will be lost and secure electrical keys may be
lost with only the APU generator on line.

IHlumination of the#1 GEN, #2 GEN, or APU GEN cautionlight indicatesafailure of therespective generator, GCU,
generator contactor, or a fault in the respective distribution system due to an overvoltage, undervoltage,
underfrequency on the ground, or feeder fault. I1lumination of the#1 or #2 GEN BRG caution light indicates aworn
or failed main bearing on the respective generator.

‘ WARNING I

If APU is unavailable or external power is not accepted when main
generators are secured, atotal loss of AC power will occur. Systems |ost
include ICS, VIDS display, and AFCS computer power. When AFCS
computer power isinterrupted, trim is disengaged and an unguarded cyclic
will alow the rotor arc to dip to as low as four feet above the deck.

Power to illuminate the generator caution lightsis provided from the NO. 1 and NO. 2 DC primary buses through
theNO. 1 GEN WARN and NO. 2 GEN WARN circuit breakers, respectively. Both circuit breakers areon the ATO
circuit breaker panel. Illumination of the AC ESS BUS OFF caution light indicates apower |oss on the AC essential
bus. The caution light is powered by any source of DC power through a circuit breaker marked AC ESNTL BUS
WARN and located on the center circuit breaker panel. If the APU is the only source of AC power, illumination of
the APU GEN ON advisory light indicates that the APU-driven generator is on and supplying power to the system.
[1lumination of the EXT PWR CONNECTED advisory light indicates that the external power cableis connected to
the helicopter and DC power is on the battery bus. The advisory light is powered by the battery bus through acircuit
breaker on the lower console circuit breaker panel marked ESNTL WARN EXT PWR CONTR.

POWER SOURCE #1 AC PRI AC SEC AC MONITOR
MAJOR LOAD ON BUS BACKUP PUMP MISSION POWER BLADE DE-ICE
External Power Available Available Available
Both Main Generators Available Available Available
1 Main and APU Generator |Note 1 Note 1 Note 1
1 Main Generator Note 2 Note 2 Not Available
APU Generator Available Not Available Not Available
Notes:

1. Combination of any two.
2. Either system.

Figure 2-21. AC Bus Distribution
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2.6.2 AC Bus Tie System

The AC bus tie contactor/relay (K4) connects APU power or external power to the primary AC buses. In addition,
theK4 allowsthe output from the#1 generator to power the buses of afailed #2 generator. With both main generators
online and supplying output through K1 (#1 Gen) and K2 (#2 Gen), K4 is deenergized. It isby design that when one
generator fails, the operating generator will inherit the required load viaarelay. Thisisaccomplished in two ways:

1. Inthe case of # 1 generator failure, the #2 generator has a direct feed (not K4) straight to the K1 contactor
allowing the #1 generator buses to continue operation despite the failure of the generator.

2. Whenthe#2 generator fails, output from the#1 generator isrouted through the AC bustie (K4), thus keeping
the #2 generator buses powered.

With the loss of the AC bustie, no caution light nor changein cockpit functionality existsthat would aert crewsto
identify thefailure. Identification will become apparent when asecond failure such asagenerator or converter failure
occurs. The following shows two scenarios:

1. Withthefailureof both the K4 contactor and the#2 AC generator, the#2 primary AC buswill belost. All other
bus ties will remain functional.

2. With theloss of both the K4 contactor and the #1 AC generator, all busties will remain functional.

Note

In both cases, powering of the APU will result in the pickup of the AC
Monitor bus only.

With the AC busttie failure, indicated by afailed generator and no load pickup, the perceived correction is to start
the APU and disconnect the operating generator. The perception hereisthat the APU powers the AC primary buses
through the K4 feeder. If the AC bus fails, then the APU will not connect to the primary buses. Therefore,
disconnecting of an operating generator will only compound the emergency from single generator operations to a

self-induced total AC power failure.
‘ WARNING I

Intheevent of an AC bustiefailure, starting of the APU and disconnection
of the operating generator has no effect in correcting the malfunction.
Further, should the operating generator be taken off-line, a complete AC
power failure isimminent.

2.6.3 DC Electrical System

DC power is supplied by two converters each rated at 28 Vdc, 200 amps continuous power. NO. 1 and NO. 2
converters are powered by the NO. 1 AC PRI BUS and NO. 2 AC PRI BUS through the NO. 1 CONVERTER
POWER and NO. 2 CONVERTER POWER circuit breakers respectively. The NO. 1 converter is located in the
left-hand junction box and the NO. 2 converter islocated in the right-hand junction box. A 24 Vdc, 5.5 amp hours
battery located in the ATO seat well provides a secondary or emergency source of DC power. A battery
analyzer/conditioner located in the ATO seat well monitors the battery system for fault conditions and provides a
battery charging capability. The analyzer system monitors battery charge, internal temperature, and cell conditions
and will automatically disconnect DC loads from the battery or the battery from the charging circuit, as appropriate.
The system charges the battery whenever AC power is available and the battery switch is on.
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There arefive busesin the DC dectrica distribution system (Figure 2-20): the NO. 1 and NO. 2 DC primary buses
(NO. 1/2DCPRI BUS), theDC essentia bus(DCESNTL BUS), thebattery bus (BATT BUS), and the battery utility
bus (BATT UTIL BUS). Automatic bus switching provides maximum flexibility should aconverter fail. TheNO. 1
converter isthe source of power for theNO. 1 DC primary bus, the DC essentia bus, and the battery bus. The NO. 2
converter powers the NO. 2 DC primary bus. The battery powers the battery utility bus. Failure of one of the
converters results in its loads being picked up by the other converter. If both convertersfail, the battery providesa
source of power to the battery utility bus, the battery bus (if the battery switch is on), and the DC essential bus (if
the battery switchison and thebattery isabovea35 percent charge) through thecircuit breaker marked ESNTL BUS
DC SPLY and located on the lower console circuit breaker panel. The NO. 1 and NO. 2 DC primary buses are
dropped.

Battery power is controlled by atwo-position BATT switch located on the center overhead console labeled BATT
with positions ON and OFF. The ON position connects the DC power output of the battery utility busto the battery
bus and provides input power to the analyzer/conditioner. When the helicopter converters are operating and BATT
switch is ON, the charging circuit of the analyzer/conditioner receives AC and DC power. DC charging power is
supplied from theNO. 2 DC primary busthrough the BATT CHGR circuit breaker onthe ATO circuit breaker panel.
AC power issupplied from the NO. 2 AC primary busthroughthe BATT CHGR circuit breaker on the corner circuit
breaker pandl.

Indicator lights on the caution/advisory panel permit cockpit monitoring of the DC eectrical system. lllumination
of the#1 CONV or #2 CONV caution light indicatesafailure of the respective converter or DC bus contactor. Power
to light the CONV caution lights is provided from the battery bus through a circuit breaker marked ESNTL BUS
AC/CONV WARN and located on the lower console circuit breaker panel. Illumination of the DC ESS BUS OFF
caution light indicates apower losson the DC essentia bus. [llumination of theBATT LOW CHARGE caution light
indicates that the battery is below a40 percent state of charge. DC essentia bus power isrequired to light thislight.

Illumination of the BATTERY FAULT caution light indicates that a battery overtemperature or cell dissimilarity
condition exists. When a battery overtemperature or cell dissimilarity condition exists, the battery is disconnected
from the charging circuit. When the battery drops below a 35 percent state of charge, the DC essentia bus will be
disconnected from the battery to allow sufficient chargefor APU starting. The DC essential buswill still be powered
if either converter ison or external power is connected. Power to illuminate the BATTERY FAULT caution light is
provided by the battery bus through the ESNTL WARN PWR CONTR circuit breaker.

‘ WARNING I

With no other source of DC power for the DC ESNTL BUS and the battery
below 35 percent charge, the BATT LOW CHARGE light will not be on,
battery power may not be sufficient to fire the fire extinguisher
cartridge-activated device (CAD), and the fire warning system will not be
operative for the main engines.

2.6.4 DC Bus Tie System

DC bus tie contactor (K7) provides a connection between the NO. 1 and NO. 2 DC primary buses. If one converter
fails, the path is closed from the primary bus of the operating converter to energize the solenoid of the DC bustie
contactor. The energized contactor connects the output of the operating converter to the primary bus of the failed
converter.

Regardlessof the bustie, no caution light nor changein cockpit functionality existsthat would alert crewsto identify
thefailure. Identification happens when another electrical component fails, such as a generator or converter, where
the electrical load required is not picked up by the operating generator or converter.
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2.6.5 Circuit Breaker Panels

Nine circuit breaker panels are located in the cockpit and cabin area (Figure 2-22). Two upper console (overhead)
circuit breaker panelscontain circuit breakersprotecting the DC essentia bus. Thelower consolecircuit breaker panel
contains circuit breakers protecting the battery bus and the battery utility bus. The corner circuit breaker panel
contains circuit breskers protecting the NO. 2 AC primary bus. The ATO circuit breaker panel contains circuit
breakersprotecting theNO. 1 and NO. 2 DC primary buses. Thecenter circuit breaker panel containscircuit breakers
protectingtheNO. 1 AC primary busand the AC essentia bus. The SO circuit breaker panel containscircuit breakers
protecting the NO. 1 AC primary bus, the NO. 2 AC primary bus, the AC secondary bus, theNO. 1 DC primary bus,
and the NO. 2 DC primary bus. The SO console avionics rack and the mission avionics rack circuit breaker panels
contain circuit breakers protecting the AC secondary bus and the NO. 2 DC primary bus. See Figure 2-23 for an
alphabetical list of the circuit breakers.
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CIRCUIT BREAKER BUS LOCATION

AC ESNTL BUS SUPPLY NO. 1 AC PRI BUS CENTER

AC ESNTL BUS SUPPLY NO. 2 AC PRI BUS CORNER

AC ESNTL BUS WARN AC ESS BUS CENTER

AFCS CMPTR NO. 2 AC PRI BUS SO OVHD

AFCS CMTPR NO. 1 AC PRI BUS CENTER

AFCS NO. 1 CONTR NO. 1 DC PRI BUS ATO

AFCS NO. 2 CONTR NO. 1 DC PRI BUS ATO

AFCS NO. 2 CONTR NO. 2 DC PRI BUS ATO

AIR SOURCE ENG START NO. 1 DC PRI BUS ATO

ANALY DETR AC SEC BUS MISSION AVIONICS
APU CONTR INST BATT UTIL BUS LOWER CONSOLE
APU: CONTR INST BATT BUS LOWER CONSOLE
APU: FIRE DETR BATT BUS LOWER CONSOLE
APX-100 CONTR XPONDR NO. 1 DC PRI BUS ATO

ARMAMENT NO. 1 AC PRI BUS CENTER
ARMAMENT: CONTR NO. 2 DC PRI BUS ATO

ARMAMENT: JETT A NO. 2 DC PRI BUS ATO

ARMAMENT: JETT B NO. 2 DC PRI BUS ATO

ARMAMENT: JETT C NO. 2 DC PRI BUS ATO

ARMAMENT: SYS NO. 2 DC PRI BUS ATO

ASA NO. 1 DC PRI BUS SO OVHD

ASA PWR NO. 1 DC PRI BUS SO OVHD

ATO BDHI NO. 1 DC PRI BUS ATO

ATO WSHLD ANTI-ICE NO. 1 DC PRI BUS SO OVHD

ATO WSHLD ANTI-ICE NO. 2 AC PRI BUS SO OVHD

ATO: NO. 1 AC PRI BUS CENTER

ATO: ALTM NO. 1 DC PRI BUS ATO

ATO: ARM JETTA NO. 1 DC PRI BUS ATO

ATO: BDHI NO. 1 AC PRI BUS CENTER

ATO: CONTRIND NO. 1 AC PRI BUS CENTER

AUTO: EC NO. 1 AC PRO BUS CENTER

AUTO: MODE SELECT NO. 1 DC PRO BUS AUTO

AUTO: TURN RATE GYRO NO. 1 DC PRO BUS AUTO

AUTO FEMORA AC ESS BUS CENTER

BACKUP HYD CON TR DC ESTEL BUS OVHD CONSOLE
BACKUP PUMP PR NO. 1 DC PRO BUS AUTO

BATT BUS CON TR

BATT UT IL BUS

LOWER CONSOLE

BATT BUS SPLY

DC ESNTL BUS

OVHD CONSOLE

BATT CHGR

NO. 2 DC PRI BUS

ATO

Figure 2-23. Circuit Breaker List (Sheet 1 of 7)
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CIRCUIT BREAKER BUS LOCATION
BATT CHGR NO. 2 AC PRI BUS CORNER
BLADE FOLD CONTR NO. 2 DC PRI BUS SO OVHD
BLADE FOLD MOTOR NO. 2 AC PRI BUS SO OVHD
BUS TIE CONTR NO. 1 DC PRI BUS ATO
BUS TIE CONTR NO. 2 DC PRI BUS ATO
CARGO HOOK: CONTR NO. 2 DC PRI BUS SO OVHD
CARGO HOOK: PWR NO. 2 DC PRI BUS SO OVHD
CAUTN ADVSY LTS TEST NO. 1 DC PRI BUS ATO

CAUTN ADVSY PNL

DC ESNTL BUS

OVHD CONSOLE

CHIP DETR DC ESNTL BUS OVHD CONSOLE

CM DISP: CONT NO. 2 DC PRI BUS SO COUNTERMEASURES
CM DISP: PWR NO. 2 DC PRI BUS SO COUNTERMEASURES
CM PNL LTS NO. 2 DC PRI BUS SO COUNTERMEASURES
CMPTR XPONDR NO. 2 AC PRI BUS CORNER

CMPTR XPONDR NO. 1 DC PRI BUS SO OVHD

CMUX AC SEC BUS SO CONSOLE AVIONICS RACK
COMM SWG AC SEC BUS SO CONSOLE AVIONICS RACK
COMPUTER 1 AC SEC BUS SO CONSOLE AVIONICS RACK
COMPUTER 2 AC SEC BUS SO CONSOLE AVIONICS RACK
CONSOLE BLOWER AC SEC BUS SO CONSOLE AVIONICS RACK
CONV PROCR AUDIO NO. 2 DC PRI BUS ATO

CONV PROCR AUDIO AC ESS BUS CENTER

CONV PROCR AUDIO NO. 1 AC PRI BUS CENTER

CONVERTER DISPLAY NO. 1 AC PRI BUS CENTER

DATA LINK SET

AC SEC BUS

MISSION AVIONICS

DATA LINK: ANT

NO. 2 DC PRI BUS

MISSION AVIONICS

DATA LINK: SECURE

NO. 2 DC PRI BUS

MISSION AVIONICS

DC ESNTL BUS SPLY NO. 1 DC PRI BUS ATO

DC ESNTL BUS SPLY NO. 2 DC PRI BUS ATO

DF GP PWR AC ESS BUS CENTER

DIR FINDER GROUP DC ESNTL BUS OVHD CONSOLE
ECS PWR NO. 2 AC PRI BUS SO OVHD

ECS: CONTR NO. 2 DC PRI BUS SO OVHD

ECS: WARN NO. 2 DC PRI BUS SO OVHD

EMERG RELEASE: CARGO HOOK

DC ESNTL BUS

OVHD CONSOLE

SHEAR

EMERG RELEASE: HOIST CABLE

DC ESNTL BUS

OVHD CONSOLE

EMERG RELEASE: MAD SHEAR

DC ESNTL BUS

OVHD CONSOLE

EMERG RELEASE: MASTER SHEAR | DC ESNTL BUS

OVHD CONSOLE

ENG CONTGCY WARN

NO. 1 DC PRI BUS

ATO

ORIGINAL

Figure 2-23. Circuit Bresker List (Sheet 2)
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CIRCUIT BREAKER BUS LOCATION
ENG SPEED TRIM NO. 2 DC PRI BUS ATO
ESM AC SEC BUS SO CONSOLE AVIONICS RACK
ESNTL BUS: AC/CONV WARN BATT BUS LOWER CONSOLE
ESNTL BUS: DC SPLY BATT BUS LOWER CONSOLE
ESNTL DC BUS SENSE DC ESNTL BUS OVHD CONSOLE
ESNTL WARN EXT PWR CONTR BATT BUS LOWER CONSOLE

EXT ADVSY LTS

NO. 1 DC PRI BUS

SO OVHD

FIRE DET: NO. 1 ENG

DC ESNTL BUS

OVHD CONSOLE

FIRE DET: NO. 2 ENG

DC ESNTL BUS

OVHD CONSOLE

FIRE EXIT DC ESNTL BUS OVHD CONSOLE
FIRE EXTGH NO. 2 DC PRI BUS ATO

FIRE EXTGH BATT UTIL BUS LOWER CONSOLE
FLIR AC NO. 2 AC PRI BUS SO OVHD

FLIR DC NO. 1 AC PRI BUS SO OVHD
FLIR/HFS NO. 1 AC PRI BUS SO OVHD
FLIR/HFS NO. 2 AC PRI BUS SO OVHD

FLOATS BATT UTIL BUS LOWER CONSOLE
FUEL DUMP CONTR DC ESNTL BUS OVHD CONSOLE
FUEL DUMP PUMP NO. 1 AC PRI BUS CENTER

FUEL DUMP PUMP NO. 2 AC PRI BUS CORNER

FUEL LOW WARN NO. 1 DC PRI BUS ATO

FUEL MGMT NO. 2 DC PRI BUS ATO

FUEL PRIME BOOST BATT BUS LOWER CONSOLE
FUEL: LH INBD NO. 2 DC PRI BUS SO OVHD

FUEL: RH INBD NO. 2 DC PRI BUS SO OVHD

GPS NO. 1 AC PRI BUS SO OVHD

HEELS NO. 1 AC PRI BUS SO OVHD

HEIGHT IND: ATO

DC ESNTL BUS

OVHD CONSOLE

HEIGHT IND: PILOT

DC ESNTL BUS

OVHD CONSOLE

HF RAD R/T MT AMPL CPLR NO. 2 DC PRI BUS ATO

HF SECURE NO. 2 DC PRI BUS MISSION AVIONICS
ICE DETR NO. 2 DC PRI BUS ATO

ICE DETR NO. 2 AC PRI BUS CORNER

IFF INTERG AC SEC BUS MISSION AVIONICS
IFF SECURE NO. 2 DC PRI BUS MISSION AVIONICS
INTRF BLANKER NO. 1 AC PRI BUS CENTER

JETT D NO. 2 DC PRI BUS ATO

LDG/HOV LT TUB NO. 2 DC PRI BUS SO OVHD
LDG/HOV LT TUB NO. 2 DC PRI BUS SO OVHD
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CIRCUIT BREAKER BUS LOCATION
LDG/HOV LTS: CONTR NO. 1 DC PRI BUS ATO
LDG/HOV LTS: L FWD NO. 1 DC PRI BUS ATO
LDG/HOV LTS: R FWD NO. 1 DC PRI BUS ATO
LEFT PITOT HEATER NO. 1 AC PRI BUS SO OVHD
LH RACK BLOWER NO. 1 AC PRI BUS SO OVHD
LIGHTS: ANTI COLL NO. 2 AC PRI BUS CORNER
LIGHTS: ATO FLT NO. 1 AC PRI BUS CENTER
LIGHTS: CABIN DOME DC ESNTL BUS OVHD CONSOLE
LIGHTS: LWR CSL NO. 1 AC PRI BUS CENTER
LIGHTS: NON FLT NO. 2 AC PRI BUS CORNER
LIGHTS: PLT FLT NO. 2 AC PRI BUS CORNER
LIGHTS: POS NO. 2 DC PRI BUS SO OVHD

LIGHTS: ROTOR HEAD

DC ESNTL BUS

OVHD CONSOLE

LIGHTS: SEC PANEL

DC ESNTL BUS

OVHD CONSOLE

LIGHTS: SRCH CONTR NO. 2 DC PRI BUS SO OVHD
LIGHTS: SRCH PWR NO. 2 DC PRI BUS SO OVHD
LIGHTS: UPR CSL NO. 1 AC PRI BUS CENTER

LWR IRCM PWR

NO. 2 DC PRI BUS

SO COUNTERMEASURES

LWR IRCM: CONT

NO. 2 DC PRI BUS

SO COUNTERMEASURES

LWR IRCM: WARN

NO. 2 DC PRI BUS

SO COUNTERMEASURES

MAD AMPL PWR SPLY

AC SEC BUS

SO CONSOLE AVIONICS RACK

MAD REEL CONTR

NO. 2 DC PRI BUS

SO CONSOLE AVIONICS RACK

MAIN XMSN NO. 2 DC PRI BUS ATO

MAR/AD/ESM POWER NO. 2 AC PRI BUS SO OVHD

MAR/AD ESM PWR NO. 2 DC PRI BUS SO OVHD

MB DE-ICE CONTR NO. 2 DC PRI BUS ATO

MKS50 LH INBD NO. 1 DC PRI BUS SO OVHD

MKS50 LH OTBD NO. 2 DC PRI BUS SO OVHD

MKS50 RH INBD NO. 2 DC PRI BUS SO OVHD

MKS50 RH OTBD NO. 2 DC PRI BUS SO OVHD

MTM 1 AC SEC BUS SO CONSOLE AVIONICS RACK
MTM 2 AC SEC BUS SO CONSOLE AVIONICS RACK
MWS NO. 2 DC PRI BUS SO COUNTER MEASURES
NAV RDR SET NO. 2 DC PRI BUS ATO

NAV RDR SET NO. 1 AC PRI BUS CENTER

NO. 1 CONVERTER POWER NO. 1 AC PRI BUS CENTER

NO. 1 ENG START DC ESNTL BUS OVHD CONSOLE

NO. 1 ENG: ANTI-ICE: CONTR NO. 1 DC PRI BUS ATO

NO. 1 ENG: ANTI-ICE: WARN NO. 1 DC PRI BUS ATO

ORIGINAL
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CIRCUIT BREAKER BUS LOCATION
NO. 1 ENG: WARN LTS NO. 1 DC PRI BUS ATO
NO. 1 AC INST NO. 1 AC PRI BUS CENTER
NO. 1 DC INST NO. 1 DC PRI BUS ATO
NO. 1 ENG OVSP NO. 1 AC PRI BUS CENTER
NO. 1 GEN WARN NO. 1 DC PRI BUS ATO
NO. 1 SERVO: CONTR NO. 1 DC PRI BUS ATO
NO. 1 SERVO: WARN NO. 1 DC PRI BUS ATO
NO. 2 CONVERTER POWER NO. 2 AC PRI BUS CORNER
NO. 2 ENG: ANTI-ICE: CONTR NO. 2 DC PRI BUS ATO
NO. 2 ENG: ANTI-ICE: WARN NO. 2 DC PRI BUS ATO
NO. 2 ENG: START CONTR NO. 2 DC PRI BUS ATO
NO. 2 ENG: WARN LTS NO. 2 DC PRI BUS ATO
NO. 2 AC INST NO. 2 AC PRI BUS CORNER
NO. 2 DC INST NO. 2 DC PRI BUS ATO
NO. 2 ENG OVSP NO. 2 AC PRI BUS CORNER
NO. 2 GEN WARN NO. 2 DC PRI BUS ATO
NO. 2 SERVO: CONTR NO. 2 DC PRI BUS ATO
NO. 2 SERVO: WARN NO. 2 DC PRI BUS ATO
NSIU NAV REF AC ESS BUS CENTER
NSIU POWER AC ESS BUS CENTER
OAT SENSOR NO. 2 DC PRI BUS ATO
P ENG NO. 1 AC PRI BUS SO OVHD
PB LTS CMR NO. 2 DC PRI BUS ATO
PILOT ECA AC ESS BUS CENTER
PILOT: Al AC ESS BUS CENTER
PILOT: ALTM NO. 2 DC PRI BUS ATO
PILOT: BDHI AC ESS BUS CENTER
PILOT: BDHI DC ESNTL BUS OVHD CONSOLE

PILOT: MODE SELECT

NO. 2 DC PRI BUS

ATO

PILOT: TURN RATE GYRO

DC ESNTL BUS

OVHD CONSOLE

PILOT: WSHLD ANTI-ICE NO. 2 DC PRI BUS ATO

PILOT WINDSHIELD ANTI ICE NO. 2 AC PRI BUS CORNER

PYLON FOLD GSE NO. 2 AC PRI BUS SO OVHD
PYLON GSE CONTR NO. 1 DC PRI BUS SO OVHD

R ENG MAST ARM NO. 2 DC PRI BUS SO OVHD
RADIO NO. 1 R/T UHF DC ESNTL BUS OVHD CONSOLE
RADIO NO. 2 R/T UHF NO. 2 DC PRI BUS SO OVHD

RAST POWER NO. 2 AC PRI BUS SO OVHD

RAST SHEAR NO. 2 DC PRI BUS ATO

Figure 2-23. Circuit Bresker List (Sheet 5)
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CIRCUIT BREAKER BUS LOCATION
RAST: CONTR NO. 2 DC PRI BUS SO OVHD
RAST: PROBE LTS NO. 2 DC PRI BUS SO OVHD
RAST: PWR NO. 2 DC PRI BUS SO OVHD
RAST: TAIL PROBE NO. 2 DC PRI BUS SO OVHD
RATE GYRO 26 VAC NO. 1 AC PRI BUS CENTER

RDP AC SEC BUS SO CONSOLE AVIONICS RACK
RDR ALTM R/T AC ESS BUS CENTER

REEL MACH LAUNCH NO. 2 AC PRI BUS SO OVHD

RESCUE HOIST CONTR NO. 1 DC PRI BUS SO OVHD

RESCUE HOIST CONTR NO. 2 DC PRI BUS SO OVHD

RESCUE HOIST POWER NO. 2 AC PRI BUS SO OVHD

RH RACK BLOWER NO. 2 AC PRI BUS SO OVHD

RIGHT PITOT HEATER NO. 2 AC PRI BUS CORNER

ROTOR BRAKE

DC ESNTL BUS

OVHD CONSOLE

RTR HD INDEX ENGAGE

DC ESNTL BUS

OVHD CONSOLE

RTR HD INDEX MOTOR NO. 2 AC PRI BUS SO OVHD

SAS AMPL AC ESS BUS CENTER

SAS BOOST DC ESNTL BUS OVHD CONSOLE

SEARCH RADAR AC SEC BUS SO CONSOLE AVIONICS RACK
SEC BUS CONTR BATT BUS LOWER CONSOLE

SIG DATA CONV AC SEC BUS SO CONSOLE AVIONICS RACK
SO CONSOLE POWER NO. 2 AC PRI BUS SO OVHD

SO CSL PWR NO. 2 DC PRI BUS SO OVHD

SO DISPLAY AC SEC BUS SO CONSOLE AVIONICS RACK
SO KEYSET AC SEC BUS SO CONSOLE AVIONICS RACK
SO LIGHT AC SEC BUS SO CONSOLE AVIONICS RACK
SONO CONTR NO. 2 DC PRI BUS ATO

SONO RCVR 1 AC SEC BUS MISSION AVIONICS

SONO RCVR 2 AC SEC BUS MISSION AVIONICS

STAB CONTR AC ESS BUS CENTER

STAB CONTR NO. 1 AC PRI BUS CENTER

STAB IND 26 VAC AC ESS BUS CENTER

STAB PWR NO. 1 DC PRI BUS ATO

STAB SYS PWR DC ESNTL BUS OVHD CONSOLE

TACAN CONTR NO. 1 DC PRI BUS ATO

TACAN R/T NO. 1 AC PRI BUS CENTER

TAIL BLADE DE-ICE NO. 2 AC PRI BUS SO OVHD

TAIL INDEX MOTOR BATT UTIL BUS LOWER CONSOLE

TAIL ROTOR SERVO WARN NO. 1 DC PRI BUS ATO

TAIL WHEEL LOCK DC ESNTL BUS OVHD CONSOLE

THSTORM UTIL LT NO. 1 DC PRI BUS ATO

UHF SECURE

NO. 2 DC PRI BUS

MISSION AVIONICS
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CIRCUIT BREAKER BUS LOCATION
UPR IRCM PWR NO. 2 DC PRI BUS SO COUNTERMEASURES
UPR IRCM: CONT NO. 2 DC PRI BUS SO COUNTERMEASURES
UPR IRCM: WARN NO. 2 DC PRI BUS SO COUNTERMEASURES
UTIL LTS BATT UTIL BUS LOWER CONSOLE
UTIL RECP CABIN NO. 1 DC PRI BUS SO OVHD
UTIL RECP CABIN NO. 2 AC PRI BUS SO OVHD
WG PRESS NO. 2 DC PRI BUS SO CONSOLE AVIONICS RACK
WINDSHIELD WIPERS NO. 1 AC PRI BUS CENTER
WSHLD WASHER NO. 2 DC PRI BUS ATO
WT ON WHEELS BATT BUS LOWER CONSOLE

Figure 2-23. Circuit Bresker List (Sheet 7)

2.6.6 Utility and Test Receptacles

The utility and test receptacle panel islocated on the left-hand bulkhead bel ow the SO window. The panel contains
28 VVdc and 115 Vac utility power receptacles and the test receptacles for the NO. 1, NO. 2, and APU generators.

2.7 LIGHTING
2.7.1 Exterior Lighting
2.7.1.1 Anticollision Lights

The anticollision light system contains four strobes in two separate units, one beneath the aft fuselage and one on
top of the aft pylon section (Figure 1-3). The lights are controlled by two switches on the overhead console
(Figure 1-6) labeled ANTI COLLISION LIGHTS UPPER, BOTH, LOWER and DAY, OFF, NIGHT. The system
consists of adua power supply and two interchangeable day/night anticollision lights. The dua supply system
provides separate outputs for the aft fuselage light and the pylon-mounted light. Each anticollision light assembly
containstwo lamps, ared lensfor night operation, and aclear lensfor day operation. The desired strobe(s) isselected
by placing the switch at UPPER, LOWER, or BOTH. To discontinue operation of the anticollision light(s), the
DAY -NIGHT switch is placed to OFF. Power to operate the anticollision light system is provided from the NO. 2
AC primary bus through acircuit bresker marked LIGHTS, ANTI COLL and located on the corner circuit breaker
panel.

2.7.1.2 Position Lights

Position lights (Figure 1-3) are outboard of the left and right landing gear support and on thetrailing edge of thetail
vertical fin. The lights are red on the left, green on the right, and white on thetail. Control of the position lightsis
through the overhead console panel (Figure 1-6) containing two switches, marked POSITION LIGHTS,
DIM-OFF-BRIGHT, and STEADY -FLASH. When the intensity switch is placed to DIM or BRIGHT, all three
lights go on at once. If the STEADY -FLASH switch is placed to FLASH, the three lights flash between 70 and
90 times per minute. The STEADY position causes the lights to remain on continuously. Power to operate the
position lightsis provided by NO. 2 DC primary bus through acircuit breaker marked LIGHTS POS and |ocated on
the SO circuit breaker pandl.

On aircraft BUuNo 162349 and subsequent, the left position light functions on the left outboard pylon when it is
installed. Whentheleft pylon and its associated wiring receptacl eare removed, the lighting function isautomatically
transferred to the left landing gear support.

2.7.1.3 Searchlight

The searchlight (Figure 1-3) is mounted on the right bottom of the nose section and is controlled from either
collective.
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Except when the pilot SRCH LT switchisin the STOW position, the searchlight may be selected and operated from
either collectiveregardless of opposite switch position. Selection of the STOW position by the pilot disconnectsthe
ATO SRCH LT and four-way search light control switches. Should both the pilot and ATO attempt to slew the
searchlight simultaneously, the light will freeze position until one of the four-way search light control switchesis
released. The 450 watt light can be moved forward through a 120° arc from the stow position. It can aso be turned
360° in either aright or left direction on its axis. Thelight is operated by a switch labeled SRCH LT ON, OFF, and
STOW. Directiona control of thelight is provided through the four-position searchlight control switch, labeled EXT
(extend), RET (retract), L (Ieft), and R (right). When the SRCH LT switchisplaced ON, thelamp will go on, arming
thecontrol switch. Placing thecontrol switchto EXT causesthelight beam to moveforward at arate of approximately
12° per second. If SRCH LT switch is placed to OFF, the light will extinguish and remain in its present position. If
theswitchisheld at STOW, the light will retract at arate of approximately 30° per second to the stowed position in
the searchlight well. When the light is fully retracted, power is automatically removed. Power to light and control
the searchlight is provided from the NO. 2 DC primary bus through circuit breakers, marked LIGHTS SRCH PWR
and SRCH CONTR, located on the SO circuit breaker panel.

2.7.1.4 Landing/Hover Lights

Two 450 watt fixed-position landing/hover lights (Figure 1-3) areinstalled on the left and right sides benegth the
nose section, and afixed-position hover/rescuelight isinstalled on theright sidelower tub below the hoist. All lights
areprimarily controlled from the cockpit through thetoggle switch, marked HOVER LIGHTS, AL L, OFF, and FWD
(Figure 1-6). Inthe ALL position, nose hover lights and rescuelight areturned on. At FWD, only thenoselightsare
turned on. Therescuelight may be operated from the crew hover panel through the toggle switch, marked RESCUE
LIGHT, ON, and OFF. The rescue light can be operated from the crew hover panel only when the cockpit switchis
selected to OFF or FWD. Power for the forward hover lights is from the NO. 1 DC primary bus through circuit
breakers marked LDG/HOV LTS CONTR, L FWD, and R FWD and located on the ATO circuit breaker panel. The
rescue hoist light receives power from the NO. 1 DC primary bus through acircuit breaker marked LDG/HOV LT,
CONTR on the ATO circuit breaker panel, and the NO. 2 DC primary bus through a circuit breaker marked
LDG/HOV LT TUB on the SO circuit breaker panel.

2.7.1.5 Rotor Head Light

A light on top of the main transmission cabin fairing illuminates the rotor head droop stops (Figure 1-3). Therotor
head light is controlled by a switch marked RTR HD LIGHTS, OFF, and ON (Figure 1-6). The light alows the
director to determinethe position of the droop stops during rotor engagement and di sengagement. Power for thelight
isfrom the DC essential busthrough acircuit breaker marked LIGHTS ROTOR HEAD and located on the overhead
console circuit bresker pandl.

2.7.1.6 Recovery Assist Secure and Traverse Lights

Recovery Assist Secureand Traverse (RAST) lightsarelocated forward of the RAST probe. Thelightsarecontrolled
by a single two-position switch marked RAST LIGHTS, ON, and OFF and located on the overhead console
(Figure 1-6). Power to operate the RAST lightsis provided by the NO. 2 DC primary bus through acircuit breaker
located on the SO circuit breaker panel, under the general heading RAST, marked PROBE LTS.

2.7.2 Interior Lighting

Theinterior lighting system consistsof theflight instrument and consolelights, secondary lights, thunderstorm utility
lights, utility lights, and cabin dome lights. Both AC and DC sources of electrical power are used to operate the
various interior lights.

2.7.2.1 Flight Instrument and Console Lights

Theflight instrument and consol elightsarethe primary meansfor illuminating cockpit gaugesand control indicators.
Theselightsconsist of individual gaugelightsand backlit instrument panels. Instrument lights aregrouped intoflight
and nonflight instruments. The flight instrument lights are divided into pilot and ATO. These lights are controlled
by individual rotary intensity controls(Figure 1-6) marked INST LIGHT PILOT FLIGHT, OFF-BRIGHT, and INST
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LIGHTS ATO FLIGHT, OFF-BRIGHT. The dimming control for the pilot flight instrument lights switches the
caution/advisory panel lights from a bright to dim intensity when the switch is rotated out of the OFF position.

Power for the ATO instrument lightsissupplied by theNO. 1 AC primary busthroughthe LIGHTSATO FLT circuit
breaker on the center circuit breaker panel. The NO. 2 AC primary bus powers the pilot flight instrument lights and
thenonflight instrument lightsthrough circuit breskersmarked LIGHTS, PLT FLT, and NON FLT, respectively. Both
circuit breakers are on the corner circuit breaker panel.

The nonflight and consol e lights operate in the same manner astheflight instrument lights. Intensity of the nonflight
instrument lightsiscontrolled by arotary control, marked INST LIGHT NON FLIGHT, OFF-BRIGHT. Illumination
of the upper and lower consoles is controlled by two rotary switches marked CONSOLE PANEL LTS UPPER,
OFF-BRIGHT, and LOWER, OFF-BRIGHT. Power to operate the console lights is provided by the NO. 1 AC
primary bus through two circuit breakers marked LIGHTS UPR CSL and LIGHTS LWR CSL, both on the center
circuit breaker panel. Illumination intensity of the backlit pushbutton switches on the AFCS CONTROL panel and
the AI/BDHI mode select control panels (pilot and ATO) is controlled by the CONSOLE PANEL LTS LOWER,
OFF-BRIGHT rotary knob located on the ATO side of the upper console. Power for thelower consolelight switches
is provided from the NO. 2 DC primary bus through the PB LTS DMR circuit breaker on the ATO circuit breaker
panel.

2.7.2.2 Secondary Lights

Thesecondary lights system consists of DC powered floodlights that augment the AC powered flight instrument and
consolelights. Secondary lights also providelight for gauges and the lower consolein the event of atotal lossof AC
power. Secondary illumination of the instrument panel is provided by five light fixtures mounted below the glare
shield. Each fixture has a mechanical shade that allows the pilot/ATO to manually dim the light once the light has
been turned on. A rotary knob on the ATO side of the overhead console marked INST PANEL SECONDARY LTS,
OFF-BRIGHT controlsthereferencebrightnessof al fivelight fixtures. A whitefloodlight | ocated above and behind
thepilot seat provides asecondary meansto illuminatethe lower console. Thislight iscontrolled by aswitch marked
LOWER CONSOLE SECONDARY LT, DIM-OFF or BRT. Power for the secondary lights system isfrom theDC
essentia bus through a circuit breaker marked LIGHTS SEC PANEL and located on the overhead circuit breaker
panel.

2.7.2.3 Thunderstorm Utility Lights

Thethunderstorm utility lightshel p prevent pil ot disorientation during night flight in thunderstorm conditions. When
set to the BRIGHT position, the THUNDRSTRM/UTILITY LT switch turns on the thunderstorm utility light to its
full intensity and overrides the dimming controls, bringing all other cockpit lights to full intensity. In the DIM
position, the thunderstorm utility light and the other cockpit lighting are set to half intensity. Power to operate the
thunderstorm utility lightsis provided by the NO. 1 DC primary bus through a circuit breaker marked THSTORM
UTIL LT and located on the ATO circuit breaker panel.

2.7.2.4 Utility Lights

Portable utility lights with coiled cords are attached to the upper cockpit bulkhead behind the pilot and ATO, and to
the upper cabin bulkhead beside the SO, by removable brackets. The lights may be adjusted on their mountings to
direct the light beams or they may be removed and used portably. The utility lights are controlled by a rheostat or
apushbutton on the end of each casing. Thelens casing of thelight may be turned to change from white light to red
and spot to flood. The utility lights operate from the battery utility busthrough acircuit breaker marked UTIL LTS
on the lower console circuit breaker panel.

Note

Ensure utility lightsare off when not in use to preclude unnecessary battery
drain.
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2.7.2.5 Cabin Dome Lights

Three cabin dome lights for lighting the cabin section are controlled by a CAB DOME LIGHT panel switch. On
aircraft BuNo 162092 and subsequent, the panel switch has a RED position which turns the forward aisle light to
red. Theintensity controls arein the cabin on the crew hover panel and overhead of the SO. The controls are marked
DOMELIGHT, OFF-BRT. Thelight level control may be adjusted to any position between thetwo extremes. Power
to operate the cabin dome light system is provided from the DC essential bus through a circuit breaker marked
LIGHTS CABIN DOME and located on the overhead circuit breaker panel.

2.8 HYDRAULIC SYSTEMS

The three hydraulic systems (Figure 2-25) are designed to provide full-flight control pressure (3,000 to 3,100 psi).
The components of the hydraulic systems are three hydraulic pump modules, two transfer modul es, autility module,
three dual -stage primary servos, one dual-stage tail rotor servo, three pilot-assist (boost) servos, four pilot-assist
(SAYS) servos, two hydromechanical trim actuators, the rescue hoist, an APU accumulator, an APU hand pump, and
aservicing hand pump (Figure 2-26). There are three hydraulic pressure supply systems: NO. 1, NO. 2, and backup.
All are completely independent, and each is fully capable of providing essentia flight control pressure (3,000 to
3,100 psi) for maximum system redundancy. Compl ete redundancy is accomplished by the backup pump, providing
hydraulic power to both NO. 1 and/or NO. 2 systems if one or both pumps fail. If NO. 1 and NO. 2 systems lose
pressure, there will be a slight restriction in the maximum rate of flight control movement due to the backup pump
supplying both primary stages with hydraulic power. When the SERV O switch, located on the pilot/ATO collective
grips, ismoved to the 1st OFF or 2nd OFF position, that stage of the primary servosisturned off. A mafunctionin
the other stage will cause the stage that was turned off to automatically come back on, provided the backup pump
does not take over the functions of the lost system. A hydraulic hand pump is provided for APU accumulator
pressurization in the event the backup pump is unavailable.

Note

The caution lights shown below may flicker when the listed switch is
activated (Figure 2-24).

SUBSYSTEM CAUTION

SAS 1 or SAS 2 switch on #2 PRI SERVO PRESS
#2 HYD PUMP
BOOST SERVO OFF

SAS/BOOST HYD switch on #2 PRI SERVO PRESS
#2 HYD PUMP
SAS

TAIL SERVO switch BKUP #1 PRI SERVO PRESS
#1 HYD PUMP

HYD LEAK TEST switch #1 and #2 PRI SERVO PRESS #1 and

NORM after RESET #2 HYD PUMP

Figure 2-24. Hydraulic System Activation
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2.8.1 Hydraulic Pump Modules

Thehydraulic pump modul es are combination hydraulic pumps and reservoirs. TheNO. 1, NO. 2, and backup pump
modules areidentical and interchangeable. The NO. 1 pump moduleis mounted on and driven by the | eft-accessory
module of the main transmission. The NO. 2 pump module is mounted on and driven by the right-accessory
transmission module. The backup pump moduleis mounted on and driven by an AC electric motor, powered by the
NO. 1 AC primary bus. The reservoir part of each pump module has a level indicator. Markings correspond to
underserviced, normal, and overserviced fluid levels. A pressurerelief and bleed valve protects the pump from high
pressure in the return system. Each pump hastwo filters: a pressurefilter and areturn filter. A red indicator button
on each filter will pop out when pressureis 70 10 psi for the pressure filter, and 100 10 psi for the return filter.
The pressure filter has no bypass. The return filter has abypass valve that opens when return pressure reaches 100
+10 psi. Each pump has three check valves: one at the external ground coupling, one at the pressure side, and one
at thereturn side. A low level fluid indicator switch, mounted on top of each pump module, sensesfluid loss for that
system. When the piston on the pump modul e reaches the REFILL mark, the piston closes the switch, turning on a
caution light marked RSVR LOW.

2.8.1.1 NO. 1 Hydraulic System

The system operates with the rotor turning and suppliesthefirst stage of all primary servos and the first stage of the
tail rotor servo. Thesystem componentsareanintegrated pump module, atransfer module, first-stage primary servos
and first-stage tail rotor servo. The primary servos are controlled by the SERV O switch, located on the pilot/ATO
collective grips. The switch can turn off either first or second stage of the primary servos, but not both at the same
time. First-stagetail rotor servo can be manually turned off by atwo-position switch, marked TAIL SERVO, NORM
and BKUP on the miscellaneous switch pand (Figure 1-7).

2.8.1.2 NO. 2 Hydraulic System

The NO. 2 hydraulic system, which aso operates with the rotor turning, supplies the second-stage primary servos
and the pilot-assist servos. System components are the integrated pump module, transfer module, second-stage
primary servos, and pilot-assist modules. Second-stage primary servos can be manually turned off by the SERVO
switch. Thepilot-assist servoscannot beturned off collectively, but SAS, TRIM, and BOOST servoscan bemanually
turned off by switches on the AFCS CONTROL panel.

2.8.1.3 Backup Hydraulic System

This system supplies emergency pressure to the NO. 1 and/or NO. 2 hydraulic systems whenever a pressure [oss
occurs. It aso supplies pressureto the NO. 2 stage of thetail rotor servo in case of aloss of pressurein thefirst stage
of thetail rotor servoor #1 RSVR LOW indication. Thissystem suppliesutility hydraulic pressuretoall flight control
components during ground checkout. The backup system aso provides 3,000 to 3,100 psi hydraulic pressure for
recharging of the APU start system accumulator and for rescue hoist operation. The backup hydraulic system pump
module is driven by an electric motor, which can be powered by any adequate three-phase AC power source. An
internal depressurizing valvein the backup pump module reduces the output pressure of the pump to about 700 psi
to aid startup of the electric motor. This valve unloads the e ectric motor by reducing the torque requirement at low
rpm. After upto4 secondson APU or external power or 0.5 secondswith either main generator on, thevalveisclosed
and 3,000t0 3,100 psi pressureissupplied tothehhydraulic system. This sequence reducesthe current demand during

backup system startup.
CAUTION !

If the BACKUP PUMP PWR circuit breaker is out and a condition exists
which requires the backup pump to operate, then either the hydraulic
system must be configured so that the backup pump will not activate upon
resetting thecircuit breaker, or AC power must be secured prior to resetting
the circuit breaker. Damage to the current limiters may occur and will be
indicated by aloss of al loads on NO. 1 AC primary bus.
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Pressure-sensing switchesin the NO. 1 and NO. 2 transfer modules constantly monitor the pressure output of the
NO. 1 and NO. 2 pumps. Loss of pressure initiates the backup operation. The backup pump automatically operates
when the BACKUP HYD PMP switch is in the AUTO position (or in any position while airborne) if any of the
following criteria occurs:

1. NO. 1 hydraulic reservoir low.
2. NO. 1 tail rotor servo inoperétive.
3. NO. 1 hydraulic pump failure.
4. NO. 2 hydraulic pump failure.

The system then provides emergency pressureto maintain full-flight control capability. A WOW switch on the | eft
main landing gear provides automatic operation of the backup pump when the helicopter isin the air, regardless of
BACKUP HYD PMP switch position. A pressure-sensing switch at the tail rotor monitors supply pressure to the
first-stagetail rotor servo. The backup pump can supply pressureto either thefirst-stage or second-stagetail rotor
servoif theNO. 1 pumplosespressure. Thisgivesthe pilot abackup tail rotor servo even with theloss of the primary
hydraulic supply or #1 RSVR LOW. If aleak in aprimary servo system depletes the backup system fluid, the backup
reservoir-low level fluid indicator switch will turn on the BACK-UP RSVR LOW caution light.

Thebackup pump hasathree-position toggle switch, located on thelower console (Figure 1-7). Inthe OFF position,
the backup pump is not activated. In the AUTO position, the backup pump automatically maintains pressure in the
NO. 1 or NO. 2 hydraulic systems as required and to the second-stagetail rotor servo. In the ON position with the
NO. 1 and NO. 2 hydraulic modules operating normally, the backup pump recircul ates hydraulic fluid to and from
each transfer module and will maintain pressure in the APU accumulator. With the rotors turning and the APU
accumulator low, once the backup pump is turned on it cannot be turned off until the accumulator is charged. With
both hydraulic systems operating normally, once turned on, with the APU accumulator low, the backup pump will
run for at least 90 seconds regardless of switch position (180 seconds with winterization kit installed). When
airborne, with the BACKUP HY D PMP switch in any position, the backup pump maintains pressurein the NO. 1
or NO. 2 hydraulic systems and to the NO. 2 stage of the tail rotor servo as required. In the ON position in flight,

the pump will remain on until secured.
CAUTION !

Backup pump initiation with AFCS heading hold engaged (AFCS
CONTROL TRIM switch ON, pedal microswitch NOT depressed) may
cause AFCS Heading Hold failure, indicated by acompassfail flag, AFCS
CONTROL panel HDG FAIL advisory, and aflashing AFCSDEGRADED
caution light. Should this malfunction occur, system operation can be
restored by pressing one of the fail advisory mode reset switches.

2.8.2 Transfer Modules

The NO. 1 and NO. 2 transfer modules connect hydraulic pressure from the pump modules to the flight control
servos. Each interchangeable moduleis an integrated assembly of shutoff valves, pressure switches, check valves,
and restrictor.

2.8.2.1 NO. 1 Transfer Module

Thismodule hasatransfer valve, apressure switch, afirst-stage primary shutoff valve, afirst-stagetail rotor shutoff
valve, arestrictor, and check valves. Thetransfer valveis spring loaded to the open or normal position. If theNO. 1
hydraulic system pressureislost, the valve automatically transfers backup pump pressureto the NO. 1 system. The
first-stage primary shutoff valveletsthepilot or ATO shut off first-stage pressureto the primary servosand prevents
both stages from being shut off at the sametime. The pressure switch lightsthe#1 HY D PUMP caution light on the
caution/advisory panel when pressure drops to 2,000 psi and also sends asigna to alogic module that pressureis
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lost in the NO. 1 hydraulic system. Therestrictor allows fluid to circulate for cooling under no-flow conditions. If
afluid leak develops past the transfer module, the check valves prevent fluid loss on the return side of the transfer
module.

2.8.2.2 NO. 2 Transfer Module

This transfer module is like the NO. 1 module, except that it supplies NO. 2 hydraulic system pressure. The
pilot-assist shutoff valveturnsoff pressureto the pil ot-assist module. The second-stage primary servo shutoff valve
turns off pressureto the second stage of the primary servos. The pressure switch turnsonthe#2 HY D PUMP caution
light on the caution/advisory panel when the system pressure is below 2,000 psi and aso sends asignal to alogic
module that pressureislost in the NO. 2 hydraulic system.

2.8.2.3 Utility Module

Theutility module connects hydraulic pressure from the backup pump to the NO. 1 and NO. 2 transfer modules, the
second stage of thetail rotor servo, therescuehoist, and the APU accumulator. A pressureswitch onthe modul esenses
the backup pump operation and turns on the BACK-UP PUMP ON advisory light on the caution/advisory panel. If
the flow rate through the module to the APU accumulator exceeds 1.5 gpm, a velocity fuse shuts off flow.

2.8.3 Primary Servo Shutoff

The purpose of the primary servo shutoff system is to alow the shutoff of an improperly operating servo system
during flight and to test system operation beforeflight. The system is operated through aservo shutoff switch on each
collective grip.

The system requires DC power for operation. The system is divided into a first-stage servo shutoff system and
second-stage servo shutoff system. The first-stage system has a pressure switch on each first stage of the three
primary servos. The sameistruefor the second-stage system. Each double-pole pressure switch has one switch for
acaution light and another to route power to aservo system shutoff valve, when OFF is selected. The SERVO OFF
switches on the pilot and ATO collectives do not control the tail rotor servos. The second stage tail rotor servo is
controlled by aswitch onthe MISC SW panel marked TAIL SERVO, NORM, and BKURP, which should be used in
the event of amechanical failure of the first stage servo valve or linkage. With both servo systems pressurized, the
pilot or ATO can shut down either servo stage. Due to an electrical interlock, both servo stages cannot be secured
a the same time, nor can one be secured unless normal system conditions exist in the other. If the pilot selectsthe
first-stage off, electrica power to the first-stage shutoff valve must pass through all three second-stage servo
pressure switches to ensure the second stage is pressurized before shutdown can occur. As the first-stage pressure
drops during shutoff, the first-stage pressure switches react to the decreasing pressure, causing thefirst-stage servo
pressure caution light to illuminate and the control path for the second- stage shutoff to beinterrupted. This prevents
shutoff of the second stage during the time that the first stage is off. A sdlection of the second-stage off, in this
example, would provide similar results. To close aservo shutoff valve, electrical power must be appliedto thevalve.
When power is removed, the shutoff valve will open.

2.8.4 Hydraulic Leak-Detection/Isolation (LDI) System

The system protects the flight control hydraulic system by preventing loss of hydraulic fluid. The LDI system uses
pressure switches and fluid level sensorsfor monitoring pump hydraulic fluid level, and pump pressure for primary,
tail rotor, and pilot-assist servos. When a pump module reservoir fluid level switch detects a fluid loss, the logic
module automatically operates the required shutoff valve(s) to isolate the leak and (with the exception of aleak at
the pil ot-assi st servos) turns on the backup pump. In the cockpit, the RSV R LOW cautionlight for that systemlights.
Backup pump shutoff valve(s) operation is automatic through the logic module. If theleak continues, the pilot must
place the SERV O switch to the appropriate OFF position. The heart of the LDI is composed of two logic modules.

2.8.4.1 Logic Modules

Two logic modules are used to control the operation of the hydraulic systems. Thelogic modul es continually monitor
the operation of the hydraulic systems by inputs received from pressure switches, fluid level switches, and control
switch inputs. The outputs of the logic modules will turn on lights on the caution/advisory panel, notifying the pilot
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of afailureand/or turn off oneor morevalvesdueto asystem malfunctionto i solatealeak and maintain pressurization
of the flight control system (Figures 2-27 and 2-28). All switching functions of the hydraulic logic modules are
automatic, except as shown by Pilot Action on the logic diagrams.

2.8.4.2 Hydraulic Leak Test

The hydraulic leak test checks the complete hydraulic circuit with the exception of the transfer/shuttle valves. The
HYD LEAK TEST switch is a three-position toggle switch located on the overhead console (Figure 1-6). The
hydraulic leak test is aground test and the following criteria must be achieved prior to initiating the test:

1. AC power.

2. Backup pump in AUTO position.
3. All hydraulic reservoirsfull.

4. WOW.

5. Rotors turning.

The switch positions are TEST, RESET, and NORM. In the TEST position, if the above criteria are met, the test
function activatesan electrical signal illuminating thethreeRSVR low lights. The hydraulic logic modul esthen take
their normal action for this condition. Thefollowing caution/advisory lightswill illuminate, indicating asatisfactory
test:

#1 TAIL RTR SERVO.
BOOST SERVO OFF.
SAS.

AFCS DEGRADED.

#1 RSVR LOW.

#2 RSVR LOW.
BACK-UP RSVR LOW.
BACK-UP PUMP ON.

#2 TAIL RTR SERVO ON.
. MASTER CAUTION.

After alesk test has been made, the HYD LEAK TEST switch must be moved to RESET momentarily to turn off
caution and advisory lightsthat were on during thetest. Except for theHY D LEAK TEST switch, the hydraulic leak
system consists of componentsof theNO. 1, NO. 2, and backup hydraulic systems. A WOW switch contact prevents
hydraulic leak testsfrom being madein flight. Power to operate the hydraulic leak test systemisfromtheNO. 2DC
primary busthrough acircuit breaker located on the ATO circuit breaker panel, marked NO. 2 SERVO CONTR, and
from the DC essential busthrough acircuit breaker located on the overhead circuit breaker panel, marked BACKUP
HYD CONTR.

© © N o o~ wDdDPRE

=
o

2.8.4.3 Reservoir Fill System

A hand pump and manual selector valve are on theright side, upper deck of the helicopter for system servicing. The
three main hydraulic system reservoir levels can be seen from the fill-pump location. The hand pump reservoir
contains a sight gauge above the hand pump crank. A low-level mark indicates arequirement for refill. The hand
pump reservoir serves as the rotor brake reservair.
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Figure 2-28. Hydraulic Logic Module Functions for aLeak in #2 Hydraulic System
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2.9 FLIGHT CONTROL SYSTEM

The helicopter is controlled by varying and intermixing the control outputsfrom the cyclic, collective, and tail rotor
pedals. Control movement isaccomplished manually by either pilot or automatically by the AFCS. Theflight control
system can be divided into three sections:

1. Mechanical control system.
2. Flight control servo system.
3. Automatic flight control system

2.9.1 Mechanical Control System

The physical layout of the mechanical flight controlsis presented in (Figure 2-29), and asimplified block diagram
of theflight control system, including the AFCS components, is presented in (Figure 2-30). The cyclic, collective,
and tail rotor pedal flight controls are routed aft and outboard of each pilot seat, vertically up each side of theaircraft,
and are combined for each axis at the overhead torque shafts inside the hydraulics bay. The overhead torque shafts
transfer inputs from the trim servos and flight controls through the pilot assist servos, and the mixing unit.  From
themixing unit, fore, aft, and lateral inputs aretransferred to the swashplate assembly viathe primary servos and the
bridgeassembly. Theyaw inputstothetail rotor servo aretransferred from themixing unit aft to thetail rotor quadrant
through the tail rotor cables.

Both pilot and copilot flight control s, control grips, and control grip function switchesareidentical and are presented
in Figure 2-29. The copilot collectivetelescopes by twisting thegrip and pushing the collective aft to improve access
to the seat.

2.9.1.1 Tail Rotor Control System

Thetail rotor control system provides directional control by varying the pitch of thetail rotor blades. Thetail rotor
servo is mechanically actuated, but requires hydraulic pressure to operate the pitch change shaft which moves the
tail rotor pitch change beam, changing blade pitch angle through the pitch-change links.

Thetail rotor servo is powered by either the NO. 1 hydraulic system or the backup hydraulic system. Thetail rotor
quadrant transmitstail rotor cable movement to thetail rotor servo. Two spring cylinders connected to the quadrant,
allows cable tension to be maintained if either tail rotor cable becomes severed. Microswitches activate the TAIL
ROTOR QUADRANT caution when either cableisbroken. Directiona control of thetail rotor ismaintained by the
remaining spring. If both cablesare severed, two separate centering springswill counter thetail rotor servo pilot valve
positioning thetail rotor to a neutral setting to provide a fly-home capability.

At thetail pylon fold area, the cables run though a series of pulleys that allow the tail pylon to be folded without
disconnecting the control cables.

2.9.2 Flight Control Servo Systems
Theflight control servo system (Figure 2-30) consists of the primary servos, tail rotor servos, and pilot-assist servos.
2.9.2.1 Primary Servos

Therearethree primary servoslocated in the hydraulics bay. Each primary servo hastwo stagesthat areindependent
and redundant with only the input linkage in common. Should one primary servo stage become inoperative due to
pressure loss or ajammed input pilot valve, a bypass valve within the affected stage will automatically open, and
the #1/#2 PRI SERVO PRESS caution will illuminate.

2.9.2.2 Tail Rotor Servo

Thetail rotor servo has two independent stages. Thefirst stageis powered by the NO. 1 hydraulic system with the
TAIL SERVO switch inthe NORM position. The second stage is powered by the backup hydraulic system with the
TAIL SERVO switch in the BACKUP position. Should thefirst stage of the TAIL SERV O lose hydraulic pressure,
the backup pump will automatically power the second stage of the tail rotor servo illuminating the #1 TAIL RTR
SERVO caution, the #2 TAIL RTR SERVO ON advisory, and the BACKUP PUMP ON advisory.
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Figure 2-30. Flight Control System
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2.9.2.3 Pilot Assist Servos

The pilot-assist servo assembly contains the boost servos, SAS actuators, and hydraulic (pitch and roll) trim
actuators. Flight controls are operable without hydraulic pressure to the pilot-assist servos, but collective and yaw
inputs will require considerable pilot effort. Hydraulic power is still required to move the primary servos.

The pilot-assist servos, except pitch and roll trim, are turned on and off by pressing the SAS/BOOST pushbutton
onthe AFCSCONTROL panel (Figure 2-31). Hydraulic pressureto thepitch and roll trim actuatorsisturned onand
off by the TRIM pushbutton on the AFCS CONTROL panel.

2.9.2.3.1 Boost Servos

There are three boost servos (collective, yaw, and pitch) located between the cockpit controls and the mixing unit,
which reduce cockpit control forces and SAS system feedback. All boost servos and the roll channel incorporate a
SAS actuator, which provides rate damping.

2.9.2.4 Control Mixing

The cyclic, collective, and pedal controls are mechanically combined in the mixing unit (Figure 2-32) to produce
uncoupled airframe response characteristics. In addition to mechanical mixing, electrical (collective/airspeed-
to-yaw) mixing is also present when trim is engaged.
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CONTROL FUNCTIONAL DESCRIPTION

SAS 1 Pushbutton that applies electrical power to the SAS 1 system. SAS 1 illuminates when system is on.

SAS 2 Pushbutton that applies electrical power to the SAS 2 system. SAS 2 illuminates when system is on.

TRIM Pushbutton that applies electrical and/or hydraulic power to all control trim systems (pitch, roll, yaw, and collect-
ive). TRIM illuminates when trim systems are on.

AUTO PLT Pushbutton that applies electrical power to the automatic pilot (SAS 1 or SAS 2 and TRIM must also be on).
AUTO PLT illuminates when autopilot is on.

APPR/HVR Pushbutton that engages either automatic approach or coupled hover mode, depending on flight regime.

CREW HVR Pushbutton that activates crew hover mode while coupled hover mode is engaged.

DEPART Light that illuminates when DEPART mode is selected via DEPART HOVER button on the cyclic grip.

LONG VEL Rotary knob that permits the pilot to set a reference longitudinal velocity in coupled hover mode.

LAT VEL Rotary knob that permits the pilot to set a reference lateral velocity during coupled hover mode.

CMPTR PWR/ | Guarded pushbutton that applies electrical power to the AFCC. Also provides power on/reset capability if the

RESET computer automatically shuts down due to a self-diagnosed malfunction.

SAS/BOOST Guarded pushbutton that applies hydraulic power to the SAS actuators and boost servos.

HVR ALT Rotary knob that permits the pilot to set a reference hover altitude during automatic approach and coupled
hover mode.

RDR ALT Pushbutton that engages and disengages radar altitude hold system. It is illuminated when engaged and
flashes when the collective TRIM RLSE switch is depressed. Reference altitude is obtained from HVR ALT
rotary knob only when coupled hover mode is on. When coupled hover mode is off, the reference altitude is
established when the pushbutton is engaged and reset when the collective trim switch is depressed and
released.

BAR ALT Pushbutton that engages and disengages barometric altitude hold. Itis illuminated when engaged and flashes

when the collective TRIM RLSE switch is depressed. Altitude is referenced automatically when the pushbutton
is engaged and reset when collective TRIM RLSE switch is depressed and released.

Figure 2-31. Automatic Flight Control System (AFCS) Control Panel
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NAME

COMPENSATION

CAUSE

COMPENSATION
REQUIREMENT

MECHANICAL COMPENSATION

Collective to yaw
Collective to lateral

Collective to
longitudinal

Yaw to longitudinal

Tail rotor thrust is increased

Rotor disc is tilted left

Rotor disc is tilted forward

Rotor disc is tilted aft

Main rotor torque

Lateral lead (tail rotor
propeller effect)

Rotor downwash on
stabilator

Tail rotor lift vector

Nose yaws right when
collective is increased

Helicopter drifts right when
collective is increased

Nose pitches up and
helicopter drifts aft when
collective is increased

Nose pitches down and
helicopter drifts forward
when left pedal is applied

ELECTRONIC COMPENSATION

Collective/airspeed
to yaw

A portion of the main rotor torque
compensation is provided by a trim
input that is proportional to collec-

Camber of tail rotor
pylon varies side load
with airspeed

Nose yaws left as airspeed
increases

tive position and airspeed. The trim
input is then progressively washed
out as pylon side loads increase
with airspeed.

Figure 2-32. Control Mixing

2.9.3 Automatic Flight Control System (AFCS)

The AFCSisan e ectrohydromechanical system which providesinputsto theflight control system to assist the pilot
in maneuvering and handling the helicopter. The AFCS is composed of three major subsystems: the SAS, the
stabilator system, and the DAFCS. A schematic of the AFCS is presented in Figure 2-33. All engagement controls
for the three subsystems are contained on the AFCS and stabilator control panels. Each subsystem operates
independently of the other two subsystems and they all complement one another. Autopilot functions are engaged
by the AUTO PLT pushbutton on the AFCS CONTROL panel. The AFCS REL EA SE pushbutton on the cyclic will
disengage SAS 1, SAS 2, and autopilot. The AFCS provides the following features:

1. Pitch, roll, and yaw stahility augmentation.
Stabilator control.

Cyclic, collective, and pedal trim.

Pitch and roll attitude hold.

Airspeed hold.

Heading hold.

Barometric dtitude hold.

Radar altitude hold.

Pitch and roll hover augmentation/gust alleviation.
Turn coordination.

© o N o oA WD

BB
= o

Maneuvering stability.
. Automatic approach to hover.

[
w N

Hover coupler.

=
N

. Automatic depart.
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15. Crew hover.

16. Longitudinal stick gradient augmentation (pitch bias actuator).
17. Bladefold assist.

18. Automatic preflight check.

19. Diagnostics (mode failure display).

2.9.3.1 AFCS Control Panels

The AFCSiscontrolled from two pands. the AFCS CONTROL panel and the STABILATOR control panel. Both control
panels are located on the lower console. Controls and functions of the AFCS CONTROL pand are summarized in
Figure 2-31. Functiona descriptions of the fail advisory lights displayed on the AFCS CONTROL pand are presented
in Figure 2-34. The STABILATOR control panel contains dl the operating controls for the stabilator and is shown in
Figure 2-36. All the other AFCS controlsareon the AFCS CONTROL pand. All detectable AFCS mode failures except
for the stabilator illuminate the AFCS DEGRADED light on the caution/advisory pand and the gppropriate modefailure
cgpsule on the FAILURE ADVISORY section of the AFCS CONTROL pand. Stabilator failures illuminate the

STABILATOR caution light on the caution/advisory panel and generate an aurd warning tone in the pilot and ATO
headsets.
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Figure 2-33. AFCS Input, Simplified Block Diagram
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FAIL ADVISORY

LIGHT ON SYSTEM FUNCTIONAL DESCRIPTION

CPLR Approach/Hover Coupler Approach/hover coupler capability loss. ATT, or A/S, or

ALT light may also be on.
CORD Turn Coordination Turn coordination is lost if AUG or SAS 1 and SAS 2 or
A/S light is on.
CH Crew Hover Loss of crew hover mode.
AUG Longitudinal and Lateral Hover | Loss of hover augmentation. A/S, ATT, or SAS 1, and
Augmentation SAS 2 light may also be on.

ATT Pitch and Roll Attitude Hold Pitch or roll autopilot attitude hold has been lost. If TRIM
is also on, both pitch and roll attitude hold have been lost
or malfunctioning. If pitch attitude failure occurs, the A/S
light also goes on, indicating airspeed hold is also not
available.

A/IS Airspeed Hold Airspeed hold is lost. The autopilot may continue to hold
pitch attitude unless a failure of pitch attitude hold occurs.
In this case, ATT light would go on.

HDG Heading Hold Heading hold has been lost or the ability to synchronize
heading hold has been lost, or collective to yaw electrical
coupling has been lost.

ALT Barometric or Radar Altitude If barometric altitude hold was engaged, altitude hold is

Hold lost. If radar altitude hold is desired, it must be selected. If
radar altitude hold was engaged, barometric altitude hold
will automatically engage, unless the type of failure pre-
vents any altitude hold operation.

SAS 1 SAS 1 Pitch, A malfunction has occurred, causing improper pitch, roll,

SAS 1 Roll, or yaw SAS 1 operation. SAS 1 should be disengaged to

SAS 1 Yaw ensure proper SAS 2 operation.

BIAS Pitch Bias Loss or modified operation of the pitch bias actuator

occurs, if the BIAS light goes on.

An airspeed transducer failure causes the pitch bias
actuator to move to a position corresponding to 120 KIAS.
The bias actuator continues to function about this

120 knot airspeed reference. The A/S light should also be
on if airspeed is the cause of the BIAS light.

A vertical gyro (pitch) failure causes the bias actuator to
move to a center position. The bias actuator now stays at
this center position. The ATT light should also be on, if
attitude is cause of bias light. A dual pitch rate gyro failure
will cause the bias actuator to lose its ability. However,
the bias actuator will continue to function for attitude and
airspeed inputs. The SAS 1 and SAS 2 lights should also
be on if the pitch rate gyros are the cause of failure.

The pitch bias actuator itself is not responding to com-
puter commands. The bias actuator stops wherever it is
at that time. No other fail advisory lights are coupled with
the BIAS light for this problem.

ORIGINAL

Figure 2-34. Fail Advisory Light (Sheet 1 of 2)
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FAIL ADVISORY

LIGHT ON SYSTEM FUNCTIONAL DESCRIPTION
SAS 2 SAS 2 Pitch, Any combination of SAS 2 axis failure causes the affected
SAS 2 Raoll, axis to be automatically disabled.
SAS 2 Yaw If SAS 2 and SAS 1 fail advisory lights go on, turn off
SAS 1.
TRIM Pitch Trim Actuator, Roll Trim | Cyclic pitch or roll trim, yaw pedal trim, or collective trim is
Actuator, Yaw Trim Actuator, lost or malfunctioning. Any combination of the above will
Collective Trim Actuator cause the TRIM light to go on.
No fail advisory Unknown A degradation has occurred that is not associated with a
light on, AFCS fail advisory light.

DEGRADED cau-
tion light flashing

No fail advisory Primary power to the com- A computer power sever has occurred. All DAFCS com-
light on, AFCS puter puter output signals are discontinued. To attempt to
DEGRADED cau- regain computer operation, press CMPTR PWR/RESET
tion light on steady switch OFF then ON. Loss of all AFCS functions except
SAS 1, boost, and Stabilator.
Note

o Use the AKNL ADVSY switch to acknowledge the failure of an AFCS system, so that MASTER
CAUTION light will be reset for a subsequent failure.

® To reset the computer for any mode failure (except a power sever), press any one of the three FAIL
ADVISORY MODE RESET switches.

o |fthe CMPTR PWR/RESET switch is on, and SAS 2 is off, pressing any of the three FAIL ADVISORY
MODE RESET switches will cause SAS 2 to automatically go on. This is a backup means of engaging
SAS.

Figure 2-34. Fail Advisory Light (Sheet 2)

2.9.3.2 DAFCS

The centrd component of the DAFCS is the digital computer. The computer commands the pitch bias actuator (PBA),
theinner-loop SAS actuators, and the outer-loop trim actuators in al four control channds. A system block diagram of
the DAFCSispresented in Figure 2-35. Thecomputer aso provides self-monitoring, fault isolation, and failureadvisory.

The DAFCS employs two types of control, identified as inner loop and outer loop. The inner loop (SAS) employs
ratedamping toimprovehelicopter stability. Thissystemisfast inresponse, limited in authority, and operateswithout
causing movement of the flight controls.

The outer loop (AUTOPILOT) provides long-term inputs by trimming the flight controls to the position required
to maintain the selected flight regime. It is capable of driving the flight controls throughout their full range of travel
(100 percent authority) at alimited rate of 10 percent per second. Both inner and outer loops allow for compl ete pilot
override through the normal use of the flight controls.
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Figure 2-35. DAFCS Input/Output Block Diagram
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‘ WARNING I

® When AFCS computer power is cycled, trim is disengaged and an
unguarded cyclic will alow the rotor arc to dip aslow as four feet above
the deck, prior to full control deflection, without pounding the droop stops.

® AFCS computer power isinterrupted with atotal AC power failure. After
AC power is restored, AFCS computer power must be cycled before
resetting AFCS functions.

The DAFCS computer processes incoming information from various sensors aboard the aircraft and stores this
information initsmemory. The sensor information isused by the computer central processing unit (CPU) to compute
required correction signals. Inner-loop correction signals arerouted to the SA S actuators and outer-loop signalsare
routed to trim servos and actuators.

2.9.3.2.1 AFCS Voltage Sensor Relay

The function of the voltage sensor relay (VSR) isto select the source of three-phase, 115 Vac power to be applied
tothe DAFCS computer. The voltage sensor al so supplies power to the Heading Attitude Reference System (HARS)
viathe ac essential bus relay. Power source selection is afunction of the NO. 1 generator output integrity. When 3
phase power from the NO. 1 ac primary bus is sensed in the voltage sensor, the ac essential bus relay is energized
and ac power is routed to the AFCS power switching assembly viathe VSR.

When thereisaphase disruption or fault occurrence on the NO. 1 ac primary bus supply, the VSR will automatically
switch the power source of the AC Essentia busfrom the NO. 1 ac primary busto the NO. 2 ac primary busto retain
basic HARS, SAS and TRIM functions. If the VSR switches power to the NO.2 AC primary bus, the DAFCS could
fail and the AFCS, SAS and TRIM functions may berequired to bereset. A malfunctioning VSR may cause apower
failure of the DAFCS computer, multiplefail advisory lights, tumbling or precessing of either or both pilot or ATO
Al or BDHI, or steady or intermittent OFF flags presented in the pilot or ATO Al or BDHI.

The AFCS voltage sensor is mounted overhead in the forward cabin area. Power to the VSR is supplied from both
the NO. 1 ac primary bus through the AFCS CMPTR CB on the center circuit breaker panel and from the NO. 2
Primary busthrough the AFCS CMPTR CB on the sensor operator circuit breaker panel. The voltage sensor for the
VSR isthe circuit breaker labeled AC ESNTL BUS SUPPLY (7.5 amp) on the NO. 1 AC Primary bus located on
the center circuit breaker panel. Pulling the VSR CB (i.e. AC ESNTL BUS SUPPLY CB) will cause power to both
the DAFCS and the AC Essential bus to be supplied from the NO. 2 AC Primary side. Caution should be taken to
ensurethe AC ESNTL BUS SUPPLY CB on the NO. 2 Primary Side |ocated on the Corner Circuit Breaker Panel
is pressed in before pulling the VSR CB.

2.9.3.3 Stabilator System

The dabilator system optimizes trim attitudes for cruise, climb, and autorotation and provides pitch stability
augmentation to complement the SAS for additional redundancy. The stabilator system is completdy independent
of the other two AFCS subsystems except for common airspeed sensors, lateral acceerometers, and pitch rate gyros.
The stabilator control system is a completely automatic fly-by-wire control system with a manua backup dew
control. The primary purpose of the stabilator control system is to eliminate undesirable noseup attitudes caused by
rotor downwash impinging on the horizonta stabilator during transition to a hover and during low-speed flight. The
stabilator pand (Figure 2-36) contains an automatic control (AUTO CONTROL) switch, a TEST pushbutton, and
amanua slew (MAN SLEW) switch. The AUTO CONTROL switch can only be used to engage the automatic mode
or to reset the stabilator in the event of astabilator failure. The switch isnot an aternate action pushbutton. The pilot
can manualy position the stabilator to any position within the stabilator limits by moving the MAN SLEW switch.
The TEST pushbutton, which isoperational below 50 knots, isused to check the automatic mode fault detector. The
stabilator ispositioned by two el ectric jackscrew actuators acting in series. Each actuator provides one-haf theinput
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to position thestabilator and is controlled by aseparate and redundant stabil ator amplifier. Thestabil ator travelsfrom
42° trailing edge down for hover and low-speed flight below 30 knots to 10° trailing edge up for cruise and
maneuvering flight. The stabilator electrical screw actuators receive power from the DC essential busand NO. 1DC
primary bus through two circuit breakers marked STAB SYS PWR and STAB PWR, respectively. The circuit
breakers are located on the overhead console and ATO circuit breaker panels, respectively. Four inputs are required
to position the stabilator (Figure 2-37):

1. Airspeed.
2. Collective position.
3. Latera acceleration.
4. Pitch rate.

The airspeed input aligns the stabilator with the main rotor downwash during slow-speed flight. The collective
position input decouples aircraft pitch attitude with collective position. Pitch rate and lateral acceleration inputs
improve the dynamic response of the aircraft, especially in gusty air conditions. The pitch rate input supplements
the dynamic stability provided by the SAS and DAFCS, and the lateral accelerometer input decouples the aircraft
pitch response with changes in the rotor downwash on the stabilator during out of balanced flight.

Each stabilator amplifier receives these four inputs but receives the inputs from independent sensors. The DAFCS
computer monitors each of these sensors for malfunctions, and the stabilator control system monitors and compares
the position of the two actuators. Any system malfunction caused by adifference between the two stabilator actuator
positionsresultsin stabilator remaining in thelast position, an automatic power shutdown to both actuators, an aural
tone to the pilots, and a STABILATOR caution light on the caution/advisory panel.

‘ WARNING I

It is possible for the stabilator to fail without illumination of the
STABILATOR caution light and associated aural warning tone. In this
case, thefirst indication of failurewill be an uncommanded pitch change.

If amalfunction of the stabilator system occurs, the pilot has the ability to manually position the stabilator with the
manual slew switch on the stabilator control panel. The manual slew switch bypasses the stabilator amplifier
automatic mode and applies power directly to the actuators through relays in the amplifiers. A stabilator position
indicator aidsthe pilot in positioning the stabilator to any position between the stabilator travel limits. However, the
total travel isrestricted if the mafunction is caused by an actuator failure. The stabilator travel isrestricted to 35°
if an actuator failsin thefull-down position or 30° if an actuator failsin the full-up position. The stabilator control
rateis limited to £6° per second.
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‘ WARNING I

Reengagement of theautomatic mode after ashutdown occursresultsinthe
automatic mode operating for one second. If a hardover signal to one
actuator was the cause of the initial shutdown, and reengagement is
attempted, that actuator will again cause the stabilator to move before
another disengagement is commanded. In this case subsequent reengage-
ment shall not be attempted since it may result in additional stabilator
movement.

Note

Due to the loss of automatic fail safe features with the stabilator in the
manual mode, intentional flight in the manua mode is not recommended.

STABILATOR AUTO
CONTROL

MAN SLEW

SH6B0B-F036

Figure 2-36. Stabilator Control Panel
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Figure 2-37. Stabilator Block Diagram

2.9.4 Stability Augmentation System

SAS provides improved stability by sensing acceleration in the pitch, roll, yaw and vertical axes, and by applying
acontrol input to stop the accel eration and maintain aconstant rate (Figure 2-38). The SASisan inner-loop system
with two separate and independent SAS channels. SAS channel NO. 1 isan analog system; SAS channel NO. 2is
adigital system and is part of the DAFCS computer. Both SAS channel functions areidentical except for the hover
augmentation/gust alleviation and hover coupler DAFCS features, which are incorporated only into SAS 2. SAS 2
also complements the DAFCS to provide turn coordination and roll attitude hold. With both channels engaged, the
pitch, roll, and yaw SAS actuators have +10 percent control authority with each channel providing £5 percent.

Only SAS2 commandsthecollective SASactuator. Thecollective SASonly operatesinRDRALT, BARALT, APPR
HVR, and DEPART modes and is limited to £10 percent control authority. A system block diagram of the SASis
presented in (Figure 2-38). Hydraulic pressure to the SAS actuatorsis turned on by the SAS/BOOST switch onthe
AFCS CONTROL pandl. This controls power to the SAS shutoff valve on the pilot assist module. A loss of SAS
actuator pressure is monitored by the SAS pressure switch which lights the SAS caution light. Either SAS 1 or
SAS 2 may be operated separately or simultaneously.
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Figure 2-38 Flight Control Hydraulic System (Sheet 2)
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For each control axis (except vertical), command signals from both SAS channels are applied simultaneously to
separate coils of an electrohydraulic servo valve. Thetwo signals are summed to provide asingleinput into theflight
control system through a single series SAS actuator. The operation of the SAS channelsis continuously monitored
by the DAFCS. If either of the two SAS channels malfunctions, the AFCS DEGRADED caution light on the
caution/advisory panel flashes and the appropriate SAS fail advisory light on the AFCS CONTROL pand is
illuminated. If SAS 2 hasfailed, the computer will automatically disengage the affected axis. If SAS 1 hasfailed,
the pilot must disengage the failed SAS 1 channel from the AFCS CONTROL panel. The remaining SAS channel
islimited to +5 percent authority but operates at twice its normal gain to partially compensate for the failed SAS
channel. Either SAS channel can be disengaged by pressing the appropriate SAS button on the AFCS CONTROL
panel. Both SAS channels are disengaged by pressing the AFCS REL button on the cyclic. If both SAS 1 and
SAS 2 lose power, are manually shut down, or hydraulic pressureislost to the actuators, the SAS caution light will
illuminate.

2.9.4.1 Trim System

Theparallel trim actuator assembliesprovidetheflight control forcegradientsand detent positionsand theouter-loop
autopilot control functions. The trim actuators command full control authority in all four control channels but are
rate-limited to 10 percent per second. Pressing TRIM REL switch (cyclic trim release, collectivetrim rel ease, pedal
release) disengages the respective trim function and alows free control motion. Releasing trim release switch
reengages trim if the cyclic stick is not moving. For yaw trim release above 50 knots, the pedal microswitches and
the cyclic trim switch must be pressed. Below 50 knots, only the pedal microswitches have to be pressed. If thetrim
system fails, the TRIM fail advisory light on the AFCS CONTROL panel will illuminate and the pilot can
compensate for the failure. The pilot is able to override the trim control forcesin all channels.

2.9.4.2 Autopilot

The autopilot maintains helicopter pitch and roll attitude, airspeed, and heading during cruise flight, provides
maneuvering stability, and acoordinated turn feature at airspeeds above 50 KIAS. The autopilot function isengaged
by pressing the control panel SAS 1 or SAS 2 switches, TRIM switch, and then pressing the control panel AUTO
PLT pushbutton. The autopilot may be disengaged by pressing the AUTO PLT pushbutton on the AFCS panel or
pressing the AFCS REL button on the cyclic. When engaged, 28 Vdc is supplied from the control panel to the
computer. The computer also provides command signals to the trim actuators to reposition the flight controls using
the trim system. With SAS 2, TRIM, and autopilot on, all DAFCS functions are available. With SAS 1, TRIM and
autopilot on, all functions remain available except Hover Augmentation/Gust Alleviation and “Collective SAS’
functions (i.e., coupled approach, altitude hold).

2.9.4.3 Attitude and Airspeed Hold

Attitude and airspeed hold are engaged with AUTO PLT. In the pitch channel, at airspeedslessthan 50 knots, attitude
changes are commanded by changing the cyclic position with the TRIM REL switch or use of the four-direction
(beeper) TRIM switch. This causes the cyclic to move and the helicopter attitude to change approximately 5° per
second. When cyclic movement is stopped, the autopil ot stabilizes the helicopter around the new cyclic position and
atitude. Above 50 knots and bank angles less than 30°, the system becomes airspeed sensitive in pitch. Actuating
the four-direction TRIM switch will causethe cyclic to move and the helicopter to change airspeed reference at the
rate of 6 knots per second. Because of variations in pitot-static systems during gusty conditions, an integrated
longitudina acceleration input is used for short-term corrections. The airspeed sensor is used for long-term updates
through a 3 second filter. The roll channel autopilot holds roll attitude of the helicopter. Attitude information is
supplied to the computer from the pilot and ATO A/A24G vertical gyros. The command signal is applied to roll
SAS 1 and SAS 2 and theroll trim system. When the pilot actuates the four-direction TRIM switch, the helicopter
roll attitude will change at approximately 6° per second. In addition to the attitude hold feature, an automatic
wing-leveling capability is also included. During transitions from hover to airspeeds above 50 knots, this feature
automatically retrimstheaircraft from aleft roll attitudein ahover toawingsleve attitude at 50 knots. Once alevel
atitude is established, the attitude hold feature maintains that attitude until anew roll attitude is commanded by the
pilot.
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‘ WARNING I

Uninterrupted use of the four-way cyclic TRIM switch to increase speed
may causetheaircraft to enter adescent with altitude hold engaged without
an associated caution light. Manual input is required to arrest the descent.

2.9.4.4 Heading Hold

The yaw channel of the autopilot provides the heading hold feature for hover and forward flight and is engaged
whenever the AUTO PLT pushbutton switch is illuminated. Heading hold is an outer-loop function operating
through the yaw trim actuator, and therefore will only be operational whenever the yaw trim is engaged. Releasing
all pedal switches at a given heading synchronizes the trim system to the established heading. A potentiometer in
theyaw trim actuator applies atrim position feedback signal to the computer and then cancelsthedrivesignal at the
desired position, stopping the motor. The yaw autopilot also uses a collective position sensor to hold reference
heading for yaw excursions caused by main rotor torque changes. The collective position sensor is controlled by an
airspeed signa which reducesits gain as airspeed increases. When heading hold is engaged, the HDG TRIM (slew)
switch on the collective allows the pil ot to make heading changes without retrimming. Below 50 KIAS, the aircraft
isslewed at 3° per second. Above 50 KIAS, actuation of the switch.

for lessthan 1 second providesa1°® heading change and actuation for greater than 1 second providesa 1° per second
coordinated turn. The heading hold is reengaged following a turn when the following conditions are maintained for
2 seconds:

1. Aircraft roll attitude iswithin 2° of wings level.

2. Yaw rateislessthan 2° per second.
The heading hold is disengaged by the WOW switch when the aircraft is on the ground.
2.9.4.5 Altitude Hold

Either barometric or radar altitude hold is selectable from the AFCS CONTROL panel (but not simultaneously).
When the atitude hold modeis selected, the DAFCS computer uses as areference altitude the existing atitude from
either the air data transducer if barometric atitude hold is selected or the radar altimeter if the radar altitude hold is
selected. The computer commands both the collective SAS actuator and the collective trim actuator to maintain the
reference dtitude. The SAS actuator provides fast-response, limited-authority corrections, and the trim actuator
provides limited-response (rate limited), full-authority corrections. The DAFCS computer uses atitude and rate
from the barometric or radar atitude systems (depending on which hold mode is selected) and vertical acceleration
to commandthe collective SA S and trim actuators. The computer al so monitorsenginetorqueto prevent dual -engine
torque from exceeding 116 percent whenever the collective trim is positioning the collective. Barometric atitude
holdisengaged at any altitude and airspeed by depressing the BAR ALT pushbutton switch with SAS 2 and autopil ot
engaged. Depressing the collective TRIM REL button temporarily disengages the mode. Upon release of the trim
switch, barometer atitude hold automatically reengages and maintains the atitude at the time of reengagement.
Radar atitude hold is engaged at any atitude from O to 5,000 feet AGL and at any airspeed by depressing the RDR
ALT pushbutton with SAS 2 and autopilot engaged.

When in the hover coupler mode, adtitude hold is referenced to the dtitude selected on the AFCS CONTROL panel
HVR ALT potentiometer. Depressing collective TRIM REL temporarily disengages the mode. Upon release of the
trim switch, radar altitude hold automatically reengagesto the atitude selected onthe AFCS CONTROL panel HVR
ALT potentiometer. When in the hover coupler mode, transition from one atitude to another is made with the HVR
ALT knob on the AFCS CONTROL panel. Resulting climb/descent rates are limited to 1,000/500 feet per minute,
respectively. If the radar atitude mode fails while engaged, barometric altitude hold is automatically engaged.

2.9.4.6 Hover Augmentation/Gust Alleviation

An additional feature of SAS, provided only through SAS 2, is hover augmentation/gust aleviation. It further
improves aircraft stability at low airspeed using attitude retention and longitudina and lateral acceleration to
eliminate drift.
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2.9.4.7 Turn Coordination

Automatic turn coordination is provided at airspeeds greater than 50 knots. Turn coordination allowsthe pilot to fly
acoordinated turn with directional control provided by the AFCS. The AFCS uses | ateral acceleration and roll rate
to determineif theaircraft isout of balanced flight and providestheyaw SASand yaw trim with the inputs necessary
to maintain an automatic coordinated turn. Automatic turn coordination is engaged and heading hold disengaged
when roll attitude is greater than 1° and any of the following conditions exists:

1. Latera cyclic force greater than 3.0 percent of cyclic displacement.
2. Cyclictrimreleaseis pressed.
3. Rall attitude is beeped beyond 2.5° bank angle.

2.9.4.8 Maneuvering Stability

Pitch control forces are increased to increase pilot effort required for a given pitch rate at bank angles greater than
30°. The higher pitch control forces help aert the pilot to G-loading during maneuvering flight and are provided
through the longitudinal trim actuator. A linear longitudinal stick force gradient is provided by trimming 1 percent
forward stick for each 1.5° angle of bank between 30° and 75°. At 75° angle of bank, the longitudinal stick forceis
equivalent to 30 percent of stick displacement. The maneuvering stability feature is engaged whenever the AUTO
PLT pushbutton on the AFCS CONTROL panél is illuminated.

2.9.4.9 Auto Approach to a Hover

An automatic approach can be initiated from any airspeed and any altitude below 5,000 feet AGL. The approach
should beinitiated from level flight into thewind. If the approach isinitiated in abanking turn, the AFCS will make
aspiraling approach. Prior to the helicopter slowing to 60 KIAS, the pilot should level the wings and establish the

desired heading.
‘ WARNING I

Initiating an automatic approach while in a trimmed turn may result in a
spiraling approach which will continue through the selected altitude.
Immediate pilot action will be required to avoid water impact.

The DAFCS provides the capability to perform an automatic approach to a zero longitudinal and any lateral
groundspeed selected onthe LAT VEL control knob onthe AFCS CONTROL panel and to any radar atitude selected
ontheHVR ALT control knob, between 40 feet and 200 feet. If the HVR ALT isset below 40 feet, the approach will
be madeto 40 feet and then continued to the HVR ALT setting when the modeis switched from APPR to HVR. The
helicopter will be commanded to the LONG VEL setting of the control when the mode is switched from APPR to
HVR. The automatic approach can be initiated with SAS 2, TRIM, and AUTO PLT engaged by activating the
automatic approach pushbutton (APPR/HVR) on the AFCS CONTROL pandl. The automatic approach is an outer
loop only function and commandsthe aircraft to decelerate or descend until the approach profile conditions are met.
If the approach modeis sel ected when the aircraft conditions are bel ow the approach profile, the DAFCS commands
theaircraft through thelongitudinal trim actuator to decelerateat 1 knot/second whileintheradar altitude hold mode
until the approach conditionsare met. If the approach modeissel ected when theaircraft isabovethe approach profile,
the DAFCS commands the aircraft through the collective trim actuator to descend at 360 feet/minute while the
aircraft is more than 50 feet above the approach profile or at 120 feet/minute when the aircraft is less than 50 feet
abovethe profile, using the radar altimeter until the approach profile conditions are met. When the approach profile
conditions are met, the aircraft simultaneously decelerates at 1 knot/second and descends at 120 feet/minute. This
profile is maintained until the aircraft attains 1 knot of Doppler groundspeed and comes to within 1 foot of the
selected radar dtitude. If the selected altitude is below 40 feet, the aircraft flies to 40 feet and zero longitudinal
groundspeed and then descends to the selected altitude. When groundspeed equals 1 knot or less and the aircraft
atitude is within 2 feet of the selected dtitude, the hover coupler mode automatically engages and the aircraft
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acceleratesto the selected longitudinal groundspeed. In very calm sea conditions where the Doppler return signal is
unreliable and the Doppler goesinto memory, ano-Doppler approach is possible. In this condition the pilot fliesthe
cyclic control, and the AFCS controls the rate of descent. A summary of automatic approach malfunctions is

contained in Figure 2-39.
‘ WARNING I

Certain AFCSfail advisories during an automatic approach will cancel the
automatic approach function. If this occurswhen on or above the approach
profile, the aircraft will remain trimmed in adescent with no altitude hold
engaged. Immediate pil ot action will berequired to avoid water impact (see
Figure 2-39).

2.9.4.10 Hover Coupler

The hover coupler provides longitudinal and lateral groundspeed control and stabilization about the selected
groundspeed, and automatic atitude retention. The longitudinal and latera groundspeed and the dtitude are
selectable on the AFCS CONTROL panel. Longitudinal and lateral groundspeed and the altitude are selectable on
the AFCS and can aso be beeped +10 knots with the cyclic TRIM switch about the groundspeed selected on the
AFCS CONTROL panel. The hover coupler mode is engaged automatically at the termination of the automatic
approach, or can be engaged manually when the aircraft is hovering with lessthan 5 knots longitudinal groundspeed
by pressing the APPR/HVR button on the AFCS CONTROL panel with SAS 2, TRIM, and AUTO PLT engaged.
After engagement, the aircraft accelerates to the longitudinal and lateral groundspeeds selected on the AFCS
CONTROL pandl. Radar altitude hold engages automatically when the aircraft altitudeiswithin 2 feet of thealtitude
selected ontheHVR ALT control knob. Pressing and releasing the cyclic TRIM REL will removecyclic trim switch
inputs, returning the aircraft to the LONG VEL and LAT VEL settings on the AFCS CONTROL panel. Because of
the Doppler noise, short-term longitudinal and lateral groundspeed is obtained from integrated longitudina and
lateral inertial acceleration. Long-term correction is obtained from the Doppler sensor using a 7 second filter. See
paragraph 2.9.4.5 for a description of the atitude hold feature of the hover coupler.

2.9.4.11 Automatic Depart

The departure can be initiated at any time in the approach or from the coupled hover. The aircraft will assume an
approximately 2° nosedown attitude to commence the accel eration.

Note

® Thetransition from a5° noseup attitudein thefina phases of the approach
to a2° nosedown attitude for departure accel eration may appear excessive
to the pilot, but isnormal and is no cause for concern.

e |fyaw ratesareinexcessof 2.5°/second, AFCSwill not roll thewingslevel
a 60 knots. This is caused by the heading hold feature being unable to
engage. The departure will continuein aflat turn.

The AFCS will initially maintain the track of the helicopter over the ground existing at the time the departure mode
is selected. The AFCS stores theroll attitude occurring at the time the trim rel ease button was |l ast depressed, prior
to or in the automatic approach. If the stored roll attitudeislessthan 4° angle of bank, the AFCS will level thewings
and maintain heading as the aircraft accelerates through 60 KIAS. If the stored roll attitude is 4° angle of bank or
greater, the AFCS will roll the helicopter to that attitude when 60 KIAS is exceeded and continue the departure in
a spiral. Whether heading hold or coordinated turn mode is active in the departure, the aircraft will climb and
accelerate to 500 feet AGL and 100 KIAS if not interrupted by the pilot.
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EVENTS

RAD ALT FAILURE

DOPPLER FAILURE

During approach

Aircraft will continue in a descent all the
way to the water (if on or above profile
with RDR ALT light off).

Flashing AFCS caution light and CPLR/
ALT FAIL ADVISORY light. APPR
disengages.

Approach will continue using airspeed
and altitude. Pilot controls airspeed and
wing attitude using beeper trim.

Flashing AFCS caution light. HVR bars
freeze. DOPP flag appears in .Al CPLR
FAIL ADVISORY light.

In a coupled hover or
below descent Profile
(RDR ALT HOLD
ENGAGED)

RDR ALT Hold switches to BAR ALT
Hold. Automatic approach/coupled
hover disengages. Altitude hold
retained.

Flashing AFCS caution light and CPLR/
ALT FAIL ADVISORY light.

Coupled hover disengages. Attitude
hold RDR ALT hold retained.

Flashing AFCS caution light. HVR bars
freeze. DOPP flag appears in Al. CPLR
FAIL ADVISORY light.

During departure

Aircraft will climb through 500 feet. No
altitude hold will engage. Airspeed will
accelerate to 100 knots.

Flashing AFCS caution light and CPLR/
ALT FAIL ADVISORY light.

Aircraft will climb to 500 feet and RDR
ALT hold will engage. Airspeed will
increase to approximately 65—75 knots
(dependent upon nose attitude when
failure occurred).

Flashing AFCS caution light. HVR bars
freeze. DOPP flag appears in Al. CPLR

FAIL ADVISORY light.

Notes:

Doppler degradation can be classified as follows:
1. Doppler power or transmitter fail — Bars center.
2. Doppler memory or receiver fail — Bars freeze.

Figure 2-39. Automatic Approach Malfunction Matrix

The automatic depart mode provides the capability to perform an automatic departure from a coupled hover or from
an automatic approach to acruiseairspeed of 100 KIASand dtitudeof 500 feet. If thecoupled hover or theautomatic
approach feature has already been engaged, the automatic depart modeis engaged by depressing the DEPART HOV
button on the cyclic grip illuminating the green DEPART light on the AFCS CONTROL panel. Depressing the
DEPART HOV button a second time will disengage the automatic depart mode and radar hold, returning aircraft
control to the pilot. Radar atitude hold may be retained by depressing the collective trim switch prior to the second
DEPART HOV button depression. Upon engagement, the aircraft accelerates at 2 knots/second and climbs at
480 feet/minute. During the departure, the DAFCS computer monitors engine torque to ensure it does not exceed
116 percent. At 100 KIAS, the airspeed hold automatically engages, and at a radar altitude of 500 feet, the radar
altitude hold automatically engages. Any alternate cruise airspeed or atitude condition less than 100 KIAS and
500 feet can be attained by depressing the cyclic trim release, collective trim release at the desired airspeed and
altitude respectively. If either TRIM REL button is depressed and released, the hold mode (airspeed or atitude)
associated with that control axisis engaged, and the aircraft continuesto follow the depart profile for the other axis
until the final cruise condition for that axisis met.

Automatic depart modeis the outer-loop function operating through the pitch, roll, and collective trim actuators. As

in the automatic approach mode, above 60 KIAS, roll attitude is maintained and below 60 KIAS the DAFCS
commands roll to eliminate |ateral drift.
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‘ WARNING I

e |f the DPRT button is not depressed during a waveoff from an automatic
approach or departure from a coupled hover, the automatic approach will
reengage after the cyclic and collectivetrim switches are rel eased, causing
the aircraft to resume a descending profile.

® |tisnecessary to depressthe DPRT button twice during a manua waveoff
to prevent torque limiting.

2.9.4.12 Crew Hover

The crew hover feature provides the crewman with the capability to position the helicopter during hoist and rescue
operations. The crewman controls the aircraft from the crew hover-trim control panel. The panel is illustrated in
Figure 2-40. The crew hover controller has a control authority of +5 knots laterally and longitudinally about the
reference values selected on the AFCS CONTROL panel LONG VEL and LAT VEL control knobs plus the speeds
beeped from the cyclic trim beep switch. The crew hover feature is activated from the AFCS CONTROL panel by
depressing the CREW HVR button and can only be activated if the hover coupler mode is aready engaged. If the
automatic depart mode is activated while crew hover is engaged, crew hover will be disengaged and the automatic
depart mode will be engaged.

HOIST OPERATOR

HOIST GABIN DOME LIGHT
CONTROL
CREW HOVER
(BUNO 164174 AND SUBSEQUENT) ENGAGE LIGHT
CREW _
HOVER
CONTROL ﬂ’
\\
HOIST SHEAR
< SWITCH
ICS
TRIGGER b '\
SWITCH ] > <
T 2 <%
&-’) ?o\\?' ‘fg}?'
S < o"‘&
o

RESCUE LIGHT
SWITCH

' SHB0B-F039

Figure 2-40. Crew Hover-Trim Control Panel

ORIGINAL 2-100



A1-H60BB-NFM-000

2.9.4.13 Pitch Bias Actuator

The Pitch Bias Actuator (PBA) provides longitudinal cyclic displacement proportional to airspeed. The DAFCS
commands the PBA asafunction of pitch attitude, pitch rate, and airspeed. The PBA is an electromechanical series
actuator with £15 percent control authority and +3 percent per second rate limit. The PBA functions automatically
upon application of power tothe DAFCS computer andisnot sel ectableon theAFCS CONTROL pandl. TheDAFCS
computer monitorsthe PBA positionto confirm correct responseto theinput commands. If thePBA fails, theDAFCS
lights the BIAS advisory light on the AFCS CONTROL panel and flashes the AFCS DEGRADED light on the
caution/advisory panel and commands the PBA to a predetermined position depending on the type of failure. PBA
failure modes are:

1. Attitude failure: bias actuator centered.

2. Pitch rate failure: faded out pitch rate component.

3. Airspeed failure: actuator goes to 120 knot position and attitude and rate continues to function.
4. Actuator failure: power removed from actuator.

If the malfunction that caused the shutdown was of an intermittent nature, the actuator operation can be reset by
pressing the appropriate MODE RESET button.

‘ WARNING I

When flyingwith theBIAS FAIL ADVISORY light on, upto 1 1/2 inches
of forward or aft cyclic control authority may be lost.

2.9.4.14 Blade Fold System

Automatic bladefolding (Figure 2-41) isaccomplished by an el ectromechanical fold mechanism. Pitchlocksfix the
pitch of the rotor blades in order to maintain clearance during the fold sequence. Two blade lockpin pullers, lock
and unlock the hinge when folding and spreading the blades. Microswitches provide input signals to the blade fold
electrical control system, which sequences blade folding, and also provides light indicationsto the BLADE FOLD
control panel (Figure 2-42).

2.9.4.14.1 Blade Folding

Control switchesandindicationsarelocated ontheBLADE FOLD control panel. WiththeBLADE FOLD MASTER
switch ON, themain rotor head will turn to the indexed position after the BLADE FOLD switch is placed to FOLD
and the rotor brake is released. The INDEXED status light and the ROTOR BRAKE APPLY light will illuminate
upon completion of theindexing cycle. Engaging CMPTR PWR/RESET and TRIM, and applying the rotor brake
will permit the blade fold sequence to continue. The DAFCS commands the trim actuators to position the flight
controls and allows the main rotor head pitch locksto engage. The blades are then permitted to moveto their folded
positions.

2.9.4.15 Pylon Fold System

Thetail pylon is manualy folded and unfolded. PYLON FLIGHT and FOLDED lights, located on the BLADE FOLD
control pand, indicate pylon fold status. There are five microswitches, which set the PYLON FLIGHT light: the pylon
lockpin switch, 5° switch, tail rotor bladeindexer switch, and two stabilator lockpin switches. Withthe BATT switch ON,
the tail rotor will index and lock when the pylon has folded 5°.
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1
\ ROTOR
BRAKE
® | APPLY | —— 4
1" E
=
INDEX
E '_ 5
P wasER BADERLD :
10 ~—_] o J ———
B 4_______._-—-"—'_
n O~
@ OFF \ FOLD r@i
9 8
INDEX CONTROL FUNCTIONAL DESCRIPTION
1 FLIGHT All blade fold functions completed on tail pylon. Ready to Fly.
2 RDY TO INDEX | Main Rotor index pinion engaged in rotor brake disc. Index motor will
drive rotor to index position when rotor brake is released.
3 SPREAD Blade lockpins extended with main rotor index pinion retracted. Pitch
locks are retracted.
4 APPLY Commands rotor brake applied after rotor head is indexed. Blades are
driven to the correct pitch for folding by engaging the CMPTR PWR/
RESET and TRIM pushbuttons.
5 RELEASE Commands rotor brake released. When released, main rotor rotates to
index position.
6 INDEXED Rotor head indexed. Main rotor index pinion remains engaged in rotor
brake disc until rotor brake is applied.
7 BLADE FOLD Selects mode of operation (SPREAD, OFF, FOLD).
switch
SPREAD Initiates spread sequence.
FOLD Initiates fold sequence.
8 PITCH LOCKED | Pitch locks engaged.
9 FOLDED All four main rotor blades are folded.
10 BLADE FOLD Applies or removes blade-fold power (OFF or ON).
MASTER switch
11 FOLDED Stabilator lock pins out, tail rotor indexed, pylon folded.

ORIGINAL

Figure 2-42. Blade Fold Controls
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CAUTION '

Unlessexternal power isapplied or theBATT switchisON prior tofolding
thetail pylon, thetail rotor index actuator will not engage after starting the
pylon fold sequence and uncontrolled tail rotor windmilling may result.

Note

Failure to suppress the DECU numerical fault codes on the PDU will
prevent the automatic blade fold from operating due to the torque signal
being relayed to the AFCS computer.

2.9.4.16 Automatic Preflight Checks

The DAFCS provides an automatic preflight check of the SAS components prior to flight. The automatic preflight
is engaged using the SAS 1 switch with the following conditions:

1. Weight on whesls.

2. Rotor brake on.

3. Engine torques equal to zero.

4. CMPTR PWR/RESET engaged for at least 2 minutes (AFCS DEGRADED not illuminated).

Upon engagement, al rate gyros are automatically torqued to predetermined rates and checked for magnitude and
polarity of rategyro response. Simultaneously, theresponse of SAS 1 torategyro inputsiscompared against adigital
model. Failures aredisplayed on thefail status panel and storedinaBIT code display. CMPTR PWR/RESET switch
hasto be engaged at least 2 minutesto ensure gyros are up to speed. After gyros are up to speed, preflight requires
approximately 10 seconds to complete.

2.10 LANDING GEAR

The landing gear (Figure 1-3) is afixed main/tail, gear-type configuration. It consists of two single-wheel, main
landing gears and a dual-wheel swivel-type tail gear. The long stroke of both main and tail wheel shock strutsis
designed to dissi pate high-sink-speed | anding energy without exceeding the ship deck strength limits. Wheel brakes
are mounted on each main gear. Axle and high tiedowns are provided at each main gear, fuselage attachments are
provided abovethetail gear for tiedown, and connectionsto the shipboard tail-guide winch system are provided for

RAST straightening and traversing.
‘ WARNING I

Flying with a stuck WOW switch will disable WOW functions including
emergency jettison circuits, radar atimeter low altitude aural warning,
EngineOut, andlow rotor rpmlights. Pulling the WOW circuit breaker will
not restore proper operation of some WOW functionsin theair. Pulling the
WOW circuit breaker in flight may disable the LOW ROTOR RPM light
and the #1 and #2 ENG OUT warning lights.

2.10.1 Main Landing Gear

Each single-wheel main gear is mounted on a drag strut that trails aft from a pivot point mounted on the fuselage.
A separated air/oil-type shock strut is mounted on the fuselage and to the aft end of the drag strut. A landing gear
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WOW switch isinstalled on the | eft landing gear to prevent or control operation of certain systemswhen the weight
of the helicopter is on the landing gear. The equipment that uses the WOW switch is shown in Figure 2-44.

2.10.1.1 Wheel Brake System

Main landing gear wheels have self-contained, self-adjusting disc hydraulic brakes (Figure 2-45). The wheel
brake system consists of four master cylinder/reservoirs, two slavevalves, aparking brakevalve, and two wheel
brake assemblies. A master cylinder isconnected to each rudder pedal . The purpose of theslavevalvesisto give
the pilot or ATO the ability to apply the brakes. Each wheel brake consists of asteel rotating disc, brake pucks,
and ahousing that contai nsthehydraulic pistons. Thebrakeshaveavisual brake-puck wear indicator. Theparking
brake handle, marked PARKING BRAKE, islocated on the right side of the center console and allows the brakes
to be locked by either the pilot or ATO after brake pressureis applied. The parking brakes are applied by pressing
the toe brake pedals, pulling the parking brake handle up to its fully extended position, and then releasing the toe
brakes while holding the handle up. The PARKING BRAKE ON advisory light will illuminate. The advisory light
only indicates that the parking brake handle is up. Pressing either the pilot or ATO left brake pedal will release the
parking brakes, the handle will return to the off position, and the advisory light will extinguish. Power is provided
tothisadvisory system by theNO. 1 DC primary busthrough acircuit breaker marked EXT ADVSY LTSandlocated
on the SO circuit breaker panel.

2.10.2 Tail Landing Gear

Thetail landing gear is of acantilevered design, with anintegral shock strut capable of swiveling 360°. The two tail
gear wheels are mounted on a splined axle incorporated in the shimmy damper (Figure 2-43). The shimmy damper
causes both of thetail gear wheelsto rotate at the same rate, preventing aircraft tail oscillations during taxi, takeoff,
and running landings. For helicopter guidancefor traversing on theflight deck, aRAST tail probe and probe actuator
are mounted on the tail gear.

2.10.2.1 Tail Wheel Lock

Thetail wheel lock is extended and retracted by an el ectric motor-operated actuator located on the tail wheel shock
strut housing. The tail wheel lock switch is located on the forward side of the parking brake handle in the cockpit.
Unlocking the tail wheel illuminates the TAIL WHEEL UNLOCKED advisory light on the caution/advisory panel
and unlocksthe tail wheel lock pin. Power to operate the tail wheel lock motor is provided by the DC essential bus
through a circuit breaker marked TAIL WHEEL LOCK on the overhead console. A manual lock releaseis located
on the strut. In the down position, thetail wheel is manually unlocked. It cannot be controlled e ectrically. In the up
position, the tail wheel lock is controlled by the switch on the parking brake handle. There is no manua locking
feature.

2.10.2.2 Tail Bumper

A nitrogen-filled tail bumper (Figure 1-3), mounted on the underside of the tail pylon, prevents the stabilator from
striking the ground when landing with nose-high attitudes.

2.11 RAST SYSTEM

The air vehicle portion of the RAST system (Figure 2-46) comprises a control panel, a main probe assembly, and
atail probe assembly. RAST is capable of:

1. Assisting the pilot in landing the helicopter on the flight deck.
2. Securing the helicopter to the deck.

3. Straightening the helicopter to alaterally centered position.

4. Traversing the helicopter into and out of the hangar.
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HYDRAULIC FLUID
LEVEL INDICATOR

FLUID LEVEL DECAL

TAILWHEEL LOCK

SHOCK STRUT

WHEEL TAILWHEEL MANUAL
AND TIRE UNLOCK LEVER
ASSEMBLY

SHIMMY
DAMPER

SH6E0B-F041
LSI 017-0855-0

TAIL PROBE ===

Figure 2-43. Tail Wheel Assembly
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INTERFACE FUNCTION AFFECTED FLIGHT GROUND
Blade fold Blade fold actuators Disabled |Enabled
AFCS Pitch hold Enabled [Disabled
Heading hold Enabled |Disabled
Automatic preflight checks Disabled |Enabled
Generator control unit Underfrequency protection Disabled |Enabled
Master shear RAST shear Enabled [Disabled
Cargo hook emergency release Enabled |Disabled
MAD shear Enabled [Disabled
Rescue hoist Enabled [Disabled
Sonobuoy launcher Rotary valve to DECU circuitry Enabled |Disabled
Hydraulics U-1, U-2 logic modules Enabled |Enabled with BACKUP HYD

PMP-AUTO

Disabled with BACKUP HYD
PMP-OFF

LDI test Disabled |Enabled
Master caution panel Engine out lights Enabled |Disabled
Low rotor rpm lights Enabled |Disabled
Tail rotor blade positioner | Tail indexing Disabled |Enabled
Radar altimeter Height indicator low altitude aural Enabled |Disabled
warning
Armament Mgster armament and jettison cir- Enabled |Disabled
cuits
FLIR turret LRD Enabled [Disabled
M299 launcher M299 launcher arming Enabled |Disabled
SO console Search radar (cannot be bypassed) |Enabled |Disabled
Mission avionics rack KIT and KIR zeroize logic
Mechanical hold Disabled |Enabled
Electrical hold Enabled [Disabled
Data-link transmitter Enabled [Disabled

ORIGINAL

Figure 2-44. Weight-On-Wheels Functions
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2.11.1 RAST Control Panel Indicators

The RAST control panel is located on the SO console above the RADAR/DISPLAY control panel and provides
control and status indication of the system (Figure 2-47). The cyclic grips have an electrical release button to free
therecovery assist (RA) cablefrom the aircraft. An emergency rel ease (EMER REL) button to shear the main probe
messenger cableislocated on the cyclic grip. A mechanical emergency release handle, located on the | eft side of the
center console, is used to release the RA cable from the probe in the event of electrical release actuator failure.

The MASTER switch is atwo-position switch and, when placed in the ON position, supplies power to the control
portion of thesystem. The MAIN PROBE, UP/DOWN switch isathree-position switch, spring-loaded to the center.
The MESSGR CABLE-UP/DOWN switch is spring loaded to the center position. When the switch is placed in the
UP position, the messenger cable isreeled into the aircraft, and whenit is placed in the DOWN position, the cable
will reel out from the aircraft. The main probe must be extended before the messenger cable can bereeled out, and
the messenger cable must be seated in order to retract the main probe.

Note

The DOWN light is not a positive down indication for the tail and main
RAST probe (electrically actuated only).

ATO PILOT

[ LXXJ LX-X-1

X o0
i \ SLAVE VALVES

SENSOR OPERATOR
CIRCUIT BREAKER
PANEL

EXT
ADVSY

#1DC ~
PRI '_
BUS ~

LTS

PARKING
BRAKE
VALVE

MOVABLE
PUCK

L \'H

PARKING BRAKE ON

STATIONARY
PUCK

ADVISORY LIGHT

SHB0B-Fo40

Figure 2-45. Wheel Brake Schematic
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Figure 2-47. RAST Control Panel

2-111 ORIGINAL



A1-H60BB-NFM-000

The MESSGR CABLE light givesthe status of the cable. When it displays N, the messenger cableisretracted fully
into the main probe. When OUT isdisplayed, the messenger cableis extended. The H'DOWN light gives the status
of theRA cable. A LKD indicationisdisplayed whenthe RA cablefrom the surface shipislockedintothemain probe.
TheOUT indicationisdisplayed when the RA cableisfreeof themain probe. The main probe (Figure 2-46) contains
a3 phase, 115-Vac, 400-Hz electrically operated hoist, whichlowerstheprobe, reel s out the messenger cable, raises
the RA cable, and retracts the probe. The hoist is powered by the NO. 2 AC primary bus through a circuit breaker
marked RAST POWER. Thiscircuit breaker islocated onthe SO circuit breaker panel. Anéelectrically fired guillotine
is provided to shear the messenger cable in an emergency. The guillotineis powered by the NO. 2 DC primary bus
through acircuit breaker on the ATO circuit breaker panel marked RAST SHEAR. Attached to the probeisarelease
actuator, used to release the RA cable from the locks in the probe. It is also used to lock the probein the retracted
position. Three switches are mounted on the probe: the probe UP switch, the messenger probe switch, and the
H'DOWN LKD switch.

2.11.2 Main RAST Probe

The airborne provision for the RA system is a fully retractable main probe (Figure 2-46). It is mounted on the
centerline of the aircraft near the center of gravity. In afully retracted position, it is held in an uplock. From there,
itis spring loaded to afully extended position for landings into the rapid securing device (RSD). The probe has an
electrically powered hoist mounted to its outer housing. The hoist provides the messenger cable, deployed through
the center of the probe, to retrieve the surface ship RA cable. The messenger cable end fitting provides a snap-in
connectionfor the RA cable. After pulling the RA cableinto thelocked position, the messenger cableisautomatically
disconnected from the RA cable. Thelower end of the extended probe is designed to be captured by the RSD after
landing. With the probe secured within the RSD, the helicopter isheld against horizontal and/or axial tension |oads.
A swiveling crenelated ring on the end of the prabe is provided for axial loads. The main probe is powered by the
NO. 2 DC primary bus through acircuit breaker on the SO circuit bresker panel marked RAST PWR.

2.12 FLIGHT INSTRUMENTS

The dectricaly operated instruments function on aternating current, direct current, or both and are protected by
appropriately marked circuit breakers on the pilot and ATO circuit bresker panels.

2.12.1 Pitot Static System

The pitot-static system provides pressure for the operation of the differential pressure instruments (barometric
atimeters and airspeed indicators). Two pitot tubes are mounted on the nose, forward of the cockpit. Two static ports
are located on the fuselage sides, aft of each cockpit door (Figure 1-3). Each pitot head assembly consists of a
baseplate with a strut and probe tube and an electrical connector, wired to two deicing heaters in the tube. Pitot
pressureis sensed at the opening of the forward end of each tube. Static 1 and static 2 pressures are sensed through
ports aft of the cockpit doors. Pitot pressureis supplied from the pitot tubes to the airspeed indicators, airspeed and
air data transducers, and pitot-drain caps. To obtain a difference in the pressure for operation of the barometric
differentia pressureinstruments, static air pressure (atmosphere) is supplied through the static portsto thealtimeters,
airspeed indicators, airspeed and air data transducers, and static drain caps.

2.12.1.1 Airspeed Indicator

Two airspeed indicators are installed on the instrument panel (Figure 1-8) for the pilot and the ATO. Theindicators
aredifferential pressureinstruments, measuring the difference between impact pressure and static pressure. System
error is noted on placards located below the instrument panel on each side of the lower console (Figure 1-7).
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2.12.1.2 Barometric Altimeter/Encoder

The AAU-32/A Altimeter/Encoder functions as a barometric altimeter for the pilot and a pressure altitude sensor
for the AN/APX-100 IFF Transponder. The atimeter/encoder is on the pilot side of the instrument panel
(Figure 1-8). The operating range of the altimeter isfrom -1,000 to +50,000 feet. The barometric pressure-set knob
permits altimeter settings from 28.10 to 31.00 inches Hg. A window in the lower right section of the altimeter
displaysthe sel ected altimeter setting. Thealtimeter isequipped with acontinuously operating DC-powered vibrator
toimprovealtitudeindicating accuracy. The encoder providesadigital output of pressuredtitudein unitsof 100 feet
to the IFF transponder, with mode C selected, for automatic pressure atitude transmission. The encoder operates
throughout the operating range of the altimeter, but, unlike the altimeter, it reports atitude using a permanent
altimeter setting of 29.92 inchesHg. If thereisalossof 115 Vac, 400 Hz power, thewarning flag onthe pilot altimeter
indicator, marked CODE OFF, will be displayed. The NO. 2 DC primary bus furnishes power to the pilot altimeter
through a circuit breaker on the ATO circuit breaker panel, marked PILOT ALTM. The NO. 1 DC primary bus
furnishes power to the ATO atimeter through a circuit breaker marked ATO ALTM.

2.12.1.3 Barometric Altimeter

The AAU-3V/A Altimeter, installed on the left side of the instrument panel (Figure 1-8), isidentical to and operates
in the same manner as the pilot AAU-32/A Altimeter/Encoder, except that there is no encoder associated with the
atimeter, and thereis no warning flag on the indicator.

2.12.1.4 Vertical Speed Indicators

Two indicators on theinstrument panel (Figure 1-8) indicate vertical speed in thousands of feet per minute. Thefirst
1,000 feet are marked in 100-foot gradations. Each vertical speed indicator (V SI) independently reads static cabin
pressure through a port in the back of each gauge.

Note
® Vertical speed indicators are unreliable during transition to ground effect.

® The VSI may momentarily indicate a false rate of descent while opening
the cargo hatch cover in flight.

2.12.1.5 Attitude Indicator

Identical AttitudeIndicator (Als) arelocated on thepilot and ATO instrument panel. Theseindicatorsfurnish avisual
display of aircraft attitude. Figure 2-48 showsthe Al and describes theindividual indicating € ements. Power for the
pilot Al is supplied from the AC essential bus and for the ATO from the NO. 1 AC primary bus, both through the
center circuit breaker panel, marked PILOT Al and ATO Al, respectively.

2.12.2 Radar Altimeter, AN/APN-194

The radar altimeter (RAD ALT) (Figure 2-49) is a range-tracking radar that provides continuous measurement of
height aboveland or water. It hasarange of O feet to 5,000 feet, with an accuracy of +3 feet or +4 percent, whichever
is greater; however, only arange of O feet to 1,000 feet isindicated on the instrument. Tracking above 1,000 feet is
used by the operationa navigation system and the AFCS. On deck, areading of 0 to 7 on the navigation table is
permissible. Moving either pilot or ATO height indicator control knob out of the OFF position will provide height
indication to both radar altimeters.
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SH60B-F044

INDEX NUMBER

CONTROL

FUNCTIONAL DESCRIPTION

1 Bank pointer Indicates bank or roll angle.

2 Bank scale Measure of bank angle. Scale marks indicate 5° each.

3 Pitch reference scale | Measure of pitch angle. Each interval between dot and line is 5°.

4 VHA pointer Indicates velocity along heading axis. One scale marking = 5 kt (£25 kt full scale).

5 Aircraft reference Fixed miniature aircraft for attitude orientation reference.

6 Ground perspective | Lines that show perspective of a grid of imaginary lines on the surface of the Earth.

line

7 Pitch trim knob Adjusts attitude sphere for pitch trim.

8 Turn rate indicator Indicates rate of turn. A standard rate turn is one needle width with ECP3032 installed and
two needle widths without.

9 Slip/skid indicator Indicates direction of slip or skid.

10 Roll trim knob Adjusts attitude sphere for roll trim.

11 OFF flag Indicates absence of internal power or absence of external ground signal. If received in
flight, select alternate AGCA on mode select panel.

12 Doppler warning flag [ Indicates Doppler radar is off or Doppler data not dependable.

13 VZA pointer Indicates velocity along vertical axis. Each scale marking = 100 fpm (2500 fpm full scale).

14 Attitude sphere Sphere that moves in two rotational degrees of freedom to indicate attitude of aircraft in
bank and pitch.

15 VDA pointer Drift velocity pointer. Indicates velocity across track. One scale marking = 5 kt (25 kt full
scale).

16 FAIL flag Indicates failure of one or more internal status monitoring tests.

reference.

Note

Fast erection for Al is obtained through the ERECT pushbutton on the compass system controller, located on the lower console.
Due to Doppler sensitivities to pitch, VZA provides only coarse rate information and should not be used as a precision hover

ORIGINAL

Figure 2-48. Attitude Indicator (Al)
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ALTITUDE INDICATOR
POINTER

LOW ALTITUDE
SET INDEX (BUG)

OFF FLAG

LOW ALTITUDE

POINTER MASK

INDICATOR CONTROL KNOB SELF-TEST LIGHT
(ON-OFF/SELF TEST/ (GREEN)

LOW ALTITUDE SET CONTROL SHGE0B-F045

Figure 2-49. Radar Altimeter (Height Indicator)

Theradar altimeter operatesin two modes, search and track. In the search mode, the entire altitude range is searched
for aground return. Inthetrack mode, the set locks onto the ground return and gives continuous altitudeinformation
to the height indicators. In addition, atitude datais sent to the data handling subsystem for processing. Each of the
height indi cators contains acompl ete radar atitude warning system (RAWS) function. The RAWS function provides
avisual warning and an aural toneto theinternal communications network. Evenwith RAD ALT switch off, pressing
the test switch will provide a continuous beep in the headset.

Note

Pressing the RAD ALT TEST button above 5,000 feet activates a
continuous beeping tone in both the pilot and ATO headsets. The tone can
only be deactivated by turning off the RAD ALTSs or descending below
5,000 feet AGL.

The RAWS feature of the AN/APN-194 is active when:

1

2.

3.

4.
5.

Fixed high atitudewarning. When descending through 250 feet, the pilotswill hear six beeps. Thisisdisabled
only if coupler is engaged.

Fixed low altitudewarning (35 feet). When bel ow the setting, the pilotswill hear acontinuous series of beeps.
Thisis enabled only if coupler is engaged.

Variable atitude adjust. Each pilot will hear six beeps and the low altitude light will illuminateif the aircraft
descends below his respective variable index.

Above 5,000 feet. If return is unreliable, height indicator will display OFF flag.

Power source failureto RAD ALT will cause height indicator to display OFF flag with continuous beeping
tone.

The warning consists of alight on the indicator and a tone in the pilot and ATO headsets. The tone is a nominal
1,000-Hz signal, pulsed at a2 cycle per second rate. Both stationswill be aerted for the preset high and low altitude
indices.

2-115 ORIGINAL



A1-H60BB-NFM-000

The electronic atimeter set consists of areceiver/transmitter, height indicators (pilot and ATO) (two), and antennas
(left and right) (two). Power is supplied from the AC essential bus through the center circuit breaker panel marked
RDR ALTM R/T. The pilot and ATO height indicators are powered by the DC essentia bus through the overhead
circuit breaker panel, marked HEIGHT IND PILOT and HEIGHT IND ATO, respectively.

Note

The bearing-distance-heading indicators (BDHI) and the compass system
are discussed in Chapter 16.

2.12.3 Miscellaneous Flight Instruments

2.12.3.1 Standby Magnetic Compass

A lighted magnetic compass is installed above the instrument panel on the right-center windshield frame
(Figure 1-5). The compassis used as a standby instrument for heading references. A compass correction card, with
deviation errors, isinstalled on the forward right of the overhead console (Figure 1-6).

2.12.3.2 Outside Air-Temperature (OAT) Indicator

Anambient air-temperatureindicator (Figure 1-5), marked FREE AIR, extendsthrough the upper- center windshield
panel. The direct reading instrument is marked in degrees Celsius.

2.12.3.3 Clock

Two 8-day clocks are installed on the instrument panel (Figure 1-8). The elapsed time knob is on the upper-right
corner of the clock. The clock iswound and set with aknob on the lower-left corner. The SO is also provided with
aclock.

2.13 WARNING, CAUTION, AND ADVISORIES

2.13.1 Master Warning System

Two amber, master caution warning lights (Figure 1-8), for thepilot and ATO, marked MASTER CAUTION PRESS
TO RESET, are located on the master warning panel. They light whenever a caution light lights. These lights aert
the pilot and direct attention to the caution lights on the caution/advisory panel. During caution/advisory panel test,
when the switch is released from the test position, the master caution lightswill flash 16 times to indicate that chip
caution pand circuitsare going through self-test. An existing malfunction withinthose circuitswill prevent flashing
of themaster caution lights. The master caution warning lights should bereset at onceto provideasimilar indication
if asecond condition or malfunction occurswhilethefirst condition is present. The master caution warning light can
be reset from either pilot position. Power for both of the master caution warning lights is provided from the DC
essential bus through acircuit breaker marked CAUTN ADVSY PNL and located on the overhead circuit breaker
panel.

Four red warning lights, aso located on the master warning panel, require immediate action if they light. The
markingsare#l ENG OUT, #2 ENG OUT, FIRE, and LOW ROTOR RPM. The LOW ROTOR RPM warning light
will flash at arate of threeto five flashes per second if rotor RPM drops below 96 percent. The ENG OUT warning
lights will light at 55 percent Ng speed and below. Refer to Figure 2-50 for a brief description of each faullt.

Note

The ENG OUT and the LOW ROTOR RPM warning lights are disabled
withweight onwhesls, but may still betested with the caution/advisory test
switch.
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LEGEND LIGHTING PARAMETER OR FAULT
#1 ENG OUT Indicates that the NO. 1 engine Ng speed is <55 percent.
FIRE Indicates that a fire detector has actuated a fire-warning circuit.
MASTER CAUTION PRESS TO Indicates that a caution light on the caution panel has been actuated by
RESET a failed system.
#2 ENG OUT Indicates that the NO. 2 engine Ng speed is <55 percent.
LOW ROTOR RPM Indicates that the rotor speed is <96 percent N;.

Figure 2-50. Master Warning Panel
2.13.2 Caution/Advisory Light System

The caution/advisory panel (Figure 1-8) is located on the instrument panel. The caution section (the upper
two-thirds) of the panel indicates certain malfunctions or unsafe conditions with amber lights. The advisory section
(the lower one-third) of the panel shows certain noncritical conditions with green lights. Each light has its own
operating circuit and will remain lighted as long as the condition that caused it to light exists. The caution/advisory
panel contains a self-test system for al engine and transmission drivetrain chip detector lights. During
caution/advisory pand test whentheswitchisreleased from TEST position, theself-testisactivated. If amalfunction
existsin one of the engineand transmission drivetrain chip detect lightswithin the caution panel, that respectivelight
will flash. The caution and advisory lights are powered by the DC essentia bus through a circuit breaker marked
CAUTN ADVSY PNL on the overhead panel. (Refer to the major systems for a complete description of the
caution/advisory panel lights. (Refer to Chapter 12 for a description of the caution/advisory legend.)

2.14 FIRE-DETECTION SYSTEM

Thefire-detection system (Figure 2-51) providesavisua cockpit indication when infrared radiation, caused by afire
or extreme overheating, is detected in either engine compartment or the APU compartment. The system consists of
three control amplifierslocated in theleft-hand junction box; five sensors (two in each engine compartment and one
inthe APU compartment); # 1 and # 2 ENG emergency off T-handlefire-warning lightslocated onthe enginecontrol
quadrant; APU FIRE EXT T-handle fire-warning light and FIRE DET TEST switch located on the overhead
console; and two FIRE warning lights on the pilot and ATO master warning panels.

When one of the sensors detects infrared radiation (fire), and no blue light (sunlight), it sends out a voltage to its
associated control amplifier. Sunlight filtered through smoke or haze, or at sunrise or sunset, may trigger the flame
detectorsand causeafal sefireindication. The control amplifier then providesavoltageto both master warning- panel
FIRE lights and the proper T-handle lights. The FIRE DET TEST switch (Figure 1-6) on the overhead consoleis
athree-position rotary switch used to check all components of the fire detection system except the flame detector
(which must be tested with red light). In the OPER position, the fire sensors are connected up to their respective
indicators. The NO. 1 test position checks the continuity of the wiring, amplifiers and monitoring lights for the
firewall-mounted detectors, NO. 1 and NO. 2 engines, and the APU compartments. If operating properly, the master
FIREwarninglight, both ENG EMER OFF T-handles, andthe APU FIRE EXT T-handlewill illuminate. TheNO. 2
test position checks the continuity of wiring, amplifiers, and monitoring lights for the NO. 1 and NO. 2 engine
deck-mounted sensors. If operating properly, the master FIRE warning light and both ENG EMER OFF T-handles
will illuminate. The APU FIRE EXT T-handle will be off. Electrical power for the engine compartment detectors
is supplied by the DC essential bus through the FIRE DET NO. 1 and NO. 2 ENG circuit breakers on the overhead
circuit breaker panel. The detector in the APU compartment is supplied by the battery bus through the APU FIRE
DETR circuit breaker on the center console circuit breaker panel.
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Figure 2-51. Fire-Detection System, Block Diagram

2.15 ENGINE/APU FIRE-EXTINGUISHING SYSTEM

The bromotrifluoromethane (CF3 Br) high-rate discharge extinguishing system (Figure 2-52) provides atwo-shot
(main and reserve) capability to either the main engine compartments or the APU compartment. The systemincludes
two containersthat arefilled with extinguishing agent and charged with nitrogen. The containers are mounted above
the upper deck, aft of the APU compartment. Both containers have dual outlets, each outlet containing its own firing
mechanism and CAD. Each container has a pressure gauge and a thermal discharge relief port. Thermal discharge
isindicated by the loss of ared plastic disc on the left side of the aircraft. Electrical power to operate the systemis
supplied by thebattery utility bus, theNO. 2 DC primary, and the DC essentia busthrough the FIRE EXTGH circuit
breakers on the lower console, the overhead console, and the ATO circuit breaker panels. Three T-shaped handles
select the compartment to which the fire extingui shing agent isto be directed and shut off fuel to that engine or APU.
TheFIRE EXT switch on the overhead consol e has three positions marked RESERV E, OFF, and MAIN. TheMAIN
position of the switch sends fire extinguishing agent to NO. 1 engine or APU compartment from the forward fire
extinguishing bottleM 1 port. TheR2 port isreservefor NO. 2 engine. Theaft fire extinguisher bottle M2 port ismain
for the NO. 2 engine and the R1 port is reserve for NO. 1 engine or APU. The ports provide a second shot of
extinguishing agent to be used if the actuation is not enough and the bottle was not previously discharged. Thefire
extinguisher selector switch is armed after one of the T-handles has been pulled. If two T-handles are pulled,
whichever T-handleis pulled last will be armed. When placed to MAIN or RESERVE, it selectsthe container to be
discharged.
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Figure 2-52. Fire-Extinguishing System (Sheet 1 of 2)
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Figure 2-52. Fire-Extinguishing System (Sheet 2)
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Note

® Onaircraft BuNo 164173 and previous, if theNO. 2 DC primary busisnot
energized (no AC power), the reserve position must be used to discharge
the agent to the APU or NO. 1 engine compartment. The NO. 2 engine
compartment has no fire extinguisher capability without AC power
available.

® Onaircraft BuNo 164174 and subsequent, if the NO. 2 DC primary busis
not energized (no AC power), the reserve position must be used to
discharge the agent to the APU or NO. 1 or NO. 2 engine compartment.

2.15.1 Fire-Extinguishing System, Impact Switch Operation

A multiple-axisimpact (10g) sensor (Figure 2-52), hard mounted to the airframe, will automatically discharge both
fire bottlesinto both engine compartments when it senses crash forces. When the impact switch closes, power from
thebattery utility buswill be applied to thefirebottles, discharging the extinguishing agent into theNO. 1 and NO. 2
engine compartments. Electrical power for theimpact switch isfrom the battery utility busthrough acircuit breaker,
marked FIRE EXTGH, on the lower console circuit breaker panel.

2.16 ENTRANCE AND EGRESS

A hinged door islocated on each side of the cockpit. Thesliding door ontheright side of the cabin providesan opening
54 inches high by 44 inches wide. Emergency escape can also be accomplished through jettisonable features,
provided on al cockpit and cabin windows.

Each cockpit door is equipped with ajetti son system for emergency rel ease of thewindow. Eachwindow isjetti soned
from inside or outside the cockpit by use of a handle marked EMERG EXIT — PULL. To provide emergency exit
from the cabin, two jettisonable 24 inch by 24 inch windows areinstalled, onein the cabin door and the other at the
SO station. To release the windows, ahandle, marked EMERGENCY EXIT PULL AFT OR FWD, ismoved inthe
direction of the arrow. The windows can then be pushed out. Exterior release of all windows is accomplished by a
handle, below thewindow, marked PUSH TO RELEASE & TURN; Refer to Chapter 12 for additional information.

2.17 ENVIRONMENTAL CONTROL SYSTEM

Cabin, cockpit, nose bay, and transition section environments are controlled by the Environmental Control System
(ECS), which provides both heating and air conditioning. The ECS consists of an air-cycle machine (ACM),
bleed-air ducting, necessary controls and valves, water separator, distribution system, air inlet, and heat-exchanger
exhaust duct. Theenginesor APU can serve as bleed-air sources for the ECS. Air source selection isaccomplished
by means of the AIR SOURCE ECS/START switch on the upper console. In the ENG position, engine bleed-air is
selected astheair source. Inthe APU position, APU bleed-air isused astheair source; however, the APU will provide
bleed air to the ECS regardless of the AIR SOURCE ECS/START switch position if the APU ison.

With the ECS on and the FLOW switch in NORM, maximum torque available is reduced by 4 percent per engine
andfuel flow to each enginewill increase by approximately 8 pounds per hour. Withthe TEMProtary switchinHOT
and OAT below 15 °C, maximum torque available is reduced by 5 percent per engine. With the FLOW switchin
HIGH, maximum torque available is reduced by 7 percent per engine and fuel flow increases approximately 12
pounds per hour per engine

An overpressure switch, within the ECS, senses high air pressure. When an overpressure condition exists, the
overpressure switch causes the ECS HI PRESS advisory to appear. System shutdown does not occur during an
overpressure; the ECS components are capabl e of withstanding full bleed-air pressure.

2.17.1 ECS Control Panel

The ECS control panel, located onthelower consol e, containsthreetoggle switchesand arotary switch. TheMODE
toggle switch controls the ECS operating modes. In OFF, the system is secured. In AUTO, the temperature is set
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by the rotary temp switch, which can be dialed to any position between COLD to HOT. In MAN, temperatureis set
viaatoggle switch labeled HOT and COLD, which is spring-loaded to an unlabeled, neutral position. Holding the
switch in the HOT or COLD position causes the temperature control valve to move as long as the switch is held.
The remaining toggle switchislabeled FLOW. The NORM position should be used for regular heating and cooling
functions. The HIGH setting provides an increased volume of air and is used primarily for cooling components and
environmental control.

Note

Use of the manual mode of the ECS requires pulsing of the HOT-COLD
toggle switch followed by a waiting period to judge the magnitude of
temperature change. Excessive manual input may cause ECS shutdown
and/or APU failure.

The ECS will automatically shut down under the following conditions:
1. Engine contingency power is selected by either collective CONTGCY PWR switch.
2. NO. 1 or NO. 2 starter is engaged.
3. An ECS heating duct over-temperature exists.
When the AIR SOURCE ECS/START switch is placed to ENGINE, the ECS will & so shut down when:
1. Actuation of IRP limiter (839 £10 °C).
2. Either ENG ANTI-ICE switch is placed ON.
3. The DE-ICE MASTER switch is placed to AUTO and ice is detected.
4. An ECS underpressure situation exists.
ECS shutdown will beindicated by an ECS SHUTDOWN caution light in all of the above situations except engine
start and ECS underpressure.

2.17.2 Avionics Cooling

Thetotal aircraft avionics system requires the dissi pation of approximately 12 kilowatts of heat. Units cooled by the
externa air system aremaintained at 15 to 27 °C. Units cooled by ambient cabin air require an ambient temperature
below 29 °C.

Two fans provide cooling air for the mission avionics. One fan is located on the right side of the cabin at the base
of the mission avionicsrack, and the other islocated on the |eft side of the cabin at the base of the SO console. Fan
control isprovided by the mission power (MSN PWR) switch, located on the center consol e on the mission systems
(MSN SY S) pand (Figure 1-7), and by a27 °C temperature-sensing switch, located at each faninlet. WhentheM SN
PWR switchisplacedin either PRI or SEC position and thefan inlet temperatureisabove 27 °C, thefansrun to bring
in outside air for circulation through the respective avionics areas. Backup cooling for the avionics is provided by
the ECS. If the ECS is operating, the modulating valve will automatically go to the full-open position when the
temperature switchesat thefan inlets senseatemperature of 55 °C or greater. Conditioned cabin air may becircul ated
through the avionics system by removing the thermal/acoustic panels for backup cooling. Power is supplied from
the NO. 1 AC primary bus and NO. 2 AC primary bus through the SO circuit breaker pand (Figure 2-22) by two
circuit breskers marked LH RACK BLOWER and RH RACK BLOWER.

2.18 DE-ICE/ANTI-ICE SYSTEMS

2.18.1 DE-ICE MASTER Switch

The DE-ICE MASTER switch ison the overhead console (Figure 1-6). Placing this switchto AUTO with the ENG
ANTI-ICE switches, WINDSHIELD ANTI-ICE switches, and the BLADE DE-ICE POWER switch at OFF will
automatically turn these systems on when ice accumulation is sensed by the i ce detector. Whenever the ice detector
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sensesice, the ICE DETECTED caution light will illuminate. Placing the DE-ICE MASTER switch to MANUAL
disables the automatic function. In addition, placing the ENG ANTI-ICE switches, WINDSHIELD ANTI-ICE
switches, or the BLADE DE-ICE POWER switch to the ON position with the DE-ICE MASTER switchat AUTO,
disables the automatic function and the appropriate system will operate continuously.

2.18.2 Engine and Inlet Anti-lce System
Refer to paragraph 2.1.8.

2.18.3 Rotor Blade De-Ice System

The rotor blade de-ice system (Figures 2-53, 2-54, 2-55 and 2-56) consists of the following: system control panel,
test panel, system controller, power distributor, main and tail slip rings, mainand tail blade heating elements, caution
lights, outside air temperature (OAT) sensor, a modified ambient sense line and an ice detector/signal converter
subsystem.

The blade de-ice system provides controlled el ectrical power to integral heating elements in the main and tail rotor
blades, causing theicebond layer to weaken, allowing symmetrical ice shedding. Thebladede-ice system, excluding
an element-on-time (EOT) failure, may be ground-checked with the use of external power. AC power, is supplied
through the blade de-ice distributor.

2.18.3.1 BLADE DE-ICE Control Panel
The controls for operating the rotor blade de-ice system are on the BLADE DE-ICE control panel. Controls are

described in Figure 2-54.
CAUTION

Leaving the blade DE-ICE power switch in the test position can lead to
blade damage.

2.18.3.2 BLADE DE-ICE System Operation

Theice detector, mounted on the NO. 2 engine cowling, senses ice accumul ation on avibrating probe by measuring
the change in probe frequency. When the ice detector senses an accumulation of ice, the ICE DETECTED caution
will be illuminated. Simultaneously, an aspirator heater on the probe is turned on to heat the probe, shed the
accumulatediceand reset it for another cycle. Theseverity of theicing environment isproportional to therateat which
the probe heater is cycled. If the BLADE DE-ICE POWER switch isturned on after the ICE DETECTED caution
is illuminated, the caution will remain illuminated as long as there is ice. The OAT sensor, installed below the
windshield, provides a signa to the controller to govern heating element on time (EOT). The lower the OAT the
longer EOT will be. Withthemaode sel ector switch set to AUTO, the controller processestheiceratesignal to produce
heater element-off-time, and the OAT signal to produce the heater EOT.

The controller then sends command signals through the main rotor slip rings to the system distributor. The system
distributor then switches power in sequence to the main rotor blade heater zones. To reduce power requirements, the
bladesaredeicedin cycles. Tail rotor blade power isswitched directly by the controller and sent through thetail rotor
dipringsto thetail rotor blades. A tail rotor blade distributor is not required since the power is applied to the four
tail blades simultaneously (Figure 2-53).

During a single main generator failure, the AC Monitor bus, which contains the Main Rotor Blade De-Ice, will be
dropped until the APU is started and the APU generator is placed on, picking up the AC monitor bus.

Droop stop heaters are provided for each of the four rotor head droop stops. The droop stop heaters supply heat to
the droop stop pins and cams during icing conditions. The droop stops are continuously heated as long as the blade
de-ice control panel power switch isin the POWER ON or TEST position.
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Figure 2-53. Blade De-Ice System Block Diagram
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MODE Selector:

TEST IN PROGRESS LIGHT

CONTROL FUNCTION
POWER SWITCH:
ON Turns on power to blade de-ice system.
OFF Turns off de-ice system.
TEST Electrically tests main and tail rotor de-ice and signal convertor for one test

cycle.
Green light goes on during test cycle. At end of test cycle, light should go off.

AUTO System off-time is controlled by ice rate signal.

MANUAL Gives pilot manual control of system off-time.

T Trace.

L Light.

M Moderate.

Figure 2-54. Blade De-Ice Control Panel Functions
CONTROL FUNCTION
NORM Provides a signal path for normal operation.
SYNC 1 Provides a test signal to verify operation of Main Blade De-Ice synchronization
short circuit warning circuitry when POWER switch is at TEST.

SYNC 2 Provides an open circuit to verify operation of Main Blade De-Ice synchronization

open circuit warning circuitry when POWER switch is at TEST.

OAT Short circuits the OAT sensor to check that BIT circuit senses a fault when
POWER switch is at TEST.
EOT Disables OAT sensor BIT circuits to simulate defects in primary EOT timing circuit,

when POWER switch is ON and MODE select switch is at M (MODERATE).

PWR MAIN RTR light

Indicates a malfunction has occurred in the main rotor primary power when
POWER switch is at OFF or ON. Also indicates test and normal operation when
POWER switch is at TEST.

PWR TAIL RTR light

Indicates a malfunction has occurred in the tail rotor primary power when POWER
switch is at OFF or ON. Also indicates test and normal operation when POWER
switch is at TEST.

Figure 2-55. Blade De-Ice Test Panel Functions

Thesystem control panel containsarotary switch, which alowsautomatic or manual control of bladeheater off time.
InAUTOtheiceratesignal ispassed onto the controller, which resultsin off-timevariations proportional to theicing
rate. InMANUAL, (T, L, or M) fixed signals are transmitted to the controller resulting in fixed off time. One of the
three manual modes should be selected when an icing rate system mal function isindicated by theillumination of the
ICE DETECT FAIL caution. The MANUAL mode should aso be used when there is no indication of failure, but
any of these three conditions has occurred:

1. The pilot has determined by judgment of icing intensity that the ice rate system is inaccurate.

2. Torque required has increased to an unacceptable level.

3. Helicopter vibration has increased to an unacceptable level.
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