FM 3-22.91

MORTAR FIRE DIRECTION PROCEDURES

|

LY

Ll

Z

July 2008

DISTRIBUTION RESTRICTION: Approved for public release; distribution is
unlimited.

HEADQUARTERS
DEPARTMENT OF THE ARMY



This page intentionally left blank.



Field Manual
No. 3-22.91

*FM 3-22.91

Headquarters
Department of the Army
Washington, DC, 17 July 2008

Mortar Fire Direction Procedures

Contents
Page
(=Y - T Xix
Part One INTRODUCTION AND FUNDAMENTALS OF MORTAR FIRE CONTROL............ 11
Chapter 1 INTRODUCGTION .....coiiiieeerccmreressmr e s ssssr e s snsssne e essssn e e sessns e s esssns e s ssssnsessasanseesnssnneenans 11
L@ 1o = 1o ]r.4= 1 1[] o [F ST RR 1-1
LCT=T o =T = I Lo T 4 1o S 1-1
INAIFEC Fire T@AIM ..o e e e e e e 1-2
MOTEAr POSITIONS ... eeiiee ettt e et e e e st e e e s snneeeeans 1-3
Missions and Fire Direction Control Procedures.........cccccoovviiiiiiiiee e 1-4
Fire Control SYSIEMS .......eiiiie e 1-6
Chapter 2 FUNDAMENTALS OF MORTAR FIRE DIRECTION .......ccoccccimrieereressneessssneeennnas 21
Section I. Elements of Firing Data and Ballistics..........ccccvivmmminnimnnnnsineninsinenn 21
[T =2 o) o PRSP 2-1
RENGE ...ttt ettt e e e s nneeae s 2-2
Vertical INtErval ........ oo o e e e e e e 2-2
Distribution Of BUISES .......eiiiiiiiiee et e e s 2-2
] T To) = F= 1S3 (o PSPPSR 2-2
Nature of Propellants and Projectile Movements .............cccooiiiiie e 2-2
Standard MUZZIE VEIOCHY .......ouueiiiiiiiiee s 2-3
Nonstandard MUzzle VelOCitY ...........ooo i 2-3
EXtErior BallIStCS .......ooiiiiiiie e 2-4
L= (=3 (o o TSRS 2-4
Section Il. Firing Tables ... ccsssr e sns e e e 2-6
0T 0o L SR 2-6
L0 1 O] = Tox 1] 1= SR URRRTPRI 2-6
StanNdard RANGE .........vviiiiiiie e a e aaae s 2-7
Dispersion and Probability..............cueoiiiiiiiiie e 2-9
Mean Point of IMPact.... ... 2-10
DISTRIBUTION RESTRICTION: Approved for public release; distribution is unlimited.
*This publication supersedes FM 3-22.91, 18 January 2005.
17 July 2008 FM 3-22.91 i



Contents

Part Two

Chapter 3

Chapter 4

Chapter 5

Probable ErTOr.........ooiiiii s 2-12
Section lll. Fire PIanNNing ........coooccirrrriimrnsere e sseerssssssesssssmeesssssssesssssssessssssmeees 214
BT 00T ] oo | PSP 2-14
Target ConSIderationS...........oi e e 2-16
Support of Offensive OPerations ............ccoooiiiiiiiiiiiie e 2-17
Support of Defensive Operations............ccceeviiiiiiiiiiie e 2-18
Fire Support Coordination MEasUres.............cooiiiiiiiiiiiiie e 2-19
Company Fire SUPPOrt Plan..... ... e 2-20
Battalion Fire SUPPOIt Plan ..o 2-22
Section IV. Target Analysis and Attack ...........cccceniiimmminnsers e, 2-22
Target DESCIIPLON. ......ceiii i e e e e e e e e e aeeaae s 2-22
Registration and Survey Control............cooo i 2-23
Size Of AHACK Ar€a ..o 2-23
Maximum Rate Of Fire........ocuiiiiiiiie ettt 2-23
Amount and Type of AMMUNItION...........coiiiiiiiiiiii e 2-25
L0 1 RS T=1 1= o1 1T o SRRSO 2-26
Typical Targets and Methods of Attack ...........cceoiiiiiiiiii e, 2-27
FIRE DIRECTION CENTER........coociiiiriernnin s ss s s s s ssms s s 31
INTRODUCTION ....cueiiiiiriesiisis s s s s s ssssssssss s s sas s s sas s ssss s sssss sssamssnsnnssan 31
Principles of Fire DIir€CHON ..........c.eiiiiiiiie e 3-1
OrganIZAtION .....eiiieeee e e e 3-1
Personnel DULIES........ooi ettt e e 3-2
MAJOR CONCERNS OF THE FIRE DIRECTION CENTER..........ccccuvvmmnnenininnnnnns 4-1
TYPES Of SNEAVES ....oiiiiiiiie e 4-1
CompUter's RECOIT ... e e e e e e e 4-3
DA Form 2188-R (Data Sheet) ......cccovcuiiieiiiiee et 4-9
DA Form 2188-1-R (LHMBC/MFCS Data Sheet) ........cccocvveeeieeeiiiiiieeeeee e 4-14
Y o ][ PSS 4-17
FIrNG TabIES ... 4-19
DA Form 3675-R (Ballistic MESSAGE) ....ccciiuvieeeiiiiiee et 4-22
Computer Meteorological MESSAgE .........cevviiiiiiiiiiiieiiee ettt 4-36
6400-Mil Meteorological MESSAgE .........uuiiiiiiiiii et 4-37
Computation of Meteorological Corrections for Large Sector Capability................ 4-37
MeteorologiCal COMTECHONS .......cicuiiie ettt e e eee e e e sbeeeeeans 4-40
CALL FOR FIRE ...ttt s s s s s s s snmn s ssnn s 5-1
T 10T LT3 4o ) o SRS 5-1
Observer 1dentification .......... .o 5-1
L= T T e TR @ 1= USSR 5-1
Methods of Target LOCatioN ..........ccuuviiiiiiii i 5-2

FM 3-22.91 17 July 2008



Contents

Part Three

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

17 July 2008

Target DESCIIPLON ... e e e e 5-3
Method Of ENGAgemMENt ..........uuiiiiiiiie e e e e e e 5-3
Methods of Fire and CONtrol..........oooeii i e e 5-4
MESSAGE TO ODSEIVET ......eiiiiiiiiii et e e rareee e 5-6
Call FOr Fire FOMMAL ....coiiiiiie ettt e et e et e e s e e e nnneeeas 5-7
F U =Y a1 (1= (o] o SR 5-8
MORTAR BALLISTIC COMPUTER ..ottt isser s e ssssmn s s sssss s ssssnn e 6-1
INTRODUCTION .....coiiiiciteirccmeesssesr e s sssse e ssssss e e sssssns e sssssns e s assneesssssnsessassnseesassnnnenans 6-1
DB CIIPIION ... 6-1
U o [T 1N F= T o SRR 6-11
CaPADIIEIES ..o 6-12
Memory Storage Capacity ..........eueiiiiiiiiiiee e 6-13
PREPARATION OF FIRE CONTROL EQUIPMENT..........cccoonimiiiree e, 71
Types of Data ENtry.........evieeeiiee e 7-2
L= 2= o) o RS 7-5
TYPES OF MISSIONS ........oiiiiiiiriismtessscsee e ssssnne e s s ssms e s ssssms e s sssssessssssneessnsansessanans 8-1
Grid MiSSION SWITCH .....oiiiiiiii e 8-1
Shift MiSSION SWILCH.....coiiiiiiii e 8-5
Polar MiISSION SWILCH ......eoiiiiee e e e e e e e e 8-8
Technical Fire CONtrol ... ..o e e 8-11
SBAVES ...ttt e e e e et e e e et e e e e anteeeeenres 8-12
Traversing Fir ....oooii oo e e e e e s e e e s e 8-13
SEANCNING FMe ... e 8-20
1118 1 F= 14T SRR 8-21
Coordinated UMINATION..........oouiiiiiiee e e 8-23
SPECIAL PROCEDURES ..........ooo e s e e s e e e e mn e s e e 9-1
Registration and Sheaf Adjustment.......... ..o 9-1
Mean Point of Impact Registration ... 9-4
Radar Registration........ ... 9-6
Final ProteCtive FIreS........oo i 9-8
Immediate Smoke or Immediate SupPression ..o 9-12
QUICK SIMOKE ... .ttt e e e e e e e et e e e e et ee e e e e nte e e e snteeeeenreas 9-13
Special Keys and FUNCHONS ..........coiiiiiiiiiie e 9-19
DIGITAL DEVICE SUPPORT ........oiiiicrerermrerrsssmeese s smsesesssmse s s ssme e nessms e ss s smnnes 10-1
Y o] o] o= 1 { o] o I PSRRI 10-1
(7] 1011 418 T (07=1 i o] o -SSR 10-1

FM 3-22.91 iii



Contents

Part Four

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Part Five

Chapter 15

M16 AND M19 PLOTTING BOARDS .........oirirerrnrmrreressnresessmr e s essme e s esssmneeennas 111
INTRODUCGTION ...t ssssr e s s s s s s s s e s s s s s s mmn e nanan 111
107 o T= T o1 11T PSS 11-1
M16 Plotting BOArd ............oeeiiiiiiiii e 11-2
M19 Plotling BOArd ..........ovviiiiiiei it e e e a e e e 11-4
PREPARATION OF FIRE CONTROL EQUIPMENT ........ccccocnnmmmnnininenmnasessnnens 121
Observed FiriNg Charts .........cueiiii e 121
Modified-Observed Firing Chart..........ccccoiiiiiii e 12-13
Transfer Of TArgets ......ueeiii oo 12-19
Deflection Conversion Table..........cceuiiiiiiii e 12-22
{750 1Y TS (o] o 1SR 12-23
Shift from a Known Point MiSSION .........cuuiiiiiiiiiiiee e 12-23
Polar PIOt MISSION ...ttt e e 12-24
TYPES OF MISSIONS........ooo e ssmn s s mmn e s 131
Traversing Fire ... et e e e e e e e 131
S ToE o] T T 1 RS 13-8
10T q 1T g F= 11T o PRSI 13-12
SPECIAL CONSIDERATIONS. ... e 141
Registration and Sheaf Adjustment ... 14-1
Mean Point of Impact Registration..............cccciviiiiiieiiie e 14-13
Vertical Interval Correction FActOrs .........ccccooiiiiiii i 14-17
Radar Registration ... s 14-19
Final Protective Fires ... .. ..t 14-21
MORTAR FIRE CONTROL SYSTEM .........ccciiiiierrcrensssmee s ssssne s sssssse s sssssne e ssssnns 15-1
INTRODUCGTION ......iiiicereresemresessmr e s ssssss e e snsssne e sesssms e sessns e s ssssmsessnssnsessassnnesnanen 15-1
Section I. Initialization and Configuration...........ccccecimeeeciirrcce e 15-1
=TT od ] (o] [P PRRPUPSP 15-1
107 0 T= T o1 11T SRR 15-8
Soldier Graphic User INterface ...........c.veeeiiiiiiiiiieeee e 15-9
Data Initialization and System Configuration..............ccoccciiiiiiie i, 15-13
Section Il. Additional FUNCLIONS ..........cccoieeiirr e e e 15-26
Ammunition/Status FUNCHON ... 15-27
Meteorological Data SCreeN..........ccoi i 15-32
Target/Known POINt SCIrEEN ........ccoiiiiii it 15-36
Safety FAN SCIEEN ....ooiiiii e 15-39
L 3Tt 1 RSP 15-40
Plain TeXt MESSAQGES......coiiiiiiiieiiiiie et 15-41
AlErtS FUNCHON ..o e e 15-44

FM 3-22.91 17 July 2008



Contents

Chapter 16

Part Six

Chapter 17

17 July 2008

FIRE MISSIONS ........cooiiiieirrresererss e e se s sms e e ss s e e ee s mn e e me e e e s smn e e e e smme e e e s snmnns 16-1
Section I. Parts of a Standard Fire Mission ..........cccooeeceriicccemnncccen e 16-1
Standard Fire Mission ProCedures..........cccuuuiiiiieee i 16-1
Sequence of Actions from the Initial Call For Fire to the End of Mission................ 16-1
Digital and Manual Fire Mission Tabs and SCreens...........cccooccevevicieeeeiciiene s, 16-2
COMMON ACHIONS ...t e e s e e e st e e e e nre e e e e nees 16-4
Section Il. Basic Fire MiSSIiONS.......ccccoccociiricererrrccce e e e 16-5
Basic Digital MiSSIONS........cooiiiiiieiiiie e 16-5
ManUal MiISSIONS .......coiiiiiiiie e 16-16
Section lll. Special MiSSIONS ........cccciiiiiiiiiiii s 16-19
Registration POiNt ........ ..o 16-20
Target/Known POINt...........ooiiiiiii e e e e e e e e eennnes 16-22
HIUMINALION IMISSION ..ceiiii e e e e e s eeeaee s 16-24
Coordinated lllumination MiSSION .........cooiiiiiiiie e 16-30
Final Protective FireS......ooo e 16-32
SMOKE MISSIONS ...ttt e ettt e e e sttt e e e s etb e e e s snteeeessnreeeeeane 16-43
LIGHTWEIGHT HANDHELD MORTAR BALLISTIC COMPUTER..................ccu... 171
INTRODUCTION .....coiiiiceieiiccete e rscssreesss s s e ssssssr e sssssns e e e s ssne s e s s nneansssmnenasssnnenesssnnens 171
Section I. Initialization and Configuration ..........cccoviiriiiiicccc e 171
DB CIIPHION ... 171
07T o= o1 1 1= PSSO 17-3
Battery Life ..o e 17-4
Graphic User INterface ..........ooo e 17-4
) =14 (1] o USROS 17-8
Data Initialization and Configuration............cccccccooeiiiiiiiiie e 17-9
MeteorologiCal Data...........oooiiiiiii i 17-17
SAfELY FaN ..o e 17-20
107 o= Yo7 Q] USRS 17-22
Section Il. CommUNICAtIoN ... 17-23
Cable CONNECHION .......eiiiiie e e e s e e e eeeanes 17-23
Parameter SEHUD .......ooo i 17-24
Set Up @ UNit AdAreSS .. .o e 17-26
Edit @ UNit ADAreSS......eoeiiiiiiiieee et 17-26
Enable or Disable @ Channel.............oooiiiiiiiiiiiiie e 17-27
SeNd StAtUS SCrEEN......eeeiiiii e e e 17-28
Plain Text MESSAGING .......cccoiiiiiiiiiiiiie et 17-28
Section lll. Global Positioning System..........cccccociviiiniiic s 17-29
Setup and INItialization ... 17-29
StANADY MOE ... 17-31
Global Positioning System COMSEC KEY .........eoeiiiiiiiiiiiiiiee e 17-31
Zeroizing the Global Positioning System Crypto Key.........coccciiiiieiiiniiiiiiiiieenns 17-31

FM 3-22.91 v



Contents

Chapter 18

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

vi

FIRE MISSIONS ... eercere s rrmr e s ssssmr e sss s e e s s sme e s e ssme s s mn e s sme s snsmne e nnnns 18-1
Section |. Manual Fire MiSSIONS.........cccccvrrrmerrnnsmerresseresessssse e s e sme e s smeeeas 181
173 o IV TS (o] o 1= PSR 18-2
Shift From a Known Point MiSSIONS ........ccoooiiiiiiiiee e 18-12
Polar Plot MISSIONS ...ttt e e e e e e e 18-13
Laser Polar PIOt MISSIONS .......ccciiiiiiiiiiiiie et 18-14
QUICK Fire IMISSIONS.......uviiiiiiiiiie ettt e e eeenbae e e e 18-15
Direct Lay MISSIONS ........ciiiiiiiii ittt 18-16
HIipShOOt MISSIONS .......ccoiieieeeeeee ettt 18-17
Targets/KNOWN POINES ........coi it 18-21
Section Il. Digital Fire MiSSIONS.........cccccrirrimmrirssrerrrs e e e 18-21
Receipt of the MESSAge ........eeiiiiiiiiee s 18-22
Section lll. Special MiSSIiONS ........cccccccemmiiiiiiiircccecrrr s 18-33
Registration MISSIONS ......coiiiiiiii e 18-34
NUMINALION MISSIONS ...t e e 18-39
Coordinated lllumination MiSSIONS ..........ueiiiiiiiiiiiiie e 18-46
Final ProteCtive FireS ...t e e e 18-49
SMOKE MISSIONS ...t e e e e e e e eaee s 18-61
Search and Traverse MISSIONS ........coiiiiiiiiiiiiie e e 18-74
MORTAR TRAINING STRATEGY ......coiiiiererrrrsmrersssmressssmsesssssmsessssssseesssssmsessssanes A-1
(7= 0 T=T | SRR A-1
Training EValUatioN ...........oooiiiiii e A-1
ICONS FOR THE MORTAR FIRE CONTROL SYSTEM.........ccccomvicirrrrrneerssnneens B-1
SAFETY PROCEDURES ... eirrcerreecerrss e e se s e s s s e ssme e mn e e mnn s C-1
SUIace DAnGEr ZONES .......oiuuiiie ittt e et ee e e e aareeeeaae C-1
Safety DIAQram ........ooo e e e C-4
FIELD-EXPEDIENT SURVEY TECHNIQUES .........cccccoi it nssss s nnanns D-1
GraphiC RESECHON ....ccoeeiiieeeee e e e e e e e e e e e e eanes D-1
HASTY SUIMVEY ... s D-4
FIRE DIRECTION CENTER CERTIFICATION ........cccomiicirerircecersscncee s cme e s E-1
Section . Conduct of the Program..........ccccciiiiiiiiniiinnn e E-1
Elgible Personnel .......... ... E-1
L@ TUE= 11 o= (o] o ISR E-1
GENEIAI RUIES ...t e e e e e e e e s e s eneeeaeeeennnes E-2
Section Il. Certification ... ———————— E-2
M16/M19 Plotting Board Certification ..o, E-2
Mortar Fire Control System Certification............cccccoeiiiii i, E-3
Lightweight Handheld Mortar Ballistic Computer Certification ............ccccccceevnnnnnee. E-4
Mortar Ballistic Computer Certification ...........oooiiiiiii e, E-5

FM 3-22.91 17 July 2008



Contents

Section lll. Mortar Ballistic Computer Example Test.........ccoooomiiiiiiiicciiienneee. E-5

SHULION A e bbb E-6

ST (1 = 111 T = S E-9

RS (1 = 11T SR E-11

1100 =110 o T 10 SRR E-13

SHUALION E s E-19

ST (1 = 11T o T S E-21

ST (1= 11T I C S E-23

11 0B =10} o TN o SRR E-27

SHUGLION L. E-31

ST (1 = 111 SRS E-32

RS T (1= 11T T < S E-34

1108 =1 (o] o T SRR E-37

SHUALION M.t E-39

ST (1 = 11T o T SRS E-41

RS T (1 F= 111 1 S E-44

Section IV. Plotting Board Test.........ccccccmiiniiimiiniiii e E-46

1100 =10 o 1 SRR E-46

SHUALION B .. E-47

ST (1 = 111 1 SRS E-54

Appendix F  ERROR MESSAGES ..........cooooiiiiinims it ssss s ssms s sss s s ms snsms s ssens F-1
(07 0= = Tor (=) TSRO F-1

Messages, Explanations, and ACHIONS ... F-1

L T N Glossary-1
= =1 =Y 4 o= References-1
0 T = N Index-1

Figures

Figure 1-1. INdireCt fir€ t8AM. ......ooiiiii e e 1-2

Figure 2-1. Direction to the target..........oee e 2-1

Figure 2-2. Elements oOf the trajeCtory. ... 2-5

Figure 2-3. Example of Firing Table 120-E-1. .......cocoiiiiiiiie e 2-6

Figure 2-4. Mean point of IMPACL...........cccuiiiiiii e 2-10

Figure 2-5. Burst in elliptical pattern...........ooo i 2-10

Figure 2-6. A 100-percent reCtangle...........cooo i 2-11

Figure 2-7. Dispersion reCtangle. ........oo e 2-11

Figure 2-8. One probable €rTOr...........cooo i 2-12

Figure 2-9. Range probability CUIVE. ..........cooi i 2-12

Figure 2-10. Probable error in deflection............coooiiii e 2-13

Figure 2-11. Group Of fargets. ......coouiiii it e e 2-15

Figure 2-12. Series Of targets. ....ooiii it 2-15

17 July 2008 FM 3-22.91 vii



Contents

viii

Figure 2-13. Final protective fires Symbol...........cccciiiiiiiiii e 2-16
Figure 4-1. Example of completed DA Form 2399-R (Computer’s Record)........cccc.cceeeunnn. 4-3
Figure 4-2. Example of completed DA Form 2188-R (Data Sheet).........cccocceviiiiiieeininenn. 4-9
Figure 4-3. Example of completed DA Form 2188-1-R (LHMBC/MFCS Data Sheet)......... 4-14
Figure 4-4. Angle T between 400 and 1600 MIlS. .........cooiiiiiiiiiiii e 4-17
Figure 4-5. Angle T exceeding 499 MIlS. ......cccuiiiiiiii e 4-18
Figure 4-6. Sample pages from firing tables for 60-mm mortar..............ccccoooiiiiiiiiiie e, 4-20
Figure 4-7. Sample pages from firing tables for 81-mm mortar...............cccooiiiiiiii . 4-21
Figure 4-8. Sample pages from firing tables for the 120-mm mortar.............cccccoeeieneennen. 4-22
Figure 4-9. Six-CharacCter groUps. ..........eeeiiii i a e e e e 4-23
Figure 4-10. Example of completed DA Form 3675-R (Ballistic Message). ..........cccceeeneee. 4-24
Figure 4-11. Example of completed DA Form 3675-R (Ballistic Message). ..........cccceeeueen. 4-25
Figure 4-12. Line number and zone height relative to meteorological data plane. ............. 4-27
Figure 4-13. Example of completed first seven lines for DA Form 3675-R (Ballistic

YT T= To 1= R EPRPR SR 4-28
Figure 4-14. Data guide for DA Form 2601-1-R (MET Data Correction Sheet for

Y[ =T ) PRSPPI 4-30
Figure 4-15. Example of completed DA Form 2601-1-R (MET Data Correction Sheet

FOr MOITAIS). et 4-31
Figure 4-16. Sample page from firing table for air temperature and density corrections. ........ 4-32
Figure 4-17. Sample page from firing table for wind components. ...........ccc.ccoevciiieeeneennn. 4-33
Figure 4-18. Sample pages from firing table for basic data and correction factors............. 4-34
Figure 4-19. Sample page from firing table for propellant temperature............................... 4-35
Figure 4-20. Example of completed DA Form 2601-2-R (MET Data Correction Sheet

6400 MIIS [IMOMAIS]). ...eeeeeiiieiee ettt e e st e e e ene e e e enree e e e enees 4-38
Figure 4-21. Example of completed DA Form 2601-2-R (MET Data Correction Sheet

6400 mils [Mortars]) for a full 6400-mil capacity............cccceeeeiiiiiiiiiiiieee s 4-39
Figure 4-22. Initial meteorological MEeSSAgE. ..........eeiiiiiiiiiii e 4-41
Figure 4-23. Second meteorological MeSSage. .........coocuviiiiiiiiiiiiiee e 4-42
Figure 4-24. Updated registration corrections, deflection.............cccccceviiiiiiiiie e, 4-43
Figure 4-25. Updated registration corrections, range. ...........ccccceeeeeiciiiieeee e 4-44
Figure 4-26. Deflection and range COrreCtions. ...........cceiiiiiiiiiiiiiiiie e 4-45
Figure 4-27. Example for updating target data. ............ccccooiiiiii 4-47
Figure 6-1. Mortar ballistic COMPULET. ... 6-1
Figure 6-2. Initialization SWItChES. .........ooiiiiiii e 6-2
Figure 6-3. ACION SWItCNES. ......ooeiiiii e 6-5
Figure 6-4. Alphanumeric and MiNUS SIgN KEYS. ......ccoiiuuiiiiiiiiiieiiee e 6-6
Figure 6-5. Fire miSSION KEYS. ...t e e e e e e 6-7
Figure 6-6. OUtPUL SWITChES. ......coiieee e 6-9
Figure 6-7. Display SWItChES. .........uiiiiii e 6-10
Figure 6-8. Light-emitting diode indiCators. .........c.uiiiiiiiiii e 6-10
Figure 7-1. Mortar ballistic computer switch panel. ... 7-1
Figure 7-2. Declination diagram.............cooiiiiioiiiiiieie e e e 7-4

FM 3-22.91 17 July 2008



Contents

Figure 8-1
Figure 8-2.

Figure 8-3.
Figure 8-4.
Figure 8-5.
Figure 8-6.
Figure 8-7.
Figure 9-1.
Figure 9-2.
Figure 11-1

. Excerpt from example DA Form 2399-R (Computer's Record) with call for

fire and FDC order completed. ............cccoumiiiiiiiiiiiieeee e, 8-14
Example of completed DA Form 2399-R (Computer's Record) for

AAJUSTMENT. ... 8-15
Example situation chart number 1. ... 8-17
Example situation charts numbers 2 and 3. ... 8-17
Example situation charts numbers 4 and 5. ...........ooovvviiiiiiiiiiiiiis 8-17
Example of deflection conversion table. ............ccccoeeeiiiiiii e 8-19

Range-lateral Spread. ... ... 8-23
Determination of @ SPOtiNG. ......c..eeiiiiiiiii e 9-7
Fire direction center Order..........cuueeiiiiii e 9-18
c VBIMIEE SCAIG. ...t 11-2

Figure 11-2. M16 plotting board. ... 11-3
Figure 11-3. M19 plotting DOard. ..o 11-4
Figure 12-1. Preparation of the plotting board. ..............ccociiiiiiiie i 12-2
Figure 12-2. Superimposition of referred deflection scale under the mounting azimuth. ......... 12-3
Figure 12-3. Determination of the deflection. ............cccoo i 12-3
Figure 12-4. Charge versus range Chart. ..........coooiiiiiiiiiiii e 12-4
Figure 12-5. Determination of Charge............ccccvei i 12-4
Figure 12-6. Charge Zone and rANQE. ........cceieeiiiiiiiiieiee e et e e s ee e e e e e e areeae s 12-5
Figure 12-7. Plotting of observer's correction. ...........cccooiiiiiiiii e 12-6
Figure 12-8. Determination of deflection and range...........cccoooeiiiiii 12-7
Figure 12-9. Board UPdated. .........cooiiiiiiiiiieee e 12-8
Figure 12-10. Hollow cross with target nUmMber............ccc.ccoo i 12-8
Figure 12-11. Plotting of mortar poSition. ............cooiiiiiii e 12-9
Figure 12-12. Plotting oOf first roUNd. ..........ooiiiiiiii e 12-10
Figure 12-13. Parallel-line plotting. ... 12-11
Figure 12-14. Determination of range with edge of DA Form 2399-R (Computer’s

[Tt o] o ) TR TS OPPPRR 12-12
Figure 12-15. Grid intersection to represent pivot point. ..o, 12-14
Figure 12-16. Superimposition of the grid. ..., 12-15
Figure 12-17. Plotting of @ mortar pOSItion. ...........coccuiiiiiiiiii e 12-16
Figure 12-18. FirSt PlOt. ...coooiieeeee e e e e e e e e 12-17
Figure 12-19. Replotting of mortar location. ... 12-18
Figure 12-20. Observed Chart. ............ooiiiiiii e 12-19
Figure 12-21. Forward plotting target to modified-observed chart from the observed

(o3 0 = 1 o PRSP 12-20
Figure 12-22. Deflection conversion table.............cccuvviiiiiiiiiicc e, 12-22
Figure 12-23. RESECHON. ....cooiiiiii et 12-24
Figure 12-24. INters@ClON. ........eiiiiiiiiee e 12-25
Figure 12-25. Direction and diStanCe. ... 12-26
Figure 12-26. Estimate of range from the reference point of the forward observer's

[OCALION. .. 12-27

FM 3-22.91 iX

17 July 2008



Contents

Figure 13-1. Example of DA Form 2399-R (Computer's Record) with a completed call

for fire and fire direction center order. ..........ccccoviiiiii e 13-2
Figure 13-2. Example of DA Form 2399-R (Computer's Record) with completed

b= L0 | [0S 1 4= o | SO RSO PPEPRR 13-3
Figure 13-3. Plotting of starting points. ...........ooiii e 13-4
Figure 13-4. Alignment of NO. 2 and NO. 3 PlOtS......cccoiuiiiiiiiiii e 13-5
Figure 13-5. Example of a completed DA Form 2399-R (Computer's Record) for a

completed MiSSION.........coooiiiiiiii 13-7
Figure 13-6. Example of completed DA Form 2399-R (Computer's Record) for a

SEANCH MISSION. ...ttt ettt e e 13-11
Figure 13-7. Fall of rounds during a search misSion. ..........cccccoiiiiiieiniiie e 13-12
Figure 13-8. Height of burst line for an M30TAS. ... 13-13
Figure 13-9. FT 81-A1-3, charge 8, used in determination of location of round in

relation to the height of burst. ..o, 13-14
Figure 13-10. Firing adjuStment. ............oooiiiiiiiie e 13-16
Figure 13-11. Firing adjustment. ... 13-17
Figure 13-12. FT 81-A1-3, charge 5, used in determination of location of round in

relation to the height of burst. ... 13-18
Figure 13-13. Firing adjustment. .......... ..o 13-20
Figure 14-1. Splitting of a 50-meter bracket. .........ccccveeiiiiiii e, 14-2
Figure 14-2. Deflection conversion table. ... 14-3
Figure 14-3. No. 1, No. 3, and No. 4 mortars out of sheaf. ... 14-4
Figure 14-4. Transfer limits for one registration point...........cccccoeviiiiii i, 14-5
Figure 14-5. Multiple transfer limitS. ............ooooiiiiiiiiiii e 14-6
Figure 14-6. PIotting Of rOUNAS.........ooiiiiiiii e e 14-6
Figure 14-7. Example of completed DA Form 2399-R (Computer's Record) for firing a

total range correction mission on the surveyed chart. ...............ccccoiiiinnn. 14-9
Figure 14-8. Example of completed DA Form 2399-R (Computer's Record) for a

FEregiSIratioN. . ..o e 14-11
Figure 14-9. Example of completed DA Form 2188-R (Data Sheet)............ccccvvveeveeeennns 14-12
Figure 14-10. Example of completed DA Form 5472-R (Computer’s Record [MPI]). ....... 14-16
Figure 14-11. Altitude COITECHION. ......oouiiii e 14-18
Figure 14-12. Determination of @ SPOttiNg. .......ccccouiviiiiiiiie e 14-20
Figure 14-13. Application of correction to fire the second round...............cccoccviiieeneeennnn, 14-20
Figure 14-14. Determination of danger mortar. ... 14-22
Figure 14-15. Example of completed DA Form 2399-R (Computer's Record) for

computing final protective fire miSSioNS. .........ccooiiiiiiii 14-23
Figure 14-16. Drawing final protective fire symbol with attitude indexed. ......................... 14-24
Figure 14-17. Determination of danger Mortar. ...........cccocccviiiiiie e 14-25
Figure 14-18. Plotting of No. 1, No. 2, and No. 3 mortars. .......ccccceeecciiiieeeee e, 14-26
Figure 14-19. Alignment of each mortar with its impact point..............ccccciiie 14-26
Figure 15-1. Mortar Fire Control SYSIemM. .......coiiiiiiiie i 15-2
Figure 15-2. Commander’'s iNterfacCe. ...........cooovciiiiiiie e 15-4
Figure 15-3. Power distribution @assembly.............ccccoiiiiiii e 15-5

X FM 3-22.91 17 July 2008



Contents

Figure 15-4. POINtING EVICE. .......oiiiiiiiieee e 15-6
Figure 15-5. GUNNEI'S AiSPIAY. ...uvviiiiiiiieieeeee e e e e e e s 15-6
Figure 15-6. Driver's diSPlay.........oi et 15-7
Figure 15-7. Vehicle MOtioN SENSON...........ciiiiiiii e 15-8
Figure 15-8. GraphiC USEr iNtEIrfaCE. .........ueviiiiiie e 15-10
Figure 15-9. LOG-iN SCIEEM. .......uuiiiiiiie ettt e e e e e e e e e e e e e e e aeeaaaeeeeannnnes 15-12
Figure 15-10. Unit LiSt SCrEeN. ...ccoiiiiiii e 15-14
Figure 15-11. Unit Configuration SCreeN. ............coiiiiiiiiiiiii e 15-15
Figure 15-12. Data SCrEeN.........ceeiiiiiii et e e e e e e e e e e anenee 15-16
Figure 15-13. Geographic Reference SCreen..........cccuvveeevieeii i 15-17
Figure 15-14. POSItiON SCrEEN. ....ccoiiuiiiiiiiii et 15-18
Figure 15-15. Universal Transverse Mercator Alternate Methods screen. ............cccccec... 15-20
Figure 15-16. Polar Alternate Methods SCreen. ............eeiiiii i 15-21
Figure 15-17. Military Grid Reference System Alternate Methods screen......................... 15-21
Figure 15-18. Latitude/ Longitude Alternate Methods screen. ...........cccooveeeiiiiiiiiiiieene 15-22
Figure 15-19. Mounting Azimuth and References screen...........cccocveiiiiiieiiiieee e, 15-23
Figure 15-20. Channel A SCIEEM. .......oiiiiiiiiieieiiiee et e et e et e e e ee e e seeee e e snsaeeesnnneeee s 15-24
Figure 15-21. AmMmo By UNit SCTEEN. ........ovviiiieiiiiceeeee et 15-27
Figure 15-22. AMmO Fire Unit SCreeN. ........ooiiiiiiii e 15-28
Figure 15-23. AMMO ROI UP SCrEEN. .......eiiiiiiiiii e 15-29
Figure 15-24. Status Fire Unit SCrEEN. ........ooiiiiiiiiiie e 15-30
Figure 15-25. New Meteorological Data screen using VMF R5...........ccoociiiiiiiieicicce, 15-34
Figure 15-26. New Meteorological Data screen using VMF PKG 11.......cccccoiiiiiiiiiienne 15-34
Figure 15-27. CUIMTENT SCIEEIN. .....ciiiiiiiie ittt 15-35
Figure 15-28. Targets SCrEEN. .......ei it e e e e e et e e e e e e e aanes 15-37
Figure 15-29. KNOWN POINTS SCrEEN. ........uiiiiiiiee it 15-38
Figure 15-30. Safety Fans SCrEeN. .......cocuuiiiiiiie e 15-40
Figure 15-31. CheCK Fir€ SCrEEN. ......cciiiiiiiii it 15-41
Figure 15-32. Plain Text Message Read SCreen. ..... ... 15-42
Figure 15-33. SENA SCIEEN. .......uuiiiiiiei ettt e e e e e e e e e e et bae e e e e e e aaeanes 15-43
Figure 15-34. AlErtS SCrEEN. .......cii it e e e rneeee e 15-44
Figure 16-1. MiSSiON Data@ SCrEeN. ......ccocuuiiiiiiiiee e 16-2
Figure 16-2. New Call for Fire SCreeN. .......ocoiiiiiii et 16-5
Figure 16-3. MisSion Data SCreeN. ..........uvviiiiiei it e e 16-6
Figure 16-4. SOIULION SCrEEN. .....cci ittt e et e e s e e e 16-7
Figure 16-5. Safety Data SCreeN. .......cooiiiiiiii e 16-8
FIQUre 16-6. PIOt SCrEEN. ...t a e e e eeeae s 16-9
Figure 16-7. SOIULION SCIEEN. .......viiiiii et e e e s e e e e e e e eeanes 16-10
Figure 16-8. MiSSION Status SCrEEN........c.uiiiiiiiii e 16-11
Figure 16-9. MESSAQgES SCIEEMN. ......iuuiiiiiiiiie ettt 16-12
Figure 16-10. Mission Data SCreeN. .......c..uuiiiiiiiiiie e 16-13

FM 3-22.91 Xi

17 July 2008



Contents

xii

Figure 16-11.
Figure 16-12.
Figure 16-13.

Figure 16-14.
Figure 16-15.
Figure 16-16.
Figure 16-17.
Figure 16-18.
Figure 16-19.
Figure 16-20.
Figure 16-21.
Figure 16-22.
Figure 16-23.
Figure 16-24.
Figure 16-25.
Figure 16-26.
Figure 16-27.
Figure 16-28.
Figure 16-29.
Figure 16-30.
Figure 16-31.
Figure 16-32.
Figure 16-33.
Figure 16-34.
Figure 16-35.

End of MiSSION MESSAQE. .....uvviieiiiiiie ettt 16-14
SaAVE Data SCIrEEN. .....coiiiiiiii et 16-15
Manual Call for Fire SCreeN. .......covviiii i 16-16
Manual Adjust Fire SCreen.........ooooiiiiiiiiiiee e 16-18
Manual End of MiSSION SCreeN. ........cccoviiiiiiiiiiie et 16-19
Save Registration SCreen. ...........uvviiiiiii e 16-20
Registration SCreen. .........coi i 16-21
Targets SCrEEN......ciii e e 16-22
KNOWN POINES SCrEEMN......oieeie e 16-23
New Call for Fire SCreen.......cveei i 16-24
MiSSION Data SCrEEN. ..ot 16-25

MiSSION Status SCIEEN. .......eeeiiiiiiie e 16-29
MESSAGES SCIEEM. ...eeiiiiiiiee ettt ettt et eb e e 16-30
New Call for Fire SCreeN.......ccveiii it 16-33
Final Protective Fire Mission Data screen............cccccoevviiee e 16-34
Final Protective Fire Solution SCreen. ........ccevviiiiciiiiiieee e 16-35
Safety Data SCreeN. ......oouiiiii e 16-36
SOIULION SCIEEN. ...ttt et e e et e e e st e e e abaeeeeans 16-37
PlOt SCIEEN... ..t e 16-38
MiSSION Status SCrEEN. .......eeeiiiieiee e 16-39
Subsequent AdJUST SCIEEN. .......ooi i 16-40
Solution End of MiSSION SCrEEN. .........eiiiiiiiiii e 16-41

Figure 16-36. MisSion Status SCrEEN. .........coicuiiiiiiieee e e e 16-42
Figure 16-37. MESSAQgES SCIEEN. ....ccciiiiiii ittt ettt ettt e et e et e e e 16-43
Figure 17-1. Lightweight handheld mortar ballistic computer. ...........ccoccociiiiiiiii e, 17-2
Figure 17-2. Lightweight handheld mortar ballistic computer interface. ...........c.ccccoceeennee. 17-3
Figure 17-3. Lightweight handheld mortar ballistic computer graphic user interface. ......... 17-4
FIQUIE 17-4. DESKIOP. ...eeeiiiitiiie ettt e s e e e e e e e e 17-5
Figure 17-5. PASSWOIA SCIEEN. ........ciiiiiiiieiiiiie ettt e e e 17-9
Figure 17-6. Setup Geographical Reference sCreen. ..........ccccceevcieieeeiciie s 17-10
Figure 17-7. Minimum easting and northing. ...........ccccoooiiiiiii e 17-11
Figure 17-8 Locating minNimMUuM ZONE. .........ccuuiiiiiiiiie e 17-11
Figure 17-9 Unit LISt SCrE@N. ....c.uiiii e 17-12
Figure 17-10 Unit List ADd/Edit SCrEEN. ........viviiiiiiiee ettt 17-13
Figure 17-11. AMMUNItION SCrEEN........eiiiiie i e e e e e e e 17-15
Figure 17-12. Ammunition Add/Edit SCreeN. .........eeiiiiiiiii i 17-15
Figure 17-13. Ammunition ROII-UP SCIreeN........ooiuiiiiiiiiiiee e 17-16
Figure 17-14. Setup Data SCrEEN........c..uiii it 17-17

FM 3-22.91 17 July 2008



Contents

Figure 17-15. Met NEW SCIEEN. ......ooiii i e e e 17-18
Figure 17-16. Met Edit Station SCreeN. ...........ooviiiiiiiicee e 17-19
Figure 17-17. Met New Edit LIines SCreen. ... 17-19
Figure 17-18. Met CUITENt SCrEEN. .....coi it 17-20
Figure 17-19. Safety Fan SegmeNnt SCrEEN. ........cooviiiiiiiiiiie e 17-21
Figure 17-20. Add New Safety Fan Segment SCreen............cooccuvieeeeeee i 17-21
Figure 17-21. Lightweight handheld mortar ballistics computer communications
(olo] ] 0 [=To1 (o] SR PP P U PP PP PPPPPI 17-23
Figure 17-22. Setup Commo Parameters SCreeN. .........occueviiiiiiiiiiiiiee e 17-24
Figure 17-23. Setup Commo AdAreSSES SCrEEN. ........cieiiueiiieiiiiiieesitieeeeeieeeeeeeeeeaeeeneeeeas 17-26
Figure 17-24. Edit COmMmMO AdAreSS SCrEEN. .......ccoiiiiieiiieee et a e e e e e e 17-27
Figure 17-25. Send Status SCIreEN........oouiiiiiiiiie e 17-28
Figure 17-26. Global Positioning System Status Screen............cccoieiiiiiei e, 17-30
Figure 18-1. Manual MiSSIONS MENU. ........ueiiiiiiiiie e 18-2
Figure 18-2. Manual grid mMiSSiON €NIrY. ........coeiiiiiiiiiiiiiie e 18-2
Figure 18-3. MiSSion Data SCreeN. .......coocueiiiiiiiii e 18-3
Figure 18-4. Solution/Gun Orders SCrEEN. .........ceiiiiiiiiii ittt e e 18-5
Figure 18-5. <Target™ SCrEEN.......couii e ee s 18-6
Figure 18-6. Safety Data SCreeN. .........c.uuviiiiiie e 18-8
Figure 18-7. Subsequent AdjUuSt SCIrEEN. .......ccuiiiiiiiiii e 18-9
Figure 18-8. ENd Of MiSSION SCIrEEN.......oiuiiiiiiiiiiie it 18-10
Figure 18-9. Ammunition Expended SCreen. ..o 18-11
Figure 18-10. Shift MiSSION SCrEEN. ... e e 18-12
Figure 18-11. Polar MiSSION SCIrEEN...........eiiiiiiiiie it 18-13
Figure 18-12. Laser Polar MiSSION SCrEEMN. .........ciiiiiiiiiiiiiiie et 18-14
Figure 18-13. Quick Fire MiSSION SCrEEN. .......cceiiiiiiiiiiiiii ettt 18-15
Figure 18-14. Direct Lay MiSSION SCIrEEN........ociiiii it e e 18-16
Figure 18-15. Direct Lay: first adjustment. ...........oooii e 18-17
Figure 18-16. Hipshoot MiSSION SCrEeN. ........ocuuiiiiiiiiiii e 18-17
Figure 18-17. Hipshoot SOIUtION SCIEEN. ........ccuuiiiiiiiiie et 18-18
Figure 18-18. Hipshoot: Subsequent Adjustment screen. .........ccccceeeevveviiiieeee e, 18-19
Figure 18-19. Hipshoot End of MiSSIiON SCreen. ...........oocuiiiiiiiiiiiiiiee e 18-20
Figure 18-20. Targets SCrEEN. ......cicuiiii ittt e e aare e e 18-21
Figure 18-21. Mission priority icon displayed on the Menu button.................cccccciiia 18-22
Figure 18-22. Call for fire menu Selection. ............ccccuvviiiiiiiiiiiiee e 18-22
Figure 18-23. Digital Fire Mission: New Call For Fire screen. .........cccccoovieeiiiieniiiieeeenne 18-23
Figure 18-24. Digital Fire Mission: Mission Data SCreen............cccvvveeiiiiiiiei e 18-24
Figure 18-25. Digital Fire Mission: Solution/Gun Orders SCreen...........coccveeeevciveeeesiieeeenn. 18-25
Figure 18-26. Digital Fire Mission: Message Send Status screens. .........ccccccceeeeeeeicnnnnee, 18-25
Figure 18-27. Digital Fire Mission: <Target> SCreen. .........cccvvveiiiiiiiiei i 18-27
Figure 18-28. Digital Fire Mission: Mission Status SCreen. .........cccocoeeeiiiieei e 18-27
Figure 18-29. Digital Fire Mission: Mission Messages SCreens. ..........oooecuveeeeeieeeeeiniinneee 18-29
FM 3-22.91 xiii

17 July 2008



Contents

Xiv

Figure 18-30.
Figure 18-31.
Figure 18-32.
Figure 18-33.
Figure 18-34.
Figure 18-35.
Figure 18-36.
Figure 18-37.
Figure 18-38.
Figure 18-39.
Figure 18-40.
Figure 18-41.
Figure 18-42.
Figure 18-43.
Figure 18-44.
Figure 18-45.
Figure 18-46.
Figure 18-47.
Figure 18-48.
Figure 18-49.
Figure 18-50.
Figure 18-51.
Figure 18-52.
Figure 18-53.
Figure 18-54.
Figure 18-55.
Figure 18-56.
Figure 18-57.
Figure 18-58.
Figure 18-59.
Figure 18-60.
Figure 18-61.
Figure 18-62.
Figure 18-63.
Figure 18-64.
Figure 18-65.
Figure 18-66.
Figure 18-67.
Figure 18-68.
Figure 18-69.
Figure 18-70.

Digital Fire Mission: first adjustment. ...........cccoci i 18-29
Digital Fire Mission: final adjustment..............cooociiiiiii i 18-30
Digital Fire Mission: Fire for Effect Solution screen. ............ccccocoiiiiiene 18-30

Digital Fire Mission: selecting Rnds Complete..............ccccoooiiiiiiiiinies 18-31

Digital Fire Mission: end of mission message. .........c.ccccccveeviieeeeeiiiee e, 18-32

Digital Fire Mission: Select Known Point Number screen........................... 18-32
Registration: Mission Initialization screen. ............ccccooiiii i 18-34
Registration: Solution/Gun Orders SCreen. .............ccceociiiiiieiiie e 18-35
Registration: first subsequent adjustment. ............cccccooiiiiiiiiiii 18-36
Registration: second subsequent adjustment. ...........cccccooe i, 18-36
Registration: Fire For Effect Solution screen. .............cococoiviiiiiiiiinees 18-36
Registration: Adjust Sheaf screen. ..o 18-37
Registration: Error and Warnings SCreen. ...........cccuveiiiieiiiiiiiiiieeieeee e 18-38
Registration: Save Registration Point screen............ccccccoeevicciiiiiniie i, 18-39
lllumination: Mission Initialization screen. .........cccccciiiiiii i 18-40
[llumination: Targets SCreeN. ..........iiiiiiiiiii e 18-41
lllumination: solution and display of fuze setting. .........ccccceevcieeeiiee e, 18-43
lllumination: Safety Data SCreen.........cccceeeeiiiciiiiiiiee e 18-44
lllumination: first subsequent adjustment. ..............ccccoii i 18-45
[llumination: second subsequent adjustment. ...........ccccoceiii e, 18-45
One-gun lllumination Fire For Effect Solution screen. ..........cccccoeeviiieennee 18-46
Coordinated lllumination: Mission Initialization screen. ..........c.ccccoveeieens 18-47
Coordinated lllumination: Mission Data screen...........cccoccceeeiiieeeiiiiieeeene 18-48
Coordinated lllumination: High-Explosive Solution screen. ........................ 18-48
Manual Grid Final Protective Fire: Mission Initialization screen.................. 18-50
Final Protective Fire: Mission Data screen...........ccccceviiieiiiiiiiic s 18-50
Final Protective Fire: Initial Solution screen. ...........ccccooiiiiiiiii i, 18-51
Final Protective Fire: changing the adjusting gun. ...........ccccocviiiiiiieinne. 18-52
Final Protective Fire: first adjustment. ...........cccccoooiiiiiiiii e 18-53
Final Protective Fire: A1’s initial adjustment. ...........ccccccooeiiiiii s 18-53
Final Protective Fire: A1’s second adjustment and solution. ..................... 18-54
Final Protective Fire: preparing to adjust the sheaf. .............ccccccoiii 18-55
Final Protective Fire: adjusting AZ...........ouiiiiie e 18-56
Final Protective Fire: A3’s SOIUtION. ........ccoeviiiiiiiiiei e 18-57
Final Protective Fire: A4’s adjustment solution. ............ccccceviiiiiiinn e 18-58
Final Protective Fire: section solution. ...........cccccooiiiiii e 18-59
Final Protective Fire: changing the fire for effect volleys. ...........ccccceeennee. 18-59
Final Protective Fire: storing the final protective fires. .........cccccoceveieiiiis 18-60
Quick Smoke: target location information. ............cccoooiiiiiiii e, 18-62
Quick Smoke: Mission Initialization screen. ... 18-62
High-Explosive Adjustment Phase — first solution.............cccoccovveiiiinnenee 18-63

FM 3-22.91 17 July 2008



Contents

Figure 18-71.
Figure 18-72.
Figure 18-73.
Figure 18-74.
Figure 18-75.

Figure 18-76.
Figure 18-77.

High-Explosive Adjustment Phase: first adjustment..............ccococeiiiiienns 18-64
High-Explosive Adjustment Phase: first adjustment solution. .................... 18-64
High-Explosive Adjustment Phase: second adjustment.. ............ccccooceeee 18-64
High-Explosive Adjustment Phase: second adjustment solution................. 18-64

High-Explosive Adjustment Phase: change the method of fire from

adjust to fire for effect. ... 18-65
High-Explosive Adjustment Phase: first confirmation round....................... 18-65
SMOKE Card SCIEEN. ... ..ttt e e e e e ee e e e e 18-66
Smoke Card example with solution. ... 18-67

Figure 18-78.
Figure 18-79.

Quick Smoke: guns A1, A2, A3, and A4 solutions for the maintaining

PRASE. ..o a———————— 18-68

Figure 18-80.
Figure 18-81.
Figure 18-82.
Figure 18-83.
Figure 18-84.
Figure 18-85.
Figure 18-86.
Figure 18-87.
Figure 18-88.
Figure 18-89.
Figure 18-90.
Figure 18-91.
Figure 18-92.
Figure 18-93.
Figure 18-94.
Figure 18-95.
Figure 18-96.
Figure 18-97.
Figure 18-98.

Quick Smoke: End of MiSSIiON SCreeN. .........cueveiiiiiieeiiiiee e 18-69
Quick Smoke: Ammunition Expended screen. .........occeeeviiiiieiiiiiieee i, 18-69
Immediate Smoke: Mission Initialization screen............ccccccoiiiiiiiiiiiee. 18-70
Immediate Smoke: Mission Data SCreen. .........cccoevcveeeeiciiee e 18-71
Immediate Smoke: Solution/Gun Orders SCreen. ........cccooeveeeeeiiieeeeiiieeeenns 18-71
Immediate Suppression: Mission Initialization screen. .............cccocoeeee. 18-72
Immediate Suppression: Mission Data screen. ...........ccccceiviiiiiineeenes 18-73
Immediate Suppression: Solution/Gun Orders screen. ...........ccccceeeeeeeeennnn. 18-73
Search and Traverse: Mission Initialization screen. ..........ccccccvvieeeninneen. 18-74
Search and Traverse: Mission Data SCreen. .......ccccccovvccvviieeeee e 18-75
Search and Traverse Sheaf Information screen............ccccccoiiiiiiiiiii. 18-75
Search and Traverse Operation SCreen. ..........cccceeeeeeeeiiiiiiieeee e 18-76
Search and Traverse: initial SOIUtioN............cccciiiiiiiii e, 18-79
Search and Traverse: first adjustment............cccoiii i, 18-79
Search and Traverse: second SOIUtiON. ... 18-80
Search and Traverse: final adjustment. ...........ccoooviiiii e, 18-80
Search and Traverse: fire for effect solution.............ccocciviiiiiii, 18-81
Search and Traverse Round and Hand Wheel Fire Data screen................ 18-82
Search and Traverse: End of Mission and Ammunition Expended

LS Te =T = o T 18-83
Figure C-1. Mortar surface danger ZONE. ..........coooiuiieeeiiiiie e C-2
Figure C-2. Effects of vertical interval and crest clearances. ........ccccccccoeeiciiiiieeee e, C-3
Figure C-3. Basic safety diagram. .........oocueiiiiiiiii e C-5
FIQUIe C-4. Safety T. ..o e C-6

Figure D-1.
Figure D-2.

Three distant points. ... D-1
Line drawn in any dir€CtioN. ..............uuueiiiiimiiiiiii s D-2

Figure D-3. Protractor aligned with correct azimuth............ccocoiiiii D-2
Figure D-4. Two more lines drawn from dot. ... D-3
Figure D-5. Positioning of traCing PAper.........cc.uiiiiiiiieiiiiie e D-3
FIgure D-6. HASty SUIVEY..........uuiiiiiiie ettt e e e e e e e e e e e e e e nanraaeeeae s D-4
Figure D-7. SUDIENSE Dar. .....o.eeiiii e D-5

FM 3-22.91 XV

17 July 2008



Contents

xvi

Figure D-8. Traverse 180 1. ..ot e e e et e e e e e e e annnee D-6
Figure D-9. Construction of @ diagram............cccuiiiiiiiiiiiiiie e D-7
Figure D-10. Distance table for a 2-meter subtense bar. .........ccoccooiiii i, D-8
Figure E-1. Situation A (excerpt from an example of completed DA Form 2399-R

[Computer's RECOIA]). «eieeiiiiieiiiii e e e e e e e e e eee s E-7
Figure E-2. Call for fire and FDC order (excerpt from an example of completed DA

Form 2399-R [Computer's RECOrd]). ......cueriiiiiiiieiiiee e E-9
Figure E-3. Situation C (excerpt from an example of completed DA Form 2399-R

[Computer's RECOI]). ..ieiiiiiiiiiiiiie e e e e e raee s E-11
Figure E-4. Situation D: first mission (an example of completed DA Form 3677-R

[Computer MET MeESSAQGE]). ...-vveeeeiiiieeeiiiiie ettt E-14
Figure E-5. Situation D: second mission (excerpt from an example of completed DA

Form 2399-R [Computer's Record]). ......c.uumeeiiaaiiiieee e E-15
Figure E-6. Situation E (excerpt from an example of completed DA Form 2399-R

| [OZeTa0] o 0] (=T =Yoo o | ) RSP E-19
Figure E-7. Situation F (excerpt from an example of completed DA Form 2399-R

[Computer's RECOIA]). ..ieciiiiiiiiiieie et e e e e e e aee s E-22
Figure E-8. Situation G: first mission (excerpt from an example of completed

DA Form 2399-R [Computer's ReCOrd]). ........coueeiiiieiiiiiiiiieiniieee e E-24
Figure E-9. Situation G: second mission (excerpt from an example of completed DA

Form 2399-R [Computer's Record]). ......cuumreiiiaiiiiiieeee e E-25
Figure E-10. Situation H (excerpt from an example of completed DA Form

2399-R [Computer's RECOI]). .....coeeiiiiiieiiiiiee e E-29
Figure E-11. Situation | (excerpt from an example of completed DA Form 2399-R

[Computer's RECOIA]). .iiiiiiiiiiiiieiie et e e e e e e aee s E-31
Figure E-12. Situation J (excerpt from an example of completed DA Form

2399-R [Computer's RECOrd]). .....cooeiiiiiiiiiiiiie e E-33
Figure E-13. Situation K (excerpt from an example of completed DA Form

2399-R [Computer's ReCord]). . ..ooooueeiiiiiaee et E-35
Figure E-14. Situation L (excerpt from an example of completed DA Form

2399-R [Computer's RECOI]). .....coeeiiiiiieiiiiiieeiiee e E-38
Figure E-15. Situation M (excerpt from an example of completed DA Form

2399-R [Computer's ReCord]). .....cocuviiiiiieeeie ittt E-39
Figure E-16. Situation N (excerpt from an example of completed DA Form

2399-R [Computer's RECOrd]). .....coeeiiiiiieiiiiiie e E-41
Figure E-17. Situation N: second mission (excerpt from an example of completed DA

Form 2399-R [Computer's Record]). ......cuueieiiiaiiiiieeeee e E-42
Figure E-18. Situation B: first mission (excerpt from an example of completed DA

Form 2399-R [Computer's ReCOrd]). ......ccuuvveiiiiiieiiiiiie e E-48
Figure E-19. Situation B: second mission (excerpt from an example of completed DA

Form 2399-R [Computer's Record]). ......ccceeeieieiiiiiiiieiiee e E-49
Figure E-20. Situation B: third mission (excerpt from an example of completed DA

Form 2399-R [Computer's ReCOrd]). ......cuueiiiiiiiiiiiiiee e E-51
Figure E-21. Situation B: fourth mission (excerpt from an example of completed DA

Form 2399-R [Computer's Record]). ......c.uumeeiiiaiiiiiieee e E-52
Figure E-22. Situation C: first mission (excerpt from an example of completed DA

Form 2399-R [Computer's RECOrd]). ......cuuiveiiiiiieiiiiiie e E-55

FM 3-22.91 17 July 2008



Contents

Figure E-23. Situation C: second mission (excerpt from an example of completed DA

Table 1-1.
Table 1-2.
Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-5.
Table 4-1.
Table 4-2.
Table 4-3.
Table 4-4.
Table 4-5.
Table 4-6.
Table 4-7.

Table 4-8.
Table 4-9.
Table 4-10
Table 4-11

Table 4-12.
Table 4-13.
Table 4-14.
Table 4-15.
Table 4-16.
Table 4-17.
Table 4-18.
Table 4-19.
Table 4-20.
Table 4-21.
Table 4-22.
Table 4-23.
Table 4-24.

Table 6-1.
Table 8-1.
Table 8-2.

17 July 2008

Form 2399-R [Computer's Record]). .......cccoeeiiiiiieeeiiiee e E-58
Tables
Battalion fire SUPPOrt PErSONNEL. .........cooiiiiiiiiiee e 1-3
Company fire SUPPOIrt PEFSONNEL. ......ccceeiiiiiiiiieiie e 1-3
Consolidated target list..........oooiiiiii e 2-21
Rates of fire for the 60-mm mortar. ... 2-24
Rates of fire for the 81-mm mortar. .............ccc.cooooiiii e 2-24
Rates of fire for the 120-mm mortar. .........ccooociiee i 2-25
Targets and methods of attack. ... 2-28
Targets and methods of attack (continued). ..o 2-29
TYPES Of SNEAVES. ...oo i e e e s 4-2
FDC order field titles and information documented in each field. ........................ 4-5
Initial chart data field titles and information documented in each field. ................ 4-6
Initial fire command field titles and information documented in each field............ 4-6
Observer correction field titles and information documented in each field. .......... 4-7
Chart data field titles and information documented in each field. ........................ 4-7
Subsequent command field titles and information documented in each
L] o SRRSO 4-8
Setup field titles and information documented in each field..............cccccevvveees 4-10
Weapon data field titles and information documented in each field. .................. 4-10
. Forward observer data field titles and information documented in each field. ...... 4-11
. Ammunition data field titles and information documented in each field............ 4-11
Target identification field titles and information documented in each field. ...... 4-11
Chart data field titles and information documented in each field. ..................... 4-12
Firing correction field titles and information documented in each field.............. 4-12
Firing data field titles and information documented in each field. .................... 4-12
Intelligence field titles and information documented in each field.................... 4-13
Geographical Reference field titles and information documented in each field......... 4-15
Data field titles and information documented in each field. ...............c....cccoe.... 4-15
Weapon Data field titles and information documented in each field................. 4-15
Subscribers field titles and information documented in each field.................... 4-16
Commo field titles and information documented in each field. ......................... 4-16
Character groups in the introduction and their corresponding meanings.......... 4-26
Character groups in the body and their corresponding meanings.................... 4-27
DA Form 2601-1-R (MET Data Correction Sheet for Mortars) field titles
and information documented in each field. ... 4-29
Mortars and corresponding ammunition. ...........coccueeiiiiieiiiiiii e 6-12
TFC menu abbreviations and their USes. .........cccoccviiiiiei e 8-12
Gun-target azimuth chart. ... 8-16
FM 3-22.91 XVii



Contents

xviii

Table 9-1. Normal final protective fire dimensions, for each number of mortars................... 9-8
Table 9-2. Smoke chart for the 120-mm M929 WP. ..o 9-15
Table 9-3. Smoke chart for the 81-mm M819 red phosphorus...........ccccoceeiiiiiii i, 9-16
Table 9-4. Message switch entries and related information. .............ccoo oo 9-20
Table 9-5. Transmit switch entries and related information.............ccccccoviiii i, 9-21
Table 9-6. Safety Data switch entries and related information. .............cccoccci e, 9-21
Table 12-1. Replotting of previously fired targets. ..., 12-21
Table 13-1. M16 plotting board data for traversing fire...........ocoeei i 13-1
Table 13-2. Example of illumination adjustment. ............cccceviiiiiie e, 13-13
Table 14-1. Plotting of a surveyed registration. .............cccccoo e, 14-2
Table 15-1. FUNCHON KEYS......ueiiiiee et 15-3
Table 16-1. Tabs @Nd SCrEENS. .....coiii i e e e e e e e e 16-3
Table 17-1. Battery [ife @XPeCIaANCY........cccueiiiiiiiee e 17-4
Table 17-2. MESSAGE ICONS. .......uuuiiiiieeeee ittt e e e e e et e e e e e e s e e e e e s s et aaeeeaaaeeesnnsnsreees 17-7
Table 17-3. MeSSage PriOrtieS. .....coiuuiiiiiiiiee et ee e 17-7
Table 17-4. Parameter Setup fields and settings...........oooiii e, 17-25
Table 17-5. Global Positioning System crypto key status and meaning. ...........ccccccee. 17-31
Table 18-1. Grid Mission screen fields and related information. .............ccccco i, 18-3
Table 18-2. Mission Data screen fields and related information. ............cccccooiiiiiiiinis 18-4
Table 18-3. Solution/Gun Orders screen fields and buttons, and related information. ....... 18-5
Table 18-4. <Target> screen buttons and related information. .............ccccceiviiiiiiiiiinnns 18-7
Table 18-5. Safety Data screen fields and related information.............cccoccceeiiiiiiiiiinennn. 18-8
Table 18-6. Subsequent Adjust screen fields and related information. ................cooee 18-10
Table 18-7. End of Mission screen selections and related information. ............................ 18-11
Table 18-8. Digital Fire Mission: New Call For Fire screen control buttons and related

1a30] 0 1T 1 (1] o TSRS 18-23
Table 18-9. Digital Fire Mission: Message box fields and purposes. .........cccccceeevevnnrnneeen. 18-23
Table 18-10. Digital Fire Mission: Send Status screen Message window fields and

PUMPOSES. ... eteeeteeete ittt et e e e e e ettt e e e e e e e e et e e e e e aa b e e e e e e e e e e e e asnnnereeeeeeeaaaann 18-26
Table 18-11. Digital Fire Mission: Mission Status screen fields and buttons, and

PUIDOSES . -t e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaes 18-28
Table 18-12. lllumination: additional sheaves and related information. ..............cc.ccee..... 18-42
Table 18-13. lllumination: two-gun range and lateral spread distances. ..............cccc......... 18-42
Table 18-14. Quick Smoke: Mission Data screen fields and related information.............. 18-63
Table 18-15. Search and Traverse Sheaf Information screen fields and related

1) o] 4 4 F= 111 o TR EPER 18-76
Table 18-16. Search and Traverse Sheaf Operation screen fields and related information. .... 18-77
Table 18-17. Search and Traverse types and methods. .........ccccccveiiiiiiciie e, 18-78
Table 18-18. Search and Traverse Round and Hand Wheel Fire Data screen fields

and related iNformation.............oooo 18-82

FM 3-22.91 17 July 2008



Preface

This manual provides guidance for military occupational specialty (MOS) 11C Soldiers and their trainers on the
employment of the 60-mm mortars (M224), 81-mm mortar (M252), and 120-mm mortar (M120). It discusses
the practical applications of ballistics and a system combining the principles, techniques, and procedures
essential to the delivery of timely and accurate mortar fire. (See FM 3-22.90 for information about mechanical
training, crew drills, and the characteristics, components, and technical data of each mortar.)

This manual is divided into six parts. Part 1 discusses the fundamentals of mortar fire direction; Part 2
summarizes the operational procedures of a fire direction center (FDC); Part 3 describes the capabilities and use
of the mortar ballistic computer (MBC); Part 4 describes the capabilities and use of the M16/M19 plotting
boards; Part 5 discusses the Mortar Fire Control System (MFCS); and Part 6 discusses the lightweight handheld
mortar ballistic computer (LHMBC).

This manual was revised to delete references to obsolete material and systems and add references to new
material and systems. In addition to various editorial corrections, this revision—
e Removes all references to M2 and M 19 mortar systems, as they are now obsolete.
e Removes all references to M29 and M29A 1 mortar systems, as they are now obsolete, except for
M29A1 use with the M303 subcaliber insert.
Adds references to the LHMBC.

Replaces references to common terms with their accepted modifications.

This publication prescribes DA Form 2188-R (Data Sheet), DA Form 2188-1-R (LHMBC/MFCS Data Sheet),
DA Form 2399-R (Computer’s Record), DA Form 5472-R (Computer's Record [MPI]), DA Form 2601-2-R
(MET Data Correction Sheet 6400 Mils [Mortars]), and DA Form 2601-1-R (MET Data Correction Sheet for
Mortars).

This publication applies to the Active Army, the Army National Guard (ARNG)/Army National Guard of the
United States (ARNGUS), and the US Army Reserve (USAR) unless otherwise stated.

Terms that have joint or Army definitions are identified in both the glossary and the text. Terms for which FM
3-22.91 is the proponent FM are indicated with an asterisk in the glossary.

Uniforms depicted in this manual were drawn without camouflage for clarity of the illustration. Unless this
publication states otherwise, masculine nouns and pronouns refer to both men and women.

The proponent for this publication is the US Army Training and Doctrine Command. The preparing agency is
the US Army Infantry School. You may send comments and recommendations by any means (US mail, e-mail,
fax, or telephone) as long as you use DA Form 2028 (Recommended Changes to Publications and Blank
Forms) or follow its format. Point of contact information is as follows:

E-mail: benn.29IN.229-S3-DOC-LIT@conus.army.mil

Phone: Commercial: 706-545-8623
DSN: 835-8623
Fax: Commercial: 706-545-8600

DSN: 835-8600
US Mail: Commandant, USAIS
ATTN; ATSH-INB
6650 Wilkin Drive, Bldg 74, Rm 102
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PART ONE

Introduction and Fundamentals of
Mortar Fire Direction

Chapter 1
Introduction

The mission of the mortar platoon is to provide close and immediate indirect fire
support for maneuver battalions and companies.

ORGANIZATION

1-1. Mortars are organized as part of a company, battalion, and cavalry squadron. They are organized
either as sections or platoons in infantry brigade combat team (IBCT) companies and as platoons in tank
and heavy brigade combat team (HBCT) battalions. Regardless of the organization to which they belong,
mortars have the battlefield role of providing the maneuver commander with immediate indirect fires.
Mortars fulfill this mission when all of the elements responsible for placing effective mortar fire on the
enemy are properly trained.

GENERAL DOCTRINE

1-2. Doctrine demands the timely and accurate delivery of indirect fire to meet the needs of supported
units. All members of the indirect fire team must strive to reduce, by all possible measures, the time
required to execute an effective fire mission; they must be thoroughly indoctrinated with a sense of
urgency. A key principle of effective training is the use of appropriate doctrine. (See Appendix A for more
information.)

1-3. Good observation is required for effective mortar fire. Limited observation results in a great
expenditure of ammunition and less effective fire. Every target needs some type of observation to ensure
that fire is placed on the target. Observation of close battle areas is usually visual. Radar or sound
observation is best used when terrain features hide targets or when great distance or limited visibility is
involved. When observation is possible, corrections can be made to place mortar fire on the target using
adjustment procedures. Lack of observation, however, must not preclude firing on targets that can be
located by other means.

1-4. Mortar fire must be delivered using the most accurate means that time and the tactical situation
permit. When possible, survey data will be used to accurately locate the mortar position and target. Under
some conditions, only a rapid estimate of the relative location of weapons and targets may be possible.

1-5. To achieve effective massed fires, units should survey the area using accurate maps of mortar
positions, registration points (RPs), and targets. The immediate objective is to deliver a large volume of
accurate, timely fire to cause as many enemy casualties as possible. Surprise fire often increases the
number of casualties inflicted in a target area. If surprise massed fires cannot be achieved, the time required
to bring effective fires on the target should be as brief as possible.
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Chapter 1

1-6. Mortars can inflict the greatest demoralizing effect on the enemy by delivering as many rounds as
possible (from all mortars in a section or platoon) in the shortest period of time possible.

1-7. Mortar units must be prepared to handle multiple fire missions. Mortars are area fire weapons, but
units can employ them to neutralize or destroy area or point targets, to screen large areas with smoke for
sustained periods, to provide illumination, or to provide an immediate, heavy volume of accurate fire for
sustained periods.

1-8. In HBCT battalions, units can normally fire mortars from mortar carriers (mortars maintain their
ground-mounted capability). This permits rapid displacement and quick reaction to the tactical situation.

INDIRECT FIRE TEAM

1-9. The team mission is to provide accurate, timely response to the unit it supports. Effective
communication is vital to the successful coordination of the indirect fire team’s efforts. Indirect fire
procedures are a team effort (Figure 1-1). They include locating the target, designating the correct asset to
fire the mission, determining firing data, clearing indirect surface-to-surface fires, applying data to the
mortar, and preparing the ammunition. Since the mortar is normally fired from the defilade position (where
the crew cannot see the target), the indirect fire team gathers and applies the required data, and coordinates
and synchronizes the fires with the concept of the operation. This team consists of a fire support officer
(FSO) in the fires cell (FC), forward observer (FO), a fire direction center (FDC), and mortar squads.

CLOSE AIR
OBSERVER TARGET
FIELD ARTILLE
i RY 3'-{'2)':‘;;“ CALLS FOR AND ADJUSTS FIRES '

~ -
FSO CLEARS THE
MISSION ;.
THEN ASSIGNS \
THE APPROPRIATE
WEAPON SYSTEM MORTARS

NAVAL FIRE DIRECTION CENTER
GUNS EVALUATES CALL FOR FIRE
AND CONVERTS CHART DATA
TO FIRE COMMANDS MORTAR SQUAD APPLIES THE
FIRE COMMAND TO THE MORTARS
AND FIRES THE MORTARS

Figure 1-1. Indirect fire team.

1-10. The battalion FSO coordinates and synchronizes fire support for the maneuver battalion. He is in
charge of the FC and is the principal fire support advisor to the maneuver battalion commander. The FC is
located with the operations element of the maneuver force. The commander is responsible for integrating
fire support, but typically delegates planning and supervisory authority for clearing indirect fires for the
unit to the FSO. Table 1-1 shows the organization of an FC in support of IBCT and HBCT battalions.
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