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to positive magnetism (x, > 3x104 cgs units). This magnetic behavior
contrasts with unquenched samples which yield the normal diamagnetism of

CdS (xy = -1.5x10-° cgs units). These anomalous magnetic effects are
observed at both RT and LNo temperatures at atmospheric pressure.
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Kic values obtained with standard compact specimens. Results show that both
versions of the C-shaped specimen yield accurate values of measured Ki..
Normal geometric variations, as would be expected from machining of the
specimen from an existing hollow cylinder, have no significant effect on the
measured Kic.
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test procedures are suggested for use with Mi-Cr-Mo steels within certain
ranges of yield stress and specimen gecmetry.
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could be attained with these shortened cycles. However, the shortened cycles
must be established for a particular component with consideration for material
variation, especially chemical segregation, which seriously affects trans-
formation behavior. Nevertheless, in view of the present and future costs of
firing heat treat furnaces and the potential increases in production capacity,
reduced heating times can be highly significant.

34

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING EORM
1. REPORT NUMBER 2. 30VT ACCESSION NO.J 3. RECIPIENT’S CATALOG NUMBER
ARLCB-MR-79010
4. TITLE (and Subtitfe) S. TYPE OF REPORT & PERIOD COVERED
AERASIVE MACHINING OF MAJOR COMPONENTS 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(S) 8. CONTRACT OR GRANT NUMBER(s)
John Rocd
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. i:ggRAA\"‘IOERLKEEEPTT'NTJRMOBJEESST' TASK
Benet Weapons Laboratory ,
Watervliet Arsenal, Waterviiet, N.Y. 12189 AMCﬂS N°',3297'06'7408
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Commang May 1979
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Cover, New Jersey (7801 65
14. MONITORING AGENCY NAME & ADDRESS(if different from Controliing Office) 1S. SECURITY CL ASS. (of this report)
UNCLASSIFIED
1Se. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebstrect entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Origirally submitted as an MM&T project to US Army Armament Materiel
Readiness Command on 7 December 1977.

18. KEY WORDS (Continue on reverse side if necessary and identify by bfock number)

Fbrasive Machining Crush Form Grinding
Rbrasive Surface Finishing Cylindrical Surface Generation
Contour Grinding Plunge Grinding

20. ABSTRACT (Contfnue on reverse side if necesaary and identify by bilock number)

The term "abrasive machining" has been expressed in many ways. It is
generally used to denote stock removal operations that are more economically
performed by abrasive grinding methods than the more conventional means of
turning or milling. The two largest fields for abrasive machining are the
precucticn of flat surfaces and form grinding from the solid. This report is
concerned with the latter; grinding various complex external shapes from the
solid forging, bar stock or hollow cylindrical items.

FORM
DD , s 1473 EDITION OF 1 NOV 65 1S OBSOLETE 35

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)



SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

36

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARLCB-MR-75011
4. TITLE (and Subtitle) _ 5. TYPE OF REPORT & PERIOD COVERED

GUN TUBE MANUFACTURE BY AUTOMATION

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
C. LaRoss
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
Benet Weapons Laboratory ' AMCMS No. 3297.06.7242
Watervliet Arsenal, Watervliet, N.Y. 12189 DA Project No. 6737242
DRy el EIS St RON No, M1-3-23022-M7-M7
11. CONTROLLING OFF{CE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Command June 1975
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Cover, New Jersey 07801 24
14. MON{TORING AGENCY NAME & ADDRESS({f different from Controlling Office) 1S. SECURITY CLASS. (of this report)
UNCLASSIFIED
15e. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebastrect entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Originally submitted as an MM&T report to the US Army Armament Materiel
Readiness Command on 6 January 1978.

19. KEY WORDS (Continue on reverse side i{ neceseary and identify by block number)

Line Flow
Tube Face Milling
Hollow Spindle Loading

20. ABSTRACT (Continue ars reverse side if neceesary and identify by block number)

This report describes three areas of the production line in manufacture of
gun tubes that, with improvement, would be beneficial to gun tube manufacture
by automation. The purpose of the project was to highlight and improve these
areas to result in an improved gun tube manufacturing facility.

FORM
DD | au 73 1473 EDITION OF 1 NOV 65 1S OBSOLETE

37
SECURITY CLASSIFICATION OF TMIS PAGE (When Dete Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

38
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. 30VT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
ARLCB-SP-79012
4. TITLE (and Subtitie) S. TYPE OF REPORT & PERIOD COVERED

INDEX TO BENET WEAPONS LABORATORY (LCWSL)

6. PERFORMING ORG. REPORT NUMBER
TECHNICAL REPORTS - 1978
7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)
B. Rahrer
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS
Benet Weapons Laboratory

Watervliet Arsenal, Watervliet, N.Y. 12189
DRDAR-LCB-TL

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research and Development Command June 1979

Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES

Dover, New Jersey 07801 60
14. MONITORING AGENCY NAME & ADDRESS(if different from Controliing Office) IS. SECURITY CLASS. (of this report)

UNCLASSIFIED
1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebatrect entered in Biock 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide if neceeeary and identify by biock number)

20. ABSTRACT (Continue on reverse eide if neceesary and identify by biock number)

This is a compilation of technical reports published during 1978.

DD ‘525'{,3 1473  EDITION OF 1 NOV 65 1S OBSOLETE

39

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entersd)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

40

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE SE 2D HSTRL SR ONS

BEFORE COMPLETING FORM
T. REFORT NUMBER 2. S0VT ACCESSION NO.| 3. RECIFIENT'S CATALOG NUMBER
ARLCB-MR-79013
4. TITLE (and Subticle) s. TYPE OF REPORT & PERIOO COVEREO

A SHORT STUDY OF LARGE ROTARY FGRGED CYLINDERS

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(S) 8. CONTRACT OR GRANT NUMBER(s)
F. Heiser
S. PERFORMING ORGANIZATION NAME ANO AOORESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
Benet Weapons Laboratory AMCMS No. 612603H181011
Watervliet Arsenal, Waterviiet, N.Y. 12189 DA Proj No. 1L1626603AH18
DRDAR-LCB-TL PRON No. 1A924362GGGG
11. CONTROLLING OFFICE NAME AND AOORESS 12, REPORT OATE
US Army Armament Research and Development Command June 1979
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Dover, New Jersey 07801 35
14. MONITORING AGENCY NAME & ADORESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)
UNCLASSIFIED
1Se. OECL ASSIFICATION/ OOWNGRAOQING
SCHEOULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATEMENT (of the ebatract entered in Biock 20, if different from Report)

18. SUPPLEMENTARY NOTES

18. KEY WORDS (Continue on reverse aside if necessary and identify by biock number)

ESR Steel

Hollow ESR Steel
Rotary Forge

Vacuum Degassed Steel

20. ABSTRACT (Continue on reverse side if necesasary and identify by biock number)

The Integrated Forging Line was used to produce steel for the Advanced
Breech Techrclegy program. Cylinders were rotary forged from cast hollow ESR
and from vacuum degassed steel. Aromalies in the data prompted a more detailed
metallurgical study. The results are presented. Satisfactory properties were
produced from the vacuum degassed steel. However, the very light forging
reduction coupled with the very rapid and short austenitizing inherent in the
Selas heat treatment system were inadequate to develop satisfactory properties

DD 3 5255473 ]473 EOQOITION OF 1 NOV 65 IS OBSOLETE

41

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Continued from Block 20

in the cast ESR steel.

42

SECURITY CLASSIFICATION OF THIS.PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARLCB-MR-79014
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

APPLICATION OF ELECTRON BEAM WELDING TG
HEAVY COMPONENTS

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e)

V. Colangelo

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM EL EMENT, PROJECT, TASK
Benet Weapons Laborator e ol e
-ap y o o AMCMS No. 3297.06.7480
Watervliet Arsenal, Watervliet, N. Y. 121 DA Project No. 6747480
DRDAR-LCB-TL PRON No. M1-4-A1561-M7-M7
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Command June 1979
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Dover, New Jersey 07801 28
14. MONITORING AGENCY NAME & ADDRESS(I! different from Controfling Qftfice) 15. SECURITY CLASS. (of thia report)
UNCLASSIFIED
1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Biock 20, if different {rom Report)

18. SUPPLEMENTARY NOTES

Originally submitted as an MM&T report to the US Army Armament Materiel
Readiness Command on 6 January 1978.

19. KEY WORDS (Continue on reverse eide if naceesary and {dentify by block number)

Alloy Steels

Electron Beam Welding
Mechanical Properties
Steel Castings

20. ABSTRACT (Continue em reverss sidw /f neceewary and identify by block number)

The current investigation evaluates the mechanical properties and weld
soundness of an electron beam welded casting which was substituted for a
complex forging. The mechanical properties obtained were adequate, however,
radiographic studies indicated considerable porosity in the welds which was
not tolerable. This porosity was the result of the agglomeration of porosity
on forged specimens of the same alloy and configuration. The study showed

FORM
DD | jan 72 1473  EDITION OF 1 NOV 65 IS OBSOLETE 43

SECURITY CLASSIFICATION OF THIS PAGE (Wkent Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Continued from Block 20

that weldments made from forged sub-sections could meet the mechanical property
and soundness requirements.

44

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMgLETING -
1. REPORT NUMBER 2. GOVT ACCESSION NOJ| 3. RECIPIENT'S CATALOG NUMBER
ARLCB-MR-79015
4. TITLE (ond Subtitle) S. TYPE OF REPORT & PERIOD COVERED

EFFECTS OF PROCESSING VARIABLES ON ERQSION
OF GUN TUBES 3

- PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(e)

J. Passmore

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
Benet Weapons Laboratory AMCMS No. 3297.06.7026
Watervliet Arsenal, Watervliet, N.Y. 12189 DA Project No. 6747026
DRDAR-LCB-TL PRON No. M1-4-A1532-M7-M7
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Command June 1979
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Dover, New Jersey 07801 16
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 1S. SECURITY CLASS. (of thle report)
UNCLASSIFIED
1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Originally submitted as an MM§T report to the US Army Armament Materiel
Readiness Command on 31 January 1978.

19. KEY WORDS (Continue on reverse side if neceesary and identify by block number)
Erosion
Wear
Gun Steel
Thermal Conductivity
Gun Tubes
20. ABSTRACT (Contfnue en reverss side if neceesary aod !dentify by block numbaer)

A reduction in silicon with an associate increase in molybdenum is known
to increase the wear life of gun steel when fired under subscale firing con-
ditions. However, when this same material is employed in a full scale firing
test utilizing the 105mm M68 gun tube, the wear life of the tube, as measured
at the origin of rifling (i.e. OR), remains the same regardless of silicon and
molybdenum content. A few inches beyond the OR (27 inches from the rear face
of the tube and beyond), the results of the full scale firing test agree with

FORM
DD |, jan 73 1473  EDITION OF ' NOV 65 1S OBSOLETE 45

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Continued from Block 20

the results of the subscale firing tests, in that the low silicon steel exhibits
a lower erosion rate than for a normal gun steel composition. (

46

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIP(ENT'S CATALOG NUMBER
ARLCB-TR-79016
4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED

PRELIMINARY ANALYSIS OF A MANDREL FOR 105MM

GUN TUBE FORGINGS 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
M. A. Hussain
S. L. Pu
J. D. Vasilakis
9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK
Benet Weapons Laboratory R e (LIRSS
Watervliet Arsenal, Watervliet, N.Y. 12189 AMCMS No. 3110.15.0003
11. CONTROLLING OFFICE NAME ANO ADORESS 12. REPORT OATE
US Army Armament Research and Development Command June 1979
Large Caliber Weapon System Laboratory 13, NUMBER OF PAGES
Dover, New Jersey 07801 36
14. MONITORING AGENCY NAME & ADDRESS(if different {rom Controlling Oftice) 1S. SECURITY CLASS. (of this report)
UNCLASSIFIED ;
158, OECL ASSIFICATION/OOWNGRAOING H
SCHEOULE ¢

X

16. OISTRIBUTION STATEMENT (of thie Report)

B

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATEMENT (of the abstrect entered in Biock 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WOROS (Continue on reverse side if neceeeary and identify by biock number)

Crack Analysis
Fatigue Analysis
Radial Forge
Thermal Stress

-

20. ABSTRACT (Continua em reverse sidw if meceevary aovl identify by block number)

A simplified stress analysis of a mandrel used in rotary forging of 105mm
M68 gun tube forgings is presented. High tensile stress occurs at the inner
bore during a fraction of a forging cycle when two hammers are engaged with
the billet. The combination of the tensile stresses due to mechanical and ]
thermal loading is responsible for the fracture of the mandrel. ]

Assuming a semi-circular crack initiated at the inner bore of the mandrel !
and propagated in the radial direction, the stress intensity factors are g

i
4

FORM
DD |, jan 7 1473 EDITION OF 1 MOV 65 1S OBSOLETE 47

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Enterad)

s —— A s b @l

st

—— i ans

e 2 e

Continued from Block 20

computed based on the penny shaped crack under arbitrary loading. The remainin
life of a mandrel having a semi-circular crack of 0.003 inch is predicted based
on the most severe loading conditions and using the propagation equation for
gun steel.

The effect of the reduction of the inner ciameter of the mandrel on the
mandrel life is studied. A four-fold life ircrease is predicted if the bore
diameter is reduced from 1.969 to 1.4 inches. The effect of autofrettage is

also studied. The mandrel life can be increased as much as 48 times 1f the
mandrel is overstrained 50 percent.
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snape functions; each for its respective coordinate and both being llermitian
volvnomiais. The ygeneralized coordinates are then the displacement, slope,
velocity ond time derivatives cf the slope at each node point. The corre-
~pondence between lccal and glcbal generalized coordinates 1is described. The
"stiffness matrices" of spatial and time-effect, contributed by the recoil
force, yressure and curvature induced force and the moving mass of a projectile
are derived. [t is interesting to observe that the strong discontinuities
associated with these forces disuppear as a result of the smoothing effect of
‘utegrdation in spatial as well as in time coordinates. The present approach
to deai with the moving support problem efficiently is also pointed out 1in
this paper. Numerical results of a demonstrative problem are presented.

54

SECUMITY CLASSIFICATION OF THIS PAGE(When Dera Entered)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE DA s TRUCIIGNS

BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT’S CATALOG NUMBER
ARLCB-MR-79020
4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED

The Effect of Wall Thickness Variation of Ky
for the Proposed C-Shaped Specimen.

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(e)

J. A. Kapp

G. A. Pflegl

J. H. Underwood
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Benet Weapons Laboratory - AREA & WORK UNIT NUMBERS
Watervliet Arsenal, Watervliet, N.Y. 12189 AMCMS No. 611102.H420011
DRDAR-LCB-TL PRON. No. GG-8-25791-GG-M7
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Command August 1979
Large Caliber Weapon System Laboratory 13. NUMBER OF PAGES

Dover, New Jersey 07801

14. MONITORING AGENCY NAME & ADDRESS(if dliferent from Controtling Olfice) 1S. SECURITY CLASS. (of thie report)

UNCLASSIFIED

1Se. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatrect entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

Reprinted from The International Journal of Fracture Vol. 13 (1977)

19. KEY WORDS (Continue on reveree eide if neceassary and identify by block number)
Calibration Fracture Properties
Crack Propagation Toughness
Finite Elements
Fracture Mechanics

20. ABSTRACT (Continue on reverae side {{ neceeeary and {dentify by bilock number)

Finite element stress intensity factor solutions have been developed for the
C-shaped specimen to study the effect of wall thickness variation on K[. Wall
thickness variation arises when the inside and outside radii of the specimen are
not concentric resulting in a specimen which is not symetric-with respect to the
plane of the crack. This nonsymentry causes shear stresses to develop on the
plane of the crack which results in Mode II sliding in addition to the Mode I
opening of the crach surfaces.

DD :2:”73 1473 EDITION OF ! NOV 6S IS OBSOLETE

55 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)




UNCLASSIEIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

(Con't from block #20)
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specimen and that only negligable amounts of Mode II sliding develop with non-

symetry due to wall thickness variaticn.
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cipal equation is integrated analytically in cbtaining the solution for tan-
gential velocity in terms of the elevation angle, together with all the nec-
essary initial conditions. The horizontal range and the vertical range are
also expressed as integrals of certain function of the elevation angles. In
order to obtain the sensitivity coefficient it is necessary to find the per-
turbations of the horizontal and vertical ranges. This procedure is similar
to that of evaluating differentiation under the integral sign. The pertur-
bation of the ranges is the sum of the perturbations due to the initial vel-
ocity, the initial elevation angle, and the impact elevation angle. By set-
ting to zeroes the range perturbations we can group the coefficients of the
perturbations into two separate equations. The ratio of the perturbations
for initial elevation angle to that for initial velocity is the sensitivity
coefficient for exterior ballistics that we are seeking.
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