ARMY MEDICAL RESEARCH LABORATORY

FORT KNOX, KENTUCKY

Q0
Q0
N
)
| m PROJECT NO,
O
[~
<

AND DEVELOPMENT DIVISION
OFFICE OF THE SURGEON GENERAL
DEPARTMENT OF THE ARMY

This document has becn €
for public relase cad salc; i3
distribution is unlimited.




~UORED MEDICAL RESEARCH LANY. TURY e
. Fort Knux, Kentucky
Project: A’RL, NWo. 37; #DRC, S0G-11
File 4L1:.7u=i 18 Septe wer 19.L

FIRST P.RTI.L Kul'ORT
ON
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1. PROJECT: AMRL No. 37 and NDRC Mo, SCS5-1l « Study of Errors in
Field Artiller Praclice, PFirst Purtial Report.

e Autnority: Lir. ATP, 413,68 (R) {2 apr 19uL) GNE T-10/78261
dated 8 /pril 19i.., )

rs, Purnose: To make preliinary observations on the nature, source
and cagnitide of errors which oceur in Field Zrtillery practice and to oute
iire & ol for further study desiened to determine: (1) the causes and
relstive fre.ue ov of orrove from different scurces; (2) the relative Influence
of arrors oo vericus source: uron offectiveness and densiiy of artillery
fire: '3, the deorce of imnrovement jn effectiveness of artillery fire uhich
~an be ewpocted Mrom nromoased chunees in instruments and procedures.
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Teoor L noints have cuerged fron the preliminary studies wnich are
Sijsan o' T Purther consideration of Lhe problem:

we ™e occurrence N7 wvrror: in Pield irtillery practice is generaily
recornized, vy of the errurs sare tracesble Lo cartain weaknesses in the
sycten, weaknessae. I the sense that a0 positive protection against crrors is
providec, Dyger coced syiillery officers emphasize the relatively grester
frequenc, ol eriurs among men who have not been highliy trained. In norual
pescetime Lriinung, fu_. conslderation is given to the sources of error and
it is said Luatl they are lirpely elizwinuted through repeated wund prolonged
truining, together with selection of artillerv. personnel by tricl. In this
way, recormzed opportunities for nistokes are overcome Lo & large extent,
This method of eliiminstion of errors treaks duwn iu the more sccelerated
war-tine trianine prograem, and the freguency of errors, therefore, sssumes
sreater importance. #s a general statement, it mcy be saild that the present
problem is one of miniuizing opportunities for error so that fewer mistukes
will be mude despite limited trainin-,



)

. The preliminar, observations indicated no clear-cut psttern

of occurrence of errors at any particular point or pointe within the systen,
Errors have been observed wherever cowaands «re formilated, transmitted or
executed, and at every situation involvine the setting and reading of instru-
ments, making computations, etc, The 1CC -dl errur, £o comunnly mentioned,
is not unigue, Others o lesser or greater rupnitude cccur with considerable
frequency and for cuite different reasons,

c. The occurrence ¢f an error at any point in the sys'em canunot
always be regarded o an isoloted event which can be altrivuted entirely to
Lhe operator or instrument at the point of occurrence, Un the conilrery, in a
well-trained unit there appears to be 5 e relation hetucan the occurrence of
errors and imiedistely preceding confusion of communds, ‘acorrect runsalssion
of deta or departure frorm standard opcrztlines (Loce” (. This daterrelation
of steps in tne while s;sten is weil recopnized ar? cont*?' les = “alor reuson
for e iz in training and practice urui €1 ..e =A™ nrescs (o sluinard

¥
operating procedures, :

.do While it w™ i e aesi v Wl G eliminaia L0 ov Teus uf eLrior,
it 18 recognived thst *4is 18 @ Tflcuai, 1Y "mOL impossiiie, T attainment,
It is necessury, therefore, to eviluuie Lhe reictive ifpei%.. "8 oi gu.l ¥ynn
of error in accordunce with a conon and esningful yardstici. Trrore we 7
importance if the, increase exnendivure of curuniuion, decre se o~ denuiy,
and effectiveness of fire on a tarret, nring fire onto friendl troops or
prevent tie desired close artillery supoort to tue infent=v, PIOS8 errur,
sucii 58 100 g in deflaction or elevition, a&y e e source of danger w friendly
troops, but in registration or adjustment it is frequently cu 2uvious Liet it
will be recornized and corrected with no yreat vwuste of ammunition or tine,

On the other hind, an error of smcil megnitude aay mo unrec.uized und cLuse
considerable loss of awmnition cid tive Lefore its erfect ‘¢ eliminated. In
this connection, it is recalled that throushout the process of adjusting fire,
the observer must assume that the shifting of burst whicn he observes correctly
follows his cummends or transmitted deta, If this ic not the case, his technic
of adjiustment breaks dowm, In fire for elfect, large errors are no nore
important than small errors if both +iss the turset. The influence of an
error upon effectiveness f fire is not necessarilv removad by correction
hefore firine. Delay in execation of covinds n8y increase the time to bring
in the fire of oue of the hHatteries and thus reduces the effectiveness againut
tarsets which recuire a piven density of fire for accomplichment of mission,

In =zuch cases the magnitude ~f the potential error hwe no significance.

e. It is not anticipated that simpiified procedures and luaprovenents
in instrunents end aids will elidnete all errors, The oroper training of
nen Le incure concentrstion upon ihe job &t hand is of primary iaportance and
mst remain so, even in the most ideai s;ctem,

3. CONCLUSICIE:

4s Errors oceur at all noinis in Pleld Artillery practice where
communds sre foraulated, iransmitted or executed, data collected and recorded
and compuiutions made, and in every cperction requiring setting und resding of
instruments,



o, There is evidently no clear-cut, repeating p:tiern of errors
which direct attention to a few particulcr sources., The frecuency of errors
decreuses with increased training but the distriobution with respect to cource
does nol chanece to & marked deeree,

c. Obvious sources of error are seen in the operation ol certain
instruments which can be largely elininated by Iimproved desipgn. Otlicrs are
csused by more obscure factors, recuiring further investigation before they
can be clearly defined and improvenments effected,

4o RECOMEIMND.TIONS:

ae Thit everv instrument employed in tne conduct of artillery fire
he studied srsteratically with reference to ites probable coniribution to
errors and liproved instruments be designed to eliminate such cources of error,

b, That a critical 'ob analysic be made of eacih i jor division of
the ouperstions involved in the conduct of Artillery fire, tw provide more
detalled information reletive to the causos of error and tw furnisn the basis
for develcpnent of methods of Ilmprove.aent,

c. That test fuellitice, including means for complete recording of
ali vperations in the conduct of fire, be estiblished and emwployed (1) for
meusuring the relotive influence of errors fron different sources upon the
ocverall effeciiveness of irtillerm fire amd (2) to determine the degree of
improveaent in effectiveness of fire which can be expected from iaproved
instrunents or prouposed chinges in procedure,

9. aCKNO! B BNT: The data .n Tudles 1, £ and 6 and otiier specific
Aita presented in the .ppendix were provided by the Field .rilllery Jchool,
Fort Sill,

6. CONCURRENCE: The present report, conclusions and recomuendations
recrresent tne joint work of the AIRL and the staff of NDIC Projcct S0Sell,
The report is concurred in by Dr. John P, Nafe, Director, Project SCS-11l.
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Theodore F. Match, Lt. Col. Sn C, AMRL
Steven I, Horvath, Capt., Sn C, AURL
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APPENDIX

1. For purjose of defining the problem of errors in Field Artillery
practice and in order to formulate & definitive program of investigations
and development of means for the eliminatiun or minimizing of errors, pre-
liminary field observations were made at the Meld Artillery Rerlacement
Training Center, and 100th Division at Fort 3ragg, followed by further investi-
gation in the Field Artillery School at Fort Sill, and discussion of the
problem with the School staff. Owing to the limited neriod uf observation
and to the fact that little quantitative data were collected, the present
statement of the prcblem and the »roposed plan for future study are not
necessarily complete, Basically, hcwever, it is believed that the problem
has been fairly well defined and nc major change in plan of study is antici-
pated.

2, Summary of Observations and Data:

8. Survey: Errors in survey are reported in: (1) measirine angles,
(2) measuring distances, (3) computations of coordinates. The error most
frequently reported to us was in measurement cf distance - the so-called
"dropping a tane length". This error, which is not uncommon 4n civilian, as
well as military, surveying results from no instrument deficiency, but, rather,
from lack of sufficient concentration uron the task at hand., It is minirized,
but not eliminated, by the use of tally pins to keep account. of the number of
tape lengths.

Errors also occur in measuring an-les with the aiming circle (see
discussion under "Instriments” and Tavle ¢) and in making comrutations. The
recent developmenrt of the military slide rvle for the calculation of coordinates
and solution of triangles has undovbtedly reduced the frequency of errors in
these operations.

c. At the Battery. ZXrrors in use c¢i the aiming circle ocecur in laying
the battery as well as in surveying. o 100 g ervors in this operatioun were
cbgserved by us but several of recent occurrence were reportéd and it was
evident from interviews that it is a recognized source of error. 1In cne
instance an cbserved errcr of 200 ¥ resuvlted from incorrect command. The
vattery was laid on az. L4190 and the command was suddenly changed to L090. The
corrective order to the battery was R 10(. The resulting 200 f error was dis-
covered and corrected before firing. An analysis of errors at the battery
among school troovs at Field Artillery Scnool, Fort Sill, revealed that 205
of the errors were maue by the executive (see Tabie 1); presimably, these con-
sisted mairly of errcrs in layine. The remaining 307 of errors in Tahle 1 oc-
curred at the guns and arose vrimarily from misuse of the gun-laying instruments,
failures 'in communications or improper exec' tion of commands. Deficiencies
in instruments which accourt for some of these errcrs are discussed in a later
section. 4 similar analysis of errors recorded at the battery in firing 95
nrcblems at Fert Sill is given in Table 2. This table includes records cf
magnitude as well as source cf errors and illustrates the

Incl. r1 -1-
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wide renge in mapnitude which may he exnected, It is intoresting to aote
that fourteen out of the 56 errors recorded were 100 £ in magnitude,
Ohserved errors during firing by = batlery from & vell-trained battelion
are recorded for 231 records in Teble 3. The rance in mugnitude of errors
in deflection and elavation obterved & wng trainees, shown in Table 4, is
similar to that recorded for the Ochool Troops in Table 2,

Co fr‘oﬂeﬂ:! eé ét m .

. Obgarvations of procedures at tiue OP were of linited significance
owing ic e fact that student officers vith littlie previous exnerience were
conducting fire in each case, The fouliowing do, however, illustrate the
importance of following standard operative procedures and sending clear
instructions,

(1) Observer wanted » shift of # 1l<3 but pave an order for

. L 123: error = 246 ¥,

(<) Cohserver cailed i< R, nesiing to say 300 R, e foilowed
thig by "correction" and 300 K, Both cocunds wele executed
at the guns, maxking & totel sidft of J0C yards.

(2) An ocserver sensed « round us short and then ordered down
A0 yards. . :

(4) Indecision on the part of the cbserver cunced errors, For
axaaple, an order for & smull deflection was chanped W &
lurger shift, Both were sumnated at the guns,

{(5) An order of L 110 weas received ut the gins, followed Ly
R 10. A check was recuestied Ly one of the gunters and the
reply wis "Cormind was L 100", T.e gpunner interpreted this
us rescinding the lust order of K 10, thue meking his wtlal
deflection L 21C or sn error of 110 A, Tris is an iilustra-
tion of errors st Lthe mun Yeine ceused b confusion higher
in the chain of coraand,

d, Transmission of Couniands snd Dats
Errors were cbserved resultine from:
(1) Simlarity of scunds: R 195 understood as R 155 : @

El 232 understood as E1 208,

(<) Confusion from i digit mubers: 29 understood ag <953;
& 3C41 undersicod as 341,

(3) Uisunderstanding: Ons. w0 T,0. LUC Ej nessege trenstitted 100 R.

Deflection K JC understuod s R 20,
T.C. to dxee, EL 2853 Lxec, w btry. Ei 185,

Incl. A1 o N



In a recent study by the Comaunicstzions Depsrtment, Fa Senool, an
averuge of three (3) errors in coumnication occurred per nicsion fi.ed.
Two-thirds of these were discovered and corrected before firing but the deler
which the; irntroduced resuited in decreused density of haltalion fire on the
target.

e, P'rocedures ut FNC.

The operctions at FDC are of such a neture wnd the work is so
concentrated thit errors are bound to occur in transniuvsion of wessures or
dstu, meking computations, reading instruments, etc. Recognition of the
opportunities for error has resulted in thea recent re-design of the rainge-
deflaction fan and improvement of GFT srales and minipulstion. approxirately
one (1) ersor ver miszion occurred at FDC in & recent siud;” by tne Couwmnlca-
tlons Depurtment, Fa School,

v

fo Failure to execute comununds correctly and use of jumprover technics,

Host comaon error was in direction of deflection shift of gunsy
left instead of right and vice versa, The fre iency of occurrence is evidently
preat, especially in trainees. Other exarples included failure to complete new
elevation adiustinent = qusdrant zet properly but gun not leveled; setting off
deflection shift nroperly on vancraaie sight but then coxine baca onto the
aiming stakes by rotating the sirht and leaving the gun in ite oripinel alipgn-
tent, Use of sits adlustment knot instead of elevation was noted onee, Uie
of tne wrong aining stakes was noted frequently amone trainees, Certalu troined
units employed differant identification colors on stakes or other neans of
avoiding tliis mistake, 1In one in-tance when gan wus known & we out of align-
ment with aiming stekes ihe gunner nsed the wrong for ¢take,
- e

2. Instruments® Errors,

The 100 # error was noled frequently in deflection setiings und
from time Lc tiwe in elevation., KErrors resuliing from confusion i1 selection
of proper mujor graduation on nicro.eter gscale were also observed; for exazple,
setting El 207 instead of El Ul

K1 instruments emploved in ithe conduct of Field artillery fire
are subject to error in use, varying in this respect with their complexity.

Fven as simple a process as measurine distunces in survey by tuning is accomponied

by the dropping of a tupe length, Of greater complexity ure the sources of
error in the aiming circle, nanoramic aightu, gunner's quadrant, etc. These
instruments hive & number of features which complicete their setting and recding,
most of which are capable of improvement by redesign., The M-1< panoramic sight
may be considercd as a case in point. In order to obtain a complete azimuth
reciing of four digits, it is necessary tw read two of the figures from one
scale and two from snother, displaced from each other in « direction opposite to
the position of the digit=s in the whole number, This is contrary Lo common
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experiencs in reading ¢nd leads to confusinn, Reuding of the toval angie from
two displiced sccles accounts Tur the well=known 10C A error, which accurs
privuarily in reading angles Just below or above even hundreds values., In cuch
cuses the ilndex on the coarve scale i: clocre to a hundreds line to wilch it

ic related only if the micrometer resding ic ‘ust wicve zero, 'Inless ihe
micrometer scule ic first exiiined, tierefore, the wiong course scaie vulue may
be tuxken, Furtner confision urises from L2 fact that the course scale 100 fl
increient lines are all of cuual lenzth and are nwabered only &t o({ A intervals,
The Interpolition thus recuired in readine :ngles midway in vaiue between
numbered points wdds to Lhe prob-bilitv of the 100 A error.

Tr.e pattern of errars which are likely Lo occur in reading deflections
with the ¥12 sipght are iilustrited in Tuble ¢, These records were obtsined in
a seriss of "dry rune", amplorying two rgrouns of School Troops at Fort $ill,
essimned as experienced and inemerionced men, The series of twenty angles to
be mrasured were selected in wdvince to include a preponderance «f valnes in
the danger nones, thet is, near even 1(L A values, The findings &re significant,
snong the experienced men ther. ware gixteen 100 A errors out of 3.C readines,
all of which occurred in reading cnpler near an even hundreds valus, Of the
eight errors in reading cnglees just below an even huandreds value, seve:n vere
recorded for anpgles which were midwav in value between numoered markings on the
coarse scale of the instrunent (Croup a under I &n the table); for exemple,
1296 f lies half-way between the numbered scale values 12 and 16, Simdlarly,
for the urze angle. Juet above even nundred mid values, six out of ine eigut
errors occurred in reading arpgle 1011, "1so midway between numbered mariines
on the cource scale., The frecuency cf totel errors was anoroxinstely foar
times grealer among inexperienced man as compared with t.e experienced men
but the pattern of errors was essentiaily sinilar for the two groups. Particulur
attention ic called to the confusion in reading angle 1011 A (Six =-10C A errors
out of 17 readings by experienced men) which sugeesis that the sudden jump
from 3 digits two 4 digits added to the uncertainty, .

Another source of error in the M12 panoramic signt arises from the -
liinited cupacity and funct.on of the gunner's aid, Itc inadeguacies ure best
demonstrated by the fact that no menerzi agreec.ent exigts awng artillery .
officers &» to Lhe proper 'isnner of use of tne aid. In one instance trainees
were instructed not to use it because it was feltl that it actuaily caused
errors. amofig other units, different methuds of use were noted but in no cuase
did we see it employed in the muanner recommenosd ii: Ordnunce rianuxlse The
concept of the gunner's aid is well estublished, and it should be designed to
serve completely &nd obviously for the intended purpose, namely; the minimi:ing
of required nental calculutions on the purt of the gunner in executing coivuands,

» somewhat similar study of errors to that made on the #ll panoruamic
sight in measurement oi angles by meins of the aiming circie was recently
carried out by the FA School., The study employved 11C .tudent officers as fest
subjects, Six angles were measured along & closed traverse, the &ngles varying
in size as indicated in Teble 6. Three of the angles were close Lo even hundreds,
viz: 795.,0, 1193.7 and 1198,7. The same two insiruments® were employed by all

# Plateau scale renoved,
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subjects, It was possible to account for wmost of the incorrect readings either
as instrumental errors of mistekes ns indicated in Tabls 6. For pusposes of
analysis, most of the errors within ¢ 3 # huve been catalogued as instrumental,
i.#,, within the limitations of accuracy of setting of the instrument by
operators not highly skilled in its use. The remaining errors, catslogued as
mis takes have been distributed into four categories as to cause from a study

of the mugnitude and sign of the error in each case., The first of these causes
is reading the wrong side of the adjacent malor gruduation., For example, for
angle 1199 there were 12 re.dings of 1<4Cl vhich are inisrpreted as istakes
resulting from reading the lc hundred mil value on the cotrse scale «nd re:ding
the micrometer us 1 rather than 99, Similarly, for angle 836 there were 9
readings of 834, Larger errors were apparently caused by reading tie inicrometer
to the nearest major gradustion mark; for example, reading 790 instead of 795,
840 instesd of 836, etc., There were 8 cuses where angle 336 was recorded ws
853. It is possible that the anple wus read as 835 and the figures transposed
in recording; they have been so clissified in the table. A total of fourtcen
100 g errors occurred, ail for angles close to »n even hundreds velue. Hine
out of the fourtsen were recorded for angle 79%, thus accounting for over 8%

of the reudings of this angle. The summary of results at the bottom of the
table shows that only one-half of the readings were correct to the nearect

mil and 80% were correct to within § I mil. Fifteen percent of the recorded
valuet were evident misreadings, which muy be -~ttributed to weaknesses in

scaie design and displscement of the two scalus,

A partial list of sources of error within the system is given in
Teble 7. It is recognized that nothing nev was ovilasined from these observations
of sumnmary of reported errors, They merely corroborate comon knowledpe among
Field Artillery nfficers, Awareness of the universcality and meenitude of the
probiem and necessity for constant effort toward the elimination of errors was
evident in all discussions, The comnlexity of the problem indicuates that nc
ready peneral solution can be expected. There are certain obvious sources of
error in instruments which appear ceps.le of irvmnediate improvement but others of
more subtle character, related particularly to wordine and transiission of
commands, order of procedurss, computations, etc., require more extensive study
before possible improvements can be developed, Repardless of the number of
improvenents in procedure or instruments which may be affected, it ic clearly
understood thit the conduct of Field Artillery fire is and must alwayc reusin
primarily denendent upon the persounnel for success., There can he no substitute
for ade.date training, continuous ednerence to SOP and complete concentration
upon he task at hand while performing duties within the system. The cucstion
may properly be asked, however, to what extent procedures can be improved and
instrunsents simplified so as to reduce opportunities for error when there is
any departure from the ideal functlioning of the system, 'the iamediate plan,
therefore, is to initiate studies designed to bring oul sources of error wnich
are capable of elimination or reduction in frequency of occurrence,

4. Plon of Future Jtudy.

For purposes of further detuiled study of the problen, the following
plan of investigation is indicated:

Incl. #1 -5 a




1, Improvement in instrunents, The preliminary ohserviations
clearly point to the need for improvemant in instrunents, especially in
desipn of scales for more certain readine, Immediate stens are being laken
Lo effect auch imnrovements, with tro lines of develobment in mind; First,
chaneas in desion which will not affect the basic construction of the
instrunment and can be anplied gquickly to existing instruments; serond, more
complete redesien with a view Lo further improvement in function, but
recuiring chanres in construction vhich can only be employed in later production,

b, Detailed job analyses = This phase of the study contemplates a
critical examinution of every procedure and job within the syeten with
rarticuiar refer:ace to Lhe opportunitize for error which exist in the per-
fornarce of Lthe reuuired operation, Tae worl: will consist primarily in reguiar
observition and study of errors in indenendent "dry-runs" of each onuration or
nujor eroup of operations taken s eparately, The purpose will be to provide &
dere’led bocwrpround of information on the nature and cause ¢f er:~rc that do
occur in euch insiance, The suudies will be so designed au W glve quantiiu-
Ltive weatmrenenle, st far s possible, of the importance of such crrors in
relation tu the overail effectiveness of art’liery fire,

¢o Criticul study of operation of entire svsten, By ~ecns of
facilities for complele recording of ull operatione in conduct of fire, ihe
functioning of the entire system will be studied during asctuc. firing. Frouw
tie date thus colleccted, full informction on nutuve, mugnitude and sources of
errors w.1l be deteramined under various conditions of oper:ztion. It will
&is0 be possiovle Lo measure the tenefits from certuin propoced inaprovements
in }nstruments and one2rations in (mantitative termg of relative effectiveness
of fire,

I'lcl., #l - () -




TABLE 1

Distribution of wrrors Ubserved at Buttery Position
F. A, School, School Troops, Ft., Sill, Curing e Two Year ieriod

—
&‘ NUMBZR  PERCENT
‘f TOTaL (ROKS 1765
i 1. lkrrors rade by hxecutive 347 20,2
. 2, Lbrrors at the Guns:
(a) in Deflection 1084 nl,7
(b) in lange 236 12.5
(c) in Distribution .98 5,3
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TuBLE 2

Swanary of Type and Megnitude of Errors Made During iinety-five
Problems -- F.A. School, School Troops

TOTAL ERUCRHS 56
1, FRRCRG AU~ AT GUNS

A, 1Ir Derlection
lumber: 24 (47%)
Magnitude in mils: 3=12=13=25=L0=T4=8/=100( 8)#=140~
150-150-200(2 )=2L,0-280=300-L05

B. In #levation
liumber: 10 (18%)
Yagnituce in mils: 10-20(2)-30-53-75=98-100(3)

C. In 5ite
Lawiber: 3 (53%
Yagnitude in mils: 7=20(2)

D. 1n ange
Firin: .rony Chorge: : asp)
rons, tuse “etting (Supgested): 7 (1253)
vagnitude - 300 to 2500 yds,

{7

2. HERROES MADLD BY ULCUTIVS IN LAYILG SATTHRY .
Number: 8 (14%)

Vagnitude in mils: 37-57-100(3)=200-203-403

#Nuzbers in ( ) indicate number of times that error occurred.

Incl, 42




IABLE 3

Ubserved Yrrors .nde at Pattery ana 0,P,
well-trained Battalion

Fort Bragy
NUMBZK
Total Rounds Fired 231
Total Problems Fired 16
Problens having errors 1C
Largest No. of Errors ir One Problem 4
TCTAL LRIOKRS OBSLhV b 15

Type of Errors at (uns
() Deflection 5
(b) rlevation 3
(c) Site 1
(d) Fuse Setting i
(¢) hecorders 2

irrors due to Confusion st OC.P. 4

Incl. /2
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TaBLE 4

Kind and #Fapnitude of the trrors Obscrved at tsuns Luring
Service Practices of FnRTC Trainee Uroups
Fort Bragg

In Deflection (mils)

1, 2, 3, &4, 5, 56, 9, 10, 15, 18, 20, <, 23, 30,
32, 40, 53, 6C, 64, 100, 130, 180, 286, LCU, 500

In xlevation (mils)

5, 16, 18, 20, 26, Ly, 60, 80, 100
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TiaBLE &

Errors in !casurer.ents ol Leflections with Teleascope, Paroramic, M12

Mumber of urrors
axperienced Ven (17) Inexperienced Yern |20,
Angle, ¥ " 100 4 Cther 100 ¢ Otier
I. angles Ju=t Helow .ven 100 g Value
a. 194 1 - 5 1
287 1 1 | T .
637 1 - I 7 -
1097 - - 8 K
1396 3 = 9 =
1685 1 - 3 i
bo 389 - - 15 1 1
294 - - 6 A
498 1 - 2 1
791 - - 3 =
890 - - 3 1
2844 - - 2 -
Totals a, = 7(,‘.4'-_‘1;‘) f"i. = lkO°5~) U, = 3(}(1(‘.:’;;) d, - ‘)(-2.%,)
b. = 1(0.50, b, - C | be - 20(8,.30) b, - 4L(1.74)
I1. Angles Just Above ven 100 @ Valuc
307 1 - 2 =
1011 6 - | 2 1
Totals £8(15.7 5 2(3.95) T(12.735) 6(10.00)
I11. Intermeciate ingles
265 = 1 " 4 2
51,8 - ; l 3 -
81,1 - - = =
1262 - - - -
2822 - 1 - -
Totals 0 2(2.3%) 7(7.04) 2(2.04)
3

Incl, #2
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TAELL 6

Surmary of Tests un Angle easureents by Aiming Circle
3 M 34
110 Suo,ects

F.A. Schonl) - Fort “ill

Yeasured Angle = Mil

2y Trensit 795.0 11193.7 | 1198.7 H 835,8 | 1165.6 1 1211.L |{ Totuls
Vost Frec. vy n.l. 795 11194 1199 J 836 1165 1211 ﬂ
I. wou. Correct Leas, L7 70 L7 PR 53 5k 325 B
AT E N A R BTN A £
11, lic. Instr, urrors
,_Z 1 r:.i.l- 39 24 b <9 27 L5 198
7-( 2 nil 9 - - - = 3 12
C/ 3 mil - [N 10 1 2 1 18
Tetal L8 28 Li 30 29 1;9# 228
III. VISTAK:S
head wrong =zide maj. grad, - 4 12 9 8 - 23
Kead near maj. grad, 2 5 1 7 7 - 22 ‘
Transposition of Fipures - - - 8 - - g - l
100 Vil Plus 9 1 4 - - - §VA
Recerd., reverse angle - - 2 vT - - 2 h
%o obvious explanationi 4 2 - 2 g 5 21 '
Total 15 12 19 7 26 23 7 102 l

7 Correct = 49.5; % Instr, Errors up to £3 mil = 34.8; % Histakes w 15.7

*Hanging in magnitude from 4 to 50 mils

Incl. §#2




TABLE VII

PARTTAL LIST ¢i" SCIRCES ~F ERRCR Il ARTILLFL. ™m.a7TTCL

Y. Tn Survey,

a. ilesu.ting from mnisread rc r
circle or transit,

b. Crrors in reas rirng distance.

{1) ©Uropying tepe length.

(2) TLeading tare from wrong end.
(3) Confusion of feet and yards. '

¢, %rrors in computations.
II. At Fattery.
a. Resulting from misreading or

{1) Aiming circle,

{(”) Paroramic sight,

(3) ..adrant - gunner's and
(4) Tuse-setting scale.

(%) Inadequate illuminaticn

t. 1es.lting from improner technics,

(1) Ceflecticn shift in wronz direction,
(2) Fajlure %o level bLubbles at rroper tine.
(3) t'se of vrong ainins stakes.

(L) TImproper powder charge.

(%) Departing from SCF (railure tc call '"he Cem~and was', etc.
t ’

c. .amevlting from errors of cemmunications - lack of attention - not

ccneentrating cn task at hand,

111. At Fire Directicn Center.

a. Jesulting from misreading -r

-1~

T
503

Thel.

ik Al P . & - e i

improper operaticn of instrimernts.

mounted,

of instruments.

imnrcrer operaticr, cof instrumernts,

(1) ising incorrect scale for ;..
(2) kan-e - detlection fan «nd ,rotractor.
(3) Sraphical firing table,

Loooceer cand, Tatios o oaiming




V. ftesulting from imprcper technics.

‘1) =rrors in computations,
(2) FEkrrors in ;raphical plottin: and 1nalysis.

c. rnesulting from errors of comruvniciati~ns - lack of attention and
not concentrating on task at hand.

IV. At Observation ﬁgggo

3. Nisreading observation instrumeints,
. b, Ta‘lure to sense -roperly in regari to GT and (T lives,
c. Der.rtuvre froa SCP. '

do Trrors 4n communicatiorn.

V. Communication.

d. too nany individuals irvelved in truansmission of messsve,

b. .0t using clear enunciation »f words.

c. TFailure tc i1se prceper pronvrciation tec distireuish Het.eer words
wrth similor sounis.

Gd. railice to follow SOP.
e, Lacr of concentration cn task ot hand.

VI. VPerscnnel.

a. Inadeguate meriaé of training.

b, Inadequate mathematical caracities.

o Limlted visuval capacities - day and night,

d., l'earing - sreech,

e. rauvipe.

f. DLavironsental factors - ncise, illum naticn, aentqad stress,

.. Lack cf attention.
it

<

ToCd,




