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MEASUREMENT OF THE PTTCH
OF RITLING TWI.ST USTNG

DALLISCAN PICTURES
€xrttotT'8"

Gcne:!rl:

. RUling. tvrist, as rccorded orr bullets, can bc mcaeured quite eeaily and

wfth a high degrce of accuracy using Balliscan photography and a good pro-

trrctor. The tecbnlgue ie cimplc, but carc mult be cxercised gince certain

typee of errorl tcnd to produce rlgntficaot inaccuraciea in the firnl result,

Therc errora erc evoldablc and/or correctablc, ar vlll bc tccn.

Bullq:l_DemaSc and Di gtortion:

A conrldereblc arnount of retcarch hea been done on rifl lng pitch meaaure-

mort uring bulletr which have bcen damagod to a greater or lesscr degree.

Somc brcic rulcr ctn bc rtetcd vlth confidence, but much work needs to be

done yet [n thtg rrca.

The pltch rncltur.ment tccbnlguc dcpend6 upon thc eveilability of rUllng

rbouldcrt or proporly ortcnted rtriec cpaced at rubstrntlelly cquel-lntcrvalc

rround 6c bullct clrcumJeroncc. Any damage wbicb pacvsnt! tucb mcalure-

taant lntcrvelr reducca tbc eccurecy of thc crrd rerult, ot me&ct tbc cntire

procedure lmporelble. Ag e rulc of thumb, lf oac ahoulder ir not meaeurablc

brrt clorrly rdjeccat rtrhc cra bo urcd, t'trc rcrultt trG lccuratc' lf no ncerby

rtrtrc erc uteblc, trut thc edJeconi treillng rnouldcrr cen bc rncerurod erd

rvcrjcd. tho rcrultt are clorr to belnS cotrsct, but murt bc urcd wlth

curtlon. U nctthcr proceduro b porrlblc, pltch mea.utcmsnt rhould not b.

at0araptcd.
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Muahrooming or flattcning of the ogive will not affect the eccuracy oI

results. U the die tortion extcnds down into q13 area of thc ril l ing impretsion.

the pitch may rtil l be meagured but carc rnu.t be exerciaed to use only er much

of thc rhoulder length as ie undistorted. Generally, if 50 percent of the rifled

rret ie lntect, urable meaauremcntr can be madc.

Equipment:

l. Balllrcrn cam€ra

Z. Photographlc procereing end enlergemcrt printing eguiprncnt erd'

rupplice.

3. Engineer'c drafting machine, or 24" stcel ctrai,ght-edge,-t*o 'rc,l

chrnpr, and e portabla ptotrector wlth a 5r vcralcr rcale.

4. Ibrkin3 tapc or elmllar.

5. Drefting table or otber flet surfecc.

6, Teblc of tri3onomctric functlonr ln one minutc incrctacr,tr.

Photorraphtnl thc Bullct:

Thr drivca ahoulder! are the moct rcltebla pitch tndtcetorr. Thcrcforc,

bullctr wltb right twirt rUlirry rhould bc photogrephed invcrted to highltght

tlorc rhouldsrr. Lctt twlrt bullctr rbould bc photogrephcd crcct.

Follorr thc proccdurcr rccornmgadcd ln thc Erlltrcln op.tstot'r ml6ll,

urlnl partlculrr cerc ln .Gttlng tlrc bullct up. faeccurecy in the .ctup wtll

o
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havc the fol lowing effects:  Ti l t  -  no effect on the pi tch meaourernent results,

but rhrrpncae of focue will bc degraded in partr of the pictures, thus reducing

itc velue for other F.rrpoter. Eccentric rotation - Poor focur over subgtantial

trell of tbc plcturc and a noncorrcctable error in thc pitch determination. If

tJrc eccentricity ic small, thig crror may be ignored gince it will bc belqw thc

bolrc levcl. Poor focur - Thir ia thc mort reriour Bcarp error cince there ir

rn tcceleretion ftctor in rcrultiag dimensional errora. Fortuaatcly, dlmea-

tlonrl rhiftc due to focue crror erc detcctabtc and corrcctrblc.

Focul Verrua Geomctrv:

Thr Balliacen rccordc et 
"*rctly 

tsicc thc ccelc of ttre photographed object.

Tbc trenrlation veloclty of thc objcct ir prcciaely cynchronizcd to filrn velocity

tfroa focur 1r corrcct. Focur crror hat e ncatigible ctlceJ on ttr vcrtical

dlmcnrioo of the objcct ar recordcd on tha filrn, hrr it cau3cf e rnrlot dtrtor-

tloa of thc horizontal dLmenrlonr. Exarrrplc: A .15 callbcr bullet in lrcrfect

lOcul ttrcl.urcf, in circumfcreoce, on the film, 45rr r 3, 1416 r Z = Z.8}7il1,t.

A focur Gtror of l.0t0rr cqurlf rD rppercd dlemetar chingc of +.ozo'.. Thc

otaor on thc film uill bc . 020rr r 3. l{16 r 2 = +: 12566{.. McuurcmcDtr,

'llcn lrom rn cnler3cnrcot prlrt, of clrcumfclclc., hnd rnd troovc widtlre,

ud pttch lrc rll drgredcd by locur caroa. Stncc thc truc dirmctcr of tbc

bullrt lr haovn, tbcrc crror. rnry bc corroct2d metircmrtically. Pitch crror

corrcctloae wlll bo dlrcurred lrtcr, Llnor mcarurcnrsrrt .trort tac

corrtctod rr followr:
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C = True dirrneter X 3. l416

L : Circumtcrencc aa mc.turcd on the ncg.tivc or prtd

'A = Dlrncnlloa, ruch ar lend width, as mealurcd on the ncgativc or prirt

X = True dirncnsion

formula:

C = X
L A

Pitch l{casurcmcnt Tcchsi4ucl-

Enlergcmcnt Prldl: [t i.r dcrireble to urc priag s:.th the mrxirnum cnlzrgc-

nrcd poecible; ZOX ovar hrltct rcale ir cxccllent. Tbc high magnification cnablcr

nora lccuraac pitch mclturcmenl, pertlcularly on rhort bullctr. Scmi-nrltc

Pallct, rattcr the'. 6l,orry, lr bctt rincc rcftcctionr rr: rcducad. Trim thc

prld ro thet it covcrr one fnll bullct clrcumfcrGrcG, plur onc or two cdrr lend

ud groovc inprcrtionl,

63.8 !. Lry thc artd on tbc dre8ing teblc or dcrk slth tbr bullct oJlvc up.

tfrlcct e rrnell or rbrrply pointed dGBil oa drr brrllct ncer rltlor cnd of tbr ;rlcturc

rd eirclr lt vlth r perctl or pcn Find tbc rrmc point n:er tbc otbtr rnd of Jbe

prlnl rnd mrrl lt. Tbe vartlcel porltlon of thc poirt rclcctcd docpnrt zIIccJ

tbr rtullt. U r llnc v.rc drern brtsern ibcot polntr, tt souU be perptndlculrr

qo tb rrlr of rot$lon ol tb. bulbt rhoa lt su pbotogrrpbrd. ,

E3ro II. {Url,r}te flrcd cnrlqge.rJ dr-r4lqt rnechtne..l Orieat the ctretght

rdjc to bortroatrl. Br rur tbes thc vcrsicr rctlc rcedr practrcly 0o or g0o.
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Plece tJre prit under tJre rtraight-edge and elign it ao tbrt the two relccted

polntr lrc .r.rctly on the cdgc of tlrc ruler, Cerefully fix tbc corncrr or cndr

of thc prid to tbc teble wit! merkin3 tapc. Rechcck thc elignracil of thc

rclccted poiCe +zil tlrc vernier rceding. Any crror it tbit rbrte of tbe procetr

?ltl crrry over irto th. Pitcb mcrsurcmcd rcruhr rnd rtll not bc rppucrt

q.lcrt tbc cdirc proccdure lr rcpertcd.

Lay tic prtnt on ttc teblc et the

-slt cdte, oJivc up. Plecc the d,rz,lXht 4c oa it and crrrehtlly etign ttc top

rd3c wirb tbe rcf'actcd jrlirt.. Drrr e liar .lrlrythc boltm ol bc rfrdcht

rdgc ead thca rnorrc thc top cd^gc dova to thir line. Thc grrporc of thit ir to

Elov. tto rtratgbt-"dg" bclfl thr rilliag ro tbet 6c ciirc lcrryth of cecb

drlvcs rlroQl'r'r b rcvetlei! ald urablc. Tbetctotct Flpan[ tbr rtreight -&jc

Eot Nacnt gtoce..' tl *ccttl,ty. NG$, uainl ttc Fo ,rc,r chmpr, cle.rrp lbr

frrtight-'d3c bs rad tban tapc tbr prid coraatt i!** l:ebcck ttc rtratght

rdSr rlljnna* rbcc thlr ir cnrcirt to lccuretc rclultr.

lffll3; Drefriq muhinlr, proirr^cr^ort, g[ rtreljht-cdjc, Brurt bc cellbretcd

rccuntely lo onrurr utoful rcrultrf

TrP-E fDre4tnr, xrchinrl. unlock rtr prorrrctor .nd lry tb: nrhr vcry

rccurrtrly rtol4 thr drlvtn rhouldrr os tbc catr.m. lrtt rtCr of j5c polnt.

(Nota: tt tr hclp6rt ro idcntUy crci drives rhouldcr on thc prl.nt uy nrmrc'ring

tbcm l, 2, t, ctc. Xrrrurcmcru vllu.. can tbon bc Jottcd.down on I rcrltch

pd rld tbcn letcr rccbrckcd, U nrcctrary. t Frcgucilly, flnc ltruciure can

a-1
v
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bc rccn ia tlc rbouldcr arc.. which helpc to refinc tbc eligamcd. If tbc

rboulder ir da'megcd or obrcured. tool, for properly orierted etri^ac ctore to

tbc cborrl&r rnd uec 6ere for elignrncnt. U thlo ic aecerrary, aw to firyl onr

oa crch, 'ide ol the rhoql&r end clorc to it 8Dd uce the avcragc of tlrc tyo

vdra.. lf tlcrc lr€ D reliablc rtrie.e ns.r I drrnr3ed &ivc11 thsrldcr,

E 'turc thc trvo rdjeccd traiting rbouldcrr rnd urc the evcggc ot thcre

Er'r'urcm'El!. Bcrncrnbct, furycv.cr, frrt tbc kcy to eccrrratc pilch merrurc-

n't' ir to nelc r lcricr of eqrrally rplced aryubr me.grcrrlcdr aror.rd ttrc

clrcrrnferc c'c of tbl bruct- ubca r,lvcrr{... mrrrt bc rrrc4 a, .rrJt .tcd ebo,rc,

tlrc fl'.rl rctutt mey bc dcgrtd,ed,, elthcrgb it rbcrld bc u6ble. t-hen the

*il[hr-od3e ir cc;acctly aligncd, locl tba prcrector end rcad the yrlse.

Ttst tulV v.?r.ccor'rt4! to the dreftiag mrrhlac roodcf, ht it yill bc cifbcr

llflo or P ptur or nlinr rotoc nrrnhcr ol degtcer en4 nrinrtc., ulnlly lcrr
'3b.o 

tcp If yoer rnechtnc rcrdr phu or minrr 9f, lrbcr ll;J, qo from eech

rcru&' Tbie nrmber rePrc.Gdt thc abolrnt tbat tbc mcelurcd rhouldcr

lev|nt'et from 6c grr oi rr*rtion- Brcord tbr vr&rc +nd 6cl rst r$ .

bc proclrl udll ell &ivca chouldcn.rrofgd ttc brrllct clrcumfcrcncc hryc

brcl oerurcd. Eecb mc.ruretncil ahanrd bc rord to, lt Eort, 6vl

nrlrurtc. of trc eld rneller U porribh,

83.D ltr (Fortallc ProjrrctorL Uqloclr tbc protractor 8nd Plec; oa! '

rtrri3bt-cd3c egaiart tbc clempcd rtraigh3-cdgc, Align tbc otbcr protracroa

'Srrtibt-Gd3o wtth tbc rclcctcd drl,vcn rhouldcr. Folloy thc oemc tcchnlqucr

tr urcd slth the drafttng macbinc. Uac lnrtlcuhr carc tb.t thc protractor lr

t . J
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kept firmly egrinst tbc clamped etraight -edge.

t - l

Step IV. Wben ell driveq ebqrlderg bavc becn meesured, A i.c normal to

flad e tPread of reediags over e degree or morc. Tbe verirncc ir duc to tbc

bull'Ga beiqg t€t uP rlightly off verilicrl sbca it ver pf,otogrephcd. Tblr dlvcrgcncc

It otrcctcd lD thir 'tcp of tLc jrtocc... Add .U of thc metruacmcil rcrdi{t

ead dividc thc rcrult by tbe ilehr of alcr.urcmccr. The rcrultlng vrluc ir

tbc pitctr of 6G rilltng cryrc...d ln dcarcct rd ninrtct. Tbtr ltgura crrr bc

convctaed iato pitch il irhcr if dcrircd.

Etcp Y. Ar gnidcd out eboyc, iatccurecy ia focuring the cencra, seGa

6oe$ thc error n*y bc rnrll, ;rro&rccr e dietortl,on is circrrrafcrcdlrl

E!.ttrtc$Gtr.. It ..fto lhe rplrrc6 pit$ o't tbe ritliry iraprcr{onr.

Tbt. cbtngc nry bc iarignitrce*, but ofrea it ir lrr3c Grugb 3o bc importrc.

Il or&r to 4ctcrminc tbe negatardo of tbc error aad corrcct [t, ure tbc

fellrtlg proccdnrc3

l. l{rearrrr Se crttbcr of Sc bdlct and multipty tt bry l.l{15 r z. chocr

ttlr rrlnr rgair4 hc circumfct;Fcc o( tte bullct rr rbora oa th! Drlllgcrn

lf&tlvc- If thc rctultr ere idcdtcd, D Gator orirtr. U thcy dlffcr, nrbtrect

6r rtfdrc clrcnmfercacc rnlqt frg tbr rcturl clrenmtcrone, tlmc. 3ro.

l. fl|wr I lllrrrtrettf Ori lirGar eed rngrrler chrqgr sbtsl occrrr sbcn

clrenmforcdl.l orror srlrtr irr Erlllrcra phocogrrphy. Tbc uppor prst of tbi

$juro rrgrreloill thc Brllbcro plchrrc, rrtilo tbo loyor prrt lr r drrvtl' of

ltr tnrc dlmrnrlonr of tbr hllot, For 6lr orrmFlr, 38 sasgr of +a5l Ll

cbcnrnfrrcncc lr ut.d ln ordrr to mrtc thr offcct of rucb .rro8r vtarretly

qprld' (ln prrcttcG. r$ .ttot of tbtr nrgnihrdc cruot occur. t Stgdficrnt

dlnonrloar trc rnootrtcd.
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Ijlncar Scale Chenge vs. Apparent.Pitch

E EuUrt clrcrrntrr.Dcc Ertrus.d on Brllirclrl Ecgltlvc.
= Actu.l lnllct clreunloroncc tlncr 2 : 2X cdibor: 3. l{16.
= Dlffrrcmr lD lcrytb Cuc tc llnorr rcrlo e.brqc
= l{us1p1 C rl$fog hcdr. (6 la tblr qsroplbl
3 Dhtrncr brtrcca drlvcn rhoqldGT. = 

+3 ljgrrr* p$cb mauurcd oa Drlllrs.r photo ln {cgrccr rnd mlnutcr
- Tnrt plSch of rtlltag lnprcrrloor oa bullct
a lftl$t of rltlia3 l.uprurtonr {mnrurrd or Dhcol
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3. At thts poirc in the procedure, the folluwing veluer have been deterrni-ed:

2Gl; L; e1; n. ZGt war fourrd urtn5 thc meegurcd celiber of tlre hrllct. L wls

rncreurcd on the Belliacln aegative. e1 lr tbc 8v"ngc of thc [rdividual pitch

mctlurcmcntr. n ir tlrc nrmbcr of rifling landa. Scveral aimple meaaurenrcLto,

-pbr aotrrence to tbe tri3onometric trblcr, will complcte tbc procerr ed reveal

thc tnrc pitch of thc rilling tvlrt.

a. [n Step I ebove, thc dltlcreuce bctween thc tnrc br,rllet circumferencc

thrr 2 rud tlc.aplnrent circumfcrcncc mclrurcd on ttc acartivo wac dptcrmined.

Mrltlply thlr by tbr calug.mcd frrJor of tbc piroJoctlon prtr r. conprscd to tlo

lalttive. Tbtr Iljure ir AL. [t will be a plur or mlnur veluo dcpondiog on

rtetbcr the circumferoDcc mclrured on the ncgltivc le hrgcr or rmellcr than

tho bullot circrrrnfcrcaco timcr 2.

6. }{eerurc tbc bullat circumfercncG on tbo cohrgemcnt poiat ard dlvidc

*.,Ot tbe aurnbcr cf rtfling lrndr. Tblr velrc ir r. -

t. Xoarqrc tbo beigbt of tbr riftinj lmprcrrioar ol ttc

Erf vfrlr from lrnd lBprcrllon to lrad Laprerrlon, urc tDc

Thlr rrlue lr H.

?. Dotormtno b urteg thc folloslnl oqurtion.

prlnt. Slace thcrc

e|lrllctt oD.. .

b - tf tlacr tlc taagcat of thc pttcb rntlo {e lt u

Dt.vtourly mcerurcd on tho calrtgrmout prtnt.

l- Dctcrralar c ra followt: c = ($.1g1.It nrry bo cltbcr I plue or I minur

YduG.

9. Dctermin. G lt followr: a 'r b * c.
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10. Determtae e2 rs foUrytt 

i 
= t 'ntent of e,

e2 ir tbc true pltcb rnglc of tbo ritltng.

)
ll. En cunrmtry:

ZCI-L tiracr cahrjcracai lrctor = 6L

I

)

L +  D = l

b=Ht rne l

.  = * ' *

o = b * c

fi 
'tra e,

lZ. Tbla corrcction proccdure mry rppGrr to bc complc rad tlmc conrunlng.

Ilccyor, lt lc rirapte to urc. Furthermorc, thc ennrlnor vill bc rblo to Judgc,

ritb cporicacc, whcn ftr corrcctloD proccdurc murt be follrycd en4 ccaveracly'

sbca tbr llucer orroa tr rnrll onougb to bo igaorcd.

Prcpmcil. by3

Co!. Phll  O. Robcntron (U.S.A.P. Btt


