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D26 A Study of Batch-to-Batch Handgun Ammunition Propellant Variables and Their 
,QÀXHQFH�RQ�0X]]OH�WR�7DUJHW�'LVWDQFH�'HWHUPLQDWLRQV

John Nixon, MBA*, ARC, PO Box 66, Bippus, IN 46713

After attending this presentation, attendees will understand ammunition construction and the variables in propellant composition 
and morphology that exist between different batches of externally identical ammunition.  The impact of these variables on the validity 
RI�PX]]OH�WR�WDUJHW�GLVWDQFH�GHWHUPLQDWLRQV�ZLOO�EH�GLVFXVVHG�

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�DIIHFWLQJ�WKH�ZD\�LQ�ZKLFK�PX]]OH�WR�WDUJHW�GLVWDQFH�GHWHUPLQDWLRQV�
DUH�SHUIRUPHG�ZKHQ�D�VXI¿FLHQW�TXDQWLW\�RI�LGHQWLFDO�DPPXQLWLRQ�LV�QRW�UHFRYHUHG�

'HFHDVHG�JXQVKRW�ZRXQG�YLFWLPV�IUHTXHQWO\�KDYH�FORVH�UDQJH�ZRXQGV�WR�EDUH�VNLQ�WKDW�H[KLELW�VRRWLQJ�DQG�RU�VWLSSOLQJ��WR�YDU\LQJ�
GHJUHHV���,W�LV�FRPPRQ�SUDFWLFH�IRU�WHFKQLFLDQV�WR�SHUIRUP�PX]]OH�WR�WDUJHW�GLVWDQFH�GHWHUPLQDWLRQV�XVLQJ�WKH�VDPH�EUDQG�DQG��ZKHQ�
NQRZQ��ORDGLQJ�RI�DPPXQLWLRQ���7KLV�SUHVHQWDWLRQ�LOOXVWUDWHV�DQG�GLVFXVVHV�WKH�YDULDELOLW\�RI�SURSHOODQWV��HVSHFLDOO\�SURSHOODQW�JHRPHWU\�
morphology) discovered within different lots of the same brand and loading of premium ammunition.  The variability in combustion, 
VWLSSOLQJ��DQG�VRRWLQJ�FKDUDFWHULVWLFV�ZHUH�VWXGLHG� LQ� WKH�FRQWH[W�RI� WKHLU� LPSDFW�XSRQ� WKH�DFFXUDF\�DQG�YDOLGLW\�RI�PX]]OH�WR�WDUJHW�
distance determinations that are based upon these visual indicators.  The results and conclusions of the study will impact the way that 
PX]]OH�WR�WDUJHW�GLVWDQFH�GHWHUPLQDWLRQV�DUH�SHUIRUPHG�ZKHQ�D�VXI¿FLHQW�TXDQWLW\�RI�LGHQWLFDO�DPPXQLWLRQ�LV�QRW�UHFRYHUHG��

7KH�GHJUHH�RI�VRRWLQJ��DQG�WKH�PD[LPXP�UDQJH�IRU�VRRWLQJ��YDU\�VLJQL¿FDQWO\�GHSHQGLQJ�XSRQ�WKH�SURSHOODQW�XVHG�LQ�WKH�VXEMHFW�
ammunition.  Typically, propellants manufactured with a greater variety and/or quantity of additives will produce more sooting.  For 
PRVW� KDQGJXQ�DPPXQLWLRQ� FRPELQDWLRQV�� YLVLEOH� VRRWLQJ�ZLOO� FHDVH� DW� D�PX]]OH�WR�WDUJHW� GLVWDQFH� RI� DSSUR[LPDWHO\� QLQH� WR� WZHOYH�
LQFKHV��EXW�LW�LV�QRW�XQFRPPRQ�IRU�VRPH�³GLUWLHU´�DPPXQLWLRQ�W\SHV�WR�OHDYH�YLVLEOH�VRRW�GHSRVLWV�RXW�WR�¿IWHHQ�LQFKHV�RU�PRUH�

Additionally, old propellants or propellants that have prematurely aged due to being inappropriately stored (high temperatures and/
or repeated temperature cycling — such as may be encountered in a vehicle, for example) typically produce a greater degree of both 
sooting and stippling than would otherwise be the case.  It is generally accepted that stippling from a handgun will cease at a maximum 
PX]]OH�WR�WDUJHW�GLVWDQFH�RI�DSSUR[LPDWHO\�WKUHH�IHHW���2FFDVLRQDOO\��VWLSSOLQJ�PD\�RFFXU�EH\RQG�WKDW�WKUHH�IHHW�OLPLW��EXW�LW�LV�PRUH�XVXDO�
IRU�VWLSSOLQJ�WR�FHDVH�DW�D�PX]]OH�WR�WDUJHW�GLVWDQFH�RI�DSSUR[LPDWHO\�WZR�IHHW��KRZHYHU��WKH�SURSHOODQW�FKDUDFWHULVWLFV�WKDW�PRVW�LQÀXHQFH�
PD[LPXP�UDQJH�DQG�GLVSHUVLRQ�RI�VWLSSOLQJ�DUH�SURSHOODQW�JUDLQ�PDVV��VL]H��DQG�PRUSKRORJ\���3URSHOODQWV�XVHG�LQ�KDQGJXQ�DPPXQLWLRQ�
W\SLFDOO\�IDOO� LQWR�RQH�RI� WKUHH�PRUSKRORJ\�FDWHJRULHV�²�EDOO��ÀDNH�GLVN��DQG�F\OLQGULFDO�� � ,W� LV�QRW�XQFRPPRQ�IRU�SURSHOODQWV� WR�EH�
blended, and thereby be comprised of more than one propellant grain geometry type.  Clearly, there are implications for the aerodynamic 
FKDUDFWHULVWLFV�IRU�HDFK�RI�WKH�WKUHH�SURSHOODQW�JUDLQ�JHRPHWULHV�FLWHG�²�D�JUDLQ�RI�EDOO�SURSHOODQW�ZLOO�WUDYHO�IXUWKHU�WKDQ�D�JUDLQ�RI�ÀDNH�
propellant, for example.

The research conducted for this presentation focused on a practical study of several batches of the same loading of premium 
GHIHQVLYH�KDQGJXQ�DPPXQLWLRQ�WKDW�KDG�EHHQ�PDQXIDFWXUHG�E\�D�ORQJ�HVWDEOLVKHG�DQG�UHSXWDEOH�PDQXIDFWXUHU���'LVDVVHPEO\�RI�VDPSOHV�
IURP�WKH�GLIIHUHQW�EDWFKHV�UHYHDOHG�WKDW�GLIIHUHQW�SURSHOODQWV�KDG�EHHQ�XWLOL]HG�²�WKH�SULPDU\�FRQFHUQ�RI�WKH�PDQXIDFWXUHU�EHLQJ�WR�
DFKLHYH�WKH�VDPH�EDWFK�WR�EDWFK�DYHUDJH�PX]]OH�YHORFLW\��ZLWKRXW�UHJDUG�IRU�SURSHOODQW�W\SH���7KH�GLIIHULQJ�SURSHOODQWV�HQFRXQWHUHG�LQ�
HDFK�EDWFK�PD\�KDYH�KDG�YDU\LQJ�DGGLWLYH�FRQWHQW��LQ�WHUPV�RI�ERWK�FRPSRVLWLRQ�DQG�TXDQWLW\����7KH�SURSHOODQWV�ZHUH�SULPDULO\�LGHQWL¿HG�
DQG�FODVVL¿HG�PHUHO\�E\�WKHLU�VL]H�DQG�PRUSKRORJ\���7KH�SULPDU\�SXUSRVH�RI�WKH�UHVHDUFK�ZDV�WR�LQYHVWLJDWH�WKH�YDULDWLRQ�LQ�VRRWLQJ�
DQG�VWLSSOLQJ�FKDUDFWHULVWLFV�EHWZHHQ�GLIIHUHQW�EDWFKHV�RI�DPPXQLWLRQ�RI� WKH�VDPH�EUDQG�DQG� ORDGLQJ��JLYHQ� WKH�NQRZOHGJH� WKDW� WKH�
SURSHOODQWV�XVHG�GLIIHUHG�VLJQL¿FDQWO\�IURP�EDWFK�WR�EDWFK���7KH�UHVHDUFK�GHPRQVWUDWHG�WKDW�VRRWLQJ�DQG�VWLSSOLQJ�FKDUDFWHULVWLFV�YDULHG�
ZLGHO\�EHWZHHQ�GLIIHUHQW�EDWFKHV�RI�WKH�VDPH�EUDQG�DQG�ORDGLQJ�RI�DPPXQLWLRQ��GXH�WR�WKH�YDU\LQJ�VL]H�DQG�PRUSKRORJ\�RI�SURSHOODQW�
JUDLQV�XVHG�GXULQJ�PDQXIDFWXUH���&RQVHTXHQWO\��LW�ZDV�FRQFOXGHG�WKDW�D�WHFKQLFLDQ�ZKR�WHVWHG�IRU�PX]]OH�WR�WDUJHW�GLVWDQFH�XVLQJ�D�JLYHQ�
EUDQG�DQG�ORDGLQJ�RI�DPPXQLWLRQ��DVVXPLQJ�WKDW�WKH�UHVXOWV�ZRXOG�EH�UHSUHVHQWDWLYH��PD\�REWDLQ�HUURQHRXV�PX]]OH�WR�WDUJHW�GLVWDQFH�
results if the ammunition batch were not identical.  Current laboratory protocols and generally accepted practices do not consider these 
ammunition variables.
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,I�D�VLJQL¿FDQW�TXDQWLW\�RI�DPPXQLWLRQ�LV�UHFRYHUHG�IRU�WHVWLQJ��WKH�SUHYLRXVO\�FLWHG�SUREOHPV�ZLOO�EH�RI�OLWWOH�FRQFHUQ��DVVXPLQJ�D�
YLVXDO�H[DPLQDWLRQ�RI�SURSHOODQW�VDPSOHV�FRQ¿UPV�WKDW�LW�LV�DOO�LGHQWLFDO��KRZHYHU��LQ�FDVHV�ZKHUH�RQO\�RQH�URXQG�RU�D�OLPLWHG�TXDQWLW\�
of ammunition is available, it is recommended that it be dismantled and new ammunition procured for testing.  The propellant from the 
new batch(es) of ammunition should be compared to the case sample to ensure propellant similarity and thereby guarantee the validity 
RI�DQ\�VXEVHTXHQW�PX]]OH�WR�WDUJHW�GLVWDQFH�GHWHUPLQDWLRQV�

Propellant Morphology, Propellant Stippling, Distance Determinations


