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ABSTRACT 

An arctic service test of lubricant MIL-L-46000A (LSA) and experimental 

lubricant "A" was conducted by the U. S. Army Arctic Test Center, Fort 
Greely, Alaska from 29 January to 6 April 1968. The purpose of the test 
was to evaluate the lubricants when applied to weapons that were operated 
and maintained under arctic winter field conditions and to evaluate the 
performance of weapons operated without lubrication and with minimum 
maintenance under arctic winter conditions. After approval of the plan of 
test, another objective was added to the test by USATECOM, this being to 
compare the performance of the M16A1 rifle when using extruded grain (IMR) 

powder and ball powder ammunition under arctic winter conditions. 

Testing was conducted in ambient temperatures of 35°F to -58°F using 
soldiers representative of those who would normally use the lubricants. 

Due to the late arrival of ball powder ammunition for the M16A1 rifle, 
testing was not initiated until 29 January 1968. Two 1,000-round sequences 
were fired in ambient temperatures of -46°F to -58°F. One 1,000-round 

sequence was fired in an ambient temperature range of -25°F to -45°F. All 
other sequences were fired in temperatures which ranged from 350F to -7°F. 

It was concluded that LSA was a better lubricant in temperatures of 
-28°F to -58°F. In temperatures of 35°F to -580F both "LSA" and "A" lub¬ 
ricants were highly comparable; however, these results are not conclusive 
due to the wide variation in temperatures at which the different ammuni¬ 

tions were fired. 

It was further concluded that ball powder ammunition was superior 

to IMR powder ammunition in M16A1 rifles. 

It was recommended that:(1) The test lubricants be returned for 
further testing under arctic winter conditions; (2) All test and support 
items be sent to the U. S. Army Arctic Test Center prior to 15 October 
1968 to insure completion of testing during the FY 69 test season; (3) 
Only ball powder ammunition be used in the M16A1 rifle. 
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FOREWORD 

The U. S. Army Arctic Test Center was responsible for preparing the 
test plan, test execution and preparing the test report. 

Te8^n8 «as authorized by letter, AMSTE-BC, USATECOM, 26 September 

j7*, Test Directive for Service Test of Lubricants for M14 
and M16A1 Rifles Under Arctic Winter Conditions, RDT&E Project No. 

î'noot4?'1^10701, USATEC0M Project No. 8-8-0060--03; and USATECOM Message 
10233 from AMSTE-BC, for STEAC-IN, 8 December 1967, subject: Change I 
to Test Directive, Service Test of Lubricants for M14 and M16A1 Rifles 

Under Arctic Winter Conditions, RDT&E Project No. 1C024401A10701, USATECOM 
Project No. 8-8-0060-03. 

Tests were conducted at the U. S. Army Arctic Test Center from 29 
January to 6 April 1968 by members of the Infantry, Airborne, and Individ¬ 
ual Equipment Division, USAATC. 
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DEPARTMENT OF THE ARMY 
UNITED STATES ABUT ABCTIC TEST CENTEE 

APO SEATTLE SS73S 

FINAL REPORT 
OF 

SERVICE TEST OF LUBRICANTS FOR M14 AND M16A1 RIFLES 
UNDER ARCTIC WINTER CONDITIONS 

RDT&E PROJECT NO. 1C024401A10701 USATECOM PROJECT NO. 8-8-0060-03 

SECTION 1. INTRODUCTION 

1.1 BACKGROUND 

In April 1965, USATECOM recommended that an arctic winter test be con¬ 
ducted using current U. S. Army standard lubricants and other developmental 
lubricants as available. This recommendation was prompted by reported 
weapon failures attributed to lubricants. This test was conducted under 
controlled test conditions and reported in reference d, appendix III. At 
the conclusion of the referenced test, the Rock Island Arsenal requested 
a further evaluation of lubricants under arctic winter conditions using 
authorized procedures contained in the applicable field manuals. 

On 27 October 1967, test lubricants were received at USAATC for the 
arctic service test conducted during the FY 68 test season. 

1.2 DESCRIPTION OF MATERIEL 

12.1 Lubricant MIL-L-46000A (LSA) 

This is a semifluid, synthetic base, preservative lubricating oil 
which is inhibited to provide resistance to corrosion and oxidation. It 
has a viscosity of 11.0 centistokes at 100°F and a viscosity of 12,000 

centistokes at -65°F. It is an authorized lubricant for automatic weapons 
within a temperature range of -bS^F to 260°F. 

1.2.2 Experimental Lubricant A 

This is an experimental, synthetic, fluid lubricating oil for small 
arms weapons. It is similar to MIL-L-46000A (LSA) except that the thick¬ 
ener has been omitted. 

1.3 TEST OBJECTIVES 

To evaluate lubricants when applied to weapons that are operated and 
maintained under arctic winter field conditions. 

To evaluate the performance of weapons operated without lubrication 
and with minimum maintenance under arctic winter conditions. 



To compare the performance of M16A1 rifles when using extruded grain 

(IMF) powder and ball powder ammunition under arctic winter conditions. 

1.4 SUMMARY OF RESULTS 

Based on the 3,000 rounds fired in temperatures of -28°F to -58°F, 

"LSA" lubricated weapons malfunctioned fewer times than "A" lubricated 

weapons. Considering all 6,000 rounds fired from each weapon in all 
temperatures both "LSA" and "A" lubricants were highly comparable. 

Dry weapons functioned better in colder temperatures (-28°F to -58°F) 
than in temperatures above -10°F. However, lubricated weapons outperformed 

dry weapons in all temperatures. 

There were fewer malfunctions of M16A1 rifles firing ball powder am¬ 

munition than those firing IMR powder ammunition. 

No deficiencies or shortcomings were recorded during this test. 

1.5 CONCLUSIONS 

It was concluded that: 

a. "LSA" was the best overall lubricant when used in temperatures 

of -28°F to -58°F. 

b. Ball powder ammunition is superior to IMR powder ammunition 

for the M16A1 rifle. 

c. In all temperatures (35°F to -58°F) "LSA" and "A" were highly 

comparable. 

1.6 RECOMMENDATIONS 

It is recommended that: 

a. The test lubricants be returned for further testing under arctic 

winter conditions. 

b. All test and support items be sent to USAATC pr'or to 15 October 

1968 to insure completion of testing during the Fv 69 test season. 

c. Only ball powder ammunition be used in M16A1 rifles. 
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SECTION 2. DETAILS OF TEST 

2.1 INTRODUCTION 

2.1.1 General Test Conditions 

Test plan was approved 2 November 1967 and testing started 11 November 
1967. Testing was suspended on 8 December 1967 as a result of USATECOM 
Message No. 10233 AMSTE-BC, which changed test directive. Revised plan of 
test was approved 16 January 1968 and testing was resumed on 29 January 

1968 when the ball powder ammunition for the M16A1 rifles arrived. Two 
1,000-round sequences were then fired in ambient temperatures of -46°F to 
-58°F. 

On 2 February 1968, USATECOM Message No. 0959, AMSTE-BC changed the 
method for firing the next 2,000 rounds. 

The third 1,000-round sequence was fired on 3 February 1968 in ambient 
air temperatures of -28°F to -460F. After this sequence was fired cold 
weather was not available for testing as originally planned (i.e., the 

test plan required tnat two 1,000-round sequences next be fired at ambient 
temperature range of -25°F to -45°F. This temperature range did not recur 
during the FY 68 season). 

On 21 February 1968, Mr. Goodwin Morrow, USATECOM, by F0NEC0N with 
LTC Williams, Chief, Infantry Division, instructed this Center to fire in 
temperatures of -10°F to -25°F. (NOTE: This temperature range was not 
available in 12-hour blocks of time for the remainder of the FY 68 test 
season.) 

On 18 March 1968, Mr. Morrow, USATECOM, again called LTC Williams and 
instructed him to resume testing regardless of the temperature. On 18 
March 1968 the fourth 1,000-round sequence was fired. On 20 March 1968, 

when preparing to fire the fifth 1,000-round sequence the rate-of-fire 
recorders became inoperable and testing was haulted. 

On 25 March 1968, a new rate-of-fire recorder was received from 
USATECOM. Testing was reinitiated on 25 March and was completed on 
5 April 1968. 

Soldiers participating in this test were instructed as to the ob¬ 
jectives of the test and the methods to be used in applying the lubricant 
to the weapons. They were instructed on the operation and maintenance 
of the weapons that were employed in the test. 
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The arctic winter uniform (appendix II) and individual equipment 
was carried or worn as appropriate. 

Photographs for identification and to supplement test data were 
taken. 

Throughout the conduct of the test the test lubricant, ammunitions 
and weapons were stored outdoors in an unsheltered area and exposed to 

the prevailing weather conditions except when required for repair, main¬ 
tenance "D" and testing. 

The test lubricants were evaluated using a set of 10 new weapons 
consisting of five M14's and five MlbAl's for each lubricant. A dupli¬ 
cate set of 10 weapons were tested without lubricant. A total of 30 
new weapons (three sets) were used. 

2.1.2 Cyclic Rate Determination 

The cyclic rate of fire for each weapon was determined at the start 
and end of each 1,000-round group. The cyclic rate of fire for each 

weapon was determined by firing 40 rounds, automatic, in two continuous 
20-round bursts. A rate-of-fire recorder was used to determine the rate 
of fire. 

2.1.3 Test Environment 

Prior to the conduct of test all weapons were inspected for damage. 
Following this inspection, a set of weapons (five weapons of each type) 
were color-coded for each of the two test lubricants. An identical set 
of weapons without lubricants was also color-coded. The lubricant con¬ 

tainers for each weapon were similarly color-coded to insure that the 
same type lubricants were applied to the same set of weapons throughout 
the conduct of test. 

2.1.4 Maintenance "D" 

Maintenance "D" was performed on all weapons after they had been 
color-coded. 

The M14 rifles were disassembled in accordance with paragraphs 49, 
58, 63 and 68a through h, reference e, appendix III. The M16A1 rifles’ 
were disassembled as shown in figure 8-1 (steps 1, 2, 3 and 4), figure 
8-2 (steps 1 through 17), and figure 8-3 (steps 10, 11 and 17 through 
24), reference f, appendix III. 
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The weapons were inspected and placed individually in a cleaning 

vat containing dry cleaning solvent Type 2, FSN 6850-285-8011. The parts 
were thoroughly cleaned of all grease and lubricants and then air-dried 
using compressed air. The test lubricants were applied lightly to each 

applicable set of weapons in accordance with paragraph 115a, TM-9-207, 
dated September 1959. The test lubricants were applied using the plastic 
lubricant dispenser. 

2.1.5 Maintenance "A" 

The following procedures were performed by the operator on each 
weapon after each 1,000 rounds. 

The M14 rifles were cleaned in accordance with paragraph 36, reference 
e, appendix III. The M16A1 rifles were cleaned in accordance with para¬ 
graph 3-25, reference f, appendix III. 

Two sets of weapons were then inspected and lubricated with the 
applicable test lubricants. One set of weapons was not lubricated. 

2.2 PRE0PERATI0NAL INSPECTION 

2.2.1 Objective 

Determine if the required amount of test Ir.i rlcants were on hand 
and if the weapons were in the proper condition for testing under arctic 
winter conditions. 

2.2.2 Method 

The maintenance package for the weapons was inventoried and inspected. 
Maintenance "D" was performed on the weapons. Each weapon was lubricated 
and color-coded for the applicable test lubricant. The quantity and type 
of container for each test lubricant was recorded. Identification photo¬ 
graphs were taken of each test lubricant container. Photographs were 
taken of each type of weapon disassembled to describe Maintenance "A" 
and "D" (figures 2, 3, 4, and 5, appendix I). 

2.2.3 Results 

Fifteen M14 and 15 K16A1 rifles were received along with maintenance 
packages. 

The following quantities of lubricants were on hand for the test: 
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Plastic Bottles Spray Cans ~ 

14 ea 15 ea 

b ea 16 ea 

The following quantities of ammunition were on hand for this test: 

a. Lot No. FC 1805, 7.62mm M59 Ball: 100,000 rounds. 

b. Lot No. TW 18206, 5.56mm M193 Ball: 50,000 rounds (IMR 
powder). 

c. Lot No. LC 12304, 5.56mm M193 Ball: 50,000 rounds (Ball 
powder) which arrived at the U. S. Army Arctic lest Center on 29 January 

Photographs of test items and weapons are in appendix I. 

2.2.4 Analysis 

The required amount of lubricants and ammunition were on hand 
and the weapons were in proper condition for testing. 

2.3 FIRING TESTS 

2.3.1 Objectives 

Determine the suitability of the test lubricants when applied to 
weapons being fired, semiautomatic and automatic, under arctic winter 
conditions. 

Evaluate the performance of weapons operated, with and without lub¬ 
rication and with minimum maintenance under arctic winter conditions. 

Compare the performance of the M16A1 rifles when using extruded 
grain (IMR) powder and ball powder ammunition under arctic winter con¬ 
ditions . 

2.3.2 Method 

Type "A" 

LSA 

Each weapon fired 40 rounds at the start and 
pletion of each 1,000-round sequence to determine 
fire (paragraph 2.1.2). 

40 rounds at the com- 

its cyclic rate of 
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This sub-test consisted of six 1,000-round sequences fired as 
follows (table 2, appendix I): 

a. Two 1,000-round firing sequences conducted in ambient 
temperatures of -46°F to -58°F. 

b. One 1,000-round firing sequence conducted in ambient 
temperatures of -28°F to -46°F. 

c. One 1,000-round firing sequence conducted in ambient 
temperatures of 13°F to -7°F. 

d. One 1,000-round firing sequence conducted in ambient 
temperatures of 12°F to 6°F. 

e. One 1,000-round firing sequence conducted in ambient 
temperatures of 35°F to 3°F. 

Weapons were fired at zero elevation for all exercises except for 
two 1,000-round sequences which were fired with M16A1 rifles at 45° 
elevation above the horizontal. 

During each 1,000-round sequence, each weapon was (in sequence): 

a. Fired 40 rounds to determine rate of fire (two 20-round 
continuous bursts). 

b. Fired 40 rounds automatic (two 20-round continuous bursts). 

c. Fired 80 rounds automatic in three to five round bursts in 
2 minutes. 

d. Fired 90 rounds semiautomatic in 5 minutes. 

e. Stored for 3 hours in open storage. 

f. Fired 80 rounds automatic in three to five round bursts 
in 2 minutes. 

g. Fired 90 rounds semiautomatic in 5 minutes. 

h. Fired 80 rounds automatic (four 20-round continuous 
bursts). 

i. Stored for 3 hours in open storage. 
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j. Fired 90 rounds semiautomatic in 5 minutes. 

k. Fired 80 rounds automatic (four 20-round continuous bursts). 

l. Fired 80 rounds automatic in three to five round bursts 
in 2 minuter,. 

m. Stored for 3 hours in open storage. 

n. Fired 80 rounds automatic in three to five round bursts 
in 2 minutes. 

o. Fired 90 rounds semiautomatic in 5 minutes. 

P‘ Fired 40 rounds automatic (two 20—round continuous bursts). 

q. » Fired 40 rounds to determine rate of fire (two 20-round 

continuous bursts). 

Upon completion of this sequence each weapon was given Maintenance 
A and lubricated with the applicable lubricant using the plastic dis¬ 

pensers. After Maintenance "A", the weapons were stored outdoors in 
open storage until required for testing. 

2.3.3 Results 

Detailed results can be found in tables 1 through 18, appendix I. 

Based on the first 3,000 rounds fired through each weapon in temper¬ 
atures of -28°F to -58°F, the following results were recorded: 

a. M16A1 rifles, without lubrication, firing 2,000 rounds of 
bail powder ammunition and 1,000 rounds IMR powder ammunition, malfunc¬ 
tioned 14 times; weapons lubricated with "LSA" malfunctioned IK times; 
weapons lubricated with type "A" malfunctioned 33 times. Malfunctions 
for each type ammunition powder can be found in tables 3 through 5 
appendix I. 

b. M14 rifles, without lubircation, firing all ball powder 
ammunition, malfunctioned 44 times; weapons lubricated with type "A" 

malfunctioned 5 times; weapons lubricated with "LSA’- malfunctioned 7 

8 



Based on the total 6,000 rounds fired through each weapon in 
temperatures of 35°F to -58°Ff the following results were recorded: 

um J n' M16A1 rifles> without lubrication, firing 3,000 rounds of 
ball and 3,000 rounds of IMR powder ammunition, malfunctioned 91 times* 

weapons lubricated with "LSA" malfunctioned 60 times; weapons lubricated 
with type A malfunctioned 76 times. 

b. Of the total malfunctions for M16A1 rifles after firing 
6,000 rounds, 161 of the 227 malfunctions occurred with IMR powder 
ammunition (tablea 3 through 8) ‘ 

Data concerning M16AI alfunctions with weapons at 45° 
can be found in tables 5 and 6, appendix I. 

c* M1¿* rifles, without lubrication, firing 6,000 rounds of 
% mm airanunition malfunctioned 137 times; weapons lubricated with type 

A malfunctioned 10 times; weapons lubricated with "LSA", malfunctioned 
¿3 times. 

2.3.4 Analysis 

o It appears that "LSA" is the best lubricant in temperatures of 
-28 F to -58°F for both the M14 and M16A1 rifles based on a malfunc¬ 
tion rate of .28 malfunctions per 1,000 rounds. 

0 "LSA" and "A" are highly comparable in temperatures of 35°F to 
-58 F with overall malfunction rates of .46 malfunctions per 1,000 
rounds and .47 malfunctions per 1,000 rounds respectively. 

Weapons operated without lubricants functioned better in ambient 
temperatures of -28°F to -58°F; however, when the total test is con¬ 
sidered, lubricated weapons outperformed dry weapons. 

Performance of the M16A1 rifle was adversely affected when liring 
IMR powder ammunition under arctic winter conditions. Ball powder 

ammunition was superior to IMR powder ammunition (table 15, appendix I). 

Due to the extreme temperature differences during level and elevated 
firings, no conclusive analysis can be made of the effects on M16A1 
rifle firings at elevated positions. 
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SECTION 3. APPENDICES 

APPENDIX I TEST DATA

3 APRIL 1968 USAATC NEGATIVE NO. 400 4-4

FIGURE 1

WEAPONS USED IN TEST.
A - M14 RIFLE W/ARCTIC TRIGGER 
B - M16A1 RIFLE
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US ARMY

3 APRIL 1968 USAATC NEGATIVE NO. 400 1-A

FIGURE 2

M16A1 RIFLE DISASSEMBLED FOR MAINTENANCE "A" WITH 
CLEANING EQUIPMENT USED BY TEST PERSONNEL TO PERFORM 
THIS MAINTENANCE.
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uid ' 1
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3 APRIL 1968 USAATC NEGATIVE NO. 400 3-4

FIGURE 3

M16A1 RIFLE ASSEMBLED AND DISASSEMBLED 
FOR MAINTENANCE "D".



3 APRIL 1968 USAATC NEGATIVE NO. 400 2-4

FIGURE 4

M14 RIFLE DISASSEMBLED FOR MAINTENANCE "A" WITH 
CLEANING EQUIPMENT USED BY TEST PERSONNEL TO 
PERFORM THIS MAINTENANCE.



27 OCTOBER 1967 USAATC NEGATIVE NO. 78 5-5

FIGURE 5

M14 RIFLE ASSEMBLED AND DISASSEMBLED 
FOR MAINTENANCE "D".



15 JANUARY 1968 USAATC NEGATIVE NO. CS-45, 1-1

FIGURE 6

TEST LUBRICANTS FOR M14 AND M16A1 RIFLES:

ROW A - SPRAY CANS COLUMN 1 - LUBE "A"
ROW B - PLASTIC CONTAINERS COLUMN 2 - LUBE "LSA"
ROW C - STANDARD CONTAINER



Round 

1 - 

41 - 

81 - 

161 - 

251 - 

331 - 

421 - 

501 - 

591 - 

671 - 

751 - 

831 - 

921 - 

961 - 

TABLE 1.—Method of Firing Each l,0QC-Round Group 

Humber Type of Firing 

40 Rate of fire (two 20-round continuous bursts). 

80 Automatic (two 20-round continuous bursts). 

160 Automatic in 3 • co 5-round bursts in 2 minutes 

250 Semiautomatic in 5 minutes. 

330 Automatic in 3- to 5-round bursts in 2 minutes 

420 Semiautomatic in 5 minutes. 

500 Automatic (four 20-round continuous bursts).-- 

590 Semiautomatic in 5 minutes. 

670 Automatic (four 20-round continuous bursts). 

750 Automatic in 3 to 5-round bursts in 2 minutes 

830 Automatic in 3- to 5-round bursts in 2 minutes 

920 Semiautomatic in 5 minutes. 

960 Automatic (two 20-round continuous bursts). 

1000 Rate of fire (two 20-round continuous bursts). 
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TABLE 2.—Temperatures During Firings 

1,000-Round Group Maximum Temperature (°F) Minimum Temperature (°F) 

1 - 1,000 -46 

1,001 - 2 000 -46 

2,001 - 3,000 -28 

3,001 - 4,000 13 

4,001 - 5,000 12 

5,00i. - 6,000 35 

-58 

-58 

-46 

-7 

6 

3 
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TABLE 18.—Analysis and Correction Times 

Malfunction* 

FFS 

BOB 

FFR 

FJ 

CO EC 

FBI 

Times 

Ml 4 M16A1 

8.5 seconds 

22.0 seconds 

4.5 seconds 

26.2 seconds 

30.8 seconds 

50.7 seconds 

11.2 seconds 

28.0 seconds 

4.0 seconds 

24.0 seconds 

Replace broken firing pin 8 minutes 

Replace selector 3.5 minutes 

Maintenance "A" 16 minutes 20 minutes 

*See explanations of abbreviations on tables 3 through 15. 

NOTE: Times are averages taken of two or more malfunctions. 
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APPENDIX II ARCTIC WINTER UNIFORM 

The year-round temperature variation peculiar to the arctic pro¬ 
hibits the prescribing of a particular uniform for any season. The 
clothing which is comfortable at -50°F becomes uncomfortable at -10°F 
and vice versa. Since this large fluctuation is experienced on an 

hour-by-hour, day-by-day basis, some degree of flexibility in uniform 
requirements is necessary. 

Since materiel tested under arctic conditions is expected to func¬ 
tion under the most adverse conditions, the uniform worn by operating 
personnel must also be suitable for the most adverse condicions. Ac¬ 
cordingly, the "arctic winter uniform" referred to in this report is 
defined as follows: 

a. Shirt, wool, OG 108. 

b. Trousers, field, OG 107, with liner. 

c. Undershirt, winter. 

d. Drawers, winter. 

e. Socks, wool cushion sole. 

f. Boots, vapor barrier, white. 

g. Suspenders. 

h. Cap, pile. 

i. Parka with liner and hood. 

j. Mitten set, arctic, with liners. 
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