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Study on Operating Limits of 5.56mm Rifle Overheat
- Focusing on Human Engineering
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Abstract High temperature heat generated during rifle firing not only degrades the performance of the
weapon, but also limits the user's operation. In this study, temperature change of handguard according
to firing was measured with reference to Human Engineering criteria and the operability according to
material was examined. Accordingly, for the firing test, three types of Korean rifle and one overseas
model were selected for each material of handguard, and firing test was conducted using a contact type
temperature meter. The test result shows that using a plastic handguard with low thermal conductivity
and aluminum handguard with high thermal conductivity enabled the rifles to be operated with bare
hands even when firing at more than 100 rounds at low atmospheric temperature. However, when firing
more than 60 rounds at over 20C atmospheric temperature, aluminum handguard use is limited. When
firing quickly over 100 rounds, handguard use is restricted regardless of its fabrication material. To
eliminate operational limitations by overheating, it is necessary to eliminate direct contact with skin
using gloves, vertical grips, etc. This study examined the operability of rifles in terms of thermal risk,
and the resulting study results are expected to be used as basic data for Human Engineering of other

rifles and munitions.
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Table 1. Design Criteria of Small Arms
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No Factor Requirements
Central 90 percent of suitably clothed and equipped users can perform all required tasks (both
1 Design field operations and maintenance) easily and efficiently in daylight and at night, and in either the
standing or prone position.
i When the user must reassemble parts under field conditions, their mating surfaces shall be
2 Field Assembly N
beveled to simplify assembly.
3 Surfaces Surfaces of the weapon or its attachments that normally contact the user’s body or clothing
during firing or maneuvering shall be smooth, without sharp edges, or discontinuities
4 Thermal Insulation Any part of the weapon or attachments that contacts the user’s skin shall have thermal insulation.
5 Minimize Projections Minimize projections that could impede movement through dense vegetation.
6 Unavoidable Projections Unavoidable projections, su?h as the'front sight post, shall be angled toward the back of the
weapon rather than perpendicular to its barrel.
A weapon’s control or latches shall be designed and located so they will not be actuated
7 Controls or Latches

unintentionally during fire or maneuver.

8 | Avoiding Weapon Damage force.

Users will not damage them by operating controls in the wrong sequence or by using full-hand

9 Assembly Weapons parts cannot be assembled improperly
o Weapon controls shall be sufficiently sturdy and durable to prevent damage from normal
10 Durability L. X
handling in the field.
. Whenever the user is likely to remove retaining pins during field operations or maintenance,
11 Captive Hardware . .
captive hardware shall be used to prevent pin loss.
, The weapon’s safety shall be located so the user can change from SAFE to FIRE, and vice versa,
12 Weapon's Safety . . ) . ) - -
quickly, without moving either hand from its normal firing position.
o Weapon controls shall have distinctive shapes and locations to simplify their identification and
13 Distinctive Shape X > e °
use during stressful situations.
14 Safety Safety shall be designed into weapons by assuring that no part of the weapon could endanger

the user’s face during firing when the head is held in the proper eyesight position.
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Table 2. Cause of Temperature Increase of Handguard

Cause Factor Effect
Barrel Temperature High High Temperature Change
P Low Low Temperature Change
Metal High Thermal Conductivity
Hand; d Material
andguard Waterla Woo-d Low Thermal Conductivity
Plastic
Thick High Heat Shield rate
Handguard Shape Thin Low Heat Shield rate
. High High Cooling rate
Air Temperature -
Low Low Cooling rate
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Table 3. Temperature Exposure Limits

Temperature Limits
Fxposure Metal Glass Pl::;is dor
Momentary Contact 60T 68C 85C
Prolonged Cpntact or 49C 50¢C 69C
Handling
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Fig. 1. Burn Criteria for Human Skin
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Fig. 2. Wood Receiver Rifle
(a) M1903 Springfield (b) M1 Garand (c) M14 Rifle
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Fig. 3. Plastic Handguard Rifle
(a) M16 Rifle (b) M4 Carbine (c) K2 Rifle

(a)

b)

Fig. 4. Aluminium Picatinny rail Handguard Rifle
(a) M4 Carbine with RAS (b) K2C1 Rifle

Table 4. Thermal Diffusivity and Conductivity

Material Thermal Diffusivity |Thermal Conductivity
ateria (mm2/s) (W/mK)
Wood 0.082 0.04 ~ 0.055
Polycarbonatel -
/Polymer2 0.1441 0.33 ~ 0.522
Aluminum
6061-T6 64 72.8 ~ 139.8
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Fig. 5. M4 Carbine Barrel Temperature Profile

M4 Carbine Handguard Temperature Profile
Full Auto/280 rounds/Large Handguard in top position

Temperature (degrees F)
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Fig. 6. M4 Carbine Handguard Temperature Profile
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Experimental Design
- Test Object
- Environmental Condition
- Measuring Equipment

|

Firing Test
- Measuring Temperature Change

|

Analysis
- Compare with Temperature
Exposure Limits

Fig. 7. Experimental Conceptual Diagram
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Table 5. Test Equipment and Condition
N Condition Handguard Rifle
° Air Temp | Sun Exposure Material Type
@) Aluminium A
Test 1 38T X Aluminium A-1
Plastic B-1
. @) Aluminium A
Test 2 oc o Plastic B
A
Test 3 26T O Aluminium C
D
4 @) Aluminium A
Test 4 21C @) Plastic B
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