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EFFECTS OF COLD WEATHER ON MILITARY EQUIPMENT


SECTION I
ADMINISTRATIVE DATA

Teaching

The following courses teach this TSP to standard:

To

Standard

	Course Number
	Course Title

	NA
	Winter Instructor Qualification Course

	NA
	Cold Weather Leaders Course

	NA
	Command and Staff Orientation Course



Task 


This lesson trains to standard the task listed in the following table.

Trained to

Standard
	Task Number:
	II.0100

	Task Title:
	Describe the effects of cold on military equipment 

	Conditions:
	In a classroom environment.

	Standards:
	Correctly describe the effects of cold on military equipment 



Task 


This lesson teaches or supports the following tasks:

Taught or

Supported
	Task Number
	Task Title
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This lesson reinforces the tasks listed in the following table:

Reinforced

	Task Number
	Task Title
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Test


The lesson listed below will test the students on the material in this lesson:
Lesson
Number
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	Lesson Number

	Test Lesson
	
	

	Review of Test Results
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Lessons

Clearance

There is no clearance or access requirement for this lesson.
&
Access


References

The following table lists the reference(s) for this lesson:
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	Mountain Operations
	NOV 00
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	NA
	USARAK NWTC Cold Weather Operations Manual
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	DA Pamphlet
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	Risk Management Guide for Winter Operations
	JUL 96
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SECTION II
INTRODUCTION



Motivator


Terminal

Learning

Objective 
	Action:
	Describe the effects of cold on military equipment 

	Condition:
	In a classroom environment.

	Standard:
	Correctly describe the effects of cold on military equipment.




Safety

Requirement



Risk

Assessment

Level


Environmental

Considerations



Evaluation



Instructional

Lead-in


SECTION III
PRESENTATION


ELO 1

	Action:
	Describe the effects of extreme cold and auroral phenomena on communications equipment and how to maintain communications equipment in the extreme cold.

	Condition:
	In a classroom environment.

	Standard:
	Properly describe the effects of extreme cold and auroral phenomena on communications equipment and how to maintain communications equipment in the extreme cold.




Learning Step/

Activity (LS/A)

1, ELO 1



LS/A 1, ELO 1







ELO 2

	Action:
	Describe the effects of extreme cold on vehicles and describe how to maintain vehicles in an extreme cold environment.

	Condition:
	In a classroom environment.

	Standard:
	Properly describe the effects of extreme cold on vehicles and describe how to maintain vehicles in an extreme cold environment.



Learning Step/

Activity (LS/A)

1, ELO 2



LS/A 1, 

ELO 2



ELO 3

	Action:
	Describe the effects and how to properly maintain weapons/ammunition in the extreme cold. 

	Condition:
	In a classroom environment

	Standard:
	Properly describe the extreme cold effects weapons/ammunition and how to properly maintain this equipment in the extreme cold.



Learning Step/

Activity (LS/A)

1, ELO 3



LS/A 1, 

ELO 3







SECTION IV
SUMMARY



Review/

Summarize

Lesson




Check on

Learning



Transition to

Next Lesson


Appendix A

Visual Masters
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Effects of Cold on 

Military Equipment

Small Arms

Vehicles

Communications



Slide 2


[image: image2.wmf]REV

-

010924

2

Conditions   10° to 

-

65°F

Conditions   10° to 

-

65°F

COLD

-

few problems down to 10°F;

10° to 

-

65°F operations become more difficult

CONDENSATION

-

occurs when cold equipment is quickly 

exposed to a warmer environment

SNOW

-

introduces moisture to equipment and causes 

mobility problems;  increases equipment loss

FROZEN SURFACES

-

hinders emplacement of stakes,

grounding rods;  creates unstable firing platforms;  

possible contact frostbite


Other than extreme cold; conditions that affect equipment most often encountered in a cold weather environment include condensation, snow and frozen surfaces.

Most equipment will operate normally down to about 10°F.  Below this temperature the physical properties of materials change and can affect operations.

Temperatures of 10°F to -65°F are encountered often in the winter season in the interior of Alaska and other regions of the world.  Equipment must be winterized to function effectively in this range.

Humidity and cold air  combine to cause condensation.  This  can freeze the internal parts of vehicles and equipment and has greater detrimental effect in extreme low temperatures as it turns to ice.

Snow  creates similar moisture problems in addition to mobility.

Extreme cold temperatures hinder any penetration of the ground.  It can  cause equipment to be cold soaked which may prevent operation,  and causes contact frost bite, fusing of components, traction problems and unstable firing platforms.
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Effects on Materials

Effects on Materials

METALS

-

brittle in severe cold; at 

-

20°F certain metals can’t 

withstand a shock load

RUBBER

-

remains flexible until below 

-

20°F 

RUBBER COVERED CABLES

-

easily cracked at low temp; should be re

-

warmed before bending

PLASTICS

-

generally expand and contract more than metals

GLASS

-

windshields may crack if heat is applied too rapidly

FABRICS

-

retain flexibility if kept dry; shrinkage can occur


Severe cold changes the materials that we use everyday. Special care must be taken to reduce the shock load that is placed on items effected by severe cold.  Some metals can withstand only half of the shock load at -20°F that they can in temperate climates.

Rubber remains flexible to -20°F then will gradually stiffen. At -60°F it loses all elasticity and becomes very brittle.

Special care must be taken when handling rubber covered cables.  The must be protected from bending and flexing.  They should be warmed before bending to prevent insulation from cracking and causing a short.

Plastics tend to expand and contract much more than metal or glass.  Any materials made of plastic must be handled carefully.  Glass and other ceramics can be expected to perform normally at low  temperatures.  However, cracking may result if heat is applied directly to cold windshield or vehicle glass.

Fabrics retain their flexibility even at extremely low temperatures provided that they are kept dry. Tarpaulins present difficulties in conforming to their intended dimensions due to shrinkage.  Flexible windows are extremely difficult to smooth out at subzero temperatures.   When possible tarpaulins should be unfolded in heated enclosures.
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Vehicle Winterization

Vehicle Winterization

Antifreeze concentration

Change oil to arctic grade

Increase tire pressure/adjust tracks

Battery heating device

Block heating device


Winterizing vehicles involves applying any measure that will promote proper operation at the lowest temperatures which it will be used.

Technical manuals and local SOP’s specify which procedures for winterization  and those procedures must be followed.

Use of equipment in low temperatures involves two main areas of concern; starting the engine and maintaining a sufficiently high temperature in the engine and other components  for proper operations.

Using OEA (oil, engine, arctic) one can insure proper oil flow at extremely low temperatures and minimum starting resistance.

Starting the motor is made possible by preheating the engine with swingfire or electrical block heaters.  Electrically power heating devices are also used for the battery to supply sufficient low  temperature power.

Engine  temperature can be maintained during operation by covering portions of the engine compartment to retain generated heat and prevent overcooling.

Diesel fuel and intake air heating devices are also available for certain types of equipment.

4
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Winterfronts or radiator shutters

Diesel fuel/filter heaters

Intake air heaters

Vehicle personnel heater must be operational

Follow maintenance schedule rigorously

Vehicle Winterization

Vehicle Winterization

(cont.)
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Lubrication

Lubrication

Check TM to find recommended 

lubricant

Store lubricants in a warm place

Oil Engine Arctic (OEA) can be used 

for short periods in temperate 

conditions

-60

-50

-40

-30

-20

-10

0

10W40

10W30

OEA

GAA

TEMP

+

40

+225


Lubricants represent the single most critical problem encountered by vehicles in cold regions. A vehicle lubricated for use in temperate regions will simply not operate in extremely cold temperatures. A chunk of heavy gear oil can be used to pound nails at -40°F.

Lubricants must have a sufficiently low viscosity for low  temperatures.

Use of unsuitable lubricants will result in difficult starting, shifting, and equipment failure.

GAA has a very wide heat tolerance of -50°F to +225°F and can be used year round.
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Batteries

Batteries

Batteries are adversely affected by cold

A fully charged battery will not freeze

Small equipment batteries must be alkaline type 

and not dry cell

Nickel

-

cadmium type is very effective at low 

temperatures

Lithium sulfur dioxide batteries are 

recommended for cold weather

-40

-20

0

20

40

60

80

100

100%

50%

30%

10%

EFFICIENCY

TEMP

min

max


Storage batteries are adversely affected by cold as they become less efficient in low temperatures and become more difficult to recharge. Storage batteries must be in excellent condition in the winter months to prevent freezing. Storage batteries will not charge below +35°F.

Small equipment flashlights for flashlights, NOD’s, and field telephones must use alkaline batteries. “D” size batteries such as the BA 3030 must be replace with BA 3030U alkaline. Two sets of batteries should be available for each item of equipment.  One set can be carried under the soldiers insulating garments. When cold degrades the performance of equipment, batteries can be rotated.

To get maximum effectiveness out of Nickel-Cadmium, or NiCad, batteries, the charging memory must be destroyed. The battery must be completely discharged before it can be recharged. Ni-Cad batteries are very effective low temperature power source. AN/PRC-127 Brick Radios

Lithium based batteries are the preferred cold weather battery. The lithium sulfur dioxide battery is recommended for use with the SINCGARS. Mercury batteries should not be used below 0°F. 
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Cooling System

Cooling System

Ethylene

-

Glycol must be mixed to a 

proportion of water to be effective

Use of a block heater is important as ice 

crystals will begin to form at 

-

40°F 

Arctic type antifreeze protects to 

-

90°F 

High

-

temp thermostat may be used

-70

-60

-50

-40

-30

-20

-10

0

68%

80%

100%

0%

PERCENT  ETHYLENE 

GLYCOL

SLUSH

SLUSH

LIQUID


An anti-freeze mixture of anti-freeze compound and water must be used to protect cooling systems from freezing. It is imperative that the correct mixture of antifreeze to water is used for maximum protection.

The optimal mixture for extremely low temperature protection is 68% antifreeze and 32% water.  Above or below the 60% 40% mixture will result in reduced cooling efficiency.

Arctic type antifreeze offers the maximum low temperature protection to  -90°F, but is not efficient at higher temperatures.  It is only compatible with selected types of equipment.

When the average temperature will be between 0°F and -65°F, the +190°F to +195°F thermostats should be installed in systems that normally use a 150°F thermostat.  
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Fuels

Fuels

MOGAS is not affected significantly by low 

temp

Diesel fuel is greatly changed by the 

formation of waxes

Condensation can contaminate fuel and turn 

into ice crystals

Additives can inhibit icing

-

70

-

60

-

50

-

40

-

30

-

20

-

10

0

10

20

30

MOGAS

Lowest

Limitation

Depicted

DF2

DF1

DFA


Mogas is not affected by low temperatures, although there are additives available which will increase it’s performance.

Diesel fuel contains waxes that congeal at temperatures below 0°F. If this occurs, the filter will clog and the fuel will not flow. Diesel fuel, Arctic, DFA, does not contain as much wax and performs well at low temperatures.

Condensation and water can accumulate in fuel containers, pumps, carburetors and fuel injectors. At low  temperatures, this water will form ice crystals, that will clog fuel lines, filters, jets, and injector nozzles.  To prevent this, add fuel system icing inhibitor to diesel fuels. Add methanol, technical, to gasoline.

Some fuels come premixed and adding too much ice inhibitor can cause reduced engine performance and possible engine damage.
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Tires

Tires

Become more rigid and may cause flat spots where  

tires contact the ground during shutdown

Loss of pressure can cause slippage on rim, tearing 

of valve stem, or cracking of sidewall

Must be inflated to the appropriate pressure, this is 

done in motor pool at 10 PSI over normal 

Place material under tires to prevent them from 

freezing to the ground


Rubber tires can become stiff when parked at extreme cold temperatures


Rubber tires stay flexible down to -20°F, but will gradually harden below  this temperature.

At -50°F tires can support weight without air pressure because of the low  temperature properties of rubber.

As temperature decreases air pressure must be added to supplement the decreased pressure. This is generally 10 pounds per square inch over normal for use in temperatures below  0°F.  A tire inflated to 40 PSI indoors will change to 25 PSI when moved outside.

For extreme cold weather it is advisable to place material such as small branches or other insulating material under tires prior to parking.  If a flat spot develops move ahead slowly until generated heat permits tires to round-out.  Also, during periods of freezing rain, or sleet move the vehicle around often.
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Vehicle Operation

Vehicle Operation

Vehicles must be properly tuned prior to  use

Heat retention devices should be installed

Downgrade hoists and winch capacities

From 

-

20°F to 

-

60°F, periodic starting/movement may

be necessary to keep vehicles operational

Engine idle must be as indicated in TM to maintain 

battery 

charge


Vehicles must be tuned and serviced prior to the onset of the winter.  Cold will cause an improperly tuned  motor to run even less efficiently.

Heat retention devices such as winter-fronts and higher temp thermostats must be installed to allow  efficient operation.

Winch and hoist cables lose tensile strength in extreme cold and their expected maximum capacity is reduced.

Periodic starting of engines and movement of vehicles may be required to prevent motors, transmissions and drive trains from becoming “cold-soaked”.

A starting schedule must be established and engines must not be allowed to run constantly.  Experience determines the intervals of the starting schedule.

Factors such as ambient or expected temperature, vehicle condition and readiness influence the starting schedule.  

Idling vehicles produces carbon monoxide hazards.  Leaders must not allow drivers idling engines to fall asleep.  Windows should be slightly cracked to prevent air in cab from being contaminated with carbon monoxide. 
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Vehicle Chassis/Body

Vehicle Chassis/Body

Springs and shock absorbers must be 

correctly mounted and functional

Move vehicle slowly after start

-

up

Use friction tape on steering wheel and control 

knobs


Due to the reduced shock load capability of steel at low temperatures springs and shock absorbers must be checked prior to extreme cold.

Vehicles must begin movement slowly to allow  shock absorbers to warm sufficiently.  Movement on rough terrain must be taken with care to prevent breakage of springs and shock absorbers.

Tighten all assembly and mounting bolts during services.

Friction tape can be used on items  such as the steering wheel and control knobs that will be handled frequently as an insulator against cold contact, and to provide better grip for personnel wearing gloves or mittens.
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Vehicle Operation

Vehicle Operation

Wear sunglasses to protect vision along snow

covered routes

Use a brush to keep headlights free of snow

Use an ice scraper for windshields; a cotton rag

for condensation on inside of glass

Fire extinguishers must winterized IAW the appropriate TM

Ensure alcohol evaporator kits are installed for air brakes


Safe operation of vehicles in cold weather environments includes use of sunglasses to protect drivers from snow-blindness, and reduced glare.

Drivers must also carry scrapers and brushes to clean windows and headlights of snow and ice accumulation.

A cotton rag is essential to keep condensation from forming inside of windows and windshield.

Fire extinguishers require special winterization to function in low  temperatures.

Air brakes should be winterized IAW the appropriate TM to prevent condensation from accumulating and freezing.

Vehicle operators must always have adequate clothing and equipment with them to survive if the vehicle becomes stranded or the heater fails.
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Rifles and Pistols

Rifles and Pistols

Muzzle fouling

Condensation

Magazine fouling

Lubricate with LAW

No particular problems with M

-

203 operation

Store ammunition and weapon at the same temp

Rezero rifles in extreme cold


Prevent barrel fouling by ice and snow by using muzzle end caps.

Fouling of magazines and ammunition with snow must also be avoided to prevent small arms malfunction. Condensation will form on small arms that are taken from extreme cold to warm indoor temperatures in tents and enclosures.  This condensation will form an emulsion with lubricants and refreeze when taken outdoors. Use of small arms racks must be enforced where practical.

Keeping the weapon operating surfaces clean and not over lubricated is imperative in cold weather .  Lack of lubrication may cause rust and friction which will not allow  the weapon to function properly.  However, too much lubrication will thicken at low temperatures and produce excessive drag.  At sub-zero temperatures small arms lube should be applied sparingly with a rag. Lubricant must be suitable for use in extreme cold weather to be effective.  A lubricant designed for temperate regions may become thick as the temperature drops.
CLP is effective down to -15°F.  Below  this temperature use LAW.  Lubricant, arctic weight.  It will not thicken as much as CLP at lower temperatures.

Rifles should be re-zeroed in extreme cold due to slower burning of propellants and cold effects on barrels. 
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Mk

-

19

Mk

-

19

Use LSAT lubricant at low temperatures

Use cloth covers rather than plastic to prevent 

condensation

Use LAW if temperatures will be continuously 

below 

-

25

°

F


For the Mk-19 use LSAT for temperatures down to -25°F.

Additionally, use covers to protect crew served small arms from snow  and freezing rain.

Covers should not be made of rubber or plastic as this material is prone to condensation, and may become too stiff and brittle to remove.

Covers should be constructed of canvas/cotton breathable material.
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Machine

-

guns

Machine

-

guns

High rate of breakage; require test firing prior to 

deployment.

Units must carry extra parts

Short recoil and buffer freezing causes malfunctions

Begin with slow rate of fire

Re

-

zeroing required


Machine-guns have a high rate of breakage and malfunction due to cold weather.  Especially affected are the sear and bolt parts. Gun crews must carry extra parts of this type.

One common malfunction is short recoil where the bolt does not recoil fully to the rear.  A second malfunction is caused by the freezing and hardening of buffers.  This causes great shock and rapid recoil, increasing cyclic rate and can cause parts to break.

All internal components and friction surfaces of machine-guns should be coated with LAW.  These small arms should be fired cold and dry if LAW or CLP is not available.

Firing should begin slowly at first to allow  the weapon to warm; short two or three round bursts at short intervals are sufficient until the weapon components warm.

Machine-guns should be test fired in cold weather prior to combat deployment to a cold weather area of operations.

Ammunition must be transported in enclosed drums or cans to prevent snow  fouling.  It should be kept at the same temperature as the weapon.

Machine guns should be re-zeroed in extreme cold for same reason as rifles.
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Mortars

Mortars

Temperature below 10°F, lube with LAW, (9150

-

00

-

292

-

9689) instead of CLP,   (9150

-

00

-

231

-

2361)

Wipe inside of bore dry before going out into the cold

Cover cartridges

Keep fire control instruments in their cases

Cushion base plate

Use anticontact gloves for dropped rounds


Mortars also require special attention in cold weather.  Use LAW below 10°F as LAW is not as stiff  in cold weather.  Wipe the inside of the boar dry before you go into the cold. This will help prevent ice formation that will cause malfunctions with the mortar.  Cartridges must be covered until they are ready to be fired to prevent snow  and ice formation.

Keep fire control instruments in their cases to prevent fragile parts that become more brittle with extreme cold from damage. Prevent introducing these items to rapid warming which can damage them.  When brining the mortar in from the cold wait at least an hour before cleaning and lubricating.  By  then,  the mortar will have stopped sweating from condensation and you can get rid of all the moisture.

Frozen ground has no resiliency and the base plate and other bracing parts will receive all shock of firing.  It is necessary to position the base plate so that it will not slide on frozen ground during firing which can be catastrophic.  Place brush matting or dry sand under the mortar to act as a shock absorber.  Do not use so much material that it causes the base plate to bounce out of position.

Use of gloves that are not anticontact can result in a mortar shell not dropping properly down the tube damaging equipment or causing injury or death.
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Communications

-

Signal Strength

Communications

-

Signal Strength

Secure speech devices, such as the KY

-

57, may lose signal 

due to fading and static induced by  Aurora Borealis 

activity

Aurora Borealis activity can adversely effect or absorb HF 

signals

FM signals are not degraded; on occasion their range will be 

increased.


Electromagnetic conditions in the Aurora Borealis can cause noise, suppress signals and cause unusual wave propagation in radio communications; ionosphere+ 40-250 miles, electronically charged region, depends on time of day and time of year.

Fading and severe static can cause secure speech devices, such as KY-57 or ICOM SINCGARS in secure mode, to lose signal and will require numerous re-transmissions to complete long messages.

High Frequency (HF) wave propagation significantly deteriorates with changes occurring in the ionosphere especially towards the evening hours, during sunspot activity, and auroral activity.

On a good day, HF communications between stations 100 kilometers or more apart might be limited to only 6 hours. This is due to radio wave absorption in the ionosphere.

FM signals “line of sight” are not significantly affected by auroral activity. Under some conditions, tactical FM radio communications will be increased by the affects of auroral activity. 
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Communications

-

R/T’s

Communications

-

R/T’s

Breath shields must be used on microphones

Batteries must be kept as warm as possible

Allow radios to warm for 3 to 4 minutes prior to operation

Place radios and switchboards off the ground and away 

from tent walls 

Radios exposed to extreme cold are sensitive to rough 

handling

Keep radios away from high heat sources such as the 

Yukon stove


Breath shields such as battery packaging or a non-lubricated condom will prevent moisture from freezing the internal components of handsets. A wool sock keeps snow and ice out while protecting the operator from contact with cold plastic or metal.

Communications equipment suffers from similar limitations as other battery powered equipment. Batteries should be kept as warm as possible and a spare set should be kept warm and rotated as required.

Radio equipment becomes more sensitive to shock and vibration when it is very cold. Care should be taken to avoid rough handling.

Avoid overheating: do not place next to heaters such as the Yukon stove or SHA. Over cooling can be a problem if the item is placed directly on the tent floor or too close to the tent walls.

After a radio has not been used and is cold-soaked, it is best to allow 3-4 minutes warm up time prior to use.
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Communications 

-

Wire

Communications 

-

Wire

Spare  connectors, cables, and handsets should 

be available

TA

-

1/PT performs poorly in extreme cold beyond 

squad or platoon boundaries; TA

-

312/PT is 

reliable when powered by alkaline BA

-

3030/U

Wire communication line should not be laid on the 

ground along ski trails

Wire may freeze, becoming difficult to recover


For all communications equipment, it is best to carry spare connectors, cables, handsets, as these become rigid and inflexible and break easily at low temperatures.

The TA-1 field telephone perform well beyond squad and platoon size boundaries. The TA-312/PT is reliable when powered by alkaline BA3030/U batteries.

Wire communications lines should not be placed on the ground by ski trails that are used for troop movement as a safety precaution. Wire should be elevated well above head level.

Commo wire that is placed directly on the ground can be difficult or impossible to recover due to freezing. The process of laying/recovering wire will be more time consuming in a snow covered region. A method of marking the wire in snow is important. 
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Communications 

-

Antennas

Communications 

-

Antennas

Any icing will detune and reduce range for 

directional antennas; this effect increases as 

frequency increases

Difficult to erect antenna masts; use pitons or steel 

tent pegs; lashing a tree is effective

RG

-

213 Coax is recommended; RG

-

8 which cracks 

at 

-

20

Use of a counterpoise may be required


Ice accumulation will de-tune and reduce the range for directional antennas. This effect will increase with frequency. Radio operators will notice a reduction of range and increase in noise with antenna equipment that is ice covered. Ice can be removed from antennas by shaking them occasionally. Excessive ice can break or strain antenna components.

Frozen ground presents a significant obstacle to erecting antenna masts. Angle pitons or 12 inch steel tent pins make excellent substitutes for pegs which cannot be driven into the ground. Extra guy wires or material should be carried to maintain antenna masts in high winds.  Lashing masts to directly to trees can be an effective method.

At temperatures below -20°F, RG-213 coax cable should be used. RG-8 coax becomes brittle below this temperature and is prone to cracking when bent or strained. 
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Communications

-

Antennas

Communications

-

Antennas

“Precipitation static”

-

flakes or pellets of highly charged 

snow

Static shocks can result from leads of ungrounded 

antennas

Orientation of antennas must take magnetic declination 

into account

(cont..)


Antennas can develop precipitation static during snow or ice storms. This is caused by highly charged snow or ice striking and transferring electrical charges to the antenna surface.

Operators can receive heavy shocks from antenna leads that are not grounded. Antenna masts and cables collect static electricity during high winds and snow storms, which can deliver this charge through the connector.

Magnetic declination can affect aiming of directional antennas. Radio operators must compensate for the large declinations encountered in northern latitudes.
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Communications

-

Grounding

Communications

-

Grounding

Frozen ground offers high electrical resistance; 

permafrost obstructs ground rods

Do not use ground or counterpoise for more than 

one transmitter or electrical system

Ground rod must be driven deeply into ground or 

through ice to water; tree spike method is also 

effective

Use Surface Wire Ground System (SWGS)

Frozen ground offers high electrical resistance; 

permafrost obstructs ground rods

Do not use ground or counterpoise for more than 

one transmitter or electrical system

Ground rod must be driven deeply into ground or 

through ice to water; tree spike method is also 

effective

Use Surface Wire Ground System (SWGS)


Frozen earth does not offer an easy ground. Standard systems and methods may be impossible to construct. Permafrost  may be as hard as concrete and frozen earth will have high electrical resistance. Use of existing grounds is recommended; such as pipes, buried steel, etc.

A hole must be made as deep as possible. This is best done with a shaped charge or small auger, (at least 12 to 30). The hole is filled with water to increase conductivity. Salt should be added to the water to further increase conductivity.It may not be possible to recover the ground rod until thawed when using this method.

It is also possible to obtain a good ground by boring a hole in a frozen stream or pond to submerge the electrodes in the water below. Another approach is to find a tree with a substantial root system. A makeshift ground can be made by driving a large metal spike deep into the tree and using the tree’s sap to establish contact with the ground water in the surrounding soil.

The most effective tactical ground system to use in frozen areas is the Surface Wire Ground System (SWGS). This system consists of pins connected together with cable to form a grounded grid.

Counterpoise- a conductor or system of conductors used as a substitute for ground in an antenna system
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Generators

Generators

High failure rate often due to outdated Lubricant Orders

Use clean fuel

-

contaminated fuel causes generator fuel 

line icing

Check, drain, and clean filters daily and at shutdown

Preheat and provide a small shelter so that the generator 

provides its own heat

Proper grounding

Keep the battery warm


Power sources should be inspected and winterized with the same rigorous effort directed to motor vehicles. These items have a high failure rate at sub-zero temperatures which is often due to improper lubrication and exposed batteries.

Preheating of electrical power generators prior to starting will increase the chances of starting.

Fuel system problems due to contamination is common. This occurs when fuel cans are left open or snow is not brushed completely away from the filler openings prior to use. Fuel filters must be maintained IAW appropriate technical manuals.

Generator batteries are subject to the same stresses as those in motor vehicles. One method that has been used successfully to protect generators is to construct small ventilated shelters that retain some heat for generator components.

Proper grounding of generators is also important and the same procedures should be used as discussed previously.
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SECTION V
STUDENT EVALUATION



Testing

Requirements



Feedback

Requirements


Appendix D

Index of student Handouts



This Appendix

Contains

	Title/Synopsis
	Pages

	SH-1, Advance Sheet
	SH-1-1 thru SH-1-2



Advanced Sheet for TSP C002, 

Title:  Effects of Cold Weather on Military Equipment

Overview



TLO

Terminal Learning Objective for this lesson is:

	Action:
	Describe the effects of cold weather on military equipment  

	Condition:
	In a classroom environment.

	Standard:
	Correctly describe the effects of cold weather on military equipment.



Enabling
Learning
Objectives


Student 
Assignments



Bring to

Class


Note to
Students

C002


1.0


Effects of Cold on Military Equipment 








Send comments and recommendations on DA Form 2028 (Recommended Changes to Publications and Blank Forms) directly to:





		ATTN:  TRAINING ADMINISTRATOR


		COMMANDANT USARAK NWTC


		1060 GAFFNEY ROAD #9900


		FORT WAINWRIGHT AK 99703-9900





The Lesson Developer in coordination with the USARAK NWTC foreign disclosure authority has reviewed this lesson.  This lesson is releasable to foreign military students from all requesting foreign countries with Approval of Commandant USARAK NWTC.





This lesson requires the following academic hours:





			Peacetime			Mobilization


			Hours	/  Methods		Hours	/  Methods


			1.0     	/  CI			1.0    	/  CI					___________________________________


	Total Hours:	1.0    				1.0    























None





Before class read:  Student Handout , Advance Sheet, and NWTC CWOM, Chapter 11





During Class:  Participate in discussion and practical exercises.





After Class:  Turn in recoverable references and equipment after the examination for this lesson.





This TSP requires one small group leader (SGL) who meets the requirements listed in the Course Management Plan.  In addition, the SGL will:





Read and study all TSP materials and be prepared to conduct the class.


Conduct the class in accordance with this TSP.


Collect all recoverable materials after the examination for this lesson.








Method of instruction:  LG


Technique of instruction:  CO


Instructor to student ratio:  1:Class


Time of Instruction:  00:20 to 00:30


Media used:  Used





NOTE: 	Refer the students to page 11-4 in their USARAK NWTC


Cold Weather Operations Manual, and the platform class.





Instructor Materials:


TSP


( 	NWTC Cold Weather Operations Manual


Risk Management for Winter Operations





Student Materials:


NWTC Cold Weather Operations Manual


Risk Management for Winter Operations


Pen and notepad





The classroom area must be large enough to facilitate 100 students and SGL.








None





This TSP has questions throughout to check on learning or generate discussion among the group.  You are expected to add any questions that you deem necessary to clarify points for the group or to expand upon any matter discussed.





You must know the information contained in this TSP well enough to teach from it, not read from it.





The following individuals reviewed and approved this lesson for publication and incorporation into the NWTC POI.





Method of instruction:  LG


Type of instruction:  CO


Instructor to student ratio:  1:Class


Time of instruction:  01:00 to 01:00


Media used:  None











In cold regions, climatic conditions will greatly affect the operation and employment of different types of military equipment.  Every soldier must be aware of the limitations and special considerations imposed upon his equipment by cold weather.  Failure to educate your soldiers on the effects of cold on military equipment may result in failure to accomplish your mission.














.NOTE:	Inform the students of the following Terminal Learning Objective (TLO) requirements.





At the completion of this lesson, you will





Ensure that students:





(  Receive a risk assessment prior to training.





Determined by the instructor





According to local environmental SOP





After the field training exercise you will participate in a written examination testing your knowledge of over snow movement techniques. 





NOTE:	(  Inform the students where their examination will take


	    place as posted on the training schedule and when


		    they will receive feedback on the test.  Include any


		    retest information.


		(  Inform the students that they must turn in all


    recoverable reference material after the examination.





Movement in cold weather environments can be one of the most difficult tasks that a unit may encounter.  Vehicles are the most preferred method of movement, but, with cold weather comes a higher maintenance requirement and incidence of problems.  Some of the most commonly encountered problems are listed below, along with some useful problem-solving tips, which may assist you in accomplishing your mission:














ENABLING LEARNING OBJECTIVE 1





NOTE:  Inform the students of the enabling learning objective requirements





Method of instruction:  LG


Technique of instruction:  CO


Instructor to student ratio:  1:Class


Time of Instruction:  00:10 to 00:20


Media used:  Used





NOTE: Refer the students to page 11-12 in their USARAK NWTC


Cold Weather Operations Manual, and the platform class.





(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11.12, Task II.0100.01)





I.	Effects Of Cold On Communication Equipment 





The extreme cold in the arctic areas affects communication equipment both by reducing the efficiency of certain components and by making operating conditions particularly difficult.  The need for regular and careful maintenance must therefore be combined with intelligent siting and a particularly high standard of operation.








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-2, Task II.0100.02)





A.	Standard Winterization





1.   Ensure that proper antifreeze/water mixture is utilized.  Generally a 60% antifreeze, 40% distilled water mixture offers the best protection against extreme cold temperatures





2.   Inspect all belts and hoses for cracks, dry-rot, or breaks, and replace as necessary





3.   Ensure vehicles have correct thermostats installed





4.   Install winterfronts or radiator shutters





5.   Ensure that the vehicle personnel heater is mounted and operational





6.   Ensure that tire chains, swingfire heaters (see Appendix G), ice scrapers, and other equipment required for operation in cold/icy/deep snow conditions is present, and that vehicle crews are thoroughly trained in their use.  Tire chains should be pre-fitted to vehicles, and their mounting/dismounting should be a crew drill.





B.	Lubrication





1.   Check applicable TM’s and FM 9-207 for recommended lubricants





2.   Store lubricants in warm place





3.   OEA (oil, engine, arctic) is generally best for cold weather operations, and can be used for short periods of time in temperate conditions.  This will allow you to winterize vehicles prior to load-out when deploying from a temperate to a cold region.





C.	Tires





1.   Tires become more rigid and develop flat spots when parked in extreme cold temperatures.





2.   Inflate tires, in a warm environment such as motorpool, to 10PSI above normal.  This allows for contraction and pressure loss once vehicle is out in the cold.





3.   Place barrier materials( spruce branches, cardboard) under tires to prevent freezing to ground when parked for long periods of time.








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-12, Task II.0100.01)








A.	Radios





1.   Auroral activity has little effect on tactical FM radios, and on occasion has increased their range.  The same phenomenon can, however, severely limit the range of high frequency communications.  To obtain the best performance from your HF communications gear, consult your Signals Officer, who can provide you with the most effective frequencies.  These frequencies are determined from a frequency propagation chart.





2.   All flexible cables and some metal parts become brittle at low temperatures; power connectors and cables are easily broken by rough handling.  If a radio is dropped or jarred when it is cold soaked, it is more likely to be damaged than a warm radio.





3.   All moving parts may become stiff or may jam because of the varying contraction or different metallic parts and because of frozen condensation.





4.   All cables should be handled carefully.  Before connection they should be warmed so that they can easily be used without damage, particularly between a vehicle and a dug in position, or between two vehicles.  RG 213 Coax is recommended because it is thickly insulated and a highly pliable cable designed for use in extreme cold weather conditions.





B.	Condensation





Radio equipment is susceptible to the same dangers from condensation (sweating and re-freezing) as are weapons, with the added problem of internal condensation, which may take a long time to dry, and which may damage circuits.





2.   Moisture from breath will freeze onto handsets and quickly clog them with ice; the push-to-talk switch may also become ice covered.  Handsets should be protected by a cover which can be improvised from plastic or cloth.





3.   Manpack radio sets should not be brought into a warm shelter, if the radio needs to be used, the radio should be placed outside in the rucksack, and the handset placed under the tent flap so that the operator can monitor it.  If the radio is to be brought inside, it should be kept away from heat sources to prevent overheating and minimize sweating, and it should be kept away from the doorway where cold air can enter, to prevent overcooling and rapid temperature changes.  Remember, you can't fieldstrip a radio like you can a weapon to get at the condensation on the internal parts.








ENABLING LEARNING OBJECTIVE 2





NOTE:  Inform the students of the enabling learning objective requirements





(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11.12, Task II.0100.01)





D.	Antennas





1.   Antennas may be difficult to erect in deep, soft snow, or on frozen ground.  They are also more likely to become iced up, and they are susceptible to a phenomenon called precipitation static.  This is a condition that occurs when charged particles of snow or ice blow against the antenna; the particles discharge when they contact the antenna; the electrical discharge is heard as static by radio operators.





2.   Telescopic antennas are particularly unmanageable because of their weight and icing of securing rings.  Internal moisture may freeze the sections together during storage.  Antennas, and the supports of wire antennas, should be jarred frequently to dislodge any ice that may form on them.  Wire antennas should be erected so that the wire is attached to a single post, either by string (of a tensile strength that will break before the antenna does), or by a pulley and counterweight system that will give under the weight of the ice.





3.   An antenna can be given additional height in an area where there are saplings by bending one over, attaching the antenna, and then slowly releasing the branch.








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)





D.	M203 Grenade Launcher





1.   Not as susceptible to breakage due to the small number of moving parts.  If breakage or malfunction does occur, it is most often the result of snow and ice accumulating on the breach face, in particular in the firing pin opening.





2.   40mm projectiles loses some effectiveness due to the shock absorbing effect of snow and resulting increase of the number of dud rounds.





3.   Some reduced range is noticeable due to slower burning propellant in cold weather.  As with other weapons systems, re-zero the weapon to compensate for the lower temperatures.





E.	MK 19 Automatic Grenade Launcher





1.   Use GMD lubricant at low temperatures.





2.   Use cloth covers rather than plastics to protect the weapon from the elements.  In addition, plastic or rubberized covers can become stiff or brittle in the cold.  This may result in difficulty removing them (especially when you must do so in a hurry) or in damage to the cover.





F.	Mortars





1.   Hand protection must always be worn (contact gloves).  The gloves must not be loose , because when the ammo is being dropped into the tube, a vacuum occurs which can suck the glove into the tube creating a hazardous situation.





2.   Breathing on sites, or on the mortar ballistic computer will cause fogging and freezing of equipment.





3.   Muzzle and sight covers should be used when not firing the weapon to prevent snow and ice from entering the tube.  The Mortar Ballistic Computer is programmed to accept temperatures down to –50(F.  This automatically compensates for cold-induced slow burning of charges when computing firing data.  The MBC is not programmed for temperature inputs colder than –50(F.





4.   Aiming stakes will become loose when placed in snow.  Utilize sandbags or an anchoring device to keep them in place once set.















































Method of instruction:  LG


Technique of instruction:  CO


Instructor to student ratio:  1:Class


Time of Instruction:  00:05 to 00:10


Media used:  None














A study of man’s military history in cold and mountainous regions leads to one basic conclusion- his successes and failures are measured in terms of his regard for the dominant characteristics of a cold environment. As soldiers, we must be prepared to live, move, and fight in a cold environment. Over the past 1.0 hrs we have discussed:





Describe the effects of extreme cold and auroral phenomena on communications equipment and how to maintain communications equipment in the extreme cold.


Describe the effects of extreme cold on vehicles and describe how to maintain vehicles in an extreme cold environment.


Describe the effects and how to properly maintain weapons/ammunition in the extreme cold.








Two factors dominate the battlefield during winter: cold and snow.  Cold can be an insidious enemy, wounding on contact and forcing the soldier to take active steps to insure his own survival.  Snow can be an encompassing obstacle, forcing the soldier to learn the use of special techniques and equipment to move about the battlefield.























(  Answer any questions the students may have on 





(  The PE’s conducted during this lesson also acted as a check on


    learning.





(  Answer any questions the students may have on 





(  The PE’s conducted during this lesson also acted as a check on


    learning.





Information covered in this lesson may appear on the end of course written examination.








NOTE:	Inform the students of where the examination will take place as posted on the training schedule, and when they will receive feedback on the test.  Include any retest information.


















































ENABLING LEARNING OBJECTIVE 3





NOTE:  Inform the students of the enabling learning objective requirements








This Appendix contains the items listed in this table--





During this lesson you will learn about the effects of cold weather on military equipment, which is a critical task for all Level I Mountaineers.  This information you are going to learn is widely used and important for military operations in cold weather and mountainous terrain.





The ELO’s for this lesson are:


Describe the effects of extreme cold and auroral phenomena on communications equipment and how to maintain communications equipment in the extreme cold.


Describe the effects of extreme cold on vehicles and describe how to maintain vehicles in an extreme cold environment.


Describe the effects and how to properly maintain weapons/ammunition in the extreme cold.











Before Class:  Read Chapter 11 in your USARAK NWTC Cold Weather Operations Manual.











You must bring the following materials to class:


NWTC Cold Weather Operations Manual


Risk Management for Winter Operations


Pen and notepad








It is your responsibility to come to do the homework prior to class.  NWTC expects you to come to training prepared.  You will participate in small group discussions as well as practical exercises.  You will also be responsible for mastery of all subjects covered prior to this period of instruction, as tasks previously taught are prerequisites for successful completion of the practical exercise portion of this training.  Failure to read and study assignment(s) above will result in your inability to participate with the rest of the group.  





(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)





B.	Condensation on Weapons





1.   Condensation forms on weapons when they are taken from a cold into a warmer environment.  This is called "sweating".  If weapons are taken back into the cold without removing the condensation this "sweat" can turn to ice, which will result in stoppages.  For this reason, it is best to leave weapons outside when temperatures are below freezing.  When left outside, weapons should be readily accessible, but sheltered, so that ice and snow will not get into the working parts of the weapon (sights, barrel).





2.   If necessary, weapons may be taken inside for cleaning.  The condensation or “sweating” will continue for approximately one hour after introduction of the weapon into a warm shelter.  Wait until the “sweating” process has concluded, 





then, begin to thoroughly clean the weapon.  If weapons are to be kept in heated shelters, they should be kept near, but not on, the floor to minimize condensation.





NOTE:  To prevent condensation from forming on objects moved from a cold to a warm environment, place the object in a sealed non-breathable container.  A plastic trash bag will suffice.  This prevents exposure of the object to the warmer environment.  The condensation will form on the container instead of the object.  When the object is “room temperature,” remove it from the container.





C.	Snow and Ice





To keep snow and ice out of a weapon, some type of cover is needed.  Request muzzle caps from the unit armorer, they are expendable and will do the job. If none are available, you may have to improvise.  Some ways of doing this are: using plastic bags, tape, or condoms.





D.	Ice Fog





A visibility problem can be encountered when weapons are fired in still air conditions where temperatures are below –30(F.  As the round leaves the weapon, the hot propellant gases cause the water vapor in the air to condense.  These droplets of condensed water vapor then freeze, creating ice particles which produce a cloud of ice fog.  This fog will hang over the weapon and follow the path of the projectile, obstructing the gunner’s vision along his line of fire, as well as revealing his location to the enemy.  When faced with this problem, fire at a slower rate and/or relocate to an alternate firing position.















































(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)





I.	Ammunition





1.   Cold weather can materially affect the accuracy of weapons and the performance of ammunition.  The ammunition should be kept as the same temperature as the weapon and should be carried in bandoleers, with additional ammunition stored in its shipping containers, covered and stored off the ground.  Magazines must be clean of all oil and preservatives and checked frequently.  All ice and condensation must be removed.





2.   The burning rates of various types of propellant charges are affected by the severe cold.  When cold-soaked ammunition is fired from a weapon that was 





zeroed under temperate conditions, the zero will change.  Weapons that will be used in extreme cold temperatures should be zeroed in similar conditions.





3.   VT (variable timed) fuze type ammunition is better than point detonating fuzed munitions in snow-covered terrain.  Impact or delayed fuze ammunition will penetrate the snow decreasing its bursting radius and possibly cause the fuze to fail to function and detonate.  However, VT fuzed munitions are prone to detonating at higher altitudes over snow covered terrain due to higher radio reflectivity of the snow.  Therefore mechanical time fuzing may be best, under some circumstances where height of burst is critical.





J.	Cold Weather Hand Gear





When wearing mittens the speed in handling, firing and reducing weapon stoppages will be decreased slightly.  However, this is not an excuse for not wearing hand protection.  Under extreme cold conditions bare flesh will freeze instantly to cold soaked metals.





K.	Grenades





1.  Fragmentation grenades suffer a reduced causality-producing radius due to energy dissipation in the snow.





2.   Smoke grenades are useless unless placed on a platform to prevent them from sinking into the snow.  Taping or wiring a grenade to a stake which can be driven into the snow works well. 





CAUTION:  SOLDIERS USING GRENADES MUST ENSURE THAT THEIR GLOVES OR MITTENS ARE DRY.  FAILURE TO DO SO MAY RESULT IN AN ARMED GRENADE FROZEN TO THE THROWER’S HAND.





	





(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)


	


6.   Below –15(F the gunner must wear facemask to prevent icing of sight from breath (protective masks with M4 winterization kit installed work well).





7.   Activation of launch motors after initial firing will create ice fog at temperatures of -30(F or colder that may hinder the gunner's ability to track targets





8.   Double the backblast danger/caution area size if the temperature is below 0(F.





I.	M220 Series TOW Weapons System





1.   Can be effectively used in temperatures down to –25(F.





2.   Experiences the same temperature-related problems as M47 Dragon





3. Double the backblast danger/caution area size if the temperature is below 0(F.





J.	 MANPADS (Stinger)





    	1.   Additional interrogation/tracking time will be required due to temperature-related diminished battery performance.





    	2.   The Nickel-Cadmium battery must be fully charged.





3. Double the backblast danger/caution area size if the temperature is below 0(F.





Emplacement





Most crew served weapons require a stable base or platform to be fired with accuracy.  In cold climates, the snow often settles with the recoil of the weapon and causes it to dig in.  If the weapon is employed on the frozen ground, the shock of firing is absorbed by the weapon instead of the ground, and may result in breakage or reduced accuracy.  If the snow is not too deep, and time is available, tripods and/or baseplates should be dug in.  To solve this problem in the deep or soft snow, firing platforms may be improvised by using snowshoes, skis, and/or ahkios.  Mortar baseplates must be dug in due to the heavy recoil that they must absorb.  This will prevent their “skipping” when the mortar is fired. 








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)





5.   Baseplates become brittle when exposed to the extreme cold, this, coupled with the decreased ability of frozen ground to absorb shock, results in baseplates being more prone to breakage than normal.





6.   Baseplates must be dug in if possible, to prevent the baseplate from skipping.  Shock absorbing materials such as spruce branches, sandbags, etc should be used for absorbing recoil during firing, but not to an extent which will allow the baseplate to bounce out of the hole that has been dug for it.





7.   Swab bores thoroughly after each mission to remove any excess propellants.





G.	M136 (AT-4) Antitank Weapon





1.   Plastic and rubber components become brittle and can crack in extreme cold.





2.   Ice fog and vapor trails will occur when weapon is fired.





3.   Gunner must wear a facemask or scarf when temperatures reach 


–15(F to prevent icing of sight .





	    4.   Backblast danger and caution area sizes should be doubled at temperatures below 0(F.





H.	M47 Dragon Medium Antitank Weapon





	1.   Can be used down to –40F;  operational temperature for Dragon with thermal sight is-25F.  





	2.   At –40F, the effective range is 800m.





	3.   Colder temperatures increase the frequency of broken wires and lost rounds.





	4.   Winds in excess of 15 knots have a noticeable affect on tracking.





	5.   If taken into warm area condensation can form inside both sights.








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-2, Task II.0100.02)





D.	Batteries





1.   Batteries are adversely affected by the cold, available power decreases as battery temperature decreases.





2.   Ensure weak or dead batteries are not frozen; they can explode when attempting to “jump start”.





3.   A fully charged battery will not freeze.


		


E.	Fuels





1.   Mogas in not significantly effected by cold temperatures.





2.   Diesel Fuel Arctic (DFA), is recommended for use when temperatures are –10 or colder.





3.   Clouding, (formation of waxes), occurs in diesel fuel at low temperature.





4.   Additives can greatly inhibit icing and fuel line freeze-up.





F.	Vehicle Starting





1.   Always PMCS vehicle before, during, and after vehicle operation. Follow the TM when doing so.





2.   Start engine and allow vehicle to idle for approximately 3 minutes before moving.





3.   Drive slowly at first, allow time for moving parts to reach operating temperatures before increasing engine speed.





4.   Downgrade all hoist and winch capabilities.  Certain metals will lose up to 50% of their shockload tensile strength at temperatures of –20(F or colder.





5.   Ensure that correct engine idle is set for proper battery charge (usually 1100-1200 rpms).  This may increase for vehicles that operate as a command or communications vehicle.





(For detailed procedures regarding the SUSV, see Appendix F)








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11.12, Task II.0100.01)





NOTE:  To prevent condensation from forming on objects moved from a cold to a warm environment, place the object in a sealed non-breathable container.  A plastic trash bag will suffice.  This prevents exposure of the object to the warmer environment.  The condensation will form on the container instead of the object.  When the object is “room temperature,” remove it from the container.





C.	Batteries





1.   Batteries of all types give less power at lower temperatures, and the conventional dry cell battery loses efficiency very rapidly as the temperature falls.  Magnesium batteries are 0% effective at –40(F.  Lithium batteries are 18% effective at –40(F with an expected life of 25 to 30 hours at that temperature.





2.   Dry batteries should be stored at a temperature above –10(F, and they should be gently warmed before use. Immediate exposure of a warm battery to extreme cold temperatures could cause internal damage.   





3.   The batteries of vehicle-mounted radio sets should be placed in warmest area possible, and well insulated on those sides that are against the cold metal of the vehicle body.  It will often be necessary to balance the need to conserve battery life by switching off sets against the advantage of keeping the sets warm by running them.





4.   Battery maintenance is important; lead acid batteries should never be allowed to drop below 2/3 full charge or charged below 15(F.  A fully charged battery will not freeze at extreme cold temperatures ( as low as –90(F).  However, the specific gravity of batteries should be checked at a minimum of once a week, using a view type battery/antifreeze tester.





5.   Alkaline batteries are better than carbon batteries, because they have a longer life expectancy and are less effected by colder temperatures.  Batteries with a specific gravity of less than 1.250 should be recharged. 





6.   Spare batteries for manpack radios, NVG’s, etc., should be carried inside of clothing to help retain heat for optimum performance.











(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)





C.	M2, M60, M240, M249 Machine Guns





1.   High rate of breakage due to the large number of moving parts.





2.   Unit armorers should carry plenty of spare parts, especially those most prone to failure (firing pins, extractors, feed pawls, etc).





3.   Buffer groups are affected in the same manner as the M16A2 buffer assembly.





4.   A common malfunction is “short recoil” (bolt does not recoil fully to the rear) which occurs early in firing.  Apply immediate action procedures until metal warms.





5.   Never place a hot barrel directly in the snow when changing barrels.  Not only will this clog the barrel with ice, it may cause the barrel to warp as a result of sudden and uneven cooling.





6.   When temperatures are –30(F or colder, automatic weapons may be affected by ice fog.  Ice fog is formed as a result of the hot propellant gases produced by the weapon contacting the cold air.  The resulting cloud of ice crystals may limit the gunner's observation, and will betray the weapons' position to enemy observation. 2-3 alternate firing positions must be prepared.





7.   A firing platform may be constructed from ration boxes or other available materials.





8.   Semi- permanent platforms may be constructed by attaching ski pole baskets or snowshoes to the bipod.  Ski pole baskets only work well in hard or compacted snow; issuing an extra snowshoe without bindings to weapons crews is preferable.





9.   The M-249 Saw safety selector switch is extremely difficult to move when cold soaked.





All weapons are more difficult to operate in extreme cold, if only because of the bulky handgear which is part of the cold weather uniform.  As a leader, you must ensure your gun teams not only practice crew drills, but that they do so under realistic conditions; make your teams practice while wearing arctic mittens, snowshoes, etc.—it will pay dividends for you!














(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)


	


E.	Breakage and Malfunctions





1.   Extreme cold causes metal and plastic to become more brittle than it is at warmer temperatures.





2.   Breakage generally occurs early when a cold weapon is fired; the metal is heating and rapid and unequal expansion of parts is occurring.  Begin firing small arms at a slow rate of fire in extreme cold weather, if the tactical situation permits. This will greatly reduce the likelihood of the weapon malfunctioning .





            3.   Freezing of moisture produced by sweating or the accumulation of snow or ice in the weapon will also cause malfunctions and stoppages.





4.   After a weapon has been fired, the heat it has generated can cause any snow or ice it comes into contact with to melt.  This water will then re-freeze and may cause the weapon to malfunction.





III.	Tips To Remember For Organic Weapons





A.	9mm Pistol (Beretta)





1.   Breakage of moving parts is rare, but some breakage of the extractor and the firing pin does occur.





2.   This weapon is affected by condensation more than other weapons, due to the fact it is most often carried by personnel whose duties require them to frequently enter and exit heated shelters and vehicles.  Freezing generally occurs around slide and magazine well





B.	M16A2/M4





1.   Little breakage will occur if the weapon is fired at slow rate of fire until warm.





2.   Breakage usually occurs around the extractor, ejector, and firing pin.





3.   The buffer group’s ability to absorb shock is decreased, thus increasing the chance of breakage.





4.   Re-zero the weapon when deploying from a temperate to a cold environment. Cold temperatures may cause a decrease in the burning rate of propellants, which can significantly change projectile trajectories.  In effect, this will nullify the zero of the weapon.








(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-4, Task II.0100.03)


	


II.	Cold Weather Related Weapon Problems





A.	Care and Maintenance





Weapons will function under extreme cold conditions, if given proper care.  Lubricants that are normally used under temperate conditions, such as CLP, thicken in cold weather and stoppages or sluggish weapon action will result from their use.  CLP will freeze at –35F  To eliminate this problem, the weapon must be completely stripped, thoroughly cleaned, and lubricated with LAW (Lubricating oil Arctic Weapons).  As a minimum, the camming surfaces of the bolt should be lightly oiled with LAW.  The rest of the weapon can be left dry.  LAW is not available in the refillable half ounce bottles normally found in weapons cleaning kits, but is available in larger sized one quart containers (NSN 9150-00-292-9689).  If LAW is not available, use a dry graphite lubricant or fire weapon dry.





Method of instruction:  LG


Technique of instruction:  CO


Instructor to student ratio:  1:Class


Time of Instruction:  00:10 to 00:20


Media used:  Used





NOTE: 	Refer the students to page 11-2 in their USARAK NWTC


Cold Weather Operations Manual, and the platform class.





(REF:  USARAK NWTC Cold Weather Operations Manual, pg 11-2, Task II.0100.02)





I.	Effects of Cold on Military Vehicles





Movement in cold weather environments can be one of the most difficult tasks that a unit may encounter. Vehicles are the most preferred method of movement, but, with cold weather comes a higher maintenance requirement and incidence of problems.  Some of the most commonly encountered problems are listed below, along with some useful problem-solving tips, which may assist you in accomplishing your mission:
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Cooling System

Ethylene-Glycol must be mixed to a proportion of water to be effective



Use of a block heater is important as ice crystals will begin to form at -40°F 



Arctic type antifreeze protects to -90°F 



High-temp thermostat may be used
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An anti-freeze mixture of anti-freeze compound and water must be used to protect cooling systems from freezing. It is imperative that the correct mixture of antifreeze to water is used for maximum protection.



The optimal mixture for extremely low temperature protection is 68% antifreeze and 32% water.  Above or below the 60% 40% mixture will result in reduced cooling efficiency.



Arctic type antifreeze offers the maximum low temperature protection to  -90°F, but is not efficient at higher temperatures.  It is only compatible with selected types of equipment.



When the average temperature will be between 0°F and -65°F, the +190°F to +195°F thermostats should be installed in systems that normally use a 150°F thermostat.  
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Machine-guns

High rate of breakage; require test firing prior to deployment.

Units must carry extra parts

Short recoil and buffer freezing causes malfunctions

Begin with slow rate of fire

Re-zeroing required



Machine-guns have a high rate of breakage and malfunction due to cold weather.  Especially affected are the sear and bolt parts. Gun crews must carry extra parts of this type.

One common malfunction is short recoil where the bolt does not recoil fully to the rear.  A second malfunction is caused by the freezing and hardening of buffers.  This causes great shock and rapid recoil, increasing cyclic rate and can cause parts to break.

All internal components and friction surfaces of machine-guns should be coated with LAW.  These small arms should be fired cold and dry if LAW or CLP is not available.

Firing should begin slowly at first to allow  the weapon to warm; short two or three round bursts at short intervals are sufficient until the weapon components warm.

Machine-guns should be test fired in cold weather prior to combat deployment to a cold weather area of operations.

Ammunition must be transported in enclosed drums or cans to prevent snow  fouling.  It should be kept at the same temperature as the weapon.

Machine guns should be re-zeroed in extreme cold for same reason as rifles.
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Communications - Wire

Spare  connectors, cables, and handsets should be available



TA-1/PT performs poorly in extreme cold beyond squad or platoon boundaries; TA-312/PT is reliable when powered by alkaline BA-3030/U



Wire communication line should not be laid on the ground along ski trails



Wire may freeze, becoming difficult to recover



For all communications equipment, it is best to carry spare connectors, cables, handsets, as these become rigid and inflexible and break easily at low temperatures.



The TA-1 field telephone perform well beyond squad and platoon size boundaries. The TA-312/PT is reliable when powered by alkaline BA3030/U batteries.



Wire communications lines should not be placed on the ground by ski trails that are used for troop movement as a safety precaution. Wire should be elevated well above head level.



Commo wire that is placed directly on the ground can be difficult or impossible to recover due to freezing. The process of laying/recovering wire will be more time consuming in a snow covered region. A method of marking the wire in snow is important. 
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Communications- Antennas

				



“Precipitation static”- flakes or pellets of highly charged snow



Static shocks can result from leads of ungrounded antennas



Orientation of antennas must take magnetic declination into account

(cont..)



Antennas can develop precipitation static during snow or ice storms. This is caused by highly charged snow or ice striking and transferring electrical charges to the antenna surface.



Operators can receive heavy shocks from antenna leads that are not grounded. Antenna masts and cables collect static electricity during high winds and snow storms, which can deliver this charge through the connector.



Magnetic declination can affect aiming of directional antennas. Radio operators must compensate for the large declinations encountered in northern latitudes.
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Generators

High failure rate often due to outdated Lubricant Orders



Use clean fuel- contaminated fuel causes generator fuel line icing



Check, drain, and clean filters daily and at shutdown



Preheat and provide a small shelter so that the generator provides its own heat



Proper grounding			Keep the battery warm



Power sources should be inspected and winterized with the same rigorous effort directed to motor vehicles. These items have a high failure rate at sub-zero temperatures which is often due to improper lubrication and exposed batteries.

Preheating of electrical power generators prior to starting will increase the chances of starting.

Fuel system problems due to contamination is common. This occurs when fuel cans are left open or snow is not brushed completely away from the filler openings prior to use. Fuel filters must be maintained IAW appropriate technical manuals.

Generator batteries are subject to the same stresses as those in motor vehicles. One method that has been used successfully to protect generators is to construct small ventilated shelters that retain some heat for generator components.

Proper grounding of generators is also important and the same procedures should be used as discussed previously.
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Communications-  Grounding

Frozen ground offers high electrical resistance; permafrost obstructs ground rods	

Do not use ground or counterpoise for more than one transmitter or electrical system	

Ground rod must be driven deeply into ground or through ice to water; tree spike method is also effective

Use Surface Wire Ground System (SWGS)



Frozen earth does not offer an easy ground. Standard systems and methods may be impossible to construct. Permafrost  may be as hard as concrete and frozen earth will have high electrical resistance. Use of existing grounds is recommended; such as pipes, buried steel, etc.

A hole must be made as deep as possible. This is best done with a shaped charge or small auger, (at least 12 to 30). The hole is filled with water to increase conductivity. Salt should be added to the water to further increase conductivity.It may not be possible to recover the ground rod until thawed when using this method.

It is also possible to obtain a good ground by boring a hole in a frozen stream or pond to submerge the electrodes in the water below. Another approach is to find a tree with a substantial root system. A makeshift ground can be made by driving a large metal spike deep into the tree and using the tree’s sap to establish contact with the ground water in the surrounding soil.

The most effective tactical ground system to use in frozen areas is the Surface Wire Ground System (SWGS). This system consists of pins connected together with cable to form a grounded grid.



Counterpoise- a conductor or system of conductors used as a substitute for ground in an antenna system
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Communications - Antennas

Any icing will detune and reduce range for directional antennas; this effect increases as frequency increases

Difficult to erect antenna masts; use pitons or steel tent pegs; lashing a tree is effective

RG-213 Coax is recommended; RG-8 which cracks at -20

Use of a counterpoise may be required



Ice accumulation will de-tune and reduce the range for directional antennas. This effect will increase with frequency. Radio operators will notice a reduction of range and increase in noise with antenna equipment that is ice covered. Ice can be removed from antennas by shaking them occasionally. Excessive ice can break or strain antenna components.



Frozen ground presents a significant obstacle to erecting antenna masts. Angle pitons or 12 inch steel tent pins make excellent substitutes for pegs which cannot be driven into the ground. Extra guy wires or material should be carried to maintain antenna masts in high winds.  Lashing masts to directly to trees can be an effective method.



At temperatures below -20°F, RG-213 coax cable should be used. RG-8 coax becomes brittle below this temperature and is prone to cracking when bent or strained. 
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Communications- Signal Strength

Secure speech devices, such as the KY-57, may lose signal due to fading and static induced by  Aurora Borealis activity



Aurora Borealis activity can adversely effect or absorb HF signals



FM signals are not degraded; on occasion their range will be increased. 



Electromagnetic conditions in the Aurora Borealis can cause noise, suppress signals and cause unusual wave propagation in radio communications; ionosphere+ 40-250 miles, electronically charged region, depends on time of day and time of year.



Fading and severe static can cause secure speech devices, such as KY-57 or ICOM SINCGARS in secure mode, to lose signal and will require numerous re-transmissions to complete long messages.



High Frequency (HF) wave propagation significantly deteriorates with changes occurring in the ionosphere especially towards the evening hours, during sunspot activity, and auroral activity.



On a good day, HF communications between stations 100 kilometers or more apart might be limited to only 6 hours. This is due to radio wave absorption in the ionosphere.



FM signals “line of sight” are not significantly affected by auroral activity. Under some conditions, tactical FM radio communications will be increased by the affects of auroral activity. 
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Communications- R/T’s

Breath shields must be used on microphones

Batteries must be kept as warm as possible

Allow radios to warm for 3 to 4 minutes prior to operation

Place radios and switchboards off the ground and away from tent walls 

Radios exposed to extreme cold are sensitive to rough handling

Keep radios away from high heat sources such as the Yukon stove



Breath shields such as battery packaging or a non-lubricated condom will prevent moisture from freezing the internal components of handsets. A wool sock keeps snow and ice out while protecting the operator from contact with cold plastic or metal.



Communications equipment suffers from similar limitations as other battery powered equipment. Batteries should be kept as warm as possible and a spare set should be kept warm and rotated as required.



Radio equipment becomes more sensitive to shock and vibration when it is very cold. Care should be taken to avoid rough handling.



Avoid overheating: do not place next to heaters such as the Yukon stove or SHA. Over cooling can be a problem if the item is placed directly on the tent floor or too close to the tent walls.



After a radio has not been used and is cold-soaked, it is best to allow 3-4 minutes warm up time prior to use.
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Mortars

Temperature below 10°F, lube with LAW, (9150-00-292-9689) instead of CLP,   (9150-00-231-2361)

Wipe inside of bore dry before going out into the cold

Cover cartridges

Keep fire control instruments in their cases

Cushion base plate

Use anticontact gloves for dropped rounds



Mortars also require special attention in cold weather.  Use LAW below 10°F as LAW is not as stiff  in cold weather.  Wipe the inside of the boar dry before you go into the cold. This will help prevent ice formation that will cause malfunctions with the mortar.  Cartridges must be covered until they are ready to be fired to prevent snow  and ice formation.

Keep fire control instruments in their cases to prevent fragile parts that become more brittle with extreme cold from damage. Prevent introducing these items to rapid warming which can damage them.  When brining the mortar in from the cold wait at least an hour before cleaning and lubricating.  By  then,  the mortar will have stopped sweating from condensation and you can get rid of all the moisture.

Frozen ground has no resiliency and the base plate and other bracing parts will receive all shock of firing.  It is necessary to position the base plate so that it will not slide on frozen ground during firing which can be catastrophic.  Place brush matting or dry sand under the mortar to act as a shock absorber.  Do not use so much material that it causes the base plate to bounce out of position.

Use of gloves that are not anticontact can result in a mortar shell not dropping properly down the tube damaging equipment or causing injury or death.
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Vehicle Chassis/Body

Springs and shock absorbers must be correctly mounted and functional			

Move vehicle slowly after start-up

	

Use friction tape on steering wheel and control knobs





Due to the reduced shock load capability of steel at low temperatures springs and shock absorbers must be checked prior to extreme cold.

Vehicles must begin movement slowly to allow  shock absorbers to warm sufficiently.  Movement on rough terrain must be taken with care to prevent breakage of springs and shock absorbers.

Tighten all assembly and mounting bolts during services.

Friction tape can be used on items  such as the steering wheel and control knobs that will be handled frequently as an insulator against cold contact, and to provide better grip for personnel wearing gloves or mittens.

11
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Rifles and Pistols

Muzzle fouling

Condensation

Magazine fouling

Lubricate with LAW

No particular problems with M-203 operation

Store ammunition and weapon at the same temp

Rezero rifles in extreme cold



Prevent barrel fouling by ice and snow by using muzzle end caps.

Fouling of magazines and ammunition with snow must also be avoided to prevent small arms malfunction. Condensation will form on small arms that are taken from extreme cold to warm indoor temperatures in tents and enclosures.  This condensation will form an emulsion with lubricants and refreeze when taken outdoors. Use of small arms racks must be enforced where practical.

Keeping the weapon operating surfaces clean and not over lubricated is imperative in cold weather .  Lack of lubrication may cause rust and friction which will not allow  the weapon to function properly.  However, too much lubrication will thicken at low temperatures and produce excessive drag.  At sub-zero temperatures small arms lube should be applied sparingly with a rag. Lubricant must be suitable for use in extreme cold weather to be effective.  A lubricant designed for temperate regions may become thick as the temperature drops.	CLP is effective down to -15°F.  Below  this temperature use LAW.  Lubricant, arctic weight.  It will not thicken as much as CLP at lower temperatures.

Rifles should be re-zeroed in extreme cold due to slower burning of propellants and cold effects on barrels. 
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Mk-19	

Use LSAT lubricant at low temperatures

Use cloth covers rather than plastic to prevent condensation

Use LAW if temperatures will be continuously below -25°F





For the Mk-19 use LSAT for temperatures down to -25°F.



Additionally, use covers to protect crew served small arms from snow  and freezing rain.

Covers should not be made of rubber or plastic as this material is prone to condensation, and may become too stiff and brittle to remove.

Covers should be constructed of canvas/cotton breathable material.
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Vehicle Operation 

Wear sunglasses to protect vision along snow

	 covered routes



Use a brush to keep headlights free of snow



Use an ice scraper for windshields; a cotton rag

	 for condensation on inside of glass



Fire extinguishers must winterized IAW the appropriate TM



Ensure alcohol evaporator kits are installed for air brakes



Safe operation of vehicles in cold weather environments includes use of sunglasses to protect drivers from snow-blindness, and reduced glare.



Drivers must also carry scrapers and brushes to clean windows and headlights of snow and ice accumulation.



A cotton rag is essential to keep condensation from forming inside of windows and windshield.



Fire extinguishers require special winterization to function in low  temperatures.



Air brakes should be winterized IAW the appropriate TM to prevent condensation from accumulating and freezing.



Vehicle operators must always have adequate clothing and equipment with them to survive if the vehicle becomes stranded or the heater fails.
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Tires

Become more rigid and may cause flat spots where  	tires contact the ground during shutdown	

Loss of pressure can cause slippage on rim, tearing 	of valve stem, or cracking of sidewall		

Must be inflated to the appropriate pressure, this is 	done in motor pool at 10 PSI over normal 	

Place material under tires to prevent them from 		freezing to the ground	





Rubber tires can become stiff when parked at extreme cold temperatures	

Rubber tires stay flexible down to -20°F, but will gradually harden below  this temperature.

At -50°F tires can support weight without air pressure because of the low  temperature properties of rubber.

As temperature decreases air pressure must be added to supplement the decreased pressure. This is generally 10 pounds per square inch over normal for use in temperatures below  0°F.  A tire inflated to 40 PSI indoors will change to 25 PSI when moved outside.

For extreme cold weather it is advisable to place material such as small branches or other insulating material under tires prior to parking.  If a flat spot develops move ahead slowly until generated heat permits tires to round-out.  Also, during periods of freezing rain, or sleet move the vehicle around often.
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Vehicle Operation

Vehicles must be properly tuned prior to  use



Heat retention devices should be installed



Downgrade hoists and winch capacities



From -20°F to -60°F, periodic starting/movement may

    		be necessary to keep vehicles operational



Engine idle must be as indicated in TM to maintain 	battery charge



Vehicles must be tuned and serviced prior to the onset of the winter.  Cold will cause an improperly tuned  motor to run even less efficiently.

Heat retention devices such as winter-fronts and higher temp thermostats must be installed to allow  efficient operation.

Winch and hoist cables lose tensile strength in extreme cold and their expected maximum capacity is reduced.

Periodic starting of engines and movement of vehicles may be required to prevent motors, transmissions and drive trains from becoming “cold-soaked”.

A starting schedule must be established and engines must not be allowed to run constantly.  Experience determines the intervals of the starting schedule.

Factors such as ambient or expected temperature, vehicle condition and readiness influence the starting schedule.  

Idling vehicles produces carbon monoxide hazards.  Leaders must not allow drivers idling engines to fall asleep.  Windows should be slightly cracked to prevent air in cab from being contaminated with carbon monoxide. 
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Fuels

MOGAS is not affected significantly by low temp



Diesel fuel is greatly changed by the formation of waxes



Condensation can contaminate fuel and turn into ice crystals

	

Additives can inhibit icing
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Mogas is not affected by low temperatures, although there are additives available which will increase it’s performance.



Diesel fuel contains waxes that congeal at temperatures below 0°F. If this occurs, the filter will clog and the fuel will not flow. Diesel fuel, Arctic, DFA, does not contain as much wax and performs well at low temperatures.



Condensation and water can accumulate in fuel containers, pumps, carburetors and fuel injectors. At low  temperatures, this water will form ice crystals, that will clog fuel lines, filters, jets, and injector nozzles.  To prevent this, add fuel system icing inhibitor to diesel fuels. Add methanol, technical, to gasoline.



Some fuels come premixed and adding too much ice inhibitor can cause reduced engine performance and possible engine damage.
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Vehicle Winterization

Antifreeze concentration

Change oil to arctic grade

Increase tire pressure/adjust tracks

Battery heating device

Block heating device



Winterizing vehicles involves applying any measure that will promote proper operation at the lowest temperatures which it will be used.

Technical manuals and local SOP’s specify which procedures for winterization  and those procedures must be followed.

Use of equipment in low temperatures involves two main areas of concern; starting the engine and maintaining a sufficiently high temperature in the engine and other components  for proper operations.

Using OEA (oil, engine, arctic) one can insure proper oil flow at extremely low temperatures and minimum starting resistance.

Starting the motor is made possible by preheating the engine with swingfire or electrical block heaters.  Electrically power heating devices are also used for the battery to supply sufficient low  temperature power.

Engine  temperature can be maintained during operation by covering portions of the engine compartment to retain generated heat and prevent overcooling.

Diesel fuel and intake air heating devices are also available for certain types of equipment.
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Lubrication 

Check TM to find recommended lubricant

Store lubricants in a warm place

Oil Engine Arctic (OEA) can be used for short periods in temperate conditions

TEMP

+40

+225



Lubricants represent the single most critical problem encountered by vehicles in cold regions. A vehicle lubricated for use in temperate regions will simply not operate in extremely cold temperatures. A chunk of heavy gear oil can be used to pound nails at -40°F.



Lubricants must have a sufficiently low viscosity for low  temperatures.



Use of unsuitable lubricants will result in difficult starting, shifting, and equipment failure.



GAA has a very wide heat tolerance of -50°F to +225°F and can be used year round.
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Batteries

Batteries are adversely affected by cold



A fully charged battery will not freeze



Small equipment batteries must be alkaline type and not dry cell



Nickel-cadmium type is very effective at low temperatures



Lithium sulfur dioxide batteries are recommended for cold weather
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Storage batteries are adversely affected by cold as they become less efficient in low temperatures and become more difficult to recharge. Storage batteries must be in excellent condition in the winter months to prevent freezing. Storage batteries will not charge below +35°F.



Small equipment flashlights for flashlights, NOD’s, and field telephones must use alkaline batteries. “D” size batteries such as the BA 3030 must be replace with BA 3030U alkaline. Two sets of batteries should be available for each item of equipment.  One set can be carried under the soldiers insulating garments. When cold degrades the performance of equipment, batteries can be rotated.



To get maximum effectiveness out of Nickel-Cadmium, or NiCad, batteries, the charging memory must be destroyed. The battery must be completely discharged before it can be recharged. Ni-Cad batteries are very effective low temperature power source. AN/PRC-127 Brick Radios



Lithium based batteries are the preferred cold weather battery. The lithium sulfur dioxide battery is recommended for use with the SINCGARS. Mercury batteries should not be used below 0°F. 
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Winterfronts or radiator shutters



Diesel fuel/filter heaters



Intake air heaters



Vehicle personnel heater must be operational



Follow maintenance schedule rigorously

Vehicle Winterization

	

(cont.)
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Conditions   10° to -65°F

COLD- few problems down to 10°F;

          10° to -65°F operations become more difficult

	

CONDENSATION- occurs when cold equipment is quickly 

          exposed to a warmer environment

			

SNOW- introduces moisture to equipment and causes 

          mobility problems;  increases equipment loss



FROZEN SURFACES- hinders emplacement of stakes,

          grounding rods;  creates unstable firing platforms;  

          possible contact frostbite	



Other than extreme cold; conditions that affect equipment most often encountered in a cold weather environment include condensation, snow and frozen surfaces.

Most equipment will operate normally down to about 10°F.  Below this temperature the physical properties of materials change and can affect operations.

Temperatures of 10°F to -65°F are encountered often in the winter season in the interior of Alaska and other regions of the world.  Equipment must be winterized to function effectively in this range.

Humidity and cold air  combine to cause condensation.  This  can freeze the internal parts of vehicles and equipment and has greater detrimental effect in extreme low temperatures as it turns to ice.

Snow  creates similar moisture problems in addition to mobility.

Extreme cold temperatures hinder any penetration of the ground.  It can  cause equipment to be cold soaked which may prevent operation,  and causes contact frost bite, fusing of components, traction problems and unstable firing platforms.
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Effects on Materials

METALS- brittle in severe cold; at -20°F certain metals can’t 

          withstand a shock load

RUBBER- remains flexible until below -20°F 

RUBBER COVERED CABLES- easily cracked at low temp; should be re-warmed before bending

PLASTICS- generally expand and contract more than metals

GLASS- windshields may crack if heat is applied too rapidly

FABRICS- retain flexibility if kept dry; shrinkage can occur



Severe cold changes the materials that we use everyday. Special care must be taken to reduce the shock load that is placed on items effected by severe cold.  Some metals can withstand only half of the shock load at -20°F that they can in temperate climates.

Rubber remains flexible to -20°F then will gradually stiffen. At -60°F it loses all elasticity and becomes very brittle.

Special care must be taken when handling rubber covered cables.  The must be protected from bending and flexing.  They should be warmed before bending to prevent insulation from cracking and causing a short.

Plastics tend to expand and contract much more than metal or glass.  Any materials made of plastic must be handled carefully.  Glass and other ceramics can be expected to perform normally at low  temperatures.  However, cracking may result if heat is applied directly to cold windshield or vehicle glass.

Fabrics retain their flexibility even at extremely low temperatures provided that they are kept dry. Tarpaulins present difficulties in conforming to their intended dimensions due to shrinkage.  Flexible windows are extremely difficult to smooth out at subzero temperatures.   When possible tarpaulins should be unfolded in heated enclosures.
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