CENTRAL POLYTECHNIC COLLEGE
THARAMANIL, CHENNAL

Regulation 2023

1122 Diploma in Fire Technology and Safety

Prepared by
Myr PM.Subramanian, Guest Lecturer, FTS Department

1122233210 L|IT|P
Industrial Safety Engineering
Theory 4|10/0 ]| 4

COURSE:INDUSTRIAL SAFETY ENGINEERING
UNIT 1 SAFETY IN ENGINEERING INDUSTRY

General safety :Rules Principles inspections of turning machine, boring machines, milling
machine, planning machine and grinding machines, CNC machines.

Welding : Gas welding and oxygen cutting, resistan ces welding, arc welding and cutting,
common hazards, personal protective equipment.

Foundry : Hot working safety in forging, hot rolling mill operation, safety in gas Hot working
safety in forging, hot rolling mill operation, safety in gas furnace operations, cupola, Crucibles,
ovens, foundry health hazards.furnace operations, cupola, Crucibles, ovens, foundry health
hazards.



General safety Rules, Principles in Engineering Industries:

Safety:The management of all operations and events within a industry for protecting its
employees and assets by minimizing hazards,risks,accidents and near mises.Safety is the
condition of steady state where the risk of harm to personnel or damage to property is reduced to,
and maintained at or below, an acceptable level through a continuous process of hazard
identification and risk management.

The Two Pillars of Technical Safety
System/Process Safety: Designing the physical world to be inherently safe. This involves

choosing non-hazardous materials, building in redundant backups, and ensuring that if a machine
fails, it fails into a harmless state (known as fail-safe).

Behavioral Safety: The human element. It focuses on safety culture, training, situational
awareness, and ensuring workers follow procedures rather than taking shortcuts.

Core Safety Principlesin Engineering:

Elimination & Substitution: The gold standard. Physically remove the hazard (e.g., automated
part handling instead of manual lifting) or substitute it with a safer alternative (e.g., switching
from a toxic solvent to a water-based cleaner).

Moderation (Attenuation): Using hazards under less severe conditions (e.g., running a chemical
reaction at room temperature and low pressure instead of extreme heat and high pressure).

Simplification: Designing systems with fewer valves, pipes, and switches to minimize human
error and physical failure points.

Engineering Controls: If you can't remove the hazard, isolate people from it. Examples include
physical machine guards, interlocking safety switches, and local exhaust ventilation systems.

Redundancy (Defense in Depth):Never rely on a single safety device or measure to prevent a
catastrophe. Redundancy means having multiple layers of independent protection.

Principle of Fail-Safe Design:Engineers assume that mechanical parts will break and humans
will make mistakes. Therefore, systems must be designed so that when they fail, they
automatically revert to a safe state.



Administrative Controls: Changing the way people work. This includes training, scheduling
shifts to prevent fatigue, and implementing strict standard operating procedures (SOPs).

Human Factors Engineering (Ergonomics):This principle acknowledges that human error is often
a symptom of poor design, not just worker carelessness. Systems must be built to match human
physical and cognitive limits.

Risk Tolerability (ALARP):In engineering, it is impossible to achieve "zero risk." Instead,
industries operate on the principle of ALARP (As Low As Reasonably Practicable).

Personal Protective Equipment (PPE): The last line of defense. If the previous four layers fail,
PPE prevents or minimizes injury. It is considered the least effective because it relies entirely on
human compliance.

General Safety Rules in Engineering

1.Personal Conduct and PPE
Wear the Correct Gear: High-visibility jackets, steel-toe boots, safety glasses, and hearing
protection are standard across most shop floors.

Tie Back Hair and Avoid Loose Clothing: Around rotating machinery (lathes, mills, conveyors),
loose hair, ties, or baggy sleeves can easily be caught, leading to catastrophic accidents.

No Jewelry: Rings and watches are massive conductivity risks around electrical work and can
cause severe "degloving" injuries if caught on machinery.

The human body needs a layer of defense against heat, flying debris, chemicals, and falling
objects.

The Minimum Standard: Steel-toe boots, safety glasses with side shields, and high-visibility
clothing are mandatory the moment you step onto a shop floor.

The Anti-Entanglement Rule: Long hair must be tied securely above the shoulders. Loose
clothing, ties, and dangling jewelry are strictly forbidden near rotating components (shafts,
chucks, pulleys).

Task-Specific PPE: Welding requires a shaded mask and leather aprons; handling corrosive
chemicals requires heavy-duty nitrile gloves and a face shield.



2.Machine & Tool Safety
Never Bypass Guards: Safety guards on saws, grinders, and presses are there for a reason.

Operating a machine with a modified or removed guard is an immediate ground for dismissal in
most industries.

Machinery and Equipment Rules
Pre-Operational Inspection: Never operate a machine without checking its fluid levels,
structural integrity, and warning lights first.

Guard Integrity: Do not operate any machine if its built-in physical guards or light
curtains are missing, damaged, or bypassed.

Lockout/Tagout (LOTO): When cleaning, unjamming, or repairing a machine, its power
source must be physically padlocked in the "off" position, and tagged with the
technician's name. No one else is allowed to remove that lock.
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Enforce Lockout/Tagout (LOTO): Before servicing any machine, its energy source (electrical,
pneumatic, hydraulic) must be physically isolated, locked, and tagged out so it cannot be
accidentally turned on while someone is working inside it.

3.Workspace Maintenance

Maintain 5S Practices: 5S stands for Sort, Set in order, Shine, Standardize, and Sustain. In simple
terms: keep walkways clear of grease, oil spills, and clutter. Tripping hazards cause a massive
percentage of industrial workplace injuries.

Spill Response: Any oil, coolant, or chemical spill must be contained and cleaned immediately
using absorption granules.

Clear Walkways: Yellow-painted boundary lines mark safe pedestrian walkways. Keep these
completely free of tools, scrap metal, and electrical cords.

Sharp and Waste Disposal: Metal shavings (swarf), discarded blades, and welding stubs must be
swept up and placed into dedicated metal scrap bins—never standard trash cans.

4.Electrical and Chemical Safety

Hidden hazards like electricity and toxic fumes require strict procedural rules.

Live Work Ban: Electrical panels and circuits must be de-energized before maintenance, unless
specifically testing live voltage with certified insulated tools.

Consult the SDS: Before handling any chemical, resin, or industrial solvent, workers must
review its Safety Data Sheet (SDS) to know the correct ventilation and PPE required.

Proper Storage: Flammable chemicals and gas cylinders (oxygen, acetylene) must be stored
upright, chained to preventing tipping, and kept in designated fire-rated cabinets.

The Golden Rule of Industrial Safety: If you do not have the specific training, certification, and
authorization to operate a tool or perform a task, do not touch it. Shortcuts are where major
industrial accidents happen.

Know Emergency Paths: Keep fire extinguishers, eye-wash stations, and emergency exits
completely unblocked at all times.



Inspections of Turning Machine:
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Inspecting a turning machine (commonly known as a lathe) is critical because these machines
involve high-speed rotation, massive torque, and sharp cutting tools. Turning machine
inspections are essential for maintaining dimensional accuracy, preventing unplanned downtime,
and ensuring operator safety. Routine evaluations combine daily functional checks, mechanical
and electrical diagnostics, and post-machining part validation to guarantee that the lathe operates
within tight tolerances.

Inspections are generally split into three frequencies:
Pre-Operational (Daily), Weekly, and Periodic/Deep Maintenance.

1. Pre-Operational Inspection (Every Shift) Before flipping the power switch, the operator must
perform a visual and physical check of the machine to ensure it is safe to run.

Mechanical & Workholding

The Chuck & Jaws: Inspect the chuck for cracks. Ensure the jaws are securely bolted down and
that there are no chips or debris lodged in the scroll or T-slots that could cause a workpiece to fly
out.



Chuck Key Check: Verify that the chuck key is never left in the chuck. (Many modern lathes use
spring-loaded keys or interlocked guards to prevent this).

Tool Post and Holder: Ensure the cutting tool is tightly clamped at the correct center height and
that the tool post is rigidly locked.

Clearance Check: Manually rotate the chuck by hand for one full revolution to ensure the
workpiece or chuck jaws will not strike the tool post, carriage, or bedways.Safety

DevicesEmergency Stops: Physically test the E-stop button and the foot-brake pedal (if
equipped) to ensure they engage and cut power instantly.

Interlocking Guards: Ensure the chuck guard and enclosure doors are intact and that their safety
microswitches have not been bypassed.

Lubrication: Checking the hydraulic pack and central lubrication system oil levels, as well as
greasing the 3-jaw chuck via the designated nipple.

Coolant: Verifying coolant tanks are topped off to proper levels to prevent thermal deformation.

Spindle & Turret: Listening for abnormal noises from the headstock and ensuring smooth
unclamping, rotation, and clamping during turret indexing.

2. Weekly Operational Inspection
These checks focus on the precision, wear, and fluid levels of the machine to prevent long-term

damage.

Lubrication & FluidsWay Lube Level: Check the central lubrication reservoir. The bedways (the
tracks the carriage slides on) must have a visible film of oil to prevent metal-on-metal friction.

Coolant Level & Quality: Check the coolant tank. Ensure the fluid isn't low, rancid, or heavily
contaminated with tramp oil (which can cause skin rashes or poor cooling).

Cleanliness & WearWay Wipers: Inspect the felt or rubber wipers on the ends of the carriage. If
they are torn, metal chips will slide under the carriage and score the precision bedways.

Swarf Accumulation: Clear out the chip pan beneath the lathe. Excessive metal shavings can
back up into the cooling lines or jam moving parts.



3. Periodic / Deep Maintenance Inspection (Monthly to Semi-Anually)Usually performed by a

maintenance technician or engineer to maintain the machine's geometric accuracy.

Inspection of Boring Machine:

An inspection of a boring machine is unique compared to other machine tools. Because boring
machines handle massive, heavy workpieces and use long, overhanging boring bars, structural
rigidity and spindle alignment are the primary areas of concern. To inspect a boring machine,
first verify all safety mechanisms (e-stops, guards, interlocks). Inspect the spindle for smooth,
vibration-free rotation, and test axis movement (X, Y, Z) for binding. Finally, check lubrication
levels, fluid systems, and toolholders for wear

1. Pre-Operational Inspection (Every Shift)

Performed by the operator before starting any machining work to ensure baseline safety and
functionality.

Safety and Setup Checks

Emergency Stops: Verify that the emergency stop buttons and dead-man switches
immediately cut power and halt motion.

Machine Base & Leveling: Confirm the machine is level, securely anchored, and that
vibration dampers are intact.

Guards & Enclosures: Ensure all safety shields and way covers are in place and free of
damage.



Spindle and Boring Bar

Boring Bar Rigidity: Check the connection between the spindle (or facing head) and the
boring bar. Ensure the taper is completely clean, free of scores, and securely locked. Any play
here will cause severe "chatter" or catastrophic tool failure.

Tool Insert Check: Inspect the cutting insert for chipping, cracking, or excessive wear. A
dull tool increases cutting force exponentially, risking a broken bar.

Counterweight and Support: For long horizontal boring operations, verify that the outer
line-boring support block (tailstock) is aligned and properly lubricated.

Workholding & Environment

Table Clamping: Ensure the workpiece is securely bolted to the T-slots of the table.
Because boring often involves asymmetric or heavy castings, improper clamping can cause the
part to shift under high cutting pressure.

Clearance Zone: Manually check or jog the machine at low speed through its intended
axis travel (X, Y, and Z) to ensure the boring bar will not crash into the table, fixtures, or
machine frame.

2. Weekly Operational Inspection

Focused on preventing mechanical degradation, maintaining fluid levels, and keeping the
workspace clean.

Mechanical Precision & Accuracy

Spindle Condition: Run the spindle through its full speed range. Listen for abnormal noises,
vibrations, or bearing wear.

Axis Movement: Jog the X, Y, and Z axes through their full travel limits. Look for any backlash,
binding, or misalignment.

Toolholders & Inserts: Examine toolholders, boring bars, and cutting inserts for chipping, wear,
or alignment issues that could impact part finish.

Fluids and Lubrication

Spindle Headstock Oil: Check the oil level sight glass on the headstock. Boring machines feature
massive gearboxes to generate high torque; running dry will destroy the internal gears.

Way Lubrication: Ensure the slideways for the column and table have a consistent film of oil.



Coolant Quality: Check the concentration of the cutting fluid. Stagnant or incorrect coolant
mixes can cause rapid tool wear and corrosion on the machine bed.

Mechanical Integrity
Swarf & Chip Removal: Large boring operations generate heavy, continuous nests of metal
chips. Clear the table and telescoping way covers. Chips trapped under the way covers will score

the precision ground surfaces.

Pneumatic/Hydraulic Pressure: Check the system gauges. Many modern boring mills use
hydraulic clamps to lock the axes in place during a heavy cut; low pressure will cause axis drift.

3. Periodic Maintenance & Geometric Inspection (Monthly to Semi-Annually)

Usually executed by maintenance engineers to check the machine's geometric accuracy and deep
structural components.

Hydraulics, Coolant, and Lubrication
Fluid Levels: Check the coolant tank concentration and way lube reservoirs.

Leaks: Visually inspect hydraulic lines, valves, and coolant hoses for leaks, cracks, or loose
fittings.

Electrical and Calibration
Power Supply: Inspect power cables for frays or damage.

Calibration: Ensure the machine's guidance or measurement systems are functioning accurately
and calibrated if necessary.
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Inspection of Milling Machine:
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Milling machines present unique safety and operational hazards because they utilize
multi-toothed cutting tools rotating at high speeds to remove material, often moving along
multiple axes (X, Y, and Z) simultaneously.Regular inspections prevent tool breakage,

catastrophic workpiece throw, and premature mechanical wear.

Inspecting a milling machine involves verifying safety guards, lubrication levels, axis movement,
and spindle conditions before operation. This prevents catastrophic bearing failures, ensures

structural stability, and guarantees dimensional accuracy in finished parts
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1. Pre-Operational Inspection

The operator must complete these quick physical and visual checks before starting the spindle.
Tooling & Spindle

Arbor and Collet Taper: Ensure the spindle taper and the tool holder (e.g., R8, ISO, or BT40) are
completely clean. Dirt or a single metal chip trapped inside the taper causes tool runout, which

vibrates and can snap the cutter.

Cutter Condition: Check the milling cutter (end mill, face mill, or slot drill) for chipped or dull
teeth.

Drawbar Tightness: Verify that the drawbar is fully tightened to lock the tool holder securely into
the spindle.

Workholding & Table

Vise/Fixture Security: Ensure the vise or custom fixtures are bolted rigidly to the T-slots of the
table.

Dead Zone Check: Hand-jog the table through its planned path to verify the cutter or spindle
head will not crash into the vise jaws, clamps, or the table itself.

Before powering on the machine, you must complete routine safety checks to protect the
operator and equipment.

Guards and Shields: Ensure all fixed guards are securely in place and E-stops are fully
functional.

Work Area: Clear the mill table and surrounding floor of debris, chips, or obstructions

.Coolant & Lube: Check reservoir levels. Confirm that coolant pumps are operational and not
blocked, and ensure way lubricants are sufficiently filled.
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2. Weekly Operational Inspection
These checks keep the machine running smoothly and prevent long-term friction damage.
Mechanical Precision and Motion

Operators must verify smooth operation across the X, Y, and Z axes to prevent backlash or
positioning errors.

Axis Travel: Manually jog each axis through its full range of motion. Listen for unusual sounds
or binding.

Way Covers: Inspect protective covers and wipers for damage, allowing them to slide freely and
block chips from critical components.

Spindle Function: Run the spindle at various speeds and check for smooth, vibration-free, and
noise-free performance

Fluids and Lubrication

One-Shot Lubricator: Pump the manual central lubricator (or verify the automatic one is
functioning) and check that a visible layer of oil appears on the knee, saddle, and table ways.

Coolant Contamination: Inspect the flood coolant reservoir. Ensure it is free of "tramp oil"
(slideway oil leaking into the coolant), which causes bacteria growth, foul odors, and skin
irritation.

Housekeeping & Mechanicals
Backlash Inspection: Turn the handwheels slightly to check for physical play (backlash) between
the lead screw and the nut. Excessive backlash can cause the table to pull into the cutter during

climb milling, shattering the tool.

T-Slot Cleanliness: Clean out all chips and compressed swarf from the table's T-slots. Hardened
chips left in slots can ruin the flatness of future setups.

3. Periodic & Precision Maintenance Inspection (Monthly to Semi-Annually)

Usually handled by maintenance technicians to ensure the machine cuts accurately and remains
square.
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Inspection of Planning Machine:

An inspection of a planning machine (commonly called a metal planer) requires a distinct
approach compared to other machine tools. Unlike milling machines or lathes where the tool
moves or rotates rapidly, a planer operates by moving a massive table carrying a heavy
workpiece back and forth beneath a stationary single-point cutting tool.

Because of the sheer mass of the reciprocating table and the heavy, intermittent shock loads
during cuts, inspections focus heavily on structural clamping, table reversing mechanisms, and
guide-way lubrication.

Inspecting a planing machine involves verifying safety guards, testing emergency stops,
inspecting blades for sharpness and securing, and checking the table and fence for
perpendicularity. Always conduct a no-load test run to listen for unusual vibrations or
mechanical defects before processing any materials
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1. Pre-Operational Inspection (Every Shift)
Because planers have long beds and large "overhang" crush zones, the daily walk-around is
highly focused on physical clearance and mechanical stops.

Table & Trip Dogs

Reversing Trip Dogs: Check the mechanical dogs (adjustable stop blocks) bolted to the side of
the table. Ensure they are locked tightly at the correct position to reverse the table stroke. If these
fail or slip, the table can shoot right off the bed ways.

Clearance Zone: Planers require a massive clear safety footprint. Ensure there are no tools, raw
materials, or personnel standing in the "run-out" zone at either end of the table's maximum stroke
length.

Table Pocket / T-Slots: Clean out heavy, thick metal ribbons from the table pockets. Debris
trapped here can interfere with the cross-rail or tool head during travel.

Tool Head & Clapper Box

Clapper Box Function: Manually lift the clapper box. It must pivot freely on its pin so that the
tool lifts up easily on the backward return stroke and snaps firmly back down into place for the
forward cutting stroke.

Tool Rigidity: Ensure the heavy single-point tool is securely clamped into the tool post.

Safety Features: Verify all protective covers, chip deflectors, and interlock switches are fully
operational.

Blades/Cutters: Check that blades are sharp, free of nicks, and
correctly torqued using a torque wrench (e.g., 2120 N-m for
heavy—duty setups).

Feed System: Ensure the feed rollers, anti-kickback pawls, and table are free from resin, rust, or
debris.

Dust Collection: Confirm the dust extraction system is unblocked and operational to prevent chip
accumulation.
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2. Weekly Operational Inspection

These checks ensure the driving mechanisms can handle the constant stress of reversing direction
under load.

Drive & Reversing Mechanisms
Clutch & Brake System: On older mechanical belt-driven planers, inspect the shifting belts for
fraying or slipping. On modern hydraulic or electric versions, verify the smooth operation of the

solenoid valves or electronic motor braking.

Feed Mechanism: Check the friction disc or pawl-and-ratchet mechanism that advances the tool
crosswise at the end of each stroke. Ensure it provides a consistent incremental feed.

Lubrication

Bed V-Ways: The massive weight of the table sliding over a long bed requires flawless
lubrication. Check the oil level in the bed wells or verify the automatic pressure lubrication
system is forcing clean oil along the entire length of the V-ways.

Operational & Maintenance Testing

Test Cut: Run a scrap piece of wood to verify the machine's thickness settings, ensuring parallel
cuts and smooth surface finish.

Fence Alignment: Use a square to check that the fence is exactly at a 90-degree angle to the bed.

Mechanical Components: Periodically inspect drive belts for wear and ensure proper lubrication
of moving bearings

3. Periodic Maintenance & Geometric Inspection (Monthly to Semi-Annually)
Usually executed by maintenance engineers to check for wear caused by heavy shock loading.
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Inspection of Grinding Machine:

Inspecting a grinding machine is the most critical safety inspection in any machine shop.Because
grinding wheels spin at extreme speeds, an undetected crack can cause the wheel to explode or
disintegrate dynamically. This throws sharp, dense shrapnel outward like a small bomb.
Inspections are strictly layered to prevent this exact mechanical failure.

To ensure safe and precise operation, a grinding machine inspection involves verifying the
mechanical guards, electrical cords, and abrasive wheel status.Critical checks require confirming
that the wheel RPM is higher than the motor RPM, the wheel is uncracked, and the tongue/wheel
gap is within limits

1. Pre-Operational Inspection
The operator must physically check these key safety components before turning on the spindle.

The Grinding Wheel & Guards

Visual Inspection: Look closely at the abrasive wheel for any visible hairline cracks, chips, or
deep grooves. If a wheel has been banged or dropped, it must be taken out of service
immediately.

Wheel Guard Positioning: Ensure the heavy metal protective guards enclose at least 75% of the
wheel. The guard is designed to contain the shrapnel if the wheel explodes.

The "One-Minute" Run Test: Stand to the side of the machine—never directly in front of the
wheel—and turn it on. Let it run at maximum speed for at least one full minute before bringing a
workpiece near it. If the wheel has a hidden defect, it will typically fail during this initial startup
period.

Grinding Wheel: Check for chips, cracks, or improper mounting. Perform the ring test (tap the
wheel lightly with a non-metallic tool; a clear, ringing sound means it is good, while a dull thud
indicates internal cracks.

RPM Ratings: Verify that the maximum operating speed (RPM) of the grinding wheel is equal to
or higher than the rated RPM of the machine.

Safety Guards: Ensure the wheel guard is locked securely and covers at least three-quarters of

the wheel. For portable grinders, the gap between the guard and the wheel should not exceed 3
mm.
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Electrical Safety: Check the power cable for nicks, frays, or exposed wires, and ensure proper
grounding or double insulation. If using a portable grinder, ensure the dead man switch (trigger)
springs back to the off position instantly when released.

Work Rests and Tongue Guards: For stationary machines (like bench grinders), ensure work rests
are adjusted to within ' inch and tongue guards to within %4 inch of the wheel.
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Bench/Pedestal Grinders:
The Tool Rest Gap: Must be kept at or less than 3 mm from the wheel face. If the gap is too
wide, the workpiece can get jammed between the tool rest and the spinning wheel, shattering it

or pulling your hand in.

The Spark Arrestor Gap: Located at the top of the wheel guard, this must be adjusted to less than
6 mm from the wheel to catch stray sparks and flying debris.

2. Weekly Operational Inspection

These checks keep the machine running true and maintain clean, safe cutting dynamics.

Wheel Dressing and Balance

Wheel Dressing: Check for "wheel loading" (where soft metal particles like aluminum fill up the

pores of the abrasive stone) or "glazing" (where the abrasive dulls and shines). Use a star-wheel
or diamond dressing tool to strip away the dulled layer and reveal sharp, fresh grit.
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Vibration Analysis: If the machine vibrates excessively while running free, the wheel is out of
balance. Operating an unbalanced wheel puts uneven centrifugal stress on the stone, drastically
increasing the risk of an explosion.

Magnetic Chuck & Coolant (For Surface Grinders)

Magnetic Force Test: For surface grinders, test the magnetic chuck. Ensure it grips the workpiece
with full force so the wheel cannot catch the part and fling it across the room.

Coolant System: Ensure the flood coolant nozzles are aimed right at the contact zone. Grinding
creates immense friction heat; thermal shock can crack the workpiece or the wheel.

3. Mandatory Installation / Periodic Inspection

Whenever a new wheel is mounted, or during scheduled monthly maintenance checks,
technicians must follow this strict safety sequence:

Perform the Ring Test, Verify Blotters and Flanges,Torque the Spindle Nut.
Grinding Safety Rule: Never use a grinding wheel on a material it isn't rated for. For example,
grinding soft metals like aluminum or brass on a standard silicon carbide wheel designed for

steel will instantly clog the pores, cause rapid heat build-up, and explode the wheel.

If you are inspecting heavy-duty industrial or CNC grinders, you will need to look deeper into
the machine's mechanical health:

Spindle & Bearings: Check for smooth rotation, lack of endplay, and proper lubrication.

Coolant System: Verify fluid levels, check that the concentration is correct, and inspect all hoses
for leaks or damage

.Axis Movement & Dresser Unit: Jog all axes to ensure smooth movement with no excessive
play or backlash. Ensure the dressing tools are properly aligned and not excessively worn.
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Inspection of CNC Machines:
Inspecting CNC (Computer Numerical Control) machines is critical for maintaining precision,

preventing costly downtime, and ensuring operator safety.Inspecting a CNC machine ensures
dimensional accuracy, surface quality, and prevents mechanical failures. Regular checks should
cover three core areas: the machined parts, the machine tool itself, and mechanical/electronic
calibrations.

1. Daily Inspection (Pre-Start & Post-Operation)
Fluid Levels: Check coolant, way lube, and hydraulic oil levels. Top off if necessary.

Pressure Gauges: Verify that hydraulic pressure and chuck pressure are within the normal
operating range.

Chamber & Way Covers: Clear away chips, debris, and built-up sludge from the way covers,
linear guides, and twin-screws.

Wiper Condition: Ensure guide-way wipers are clean and intact to prevent chips from scoring the
rails.

Spindle & Taper: Inspect the spindle taper for damage, rust, or debris (fretting) before loading
tool holders.
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Part inspection verifies that machined components adhere to exact design blueprints.

First Article Inspection (FAI): Always inspect the first piece off the machine to validate the
program and setup.

Dimensional Measurement: Use standard tools like micrometers, calipers, and gauge blocks for
tight tolerances. For complex 3D geometries, use a Coordinate Measuring Machine (CMM).

On-Machine Probing: Utilize integrated machine probes for in-process validation and immediate
offset updates.Surface Finish: Compare surface texture to specifications using micrometers, or
use magnifiers to check for burrs and micro-cracks

2. Weekly & Monthly Preventive Inspection

Filter Checks: Clean or replace the electrical cabinet ventilation filters and hydraulic filters. High
heat kills CNC electronics.

Coolant Tank Health: Check the coolant concentration (using a refractometer) and pH levels.
Look for tramp oil on the surface and skim it off to prevent bacteria growth.

Limit Switches & Sensors: Test the overtravel limit switches and proximity sensors to ensure the
machine will safely stop if it travels too far.

Auto-Lubrication System: Verify that the metering valves are actually distributing oil to the
linear guides and ball screws, not just pumping it into a dead end.

Spindle & Chuck: Check for wobbling, unusual noise, and ensure chuck jaws clamp securely.

Axes Movement: Jog each axis to verify smooth motion and check for backlash or excessive
play.

Tooling: Check toolholders and cutting edges for wear, chipping, or deflection.

Calibration: Assess positioning accuracy and repeatability using a laser interferometer, which
quickly identifies servo backlash and linear deviation.

Lubrication & Coolant: Ensure lubrication levels are adequate, and verify coolant concentration
and flow.
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Way Covers: Inspect way covers and seals for damage to prevent chips and debris from entering
the ball screws

Safety Features: Regularly test emergency stop buttons and interlock switches.

3. Semi-Annual & Annual Geometric Inspection

Ballbar Testing

A circularity test using a telescoping ballbar is the industry standard for diagnosing a machine's

tracking accuracy. It detects: Backlash in the X, Y, or Z axes.

Reversal spikes,Stick-slip issues,Squareness errors between axes, Geometric and Alignment
Checks

Leveling: Use a precision spirit level or electronic level to ensure the machine bed hasn't warped
or tilted.

Spindle Runout: Use a dial test indicator and a test arbor to measure both static and dynamic
runout of the spindle.

Perpendicularity (Squareness): Verify that the Z-axis is perfectly perpendicular to the X-Y plane
using a master square.

4. Safety & Structural Inspection
Never overlook the safety systems built into the machine.

Door Interlocks: Ensure the machine immediately halts spindle rotation and axis movement if the
enclosure door is opened during a cycle.

Emergency Stops (E-stops): Test all E-stop buttons around the machine to guarantee
instantaneous power cutoft.

Window Integrity: Check the polycarbonate viewing windows. If they are deeply scratched,

yellowed, or cracked, they lose their impact resistance against flying parts or broken tools and
must be replaced.
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Welding : Welding is a fabrication process that joins materials usually metals or thermoplastics
by using high heat to melt the parts together and allowing them to cool, causing fusion.

Source of Heat: An energy source (electricity, gas flame, laser, or friction) creates intense,
localized heat at the joint.

Melting: The edges of the base metals melt, forming a shared puddle called a weld pool.

Filler Metal (Optional): A consumable wire or rod is often introduced into the weld pool to add
volume and strength to the joint.

Shielding: To prevent the molten metal from oxidizing or reacting with gases in the atmosphere
(which causes defects like porosity), a shielding gas or a chemical flux is introduced to protect
the weld pool.

Solidification: As the heat source moves away, the molten pool cools down rapidly, solidifying
into a unified, structural joint.

Gas welding

Safety in gas welding (Oxy-Fuel welding) and oxygen cutting (oxy-fuel cutting) is uniquely
hazardous because it combines highly flammable gases, pure oxygen under extreme pressure,
and open flames. Unlike electric arc welding, the primary risks here involve fires, explosions,
flashback, and pressure system failures.Welding safety is a critical set of practices designed to
protect workers from severe workplace hazards like electric shock, arc radiation, toxic fumes,
and fire. Because welding involves extreme heat and electricity, strict adherence to personal
protection and workspace management is required to prevent debilitating injurie

1. Cylinder Storage and Handling

Cylinders are essentially high-pressure rockets if damaged. Strict handling protocols are your
first line of defence. Keep Them Upright: Always store and use cylinders upright, and chain
them securely to a wall, post, or welding cart to prevent them from falling.

The "Oil and Grease" Hazard: Never let oil, grease, or hydrocarbon-based lubricants come into
contact with oxygen cylinders, valves, or regulators. Pure oxygen under pressure causes oil and
grease to ignite or explode spontaneously.

Separation in Storage: Store oxygen cylinders at least 20 feet (6 meters) away from fuel gas

cylinders (like acetylene or propane) or highly combustible materials, or separate them by a
non-combustible barrier at least 5 feet high with a fire-resistance rating of at least 30 minutes.
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Valve Protection: Keep the protective valve caps screwed on tight whenever cylinders are being
moved or are not in use.

TWO CYLINDERS
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2. Equipment Setup & Critical Safety Devices
A proper equipment setup requires specific safety hardware to prevent catastrophic failures.

Flashback Arrestors: A flashback occurs when the flame burns back inside the torch and travels
up the hoses toward the cylinders. Flashback arrestors feature a one-way check valve and a
sintered element that extinguishes the flame before it reaches the regulators and causes an
explosion. Install them on both the torch and regulator ends.

Color-Coded Hoses: Never interchange hoses.

Oxygen: Green (or Blue in some international standards) with right-hand threaded fittings.

Fuel Gas (Acetylene/Propane): Red with left-hand threaded fittings (indicated by a notch on the
coupling nut).

Cracking the Valves: Before attaching a regulator, stand to the side and open ("crack") the
cylinder valve slightly for a fraction of a second to blow out any dust or dirt from the nozzle.
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3. Safe Operating Procedures

The Acetylene Limit: Never use acetylene gas at a pressure exceeding 15 psi (103 kPa). At
pressures above this threshold, acetylene becomes highly unstable and can spontancously
decompose and explode without a spark.

Lighting the Torch: Always use a friction lighter (striker). Never use matches, a cigarette lighter,
or a hot piece of metal to light the torch.

Opening and Closing Order: * To Light: Open the fuel valve slightly, strike, then introduce
oxygen.

To Extinguish: Shut off the fuel gas first, then shut off the oxygen (though always verify your
specific torch manufacturer instructions; this is the standard practice to prevent soot buildup and

minor backfires).

Leak Testing: Test connections regularly using a specialised, oil-free leak detection solution or
soapy water. Never use an open flame to check for leaks.
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4. Personal Protective Equipment (PPE) & Environment

Eye Protection (Shade Selection): Unlike arc welding which requires a dark welding helmet, gas
welding and cutting require safety goggles or a face shield with a Shade 4 to Shade 6 filter lens
to protect against infrared radiation and sparks.

Clothing: Wear flame-resistant clothing (leather aprons, welding jackets) and heavy leather
gloves. Ensure clothing is 100% cotton or wool-—never synthetic fabrics like polyester or nylon,
which will melt directly into your skin if hit by a spark. Keep pockets buttoned and pants
uncuffed to avoid catching sparks.

Fire Watch: Oxygen cutting produces a massive shower of molten slag that can travel up to 30
feet. Clear the area of all wood, paper, rags, and chemicals. Maintain a designated "fire watch"
person during and for at least 30 minutes after cutting operations are complete.

Essential Personal Protective Equipment (PPE):

Welders must cover all exposed skin with flame-resistant materials to guard against sparks and
ultraviolet (UV) radiation.

Welding Helmet: Must feature the correct auto-darkening shade filter to prevent permanent eye
damage or "welder's flash".
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Safety Glasses: Worn underneath the helmet to protect against flying slag during chipping or

grinding.

Flame-Resistant (FR) Clothing: Heavy cotton or leather welding jackets with buttoned collars

and no pockets that can catch sparks.

Welding Gloves: Heavy-duty, dry, insulated leather gloves.

Cuftless Pants: Pants must not have cuffs, as they easily collect hot sparks and debris.

Leather Boots: Steel-toe footwear that covers the ankles completely.

Respirator: N95 or supplied-air respirators to prevent inhaling toxic metal fumes

r
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WELDING SUITS

SAFETY BELTS

Welding Respirators

Primary Welding Hazards & Prevention

1. Electric Shock: Electric shock is the most immediate, life-threatening hazard in welding. It
typically occurs via secondary shock when a welder touches a live part of the welding circuit

.Keep dry: Never weld in wet conditions or while wearing wet gloves.
Insulate: Use dry rubber mats or insulating covers when welding on steel or conductive surfaces.
Inspect gear: Ensure cables have no exposed copper and electrode holders are fully intact.

2. Fumes and Gases: The intense welding arc vaporises metals, creating toxic fumes containing
elements like manganese, chromium, and zinc.

Ventilation: Always use local exhaust ventilation or a fume extraction system at the weld site.

Positioning: Keep your head out of the plume by positioning your body to let fumes drift away
from your face.

3. Fire and Explosion Risk

Welding sparks can fly up to 35 feet, easily igniting surrounding materials.
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Clear the zone: Remove all paper, oily rags, fuel, and chemicals within a 35-foot radius.
Fire extinguisher: Keep a fully charged Class ABC extinguisher within arm's reach.

Fire watch: Maintain a designated observer during the weld and for at least 30 minutes
afterwards to check for smoldering.

4. Arc Radiation

The electric arc emits intense visible, ultraviolet (UV), and infrared (IR) radiation that burns skin
just like strong sunlight.

Shielding: Use welding screens or curtains to protect coworkers and passersby from the arc flash
Full coverage: Never roll up your sleeves or leave your neck exposed while welding

Resistance Welding:

Resistance welding is a thermo-electric fabrication process where two or more sheets of metal
are joined together by applying pressure and passing a high electrical current through the joint
area.

Unlike MIG or TIG welding, resistance welding does not require filler metal, shielding gases, or
an external flame. Instead, it relies on the natural electrical resistance of the metals themselves to
generate the heat needed for fusion

The process relies on the principle of Joule heating, mathematically defined as H=1? R t (where
H is heat, I is current, R is electrical resistance, and t is time).When metal pieces are pressed
together by copper electrodes, a massive amount of low-voltage, high-amperage current is passed
through them. The highest electrical resistance occurs at the interface between the two metal
sheets. This resistance causes the metal to rapidly heat up and melt, while the applied pressure
forges the materials together into a solid joint
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Arc Welding and Cutting

Arc welding and cutting are industrial processes that use an electric arc to generate the intense
heat required to melt and join (welding) or sever (cutting) metals. The electric arc is sustained
between an electrode and the base metal, reaching temperatures that can exceed 3500 deg c to

6000 deg c.
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Crucial Safety Measures for Arc Operations

Because arc processes involve high voltage, intense radiation, and molten metal, standard safety
precautions are mandatory:

Radiation Protection: Electric arcs emit intense Ultraviolet (UV) and Infrared (IR) radiation.
Operators must wear welding helmets with correct auto-darkening shade levels (typically Shade
9 to 13 depending on amperage) to prevent "arc eye" or flash burns to the cornea.

Electrical Safety: Ensure equipment is properly grounded. Workpieces should never be held by
hand, and dry insulating gloves must be worn to prevent lethal electric shocks.

Fume Management: Melting metals and fluxes produce toxic particulates and gases (such as

hexavalent chromium when cutting stainless steel). Local exhaust ventilation or air-purifying
respirators are critical in confined or poorly ventilated workspaces.

Foundry

In traditional manufacturing, a foundry is a specialised factory where metal castings are
produced.

Instead of cutting, bending, or welding pieces of metal together to create an object, a foundry

takes raw metal, melts it down into a liquid state at extreme temperatures, and pours it into a
mould. Once the metal cools and solidifies, it takes the shape of the mould.
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The Step-by-Step Foundry Process:

1. Patternmaking and Mold Preparation

Before any metal can be melted, a mold must be created.A pattern (a replica of the final object)
is made from wood, plastic, or metal.This pattern is pressed into a molding material—most
commonly sand mixed with a binding agent—to create a negative cavity.The mold is typically
split into two halves: the cope (top) and the drag (bottom). If the finished part needs to be hollow
(like a pipe), a temporary sand insert called a core is placed inside.

2. Melting and Pouring

Raw metal ingots, scrap metal, and specific alloys are loaded into a massive furnace (such as an
electric arc furnace or induction furnace).The furnace heats the metal past its melting point—for
instance, iron melts around 1538°C (2800°F).Once the metal reaches the correct temperature and
chemical composition, it is tapped into a giant refractory-lined bucket called a ladle.The molten
metal is carefully poured from the ladle into the mold cavity.

3. Cooling and Solidification

The metal is left to cool inside the mold. As it loses heat, it crystallizes and hardens into a solid
structure. The cooling rate must be carefully managed, as cooling too quickly or unevenly can
introduce structural defects or cracks.

4. Shakeout and De-gating

Once the metal is completely solid, the mold is broken away in a process called shakeout. In a
sand foundry, the sand is vibrated or blasted away (and is typically recycled for the next
mold).At this stage, the metal object has extra pieces attached to it—such as the channels where
the metal was poured in (sprues and gates). These are cut or broken off.

5. Finishing and Quality Control

The rough casting undergoes fettling (cleaning, grinding, and smoothing down rough edges). It
may also undergo heat treatment to improve its strength. Finally, it is inspected using methods
like X-rays or ultrasound to ensure there are no internal air bubbles or weaknesses before being
shipped out.

33



Sand Casting: Uses sand molds that are destroyed after one use. Highly flexible and

cost-effective. Large components (e.g., engine blocks, heavy machinery bases).

Investment Casting (Lost Wax):A wax pattern is coated in ceramic. The wax is melted out,
leaving a highly precise mold. Intricate parts requiring smooth finishes (e.g., turbine
blades, jewelry, medical implants).

Die Casting  Molten metal is forced under high pressure into reusable steel moulds (dies).
Nearly 90% of all manufactured durable goods rely on cast metal components.

Foundry Safety: Foundry operations are inherently hazardous due to extreme temperatures,
heavy machinery, and airborne contaminants. The highest priorities are preventing molten metal
steam explosions caused by moisture and protecting workers from toxic fumes, silica dust
inhalation, and severe burns.Foundry safety focuses on managing high-risk operations to protect
workers from extreme thermal, respiratory, and mechanical hazards. Metal casting involves
handling molten material that can exceed 2,000°F, creating a workplace where strict compliance
with safety rules is a matter of life and death.

Pattern shop: The pattern shop area involves the making, assembly and storage of patterns for
use in moulding and core-making foundry processes. Pattern making is the process of forming a
likeness of the final casting so that a mould can be made.

The major hazards associated with the pattern shop are:
e reinforced plastic resins, epoxy resins and adhesives (skin and respiratory problems)
catalysts used in urethane systems e.g. formaldehyde and mould release paints
(respiratory sensitisation)
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wood dust (sensitisation of the nasal passages) noise from woodworking and metal
machining fire/explosion from patterns and dust

controlled and uncontrolled falling objects from storage and movement of patterns
manual handling of heavy and awkward items cranes and forklift plant machinery e.g.
rotating and cutting parts electric shock falls from heights during pattern retrieval and
storage.

Core shop:A foundry core shop is a specialised department within a metal casting facility
responsible for producing the sand or ceramic inserts (cores). These cores are placed inside
molds to create hollow cavities, undercuts, and complex internal passages in the final cast metal

products.

Hazards associated with the core shop area include:

direct skin exposure to hazardous chemicals used in the core preparation, curing and
painting (e.g. amines and formaldehyde and sand binder system ingredients include
toluene, phenol, furfuryl alcohol and isocyanates)

atmospheric contaminants from the sand (crystalline silica), binders systems and baking
fumes from core making process e.g. carbon monoxide, ammonia and hydrogen cyanide
compressed air during the core preparation

noise manual handling of heavy and awkward items, such as cores/boxes slips, trips and
falls from sand and poor housekeeping

radiation from zircon sand

fire and explosion from flammable gases and liquids

uncontrolled emission of compressed gas sand under pressure.

Moulding Shop: Moulding Shop is the critical department where the hollow containers (moulds)
are fabricated to hold molten metal. While the furnace area deals with the chemistry and heat of
the metal, the moulding shop provides the precision geometry that dictates what the final metal

casting will look like.
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Hazards associated with the moulding shop include:

e direct skin exposure to hazardous chemicals used in the mould preparation e.g. esters,
solvents, isocyanates, phenol, formaldehyde, furfuryl alcohol
inhalation exposure to atmospheric contaminants from the volatile mould binders,
catalysts (sulphur dioxide, amines, acids) and dust (crystalline silica)
misuse of compressed air
noise

manual handling of heavy and awkward items e.g. cores and mould boxes
awkward postures and repeated vibrations associated with ramming moulds
slips, trips and falls

fire and explosion from flammable gases and liquids.

Fettling shop: This is the process of stripping away unwanted metal to produce the finished cast
product and can include the processes of abrasive blasting, arc air, oxy-cutting, dressing, welding
and heat-treating.
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Hazards associated with the fettling shop include:

flying objects (e.g. metal dust and fragments, disintegrating discs)
respirable crystalline silica and inhalable metal dusts

toxic dust

falling objects (e.g. castings and pieces of metal waste)
noise

vibration

manual handling

heat

metal fumes (e.g. iron oxide, manganese oxide)

gaseous contaminants (e.g. ozone produced in electric arcs)
radiation from welding

electrical

slips, trips and falls

fire

compressed air

arc flash

working in confined spaces

working at heights

plant and equipment.

Major hazards in the foundry industry are:
e working in heat

hazardous chemicals (incorporating hazardous substances and dangerous goods)
e airborne contaminants
e manual tasks
® noise
e vibration
e molten metal
e plant and machinery
e Electricity.

1. Molten Metal and Moisture Explosions

Lethal Mix: Moisture and molten metal cause devastating steam explosions.
Expansion Risk: Water expands up to 1,600 times instantly when hitting molten metal.
Dry Charge: Raw materials and scrap metal must be completely dry before induction.
No Water On Fires: Never use water to extinguish a metal fire or pour over wet floors.
Concrete Danger: Spilled metal on bare concrete causes it to burst violently.

Sand Beds: Keep a thick sand bed under melting areas to contain spills safely
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2. Respiratory Hazards

Silica Dust: Sand molding releases crystalline silica particles into the air.

Silicosis: Inhaling silica particles creates irreversible lung scarring and fibrosis.

Toxic Fumes: Melting metals and burning core binders generate hazardous gas emissions.

Air Extraction: Factories require high-efficiency particulate air (HEPA) filters and exhaust
hoods.

Respirators: Workers must wear NIOSH-rated dust masks during knockout and cleaning stages

3. Thermal and Heat Stress

Radiant Heat: Infrared radiation from furnaces causes swift internal body strain.

Heat Exhaustion: Extended exposure triggers severe dehydration, muscle cramps, and dizziness.
Heat Stroke: Extreme conditions result in mental confusion, irregular heartbeat, or fainting.
Cooling Stations: Facilities must provide regular hydration points and temperature-controlled
rest rooms.

4 Mechanical and Physical Hazards

Flying Debris: Chipping, grinding, and automated shot blasting launch sharp metal fragments.
Heavy Machinery: Overhead cranes, forklifts, and conveyors present crushing risks.
Housekeeping: Loose wires, sand piles, and tools create severe slip and trip hazards.

High Noise: Heavy industrial grinders and stamping equipment can destroy long-term hearing

Potential health effects for persons under increasing levels of heat stress include:
discomfort

heat fainting

heat stroke

prickly heat

irritability

dehydration

reduced concentration or attention

heat rash

reduced tolerance to chemicals and noise exposure
heat cramps

heat exhaustion
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Safety in Gas Furnace Operations

Operating a gas-fired furnace in a foundry combines two of the most volatile industrial elements:
highly pressurized combustible gas and molten metal (which can reach temperatures exceeding
1,000°C / 1,800°F).

A single lapse in protocol can result in catastrophic gas explosions, structural failures, or severe
molten metal eruptions. Managing these risks effectively requires a strict safety approach across
several key areas.

1. The Core Threat: Fuel-Air Explosions. The greatest threat when starting or operating a gas
furnace is the accumulation of unburned gas in the furnace chamber, which can ignite violently.
Pre-Purging is Mandatory. Never light a furnace immediately. Before introducing any ignition
source or starting the pilot, the furnace blower must run a pre-purge cycle for a designated period
(usually several minutes).

This forces fresh air through the combustion chamber, flushing out any residual or leaked gas
that may have collected while the furnace was shut down. The Safety "Gas Train": An industrial
gas furnace does not just use a simple hose and valve. It relies on a highly engineered gas
train—a sequence of safety and control valves designed to prevent gas from flowing unless
conditions are perfectly safe.

Dual Solenoid Shut-off Valves (Double Block and Bleed): Two automatic valves are placed in a
series. If one valve fails to close due to debris or mechanical wear, the second acts as a failsafe to
completely cut off the gas.Flame Safeguard / Flame Scanner: A specialized sensor (UV or
infrared) constantly monitors the burner flame. If the flame goes out (flame blowout), the
scanner instantly signals the safety valves to slam shut, cutting off the gas supply within
milliseconds before a dangerous pocket of gas can form.High/Low Pressure Switches: These
switches automatically shut down the system if the gas pressure drops too low (which can cause
the flame to travel backward into the burner—known as flashback) or spikes too high.

2. The Danger of Molten Metal Eruptions (Steam Explosions)When molten metal comes into
contact with even a tiny drop of moisture, the water instantly flashes into steam, expanding in
volume by approximately 1,600 times. This rapid expansion acts like dynamite, violently
blasting molten metal out of the furnace or crucible.

Preheat All Charges and Tools: Any scrap metal, ingots, slag skimmers, or stirring rods entering

the furnace must be thoroughly preheated on top of or near the furnace to drive off all moisture
before they are submerged in the molten bath.
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Refractory Inspection: The refractory lining inside the furnace must be checked daily for cracks.
If molten metal seeps through a crack and makes contact with the outer steel shell or any cooling
water jacket lines, a catastrophic steam explosion or structural melt-through will occur.

3. Essential Personal Protective Equipment (PPE)When operating or working near a gas furnace,
standard workwear is completely inadequate. Operators must wear specialized gear rated to
withstand radiant heat and repel molten splashes.

Aluminized Suit/Coat: Highly reflective clothing designed to bounce back intense radiant heat
and allow spilled droplets of molten metal to slide off without sticking.

Secondary PPE (Undergarments): Workers should wear only natural fibers (100% cotton or
wool) or specialized flame-resistant (FR) fabrics underneath. Synthetics like polyester or nylon
must be strictly banned on the shop floor, as they will melt directly into the skin if exposed to
high heat.

Face Shield with Gold-Coated Visor: Reflects infrared (IR) radiation, protecting the eyes from
"glassblower’s cataracts" and shielding the face from sudden sparks.

4. Ventilation and Gas Detection:Because gas furnaces burn immense volumes of fuel, they
present significant atmospheric hazards.

Carbon Monoxide (CO) Monitoring: Incomplete combustion produces CO, a deadly, odorless
gas. Continuous CO detectors with audible alarms must be installed around the furnace area.

Forced Ventilation: Dedicated canopy hoods must be operational above the furnace to capture
combustion exhaust, volatile organic compounds (VOCs) from binder burnout, and metal fumes.
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Components of an industrial gas furnace safety train. Source: Raadman Burner

Aluminized PPE designed to reflect radiant heat and shed molten splashes. Source:
Vecteezy
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Cupola Furnance

A cupola furnace is a tall, cylindrical melting device primarily used in foundries to melt cast
iron and bronze. It operates continuously by burning coke (fuel) under a forced air blast to melt
alternating layers of metal, coke, and flux inside a refractory-lined steel shell.

Spark Arraster

1. Coke
2. Flux
3 Metal
Stack Zone
Charging I:ln:.nr—f] =
UGN = B 2
Stage ™ -

Prohaating Zone

|
INERRRRRRRARLLE LY

Wind Baox

..I‘?'-

T I_ elling Lona
Redhecing Zone """ TTT Lo T U TN
+ [~ ?J =T E:i[ iﬂl:l'llju:ﬁl.x:-" Zang
. J_/-b_[ =0 DpH
Ajr Blast Indad =1

=D ﬁ'".} --------------
L=
—— (N1 == | E— . -
L " ~ i
Tuyeres — S A el -
Felling Hole” “F=] ___"ZF Tapping Hole
= r-_ - _\_H T
Fo=mrmrt e i
o ., Slag Hole
Crog Sand Boliom
Baodiom

| | |
T R R R R R R
Cross-section of a standard Cupola

Furnace. Source: Manufacturing Processes-
1

How It Works

The furnace is loaded through the charging door with alternating layers:

Metal Charge: Pig iron and iron scrap.

Coke: Burns to produce heat (reaches temperatures over 1,500°C / 2,700°F).

Flux (Limestone): Reacts with impurities (like ash and sand) to form liquid slag, which
floats on top of the molten iron and protects it from oxidation.

As air is blown in near the bottom through nozzles called tuyeres, the coke burns, generating hot
gases that rise up the shaft, heating and melting the descending charge.

Key Operating Zones (Bottom to Top)
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Zone

Well

Combustion
(Oxidizing) Zone

Reducing Zone

Melting Zone

Preheating Zone

Stack Zone

Crucibles

Primary Function

Collects the molten metal and floating slag above the sand
bottom before tapping.

Located around the tuyeres
($1500M\circ\text{C}-1850"circ\text{C}$). Oxygen reacts with
coke to form $\text{CO} 28§.

Above combustion zone. $\text{CO} 2§ reacts with hot coke to
form carbon monoxide ($\text{CO}$).

The solid iron charge melts here
($1200Mcirc\text{C}-1600"Ncirc\text{C}$) and trickles down
through the coke bed.

Rising hot exhaust gases warm the incoming solid charge,
improving thermal efficiency.

Upper section directing waste gases safely out through the spark
arrester.

A crucible is a vessel designed to hold metal or chemical compounds while they are melted at
extreme temperatures. Operating them safely requires strict precautions—a crucible failure
carrying liquid metal can cause catastrophic equipment damage or severe injury.
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Lifting a heated crucible using purpose—fit tongs. Source: Westendél / Getty

Images

Crucible Safe Operating Protocols

1. Inspect and Ring Test:Before heating.Visually inspect for cracks, deep gouges, or moisture
damage. Perform a ring test: gently tap a cold clay-graphite or SiC crucible with a wooden
mallet. A solid ring indicates a healthy vessel; a dead "thud" signals internal fractures—ditch it
immediately.

2. Preheating and Tempering:Pre-operation.Crucibles absorb moisture from the air. Heating them
too fast vaporizes trapped water instantly, causing steam explosions or spalling. Always heat a
new or cold crucible slowly (around 200°C / 400°F for 20-30 minutes) to drive off moisture
before ramping to full temperature.

3.Proper Charging (No Wedging):Loading metal.Place metal inside loosely. Never wedge cold
ingots tight horizontally across the rim—metal expands faster than refractory material when
heated, which will crack the crucible walls from the inside out.

4.Fit Proper Tongs and Shank Tools:Furnace handling.Use tongs designed specifically for the

crucible size and shape. Flat, improperly shaped tongs concentrate stress on single points and can
crush the vessel wall under the weight of liquid metal.
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5. Full PPE Requirements:Personal protection.Operators must wear an aluminized heat-reflective
suit or heavy leather apron, face shield over safety glasses, leather/Kevlar foundry gaiters, and
heat-rated heavy-duty welding gloves.

Critical Safety Rule: Never add wet or cold scrap metal to an already molten bath inside a
crucible. Moisture instantly flashes to steam beneath the surface, violently expanding by ~1,700
times its volume and erupting molten metal out of the vessel.

Ovens:

Ovens are closed, heated chambers used for drying, curing, baking, or heat-treating materials
across household, laboratory, and industrial settings. Because they combine intense heat,
electrical or gas energy, and sometimes volatile vapours, safe operation is essential to prevent
fires, explosions, and severe burns.

Aluminium plate
/" Insulation material

Specimen \ iy 2
[ ] X Explosion .~

Explosion relief venting mechanism in safety-rated ovens.
Source: ESPEC North America
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Types of Ovens & Their Primary Hazards

Oven Type Typical Temp  Primary Safety Hazards

Laboratory / 50°C—-300°C  Volatile solvent vapor buildup, glass
Drying Oven implosion under vacuum, thermal burns.

Industrial / 100°C Flammable atmosphere explosions, heavy
Process Oven 600°C+ material handling hazards, high radiant heat.

Domestic Kitchen = 100°C Grease fires, gas leaks (in gas models),
Oven 260°C carbon monoxide, child contact burns.

Oven Core Safety Protocols

1. Verify Load Compatibility:Pre-operation.Never place low-flashpoint solvents, highly volatile
chemicals, or sealed containers in a standard oven. Liquid trapped inside sealed glass or metal
will expand and explode. For volatile substances, use a specialized explosion-proof (Class A)
oven.

2.Ensure Ventilation and Airflow:Environment & Airflow.Confirm exhaust vents are
unobstructed. In lab and industrial environments, ensure forced-air circulation is active before
heating to prevent hot spots or vapor pockets from accumulating.

3.Maintain Internal Clearance:Loading.Distribute samples or materials evenly across shelves.
Avoid overcrowding or covering the bottom heating element directly, which disrupts natural or
forced convection currents and overheats localized zones.

4.Safe Opening & Retrieval Procedure:Unloading. When opening a hot oven door, stand to the

side to avoid the sudden blast of trapped heat or steam. Always use thermal-rated heat
gloves—never standard latex or thin cotton gloves, which can melt or instantly transfer heat.
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Critical Warning: Standard laboratory and home ovens lack spark-proof heating elements.
Heating flammable organic solvents (like ether, acetone, or hexane) in a non-rated oven creates
an explosive vapor-air mixture that a single cycling thermostat spark can ignite.

Hot Rolling Mill Operation

A hot rolling mill deforms metal slabs, blooms, or billets by passing them through heavy
spinning rollers at temperatures above their recrystallization point (typically above 1,100°C /
2,000°F for steel).A hot rolling mill operation is a industrial metallurgical process where raw
metal blocks are heated above their recrystallization temperature and passed through rotating
rollers to drastically reduce thickness and shape them into final products. This extreme heat
reduces the metal's yield strength, maximizing malleability and allowing high-volume structural
production without fracturing the material

Because the metal is plastic at these temperatures, it can be reshaped into sheets, plates,
structural beams, or rails with relatively low mechanical force. However, combining extreme
heat, high-speed moving machinery, and massive moving metal stocks creates severe workplace
hazards.

Hot steel billet traveling through rolling mill stands. Source: songgiuju / Getty
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Major Hazards & Safety Controls

Hazard
Category

Thermal &
Radiant Heat

Mechanical
Pinch Points

Metal Cobbles

& Flying Scale
Noise &
Overhead
Cranes

Risk / Cause

Severe contact burns and
heat stress from 1,100°C
metal.

Entanglement or crushing in
rotating rolls, table rollers, or
pinch rolls.

Hot strip buckling at high
speeds ("cobble"), shooting
out off the line; explosive
scale popping.

Hearing damage from impact
noise;
loads.

falling heavy coil

Essential Safety Controls

Heat-reflective aluminized PPE,
remote pulpit control rooms,
climate-controlled cabins.

Interlocked perimeter fencing,

light curtains, strict
Lockout/Tagout (LOTO)
during maintenance.

Deflector shields, cobble
detection sensors, reinforced
operator  viewing  windows,
protective aprons.

Mandatory  ear  protection,
designated crane walk-ways,

automated coil handling systems.

Critical Safety Rule: Never enter the roll line or run-out table area without full
Lockout/Tagout (LOTO) verification. Automated line sensors can trigger high-speed
conveyor rolls or flying shears unexpectedly if a hot slab is misdetected.



Hot Working Safety in Forging

Hot forging shapes metal above its recrystallization temperature (typically 950°C to
1,250°C for steel) using hammers, presses, or roll formers. Because it combines extreme
heat, high-tonnage impact forces, hot scale ejection, and intense noise, maintaining
rigorous safety protocols is critical to prevent severe burns, crush injuries, and hearing
loss.Hot forging is a bulk metal forming process where a metal workpiece is heated above
its recrystallization temperature—typically up to 1,250°C for steel—and then shaped using
compressive forces from hammers, presses, or dies. Heating the metal significantly
reduces its yield strength, making it highly malleable and allowing manufacturers to shape
complex geometries with lower structural pressure. This method eliminates strain
hardening during deformation, ensuring the resulting components possess excellent
ductility and toughness
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Heated
Workpiece

Hot Forging of Aluminum

Die
Hazards in Hot Forging

Hazard Source / Cause

Category

Thermal Heating furnaces, glowing

& Radiant billets

Energy ($>1000Mcirc\text{C}$),
hot die surfaces

Mechanica Forging rams, drop

I Impact & hammers, automatic

Pinch manipulators

Points

Flying High-velocity oxide scale

Scale & flaking off during hammer

Debris impact

Potential
Consequence

Severe full-thickness
skin  burns, heat
stroke, eye damage
from infrared glare

Crushing  injuries,
amputations,
caught-between
hazards

Eye loss, facial
burns, clothing
ignition
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High Repeated heavy hammer Permanent

Noise & strikes ($>110\text{ dB}$) noise-induced

Vibration hearing loss,
Hand-Arm Vibration
Syndrome (HAVS)

Safe Operating Protocols
Pre-Operation Checks & Safety Interlocks: Equipment Preparation.

Verify that point-of-operation guards, light curtains, and safety interlocks on forging presses are
functioning. Ensure die blocks/props are available for physical ram lockouts during die setup or
maintenance.

Tooling and Tongs Inspection: Material Handling.

Inspect forging tongs for proper jaw profile and structural integrity. Tongs must match the billet
geometry exactly to prevent hot metal from slipping under high hammer impacts. Pre-warm
tongs to avoid chilling the workpiece.

Controlled Descaling & Lubrication: Scale Removal.

Use pressurized water, air blasts, or mechanical scrapers to clear oxide scale before impact.
Ensure die lubricants (water- or graphite-based) are sprayed evenly; excess oil-based lubricant
can cause violent explosive ignition upon impact.

Safe Cooling and Quenching Zone: Post-Forging.

Transfer hot forged parts directly to designated insulated cooling bins or controlled quenching
tanks using mechanical manipulators or tongs. Never place hot forgings on open walkways or
uninsulated metal benches.

Primary Personal Protective Equipment (PPE)

e Eyes & Face: Shade 3 to 5 infrared-filtering safety glasses beneath a full-face shield to
block radiant heat and flying scale.

e Body Protection: Flame-resistant (FR) heavy leather jacket/apron and aluminized
heat-reflective clothing when working near open furnaces or heavy drop hammers.
Hands & Arms: Kevlar-lined heat-resistant gauntlet gloves with extended wrist cuffs.
Feet: Heavy-duty steel-toe leather boots with heat-resistant soles and metatarsal guards.
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e Hearing Protection: Dual protection (earplugs plus over-ear earmuffs) rated for
high-impulse noise environments.

Critical Safety Rule: Never place hands or arms inside the die impression zone
while the press or hammer is powered. Always use safety tongs or automated robot
manipulators to position and rotate hot billets between dies.

Prepare Yourself For A Hot Work
Checklist :
W Welding —— M Vfsafety

Cap Glasses

Eﬁ!usk Mask e _W./Weltling

Helmet
]Z(I.eather

Welding ( E/laauntlat

Jacket Type
Welding
Gloves

4 Iﬁz';%s \. E&eather
pron
Eﬁ-llght e

Leather = Pi/Laather
Work Boots Spats

~¢ O

Ready? Now You Can Start Working

Essential Personal Protective Equipment (PPE) for hot work environments.
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