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BS EN ISO 9692: An In-Depth Examination of Its Standards and Applications

The BS EN ISO 9692 standard pertains to the welding of metallic materials, specifically focusing on
the classification, designation, and requirements of welds and welding procedures. As a harmonized
international standard, it plays a crucial role in ensuring quality, safety, and consistency across
various industries, including construction, manufacturing, and engineering. This article provides a
comprehensive overview of BS EN ISO 9692, exploring its scope, structure, key elements, and
practical applications.

Overview of BS EN ISO 9692

What is BS EN ISO 9692?

BS EN ISO 9692 is an international standard developed by the International Organization for
Standardization (ISO) and adopted by the British Standards Institution (BSI) as part of the European
standardization process. The standard specifically addresses the classification of weld types,
welding symbols, and related requirements, facilitating clear communication among engineers,
welders, inspectors, and regulatory bodies.

Purpose and Importance

The primary purpose of BS EN ISO 9692 is to establish a common language for welding procedures
and weld classification. This ensures that:

- Welds are produced consistently according to recognized quality criteria.
- Communication between design engineers, manufacturers, and inspectors is clear and

unambiguous.
- Compliance with safety and quality standards is maintained.
- International trade and collaboration are streamlined by standardizing welding terminology and

practices.

Scope of the Standard

BS EN ISO 9692 covers:
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- The classification of weld types based on geometry and function.
- The designation of welds using standardized symbols.
- The requirements for weld quality, inspection, and testing.
- The guidelines for documentation related to welding procedures.

It applies to all metallic materials, including ferrous and non-ferrous metals, and encompasses
various welding processes such as arc welding, resistance welding, and others.

Structure of BS EN ISO 9692

Main Sections and Their Content

The standard is organized into several key sections, each addressing specific aspects of weld
classification and designation:

- General Principles

- Definitions and terminology used within the standard.
- Basic concepts related to weld types and symbols.

- Classification of Welds

- Types of welds based on their geometry and function.
- Standardized nomenclature for easy identification.

- Welding Symbols and Designations

- Rules for applying welding symbols on technical drawings.
- How to denote weld types, sizes, and additional requirements.

- Quality and Inspection Requirements

- Parameters for ensuring weld quality.
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- Inspection methods and acceptance criteria.

- Documentation and Record-Keeping

- Guidelines for recording welding procedures and results.
- Standard formats and terminology.

Key Elements of BS EN ISO 9692

Classification of Weld Types

BS EN ISO 9692 classifies welds into various categories based on their geometry, purpose, and
location within assemblies. The primary categories include:

- Groove Welds: Welds made in the groove between two members to be joined.
- Fillet Welds: Welds that join two surfaces at approximately right angles, forming a fillet.
- Spot and Seam Welds: Used primarily in sheet metal fabrication for joining overlapping parts.
- Edge Welds: Applied along the edges of materials to create a continuous or discontinuous weld.

Each weld type is further subdivided based on specific features, such as the weld's cross-sectional
shape, the method of application, and the intended load-bearing capacity.

Welding Symbols and Their Usage

A core component of BS EN ISO 9692 is the standardized system of welding symbols used in
technical drawings. These symbols communicate:

- The type of weld required.
- The size and length of welds.
- The weld's location and orientation.
- Additional instructions such as inspection or special conditions.

For example:

- A fillet weld symbol is a right-angled triangle placed on the reference line.
- A groove weld may be indicated with a specific symbol placed on a particular side of the
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reference line to denote its location.

Proper understanding and application of these symbols ensure that welds are fabricated and
inspected in accordance with the specified requirements.

Designation of Welds

The standard prescribes a systematic method for designating welds, combining symbols, codes, and
annotations to convey comprehensive information. Typical designations include:

- The type of weld (e.g., fillet, groove).
- The size or throat thickness.
- The length and pitch (spacing) for repetitive welds.
- Additional notes regarding inspection or special requirements.

This clear designation system aids in reducing errors and ensuring compliance throughout the
manufacturing process.

Quality and Inspection Criteria

BS EN ISO 9692 emphasizes the importance of weld quality, providing guidance on:

- Visual inspection criteria for surface flaws, misalignments, and dimensions.
- Non-destructive testing methods such as ultrasonic testing, radiographic testing, and magnetic

particle inspection.
- Acceptance criteria based on defect size, type, and location.

Adhering to these criteria ensures that welds meet safety standards and performance expectations.

Practical Applications of BS EN ISO 9692

Industry Adoption

BS EN ISO 9692 is widely adopted in various sectors, including:

- Construction: Ensuring structural welds in buildings, bridges, and infrastructure meet safety
standards.

- Manufacturing: Standardizing welding procedures in automotive, shipbuilding, and machinery
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production.
- Aerospace: Maintaining high-quality welds for aircraft components.
- Oil and Gas: Ensuring weld integrity in pipelines and offshore structures.

Benefits of Compliance

Organizations that adhere to BS EN ISO 9692 benefit from:

- Improved communication and understanding among project teams.
- Consistent quality and reliability of welded components.
- Easier certification and regulatory approval processes.
- Enhanced safety and reduced risk of weld failure.

Implementation in Welding Procedures

Implementing BS EN ISO 9692 involves several steps:

- Training personnel on standard welding symbols and classification.
- Developing welding procedures aligned with the classification and designations outlined.
- Documenting welds accurately using the prescribed symbols and designations.
- Conducting inspections based on the quality criteria specified in the standard.
- Maintaining records for traceability and quality assurance.

Integration with Other Standards

BS EN ISO 9692 is often used in conjunction with other standards, such as:

- BS EN ISO 15614: Specification for welding procedure tests.
- BS EN ISO 3834: Quality requirements for fusion welding.
- BS EN ISO 5817: Acceptance levels for weld imperfections.

This integrated approach ensures comprehensive compliance with international welding standards.

Challenges and Considerations

Complexity and Training Needs

While BS EN ISO 9692 provides a standardized framework, its detailed symbols and designations
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can be complex for newcomers. Proper training and experience are essential for accurate
interpretation and application.

Technological Advances

Emerging welding technologies and materials may introduce new requirements not fully covered by
existing standards. Regular updates and revisions of BS EN ISO 9692 are necessary to keep pace
with technological developments.

International Harmonization

Although BS EN ISO 9692 aims to harmonize practices, differences may still exist across regions.
Organizations operating globally should ensure compatibility with local standards and regulations.

Conclusion

BS EN ISO 9692 serves as a vital standard in the field of welding, providing a unified language for
classification, designation, and quality assurance of welds. Its comprehensive framework enhances
clarity, consistency, and safety across industries that rely heavily on welding processes. By
understanding its structure, key elements, and applications, professionals can improve
communication, ensure compliance, and produce high-quality welded products. As technology and
industry requirements evolve, BS EN ISO 9692 will continue to be a cornerstone in maintaining
excellence within the welding community, supporting innovation and international trade in metallic
fabrication.
 
BS EN ISO 9692: An In-Depth Analysis of the Standard for Riveting and Riveted Joints

Introduction to BS EN ISO 9692

The BS EN ISO 9692 standard is a comprehensive international guideline that specifies the
requirements for riveted joints used in various structural and mechanical applications. As industries
continually seek reliable, durable, and safe fastening methods, understanding and adhering to this
standard becomes crucial for engineers, manufacturers, and quality assurance professionals. This
document aligns with ISO 9692, harmonizing European and international standards to ensure
consistency across markets.

In this review, we will explore the scope, classifications, requirements, and implications of BS EN
ISO 9692, providing a detailed understanding of its role in modern engineering practices.

Scope and Purpose of BS EN ISO 9692
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Scope of the Standard

BS EN ISO 9692 covers:

- The specifications for riveted joints and their components.
- The types of rivets and their mechanical properties.
- The methods of joint preparation, assembly, and inspection.
- The testing procedures to verify joint integrity.
- The recommendations for design considerations involving riveted connections.

Purpose and Rationale

The standard aims to:

- Ensure the safety and reliability of riveted joints across different industries such as construction,
shipbuilding, automotive, and aerospace.

- Promote uniformity in manufacturing and inspection processes.
- Facilitate the interchangeability of riveted components globally.
- Provide guidance to designers and engineers in selecting appropriate rivet types and joint

configurations.

By establishing clear criteria, BS EN ISO 9692 supports quality assurance, reduces failure risks, and
enhances overall structural integrity.

Classification of Rivets and Joints

Types of Rivets Covered

The standard classifies rivets based on their materials, head shapes, and manufacturing processes.
Major categories include:

- Solid Rivets: Usually made from steel, aluminum, or copper alloys. They are driven through
pre-drilled holes and deformed to secure the joint.

- Blind Rivets (Pop Rivets): Consist of a body and a mandrel, allowing installation from one side,
ideal for applications with limited access.

- Semi-Tubular Rivets: Have a partially hollow shank, offering a balance between strength and
ease of installation.

- Drive Rivets: Require mechanical or hydraulic tools for installation, often used in heavy-duty
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applications.

Classification of Riveted Joints

Joints are categorized based on their configuration:

- Lap Joints: Overlapping pieces joined with rivets, common in sheet metal work.
- Butt Joints: Edges aligned and riveted together, often with additional reinforcement.
- Corner Joints: Used in frame construction, where two members meet at a corner.
- T-Joints: Formed where one member intersects another perpendicularly.

The standard delineates design considerations for each type, emphasizing load distribution, fatigue
resistance, and ease of assembly.

Design and Material Requirements

Material Specifications

BS EN ISO 9692 prescribes material standards for rivets and joint components:

- Rivet Materials: Must exhibit suitable ductility, strength, and corrosion resistance. Common
materials include carbon steels, stainless steels, aluminum alloys, and copper alloys.

- Base Materials: Should have compatible thermal expansion properties and corrosion resistance
to ensure joint longevity.

- Surface Treatments: Coatings such as zinc plating or anodizing are recommended to improve
corrosion resistance.

Design Principles

Designing riveted joints involves considerations such as:

- Load Types: Tensile, shear, or combined loads.
- Number and Spacing of Rivets: To distribute stresses evenly and avoid localized failures.
- Rivet Size and Pitch: Influences joint strength and fatigue life.
- Edge Distance: Prevents tearing or deformation of the material around the rivet hole.
- Hole Tolerance: Ensures proper fit without excessive play or tightness.

Adherence to these principles ensures joints meet the required safety factors and operational
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demands.

Installation and Assembly Procedures

Preparation of Components

Prior to riveting, components must be properly prepared:

- Cleaning: Remove oils, rust, and debris to ensure proper adhesion.
- Drilling: Accurate hole placement with specified diameters and tolerances.
- Edge Finishing: Smoothing edges to prevent material tearing.

Riveting Process

The installation process involves:

- Positioning: Aligning parts accurately using jigs or fixtures.
- Inserting Rivets: Ensuring proper seating within holes.
- Driving or Setting Rivets:

- Cold Riveting: Using hammers, presses, or pneumatic tools.
- Hot Riveting: Heating rivets before installation for increased ductility.

- Deformation and Setting: Forming the rivet head or shank deformation to secure the joint.

Quality Control During Assembly

Inspection points include:

- Rivet Head Formation: Ensuring proper shape and size.
- Joint Tightness: Confirming no looseness or gaps.
- Alignment: Maintaining correct positioning.
- Absence of Cracks or Deformation: Checking for material failure or improper installation.

Testing, Inspection, and Certification
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Mechanical Testing Methods

To verify joint integrity, BS EN ISO 9692 recommends:

- Pull-Out Tests: Assessing the force required to extract a rivet.
- Shear Tests: Measuring the joint's resistance to shear loads.
- Fatigue Testing: Evaluating performance under cyclic loading conditions.
- Hardness and Tensile Tests: For rivet materials to ensure compliance with specifications.

Non-Destructive Inspection (NDI)

Methods include:

- Visual Inspection: Detecting surface defects or improper deformation.
- Ultrasound and X-ray: Identifying internal flaws.
- Magnetic Particle or Dye Penetrant Testing: Spotting cracks or discontinuities.

Certification and Documentation

Manufacturers are required to provide:

- Material certificates.
- Test reports.
- Inspection records.
- Compliance declarations.

These documents ensure traceability and conformity to BS EN ISO 9692 requirements.

Applications and Industry Relevance

Structural Engineering

Riveted joints are vital in:

- Steel construction frameworks.
- Bridges and towers.
- Shipbuilding structures.
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Automotive and Aerospace

Although increasingly replaced by welding, rivets remain relevant for:

- Aircraft fuselage and wing assembly.
- Heavy vehicle chassis.
- Specialized components requiring disassembly.

Manufacturing and Maintenance

Riveting offers advantages such as:

- Ease of disassembly for repairs.
- Suitability for materials sensitive to heat (e.g., certain composites).
- Cost-effectiveness in mass production.

Advantages and Limitations of Riveted Joints as per BS EN ISO 9692

Advantages

- Reliability: Proven performance under diverse conditions.
- Ease of Inspection: Visual and non-destructive methods available.
- Disassembly: Facilitates maintenance and repairs.
- Compatibility with Dissimilar Materials: Useful in multi-material assemblies.

Limitations

- Labor-Intensive Installation: Requires skilled personnel and proper
equipment.

- Potential for Loosening: Vibration and fatigue can cause joint deterioration.
- Weight Considerations: Rivets can add weight compared to other fastening

methods.
- Limited in High-Temperature Environments: Material properties may

degrade.

Future Trends and Developments
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Innovations in Rivet Materials

Emerging materials aim to improve strength-to-weight ratios, corrosion resistance, and
environmental sustainability, including:

- Titanium alloys.
- Composite rivets.

Automation and Robotics

Advances in automated riveting systems and robotic installation are enhancing precision, reducing
labor costs, and increasing consistency.

Integration with Other Joining Techniques

Hybrid approaches combining riveting with welding or adhesives are being explored to optimize joint
performance.

Conclusion: The Significance of BS EN ISO 9692 in Modern
Engineering

BS EN ISO 9692 plays a pivotal role in standardizing riveting practices worldwide, ensuring that
riveted joints meet stringent safety, durability, and performance criteria. Its comprehensive
guidelines assist designers, engineers, and manufacturers in selecting appropriate rivet types,
designing reliable joints, and implementing proper installation and inspection procedures.

As industries evolve with technological advancements and material innovations, the principles
embedded within BS EN ISO 9692 remain foundational, fostering innovation while maintaining
safety and quality standards. Adherence to this standard not only ensures compliance but also
enhances the longevity and integrity of structures and machinery that rely on riveted connections.

In conclusion, mastery of BS EN ISO 9692 is essential for professionals involved in structural
assembly and fastening techniques, underpinning the development of safe
 

 QuestionAnswer What is BS EN ISO 9692 and what does it specify? BS EN ISO 9692 is a
European and international standard that specifies the welding positions and procedures for steel
and aluminum structures, ensuring safety, quality, and consistency in welding practices. How does
BS EN ISO 9692 impact welding safety? The standard provides guidelines for proper welding
positions and techniques, which help reduce risks of defects and accidents, thereby enhancing
overall safety in welding operations. What are the main welding positions covered by BS EN ISO
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9692? The standard covers various welding positions such as flat, horizontal, vertical, and
overhead, providing classifications and requirements for each to ensure quality welds. Is BS EN ISO
9692 applicable to both steel and aluminum welding? Yes, BS EN ISO 9692 applies to welding of
both steel and aluminum structures, offering specific guidelines tailored to each material's
properties. How does BS EN ISO 9692 influence welding procedure qualification? The standard
provides criteria for qualifying welding procedures, ensuring they meet consistent quality and safety
standards across projects. What are the benefits of adhering to BS EN ISO 9692 for welding
projects? Adhering to the standard ensures high-quality welds, compliance with regulations,
improved safety, and consistency across manufacturing and construction processes. How often is
BS EN ISO 9692 updated or revised? Standards like BS EN ISO 9692 are periodically reviewed and
revised to incorporate technological advancements and industry best practices, typically every few
years. What training or certification is recommended for welders following BS EN ISO 9692?
Welders should undergo specialized training and obtain certification aligned with the standard's
guidelines to ensure their techniques meet the required quality and safety standards. Can BS EN
ISO 9692 be integrated into existing quality management systems? Yes, the standard can be
incorporated into quality management systems like ISO 9001 to improve welding processes and
ensure compliance with international standards. Where can I access the full BS EN ISO 9692
standard documentation? The standard can be purchased or accessed through official standards
organizations such as BSI, ISO, or authorized distributors online. 

 
Related keywords: stainless steel, welding, standards, fabrication, ANSI, ISO standards, welding
processes, material specifications, pipe welding, quality assurance

46 leatherwork projects anyone can do

46 leatherwork projects anyone can do

Leatherwork is a timeless craft that combines artistry, functionality, and craftsmanship. Whether
you?re a beginner eager to dip your toes into the world of leather or an experienced artisan looking
for new ideas, there?s a project for everyone. From small accessories to practical household items,
leather projects can be tailored to your skill level and personal style. In this comprehensive guide,
we?ll explore 46 diverse leatherwork projects that anyone can undertake, providing inspiration and
guidance to start creating beautiful, durable leather items today.

Getting Started with Leatherwork

Before diving into the projects, it?s essential to understand some basic tools and materials needed
for leather crafting.
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Basic Tools and Materials

- Leather pieces (vegetable-tanned, chrome-tanned, or faux leather)
- Cutting tools (utility knife, rotary cutter, scissors)
- Cutting mat or surface
- Leather punches and awls
- Needles and thread (waxed linen or nylon)
- Leather dye and finishes
- Hole punches and snaps/buttons
- Stitching chisels and stitching groover
- Clamps or leather vises
- Ruler and measuring tape

Understanding these basics will help you approach each project confidently. Now, let?s explore
some simple projects perfect for beginners and more advanced projects for seasoned crafters.

Simple Leather Projects for Beginners

Starting with easy projects builds confidence and develops foundational skills.

1. Leather Keychain

A quick and satisfying project, perfect for practicing cutting and hole punching.

- Cut a small rectangle (about 4? x 1?)
- Punch a hole for the keyring
- Decorate with stamping or embossing if desired

2. Leather Cord Organizer

Keep your cords tidy with a simple wrap.

- Cut a strip of leather (~8? x 1?)
- Punch a hole at one end
- Add a snap or button to secure

3. Leather Coasters
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Protect your surfaces with custom coasters.

- Cut leather circles or squares
- Finish edges with dye or burnishing
- Seal with a protective coating

4. Card Holder

A slim wallet for cards and cash.

- Cut a piece of leather (~4? x 3?)
- Fold in half
- Stitch sides or add a snap

5. Key Fob

A small accessory to keep keys organized.

- Cut leather strip (~4? x 1?)
- Attach a keyring
- Decorate with stamping or embossing

Intermediate Projects to Hone Your Skills

As you become comfortable with basic techniques, these projects will challenge you and expand
your craftsmanship.

6. Leather Wallet

Create a functional wallet with multiple compartments.

- Cut several leather pieces
- Use stitching or folding techniques
- Add card slots and a coin pocket

7. Leather Phone Case
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Protect your device with a custom-fit cover.

- Measure your phone
- Cut leather panels
- Sew or glue edges, add closures

8. Leather Belt

Make a personalized belt for everyday wear.

- Cut a strip (~1.5? wide, length to fit waist)
- Punch holes for buckle and adjustment
- Attach buckle with rivets or stitching

9. Leather Journal Cover

Protect your notebooks with a stylish cover.

- Cut leather slightly larger than your journal
- Add closures or straps
- Decorate with stamping or tooling

10. Coin Pouch

A handy pouch for loose change.

- Cut two leather pieces
- Sew or rivet sides and bottom
- Add a flap or zipper closure

Advanced Leather Projects for Enthusiasts

For those with more experience, these projects involve complex techniques like tooling, dying, and
intricate stitching.

11. Leather Bag or Tote
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Design a custom bag suited to your style.

- Cut panels for sides, bottom, and straps
- Assemble with stitching or rivets
- Add compartments and closures

12. Leather Watch Strap

Create a unique strap for your wristwatch.

- Measure watch lugs
- Cut leather strips
- Punch holes and attach hardware

13. Leather Backpack

A larger project requiring planning and precision.

- Cut and assemble multiple panels
- Incorporate straps, closures, and pockets
- Use reinforced stitching

14. Leather Backpack

A larger project requiring planning and precision.

- Cut and assemble multiple panels
- Incorporate straps, closures, and pockets
- Use reinforced stitching

15. Leather Portfolio or Document Holder

Perfect for professionals.

- Measure and cut panels
- Add pockets and closures
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- Finish edges with burnishing

16. Leather Dog Collar

Make a stylish and durable collar.

- Measure dog?s neck
- Cut leather strip
- Add buckle, D-ring, and decoration

17. Leather Purse or Clutch

Create a statement piece.

- Design with compartments
- Sew or rivet panels
- Add a zipper or clasp

18. Leather Camera Strap

Combine functionality and aesthetics.

- Cut a wide leather strip
- Attach hardware and adjusters
- Add padding if desired

19. Leather Money Clip

Slim and sleek cash holder.

- Cut a small leather rectangle
- Add a clip or magnetic closure
- Decorate with stamping

20. Leather Tool Roll

Organize tools with style.
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- Cut a long strip with compartments
- Sew or rivet dividers
- Add straps or closures

Creative Leather Projects for Personalization

Express your individuality with these creative projects.

21. Leather Name Tag

Personalized identification.

- Cut a small leather tag
- Stamp or carve your name or logo
- Attach with a chain or pin

22. Leather Bookmark

A durable bookmark with style.

- Cut a thin strip
- Decorate with stamping or tooling
- Add a tassel or charm

23. Leather Earrings

Unique jewelry pieces.

- Cut small shapes
- Punch holes for hooks
- Decorate with stamping or dye

24. Leather Pendant Necklace

Wearable art.

- Cut a pendant shape
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- Decorate with tools or paint
- Attach to a chain

25. Leather Bracelet

Simple yet stylish.

- Cut a strip
- Add rivets, snaps, or buckles
- Decorate with stamping

26. Leather Cuff

More substantial jewelry.

- Cut wider strips
- Emboss or carve designs
- Add closures

27. Leather Earrings

Unique jewelry pieces.

- Cut small shapes
- Punch holes for earring hooks
- Decorate with stamping or paint

28. Leather Clutch

Elegant accessory.

- Design with compartments
- Sew or rivet panels
- Add a zipper or magnetic closure

29. Leather Phone Sleeve
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Protection with style.

- Measure device
- Cut and sew panels
- Add a flap or closure

30. Leather Brooch or Pin

Accessorize outfits.

- Cut decorative shapes
- Attach a pin backing
- Decorate with stamping or painting

Specialty and Gift Leather Projects

These projects make excellent gifts or specialty items.

31. Leather Bookmark

Elegant and practical.

- Cut a slim strip
- Emboss or carve designs
- Add a tassel or ribbon

32. Leather Gift Tags

Personalized tags for presents.

- Cut small tags
- Stamp or decorate
- Attach with string or ribbon

33. Leather Journal Cover

Custom cover for notebooks.
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- Measure journal size
- Cut and assemble panels
- Add closures

34. Leather Coasters Set

Stylish home decor.

- Cut matching circles or squares
- Finish edges
- Seal with protective coating

35. Leather Placemats

Functional and decorative.

- Cut large rectangles
- Decorate with stamping or tooling
- Seal for durability

36. Leather Phone Case

Personalized protection.

- Measure your device
- Cut panels
- Sew or glue edges, add magnetic or snap closures

37. Leather Business Card Holder

Professional accessory.

- Cut a small rectangle
- Fold and stitch or rivet
- Add a closure or decorative element

38. Leather Wallet or Cardholder
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Compact storage.

- Design with multiple card slots
- Sew or rivet panels
- Finish with dye or polish

39. Leather Pen or Pencil Case
 
46 Leatherwork Projects Anyone Can Do: Unlock Your Creativity and Craftsmanship

Leatherwork is an age-old craft that combines artistry, skill, and practicality into projects that are
both beautiful and functional. Whether you're a complete beginner or an experienced artisan looking
to expand your repertoire, the world of leathercraft offers a wealth of possibilities. The beauty of
leatherwork lies in its versatility?ranging from simple accessories to intricate jewelry, and even home
decor. In this comprehensive guide, we?ll explore 46 leatherwork projects anyone can do, providing
you with inspiration, step-by-step insights, and tips to get started on your leather crafting journey.

Getting Started with Leatherwork

Before diving into specific projects, it?s essential to understand basic tools and techniques.
Leatherwork requires some fundamental supplies:

- Leather (vegetable-tanned or chrome-tanned)
- Cutting tools (utility knives, rotary cutters)
- Punches and stitching tools
- Sewing needles and thread (waxed linen or nylon)
- Adhesives (leather glue)
- Finishing products (dyes, conditioners, sealants)

Once equipped, beginners can start with simple projects that build confidence and skills.

Simple Leather Projects for Beginners

1. Leather Keychains

Overview: A straightforward project that introduces cutting, punching, and attaching hardware.

Features:
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- Quick to make
- Customizable with stamps or paint
- Great for gifts or personal use

Pros/Cons:

- Pros: Easy, inexpensive, quick
- Cons: Limited complexity, minimal tools needed

2. Leather Card Holders

Overview: Compact and practical, cardholders teach folding, punching, and sewing.

Features:

- Slim design
- Can be personalized with embossing

Pros/Cons:

- Pros: Useful, portable, adaptable
- Cons: Requires precise measurements

3. Leather Bracelets

Overview: Fashionable accessories that involve cutting, stitching, and finishing.

Features:

- Adjustable designs
- Can incorporate beads or metal accents

Pros/Cons:

- Pros: Creative, wearable
- Cons: Might need additional hardware
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4. Leather Bookmarks

Overview: Elegant and simple, these teach basic cutting and decorating.

Features:

- Personalizable with stamping
- Lightweight and durable

Pros/Cons:

- Pros: Inexpensive, quick
- Cons: Minimal complexity

5. Leather Coasters

Overview: Functional home decor items that involve cutting and sealing.

Features:

- Can be customized with designs
- Water-resistant with appropriate finish

Pros/Cons:

- Pros: Practical, decorative
- Cons: Requires finishing techniques

Intermediate Leather Projects

6. Leather Wallets

Overview: Classic project combining cutting, sewing, and finishing.

Features:
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- Multiple styles (bi-fold, tri-fold)
- Durable and stylish

Pros/Cons:

- Pros: Functional, customizable
- Cons: Slightly more complex, requires precision

7. Leather Phone Cases

Overview: Protects devices while showcasing craftsmanship.

Features:

- Fits specific models
- Personalization options

Pros/Cons:

- Pros: Practical, customizable
- Cons: Requires precise measurements

8. Leather Dopp Kits

Overview: Travel-friendly toiletry bags.

Features:

- Sturdy construction
- Can include compartments

Pros/Cons:

- Pros: Useful, durable
- Cons: Slightly more complex assembly
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9. Leather Belt

Overview: A timeless accessory involving measuring, punching, and stitching.

Features:

- Adjustable lengths
- Can be stamped or dyed

Pros/Cons:

- Pros: Long-lasting, customizable
- Cons: Requires hardware attachment

10. Leather Phone Holders

Overview: Small pouches for carrying phones securely.

Features:

- Compact design
- Easy to personalize

Pros/Cons:

- Pros: Practical, simple
- Cons: Needs precise sizing

Advanced Leather Projects

11. Leather Handbags

Overview: Larger, more intricate projects with multiple components.

Features:
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- Multiple compartments
- Can include hardware and lining

Pros/Cons:

- Pros: Functional, stylish
- Cons: Time-consuming, requires advanced skills

12. Leather Journals and Notebooks

Overview: Combining leatherwork with bookbinding techniques.

Features:

- Custom covers
- Personal touch with embossing

Pros/Cons:

- Pros: Unique, personal
- Cons: Requires patience and precision

13. Leather Guitar Straps

Overview: Musical accessory with adjustable features.

Features:

- Reinforced stitching
- Customizable with stamping

Pros/Cons:

- Pros: Durable, stylish
- Cons: Needs reinforcement
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14. Leather Watch Straps

Overview: Elegant and functional, involves precise measurements.

Features:

- Can be stitched or glued
- Personalized with embossing

Pros/Cons:

- Pros: High-end look
- Cons: Demands accuracy

15. Leather Backpack

Overview: Large, complex project involving multiple panels.

Features:

- Sturdy construction
- Can include hardware and lining

Pros/Cons:

- Pros: Practical, impressive
- Cons: Requires advanced skills and time

Creative Leathercraft Ideas

16. Leather Earrings

Overview: Fashion accessories that are lightweight and easy to make.

Features:
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- Uses punches and dyes
- Can be layered or stamped

Pros/Cons:

- Pros: Creative, trendy
- Cons: Small parts may require delicate handling

17. Leather Napkin Rings

Overview: Elegant table decor items.

Features:

- Easy to personalize
- Adds a rustic touch

Pros/Cons:

- Pros: Quick, decorative
- Cons: Limited size

18. Leather Fridge Magnets

Overview: Small, fun projects combining leather with magnets.

Features:

- Personalizable shapes
- Durable and unique

Pros/Cons:

- Pros: Simple, creative
- Cons: Small scale
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19. Leather Cord Organizers

Overview: Keeps cords tidy with minimal effort.

Features:

- Flexible wraps
- Can include snaps or clasps

Pros/Cons:

- Pros: Practical, customizable
- Cons: Requires precise sizing

20. Leather Pen Cases

Overview: Elegant holders for pens or pencils.

Features:

- Simple sewing or gluing
- Personalizable with embossing

Pros/Cons:

- Pros: Useful, stylish
- Cons: Requires neat stitching

Decorative and Gift Projects

21. Leather Coats of Arms or Monograms

Overview: Personalized decorative pieces.

Features:
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- Embossed or carved
- Suitable for wall decor

Pros/Cons:

- Pros: Unique, artistic
- Cons: Requires carving skills

22. Leather Photo Frames

Overview: Rustic frames with leather accents.

Features:

- Easy to assemble
- Customizable borders

Pros/Cons:

- Pros: Decorative, personal
- Cons: Limited size

23. Leather Jewelry Boxes

Overview: Elegant storage solutions.

Features:

- Multiple compartments
- Can be lined

Pros/Cons:

- Pros: Practical, decorative
- Cons: Slightly complex construction
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24. Leather Gift Tags

Overview: Perfect for presents, customizable with stamps or paint.

Features:

- Small, easy to make
- Personal touch for gifts

Pros/Cons:

- Pros: Quick, inexpensive
- Cons: Limited size

25. Leather Wall Hangings

Overview: Artistic pieces using layered leather.

Features:

- Embossed or painted designs
- Can incorporate other materials

Pros/Cons:

- Pros: Creative expression
- Cons: Requires design planning

Functional and Practical Leather Projects

26. Leather Camera Straps

Overview: Durable and stylish.

Features:
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- Adjustable length
- Reinforced stitching

Pros/Cons:

- Pros: Long-lasting
- Cons: Requires hardware

27. Leather Tool Holders

Overview: Organizes tools like scissors or brushes.

Features:

- Multiple slots
- Customizable size

Pros/Cons:

- Pros: Practical
- Cons: Needs precise measurements

28. Leather Cable Organizers

Overview: Keeps electronic cables tidy.

Features:

- Wraps with snaps or elastic
- Portable

Pros
 

 QuestionAnswer What are some beginner-friendly leatherwork projects for novices?
Beginner-friendly projects include making simple wallets, keychains, cardholders, and coin pouches.
These projects use basic techniques like cutting, stamping, and stitching, making them perfect for
newcomers. Which tools are essential for starting leatherwork projects at home? Essential tools
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include a sharp utility knife or rotary cutter, cutting mat, leather punch, stitching needles, waxed
thread, mallet, and a ruler. These tools help you cut, punch, and sew leather pieces accurately. Can
I make personalized leather accessories with these projects? Absolutely! Many leatherwork projects,
such as wallets and keychains, can be customized with initials, designs, or colors, making each
piece unique and personal. What types of leather are suitable for these projects? Vegetable-tanned
leather and chrome-tanned leather are popular choices. For beginners, thinner and more pliable
leather like veg-tan or scrap leather works well for ease of handling. Are there any eco-friendly or
sustainable leather options recommended for these projects? Yes, plant-based or vegetable-tanned
leather options are more eco-friendly. Additionally, upcycled or scrap leather pieces are sustainable
choices for creating projects without new material consumption. How long does it typically take to
complete a leatherwork project from start to finish? Most simple projects like wallets or keychains
can be completed in a few hours, while more complex items like belts or bags may take several
sessions over a day or two. What are some creative ideas for customizing leather projects to make
them unique? You can personalize projects with embossing, stamping, painting, or adding
decorative stitches. Using different dyes and finishing techniques also adds a custom touch. Are
there any online courses or tutorials recommended for learning leatherwork projects? Yes, platforms
like YouTube, Udemy, and Craftsy offer comprehensive leatherworking tutorials suitable for all skill
levels. Many also provide step-by-step guides for the 46 projects or more. Can these leatherwork
projects be gifted or sold commercially? Definitely! Handmade leather items make great gifts and
can also be sold at craft fairs, online marketplaces, or through small businesses, provided you follow
local regulations and quality standards. What maintenance is required to keep leather projects
looking good over time? Regular cleaning with a damp cloth, conditioning with leather conditioner,
and proper storage away from direct sunlight help maintain the appearance and durability of leather
items. 

 
Related keywords: leathercraft, DIY leather projects, leatherworking ideas, beginner leather
projects, leather accessories, handmade leather crafts, leather tooling, leather wallet tutorials, easy
leather crafts, leather sewing techniques

Read the full article online: 46 leatherwork projects anyone can do

bonacci aircraft sheet metal repair

bonacci aircraft sheet metal repair is a specialized skill essential to maintaining the safety,
integrity, and performance of aircraft. Whether addressing minor dents or major structural damages,
proficient sheet metal repair ensures that aircraft remain airworthy and compliant with aviation
standards. In this comprehensive guide, we will explore the fundamentals of airplane sheet metal
repair, techniques, tools, materials, and best practices to help technicians, aviation enthusiasts, and
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maintenance professionals master this vital aspect of aircraft maintenance.

Understanding Aircraft Sheet Metal Repair

What Is Aircraft Sheet Metal Repair?

Aircraft sheet metal repair involves restoring damaged or corroded metal surfaces on an aircraft?s
fuselage, wings, or other structural components. It requires precise techniques to ensure the
repaired section maintains the original strength, shape, and aerodynamic properties.

Why Is Proper Sheet Metal Repair Important?

- Ensures structural integrity
- Maintains aerodynamic efficiency
- Complies with aviation safety standards
- Extends the lifespan of aircraft components
- Prevents costly future repairs

Common Causes of Sheet Metal Damage in Aircraft

- Corrosion due to moisture exposure
- Impact from debris, hail, or bird strikes
- Fatigue cracks from repeated stress
- Improper maintenance or previous substandard repairs
- Environmental conditions such as salt air near coastal regions

Essential Tools and Materials for Bonacci Aircraft Sheet Metal Repair

Tools

- Hammer and dolly set
- Cleco fasteners and pliers
- Aviation-grade rivet guns
- Sheet metal shears and snips
- Metal bending brakes
- Drill and drill bits
- Sanding and grinding tools
- Protective gear (gloves, eye protection, masks)
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Materials

- Aircraft-grade aluminum or composite materials
- Rivets (aluminum, steel, or other approved alloys)
- Adhesives and sealants suitable for aviation use
- Replacement metal patches or sheets
- Corrosion inhibitors and primers
- Paints compatible with aircraft standards

Step-by-Step Guide to Bonacci Aircraft Sheet Metal Repair

1. Assessing the Damage

Begin with a thorough inspection to determine the extent of the damage:

- Remove any paint or coatings around the affected area
- Check for corrosion, cracks, or deformation
- Measure and document the damage for repair planning

2. Preparing the Repair Area

- Clean the surface with appropriate cleaners
- Remove corrosion using wire brushes or chemical treatments
- Deburr edges to ensure smooth transitions

3. Creating a Repair Patch

- Cut a patch from aircraft-grade aluminum that overlaps the damaged area by at least 1 inch on
all sides

- Shape the patch to match the original contour
- Drill holes along the edges for rivets or bonding points

4. Installing the Patch

- Position the patch precisely over the damaged area
- Secure it temporarily with Cleco fasteners
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- Drill matching holes through the patch and existing skin if necessary

5. Securing the Patch

- Rivet the patch using a rivet gun, ensuring proper tension and alignment
- Alternatively, use approved adhesives or sealants for non-structural repairs
- Check for proper fit and finish

6. Finishing Touches

- Sand and smooth the repaired area
- Apply corrosion inhibitors and primers
- Paint to match the surrounding surface, ensuring proper aerodynamics
- Conduct a detailed inspection to verify repair quality

Best Practices and Tips for Successful Aircraft Sheet Metal Repairs

- Always adhere to the manufacturer?s specifications and aviation standards.
- Use only approved materials and fasteners for aircraft repairs.
- Maintain a clean and organized workspace to prevent contamination.
- Ensure proper training and certification for personnel performing repairs.
- Document all repair activities meticulously for maintenance records and future reference.
- Perform non-destructive testing (NDT) methods, like dye penetrant testing, to verify repair

integrity.
- Stay updated with the latest repair techniques and aviation regulations.

Common Challenges in Bonacci Aircraft Sheet Metal Repair

- Dealing with corrosion that has penetrated deep into the metal
- Matching paint and surface finish for seamless repairs
- Ensuring rivet and fastener compatibility
- Managing repairs in hard-to-access areas
- Balancing weight considerations with repair strength

Importance of Training and Certification

Proper training is crucial for performing effective aircraft sheet metal repairs. Certified technicians

Published by: horochovec.com.br Page 38 of 47



2 4 1 hr rivet wars Textbook Vol. 2023, Issue 9

understand the complexities of aircraft structures and the importance of precision. Certification
programs, such as those offered by aviation authorities like the FAA or EASA, ensure that
technicians are knowledgeable about:

- Aircraft structural design
- Repair standards and procedures
- Safety protocols
- Use of specialized tools and materials

Innovations in Aircraft Sheet Metal Repair

Recent advances have introduced new materials and techniques, including:

- Use of composite patches for lightweight, non-structural repairs
- Laser welding for precise, clean repairs
- Advanced nondestructive testing methods for quality assurance
- Computer-aided design (CAD) for custom patch shaping

Maintaining Aircraft Post-Repair

Proper maintenance after sheet metal repairs is vital:

- Regular inspections for signs of corrosion or fatigue
- Reapplication of protective coatings as needed
- Keeping detailed maintenance logs
- Scheduling periodic NDT assessments

Conclusion

Mastering bonacci aircraft sheet metal repair is essential for ensuring aircraft safety, performance,
and longevity. It involves a combination of skilled craftsmanship, proper tools and materials,
adherence to strict standards, and ongoing education. Whether addressing minor cosmetic issues or
major structural repairs, following best practices guarantees the integrity of the aircraft and peace of
mind for operators and passengers alike.

Investing in quality training, staying updated with technological innovations, and maintaining
meticulous repair documentation are key to success in this specialized field. With patience and
precision, technicians can restore aircraft to optimal condition, ensuring safe flights and extending
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the aircraft's operational life for years to come.
 
Bonacci Aircraft Sheet Metal Repair: Ensuring Airworthiness Through Precision and Expertise

Introduction

Bonacci aircraft sheet metal repair is a critical aspect of maintaining the structural integrity and
safety of aircraft. As aircraft age and are subjected to various environmental and operational
stresses, their metal components can suffer from corrosion, fatigue, or accidental damage. Proper
repair techniques not only restore the aircraft's original strength but also ensure compliance with
stringent aviation safety standards. This article delves into the intricacies of Bonacci aircraft sheet
metal repair, exploring its importance, methodologies, tools, best practices, and the role of skilled
technicians in achieving impeccable results.

Understanding the Significance of Sheet Metal Repair in Aviation

The Role of Sheet Metal in Aircraft Structural Integrity

Aircraft structures rely heavily on sheet metal components, which include fuselage skins, wing
panels, control surfaces, and various support structures. These parts are engineered to withstand
the immense forces encountered during flight, including aerodynamic pressures, turbulence, and
thermal variations. The durability of these components is vital for maintaining the overall safety and
performance of the aircraft.

Common Causes of Damage and Wear

Over time, sheet metal components can experience:

- Corrosion: Exposure to moisture, salt, and other environmental factors can lead to rust and
material degradation.

- Fatigue Cracks: Repeated stress cycles from flight operations can initiate cracks.
- Impact Damage: Collision with debris, hail, or maintenance tools can cause dents and

punctures.
- Accidental Damage: Mishandling during maintenance or ground operations.

Why Proper Repair Matters

Neglecting or improperly executing sheet metal repairs can compromise the aircraft's structural
integrity, leading to safety risks, increased maintenance costs, and regulatory non-compliance.
Proper repair techniques, rooted in industry standards like those from the Federal Aviation
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Administration (FAA) and European Aviation Safety Agency (EASA), are essential to restore
strength, ensure longevity, and keep the aircraft airworthy.

The Bonacci Approach: Principles and Philosophy

Origins and Philosophy

While the term "Bonacci" in the context of aircraft sheet metal repair is not widely recognized as a
standard industry term, it may refer to a specialized methodology, proprietary repair technique, or a
regional nomenclature developed by certain repair organizations. For this article, we interpret
"Bonacci aircraft sheet metal repair" as representing a meticulous, scientifically grounded, and
methodical approach to structural restoration?emphasizing precision, adherence to standards, and
sustainable repair longevity.

Core Principles

- Assessment and Documentation: Conduct thorough inspections to understand the extent of
damage.

- Material Compatibility: Use compatible materials to prevent galvanic corrosion or other adverse
effects.

- Precision in Repair: Ensure accurate cutting, fitting, and welding to restore original contours and
strength.

- Corrosion Prevention: Apply protective coatings and corrosion inhibitors.
- Compliance and Certification: Adhere to all regulatory guidelines and document every step for

certification.

Step-by-Step Process of Bonacci Aircraft Sheet Metal Repair

- Inspection and Damage Assessment

Visual Inspection

The process begins with a meticulous visual inspection to identify:

- Corrosion spots
- Dents, wrinkles, or buckling
- Cracks or fractures
- Punctures or puncture-like damage
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Non-Destructive Testing (NDT)

Advanced techniques such as ultrasonic testing, eddy current inspection, or dye penetrant testing
are employed to detect subsurface cracks or corrosion that might not be visible.

Documentation

All findings are recorded in detail, including photographs, measurements, and descriptions, forming
the basis for planning repairs.

- Planning and Preparation

Repair Planning

Based on the assessment, technicians develop a repair plan that includes:

- Material selection
- Repair methods (e.g., patching, replacement, reinforcement)
- Tools and equipment needed
- Time estimates and safety precautions

Surface Preparation

The damaged area is cleaned thoroughly to remove corrosion, grease, paint, and debris, ensuring
optimal adhesion and weld quality.

- Material Selection and Fabrication

Choosing the Right Materials

Aircraft-grade aluminum alloys like 2024, 6061, or 7075 are commonly used, depending on the
original part specifications. For steel components, appropriate high-strength steels are selected.

Fabricating Patches and Reinforcements

Custom patches are cut precisely to match the damaged area, often using templates or
CAD-designed patterns. Edge treatment ensures smooth transitions between original and repaired
surfaces.
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- Repair Execution

Removal of Damaged Metal

- Carefully cut out compromised sections using aviation-grade cutting tools.
- Deburr edges to prevent stress concentrations.

Fitting and Alignment

- Position patches accurately, ensuring proper alignment with existing structure.
- Use clamps or fixtures to hold patches securely during welding.

Welding Techniques

- TIG (Tungsten Inert Gas) Welding: Preferred for its precision and control, especially on
aluminum.

- MIG (Metal Inert Gas) Welding: Used for thicker materials or less critical repairs.
- Spot Welding: For specific applications, such as attaching reinforcement plates.

Welding is performed following manufacturer specifications, with attention to heat control to prevent
warping or weakening the metal.

Filling and Finishing

- Grind welds smoothly to match original contours.
- Fill any imperfections with compatible filler materials if necessary.

- Corrosion Protection and Surface Finishing

- Apply corrosion inhibitors or primers to the repaired area.
- Repaint or seal the surface with compatible protective coatings.
- Ensure seamless blending with surrounding areas for aerodynamic efficiency.

- Final Inspection and Certification
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- Conduct NDT methods like dye penetrant or ultrasonic testing to verify weld integrity.
- Perform a visual inspection to confirm surface finish and corrosion protection.
- Document all repair steps, materials used, and test results.
- Obtain certification from qualified inspectors, ensuring compliance with aviation standards.

Tools and Technologies in Bonacci Aircraft Sheet Metal Repair

Essential Tools

- Cutting Tools: Aviation snips, plasma cutters, or precision saws.
- Forming Equipment: Hammers, dollies, and press brakes for shaping metal.
- Welding Equipment: TIG, MIG, and spot welders with aviation-grade consumables.
- Surface Finishing: Grinders, sanders, and polishing tools.
- Inspection Devices: Ultrasonic thickness gauges, dye penetrant kits, eddy current testers.

Advanced Technologies

- CAD/CAM Software: For designing patches and repair templates.
- Robotic Welding: For high-precision welds in critical areas.
- Corrosion Detection Devices: To identify hidden damage early.
- Environmental Control Chambers: Ensuring proper conditions during welding and finishing.

Best Practices and Industry Standards

Adherence to Regulations

- Follow FAA Advisory Circulars (e.g., AC 43.13-1B) and EASA regulations.
- Use approved repair manuals and service bulletins.
- Maintain detailed records for certification and future reference.

Skilled Workforce

- Ensure technicians are certified under recognized programs like the FAA Airframe and
Powerplant (A&P) certification.

- Continuous training on new repair techniques and materials.

Quality Assurance
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- Implement rigorous quality control at every step.
- Use standardized procedures to minimize variability.
- Conduct periodic audits and reviews.

Challenges and Considerations in Bonacci Aircraft Sheet Metal Repair

Material Compatibility and Longevity

Ensuring the repair materials match the original specifications is vital for durability and corrosion
resistance.

Environmental Factors

Repairs performed in non-controlled environments risk contamination or improper curing. Controlled
workshops with proper ventilation and climate control are preferred.

Cost and Time Management

Balancing thoroughness with efficiency is key. While meticulous repairs may take longer and cost
more upfront, they prevent costly future repairs or safety issues.

Technological Integration

Keeping abreast of technological advances enhances repair quality but requires investment in
training and equipment.

The Future of Aircraft Sheet Metal Repair

Innovations on the Horizon

- Additive Manufacturing (3D Printing): Potential for creating complex repair patches with tailored
properties.

- Advanced NDT Methods: Enhanced detection of subsurface damage.
- Automation and Robotics: Improving precision and reducing human error.
- Eco-friendly Materials: Developing environmentally sustainable repair compounds and coatings.

Emphasizing Sustainability and Safety

The industry is moving towards more sustainable practices, emphasizing minimal waste, recyclable
materials, and energy-efficient processes?all aligning with the core goals of Bonacci aircraft sheet
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metal repair.

Conclusion

Bonacci aircraft sheet metal repair exemplifies the blend of precision craftsmanship, technological
innovation, and strict adherence to safety standards necessary to uphold aircraft structural integrity.
Through meticulous assessment, careful material selection, expert execution, and thorough
inspection, these repairs ensure aircraft remain safe, reliable, and compliant with regulatory
requirements. As aviation continues to evolve, so too will the techniques and technologies
underpinning sheet metal repairs, reinforcing the industry's commitment to safety and excellence.
Whether addressing minor corrosion or major structural damage, the principles outlined here serve
as a foundation for achieving durable, high-quality repairs that stand the test of time and flight.
 

 QuestionAnswer What are the common techniques used in Bonacci aircraft sheet metal repair?
Common techniques include patching with riveted or bonded sheets, replacement of damaged
panels, reinforcement with doublers, and precise metal fitting using specialized tools to restore
structural integrity. How does Bonacci aircraft sheet metal repair ensure compliance with aviation
safety standards? Bonacci repairs adhere to FAA and EASA regulations by using approved
materials, following certified repair procedures, and conducting thorough inspections and testing to
ensure safety and airworthiness. What tools and equipment are essential for performing Bonacci
aircraft sheet metal repairs? Essential tools include metal shears, hammers, dollies, rivet guns,
drills, and protective gear. Precision measuring instruments and non-destructive testing devices are
also crucial for quality repairs. Can Bonacci aircraft sheet metal repair be performed on all types of
aircraft? While many aircraft types can benefit from Bonacci-style repairs, the specific repair
methods are tailored to the aircraft's design, materials, and severity of damage, with some repairs
requiring manufacturer approval. What are the advantages of using Bonacci techniques in aircraft
sheet metal repair? Advantages include restoring aircraft structural integrity efficiently, minimizing
weight addition, reducing repair time, and maintaining compliance with safety standards. How do I
determine if a sheet metal repair in Bonacci style is suitable for my aircraft damage? Assessment by
a certified aircraft maintenance technician is necessary. They evaluate damage extent, location, and
aircraft specifications to decide if Bonacci repair techniques are appropriate. Are Bonacci aircraft
sheet metal repairs considered cost-effective compared to replacements? Yes, Bonacci repairs
often cost less and are quicker than full panel replacements, especially for minor to moderate
damage, while still maintaining structural integrity and safety. 

 
Related keywords: Fibonacci aircraft sheet metal repair, aircraft sheet metal patching, aluminum
aircraft repair, aircraft skin repair techniques, aviation sheet metal work, aircraft structural repair,
sheet metal fabrication aviation, aircraft fuselage repair, aviation maintenance sheet metal, aircraft
corrosion repair
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Read the full article online: Bonacci aircraft sheet metal repair
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