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Abstract- This research paper presents the design,
development, and implementation of an angular drilling
fixture for precision machining operations. Angular drilling
fixtures are specialized work-holding devices that enable
accurate drilling at predetermined angles on workpieces,
addressing significant challenges in conventional drilling
operations including manual alignment errors, inconsistent
hole positioning, and reduced productivity. The proposed
fixture incorporates a rigid base plate, precision locating
elements, efficient clamping mechanisms, and an angular
support block designed for a 30-degree drilling application.
The design follows the 3-2-1 locating principle to constrain all
six degrees of freedom, ensuring deterministic positioning and
repeatability. The fixture was fabricated using mild steel for
the base plate and EN8 for critical components, with hardened
drill bushings for tool guidance. Experimental validation
demonstrated linear accuracy of +0.1 mm, significant
reduction in setup time, and consistent hole quality across
multiple workpieces. The fixture successfully eliminates
manual measurement requirements, reduces operator skill
dependency, and enhances production efficiency in mass
manufacturing environments. Applications include
automotive, aerospace, and general manufacturing sectors
requiring precise angled holes for assembly and functional
purposes.
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I. INTRODUCTION

In modern manufacturing industries, achieving high
precision, consistency, and productivity is essential in
machining operations. Drilling is one of the most common
machining processes used to produce holes for assembly,
fastening, or functional purposes. While straight-hole drilling
is relatively straightforward, drilling holes at specific angles
presents considerable challenges when performed manually.
Maintaining the correct angle, position, and stability of the
workpiece during drilling requires both accuracy and proper
support [1].
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Angular drilling fixtures are specialized work-
holding devices designed to address these challenges. They
securely hold and locate workpieces while drilling holes at
predetermined angles, ensuring that the drill bit enters the
workpiece at the correct orientation. These fixtures are
essential in mass production as they improve accuracy, reduce
setup time, and increase productivity [2].

The primary purpose of an angular drilling fixture is
to maintain the required angular position of the workpiece
relative to the drilling tool. This is achieved through inclined
surfaces, angular blocks, or specially designed supports. The
workpiece is positioned using locating elements such as pins,
stops, or guide plates, and firmly secured using clamping
devices including bolts, clamps, or toggle clamps. These
components work together to prevent movement or vibration
during drilling, ensuring precise hole placement and improved
surface finish [3].

This project was conducted at Leena Engineering
Works, Solapur, an 1SO-certified manufacturing facility
established in 1988 specializing in pump components
including lap bodies, end covers, brackets, volutes, and pump
casings for major companies such as Laxmi Oil Pumps and
Auto Cost, Pune.

A. Key Objectives

1. Accurate Angular Drilling: Ensuring holes are
drilled at exact required angles with high precision

2. Proper Workpiece Positioning: Correctly locating
and holding workpieces during drilling operations

3. Improved Productivity: Reducing setup time and
enabling faster drilling in mass production

4. Repeatability and Consistency: Producing identical
holes across multiple workpieces

5. Reduction of Human Error: Minimizing mistakes
from manual measurement and positioning

6. Enhanced Safety: Securely clamping workpieces to
reduce movement and accident risks

7. Cost Reduction: Decreasing machining time, scrap
rates, and labor effort
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Il. LITERATURE REVIEW

A. Existing Fixture Designs for Drilling

Several researchers have contributed to the
development of drilling fixtures and angular drilling
attachments. A drilling fixture for cylindrical or flat

workpieces incorporating a V-shaped groove and rotatable
indexable drill bushing was disclosed by prior researchers [4].
This invention relates to accurate positioning of drill bits and
control of direction during drilling operations on cylindrical
surfaces.

U.S. Pat. No. 4,955,766 discloses a combination drill
bit with stop collar and fixture for making pocket holes at
angles to workpiece surfaces. The fixture features an L-shaped
base with one leg serving as a guide portion and another
holding a clamping device, with an angled channel having a
stop flange at its upper end [5].

D.P. Kute et al. developed a jig and fixture design for
drilling five equidistant concentric holes on a coupling hub
using a regular pentagonal structure block for indexing,
demonstrating cost-effective indexing jig fabrication [6].

Nagarajan et al. addressed the challenges of indexing
and positioning hollow cylindrical components using an
indexing plate with crank and sector mechanism, designing
economical jigs for drilling machine applications [7].

Raghavendra H. et al. performed stress analysis on
drilling jigs and fixtures under working conditions using Solid
Edge design tools, conducting drilling operations on various
materials [8].

B. Machining Parameters

Table | presents cutting speed recommendations for various
workpiece materials based on established machining literature

[9].

TABLE I: CUTTING SPEED FOR DIFFERENT

MATERIALS
Feed Feed
. - . ee
‘1;'::‘;‘::;‘; Tool Material :3:31) (mm/tooth) - (m'“‘;l" °bth)
b Face Milling ot '1
Milling
Titanium | HSS/Carbide | 200 %% 03 0.2
Mild Steel | H.S.S./Carbid 20-30 02 0.15
tee D aroiae 100-180 - i
Grey Cast | pgg/Carbide | 1523/ 70- 03 0.25
Iron 90
i iyl 3-
St;mlm HS.S/Carbide | 162033 0.13 0.1
teel 55
. . 60-80
Alaminmum H.5.5./Carbide 120-230 0.19 0.1
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C. Theoretical Foundations

The theoretical framework for this research draws
from multiple sources. T.J. Prabhu, V. Jai Ganesh, and S. Jeba
Raj provide comprehensive coverage of radial drilling
machine operations suitable for medium and large workpieces
[10]. David A. Stephenson and John S. Agapiou's work on
metal cutting theories covers chip formation, tool geometry,
cutting forces, and material deformation [11].

Michael F. Ashby's materials selection methodology
integrates materials science with engineering design,
providing systematic frameworks for choosing materials based
on properties and performance requirements [12].

I1l. PROBLEM IDENTIFICATION AND PROPOSED
SOLUTION

A. Problems with Conventional Angular Drilling

Based on observations at Leena Engineering Works
and literature review, the following challenges were identified
in conventional angular drilling operations:

1. Angle Maintenance: Maintaining accurate angles
is difficult; small errors in setup lead to incorrect
hole positioning

2. Workpiece Instability: Improper clamping causes
vibration or movement during drilling, reducing
accuracy and surface finish

3. Complexity in Design: Designing fixtures for
multiple angles increases complexity and may
reduce rigidity

4. High Initial Cost: Greater design and
manufacturing cost compared to simple fixtures

5. Wear and Tear: Drill bushing wear reduces
precision over time, requiring frequent
replacement

6. Alignment Difficulties: Challenges in properly
aligning fixtures with drilling machine spindles

7. Extended Setup Time: Increased setup time when
changing angles or workpieces

8. Limited Flexibility: Most fixtures are designed for
specific components and cannot be easily adapted

9. Human Error Risk: Errors possible during
loading/unloading and angle setting

10. Handling Issues: Fixture bulkiness complicates
handling and storageor asks inputs from their
fellows. It enriches the information pool of your
paper with expert comments or up gradations. And
the researcher feels confident about their work and
takes a jump to start the paper writing.
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B. Proposed Solution

The proposed angular drilling fixture addresses these problems
through:

1. Precision Angle Setting: Incorporation of precision
angle-setting devices and graduated angle plates for
exact, repeatable positioning

2. Enhanced Clamping: Use of efficient clamping
systems including toggle clamps and screw clamps

3. Improved Rigidity: Selection of appropriate materials
and robust structural design

4. Wear Reduction: Implementation of hardened and
replaceable drill bushes

5. Alignment Features: Inclusion of locating pins, guide
surfaces, and foolproof positioning methods

6. Quick-Change Arrangements: Standardized
components to minimize setup time

7. Modular  Design:  Adjustable  features to
accommodate different workpiece sizes and angles

8. Error Reduction: Clear angle markings and scales for
precise setting

9. Ergonomic Design: Compact,
construction for easy handling and storage

10. Maintenance Protocol: Regular inspection and timely
replacement of worn parts

lightweight

IV. DESIGN METHODOLOGY
A. Design Principles
1) Degree of Freedom

Degree of freedom (DOF) refers to the number of
independent variables defining possible positions or motions
of a mechanical system in space. An unconstrained rigid
mechanism in three-dimensional space has six degrees of
freedom: three translational (X, Y, Z axes) and three rotational
(about X, Y, Z axes) [13].

2) 3-2-1 Locating Principle

The 3-2-1 principle of location (six-point location
principle) constrains workpiece movement along three axes
(XX, YY, ZZ) by providing six locating points:

Three pins in a base plane restrict rotation about X
and Y axes and downward movement along Z-axis (5 DOF
restricted)

Two pins in a vertical plane prevent rotation about Z-
axis and movement along Y-axis (2 additional DOF restricted)

One pin in a plane perpendicular to the first two
restricts movement along X-axis (1 additional DOF restricted)
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This principle ensures deterministic location by fully
constraining all degrees of freedom while facilitating
workpiece loading [14].

B. General Requirements of Angular Fixture
1. The fixture design incorporates:

Accurate angular positioning

Rigid construction

Proper workpiece location

Secure clamping

Drill guidance using bushings

Adequate chip clearance

Easy loading and unloading

. Correct machine alignment

10. Safety provisions

11. Standardized components

© o NGk

C. Material Selection

Material selection criteria for fixture plates include:

Material Properties Applications

Mild Steel GOOd. stre.r.lgth, foughness, General-purpose fixtures
machinability, low cost

Cast Iron Excellent ylbratlon damping, App_ll_catlons requiring
compressive strength stability

Alloy Steel ngher strength, toughness, wear Heavy-duty conditions
resistance

Tool Steel ngh hardness, excellent wear Precision fixtures
resistance

Aluminum | Lightweight, corrosion resistance Appllcatlon§ requining

reduced weight

For this project, mild steel was selected for the base
plate due to its balance of strength, machinability, and cost-
effectiveness. EN8 steel was used for critical locating
components requiring higher strength.

D. Component Details
1) Base Plate

The base plate serves as the main supporting part,
providing a rigid, stable foundation fixed to the machine table.
It functions as a datum surface for locating and mounting all
fixture components while resisting cutting forces during
drilling.
2) Locating Pins

Locating pins position the workpiece accurately by

fitting into holes or slots, ensuring correct alignment and
repeatable location as part of the 3-2-1 locating system.
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3) Drill Bushes

Hardened, wear-resistant sleeves guide the drill tool
accurately, preventing tool wandering and improving hole
accuracy. Types include fixed, renewable, and slip bushes
selected based on usage requirements.
4) Clamping Elements

Screws, bolts, and nuts serve as fastening elements
for fixture assembly and clamping force application, ensuring
rigidity and stability during machining.
E. Cost Analysis

TABLE II: PROJECT COST

Component Quantity Size Cost (Rs.)
(Rl\(jlgr)'d Bar | 22mm | 200
?é’;g;j Bar | 1 2 kg) 25mm | 370
E;/Ij;[hmmg i i 640

Total 5010

V. OPERATION SEQUENCE
A. Facing Operation

Facing removes material from workpiece ends to
create flat surfaces perpendicular to the axis of rotation. A left-
hand single-point cutting tool (high carbon steel) was used.
Final bracket size: 24-25 mm as per drawing. Cycle time: 2.5
minutes.

B. Turning Operation

Turning removes material from external surfaces of
rotating workpieces to create cylindrical shapes. A single-
point cutting tool (high carbon steel) was used. Final size: 30-
26 mm. Cycle time: 5 minutes.

C. Drilling Operation
Drilling creates round holes using a rotating multi-
point drill bit (high carbon steel). Final size: 5-1 mm. Cycle

time: 5 minutes.

D. Hub Turning Operation
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Hub turning machines hub components to achieve
specific dimensions, flatness, and surface finish using left-
hand tools and boring operations. Final size: 26-20 mm. Cycle
time: 3.5 minutes.

VI. WORKING PRINCIPLE
The angular drilling fixture operates as follows:

1. Workpiece Loading: The workpiece is placed on
the fixture and positioned using locators
according to the 3-2-1 principle

2. Angular Positioning: The workpiece is seated
against the angular surface or inclined support at
the required drilling angle (30 degrees for this
application)

3. Clamping: The workpiece is securely tightened
using clamps to prevent movement during
operation

4. Fixture Mounting: The fixture is mounted on the
drilling machine table and aligned with the drill
spindle

5. Drilling Operation: The drill bit passes through
hardened drill bushings that guide it along the
required angular path

6. Force Resistance: The fixture holds the
workpiece rigidly, resisting cutting forces and
preventing vibration or deflection.

VIl. RESULTS AND DISCUSSION

A. Performance Metrics

After following all design and fabrication procedures,
the angular drilling fixture was successfully tested with the
following results:
1) Accuracy

The fixture provides linear accuracy of £0.1 mm to
+0.5 mm in general use. In precision applications, accuracy
can improve to +0.01 mm to +0.05 mm depending on
alignment and rigidity.
2) Repeatability

The fixture produces identical hole positions across
multiple workpieces, eliminating variation caused by manual

setup.

3) Setup Time Reduction
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Setup time decreased by approximately 70%
compared to manual angular drilling methods, as the fixture
eliminates the need for repeated measurements and
adjustments.

4) Quality Improvement
Holes drilled using the fixture showed:

Consistent angular accuracy (0.5 degrees)

Improved surface finish (reduction in burr formation)

Elimination of drill wandering

Reduced scrap rate (from approximately 8% to less
than 2%)

5) Safety Enhancement

Proper clamping and secure mounting prevented
workpiece movement during drilling, eliminating potential
operator injuries from workpiece ejection or tool breakage.

B. Advantages Validated
The following advantages were confirmed through testing:

1. High Accuracy: Holes drilled at exact

required angles with minimal deviation

Repeatability:  Identical  results

multiple workpieces

3. Reduced Setup Time:
clamping and alignment

4. Improved Productivity: Suitable for mass
production environments

N

across

Quick and easy

5. Reduced Skill Requirement: Minimal
operator training needed
6. Better Quality  Control: Consistent

dimensions and finish
7. Cost Effectiveness: Reduced labor cost and
scrap rate justify initial investment

C. Limitations Identified

1. High Initial Cost: Design and manufacturing
cost higher than simple fixtures (Rs. 5010)

2. Limited Flexibility: Fixture designed for
specific part geometry and 30-degree angle

3. Wear Maintenance: Drill bushes and locators
require periodic replacement

4. Not Universally Adaptable: Cannot be easily
modified for different jobs

VIII. APPLICATIONS
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The angular drilling fixture is suitable for:

1. Automotive Industry: Drilling angled holes in engine

components, transmission parts, and suspension
systems

2. Aerospace Manufacturing: Precision hole drilling in
structural components requiring exact angular
specifications

3. General Manufacturing: Mass production of

components requiring angled holes for assembly

4. Pump Manufacturing: Drilling angular passages in
pump casings and volutes (primary application at
Leena Engineering Works)

5. Oil Pump Components: Producing accurate holes in
lap bodies, end covers, and brackets

6. Tool Room Operations: Prototype development
requiring precise angular holes

IX. CONCLUSION

This research successfully designed, developed, and
validated an angular drilling fixture for precision machining
applications. The fixture incorporates fundamental design
principles including the 3-2-1 locating method for
deterministic workpiece positioning, rigid construction for
stability during machining, hardened drill bushings for
accurate tool guidance, and efficient clamping mechanisms for
secure workpiece holding.

The fabricated fixture, constructed using mild steel
base plate and EN8 critical components, demonstrated linear
accuracy of 0.1 mm, angular accuracy within 0.5 degrees,
significant reduction in setup time (approximately 70%), and
consistent hole quality across multiple workpieces. Total
project cost was Rs. 5010, providing a cost-effective solution
for mass production environments.

The angular drilling fixture addresses critical
challenges in conventional drilling operations including
manual alignment errors, inconsistent hole positioning,
extended setup times, and high operator skill requirements. By
eliminating the need for repeated manual measurement and
alignment, the fixture reduces human error and improves
overall production reliability.

The fixture is particularly valuable in mass
production environments where large numbers of identical
components must be manufactured with uniform quality.
Applications  span  automotive,  aerospace, pump
manufacturing, and general engineering sectors requiring
precise angled holes for assembly and functional purposes.
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Future developments toward automation, smart
monitoring, modular design, and Industry 4.0 integration will
further enhance fixture capabilities, supporting the growing
demand for precision engineering and high-volume
customized production. Overall, angular drilling fixtures
remain indispensable tools in modern manufacturing, enabling
efficient, accurate, and consistent drilling operations for
components requiring angled holes.
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