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Figure D.29: Comparison of the internal energy obtained at time = 0.02599 (sec) for the
right-rail determined by FE simulations
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Figure D.30: Comparison of the effective plastic strain obtained at time = 0.02 (sec) for
the right-rail determined by FE simulations
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Appendix E

Experimental Apparatus

The component impact testing apparatus was designed and built to perform
dynamic testing on small to medium size components. Since the experimental set up was

designed for this study, a brief explanation of the set up is warranted.

Components of Impact Testing Apparatus

The experimental apparatus comprised of the following components.

Pressure Vessel

This apparatus used two pressure vessels: the primary and the secondary. The
purpose of the primary pressure vessel (Manchester Tank Inc., Tennessee, USA) was to
provide the pneumatic power needed to operate the impacting cylinder. The pressure
vessel, shown in Figure E.1, is designed for a maximum pressure of 2.75 MPa and it has
a storage capacity of 0.23 m’ that discharged rapidly to the cylinder by operating the
main ball valve. The ball valve opens from closed position to fully open position in 250

ms.
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Figure E.1: Pressure vessel

A secondary vessel supplies the necessary pneumatic power for the main ball
valve 63.5 mm diameter (see Figure E.2). The maximum operating pressure of the
secondary tank is 1.2 MPa. The minimum pressure required to operate the ball valve is

345 kPa.

245



Ph.D. Thesis R. Amid McMaster University, Mechanical Engineering

Figure E.2: Main ball valve

Pressure Gages and Limit Switches

In order to control the desired test protocol, a series of ball valves, pressure
gauges and pressure switches were used in the apparatus. Each sensor or valve performs a
specific task that is crucial to achieving the impacting speed. Once the desired pressure
for a specific speed is reached, the limits switches and sensors signal the main ball valve
to open and supply the pneumatic power to the cylinder. At this junction, the pneumatic
cylinder accelerates the impacting head and the test is performed. Figure E.3 shows the

pneumatic lay out and components.
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Figure E.3: Pneumatic lay out

Pneumatic Actuator

The actuator was custom designed to meet the functional requirements (see Figure
E.4). The actuator was designed to provide the impacting energy indirectly to the test
article by accelerating an impacting mass. This was a double-ended, single acting
actuator with cast iron rings to ensure durability. The body of the actuator had a series of
holes at the head end to provide a mechanical pressure relief mechanism just after the
impactor had decoupled from the actuator. The actuator had a maximum operating
pressure of 2.59 MPa.

Additionally, eight (8) mounting brackets were welded to the body of the cylinder
to provide sufficient connection points. These connection brackets were 0.057 m (2.25

inches) long by 0.092 m wide by 0.0381 m high. The brackets had 0.035 m diameter
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holes, cut at the center, that provided clearance for 1 5/6 -8 UNC bolts. The extension
arm (ram) of the actuator was 1.67 m long. The head end of the actuator had an internal
thread of 1 %4-12 UNF and the tail end of the extension arm had 10 mm hole through. The
purpose of this hole was to provide housing for a shear pin (see Figure E.5). The shear

pin was only used if higher velocity needed to be achieved.

Figure E.4: Custom designed actuator
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Figure E.5: The shear pin section of the actuator

Actuator Holding Frame

Actuator holding frame was designed such that the entire assembly could be
moved to accommodate different test articles (see Figure E.6). It was comprised of two
steel plates that held the cylinder between them with eight bolts. In addition, the cylinder
could pivot at the centre so that if any repair was required the cylinder could be rotated
and not taken apart completely. The frame was connected to the base of the apparatus
with 3/4-10 UNC bolts and could be moved 0.46 m to accommodate the smaller test

articles.
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Figure E.6: Actuator holding frame

Component Holding Frame

The component-holding frame provided a mounting point to fasten the test article
(see Figures E.7 and E.8). The holding frame was welded to a 0.91 m by 0.22 m plate.
This provided a mounting point to the base bed assembly. In addition, the faceplate of the
holding frame had a series of 0.019 m diameter hole in 0.2032 m square grid pattern. This

provided a mounting point for test specimen.

250



ineering

-

.
.
.

.

.

e

.

o
.

frame # 1

ing

McMaster University, Mechanical Eng

Component hold

7

E

igure

F

Ph.D. Thesis R. Ami

frame # 2

ing

Component holdi

8

E

igure

F

251



Ph.D. Thesis R. Amid McMaster University, Mechanical Engineering

Base Assembly

The base assembly along with the actuator and components holding frame made
up the entire impact-testing system. The base assembly made the impact-testing machine
a self-reacting frame; thus, there was no need for the complete system to be restrained or
bolted to the floor (see Figure E.9). This design was modular and both the cylinder
holding frame and component holding frame could be moved closer to each other to

accommodate the testing of smaller components.

Figure E.9: Base assembly
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Railing Assembly

A railing assembly was designed to provide a guide for the impactor and to
provide a stopping mechanism (see Figure E.10). The accelerating mechanism came to a
complete stop by impacting four rubber dampers. The rubber dampers had an impact
capacity of 6.34 kJ at a maximum speed of 12 m/s. The four rubber dampers used in this
apparatus provided a factor of safety of 2.25 based on the maximum impact energy
capacity of the apparatus which is 11.25 kJ. The rubber dampers were mounted on to the
railing frame with 19.05 mm bolts.

To briefly explain the function of the railing, the impactor was accelerated on the
railing via cylinder and gained the desired speed on the track. Once the desired speed was
achieved, it freely traveled on the rail until it reached the test specimen. The rail was
designed such that there was only 0.15 m of free traveling distance before the impactor
came into contact with the test specimen. This distance was chosen so that if the impactor
bounced back, there would be sufficient room. Another reason was that the impactor
might loose its velocity if it were to travel a longer distance due to friction between the
track and rollers of the impactor. To ensure the impactor did not couple with the test
article, the system was designed such that the impactor gained the intended speed on a

rail and decoupled from the accelerating mechanism just prior to impact.
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Figure E.10: Railing assembly

Based on the experimental data provided by the manufacturer of the damper, four
dampers were used. Less number of dampers reduces the factor of safety and increases
the bounce back force that, results in more stress to the actuator. Equally, a larger number
of dampers lead to over stiffened stopping mechanism that also causes more stress on
railing mechanism and reduced factor of safety of railing. It must be noted that the
impacting head (impactor) should be designed and manufactured based on the design of
the test article and the type and surface area of contact that is desired. Figure E.11 and

E.12 depict the railing system.
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Figure E.12: Accelerating mechanism of the railing assembly
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Safety Design

The system was designed primarily for automotive subcomponent dynamic
testing. Therefore, there were limitations on the size of the test article, the velocity of
impact, the energy absorption capability of the apparatus, and the impactor mass. The
system was based on the rapid extension of the cylinder ram by a sudden discharge of
pneumatic pressure to the cylinder. The pressure was released from the high capacity
pressure vessel and discharged to the cylinder through a 0.0635 m electronically operated
ball valve. The ball valve opened from a fully closed to a fully open position in 250 ms.

The pneumatic circuit had been designed such that there were multiple
redundancies in the system. This ensured that if any one solenoid or switch failed the
operation of the entire system stopped. Furthermore, to ensure the safety of the operator,
a complete enclosure was designed and implemented to the apparatus. The physical
enclosure stopped unauthorized personal from entering or operating the system. It also
prevented any debris or broken off section from the test article to hit the operator and
other personal and cause personnel injury. Figure E.13 depicts the control panel and gate.
Since the impact speed is relatively high, the high frequency vibration resonates through
the self-reacting frame to the floor. As such, the frame was mounted on vibration
absorbers to damp the impact energy transfer to the floor. Furthermore, the frame was

anchored to the floor via reinforced angle brackets and lag bolts.
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Figure E.13: Control panel and physical enclosure

Data Acquisition System

The data acquisition system used was an IOtech Zonicbook 618E (Cleveland, USA). It is
a portable vibration analysis and monitoring system with eight analog input channels at

up to 100 KHz. The system connects to a computer via an Ethernet port.
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