
DESIGN OF LIFTING FRAME FOR BUNDLE PULLER 

MOHAMAD IKHWAN BIN MOHAMED ALIASRUDIN 

'If'." 

'lf'.p..l A This rep01t is submitted 

in fulfillment of the requirements for the degree of 

~ 
d\~ Bachelor of Mechanical Engineering 

.:J;J~ c. .. J.A Jf.=:=._ .. ~ . ~- ~ ~ J \ 
... ... .. ... ~·· v .. .. 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

Faculty of Mechanical Engineering 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

2021 



DECLARATION 

I declare that this project report entitled "Design of Lifting Frame for Bundle Puller" is the 

result of my work except as cited in the references 

Signature 
_JI/:-

-------·········---------------·-···-··---------------------··············---- -----

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

ii 



APPROVAL 

I hereby declare that I have read this project report and in my opinion, this report is sufficient 

in terms of scope and quality for the award of the degree of Bachelor of Mechanical 

Engineering. 

Signature 

Name of Supervisor :.lf.:.Pr_. _ _Mg ___ (;l __ S.h!.!kdJ~.i.IJ __ YQh 
.... 
~ 

d\d Date - : ____ ~.J::+.--~--~--~\--···---··-····--·······---···· 

.:J;J~ c. .. J.A Jf.=:=._ .. ~ . ~- ~ ~ J \ 
... ... .. ... ~·· v .. .. 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

iii 



DEDICATION 

This project is dedicated wholeheaitedly to my beloved parents, Mrs Norriah Binti 

Ibrahim and Mr Mohamed Aliasrudin Bin Abdullah who have been always there for me 

along the way to complete the study in Universiti Teknikal Malaysia Mel aka and continually 

support me spiritual, moral, and also in term of financial. 

Besides that, I would like to dedicate this project to my siblings who always help me 

with study, moral and also in financial support. I also like to dedicate this project to my 

friends who help me by giving some knowledge to complete this project. 

Lastly, I would like to dedicate this project to whoever that ever exist in my life along 

. the journey to complete my study and also my project. 

~ \--~ 
.. .. l,,J .. 

UNIVERSITI TEKNIKAL MALAYS A MELAKA 

iv 



ACKNOWLEDGEMENTS 

Firstly, I would like to take this opportunity to express my sincere acknowledgment 

to my supervisor Jr. Dr. Mohd Shukri Bin Yob from the Faculty ofMechanicaJ Engineering 

Universiti Teknikal Malaysia Melaka (UTeM) for his essential supervision, guides, support 

and encouragement towards the completion of this project report. 

I would also like to express my biggest gratitude to Dato' Hj Mohd Faizal Bin Mohd 

Hassim who is the president of Hydrospeed Sdn Bhd for giving permission to me and my 

. fiiend to analyse the old design of bundle puller at the site. . 
,!.) \.4 ~ }~.;' ~ ~ /"°r>J 

.. .. """' .. .. i...:::".. v ' .. .. 

Last but not least, I would like to thanks to all my friends, my beloved parents, my 

siblings who always there for me and always give moral support to me in completing my 

srudy as mechanical engineering student and also to everyone who has helping me through 

completing the project and my journey as a student. 

v 



ABSTRACT 

Bundle puller is important in oil refinery plant since this machine is used to extract 

the tube bundle from heat exchanger. Bundle puller consist of a cradle which is use to carry 

a mainframe and an engine compartment, a winch that can be attachable to a tube bundle 

· with a hydraulic powered screw drive to push the sled on the mainframe, a hydraulic elevator 

on the mainframe for holding and adjusting the position of tube bundle and adjusting the 

length of the front side of mainframe by using an extension. This project aim to design a 

lifting frame for bundle puller that can be used for variable size in diameter of tube bundle 

which the range is from 600 mm to 2000 mm and the maximum weight of the tube bundle 

is 20 ton. The study involve a few process which are designing conceptual design, designing 

the test rig to test the locking part of lifting frame, and finite element analysis on both of the 

design. The purpose of the analysis of the final design is to determine the maximum 

equivalent von-Mises stress on the design while the analysis on the test rig is to dcte1mine 

the maximum load that the test rig can withstand. This analysis have been done in order to 

define the suitable size of specimen from the final design at the locking part to be test on the 

test rig. The result shows that the final design of bundle puller is in good condition to be 

used by the company. From the analysis, the maximum stress for bundle puller is 156.86 

MPa and the safety factor is 1.5938 while for test rig, the maximum stress is 206.85 MPa 

and the safety factor is 1.21. The result also shows that the test rig can be used to test the 

locking part of lifting frame for bundle puller. Finally, both of the design are to be a good 

guideline for further development or research on this project. 
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CHAPTERl 

INTRODUCTION 

1.1 Background 

Bundle puller is a machine use to extract the tube bundle from its shell. This kind of 

machine is usually use at oil refinery plant. Heat exchanger usually located at high place of 

the oil refinery plant. Generally, this machine consist of main frame, lifting frame, winch 

and engine compartment. There are also other auxiliary component attach on the bundle 

puller such as hydraulic cylinder and lifting lug on the top of lifting frame. Winch of the 

bundle puller is used for pulling the tube bundle from its shell. 

There are also few sizes of hydraulic cylinders attached to the current design. There 

arc two same sizes of sling cylinders to attach the extractor to the shelJ fl ange and one longer 

-
balance cylinder connect to the lifting frame to balance the bund1c puller. In the industry oil 

refinery plant, there is various size of tube bundle used for the heat exchanger. The range 

size of the tube bundle is from 600 mm to 2000 mm in term of diameter and have 6 m to 12 

m in term oflength. The tube bundle that has been extracted will be sent to the cleaning area 

for the cleaning process of the tube bundle. There are some processes of extraction of tube 

bundle from its shell is shown in figures below. 
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Figure 1.1: Connect pulling slings of the winch to the tube sheet 
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Figure 1.2: Disconnect pulling slings and move pull hook behind tube bundle 
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Figure 1.3: Tube bundle is fully extracted 

Figure 1.1 above shows the process when the slings were connected to the shell flange 

and the behind of the shell flange got clamped by the front clamp. Then, the pulling slings 

of the winch were connected to the tube sheet. After that, as shown in Figure 1.2, the pulling 

slings will be disconnected and hook behind the tube sheet will be pulled. For safety factor, 

V-block will use to support the tube bundle. Lastly, after fully pulled out the tube bundle 

from the shell as shown in Figure 1.3, the clamp will be disconnected. Then, reverse process 

will be done to transfer the tube bundle on the truck and send it to cleaning area. 
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1.2 Problem Statement 

The current design of bundle puller at Hydrospeed Sdn Bhd is fixed frame where all 

the joint oflifting frame were welded. The current design of bundle puller only can be used 

for specific size of tube bundle in tenn of diameter and length. Generally, tube bundle of 

heat exchanger have variety of size from 600 mm to 2000 mm. Due to this problem, the 

company need to buy different size of bundle puller to be use for extraction of tube bundle. 

This will cost their capital cost and transportation cost if need to use more than one bundle 

puller to change the tube bundle at oil refineries plant. 

To solve the problem due to the variation size of tube bundle, extendable mechanism 

can be included into the design concept to suit the variable size of tube bundle. However, by 

doing this, stress of the connection between the lock and the ann of the lifting frame will be 

difficult to be determined. So, there will be failure occur at the joint area. 

IS-~ ~~~§§~ "'''n 
1.3 Objective '))L..A ~ \f==,_.. ?-:=>;:; ~ /';, J 

... ... ~·· v' .. .. ----- ---
The objectives of this project are as follows: L MALAYS A MELAKA 

I. To design extendable lifting frame for bundle pulJer for the use of oil and gas 

refinery plant. 

2. To evaluate the stress for lifting frame of bundle puller using FEA software. 

3. To design the test rig that will be used to evaluate the stress and deformation of 

extendablc joint for lifting frame. 
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1.4 Scope 

The scope of the project are: 

1) Design the lifting frame with height when reduced below than 3.5 m. 

2) Design the lifting frame that can endure for 30 t. 

3) Design the model by using CA TIA VS software. 

4) Use static structural for finite element analysis on the model by using Ansys 

software. 

5) Design the lifting frame for 600 mm to 2000 mm. 

6) Design the test rig that can endure the load of 5 t. 

7) Use the design of test rig for small scale of model to test the joint. 

1.5 Hypothesis 

In this study, the design for new lifting frame bundle puller is proposed. In order to 

· improve the design, analysis of load to the lifting frame and its durability has been included 

into the consideration in the analysis by using Ansys software. Besides, there also need to 

do finite element analysis on the strength of the locking system that have been design for the 

product design. So, in order to achieve that, a design of test rig by using CA TIA software 

has been created to test the locking part. At the end of this study, the result of analysis for 

the product design and test rig will be shown. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Bundle Puller 

The first bundle puller was invented in the late of 60 's by William R Postlewaite. 

Since then, there are many design of bundle puller have been developed. Figure 2.1 shows 

the design of bundle puller or also called as bundle extractor. According to Krajicek & 

Cradeur (1991 ), bundle puller consisted of a cradle that support a carriage frame and a power 

source, a sled, connected to the tube bundle. The design of bundle puller have hydraulic 

powered screw drive to adjust the sled on the carriage fran1e. The bundle puller was designed 

in 1987. The objective of the designed was to provide a relatively simple method to carry 

and adjust the tube bundle on the main frame. Another objective was to create a tube bundle 

puller that can be extended in term of length in order to be able to use for another size of 

· tube bundle. 

.:J;J~ c. .. J.A Jf.=:=._ .. ~ . ~- ~ ~ J \ 
... ... .. ... ~·· v .. .. 

JN KAL MALA ~ELAKA 

Figure 2.1: Design of tube bundle (Krajicek & Cradeur, 199 J) 
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Besides that, figure above is the side view of tube bundle being extracted. Based on Figure 

2.1, the bundle puller was suspended at hook by superstructure. Support frame is design with 

rectangular shape of steel frame while number is its diesel engine. Extension was used to 

allow the bundle puller to adapt to different length of tube bundle. 

Next, a different designed of bundle puller is shown in Figure 2.2. Refe1Ting to the 

figure, the designed is a bit different to bundle puller that was designed by R.W.Krajicek in 

I 968. According to Travis (I 971 ), this invention relates generally to the application of linear 

force for the insertion or removal of a first item with respect to the second item, pait icularly 

when the first item is tightly engaged with the second item. The preceding configurations 

are enhancements to the previously stated widely accepted winch and cable setups. However, 

each of the equipment types indicated in the preceding patents need either a screw-type drive, 

arrangement, or chain or cable actuation, all of which are subject to the breakage and damage 

risks inherent in the current technique and equipment for tube bundle extraction. 

I 

.!., ;J \,,4 ..._....J.A ~ L. 
.. .. v 

.. 
~ .. .. 

UNIVERSI 

Figure 2.2: Bundle puller designed (Travis, 1971) 
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The frame stmcture is comprised of side frame members, which are made up of two 

spaced apart sidewalls and a top wall with an inward, re-bent flange and a slide smface. The 

respective side members' surfaces are inclined toward one another. 

Figure 2.3: Design of bundle puller (Coffey, 1980) 

According to Coffey (1980), bundle puller was define as an elongated frame structure 

with a pair of parallel spaced beams, a mobile carriage to support the tube bundle and 

mounted on the parallel beams for movement along them, clamps to connect and lock the 

elongated frame structure to the shell of the heat exchanger, and a mobile sub-frame canying 

a hydraulically-operated crane are used to move a tube bundle out of or into a heat exchanger 

shell. 

Base on Figure 2.3, there are a few important component in this design where make 

it look different from other designs. This design use 4 point of lifting point which make the 

distribution of force more efficiently. At the inboard end of the main arms, connecting anns 

and hydraulic clamps are installed. The action of the guiding cylinders changes the position 

of the main arms. 
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Figure 2.4: Bundle puller designed by Mizelmoe ( 2012) 

Figure 2.4 shows the fourth design of bundle puller that have been design in 2009. 

This kind of design was created with modem look and almost same with the current design 

of bundle pu11er for this project. Bundle puller was a device for removing a bundle from the 

casing of a heat exchanger, comprising a carrier frame provided with pulling means for 

removing the bundle from the casing, wherein the carrier frame is adapted to hold the bundle 

removed from the casing, wherein the device is provided w ith hoisting means for hoisting 

. the carrier frame, wherein the hoisting means comprise at least one gripper and wherein the 

device is also provided with connecting means for co1mecting the gripper is releasable to the 

carrier frame (Mizelmoe, 2012). TEKNIKAL MALAYS A MELAKA 

However, different from the current design of bundle puller, this desih'Il use gripper 

mechanism as the lifting frame. Since the distance and orientation of the gripping arm 

sections may be precisely fixed by the adjusting mechanism before either the carrier frame 

or the bundle itself is engaged, such a gripper is entirely acceptable for connection to the 

carrier frame according to the invention. This design also use only 1 point of lifting. Same 

as the current design, this kind of bundle puller also have winch and engine compartment at 

the back. 
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