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In	agriculture	and	gardening,	transplanting	or	replanting	is	the	
technique	 of	 moving	 a	 plant	 from	 one	 location	 to	 another.	
Shovel	 as	 a	 tool	 resembling	 a	 spade	 with	 a	 broad	 blade,	
typically	used	 for	 transplanting	and	 replanting	process.	This	
research	 is	 about	 design	 and	 analysis	 of	 mini	 transplanting	
shovel	with	aims	of	minimize	the	 impact	of	transplant	shock	
and,	to	keep	the	root	system	intact	and	soils	are	not	shaken	out	
when	moving	a	plant.	The	design	of	mini	transplanting’s	shovel	
is	carried	out	using	Autodesk	Inventor	Professional	2019.	It	is	
then	analyzed	through	Finite	Element	Analysis	(FEA)	by	using	
Autodesk	 Inventor	 Professional	 2019	 to	 investigate	 the	
performance	of	propose	design	in	term	of	material	suitability,	
von	 misses	 stress,	 strength,	 safety	 factor	 and	 displacement.	
Based	on	analysis,	steel	material	gives	the	best	performance	of	
stress	 307	 MPa	 with	 15	 safety	 factor	 and	 3.01	 mm	
displacement	 compared	 to	 mild	 steel	 and	 alloy	 steel.	 In	
conclusion,	design	of	mini	transplanting’s	shovel	may	provide	
benefits	to	the	user.	

	
1.0	 INTRODUCTION	

In	agriculture	and	gardening,	transplanting	or	replanting	is	the	technique	of	moving	a	plant	
from	one	 location	 to	 another.	Most	 often	 this	 takes	 the	 form	of	 starting	 a	 plant	 from	 seed	 in	
optimal	conditions,	such	as	in	a	greenhouse	or	protected	nursery	bed,	then	replanting	it	in	another,	
usually	outdoor,	growing	location.	Transplants	are	used	infrequently	and	carefully	because	they	
carry	with	 them	a	significant	 risk	of	killing	 the	plant	 (Simson	S.,	2010).	Four	 tools	needed	 for	
transplanting	trees	are	spade/shovel,	empty	containers,	yard	cart	and	water	jugs	(Jeeler	Johnson,	
2017).	

Sometimes	plant	die	as	a	result	of	the	move	and	it	called	as	transplant	shock.	Plant	transplant	
shock	is	caused	by	harm	to	the	plant	roots	during	transplanting	process.	Many	new	gardeners	do	
not	consider	minimizing	transplanting	shock	since	they	have	never	experienced	the	loss	of	plant	
dying	during	transplanting.	When	dig	or	move	plants,	the	root	system	is	bothered	a	bit	and	shaken	
the	soils.	Hence,	this	mini	transplant	shovel	is	designed	to	minimize	the	impact	of	transplant	shock	
and,	 keep	 the	 root	 system	 intact	 and	 soils	 are	 not	 shaken	out	when	moving	 a	 plant	 (Heather	
Rhoades,	2020).	
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Two	main	objectives	to	achieve	the	goal	are	to	design	a	mini	transplanting	shovel	using	3D	
CAD	software	and	to	analyse	transplanting	shovel’s	design	through	Finite	Element	Analysis	(FEA).	

This	project	is	concern	on	transplanting	of	small	plant.	Hence,	design	of	shovel	only	suitable	
for	 seedlings	 or	 light	weight	 small	 plant.	 Besides,	 the	 functions	 of	 this	 shovel	 are	 limited	 for	
digging,	lifting	and	moving	seedling	without	damaging	it.	Autodesk	Inventor	as	3D	CAD	software	
will	be	used	for	designing	and	analysis	stages.	Size	of	the	shovel	is	supposed	to	be	22	cm	(L)	x	10	
cm	(W).	

	
2.0	 EXPERIMENTAL	PROCEDURE	

The engineering design process is a methodical series of steps that engineers use in creating 
functional products and processes. The process is highly iterative which is parts of the process often 
need to be repeated many times before another can be entered though the parts that get iterated and the 
number of such cycles in any given project may vary.  

It is a decision making process (often iterative) in which the basic sciences, mathematics, and 
engineering sciences are applied to convert resources optimally to meet a stated objective. Among the 
fundamental elements of the design process are the establishment of objectives and criteria, synthesis, 
analysis, construction, testing and evaluation. 

 

	
Figure	1:	Design	Concept	1	

	
Design	concept	1	(see	in	Figure	1)	is	designed	with	a	long	handle.	The	structure	of	the	frame	

by	carbon	steel	to	increase	the	strength	of	the	shovel	head	when	pulled	by	humans.	adjusters	are	
also	added	to	obtain	sufficient	quantities	of	soil	and	support	the	soil	so	that	it	does	not	loosen	and	
break.	

	
Figure	2:	Design	Concept	2	

	
Design	concept	2	(see	in	Figure	2)	is	designed	with	short	handles.	The	structure	of	the	frame	

by	carbon	steel	is	similar	to	the	design	concept	1.	The	design	of	the	blade	in	the	frame	which	has	
a	tooth	is	added	to	facilitate	the	process	of	raking	the	soil	well.	
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Figure	3:	Design	Concept	3	

	
Design	 concept	 3	 (see	 in	 Figure	 3)	 is	 designed	with	 a	 comfortable	 grip.	 The	 simple	 frame	

structure	is	designed	according	to	the	standard	sapling	measurements	and	added	to	the	jagged	
design	below	to	grip	the	ground	more	strongly	supporting	the	saplings.	
	

	
Figure	4:	Design	Concept	4	

	
For	the	fourth	design	(see	in	Figure	4	is	final	design,	unlike	the	preceding	design,	where	the	

mini	holder	shovels	are	changed,	the	design	of	support	changed	to	make	it	strong,	the	basic	design	
of	the	shovel	is	converted	into	a	35-degree	angle	to	give	a	powerful	link	to	link	the	ground.	

Design	 changes	 are	 frequently	 encountered	 in	 the	 product	 development	 process.	 The	
complexity	 of	 the	 design	 changes	 is	 multiplied	 when	 the	 product	 design	 involves	 multiple	
engineering	disciplines.	Very	often,	a	simple	change	in	any	part	may	propagate	to	its	neighboring	
parts,	 therefore,	 affects	 the	 entire	 product	 assembly.	 Both	 parts	 and	 assembly	 must	 be	
regenerated	 for	 a	 physically	 valid	 product	model,	 at	 the	 same	 time,	 the	 regenerated	 product	
model	must	meet	designer’s	expectation.		

By	using	Autodesk	Inventor,	it	can	design	and	analysis	in	one	time,	which	it	makes	user	easy	
to	use	it.	When	a	product	is	being	developed	in	a	Concurrent	Design	and	Manufacturing	(CDM)	
environment,	the	design	changes	are	usually	implemented	first	by	altering	the	geometry	of	the	
product	represented	in	computer-aided	design	(CAD)	solid	models.	If	the	product	solid	model	is	
not	parameterized	properly,	the	changes	in	geometry	often	lead	to	invalid	parts	or	assembly.	At	
the	part	 level,	 the	changes	may	yield	a	 solid	model	with	 invalid	geometric	 features	 if	 it	 is	not	
properly	parameterized.	In	this	case,	the	entire	product	assembly	is	in	vain.	Even	when	individual	
parts	of	the	product	are	regenerated	correctly,	parts	may	still	penetrate	to	29.	
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By	comparing	these	scalar	quantities,	it	is	possible	to	judge	the	convergence	of	the	solution	
with	respect	to	mesh	refinement.	After	comparing	a	minimum	of	three	successive	solutions,	an	
asymptotic	behaviour	of	the	solution	starts	to	emerge,	and	the	changes	in	the	solution	between	
meshes	 become	 smaller.	 Eventually,	 these	 changes	will	 be	 small	 enough	 that	 the	 analyst	 can	
consider	the	model	to	be	converged.	This	is	always	a	judgment	call	on	the	part	of	the	analyst,	who	
knows	the	uncertainties	in	the	model	inputs	and	the	acceptable	uncertainty	in	the	results.		

The	algorithms	used	to	generate	the	meshes	themselves	are	also	continuously	improving	and	
taking	greater	advantage	of	multicore	computing.	Additionally,	the	32	solvers	are	becoming	more	
efficient,	with	 the	ability	 to	solve	huge	models	on	cluster	computers.	All	of	 these	changes	will	
provide	more	accurate	solutions	in	less	time,	while	accelerating	the	analysis	and	design	process.	

By	using	Finite	Element	Analysis	(FEA)	to	analyse	the	product	design,	these	three	elements	
need	 to	 be	 emphasized	 such	 as	 Von	Mises	 Stress,	 displacement	 and	 safety	 factor	while	 three	
materials	used	for	shovel’s	design	analysis	are	steel,	mild	steel	and	alloy	steel.	Their	mechanical	
properties	as	per	Table	1.		
	
Table	1:	Comparison	Mechanical	Properties	of	Materials		
Properties/Material	 Steel	 Mild	Steel	 Alloy	Steel	
Density	(1000kg/m3)	 7.80-8.00	 7.86	 7.85	
Modulus	of	Elasticity	(GPa)	 200	 205	 190-210	
Tensile	strength	(MPa)	 420	 400	 758-1881	
Yield	Strength	(MPa)	 350	 250	 366-1793	
Brinell	No.	 121	 130	 149-627	
	
	
3.0	 RESULTS	AND	DISCUSSION	

For	 analysis,	 700	 Newton	was	 applied	 on	 product	 for	 testing	 the	 analysis	 by	 using	 Finite	
Element	Analysis	(FEA)	in	Autodesk	Inventor	software.	There	were	three	elements	need	to	be	
studied	 in	materials	 product	which	were	Von	Mises	 Stress,	 displacement,	 and	 safety	 factor	 in	
three	materials.	Three	materials	used	for	analysis	are	steel,	mild	steel	and	alloy	steel.	
	

	
Figure	5:	Displacement	of	Steel.	
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Figure	6:	Safety	Factor	of	Steel.	

	
Figure	7:	Von	Mises	Stress	of	Steel.	

	
Figure	5,	 Figure	6	 and	Figure	7	 simulate	 value	307	MPa	 for	Von	Mises	 Stress,	 3.01mm	 for	

displacement	and	15	for	safety	factor	respectively	for	analysis	using	steel	material.	Compared	to	
mils	steel	and	alloy	steel,	the	findings	as	per	Table	2	shows	steel	material	is	more	suitable	shovel’s	
material.	

	
Table	2:	Summary	of	FEA	for	Different	Materials	

Material/	Value	 Von	Misses	
Stress/	MPa	

Displacement/	
mm	

Safety	Factor	

Steel	 307.0	 3.010	 15	
Mild	Steel	 307.8	 2.889	 15	
Alloy	Steel		 30.6.1	 9.106	 15	
	
4.0	 CONCLUSION	

In	this	paper,	the	authors	have	design	a	mini	transplanting	shovel	using	Autodesk	Inventor	
2019	 as	 3D	 CAD	 software	 then	 proceed	with	 analyse	 using	 Finite	 Element	 Analysis	 (FEA)	 to	
determine	Von	Mises	Stress,	displacement	and	safety	factor	for	innovate	shovel	design.	Out	of	four	
(4)	design	with	three	(3)	different	materials,	design	4	is	more	suitable	and	applicable	for	shovel	
due	to	its	high	Von	Mises	Stress	and	displacement	values.	It	can	be	concluded	that	this	innovative	
design	of	shovel	is	more	durable,	user	friendly,	functional	and	practical	compared	to	conventional	
design	of	shovel.	
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