
��������	
���	���������	��������	������ ����
��

��������	�������	� !"#$%&'	()*+"	, -.+/-�	0#-&'	� !"#$%&'	1&"'$&.-�	("&2'&3%+-	)4	� !"#$%&'	5	("+--$"+						#2!	6%)*�	� !"#$%&'	,3++!	1)2.")%�	("+--$"+	1)2.")%	1&"'$&.-�	($/3-�	� !"#$%&'	,'7+/#8	'-�	9+%&+4:	17+';:	#2!	6%)*	1)2.")%						<#%=+-�	>+.+"5?2:	>+.+"5@$.:	#2!	6%)*						1)2.")%	1&"'$&.-�	,+A$+2'+	<#%=+-�	("+--$"+	9+!$'&2B	<#%=+-�	C")$D%+-7))8	2B
E/#.")%F-	()".#D%+	0#-&'	� !"#$%&'-	G+#"2&2B	, -.+/	HIIJ50�KL	#%%)*-	%+#"2+"-	.)	B#&2		-;&%%-	D 	-.$! &2B	.)3&'-	%&;+	D#-&'	7 !"#$%&'	'&"'$&.-:	3"+--$"+	')2.")%	'&"'$&.-:	7 !"#$%&'	-'7+/#8	'-:	#2!	-+A$+2'+	=#%=+-M	E%-):	B&=+2	.7+	')/3#'.	2#.$"+	)4	.7+	IIJ50�K:	4)"	.7+	N	"-.	8	/+	 )$	'#2	.+#'7	7 !"#$%&'-	&2	#	%&/&.+!	-3#'+M	C7&-	%+#"2&2B	- -.+/	*&%%	#%%)*	%+#"25+"-	.)	-.$! 	#2!	3"#'8	'+	7)*	.)	"+#!	#	3"+--$"+	B#$B+:	#-	*+%%	#-	%&A$&!	%+=+%	#2!	.+/53+"#.$"+	&2	.7+	"+-+"=)&":	')22+'8	2B	7 !"#$%&'	'&"'$&.-:	)3+"#8	2B	#	D&5!&"+'8	)2#%	7 !"#$%&'	/).)":	')2=+"8	2B	D+.*++2	#D-)%$.+	#2!	B#$B+	3"+--$"+:	#2!	')22+'8	2B	#2!	#!O$-8	2B	.7+	3"+--$"+	-+P		2B	)4	#	3"+--$"+	"+%&+4	=#%=+	H(9<LM	C7&-	IIJ50�K	&2'%$!+-	B#$B+-:	/#2&4)%!-:	' %&2!+"-:	=#%=+-	H"+%&+4Q-+A$+2'+:	3"+--$"+	"+5!$'&2B:	'7+';:	!&"+'8	)2#%	')2.")%L:	R	)*	/+.+":	#2!	7 !"#$%&'	/).)"M	C7+	')/3)2+2.-	)4	.7&-	3)".#D%+	."#&2+"	#"+	#%%	&2!$-."&#%	A$#%&. :	2).	)2% 	.)	+2-$"+	!$"#D&%&. :	D$.	#%-)	.)	7+%3	%+#"2+"-	D+')/+	D+S	+"	3"+3#"+!	4)"	*7#.	.7+ 	*&%%	+2')$2.+"	)2	.7+	O)DM	E%%	E/#.")%	3")!$'.-	#"+	/#!+	4")/	.)352).'7	/#.+"&#%-	#2!	'#"+4$%% 	'"#T	+!	.)	'"+#.+	.)$B7:	#S	"#'58	=+:	*+%%	!+-&B2+!	%+#"2&2B	- -.+/-	.7#.	4#'&%&.#.+	%+#"25&2B	#2!	*&%%	-+"=+	.+#'7+"-	#2!	-.$!+2.-	4)"	 +#"-M	E/#.")%	$-+-	')/3)2+2.-	.7#.	%+#"2+"-	*&%%	N	2!	)25.7+5O)D	&2	)"!+"	.)	B&=+	.7+	D+-.	)33)".$2&. 	.)	D$&%!	')2N	!+2'+	#2!	&2!$-."&#%	')/3+.+2'&+-M

WXYZ[\]̂ _̀
aabcdef

ghijklmn	oj	pqrn	sjtul	vqkkumqrqs	lht	wiqtjhi	xjyjkjhmj	zqutjgi n p rn tuv ur t



���������	
���

���	����������	�����		���	�����������	 !	"#$�	%&'		(����)�(�(*		(#���((�(�(*		+++��,������-�,.������	��	�/�	%&'			��01��2/�	3	��#"		4��,	!��	)(*)5'

6���789:�;	<==������9�>	?9:	@A;:�B���>	C:����=��>	
D���:����E�	FB::��B�BG	��;	@��;>7H�	IJ���>
K/�	LL�5�M#	/��	�	��,��N�O�1	�,���	P���0�����	����+��2	/1���Q��-�	��	O�	��Q2/�	��	�0�-��	�/��	0��-�Q���	�/��	�������2	0�����Q��1�	 ��	-�,0������	���	���	���Q������	RQ����1�	���	���1	��	���Q��	�Q��O����1�	OQ�	����	��	/��0	��������	O�-�,�	O�S	��	0��0����	P��	+/��	�/�1	+���	��-�Q����	��	�/�	T�O�	U����5���	+���	Q��	�/���	-�,0������	��	0��-V	-�	�����	/1���Q��-�	�N�����	�Q-/	��W	-����-V	�2	���	��TQ�V	�2	�	X	�+	-��5����	�����	��	-������	�/�	�0���	�P	��	�-�Q����Y	����2���2	��	����0������	�0���	-������	-��-Q��	���	�+�5�0���	�-�Q����	-��-Q��Y	���	�0���V	�2	�	��Q5O��5�-V	�2	-1�������	���	�0���V	�2	�P	��	����2���	-/�-N	������K/��	�������2	�1���,	����	��-�Q���	',�����Z�	+����5-����	[Q�V	,����	-Q���-Q�Q,�	+/�-/	-�,5O����	�����2	�/����V	-��	N��+���2�	���	-��-�0��	+��/	/����5��	�N����	P��	�/�	O���	���Q������	-�,0����-15OQ�����2	��	�/�	,��N���	K/��	�/���Q2/�	�\-�0V	�����1	��������	-Q���-Q�Q,	��	OQ���	��	O�2��	+��/	�/�	O���-�	���	�������1	�����-�	��	,���	-�,0��\	-��-�0��	���	�N����	K/�	����-	M1���Q��-�	U������2	&1���,	���-/��	��������	���	���1	/�+	��	�0������	��������	����2��	���	���QO��5�/���	O���-	/1���Q��-�	P��	�����Q�	�00��-�V	����	OQ�	����	��	Q���������	-��-�0��	��N�	X	�+	����	����Q�	-1������	�0���	���	0����Q��	����Q�	-1���5���	P��-��	K/�	LL�5�M#	-Q���-Q5�Q,	-�����	,�T��	�OT�-V	���	��N�	0Q,0��	2�Q2���	/1���Q��-	,������	-1��������	���	�Q,���Q�	�������	��-�Q���2	�-/�,�V	-	�1,O���	P��	��-/	-�,0������	-���V	�2	�/�	�O����1	��	����	���	���+	�/���	�+�	/1���Q��-	�-/�,�V	-��
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PORTABLE BASIC HYDRAULICS LEARNING SYSTEM 
This learning system is designed to teach basic hydraulics operations, skills, and applications used in 
industry today. It shall include a mobile carrying case, a variety of valves, gauges, and cylinders mounted 
to a work surface, a portable hydraulic power unit, a hydraulic hose set, student curriculum and teacher’s 
assessment guide. The minimum requirements include:  
 
Workstation 

• Mobile Carrying Case: 29.5-in W x 20.5-in H x 12-in D  
• Workstation Mounting Panel 
• Drip Pan 
• Bracket, Stabilizer 

 
Mechanical Assembly 

• (2) Hydraulic Cylinder Assemblies 
• Directional Control Valve 
• (2) Check Valves 
• Hydraulic Motor 
• Needle Valve 
• Pressure Reducing Valve 
• Relief Sequencing Valve 
• Flow Meter 
• (2) Flow Control Valves 
• (3) Pressure Gauges 

 
Compact Hydraulic Power Unit 

• Hydraulic Power Unit 
• Hydraulic Fluid Reservoir 
• Manifold, 4 POS, 1/4 NPT 
• Supply Hose 
• Liquid-Filled Gauge, 0-600 psi 
• Pilot-Operated Relief Valve 
• Power Supply, 24VDC, 10A 

 
Hydraulic Hose and Fitting Package 

• (1) Hydraulic Hose Assembly, 1.5-ft. 
• (3) Hydraulic Hose Assembly, 2-ft. 
• (3) Hydraulic Hose Assembly, 3-ft. 
• (3) Hydraulic Hose Assembly, 4-ft. 
• (3) Hydraulic Hose Assembly, 5-ft. 
• (3) Quick Connect, Tee Assembly 

 
Student Curriculum 
Shall include one set of multimedia divided into five (5) modules containing at least forty-one (41) skills in 
basic hydraulics applications and concepts. Sample topics include: hydraulic power systems, basic 
hydraulic circuits, principles of hydraulic pressure and flow, hydraulic speed control, and pressure control 
circuits. 
 
The student curriculum shall be designed in a skill-based format that focuses on teaching industry-
relevant tasks. The objectives shall be accomplished by organizing the learning material into a series of 
learning modules, which are further subdivided into three or more segments per module.  All learning 
materials needed shall be contained in the packets including text material, laboratory equipment activities, 
and multimedia directions.  No external text sources shall be required.  The specific cognitive skills taught 
by each text passage shall be identified next to the passage.  Each lab activity shall be identified by the 



                       

industrial task taught.  All activities shall be highly detailed with step-by-step instructions to facilitate a 
self-directed learning environment.  A combination of step-by-step enabling activities and creative, 
problem-solving activities shall be provided.  A self-review of five to ten questions shall be provided after 
each segment. The curriculum must be capable of both self-directed and instructor directed study. All 
activities must correlate directly to the hardware supplied, with detailed illustrations and diagrams. 
 
Teacher’s Assessment Guide 
A teacher’s assessment guide shall be provided. It shall contain student data sheets, data sheet 
solutions, self-review answers, quizzes, quiz answers, student skill record sheets, and authentic 
assessment. A quiz shall be provided for each packet.  A question shall be provided in each quiz for each 
cognitive objective taught.  All tasks listed in the packet shall be listed on personalized student record 
sheets. The teacher’s assessment guide shall include directions for authentic skill assessment. 
 
Amatrol Model No. 990-BH1 or equal 
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990-BH1 
PORTABLE BASIC HYDRAULICS LEARNING SYSTEM 

 

MODULE 1 HYDRAULIC POWER SYSTEMS 

 SEGMENT 1 INTRODUCTION TO HYDRAULICS 
 OBJECTIVE 1 Define hydraulics and give an application 
 OBJECTIVE 2 Describe the functions of five basic components of a hydraulic system 
 OBJECTIVE 3 Define hydraulic pressure and give its units of measurement 
 OBJECTIVE 4 Describe how to read a pressure gauge 
 SKILL  1 Read a hydraulic pressure gauge 

 SEGMENT 2 POWER UNIT OPERATION 
 OBJECTIVE 5 Describe the operation of a hydraulic power unit 
 SKILL  2 Read the liquid level and temperature in the reservoir 
 SKILL  3 Operate a hydraulic power unit 

 SEGMENT 3 CIRCUIT CONNECTIONS 
 OBJECTIVE 6 Describe the function of a hydraulic schematic 
 OBJECTIVE 7 Describe the function of a hydraulic quick-connect fitting and give its 

schematic symbol 
 SKILL 4 Connect and disconnect a hydraulic hose that uses quick-connect fittings 
 OBJECTIVE 8 Describe the function of a tee and give its schematic symbol 
 SKILL 5 Use a tee to connect two circuit branches together 
 OBJECTIVE 9 Describe the operation of a pressure gauge and give its schematic symbol 

 SEGMENT 4 BASIC CYLINDER CIRCUITS 
 OBJECTIVE 10 Describe the function of a hydraulic cylinder and give an application 
 OBJECTIVE 11 Describe the operation of a double-acting hydraulic cylinder and give its 

schematic symbol 
 OBJECTIVE 12 Describe the function of a 4-way, 3-position DCV and give an application 
 OBJECTIVE 13 Describe the operation of a 4-way, 3-position DCV and give its schematic 

symbol 
 SKILL  6 Connect and operate a double-acting hydraulic cylinder using a 3-position, 

manually-operated DCV 
 SKILL  7 Design a dual cylinder hydraulic circuit 

 
MODULE 2 BASIC HYDRAULIC CIRCUITS 

 SEGMENT 1 PUMPS 
 OBJECTIVE 1 Define flow rate and explain how it can be measured 
 OBJECTIVE 2 Describe the operation of two types of flowmeters and give their schematic 

symbol 
 SKILL 1 Connect and read a flowmeter 
 OBJECTIVE 3 Describe the operation of a fixed-displacement pump and give its schematic 

symbol 
 SKILL 2 Operate a fixed-displacement pump 
 OBJECTIVE 4 Describe the operation of three types of fixed-displacement pumps and give 

an application of each 
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 SEGMENT 2 NEEDLE VALVES 
 OBJECTIVE 5 Describe the main function of a needle valve 
 OBJECTIVE 6 Describe the operation of a needle valve and give its schematic symbol 
 SKILL 3 Connect and operate a needle valve to control the speed of an actuator 
 SKILL 4 Control the speed of an actuator using a manually-operated DCV 

 SEGMENT 3 BASIC MOTOR CIRCUITS 
 OBJECTIVE 7 Describe the function of a hydraulic motor and give an application 
 OBJECTIVE 8 Describe the operation of a hydraulic motor and give its schematic symbol 
 SKILL 5 Connect and operate a bi-directional hydraulic motor using a 3-position, 

manually-operated DCV 
 OBJECTIVE 9 List three types of hydraulic motors and give an application of each 

 SEGMENT 4 HYDRAULIC SCHEMATICS 
 OBJECTIVE 10 Describe eight basic rules for drawing hydraulic schematics 
 SKILL 6 Draw a hydraulic schematic from the actual circuit connections on a pictorial 
 SKILL 7 Draw a hydraulic circuit given a schematic 
 SKILL 8 Design a multiple actuator hydraulic circuit 
   

MODULE 3 PRINCIPLES OF HYDRAULIC PRESSURE AND FLOW 

 SEGMENT 1 PRESSURE VS. CYLINDER FORCE 
 OBJECTIVE 1 Describe how to calculate the force output of an extending cylinder 
 SKILL 1 Calculate the extension force of a cylinder given its size and pressure 
 SKILL 2 Measure the force output of an extending cylinder 
 OBJECTIVE 2 Describe how to calculate the force output of a hydraulic cylinder in retraction 

(pull) 
 SKILL 3 Calculate the retraction force of a cylinder given its size and pressure 
 SKILL 4 Measure the force output of a retracting cylinder 

 SEGMENT 2 HYDRAULIC LEVERAGE 
 OBJECTIVE 3 State Pascal’s Law and explain its significance in hydraulics 
 OBJECTIVE 4 Explain how force is multiplied using Pascal’s Law 

 SEGMENT 3 FLUID FRICTION 
 OBJECTIVE 5 Describe two types of resistance in a hydraulic system 
 OBJECTIVE 6 Explain how Delta P describes hydraulic resistance 
 OBJECTIVE 7 Explain how pressure is distributed in a hydraulic system 
 SKILL 5 Measure Delta P across a hydraulic component 

 SEGMENT 4 ABSOLUTE VS. GAUGE PRESSURE 
 OBJECTIVE 8 Describe two methods of representing hydraulic pressure 
 SKILL 6 Convert between absolute pressure and gauge hydraulic pressure 
 OBJECTIVE 9 Describe how oil flows on the suction side of the pump 

 
MODULE 4 HYDRAULIC SPEED CONTROL 

 SEGMENT 1 RELIEF VALVES 
 OBJECTIVE 1 Describe the function of a relief valve and give an application 
 OBJECTIVE 2 Describe the operation of a direct-acting relief valve and give its schematic 

symbol 
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 OBJECTIVE 3 Describe how a relief valve is used for system protection 
 SKILL 1 Connect a relief valve in a circuit to limit pressure in the system 
 OBJECTIVE 4 Describe how a relief valve is used for speed control assistance 

 SEGMENT 2 CHECK VALVES 
 OBJECTIVE 5 Describe the function of a check valve and give an application 
 OBJECTIVE 6 Describe the operation of three types of check valves and give their 

schematic symbol 
 SKILL 2 Test the operation of a check valve 
 SKILL 3 Design a circuit to provide bypass flow 

 SEGMENT 3 FLOW CONTROL VALVES 
 OBJECTIVE 7 Describe the function of the flow control valve and give an application 
 OBJECTIVE 8 Describe the operation of a flow control valve and give its schematic symbol 
 SKILL 4 Connect and adjust a flow control valve to control speed of an actuator 
 OBJECTIVE 9 Describe the effect of actuator load changes on flow control valve operation 

 SEGMENT 4 METER-IN AND METER-OUT CIRCUITS 
 OBJECTIVE 10 Describe the operation of a meter-in flow control circuit and give an 

application 
 SKILL 5 Connect and operate a meter-in flow control circuit 
 OBJECTIVE 11 Describe the operation of a meter-out flow control circuit and give an 

application 
 SKILL 6 Connect and operate a meter-out flow control circuit 

 SEGMENT 5 FLOW CONTROL CIRCUIT DESIGN 
 OBJECTIVE 12 Define independent speed control and give an application 
 SKILL 7 Design an independent speed control circuit 
 OBJECTIVE 13 Explain how speed control valves can be used to provide multiple speeds 
 SKILL 8 Design a two-speed actuator circuit 

 SEGMENT 6 FLOW RATE VS. CYLINDER SPEED 
 OBJECTIVE 14 Describe how to calculate the extend speed of a hydraulic cylinder 
 SKILL 9 Calculate the extend speed of a hydraulic cylinder given its size and a flow 

rate 
 OBJECTIVE 15 Describe how to calculate the retract speed of a cylinder 
 SKILL 10 Calculate the retract speed of a cylinder given its size and a flow rate 
 OBJECTIVE 16 Describe how to calculate the stroke time of a cylinder 
 SKILL 11 Calculate the cylinder stroke time given its size and a flow rate 

 
MODULE 5 PRESSURE CONTROL CIRCUITS 

 SEGMENT 1 SEQUENCE VALVES 
 OBJECTIVE 1 Describe the function of a pressure sequence valve and give an application 
 OBJECTIVE 2 Describe the operation of a direct-acting sequence valve and give its 

schematic symbol 
 SKILL 1 Connect and adjust the pressure setting of a sequence valve 
 SKILL 2 Connect and operate a pressure sequence circuit 

 SEGMENT 2 SEQUENCE VALVE APPLICATIONS 
 OBJECTIVE 3 Describe the function of a bypass check valve in a sequence valve circuit 
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 OBJECTIVE 4 Describe the operation of an integral check valve and give its schematic 
symbol 

 SKILL 3 Design a pressure sequence circuit 
 OBJECTIVE 5 Describe the function of a two-sequence valve control circuit 
 SKILL 4 Design a two-sequence valve control circuit 
 OBJECTIVE 6 Explain why a sequence valve is externally drained 

 SEGMENT 3 PRESSURE REDUCING VALVES 
 OBJECTIVE 7 Describe the function of a pressure reducing valve and give an application 
 OBJECTIVE 8 Describe the operation of a direct-acting PRV and give its schematic symbol 
 SKILL 5 Connect and adjust the pressure setting of a PRV 
 SKILL 6 Connect and operate a reduced pressure circuit 

 SEGMENT 4 PRV APPLICATIONS 
 OBJECTIVE 9 Describe the function of a PRV’s bypass check valve 
 SKILL 7 Design a hydraulic circuit that uses a pressure reducing valve 
 OBJECTIVE 10 Explain why a PRV is externally drained 
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