Inspect upper and lower control arms, bushings, and shafts, Inspect and replace rebound and jounce bumpers
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	Introduction/Context
	This lesson will instruct students on how to inspect upper and lower control arms, bushings, and shafts, plus inspect and replace rebound and jounce bumpers. Students need to be able to diagnose problems in the Suspension system to be sure that a vehicle is properly repaired before returning it to a customer. Entry level technicians need to be able to perform this task to 100% accuracy. Incorrectly performing this task can lead to an automobile accident or create customer satisfaction issues.
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	Task

	
	Inspect upper and lower control arms, bushings, and shafts, Inspect and replace rebound and jounce bumpers



	No.
	Objective

	1
	Given the proper tools and instructions from a vehicle manufacturers shop manual, Automotive Technology Textbook, or vehicle computer software program, students will be able to inspect upper and lower control arms, bushings, and shafts, plus inspect and replace rebound and jounce bumpers, and pass a written exam on the tasks with 100% accuracy by the end of the course.



Connections:
	Skills Standards:
OH  001  
OH  002 
OH  003
OD  002
OD  003
OD  005
Common Core Technical Standards:
TD-OPS.2
TD-SYS.2
New Common Core State Standards:
RST 11-12 3
N-Q-3



INSTRUCTIONAL MATERIALS/TECHNOLOGY 

Textbooks and Workbooks
	Author
	Title/ISBN No.
	Edition
	Publisher
	Pages

	Don Knowles 
	Automotive Suspension & Steering Systems (Todays Technician)  
	3rd Edition 
	Delmar 
	179-184  




Equipment
	Quantity
	Item
	Source

	1 
	Ball Joint Press 
	

	2 
	Coil Spring Comp 
	 

	4 
	Tie Rod End Tools 
	

	2 
	Control Arm Bushing Removal/Flaring Tools 
	




Content/Presentation/Demonstration Outline
	   Instruct students that upper and lower control arms should be inspected for cracks, bent conditions, and worn bushings. If the control arm bushings are worn, steering is erratic, especially on irregular road surfaces. Worn control arm bushings may cause a rattling noise while driving on irregular road surfaces. Dry or worn control arm bushings may cause a squeaking noise on irregular road surfaces. Caster and camber angles on the front suspension are altered by worn upper and lower control arm bushings. Incorrect caster or camber angles may cause the vehicle to pull to one side. Tire wear may be excessive when the camber angle is not within specifications.

	   Explain to students the lower control arm replacement procedure for a MacPherson strut front suspension. Have students perform the following: 1. Remove the wheel cover and loosen the wheel nuts and drive axle nut. 2. Lift the front of the vehicle with a floor jack and place jack stands under the chassis. Lower the vehicle onto the safety stands and allow the front suspension to drop downward. 3. Remove the front wheel and the front fender apron seal. Remove the drive axle nut. 4. Remove the cotter pin and nut from the outer tie-rod end, and use a puller to remove this tie-rod end from the steering arm. 5. Remove the stabilizer brackets from the lower control arm. 6. Remove the lower ball joint nuts and bolts from the lower control arm. 7. Remove the drive axle from the axle hub, and secure the drive axle to a suspension component with a piece of wire. Do not allow the drive axle to hang downward. 8. Remove the two attaching bolts at the front side of the lower control arm. 9. Remove the bolt and nut on the rear side of the lower control arm, and remove the lower arm bushing stopper from the lower arm shaft. Instruct students to reverse steps 1 through 9 to install the replacement control arm. Tighten all bolts and nuts to the specified torque, and install cotter pins as required.

	   Explain to students the procedure for Lower Control Arm and Spring Replacement on a Short-and-Long Arm Suspension SAFETY WARNING: During control arm and spring replacement, the coil spring tension is supported by a compressing tool or floor jack. Always follow the vehicle manufacturer's recommended control arm and spring replacement procedures very carefully. Serious personal injury or property damage may occur if the spring tension is released suddenly. Instruct students that broken coil springs may cause a rattling noise while driving on irregular road surfaces. Weak or broken coil springs also reduce curb riding height. A rattling noise while driving on road irregularities may also be caused by worn or broken spring insulators. Since weak or broken coil springs affect front suspension alignment angles, this problem may cause reduced directional stability, excessive tire wear, and harsh riding.





	   Instruct students to follow this procedure when a lower control arm and/or spring is replaced on a vehicle with a short-and-Iong arm suspension system with the coil springs positioned between the lower control arm and the frame. 1. Lift the vehicle on a hoist until the tires are a short distance off the floor, and allow the front suspension to drop downward. An alternate method is to lift the vehicle with a floor jack, and then support the chassis securely on safety stands so the front suspension drops downward. 2. Disconnect the lower end of the shock absorber. On some applications, the shock absorber must be removed. 3. Disconnect the stabilizer bar from the lower control arm. 4. Install a spring compressor and turn the spring compressor bolt until the spring is compressed. Make sure all the spring tension is supported by the compressing tool. 5. Place a floor jack under the lower control arm, and raise the jack until the control arm is raised and the rebound bumper is not making contact. 6. Remove the lower ball joint cotter pin and nut, and use a threaded expansion tool to loosen the lower ball joint stud. 7. Lower the floor jack very slowly to lower the control arm and coil spring. 8. Disconnect the lower control arm inner mounting bolts, and remove the lower control arm. 9. Rotate the compressing tool bolt to release the spring tension, and remove the spring from the control arm. 10. Inspect the lower control arm for a bent condition or cracks, if either of these conditions is present, replace the control arm. Visually inspect all control arm bushings. Loose or worn bushings must be replaced, visually inspect upper and lower spring insulators for cracks and wear, and inspect the spring seat areas in the chassis and lower control arm. Worn or cracked spring insulators must be replaced. 11. Reverse steps 1 through 9 to install the lower control arm. Be sure the coil spring and insulators are properly seated in the lower control arm and in the upper spring seat.

	   Explain to students the procedure for Upper Control Arm Removal and Replacement on a Short-and-Long Arm Suspension System. Instruct Students to proceed as follows when replacing an upper control arm on a short-and-Iong arm suspension system with the front coil springs located between the lower control arm and the frame. 1. Remove the wheel cover and loosen the wheel nuts. 2. Lift the vehicle with a floor jack and install safety stands under the chassis. Lower the vehicle onto the safety stands so the front suspension drops downward. 3. Remove the front wheel and tire. 4. Place a floor jack under the lower control arm and raise this arm. Make sure the rebound bumper is 'not making contact. 5. Remove the cotter pin and loosen, but do not remove, the upper ball joint nut. 6. Use a threaded expansion tool to loosen the ball joint stud in the control arm. Make sure the floor jack is supporting the spring tension. CAUTION: Inform students that since the floor jack is supporting the spring tension, do not lower the floor jack until the ball joint is reconnected and the ball joint nut is tightened to the specified torque. 7. Remove the ball joint nut and the inner control arm mounting bolts. If shims are located on the inner control arm mounting bolts, note the shim position. 8. Remove the control arm from the chassis. 9. Visually inspect the upper control arm for a bent or cracked condition. Inspect the control arm bushing openings for wear, and replace the control arm if it is bent, cracked, or worn in the bushing areas. Inspect the control arm shaft and bushings for wear, and replace all worn parts. 10. Install the control arm and place the original number of shims on the inner mounting bolts. Tighten these bolts to the manufacturer's specifications. 11. Install the ball joint stud in the steering knuckle, and tighten the stud nut to the specified torque. 12. Install the upper ball joint cotter pin and the front wheel. Tighten the wheel nuts to the specified torque. Instruct students that the front suspension alignment angles should be checked after upper control arm replacement.

	   Rebound Bumpers: Instruct students that Rebound bumpers limit the maximum lower control arm movement to prevent coil spring bottoming. Rebound bumpers may be called strikeout bumpers. Explain that excessively worn rebound bumpers indicate worn-out shock absorbers, reduced curb riding height, or driving continually on irregular road surfaces

	 Explain that Rebound bumpers are usually bolted to the lower control arm or to the chassis. Instruct students to inspect the rebound bumpers for cracks, wear, and flattened conditions. Damaged rebound bumpers may be caused by sagged springs and insufficient curb riding height or worn-out shock absorbers and struts. If the rebound bumpers must be replaced, tell students to remove the mounting bolts and the bumper, install the new bumper and tighten the mounting bolts to the specified torque




	   Instruct students on the procedures for Front Lower Control Arm Bushing Removal and Replacement Explain to students that all suspension bushings should be checked periodically for wear, looseness, and deterioration. These bushings are important for providing quiet suspension operation and preventing the transmission of suspension vibration to the chassis and passenger compartment. When a bushing is contained in a steel sleeve, press only on the outer sleeve during the removal and replacement procedure. The control arm bushing removal and replacement procedure varies depending on the type of suspension system. Remind students to always follow the vehicle manufacturer's recommended procedure in the service manual.

	 Let students know that special bushing removal and replacement tools are required for control arm bushing replacement. A front control arm bushing removal tool and spacer is used to remove the control arm bushing. The spacer is installed between the bushing support lugs to prevent distorting these lugs during the bushing removal process. A different tool is required to install the new front control arm bushing. The same spacer that is used during the bushing removal is installed between the bushing lugs during bushing installation. After the front control arm bushing is installed, a bushing flaring tool is used to flare the bushing. Tell them to notice that a spacer is installed between the bushing lugs during the flaring process. Flaring retains the bushing securely. Instruct students that the rear control arm bushing is replaced with the same procedure as the front control arm bushing. Some of the same special tools are used for rear control arm bushing replacement.




Applications/Practice
	1
	Refer to Content




Evaluation and feedback Prior to Testing or Lab Work
	1
	Assessment Plan Formative: Objective 1. / Formative assessment / Instructor will observe students as they practice the procedure to assure correct procedure and safety practices are being followed. A checklist will be utilized to chart student progress on the task. Questioning techniques will be utilized as necessary to demonstrate student comprehension / depth of knowledge. 4/ Adaptations and/or accommodations for special needs students will be added if required.




STUDENT ASSESSMENT: (Assess student progress with performance criteria.)
	1
	Assessment Plan Summative: Objective 1 / Summative assessment / written test questions on stated objective / depth of knowledge 4/ adaptation and / or accommodations for special needs students will be added if required.



	IMPACT--Reflection/Analysis of Teaching and Learning: (How did students progress in relation to the state objectives? Was the instruction successful? Analyze samples of student work, particularly that which is unsatisfactory, for the purpose of planning further instruction.)






	REFINEMENT--Lesson Extension and Follow-up: (To be filled in as the lesson is modified during initial planning and/or during the teaching learning process.)







