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I TheGarrison G-21 Series Hydraulic powersteer- inches in either direction from neutral. The valve 
ing Valve installedin yourvehicle is located in the has hydraulic reaction rings that centerthevalve 
steering drag link assembly. This assembly 
cdnsists of a G-21 valve which has a ball socket 
and a drag linkextension with a ball joint to make 
up the required length and shape. There are four 
hose connect~ons to the valve and normally 
hydraulic oil flows unrestricted from inlet to out- 
let. When asteering command is applied the drag 
link is either pushed or pulled. The applied force 
will move the valve spool to direct the hydraulic 
flow from the pump to one end of the power cyl- 
inder while venting the opposite end to the 
reservoir. The total valve motion is about 0.050 

spool with a force proportional to the hydraulic 
supply pressure.Thisforce must be overcome by 
the steering effort applied by the driver through 
thesteering gear box.Thepressure in thesystem ? 
increases as needed to turn the tires which, in 
turn, can be felt by the driver at agreatly reduced 
magnitude. This feature provides a "road feel" to 
permit the driver to sense thesteering conditions 
while having complete command. Refer to the 
steering valve and cylinder application bulletin 
for further technical description. 

HYDRAULIC REACTION RINGS 

CROSS SECTION ILLUSTRATION 
G21 SERIES VALVE 
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VALVE MAINTERIAFdCE 
AND RECONDITIONING 

The G-21 series valves are designed to provide 
long-time reliable operation. Seal leakage is nor- 
mally the only reason to service, and the 
frequency of this reconditioning is directly 
related to how clean the hydraulic system is 
maintained. Periodic oil changes and filter re- 
placement (located in the reservoir) is recom- 
mended. 

Refer to the Trouble Shooting section on the 
back cover to isolate any steering problem be- 
fore proceeding. When serviceing the valve is 
required, first obtain a 2199 service kit then 
proceed as follows: 

DISASSEMBLY: 
1. Disconnect the hydraulic lines. Tag each line so that 

each can be reconnected in  the same position (i.e., 
number 1 - 4 starting from the front). 

2. Disconnect the valve ball joint. The valve has an 
outerand innerthreaded plug. Removethecotterpinand 
end plug, then the plug lock and ball socket end plug. 
Remove the spring and outer ball seat. Lift the valve off . - 
the ball stud while turning the steering shaft in  a direc- 
tion thatwil l  cause the ball t o  move t o  the largeropening 
in  the valve housing. Remove the inner ball seat, grease 
fitting, and boot. 

3. I f  the drag l ink extension has a socket with a cotter 
pin and end plug, remove them and liftthecompletedrag 
link from the vehicle and skip to Step 5. 

4. If the drag link extension has a sealed ball socket i t  
may be easiest t o  leave i t  in  place and remove the valve. 

5. Before disassembly of the valve from the drag link, 
carefully mark or note the number of threads exposed on 
thedrag l inksothat thislengthcan be resetatthet imeof 
reassembly. CAUTION: Improper re-assembly can result 
in  degraded power steering operation, binding and/or 
structural damage t o  these important parts. 

6. L~osentheclamponthevalveadaptorandunthread 
the valve assembly from the drag l ink extension. 

7. Remove the drag l ink adaptor from the valve. First 
set the valve in a vise with the (4) ports pointing up and 
centered in  the jaws(see Figure I )  and tighten securely. 

drag l ink end is temporarily re-installed t o  prevent 
collapse of  the slotted adaptor. CAUTION: This opera- 
tion requires considerable effort . . . use an extension 
(cheater) bar to apply torque and be sure the vise has a 
firm grip so the valve does not slip. 

1 - 7 1 8  Socket 

Figure 2 

8. Remove the ball socket (see Figure 3). Install a '/a'' 
hex socket on a 4" extension o n  to the nut in  the ball 
socket end and rotate until the oil passage hole in the 
piston centers in  the "in" port. Place a straight fitting in 
that port, then insert a punch (or suitable metal pin) 
through the fitting and hole in  the piston to prevent 
rotation. Remove the lock nut, ball socket and ball 
socket bearing. Remove the punch and fitting. 

Figure 3 

9. Remove the complete assembly from the vise and 
remove thevalve bodyassemblyfromthe housing sliding 
i t  out the end opposite the socket opening. 

10. Lock the valve body assemblv in  a vise with soft jaw 
liners(topreventdama&el lordisa~sembly.  See ~ 1 g u r e 4 .  
Replace the brass f i tt lng and punch into the '.in" port to 

CAUTION: Clamp only the length between ports. Un- prevent piston rotation. Remove the lock nut from the 
screw the adaptor using a special tool (see Figure 2) and gland end using a %" hex socket. Remove the washer, 
a breaker bar. A pipe wrench may be used providing the gland, reaction rings and spacer (or spring). 



11. Remove the punch and fitting. 

12. To remove the piston, push on the piston at the 
gland end until the O-ring seal is exposed on the oposite 
end (see Figure 5). Remove the O-ring seal as shown. 

Check the thread O.D. overthe entire length and around 
the periphery, in several places, comparing to the value 
determined above. Any reading 0.010 inches below the 
maximum is considered unacceptable and replacement 
of the ADAPTOR AND HOUSING is required. ? 

NOW, the piston can be pulled out from the gland-end of 
the body. 

13. Figure 6 shows an exploded view of the detail parts 
of the valve assembly together with a service parts list. 

INSPECTION AND RECONDITIONING 

1. Clean and wash all Darts thoroushlv in a Detroleum 
based solvent or kerosine. Handle the-parts separately 
and carefully to avoid damaging the finished surfaces. 

2. Nominal errosion and wear of parts such as piston, 
reaction rings and valve body is acceptable. 

3. It is impractcal for a field service shop to attempt to 
measure wear. Therefore, a careful visual inspection of 
all parts is suitable. 

4. Examinethesurfacesofthe piston and the boreofthe 
body for scoring or damage that may have been caused 
by foreign matter in the field. Parts that are badly scored 
and scratched should be replaced. Light scratches are 
acceptable. 

5. A11 O.ring seals and the lockring should be replaced 
and are included in service kit 2199. Replacement of 
other parts should be ordered by part number from the 
Service parts list. 

6. Examine the threads on the adaDtor for wear usins a - 
vernier caliper or 2-3 inch micrometer. Check the thread 
O.D. adiacent to the flange funused areal to establish a - .  
maximum value (see Figure 7). 

Figure 7 

VALVE REASSEMBLY 

1. Hold the valve body in a vise and apply a light film of 
grease to both ends of the bore. 

2. Grease the O.D. of the Diston and insert i t  into the 
body with the stepped down diameter of the piston at the 
same end as the counter bore of the body (gland end). 

3. Install an O-ring on one end of the piston (see Figure 
6) and move the piston into the body just far enough to 
permit installation of an O-ring on the other end of the 
piston. 

CAUTION: When installing the O-ring seals on 
the piston, do not move the piston in the bodyany 
farther than is required to assemble the seal. If 
the seal drops into the cavity in the body, it is 
likely to be cut or damaged. 

4. Install the two O-ring seals on the gland end of the 
piston. 7 
5. Install the O-ring seals on the two reaction rings. 

lnstall one ring on the piston, then install thegland inthe 
body and thespacer followed bythesecond reaction ring 
onto the end of the piston. 

6. If the valve aland was furnished with a com~ression - 
spring rather than the spacer, preassemble the spring in 
the sland between the two reaction rinss then assemble - - 
on to the end of the piston. 

7. Install the washerand self locking nut and torque to 
18-23foot pounds.To holdthe pistonirom turningwhile 
tightening the nut, placeafittingand a punch(orsuitab1e 
metal pin) in the oil passage hole in the piston as shown 
in Figure 4. Remove the fitting and punch. 

8. Coattheexternal surfaceof thevalve bodvassemblv 
with a heavy layer of a multi-purpose extreme pressure 
industrial grease (NLGI Grade 2 or equivalent). 

9. Place the bodyassembly in the housing with the lock 
ring held with the fourtabs positioned into theslotsin the 
hoising and install the drag linkadaptor tight enough to 
hold the body in position. Be sure the interior of the 
housina is cleaned and that no obstruction will Drevent - 
the body assembly from bearing against the wire ring in 
the housina. This can be observed through the opening - 
in the housing. 

10. Place the assembly in a vise with the (4) ports rh 
pointing up and centered in the jaws (see Figure I )  and 
tighten securely. 

11. Re-install the fitting and punch in the oil passage to 
prevent piston rotation. 

12. Assemble the socket in the housing with the thread 
end out. 



SERVICE PARTS LIST 

m e n  ordering senrice wrts always specily the part number. part description and the model number 01 the valves as Stamped on the valve houllng 

SERVICE REPAiR K l i  (incI~deSaI1 sealsand 2144 Lock Ring) 

2199-1 - Kit 10, valve with 1. sq. in. reaclion 
2199-4 - Kit lor Valve wilh 4 B Q  i n  reaction 
2199-5 - Kit lor valve with 5 54. i n  resction 
2199-7 - Kct 10, valve with 7 sq. i n  reacliorl 

FIGURE 6 

- 

PARINUMBER PARTNUMBER 

EM ( % O I L  1KDIA. 
DESCIIIYIIOU 

),EM 1SDIA. 1 X D I L  
MSER VALVE VALVE NUMBER VALVE VALVE OLSCiliPTiON 

1 Sld. .Sid. GR 8 Hex Head Cap Screw (H-20~2%) 12 321 19 32119 O-Ring Seal. 2 required 
Lockwasher and Nut 13 2153 2153 Piston ( 5 g.p.m.1 

2 2143 2143 Adapter Clamp 2162 2162 Piston ( 8 g.p.m.) 
3 38409 38409 Adapter (For GB21 Series) 2163 2163 Piston (1 2 g.p.m.) 
4 2144-1 2144-1 Lock Ring 2164 2164 Piston (20 9.p.m.) 
5 32394 32394 Flexloc Nut, 2 required 14 : 116 O-Ring, 2 required 
6 2131 2131 Washer 15 : 02 Body %-I8 NPT Ports 
7 32621 32521 @Ring Seal (lor .4 reaction) 2 required 01 Body '/r-14 NPT Ports 

32266 32266 @Ring Seal (for .5 reaction) 2 required 17 : 336 Dust Shield 
32496 32496 @Ring Seal (for .7 reaction) 2 required 18 : 29 Valve Housing 
1671 1671 @Ring Seal (for 1.0 reaction) 2 required (Stud Position T. TR. R, BR, B, EL, L, TL) 

8 2157A 2157A Reaction Ring(for A reaction) 2 required 19 : A Retaining Ring 
2139 2139 
2164 2164 
2138 2138 

10 2160 2160 
32093 32093 
32091-7 32091-7 
32091-4 32091-4 
2156 2156 
2136 2136 
2168 2168 
2137 2137 

Reaction Ring (for .5 reaction) 2 required 
Reaction Ring (for .7 reaction) 2 required 
Reaction Ring (for 1 .O reaction) 2 required 
Spacer 
60 lb. Spring 
35 lb. Spring 
28 lb. Spring 
Gland ( .4 reaction) 
Gland ( 5 reaction) 
Gland ( .7 reaction) 
Gland (1.0 reaction) 

20 L -. 52 
21 2104 2148 
22 .2105 2147 
23 147 147 
24 2107 2107 
25 2106 2150 
26 2108 2109 
27 Std. Std. 
28 2135 2149 

32016 32016 
11695 41695 

Ball Socket 
Ball Sockel Bearing 
Ball Seat, 2 required 
Spring 
Plug Washe!: 
Ball Socket Plug 
Ball Socket Plug Lock 
K x 3 Cotter Pin 
End Plug 
Lube Fitting 
Felt Plug 



13. Place the ball socket bearing in the ball socket. The 
counterbored side should face toward the ooenina. 
lnstall and torque the self locking nut to 16-23 foot 
pounds. 

14. Toque adapter to 300-600 foot pounds. If a torque 
wrench isavailable a tool can easily be made byshaping 
the ends of a piece of 3/16" flat stock to fit into the 
corners of a I 2point-I '/a inch socket as shown in Figure 
2. Slip blade into socketand then into the mill slot of the 
adaptor. If a torque wrench is not available, a pipe 
wrench with an extension (cheater) bar 3 to  4 feet long 
and your body weight is satisfactory if the adaptor is 
internally supported. Temporarily re-install the threaded 
end of the drag link to provide support. 

15. Shear lip of lockring Into the slots of the adaptor 
flange two places as shown in Figure 8. 

16. Install the clamp on the adaptor. Do not tighten the 
clamp bolt. 

17. lnstall the drag link extension into the adaptor and 
adiust to the same length of exoosed thread as noted at 
the time of disassembiy. The d;ag link assembly is now 
ready for vehicle installation. 

VEHICLE INSTALLATION 

1. lnstall the rubber boot over the ball socket ooenins - 
ofthevalve. Applysomegreasetothe ballstud holetoaid 
installation. lnstall the ball socket greasefittlng atter the . 
boot installation. 

2. .Coat the(2) ball seats wlth grease and Install one in 
the bottom of the ball socket of the valve. 

3. Push thevalveon to the ball stud In thevehiclewhile 
forcing the boot over the ball from the inside. 

4. Assembletheotherballseat, spring, and ballsocket 
end plug using a screwdriverin oneoftheslotsoftheend 
olus. Tiahten the end olus until i t  bottoms firmlv. back 
but-to the first set of h b ~ e i  in the socket that align with 
eitherslot in the plug, and install the olug lock. The plug . .. 
lock (formed wire) installs into two oppoIite holes in the 
socket and thecentersection issnapped intothegroove 
of the plug for positive retention 

5. Assemble the (outer) end plug in the valve using a 
screwdriver in theslotand tighten until i t  bottomsfirmly, 
back out exactlv two turns. and then turn back in. to line 
up the slot withthe first set of cotter pin holes. w he plug 

should beapproximately flush withtheendof thetube, i f  
not repeat the procedure. If the plug extends beyond the 
end of the housing the ball socket adjustment in para 
graph 4 may be incorrect and steps 4 and 5 should be 
repeated whileobserving foran incorrectassembly prob- 
lem (i.e., a ball seat in backwards). lnstall cotter pin. 

6. The drag link extension ball socket should be 
assembled and the end plug adjusted to be bottomed 
and then backed out to the first set of cotter pin holes. 
lnstall cotter pin. 

7. Align the ball sockets at both ends of the drag link 
such that there is equal travel to rotate the entireassem- 
bly (roll on its axis) and bottom on both ends simul- 
taneously. Tighten the drag link adaptor clamp to 70-75 
foot pounds. (use yourvehicle manual specificationsfor 
this operation if available). 

8. Jack the front axle of the vehicle to lifl the tires off 
the ground and steer lock to lock and verify that there is 
freedom to roll the drag link about itsaxis at the extreme 
travel position. 

9. Repeat Paragraph 8 with the jack lifling the frame 
allowing the axle to extend until the tires are off the 
ground. Any binding which preventstheabilitytoroll the 
draa link at the extreme lock Dositions is unacceutable. 
~ o o i e n  the drag link adaptoiclamp and rotate the two 
endsto nrovide the necessawfreedom and retighten the 
clamp. kepeat paragraph 8-and 9 if adjustments are 
made until the drag link can be rolled in any steered 
position with the ai le loaded or unloaded. CAUTION: 
Freedom from binding is critical to prevent damage to 
the steering system. I f  binding cannot be eliminated 
consult your factory representative. 

10. Hookupthe hydraulic hoses tothevalvein thesame 
positions as they were removed. Fill the hydraulic reser- 
voir. Jack the front axle lifting the wheelsoff theground. 
Turn on the engine and steer full left to full right a few 
timestoailowthesystemtofill. Checkforhydraulic leaks 
and correct as required. Refill hydraulic reservoir. 

11. Check the valve end plug adjustment through the 
inspection hole. See ~ i g u r e ~ 9 .  A 1/16 diameter drill 
should not fit intothe gapsh0w.n. Anumber55dri11(.052 
diameter)shouldfit. If eithercondition isincorrectadiust ~ ~ 

the oute;end plug. 

12. Lower the wheelson to the ground and steer lock to 
lock and observe for smooth operation then drive for 
checkout. Refer to the trouble shooting section on the 
back cover if any problem occurs. 

13. Recheck and correct any hydraulic leaks. 



SHEAR RING AS SHOWN 
USING A '/4" WIDE PUNCH 
TWO PLACES, AS PROVIDED. 

FIGURE 8 



TROUBLESHOOTING 

Trouble - Hard Steering. 

CAUSE REMEDY 

1. Insufficient Pump Flow. 
2. Valve piston not traveling full stroke. 
3. Low oil level. 
4. Sticky relief valve. 
5. Pump drive belt slipping. 
6. Reaction ring area too high. 
7. Excessive leakage in power cylinder. 
6. Steering gear not adjusted properly. 
9. Excessive grease in ball socket cavity 

1. Check Pump with pressure gage and flow meter. 
2.. Adjust position of end plug per instrictions. 
3. Refill reservoir and system. 
4. Repair or replace relief valve. 
5. Tighten belt. 
6. Select ring with smaller area. 
7. Check cylinder for broken piston or rings. Check 

condition of cylinder wall. Replace if necessarv. 
8. Adjust in acco-rdance with manutacturers spec~iflcations 
9. Self correcting with use. Verily O.K. with vehicle parked 

before driving. 

Trouble - No recovpry, from turn to straight ithead. 

CAUSE REMEDY 

1. LOW pump output. 1. Check pump output and replace if necessary 
2. Piston in steering valve sticking. Prevents centering). 2. Disassemble valve and inspect for sticking. 
3. Ball stud adjustment too tight. 3. Adjust for proper clearance. 
4. Steering linkage too tight. 4. Readjust. 
5. Insufficient wheel caster. 5. Readjust per manufacturers specifications. 
6. Steering gear too tight (out of adjustment). 6. Readjust per manufacturers specifications. 

Trouble - Excessive Lost htotion a t  Steering Wlhepl 

CAUSE REMEDY 

1. Loose ball socket connections or other linkage 1. Tighten and readjust. 
connections. 2. Readjust per manufacturers specifications. 

2. Excessive back-lash in steering gear. 3. Make adjustment as outlined in service instructions 
3. Ball socket plug on valve not properly positioned. 

Trouble - Noise. 

CAUSE REMEDY 

1. Pump and drive belt out of adjustment. 1. Adjust. 
2. Low oil level. 2. Refill system. 
3. Air in system. 3. Bleed system by loosening fitting on power cylinder to 
4. Worn pump. let air escape. Check all fitting connections for tightness. 
5. Hydraulic hose lines in direct contact with vehicle 4. Repair or replace. 

frame or sheet metal. 5. Insulate lines from frame contact with rubber grommets. 

Trouble -Steering Shimmy or Chatter 

CAUSE REMEDY 

1. Loose ball socket connections or other linkage 1. Tighten and readjust. 
connections. 2. Balance. 

2. Wheels out of balance. 3. Correct and have alignment of front end checked. 
3. Excessive caster. 4. Readjust gear. 
4. Excessive back-lash in steering gear. 5. Adjust belt tension. 
5. Loose pump belt. 6. Select rings with greater area. 
6. Area of valve reaction rings too low. 


