
Modifying the Borg Warner T86-R10 OD for floor shifting
Compiled by Greg Meyers, RRausch Gary Ash and Gord Richmond 

We have various reasons to want to have a Borg-Warner T-86 type transmission
with R-10 or R-11 Overdrive with a floor shifter. Overdrive is the way to go and
the floor shifter can make it all seem more fun for some of us! This type of 
transmission was used in lots of cars and trucks in the 50's and 60's. They all 
look a lot alike on the outside, but most have a stamping on the machined top 
surface towards the back of the right side which can give you a clue as to when
it was made. Look for a six bolt top cover. Remove it and look for whether the 
rearmost gear on the mainshaft (reverse/first) is straight cut or helical. Helical
is from a car, and likely not a “granny gear”. If you use one from a truck with 
Big 6 (Commander engine) or a V-8 the input shaft diameter and length are 
probably different and may need to be modified. The overdrive ratio is 0.7:1, so
you can cruise at 2400-2500 rpm at 60 mph with overdrive, depending on your
tire size. Overdrive gives you five usable gears: 1st, 2nd, 2nd overdrive, 3rd, 
3rd overdrive. It's better than changing the rear end ratio to 3.31-3.91 and 
probably cheaper. It is very difficult to find the ring, pinion, and the ring gear 
carrier for transmission ratios of 4.27 or less.

The column shift mechanisms are difficult to find and most of the old ones are
worn out anyway. Many prefer a floor shift. So, use the floor shifter mechanism
from an early Jeep or Scout with T-86 or T-90 transmission and get started!

This is a “How-to” guide composed of bits of personal experience of the 4 
authors. It is not meant to be a complete guide to rebuilding a T86 OD 
transmission, and you should read the manual or watch a video for that. 
Parts can be obtained from a variety of Stude sources including Stude 
International , Steven Allen and Studebakers West. It is composed to  help 
navigate your way in and out of that unit and make the common mods 
necessary for a floor shifter conversion which will actuate the reverse lock 
out rail. There are two typical ways to do this. One, as described in the forum
by Gord Richmond uses a tab welded on to the left side of the top shifter fork 
to press on the reverse lock out rail. We will focus on the other mod, as 
popularized by Gary Ash, which does not require precise welding, but does 
require judicious cutting and grinding.

https://youtu.be/o2tFwBTrLRQ


Before you start:
Read the whole thing first and limit the number of “Surprises”.
I like to work at a clear clean well lit chest high bench, where my old eyes 
get a good view and if something drops out I don't need to go diving for it.
Drain both the main housing of the tranny and the OD. They do 
communicate, but each holds its own GL1 oil. Have a few old pill bottles 
to hold your rollers etc. 
Tools you should have:
Large and small flat blade screw drivers
1/2” wrench
5/8” wrench
3/8” wrench
crescent wrench
1 1/16” socket and impact wrench
wire brush
3/16 drift
hard rubber mallet
machinist's hammer
torch 
assembly lube
machinist's ruler
caliper
rotary grinder
hack saw
If available, a lathe with three jaw chuck
digital camera
sharpie pen
ice pick or similar
shop rags
some pieces of wood to set the transmission on
good lighting
patience!

Borg-Warner published a monograph on their overdrive transmission 
which I have placed for sharing on Google Drive.... You may wish to read it
for an overview.

https://drive.google.com/file/d/1aeGf834tcdMwNyzzcasi3CEXSFB5Dtt1/
view?usp=drivesdk

https://drive.google.com/file/d/1aeGf834tcdMwNyzzcasi3CEXSFB5Dtt1/view?usp=drivesdk


Disassembling the transmission far enough to do the job:
You will be best served by using an air impact wrench to remove the
1 1/16” nut holding the u-joint yoke on the output shaft. Knock out the 
scroll pin holding the reverse lockout arm in place and pull the arm out 
about 1/2” to clear the reverse rail.

The control arm on the overdrive unit which attaches to the cable on the dash must be pulled
out of the way for the housing to be pulled free. Some videos show this as just knocking out 
the taper pin and yanking on the arm, with the whole actuating arm pulling out of the 
housing. You don't need to pull the whole thing out of the housing, and, in fact in many 
units, you can't.... it needs to be removed from the inside. In any event, after removing the 
taper pin, you just need to pull it out about 0.5” to clear the reverse rail inside. 

Removing taper pins holding in shifters and reverse lock-out arms:
If the transmission has previously been apart, there is a strong possibility that these have 
been mangled or replaced. Study the situation carefully after removing dirt from around the 
pins. Is it truly a taper pin, scroll pin or did a drill shaft or drift break off in there? (ask me 
how I know this has happened).  The correct way to get the pin out is to use the correct drift 
from below after warming up the length of the boss holding the pin first. Banging on the pin 
or drilling it might work harden it making further drilling very hard. If necessary, you may 
need to  use a gas welding torch to remove the hardening and soften the steel to make the 
stuck pin drillable. 

 At this point you should be able to slide the OD housing 
off. When you do, it will expose the output shaft which 
has the helical gears for the speedo and the governor. 
Note the order these are on there, as they are free to slide
off onto the floor! Next, pull back on the output shaft. 
This is connected to the planetary outer housing/free-

wheeling clutch. Watch for the barrel rollers in the cage of the free-
wheeling clutch. There are TWELVE of them, and they should be cleaned 
and stored in a safe place. They are easy to loose! 
Look inside the OD housing just aft of the inner part of the reverse lock-
out arm for a spring which tries to push the reverse rail towards the front 
of the transmission. Don't forget this spring! (yellow in picture)

Now you should be looking at the intermediate 
spacer which holds the solenoid lockout pawl for 
the planetary gears and the lock out rail  is 
hanging there, one part going through the spacer 
and on into the main housing. It is also located   
on a stud coming off the spacer. This also locates 
the fork on the reverse rail that rides in the 
grooved ring attached to slide the planetary back 
and forth. At this point, take out the two 1/2” 
bolts holding in the solenoid and rotate the 
solenoid about 30 degrees till the “flats” on the 
ball end of the solenoid shaft clear the keyway of 



the solenoid lock out pawl. Understand this situation so that on assembly 
you are definitely getting it back to where it belongs.
Now, you should be able to remove the main shaft from the transmission 
along  with the intermediate spacer. This may take some angling and 
monkeying with the reverse/first and 2nd/3rd forks, but it will eventually 
come out. Remember what you did to make this happen, maybe even 
getting someone to video you as you do it. When the pieces separate from 
the input shaft assembly, the FOURTEEN little rollers will fall out into the
deep recesses of the tranny. Expect this and don't loose any! (These fit 
deep inside the input shaft and when you reinstall them, use assembly 
lube to “paste” them in place. The 14th roller is a little tricky, but sliding 
it in from nearer the raceway of the shaft will work, and sort of lock them 
in place. Check for seating with your finger coated with another gob of 
lube).
You can do your usual textbook inspections of the various gears and 
synchros now. 

Synchros:
Look at the little ramps all the way around all the synchros for blunting 
and burrs. The sleeves inside the synchros and their mating surfaces are 
machined to catch each other if they are ok. Check to see if there is a sort
of “clutching effect” as the two parts of the synchro approach each other. 
If you slide the outer part of the synchro housing back or forth, you will 
also find that three little metal bars spaced evenly around the inner 
synchro hub will fall into the transmission bottom. They are crucial in the
synchro process. They are spring loaded by circular springs beneath them 
which sit inside the synchros inner hub. (When putting the works back 
together, these must be held down to clear the synchros outer sliding 
shell. Use lube to paste them as well. This can be a little tedious). 

Remove the 2  nd  /3  rd   side shift assembly: Use a 1/2” wrench to get the 
shifter arm off. Slide out the fork for moving 2nd/3rd gears. The shifter 

sector assembly can then be slid out. A ball 
bearing, a little spring and maybe a little shaft 
which fits inside the spring will then come out. 
These will not be needed again in this 
transmission. This will leave the reverse/1st 
sector free to flop around. 

Plug the 2nd/3rd side shifter hole: Pry out the oil seal in the housing with a 
small screwdriver. 



The seal is nominal 1” (actually 0.93”). Take a quarter and grind off the 
ridges around it carefully. 

 Hammer it into a slight “dish” shape 

and smear some rtv around the seal seating surface. 
The quarter should go in (dome to the outside) without too much 
complaint. Use a piece of brass or hardwood to hammer the dome of the 
quarter flatter. This will spread the quarter outwards and seal the hole 
pretty well.



Take the rear shifter fork from the floor shifter and grind off the left side until 
it looks like this:



Modified Reverse/first gear 
side shift-fork slid into the 
sector used as a “slave” to 
push the reverse rail. Note the
pointer against the sector 
where the reverse rail goes 
into the main transmission 
housing. Lower fork remnant 
faces forward in approximate 
position it will be in when 
assembled.

View from inside the 
case looking directly 
at sector for 
reverse/first. Notice 
grooves on right where
ball bearing sat to 
click into position. 
Note pointer tip 
resting on ramp where
reverse rail slides in 
and out. Circle is the 
hole that the modified
fork is inserted into. 
Presently the sector is
in neutral position. 



Looking down into the case

Cut left side of reverse/1st top fork here. Grind case hardening down to start, 
then hack saw.



Top fork in place for trial fitting

Both forks in place for trial fitting

You may also need to grind down the thickness of the front (2nd-3rd) fork so 
that it doesn't keep forward pressure on the sliding gear and synchronizer 
when you are in 3rd gear. It's difficult to see how much clearance you have. A 
flexible borescope  can be inserted into the transmission through the filler plug
to see how it looks with the cover on.

The older T86-1D transmissions had the same location for the 6 holes on top 
as the 3-speed transmission, but the later T86-1E may have the middle holes 
displaced. If so, drill a new set of holes in the floor shifter cover to match the 
transmission.



Top cover gasket and Oil for unit.

One issue encountered on the T86-1D transmission was that the opening in 
the top of the case is narrower than the old T90 3-speed case. That means that
even if the bolt holes line up, the top cover doesn't seal against the normal 
gasket. The top  of the case is 4.5" wide on the outside. The gasket sealing area
on the T90 cover with the floor shift mechanism is 4.5" wide along much of 
the inside of the cover, except around the bolt holes. The front and back edges 
are OK for making a seal. When I put the standard gasket on, oil came out the 
sides of the joint. I made a new gasket out of thick material about 1/4" wider 
on each side so that the cover would be able to pinch the gasket at the edge of 
the case. Fill the transmission with Pennzoil "Synchromesh" gear lube or GL-1 
available at most auto parts stores.  It is designed for transmissions with brass 
parts and won't eat them up. It's equivalent to 40 weight engine oil and close 
to 90 weight gear lube. The closest gear lube to the 90 weight mineral oil lube 
originally recommended by Studebaker is type GL1 (available at NAPA).  You 
can also use non-detergent 40 weight engine oil, but this is also difficult to 
find. Do NOT use type GL3 or GL5 gear lubes because it will eat up the yellow 
metal parts!

The top of the T86-1D case showing the width
of the machined surface. The floor shifter/cover from                      

the old T90 transmission. The               
areas inside the 4.5 width are             
recessed and won't clamp the               
gasket



Overdrive and main case are 
connected, but both must be filled 
to recommended levels separately.

Four holes communicate to OD but 
no excuse for just filling trans 
only!

Gasket cut to give extra 
clearance to prevent leakage

Putting on the top shifter:

Sometimes the top shifter will just settle into place, the 6 holes lining up and 
the shifter parts in it and in the case all in neutral. The front fork can be 
navigated into the case, which seems too narrow for it to enter, if you cock the
whole unit forward and to the right at first. Then make sure the outer synchro 
is in the neutral position and aim for the groove. The rear fork shouldn't be too
far from the right spot if the gear is in the neutral position.



 If this isn't working, 
you may need to 
modify the top fork 
position by cutting it 
of its base and 
welding it on more 
towards the front of 
the case....



Input shafts:
These transmissions came with a variety of input shaft lengths and 
diameters. Measure the pilot bearing and dimensions of the transmission 
which came with the engine if available.

Measurements to make the input work for the V8 transmission fit in the 185” crank

 

If you are sure the transmission slides “home” into the engine, you are 
good to go. If not, You may need to modify the input shaft. This will 
require either making a special bushing, pilot shaft extender or machining
the input shaft. I needed one transmission to fit a 190” Champion 6 
crank, but the transmission was for a v8. I needed to confirm that the 
transmission would fit the bell housing and in my case it did, but the 
shaft was about 1/2” too long, and I needed less splines in length. After 
emptying most of the guts of the transmission, I was able to put the flat 
upper surface of the case on some lumber on top of the lathe bed and 
chuck the input shaft into the lathe a little way. I pre-lubed the front 
bearing so that it wouldn't run dry spinning in the lathe. Though the lathe
is not strictly necessary, it provided a stable way to use a grinder and 
hack saw when machining the input shaft. 

The shaft and other parts like the shifter forks are case hardened, and to 
cut them, you need to grind down far enough to get deep to the 
hardening. Grind with something to cool the work piece. Once you are 
deep enough, the cutting tools will actually cut and not build up so much 
heat.



I used a dremel with a thin cutting disk to get through the hardening at 
the tip of the input shaft to shorten it. After making a groove all the way 
around, I was able to use a new hack saw blade to continue on through.
I marked off how much I wanted for  “ramps” and how much to undercut 
the pilot part of the shaft (0.75”) into the spline area. Then, either 

chucked in the spinning lathe or spun 
by hand, the rotary grinder is used to 
grind the shaft to new specs. I made a 
template to lay on the shaft for quick 
inspection as I proceeded. Make sure 
you have a matching clutch disk for 
your set-up, with the right number of 
splines, outer diameter and hub length. 
You could slide the disk in place and 
have someone turn it for you as you 
grind away.

             Template for new shaft profile

Use to guide as you grind away that 70 year old irreplaceable shaft....



Dremel used to penetrate case 
hardening shortening shaft

Shaft cut and splines ground 
back from where indicated by 
fingernail to 0.75”

Champion 6 gets input shaft mod and floor shifter.                Commander 245” motor doesn't need input shaft mod.



Putting it all back together requires some patience and assembly lube....
Start  from the front. Make sure you have all the pieces laid out in front of 
you, cleaned, on a fresh towel so you don't miss anything. Don't forget to slide 
in the modified rear side shifter, with the cut out end towards the front. I 
make sure the synchro parts slide well and get the whole works into neutral 
position. Easy to see on the 2/3 synchro. Just position the outside centered 
between the synchro rings. The reverse/1st is done by feel. Just slide the gear 
forward along the helical groove on the main shaft until it doesn't catch on the
gears of the cluster beneath it, in front or in back. 

Note that I scribed the  position of the  
reverse/1st  shaft “flats” in relation to the 
case in neutral:

You don't actually need to remove the input shaft to get it all back together, 
but like I said before, you need to cock the works over to one side, make sure 
you have clearance on the modified fork as it passes by and you aren't banging 
into the large hole in the rear of the housing with the reverse/1st gear.....
When you are close, a satisfying clunk will indicate that the snout of the main 
shaft has made it into the gauntlet of 14 roller bearings deep within the input 
shaft!

The overdrive will go back together fairly easily. Remember to position the 
reverse lockout rail return spring, and twist the rail so the cutout for the 
lockout “fork” meshes properly. The 12 rollers should be pasted into the cage 
of the free-wheeling clutch and the output shaft/planetary cover should slide 
completely over the planetary gears. Then the OD housing should slide right 
on. Don't forget to insert the taper pin from the top of the boss for the reverse 
block out rail cable control.

It can be done!




